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Hyperuricemia rat models with various degrees of hepatic and renal injuries
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[ Abstract]  Objective To establish a stable rat model of hyperuricemia. Methods By administering potassium
oxonate alone or in combination with fructose or hypoxanthine, a hyperuricemia model was established with different
administration times using various modeling method . The levels of serum uric acid, creatinine, urea nitrogen, xanthine
oxidase (XO) , aspartate aminotransferase ( AST) , and alanine aminotransferase ( ALT) activity of hyperuricemia rats were
measured. Pathological changes in the liver and kidney were observed. Protein expression of ATP-binding cassette subfamily
G member 2 (ABCG2) were analyzed. Results Compared with the normal group, the levels of the serum uric acid, urea
nitrogen, AST, and XO activity in rats administered potassium oxonate alone for 7 days were increased significantly ( P<

0.05) , while the liver and kidney were slightly injured and kidney ABCG2 protein expression was decreased significantly
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(P<0.05). Compared with the normal group, the level of serum uric acid in rats was increased significantly (P<0.05),
whereas the levels of creatinine, urea nitrogen, AST, ALT, and XO activity and kidney ABCG2 protein expression showed
no significant changes ( P>0.05) in the group with 7 day of combined potassium oxonate and fructose administration. The
levels of serum uric acid, urea nitrogen, and XO activity were increased significantly ( P<0.05) and the levels of AST and
ALT activity showed no significant changes (P>0.05) in the group with 14 days of potassium oxonate and fructose
administration. There were no significant morphological changes in the liver and kidney of rats. Compared with the normal
group, the levels of serum uric acid, creatinine, urea nitrogen, and AST, ALT, XO activity in rats with 7 days of
potassium oxonate and hypoxanthine administration were increased significantly ( P <0.05). Kidney ABCG2 protein
expression was decreased significantly (P<0.05) and the damage of the liver and kidneys was severe. Conclusions

Potassium oxonate alone was suitable to establish a rat model of acute hyperuricemia with mild hepatic and renal injuries.
Fructose combined with potassium oxonate may successfully establish a chronic hyperuricemia rat model with no significant
effects on the liver or kidneys. Hypoxanthine combined with potassium oxonate successfully established an acute

hyperuricemia rat model with severe hepatic and renal injuries.
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Table 1 Preparation of rat model of hyperuricemia

TR el A%

BRI (mg/ (kg-d) )

WIS (mg/ (kg-d) ) HbE

Days of modeling Method classification Potassium oxonate Hypoxanthine Fructose
PRI J7¥%: 1 Method 1 300(ip) / /
Single-day administration 771 2 Method 2 100(ip) / /
J71% 3 Method 3 100( sc) / 5% (ig)
7 d o . )
. . 771 4 Method 4 300(ip) / /
7-day consecutive modeling X
J7% 5 Method 5 300(ip) 100(ig) /
FFek 14 d J71%: 6 Method 6 100( sc) / 5% (ig)
14-day consecutive modeling J7% 7 Method 7 300(ip) / /

T ese: NS ip RIS ig R

Note. sc, Hypodermic injection. ip, Intraperitoneal injection. ig, Intragastric administration.
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Table 2 Changes of serum uric acid, creatinine, urea nitrogen in each group of rats
ik 20 51 T34 JRIR ( wmol/L) WL ( pumol /L) JRZ A (mmol/L)
Method classification Groups Serum uric acid Creatinine Urea nitrogen
iz TE% 41 Normal group 100. 8=30. 1 45.4+8. 1 4.40.2
Method 1 HEFEIZH Model group 201. 7+12. 1% 46.8+8.0 4.5+0.2
k2 IE# 4 Normal group 85.5+25.5 45.4+11.8 4.6x0.3
Method 2 HERIZH Model group 206. 0+54. 8" 46.8+13. 8 4.5+0.4
HE3 IEH 2H Normal group 144.5+28.0 12.2+5.6 4.7«1.4
Method 3 FiHIZH Model group 211.5+23. 1" 14.2+8. 1 3.7+1. 4
Tk 4 1EH 4 Normal group 84.8+11.5 69.2+10.6 4.3+0.2
Method 4 HEHIZ Model group 268. 4=36. 6™ 65.3+7.8 5.5£0.8"
HES IE# 2H Normal group 195.8+11. 1 130.9+13.9 4.4+0.3
Method 5 BETUZ Model group 678. 7+30. 5* 162. 8+27. 8* 7.8+1.2%
ik 6 F % 4 Normal group 121.2+31. 5 14.9+3. 1 3.8+0.9
Method 6 FEHIZ Model group 208. 2+64. 0™ 11.2+1.9 5.4+0.7*
FkT IE# 41 Normal group 191.4+19.3 45.2+8.5 3.7+0.8
Method 7 AL Model group 267.5+30. 1% 40.9+8.2 5.5+1.5%

T & IT IR BRI 5 0E H 4 AR, FP<0. 05, P<0. 01,

Note. Comparison of model group with normal group for each method, #P<0.05, #P<0.01.

=3

AR FUMYE AST ALT 1% PR AT 0 (s )

Table 3 Changes of serum AST, ALT activity in each group of rats

TS 4151 AST ¥ ¥ (U/L) ALT {1 (U/L)
Method classification Groups AST activity ALT activity
Vige 1EH 4 Normal group 30.4x13.1 22.9+11.2
Method 1 FEAIZH Model group 33.1+0.8 20.1+7.8
k2 1E# 2 Normal group 30.5+12. 1 23.1£10.2
Method 2 2 Model group 29.7+11.5 26.4+3.9
Fik 3 1EH 4 Normal group 33.2+13.8 20.5+5.3
Method 3 172 Model group 35.5+3.5 15.8+4.4
I 4 1E# 4 Normal group 31.3+7.8 25.5+11. 1
Method 4 FERIZ] Model group 54.9+19. 6* 20.5+9.3
TS 1EH 2 Normal group 29.2+6.9 9.0+3.2
Method 5 FEAIZ Model group 41.2+7. 6% 13.8+1. 8%
6 IEH 4 Normal group 33.1+11.6 20.5+5.2
Method 6 T2 Model group 50.0£7.8 17.5+6.0
HT IE# 4 Normal group 29.1+6.9 9.1+3.1
Method 7 HRIZH Model group 42.0=+5. 4% 9.7+6.4

45T IR AR 4 55 0E F 4 e, * P<0. 05,

Note. Comparison of model group with normal group for each method, #P<0. 05.

F4 BRI XO IS ZIEBL(U/L,xs)
Table 4 Changes of XO activity of rats in each group

Ik IEF 4 R L
Method classification Normal group Model group
J7i% 3 Method 3 34.16+23. 14 35.00+8. 69
75 4 Method 4 15.27+1.21 19. 54+2. 50"
J7% 5 Method 5 16.55+1.95 25.02+2. 7%
751 6 Method 6 16. 18+2. 13 39.34+3. 9%
77 7 Method 7 15.44+1.61 15.33+2. 44

TE 4 IR BRI A 5 TE R AL LB AR, ¥ P<0. 01,
Note. Comparison of model group with normal group for each method,
#p<0.01.
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A 3 2 ol I A R 3 G T B 5 T 3 1 PR TR 43
Whask 22 F B PR R HE N R 2 R AR R M AE )
U TES R

R 55 R 2 10136 19 & 9 AL, A %) S 5 F 5%
TR 22 R TG 0 DR R TR ) 3 ( Rk | BRI )
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(HEBR GLUT9) % J5 ik i A7 B — By I A 18 /5 R TR
MAEREA . Chen 25" SR 109 BB $2 BUW A9 579 4
M7.5 o/ (kg d) IFRRER S 8] Ak 2l 4 57 1 5 IR 1R
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WA L IERH B 7k 2 IER A C. 5k 3 IR ;D 5k 4 IER A E. 7k 5 IEW A FJrik 6 IEFWH ;G ik 7 IEFW 4 H. 7 1
PETZH 1. 77k 2 BERUZH 5 ). 71k 3 AUAH s K. ik 4 BEBUZH s L. J7 ik 5 BETZH N 7k 6 AT s M. 7k 7 1A

1 ALK BUFH U B (R BRI (HE e 0)
Note. A, Method 1 normal group. B, Method 2 normal group. C, Method 3 normal group. D, Method 4 normal group. E, Method 5 normal group. F,
Method 6 normal group. G, Method 7 normal group. H, Method 1 model group. I, Method 2 model group. J, Method 3 model group. K, Method 4

model group. L, Method 5 model group. N, Method 6 model group. M, Method 7 model group.

Figure 1 Schematic diagram of pathological staining of rat liver tissue in each group( HE staining)

T AT L IER AL B 2 IEH AL Cord 3 IEH AL Dy ik 4 IEW UL B ik S IR AL F 7k 6 IE# UL Gy 7 WAL H 5k 1
RRIULH 1, J5 30 2 AU ;1 U5k 3 AR K ik 4 AR BUA s L. Jrade 5 A N D9k 6 BRI s ML D7 ik 7 IR,
B2 A4UREREALURI Y COR R (HE Jf )

Note. A, Method 1 normal group. B, Method 2 normal group. C, Method 3 normal group. D, Method 4 normal group. E, Method 5 normal group. F,

Method 6 normal group. G, Method 7 normal group. H, Method 1 model group. I, Method 2 model group. J, Method 3 model group. K, Method 4

model group. L, Method 5 model group. N, Method 6 model group. M, Method 7 model group.

Figure 2 Schematic diagram of pathological staining of rat kidney tissue in each group( HE staining)
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itk PRIREEAS 5, 1000 DR R 73 figk O R4 3 4k



b [ F A R A 4Rk 2021 4F 10 A48 31 55 103 Chin J Comp Med, October 2021, Vol. 31,No. 10 7

;A Western blot 2524 ; B: ABCG2 2 1K E{H 5 B-action JK B {H
HAf. 3-N 4-N5-N 2504757 3.4.5 BYIEH 4 ,3-M 4-M 5~
M G5 T 3,45 BTN AR 45 7 i R4 5 OF R AL L 8K
* P<0.05, ™ P<0.01,
3 H ABCG2 H H MYRIAT AL
Note. A, Data were analyzed using Western blot. B, Ratio of ABCG2/
B-action. 3-N, 4-N, 5-N are the normal groups of methods 3, 4, 5
respectively. 3-M, 4-M, 5-M are the model groups of methods 3, 4,
5 respectively. Comparison of model group with normal group for each
method, * P<0.05, ™ P<0.01.
Figure 3 Expression of kidney ABCG2 protein
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[ Abstract]

area and cognitive functions in Alzheimer’ s disease mice. Methods

Objective To explore the effect of acupuncture on the dendritic structure of the hippocampal CA1
Twenty-four male rapidly aging SAMP8 mice were
randomly divided into model and acupuncture groups with 12 mice each. Another 12 male normal aging SAMR1 mice were
used as the control ( control group). Mice in control and model groups were untreated. Mice in the acupuncture group
received acupuncture treatment for 8 weeks (once every other day). The acupuncture sites were Baihui, Shenshu, and
Taixi. A Morris water maze test was sued to assess mouse cognitive functions. After collecting the mouse hippocampal CA1
area, Golgi staining was used to observe the structure of pyramidal cell dendrites. Immunohistochemical staining was used to
detect expression of AB,_,, and Tau. Western blot was used to measure BDNF, SYN, and MAP2 protein expression levels.
Results (1) Compared with the control group, the model group had a higher escape latency on the 5" day of water maze
training,, while the number of cross-platforms was lower ( P<0. 05). Compared with the model group, the acupuncture group
had a lower escape latency on the 5" day of water maze training, and a higher number of cross-platforms (P<0.05). (2)
Compared with the control group, the lengths of basal and apical dendrites, and the numbers of basal dendrites and
branches of apical dendrites were all lower in the model group (P<0.05). Compared with the model group, the above
indicators were all higher in the acupuncture group (P<0.05). (3) Compared with the control group, the average optical
density of AB,_,, and Tau expression was higher in the model group ( P<0.05). Compared with the model group, the above
indicators were lower in the acupuncture group ( P<0.05). (4) Compared with the control group, the protein expression
levels of BDNF, SYN, and MAP2 were lower in the model group (P<0.05). Compared with the model group, the above
indexes were higher in the acupuncture group (P<0.05). Conclusions

Acupuncture at Baihui, Shenshu and Taixi might

improve the cognitive function of rapidly aging SAMP8 mice by activating BDNF/SYN/MAP2 signaling pathway and

improving the length and number of dendritic branches in the CA1 region of hippocampus.

[ Keywords)

FA IR 7% T 2R E ( Alzheimer disease, AD) J& L1t
1T REAT AT T RE 0 3 AR AR S5 4 T M g O
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RED, SRTMTET MY AD B 2L 2E ML H AT AR
A

WIS PR SR i e 2 58 A
R, I H A7 TR A 58 300 2 2 FIAR 58 52 2 1 A1 25 1
G100, AT AR B IR S i R 2 R
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acupuncture ; Alzheimer’ s disease; cognition; synaptic plasticity; dendrites.

1 #RF7EE

1.1 I
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I& AT, 2HEESEAFT— 0" H
KPR B R2E (55 2 B ), BEBUE 29 (0
HIEH) VEATICCER 2 EMHE T 5529 5 mm) | K&
BRI 7 M EAL) , 30 S EFRIA L BRIk B T
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Golgi-Cox H1, #ECHUE 2 Ji . 283k g 1 X 5ebfR 1 LA
JERE R 100 wm VEIEZEY) Fr . JOW 28 TRK IR TR, IR
T Golgi-Cox W WE , 5 B F /KR VE, BBEE LB
K, ZHIRGEA, PR B E L e BT W
/NIRRT CAL X 1K) Golgi Y (0, A 1A 41 ity 158 4% 114
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JRART 243 B8k B RN T 4 58 40 S 80 H 9 LI A
GiiteriE X (F 1853510 18.001 ,21. 561 F19. 089,
P<0.01) , 5XFREZH L%, BB 4 B IS 28 KR | Tt
Ui G B | SRS 9% 43 KRB B RN T i %Y 5 43 S B
H ¥ 8K (P {543 % 0.013,0.009,0.037 Fi
0.010) , SAIRIZH LA, S 4L LR R8s s (P
543 %14 0.022.0.016,0.013.,0.032), W & 2B,
Sholl Z3#rH, [Al.L [ 2E42 9 40 wm .80 pm 120 wm
160 wm B A ZH 52 o K50 b AP 1 % LA i 4 )
ZH W I 7 A4 (P<0. 05) , WLIE] 2C,

2.3 =ZHHED CAl1 X AB,_,, RIEKFLLE

ARy F1 Tau PP 40 f 34 A JfL 2% P9 2 BRAR B 4
TUREY) . =4H/PEUEETS CAL X AR, Fl Tau F2ikHY
YOG BEAH ) H AR Ge it L (F (E 5T
10. 890 A1 7.562,P ¥]<0.01) ., 5X}FIEL Hods , #A1
41 AR,y F Tau ik 173565 BEH B & (P <
0.001), SHEAIA] A, £F 4] FaRFR ARG (P
¥5<0.05) , WA 3,
2.4 Western blot #& |78 5 CAl1 X BDNF,SYN
1 MAP2 EARIEKF

=i CAl1 [X BDNF SYN fil MAP2 & H %
RAOF B BB A Geit 22 22 5% (F {E 535128 8. 098
5.443 F110. 023, P ¥J<0.05) , 5 *F AL i, fi Rl
2l BDNF ,SYN Fll MAP2 8 H &K K- 8L (P 1E
539724 0.001,0. 008 F1 0. 003) , SHEIAIH LA, £
20 BDNF SYN il MAP2 & 14 £k /K P58 (P
{43514 0. 011 ,0. 019 F1 0. 007) , WLI&l 4,

3 itig

AD JEHE R T B4R B A A B, 45 56
Foxi TULE GUH, R BE A BEE, AD i R
5 HEA G, B RAESIZ AR ICTT , RN I BRI
AD RS FR LA IR, (EIE LA AR HE AR 52, P R A
5 (BRI AR B R R R
RO AR SR T B AT B S e

T A A UK B UNZRER 5 /DN SRl DR IUI I 18] EL s B - 4520/ BB 5 B EL A, SR 1R

ALILEL, * P<0. 05; SHRA [ #5,* P<0. 05, T,
SEE AT I/ R 2 2D IE LTI RE (n=12)

B 1 Morrs K#E

Note. A, Escape latency of mice in each group was compared on the fifth day of water maze training. B,

Comparison of cross platform times of mice in each group. Compared with the control group, * P<0. 05.

Compared with the model group, *P<0. 05. The same as below.

Figure 1 Morris water maze test to detect learning and memory function in mice
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1A Golgi JeINER G CA1 KAEAMIZITIERS, O X RAL, @ BRI ;B £H 4 . B Image T # 14 (Neuron J 23 #4d14) 43

B B RN BE € 4 58 20 SR Sholl 73477

B2 =i CAl KR REH I (n=4)
Note. A, Golgi staining to observe the morphology of vertebral neurons in hippocampal CA1 area, (D, Control group. @), Model group. @,

Acupuncture group. B, Image J software ( Neuron J analysis plug-in) analyzes the number and length of dendrites. C, Sholl analysis of

dendritic branches.

Figure 2 Comparison of the dendritic structure of the hippocampal CA1 area of the three groups
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WU 22 W e K - 3G e 4840 /B T | R A1 f 2
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ST ARG DS Mk T S £ BE X AT IR T AD
AOMLIRI AT 0, B 2 A ] 25 X #oft 22 0 14 A A 3
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W AR, X S Wang &N HRGE — 8, 541,
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B3 A E g AR S CAL X AR, Fl Tau ik (n=4)

Figure 3 Immunohistochemical staining method to detect the expression of AB,_,, and Tau in hippocampal CAl area

4 Western blot fillif & CA1 [X BDNF SYN 1 MAP2 K (135K F-(n=4)
Figure 4 Western blot detection of BDNF, SYN and MAP2 protein expression levels in hippocampal CA1 area
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R A, , AiE i s 2 400 ] 9 77 £ 5 55 41, BDNF 1] DL
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it FD A0, G 248 6L A/ 8 B 1 U R c AMIP A48
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SYN Fl MAP2 25 [ 3R IA7KF- W] W R, 487 B
A B 1F BDNF/SYN/MAP2 {5 5 18 [ 5% Wi Vi I
REFELEH

ZE LA AR ST R B, 2T B AR O HhE
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MAP2 {5 538, S S CA1 XA KA %
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Preliminary study of the characteristics of body temperature changes in two
rabbit fever models

ZHANG Yingqi', JIAO Yi', YU Tianyuan'* , LIU Zhifeng' , LIU Di'*, WANG Hourong' , XU Yajing' , GUAN Qian'
(1. Beijing University of Chinese Medicine, Beijing 100029, China.
2. Dongfang Hospital of Beijing University of Chinese Medicine, Beijing 100078 )

[ Abstract] Objective To provide a reference for basic experiments by studying and comparing the characteristics of
body temperature changes in rabbit fever models induced by injection of various concentrations of dry yeast and
lipopolysaccharide. Methods — Thirty 2-month-old male New Zealand rabbits were randomly divided into five groups: a
normal group, two groups injected with 10% or 20% dry yeast suspension, and two groups injected with 0.2 or 0. 5 pg/mL
lipopolysaccharide solution with six rabbits in each group. The anal temperature of dry yeast groups was monitored every
hour for 26 h before and after modeling, and that of lipopolysaccharide groups was monitored every 20 min for 6 h before
and after modeling. The changes in body temperature and other symptoms were recorded, an average body temperature curve
was drawn, changes in body temperature at each time point were calculated, and the trends of the body temperature change

in each group were compared. Results Two hours after the dry yeast suspension was injected subcutaneously, body
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temperature decreased to lower than the basal body temperature. However, body temperature began to rise in 2~4 h,

reached its peak in 6~8 h, then leveled off for at least 20 h. With the increase in concentration, the temperature rise was

increased and the peak occurred later. Lipopolysaccharide was injected intravenously at the ear margin and fever began in

40 min. The body temperature curve showed biphasic or triphasic heat and reached the first peak in 60~80 min and then

leveled off for 240 ~300 min. The temperature rise had no obvious relationship with the injection dose of lipopolysaccharide,

but the fever duration was increased with the increase in dose. Conclusions Dry yeast and lipopolysaccharide are reliable

agents to induce fever in rabbits. The dry yeast model is a long-term high fever model, while the lipopolysaccharide model

has a short fever time. The appropriate model to induce fever should be selected in accordance with the experimental

requirements.

[ Keywords]

RSEL TR L A IR R R K2
SRS B A I AL A A A B W 1 2 AR R
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Table 1 Changes of physical signs of each model under fever state

25 bk JRES Mg S5 7 i H KA
Groups Does Heart rate Gasp Snot Faece
20% T B 1) — UIETRIITS PN AL ke, H ORI
20% dry yeast ke Significantly accelerated Loud None seen Thin, with white mucus
10% 1 Btk — IS Uik AL R A8 I B
10% dry yeast mioke Accelerated Strong None seen Dilute, occasionally with white mucus
iFEZi 0.5 we/k Tk HLK H @ ik
LPS -3 pe'ke Accelerated Loud Turbid white snot Slightly dilute
CEZ 0.2 ue/k ik s 15 UL 36 JEREH
LPS -2 perke Accelerated Weak Clear dilute white Slightly dilute

T2 AR EE G T REASR) 25 ] 18] T HIEL M Pe AR

Table 2 Comparison of temperature rise values of rabbit dry yeast models with different concentrations at each time point

gy ERAIRCC) IR AT(C)
C: Basal body Temperature change value AT
roups
P temperature 4 h 5h 6h 7h 8h 9h 24 h 25h 26 h

20% 39.10+0. 13
10% 39.31+0. 16

1.06+0.50 1.24+0.46 1.68+0.53 1.88+0.21 2.24+0.29 1.91+0.36 1.80+0.49 1.95+0.45 1.95+0.38
1.03+0.59 1.38+0.58 1.74+0.45 1.54+0.14 1.49+0.49 1.22+0.50 1.12+0.56 1.10+0.55 0.98+0.70
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R 3 LPS A[FEH A B THRE AL
Table 3 Comparison of temperature rise values in rabbit
LPS model with different doses

W s i) HIRZEIEAT(C)
Detection Temperature change value AT
time 0.5 pg/kg LPS 0.2 pg/kg LPS
0 min 39.35+0. 13 39.21+0.28
20 min 0. 60+0. 48 0.33+0.23
40 min 0.79+0. 50 0.72+0. 19
60 min 1.04+0. 52 0.53+0.43
80 min 0.74+0. 31 1.07+0. 27
100 min 0. 86+0. 55 0.91+0. 27
120 min 1.12+0. 39 0.96+0. 34
140 min 1.26+0. 68 0.29+0. 81
160 min 1.26+0.29 0. 44+0.70
180 min 1.43+0.43 0.22+0. 48
200 min 1.20+0. 42 0.75+0. 52
220 min 1.11+0. 49 0.72+0. 46
240 min 1. 04+0. 52 0.51+0. 32
260 min 0.79+0. 39 0. 18+0. 39
280 min 0.56+0. 37 -0.12+0. 41
300 min 1.12+0. 39 0.56+0. 34
320 min 0. 44+0. 69 0.21+0. 39

2.4 BEBZHIRES

Wk 4 PR, T EER AR AR T 5 I 2 Bk
TN RS LPS AL RIL S, A vk B T 1 1
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J5 6~8 h,LPS #H7E 2~3 h, Kk IEFFEE K 112
TR BORL LPS BI AU BE4E 53 ~5 h, H & i
K, K IR

B2 A LPS EHUE RIS 54 th £k

Figure 2 Mean body temperature curve of rabbit
LPS-induced fever model

B AR BV B A 2
Figure 1 Mean body temperature curve of rabbit dry
yeast fever model
R4 QPRI BB
Table 4 Change trend of body temperature in rabbit fever model
o I Rt (C g i KAE LA (°C N .
13 w OERECO e SRERICO Bt
Maximum Maximum i ; L.
Groups Dose . Fever latency Peak time Fever time-histories
cooling value change value
20% T TERE 5 ml/kg 0. 56+0. 22 3.83+0.75 h 2. 88+0. 28* 8.2x0. 84 h* >20 h
20% dry yeast
10% TRk 5 ml/kg 0. 56+0. 26 4.00+1.26 h 2. 00+0. 52 6.33+1.21 h >20 h
10% dry yeast
feZHE LPS 0.5 pe/kg - 36.67+19. 66 min 1. 62+0. 24 160. 0053. 67 min 246. 67+41. 31 min *
feZ Al LPS 0.2 pe/kg - 36. 67+ 8. 16 min 1. 41x0.20 126. 67+73. 40 min 190. 00£41. 47 min

.5 10% TEERFL HLEE, # P<0. 0555 0.2 pe/kg LPS 4 H0#, * P<0. 05,

Note. Compared to 10% dry yeast group, *P<0. 05. Compared to 0.2 pg/kg LPS group, * P<0. 05.
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TIERE S AR PR 4 TR A B TR N BT B 1 S g
LR RIER (TSR R S A Y R i 5 |
S BRI E A SN, ) S K R A TIE AR AR R i £ 3
AN LEREE R R . TR 2 sh i B
SR B R, S SCikie B — 8, TR W R
S AR A 34°C S I R0, A i PR R A T
A el KT 3 SR 2 4 R, e RO BRI T
PG . SEE I A 225 itk 5B Y7 T T[]
VERRTERIR T RN R 2 J5 I I 45 o 5 A Il
BT, TR B H) 4 5 78 IR S S 26 h S
AT RENEGE 333 559 Jy A B 00 ) 4 S R AR, 7 2 A4
AR AR AT — 3 BRI B 5 T R vk TG
HOCER TR BE 5 S 0 T R R S AR O,
FHEAE I ARRE , 18 F TR 2 18 i 4 A 1Y i 4
YR IAE LSS, TR I NI 5% fif A 2 7
BRI ] vy PSR I SR TR i VR BB (7% ) TRk
BRI L (4% ) SN FRAL A R i  FP 22 Rl
L SRS ZE AR, FESE IR N T, B
4 Bp RIS i R A P B8R TR A B 4% E 1Y R R
TR R R F 25 300 o b 2 1 iz v s L
PAE R R 2 Y057, AT IR R4 A SRR BB 25 )
Vi PR 55358 P A3 10 T I Bk B S B A 9 an 25
WA TR] e A B 1) 5% M BT 34 FH S AR

B2 by 2% G 1 A 40 R 1) 2 B i Ay, 3
i N RE R A T 00 05 40 A AR P YR SR
HOHR A AR T AR 1 A X 5 e e 3 5
GEI NN B LPS T 55 S 30, SRk R N B
W, R ARSI ] A, R IR T A AR AL,
0.5 pg/kg EHR =AHI, 0.2 pe/kg KM B A
SN (EE = A A IR AE W L A % B, oA
ARG, A5 A #hoth 2 ke #4 5 SCmk i 18 55
A—F LPS KA 2 I Z A A 2~3 i,
WRBE NN, & P0G A HE 300 B () HR B E SR | ke 3R
BRRZER Y B R A S i bk bt 0.2 e/
kg LPS H3MLAL 0 0005 2 FA S Ny, 55 0 T AR —
WE(E  (EARBFITEE R 0.2 pne/kg RS — 145
o U WA R W R R B &R S g P LR
T, BARIE R TG it — AL S i 9T, 535 % eF

B WSRO AN A B R RO R, B T
(IR, A% T T o WG R 3 AT B, AR IF 5 45 SR 5
—30, LPS AT & IR A MU # el = A3, IF:
P RGP 22 BE RN IO VS A R, 5 DR B e 1 4%
i TS AR T T 0 e A AR 2 W D R R
PER AU, S50 1 7R 7R H BN B R R BT
ENGE RN EE RO R RN A 37 2 F
Fide /NS DU BR S HEHT R R & LPS (13
PEAEF, 58 A HE , K% LPS TGl JR AE T
B AR AR R A A S5 R R SO Y R ) i 2
i, TAEARSE H i T/ /A B B
ki 562, 5 i s A v R A (] B 24 h )
PIIR LPS T 4 0] e FA A T A5 8 4 B8 7 < 4
UESSTF B BAAUE 0] FH 22 U S, P P A0 R i 52 7
iR FI R LPS 1 4F, LPS #E R R T 2 b it 45
Pt R T MR AR AT, R R S
SN ES AK e B AT, HA R S B I
JEIEFL G R, WA B AL H A A9 a1 w0
P, SEHG I AT DL T8 2 R A% LPS #EPE I
NEREEIE DA b R A R AR 2 R] L35 R A
AR EA, B K A TR S ) T oG
FE SR T B A LR BRI A e ) AR
PR RERR A 7ESCIG AT, B R A AR AL Y 25
G2 B T B A (R 05 R YT RORAE
FrSOR AT A 259, Bk F SO G, & R
FE T B BRI DL O e A 24 ) ik A0 R Y 4

S R I, S0 RIT A4) AE R P R A R
ATl /IN S 56 v Bl I JORR S T I A R Dk B % A
T IR B D R AR TSR, S Y Y IR
FEFE R R h Y B R R IR B RN R, B
IR WS W A W A G N TE = R 25°C, TR
40% ~ 60% 1) 52 55 28 PN IE W VR T8 3 d, S LA ST [
ETTNE, AN FE RSP R AN TR, i R
X LPS RERHCHL, 1M A 55 3h i UK, 52 ) 3
T BURPE Y R A5 . B R RIS BRI 2
A&, ICHEF T A B TSC 00 R L5 A X T
T R AR A Ay L

S 3k

[ 1] Ogoina D.Fever, fever patterns and diseases called ‘ fever’ ——a
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CircHIPK3 ik 235 % miR-124/STAT3 fli il AB
75 0 i Bl 2 oo R T AL R B 5T

oE Bk

(LK —BERE MR, KD 410005 ;2 KU —BEBe fhzgBezrhi, Kb 410005)

[WZE] HE  ZHITFRR RNA [FEBH AR T S 3(circHIPK3) MRFAXT B-TEM AR (AB) R
S ATCH T, ik SRAA YR B 22 5 T 00 A0 XL 26 't 3R R 15 56 K 5 39 39 3iE 30 /)y RNA-124 (miR-
124) 5 HIPK3 [55-4% S A SEEE B F 3( STAT3) B ] ¢ 5 5 KR S5 35 1 TR AQ I B b 28 5T 43S 4 BRZH (OE
BFE) AB (AT AB M) (AR +siSTAT3-NC 40 (%% Y¢ siSTAT3-NC J5 45T AB Ml ) . AR +siHIPK3 41 ( %% Y
siHIPK3 J545 7 AR HI¥#) . AB+siHIPK3 +antimiR-NC £ (#:5% 44 siHIPK3 F1 inhibitor-NC J5 %5 7 AR HI¥) . AR+
siHIPK3+antimiR-124 #[ ($£4#4 Y% siHIPK3 F1 miR-124 inhibitor J5 457 AR #i) .AB+siHIPK3 +antimiR-124+siSTAT3
—-NC 41 (H46 %% siHIPK3 .miR-124 inhibitor 1 siSTAT3-NC J545 7 AB Hl#) A1 AB+siHIPK3+antimiR-124+siSTAT3
20 (e siHIPK3  miR-124 inhibitor fil siSTAT3 J& 45T AB M) . R L i 29¢ % %€ |/ PCR ( qRT-PCR) 4
HIPK3 Fl miR-124 FEiA/K T, G E3l % ( Western blot) Rl STAT3 2 [ 261K /K-, MEMETE ( MTT) 325 A i =X 40 1%
43 TS T VA o 25 T A 1 2R RN PR T 38 B 2 e R ) R & (R 2K 1 /K A 1 3 ( Caspase-3) 1 P4 Ao i 328 751 6 e U
Caspase-3 {iith, &R AWIME B 2FFAEHN B8 Z B 5 3 SEIIESE HIPK3 75 miR-124 10456 5 £ W
5 B AT | X G 2 R A5 JE R 5236 A Western blot SZHHIESE  miR-124 AJ§E A P45 STAT3 A EE, HX)
WRZH LA, AR 41 Thh 28T HIPK3 3R3A/KF- | STAT3 & 3K K JAT- 3R Al Caspase-3 MW .55, M1 o)
A TTIEE 2 miR-124 357K W] B A% ( P<0. 05) ;5 AB+siHIPK3-NC 41 [b4¢ , AR +siHIPK3 20 iR & 4545
B IR30i%% (P<0.05) ;55 AB+siHIPK3 +antimiR-NC 41 L35, AB+siHIPK3+antimiR-124 41 ' 45 F6 b 22 B A8 1k ( P<
0.05), Hita%¥ 5 AB+siHIPK3 4 A ; 5 AB+siHIPK3+antimiR-124+siSTAT3-NC £ 4%, AB+siHIPK3 +antimiR-124
+siSTAT3 2H 453647 2 1 B A8k (P<0. 05) , H #4345 AB+siHIPK3+antimiR-124 ZHAH) ; 1 AR 415 AR+siHIPK3-
NC 2 [A] AB+siHIPK3 215 AB+siHIPK3+antimiR-NC 202 [A] LA & AB+siHIPK3+antimiR-124 Zi 5 AB+siHIPK3+
antimiR-124+siSTAT3-NC 0 Z M & H545 25 7 KGRI R L (P>0.05) . 518 CircHIPK3 fIRZRIA TN H] AR 155 1Y
T Ey e 22 oI T, HAE AL 5 984 miR-124/STAT3 il ¢,

[E82iE] BRI s BRIk RNA HIPK3; f8/) RNA-124/ (5555 S R0 Fe 0% 1 3 3l i o 22t ; BT

MHEH
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[ Abstract ]
interactingproteinkinases 3 ( circHIPK3) on the apoptosis of hippocampal neurons induced by Amyloid B-protein ( AB).

Objective To explore the effect of low expression of circular RNA homeodomain-
Methods Bioinformatics software prediction and double luciferase reporter gene experiments were used to investigate the
targeting relationships between microRNA-124 (miR-124) with HIPK3 and signal transduction and activator of transcription
3 (STAT3). Primary hippocampal neurons were cultured in vitro and divided into the control group (normal cultured) , the
amyloid B-protein ( AB) group ( AR stimulation), the AR +siSTAT3-NC group ( AR stimulation after transfection of
siSTAT3-NC) , the AB+siHIPK3 group ( AR stimulation after transfection of siHIPK3), the AB+siHIPK3+antimiR-NC
group (AP stimulation after cotransfection of siHIPK3 and inhibitor-NC) , the AR +siHIPK3 + antimiR-124 group ( A
stimulation after cotransfection of siHIPK3 and miR-124 inhibitor) , the AR+siHIPK3+antimiR-124+siSTAT3-NC group
(AP stimulation after cotransfection of siHIPK3, miR-124 inhibitor and siSTAT3-NC) and the AB+siHIPK3+antimiR-124
+siSTAT3 group (AR stimulation after cotransfection of siHIPK3, miR-124 inhibitor and siSTAT3). The expression levels
of HIPK3 and miR-124 were detected by real-time fluorescence quantitative PCR ( qRT-PCR), and expression level of
STAT3 protein was detected by Western blot. Survival and apoptosis rates of hippocampal neurons were measured by the
thiazole blue ( MTT) method and flow cytometry, respectively. Caspase-3 activity was detected by Cysteine-containing
aspartate proteolytic enzyme 3 ( Caspase-3) activity detection kit. Results Bioinformatics and double luciferase reporter
gene experiments showed that HIPK3 targeted miR-124. Bioinformatics, double luciferase reporter gene experiments and
Western blot demonstrated that miR-124 targeted STAT3 protein expression. Compared with the control group, expression
levels of HIPK3 and STAT3 protein, and the apoptosis rate and caspase-3 activity in hippocampal neurons were significantly
higher in the AB group, whereas the survival rate of neurons and expression level of miR-124 were significantly lower ( P <
0.05). Compared with those in the AB+siSTAT3-NC group, the above indexes were significantly reversed in the AR+
siHIPK3 group (P < 0.05). Compared with those in AR + siHIPK3 + antimiR-NC group, the above indexes showed
significant changes in the AB+siHIPK3+antimiR-124 group (P < 0.05), and the trend was opposite to those in the AR+
siHIPK3 group. Compared with the AR +siHIPK3 +antimiR-124 +siSTAT3-NC group, the indexes of the AP +siHIPK3+
antimiR-124+siSTAT3 group were markedly changed (P < 0.05) , and the trend was opposite to those of the AB+siHIPK3
+antimiR-124 group. There were no significant differences between the AR and AB+siHIPK3-NC groups, the AB+siHIPK3
and AB+siHIPK3+antimiR-NC groups, or the AB+siHIPK3+antimiR-124+siSTAT3-NC and AB+siHIPK3+antimiR-124+
siSTAT3 groups. Conclusions The low expression of circHIPK3 can inhibit apoptosis of hippocampal neurons induced by
AB, and its mechanism is related to regulation of the miR-124/STAT3 axis.

[ Keywords]  Alzheimer’ s disease; circular RNA HIPK3; microRNA-124/signal transducer and activator of

transcription 3 axis; hippocampal neurons; amyloid (3-protein

Br] /R 7% 16 BR 9 ( Alzheimer’ s disease, AD) & —
Tk = A 20R T T B AR RN, HORN R B
AR IR B T R Y B-TE A AR R
F ( Amyloid B-protein, AR ) /&—Fh Z Ik , HAEF5 € i
DX SR 5 kS Vi T b 22 JC R T S 3 b 2 o B i
WA R AD IR EEF R /I RNA
(microRNA , miRNA ) J&2—RBFFE 8 0 11z i 2 15
RNA , H 5 32305 R I8 e S M ] 4 A DG B B I 5
W A0 M A= W)~ AT S TEAS 4G AD TR N Y 22 R o
#E EEAE Y, AR RNA (circular RNA,
cireRNA) J&J 2 A7 16 T A W1 N 9 55 — 2631 9 1
RNA L2 845 miRNA 19 5 250 7, o] il 5 %
miRNA 5 & i 5310 & 45 55 4 P2 I RNA #O AF:
RS TR S5 R BRAH BOfE O R A R 3

( homeodomain-interactingproteinkinases 3, HIPK3) /&

IXZ circRNA H ) — B3 ) 9 1IE 52 T 38 3o o 42 40 it 0%
T2 5 i | 1 PN R e R 5 22 Bl 1 R AR
J&  SRINHAE AD FPIPERIEATE R ABEoT
iAW BB B % B, HIPK3 5 miR-124 22
[ FAAE H AN A A, [ miR-124 FIM5 5 4% S M0
TSR B40% I F 3 (signal transducer and activator of
transcription 3, STAT3) Z [ {77 B AN &7 45 s miR-
124 WRIELE AD HRKRIE T STAT3 7E AD g3k
ik, HFE SIS AR B2 a4 5,
PRIIE , 2500 HIPK3 7] 38 1 4% miR-124/STAT3 %4
T AR E TS A M T SR RZ R AD (W &K
J&, HERUE R AR ASHIF5E I R A A1 20 i S 5
#1a) THE HIPK3 35 M4% HIPK3 L3R4 2 7538 i
JE¥E miR-124/STAT3 HFZM AR 5 5 AR 2241 A U
T A8, LIS AD B & A ML BRI T S g &
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1 #RFFxE

1.1 Sz

16 2 SPF Z0Fi A4 SD HEPE KRB (H14: 24 h DU
W) R (7. 027+0. 055) g, 14T i A B S5 o)
WA BN R [ SCXK (1) 2018-0004 ], 47 35 T g &
PN R 15 2 B S 59 3l 4 2% W [ SYXK (1) 2020 -
0019 ], ARELEARK VDT —BE RGP 2 bt 2t i
(TACUC-26-2019) , 75 5% S ik A5 vh e R sh W 4 1 1Y
“BR” R LA T NGB B SRR,
1.2 FEKFSME

& I 4B MW Y DEME/F12 B 9% 56 (1% 5,
PM150312C, L 1A R A R A R B
I \ TRIzol i 7] | LipoHigh Ji§ J5t A 75 % %% Y i 5]
BE M W5 [ 3-( 4, 5-Dimethylthiazol-2-yl )-2, 5-
diphenyltetrazolium bromide , MTT ] £l Jifd 384 5 45 I 1
F & (525 . A003702 . B610409 . E607403 , E606334
A TAY TEARAE); ABL ~42 (185,
L2B010, bl A MR A FR A A ) 5 SE 2t
17 PCR( Real-time quantitative PCR, qRT-PCR) i3
B (75 QPG-020~ QPG-023, b 75 B 2 H R A
BRZSH] ) 5 5 2 b &R 1) R 4 & R 2R K i il 3
(cysteinyl aspartate specific proteinase 3, Caspase-3)
TEPEI 2 a0 & AN B 2 1 V-5 B SR PO R
(Annexin V-FITC) /BAL PN BE ( propidium iodide , PI)
PRI 7] € (575 . BC3830 . CA1020, b 50 & 3k
FRHEA B A ) 5 STAT3 B A F0H- i 13- 1R it
S W ( glyceraldehyde-3-phosphate
GAPDH) HiLiA (1745-:4904 5174, % [E CST) ; 4 [a] 417
] HIPK3 BE [ B siRNA (siHIPK ) K AH 7 BH 4 XoF 1
(siHTPK-NC) (4% *5: CS1004 , CN1001 ) | 4 fia] 417 il
STAT3 K4 (Y siRNA ( siSTAT3) K AH 1 BH 1 % 1R
(siSTAT3-NC) (#% %5 : €CS1010,CN2001 ) F1 miR-124
mimics A1 miR-124 inhibitor & A8 7 B ¥4 %} B miR-
NC . inhibitor-NC ( % 5-; CM1005 , CM2005 , CS7005 .
CS8005) Hi B il T H B 1L B A W H AR A R A A
B,
1.3 LWHE
1.3.1 KSR

W K BALIE S5 , 76 TC B PR ST U I 50 831
AW LIRSS A BT B VR B2 R 0. 125% B8R
fit I AL 30 min; 0 A S5 {KFH DEME/F12 #5537 5
(7 20% 640 I3 ) Ze kT Ak, DA 15 3R B 4T

dehydrogenase ,

J& , K A MBS T 200 H G IEA T I 8 5 R A0 B vk
S, MRS L-Z R AR5 6 fLik I,
BT 37°C 5% AR B IR A DR OIS %48 h
J&  IMAHERE R 5 mg/mlL BaDBE AR DL ] 3E #eh 2241
MOfEPE, £ 3 d B 12 BRI EREFR 5 d
Joi , R A28 O S MR e bR AR A U A DG B 1 2
(microtubule associated protein-2, MAP2) % & ¢ fk
Pt AT HE RN SEFETE 95% L 1 iy & o0 4T
1.3.2 SISl S5

S Ay R R IE R R SR AR 4. DL 25
pwmol/L AB1~42 b3 48 h; AR+siHIPK-NC £ . % Y
siHIPK-NC J5 A 25 pmol/L AB1~42 ZbFH 48 h; AR+
siHIPK3 4 . 7 4% siHIPK3 J5 Lk 25 wmol/L AB1 ~42
REFE 48 h; A 4h, 5 AR +siHIPK3 +antimiR-NC 41 . 3t
Bt siHIPK3 il inhibitor-NC J5 25T 25 pmol/L AB1
~42 KbFT 48 h; AR +siHIPK3 +antimiR-124 4 . H4%
Yt siHIPK3 F1 miR-124 inhibitor 545 F 25 wmol/L
ABL~ 42 Ab 3 48 h; AP + siHIPK3 + antimiR-124 +
sISTAT3-NC 41 3L %% Yt §iHIPK3 , miR-124 inhibitor
F1 siSTAT3-NC JG 45T 25 wmol/L AB1 ~42 AbFH 48
h; AB +siHIPK3 + antimiR-124 + siSTAT3 4 . 3 4% 3¢
siHIPK3 . miR-124 inhibitor 1 siSTAT3 J& 45 T 25
pmol/L AB1~42 AbFH 48 h, Hrh 4% 3 1~ FAT,
PR K S 2 on M 2 6 fLAR b, w0
AR A T5% ~ 80% fil 5 FE B, MR 418 52 55 4 4 9 2 IR
LipoHigh Jig 0 1A% 55 250 % i 350 10 B 45 i A7 Ik B
Yu B Yy 5 h JE T BRI SRR AREIE SR 48 b,
1.3.3 UG ER Bl 4 56 P 5L 50 Al miR-124 5
HIPK3 Fll STAT3 fy 4 i) 5 5

starBase I TargetScan A= {5 & 22 514 WL &
P miR-124 5 HIPK3 il STAT3 2 [A] #£7E B4 Y 45
A miR-124 5 CircHIPK3/STAT3 454
SR GEA B A A I B e B v P 2 & pGL3-
basic 7 G MRS K A HIPK3/STAT3 B4
RU(WT) B 2878 B (MUT) 986 3R B4l 45 800K, i 44
“} HIPK3/STAT3-WT HIPK3/STAT3-MUT, # miR-
124 mimics , FA P£ XF B8 miR-NC 5 HIPK3/STAT3-
WT HIPK3/STAT3-MUT # A4 J5i ki 3 4 Y 38 9 I i
Zooh e RN A BB 3 AN AT FEEE YL 48 h
Z: MR G U B A I 0 28 o0 DO R I L S
WHEE 3K, HAN, K G miR-124 mimics AY I 5
MZEICAE N miR-124 40, 5% 4 miR-NC Y H i 28
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JC/EN miR-NC 4, >R FH 9% E[1 305 % ( Western blot)
Kl miR-NC £ #1 miR-124 4t STAT3 & [ £ ik
THL
1.3.4 qRT-PCR & W g 5 #f 28 50 HIPK3 F
miR-124 F£EKF-

Z: H8 TRIzol 1251 Ut B 45 2 O 0 ¥ 5 pf 22 6
S RNA J5 1705 55 U ¢DNA, DL cDNA A5
M b2EE & PCR GHATY 1Y, BG4 TAY T
A PCR 19750 F . HIPK3 L5 4.5° -
ATGGCCTCACAAGTCTTGGTC-3" , F i#F 51 4. 5 -
GCACTACCTTTCGTGGAAGGAT-3" ; miR-124 |- i
51¥). 5’ -CGTGTTCACAGCGGACCTTG-3" , F i 5l
1.5 -GAACATGTCTGCGTATCTC-3" ; GAPDH I ¥iff
51 #. 5 -CATCACTGCCACCCAGAAGACTG-3" , F
514 .5’ -ATGCCAGTGAGCTTCCCGTTCAG-3" , U6
WS :5° -GCTTCGGCAGCACATATACT-3" , T iif
1¥): 57 -ATCCTTGCGCAGGGGCCA-3 ", I & 20
wL FZWAZ 10 wL 2xSYBR ® Premix Ex Tag Il .10
pmol/L FFHF51 44 0.8 wL #i4 DNA 2 L Fl
6.4 pL ddH,0, PCR ¥ #S5%0.94°C 3 min(x1),
94°%C 20 s(x35) .58°C 30 s(x35) .72°C 30 s(x35),
72°C 5 min(x1) , Hr' GAPDH 1 U6 HINZ: 5T
2 ICH CircHIPK3 il miR-124 Fik/K L 2744¢
P, SEEER 3K,
1.3.5 Western blot f i S 20H STAT3
ik

ZREAR SR R TR R R, =28
O PR PR A N S B VR S 4l R AR S
RER R R LV R BR AR, WKV 0 S
min,, KEE ARG R FK B TP AT LKA )
BT B RAMB IR L, 2 BAS Wk £ A Ak
RS , AR B 2000 £5 1 STAT3 Hl GAPDH ik
4°CEE TR 5 o Fi B 5000 509 W E WM E 2 h
J& , G N W Y . GAPDH AR N 2,
BB AZ ST A R s A ph 420 Hh STAT3 & H
FRIBIK . LR 31K,
1.3.6  MTT &A1 5 p 2 070 R

BB I S 2 e R & 96 LR I,
TERTIRAE R FUES 32 NG RE I | AR 4 SC 96 2R R AT
AP IEHE A B R I LA S R AL RR A B
ERE A 20 pL ¥EJE 5 g/L MTT i3] /E/H 4 h
J& I 150 L —H LTI B I E i L0
S5 SN IR T BEFARAYTE 490 nim K ARG I 3 1L 4 22

TCRSCEEM (A) I B S A TfEm R, Lk
A3 W, HP R (%) = (L5 H A-HFH
A)/(FHRZH A-TEIELH A) x100%

1.3.7 e B A SR I B b 22 s g 1%

JEE R 1A R T 1 WA BB A B 45 R T 1) 4% 4 3 T
LTI A TR 2% v F1 B I8 A2 ol o
MR E BT 10° 4 B0 200 wL 1SR T
R )G S wl FITC F3iCHY Annexin-V F
5 pL PL; iR A5 , B T REDEIEE T S 15 min;
I AR W, U A SR I v T 48 T
MT R, LEESE 3R,

1.3.8 Caspase-3 I PN 3250 G0 AS I vg E5 pf 2800
Caspase-3 {4

R S 50 B SR X S 4 28 TR AT A AL S
HR A7) & 1 BH A5 A I 7 A 257 Caspase-3 161k
LA 3K,

1.4 FitEHRZE

i SPSS 22. 0 A X Bl iE AT e 124 4
DI YRR 22 (xxs) TR RN LI EUE . 4
FCECR ¢ K256, Z2 4 10) He A R B R R 229007,
LI LR T SNK-g #5386, P<0.05 {32
SAZIFEX,

2 #R

2.1 miR-124 5 HIPK3 #1 STAT3 HJ5E[E %X &

El 1A 4538 W78, miR-124 5 HIPK3 £ STAT3
ZIFTE AN ZE G0, R 1 45 R BoR, 5AHN
X B miR-NC AH H, miR-124 mimics A] fifi % 4t
HIPK3-WT Al STAT3-WT 4l fitd 11t ¢ 5 2 il 15 4 HH
FEAIK (P <0.05) , {H X} 4% %« HIPK3-MUT HI STAT3-
MUT £ i () 2% ' 25 16 306 4 TG BH 5% 0 (P >0. 05) ;
SAN, BB FE 1 2R B, 5 miR-NC 4 g,
miR-214 mimics 41 STAT3 2 [ £ 35 7K F B 5 F& %
(P<0.05)

2.2 HPFEDMEZ TS HIPK3, miR-124 1
STAT3 EARFRILKE

B2 fIgk 2 g5 R oR, SXTIRAL AR, AR 4
22t rp HIPK3 1 STAT3 2E (M £k /K F B 8 7
15, T miR-124 3k KF- B B REAIR(P<0.05) ;5 AB
ZH EE %5, AB +siHIPK-NC #H f HIPK3, miR-124 I
STAT3 B A RIX K FEZFH LGB L (P>
0.05) ;55 AB+siHIPK-NC 41 L #¢, AR +siHIPK3 41
H HIPK3 il STAT3 £ [ 3% 35 7K 7 W] & R AR, i
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miR-124 FKIEACFIIR T+ (P<0.05) .
2.3 T HIPK3 Rixx} AB FSHiFDHETH
T#

&3 e 3 45 R R, 5T IR b, AR 41
gﬁ%ﬁéﬁﬁ(ﬁﬁ%ﬁﬁ%ﬁ&,ﬁdﬁtﬁ%ﬂ Caspase-3 i
P T (P<0.05) 55 AR 4t , AB+siHIPK-
NC 2H i 5P 28 JCA7 % 56 P 1238 F Caspase-3 1 1
ER TG E X (P>0.05) ;1M AB+siHIPK3 4
T R 2 TCHE TS R 48 AR +siHIPK-NC 20 W B 75,
MPHT-# A Caspase-3 1 3¢ AB+siHIPK-NC 41 #]
AR (P<0.05)

IF:A:miR-124 5 HIPK3 Ml STAT3 2 [i] B b %% & i1 i B
Western blot ¥l STAT3 & |13k,

1 miR-124 55 HIPK3 Ml STAT3 AY¥ ] 56 &
Note. A, Complementary binding sites between miR-124 and HIPK3
and STAT3. B, Expression of STAT3 protein was detected by
Western blot.

Figure 1 Targeting relationship of miR-124
with HIPK3 and STAT3

2.4 miR-124 (KR IXVFIE STAT3 3t AB IFEFHIED
W TRATH

FafE 4 R EIR, 5 AB+siHIPK3 4 HL %,
AB+siHIPK3 +antimiR-NC £H ¥ Sh #1250 miR-124
STAT3 HH A% JT A Caspase-3 {1251
TGt X (P>0.05) ;5 AB+siHIPK3 +antimiR-
NC 4H %58, AB +siHIPK3 +antimiR-124 2H Ff miR-124
FEIRAKV RN i 28 O A0 22 W B A, T STAT3
A FRIR KR 200 T2 | Caspase-3 16 PE
B 58 T4 (P<0.05) ;5 AP +siHIPK3+antimiR-124 41
I, AB + siHIPK3 + antimiR-124 +siSTAT3-NC 41
miR-124 STAT3 fH A5 T8 Al Caspase-3 1%
P2 R G # L(P>0.05) ;5 AB+siHIPK3 +
antimiR-124 + siSTAT3-NC #1 It %2, AB + siHIPK3 +
antimiR-124+siSTAT3 2 STAT3 & 1A 7K - Flii
LTI T % Caspase-3 1M B ik A, 110 viF 25 pift
ZICATIT R B THE (P<0.05)

B 2 Western blot £l 441 STAT3 & 131k
Figure 2 The expression of STAT3 protein was

detected by Western blot

K1 KBHATOCEMIETER STAT3 B E XA LI (x£s,n=9)

Table 1 Comparison of luciferase activity and STAT3 protein expression in each group

2i 51 WICEMIETE Luciferase activit
Grou;s HIPK3-WT HIPK3-MUT STAT3-WTy STAT3-MUT STAT3/GAPDH
miR-NC 2 miR-NC group 1. 00+0. 00 1. 00+0. 00 1. 00+0. 00 1. 00+0. 00 0.67+0. 05
miR-124 24 miR-124 group 0.38+0.03 0.98+0. 06 0.26+0.03 1.02+0. 09 0.38+0.03
t 62. 000 1. 000 74. 000 0. 667 14.920
P <0. 001 0.332 <0. 001 0.514 <0. 001

+R2 &4 HIPK3 miR-124 F1 STAT3 % 25K F 1 S (2+s,n=9)
Table 2 Comparison of protein expression levels of HIPK3, miR-124 and STAT3 in each group

ZH 3 Groups HIPK3 miR-124 STAT3/GAPDH
X HEZH Control group 1. 00+0. 00 1. 00+0. 00 0. 65+0. 04
AB 41 AB group 3.62+0.37" 0.38+0. 04 1.20+0.11*
AB+siHIPK-NC # AB+siHIPK-NC group 3.58+0. 32 0.36+0. 03 1.18+0.13
AB+siHIPK3 £ AB+siHIPK3 group 1.24+0. 12% 0. 59+0. 06* 0. 73+0. 06*
F 194. 876 347.377 59.275
P <0.001 <0.001 <0.001

S0 IRAL L EL, * P<0. 0555 AB+siHIPK-NC 41 Fb#%, * P<0. 05,

Note. Compared with the control group, * P<0.05. Compared with AB+siHIPK-NC group, *P<0. 05.
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B3 ORI 45 2 T S e T R T R

Figure 3 Apoptosis of hippocampal neurons was detected by flow cytometry

F3 HKABLHZITOATER JIT- A Caspase-3 {E M LI (25,n=9)

Table 3 Comparison of survival rate, apoptosis rate and Caspase-3 activity of hippocampal neurons in each group

2073 Groups TEIG % (%) Survival rate  JT-%( %) Apoptosis rate Caspase-3 {4 Caspase-3 activity
X} HR4 Control group 100. 000. 00 9.27+1.36 1. 00£0. 00
AB 41 AB group 49.63+4.25" 28.55+3. 12" 2.28+0.17"
AB+siHIPK-NC £H AB+siHIPK-NC group 52.32+3. 86 27.76+3.25 2.26+0. 15
AB+siHIPK3 4 AB+siHIPK3 group 80. 85+5. 12# 15.10+1. 23* 1. 39+0. 10*
F 353. 508 138. 134 240.757
P <0.001 <0.001 <0. 001
TE SRR AL, * P<0.05; 5 AB+siHIPK-NC 41 Ib%:,# P<0. 05,

Note. Compared with the control group, * P<0.05. Compared with AB+siHIPK-NC group, *P<0. 05.

T4 A miR-124 STAT3 & EAAKEHIFEE R TR M Caspase-3 TEMEAT LA (x+s,n=9)
Table 4 Comparison of miR-124, STAT3 protein expression level, survival rate, apoptosis rate and Caspase-3 activity in
each group
21 5] . STAT3/ TG H (%) M=% (%) Caspase-3 {1
Groups miR-124 GAPDH Survival rate Apoptosis rate Caspase-3 activity

AB+siHIPK3 41

1. 00+0. 00 0.72+0. 06 .93+5. 35% .10=1. 23* .37<0. 11*
AB£iHIPK3 group + + 81.93+5. 35 15.10+1. 23 1.3720. 11
AB+siHIPK3+antimiR-NC 4
. 970. . 740. . 87+5. 15.05=1. 1 1.40+0. 12
AB+SHIPK3 rantimi RNC group 0.970. 09 0. 74+0. 06 80. 87+5. 58 5.05+1. 13 0+0
AB+siHIPK3 +antimiR-124 41 0.26+0. 04 * 1.3120.15*  50.28+3.03*  26.12+3.38" 2.74+0.15"
+ + + + +
AB+siHIPK3+antimiR-124 group e I T T I
AB+sHIPK3 +antimiR-124+siSTATSNC 2L 33012 52.0653.08° 27, 1543 43° 5 7020, 16°
+ + + + +
AB+siHIPK3+antimiR-124+siSTAT3-NC group e T T T T
AB+siHIPK3+antimiR-124+siSTAT3 £
0.25+0. 03 . 73+0. 06" .52+5.01% . 36+1. 37" . 89=0. 13*
AB+siHIPK3+antimiR-124+siSTAT3 group * 0.73+0. 06 62.52+5. 01 20.36=1.37 1.8920.13
F 361. 489 65.742 67. 181 36.239 158. 482
P <0.001 <0.001 <0.001 <0.001 <0.001

1 .55 AB+siHIPK3+antimiR-NC 41 [LAZ, * P<0. 05; 55 AB+siHIPK3+antimiR-124+siSTAT3-NC 20 [b45%, * P<0. 05,
Note. Compared with AB+siHIPK3+antimiR-NC group, * P<0.05. Compared with AB+siHIPK3+antimiR-124+siSTAT3-NC group, *P<0. 05.
3 i AR, BN R AT REJE AD JRYT I FE# S, Yang
AL BEGE HY| cire-0000950 38 4o 1 3% 13 45 4k miR-
miRNAs J&— S 7] 38 iof [ i B 35 A s RHL by FL 7 103 AT {2 28 T0 I T | H v 48 1k 4 A B oK P A
S S5 BRI & 4 T A L R T BN 1 SRR SR G R A ARG 2 E AD kAR R R R AR
RNA, 5 AD WY& 4= & B UIM " cireRNA & F. HIPK3 22— 5 ZFpm kX R E UM
— AP RNA 20, B AT/R mRNA [ 5Y  cireRNA, Teng %5 75 O 4148 b 0F 58 & 28, Ui 3R
e IVE S miRNA W4 1K" 76 AD Bl circHIPK3 n] {20k b J83 20 it 4 5 | iF B% AR 28 940
VESY . Qian 25U RGBS ), microRNA-338-5p (9 R WA T, Si SO gE 0 WL B8 BF 5 & B,
A BT AD BREREZE M, Lu 25V BFS A BE, circHipk3 33 & 5 38 1 15 45 W B miR-133a i #E e bk
circHDACY W] i P45 miR-138/Sirt] il FEFEAN AR ShKIAE P Bz AN 38 5 B A4S A 0, sl
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14 : A Western blot Kl 420 STAT3 5 H ik ; B Jit 221 M AR I 45 20 G S R 22 70 JR 1218 . a: AB+siHIPK3 2 ; b: AB+siHIPK3+antimiR-
NC 41 ;¢; AB+siHIPK3+antimiR-124 41 ;d; AR +siHIPK3+antimiR-124+siSTAT3-NC £ ; e ; AR +siHIPK3+antimiR-124+siSTAT3 41,

4 miR-124 XF AB 152 MG B 2 T
Note. A, Expression of STAT3 protein was detected by Western blot. B, Apoptosis of hippocampal neurons in each group was detected by flow
cytometry. a, AB+siHIPK3 group. b, AB+siHIPK3+antimiR-NC group. ¢, AB+siHIPK3+antimiR-124 group. d, AB+siHIPK3+antimiR-124+

siSTAT3-NC group. e, AB+siHIPK3+antimiR-124+siSTAT3 group.

Figure 4 Effect of miR-124 on apoptosis of hippocampal neurons induced by A

T WURE BE S5 14 0 D) RE R 4 RNEF 4 AL 1T B, Fu
ST A 23R AT MBS = AR TG P & PR, HIPK3 2
S i 1 W 1) 4 8 Y R A2 A8 B9 HTT/Hdh 25 17K
S8 TE I PR T I Rk T e R R
A HTT/Hdh 25 K F e e d bk, 4R
I, HIPK3 7€ AD " 4E F anfa A5 2

miR-124 J& miRNAs F G 01, 76 #h & R 458 &
H G MEE SRR R EEEEEMNY,
STAT3 & — MUK 72 Rk W5 545 TR 73
TG PR B G 5 T 3 a4 A0 M A Ak RO
T2 5 ZMgom e ke R B, E AD
miR-124 2R F RIS, 1 miR-124 3 F ik )@ i
#E [ JH 1 BACEL #H] AB 5 S My & 4u i -1
1M STAT3 7£ AD h &2 & KR, HAE AR 531
P22 T B P kP SRR SRR
Chen %' B 5% 7%, HIPK3 ] 3 3f miR124-3p-
STAT3 {55 5 A2 47 Ml fia 4t A s, ASHF 9% R AR
Y5 B 2F 5C0F T % B, miR-124 5 HIPK3 A
STAT3 ZIHAAAE HAMAZE B LR 7350, WO C R il
s A 5236 K2 Western blot SZIGHESE T HIPK3 A
5 miR-124 #6454, miR-124 7] 40 ] 45 STAT3
FEHFEL, XK, HIPK3 788 i J# 45 miR-124/
STAT3 /5 AR 5P AL Y8 1o 72 , HIPK3
AIRELE AD RAER R G EE A,

AW T HIPK3 k)5 & 3, AR
SR T B T S i 28 T AN R R PR TR T
PUATHTF Caspase-3 1H M TH =34 0H W52 2], I 1
PR E R 22 50 miR-124 35 H N STAT3 & A
ik, @5RFW | CircHIPK3 ILEA T HIH] AR 55
BT 55 i 22 50 8 12 9F P 45 miR-124/STAT3 & ik,
SN, AW FE I — A miR-124 Fik 5 L, AR
Ve R i3 S 2550 STAT3 & 6K F JHT

N Caspase-3 {if P B T | 11V 55 1 28 0 A7 1 %
REAR 5 [ BsF, 38 o] #10i) STAT3 R 3K J5 & B, miR-124
B X g Ty b 22 o0 ) RV B i e, 2%
FW, miR-124 L3R IK AT 3 o 80 1] 9o 45 STAT3 i ik
AB G M A i T, $27R, HIPK3 Ik
I AB 5 S I Tl 2 20 i R T 0T i e 1
2 miR-124/STAT3 Hlis 5230

2 BITIR , CircHIPK3 fIRFR3A A 6 AR 75519
M e on i o, AR HTALH 5 98 4% miR-124/
STAT3 A7 ¢, A G20 UCHE 4 B )2 17 Uk SE T
CircHIPK3 7RI S ph 2 on g8 T-ad B2 VR, e &8
WER N S R b g — B &R CircHIPK3 7£ AD
KRR I i 2 on T P AVE T, LA AD &
R HLHI AR T R AL S H 1K
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microRNA-574-3p 4111 45 5 8 40 W 88 5 A WL 5

ARF,EHER, R R, M kA
(LAFETPEBEEIM, AZKE 0500515258 2 575 —EHEIME WAt 2525 066000)

(=) HE WEHUD RNA-574-3p (microRNA-574-3p , miR-574-3p ) ¥ 4% li7 95 20 M 36 5 09 52 0, FE 353+ L
RAEMVERIDLE, FiE RA4 AN HCT116 VE LI Xy 4, 40 M ¢ miR-574-3p mimic F1BPEXS R 4330 4
4 miR-574-3p mimic 20 FBAYERT L RN LAIE H HCT116 40 fE N 2s FI X IE4H . RT-qPCR 4 40 i miR-574-3p
23K 5 CCK-8 TG0 200 ML 38 58 0 3 5 -0 e ST 50 6000 200 e e 6 D2 B 7 5 9t 2K 0 A A 00 40 L 199 25 4K, Western
blot ¥4 CyclinA1 ,CDK2 PCNA (Cdc25A % P53 i 3RE2EM, R SPIMX A L, miR-574-3p mimic 44
miR-574-3p FiE M LR (P<0.01) , HL7E 36~72 h 403G J7 B W RER (P<0.01) , SBHXS LA L, miR-574-3p
mimic ZH 400 5 BT A3 3 I AIK ( P<0. 01) , [R1H S HA MM LY 491 1 2 54 0 (P<0.01) , AHEE T BT IR 2, miR-
574-3p mimic 41 CyclinA1 ,CDK2 ,PCNA Cdc25A i 1355 2 T (P<0.01) ,P53 [ RA R i (P<0.01),
AN R 28 (O R AR R L B 25 . 458 miR-574-3p Al HI 4549 HCT116 40AR M 5 , X 7T fig
5F 4 CyclinAl ,CDK2 PCNA Cdc25A K i P53 35, B35 S 4 M S WFH A A ¢,

[kgiE)] 450 U RNA-574-3p; 40 i A 3] 65

[FEHZES] R-33 [ XEk#riRmB] A [XEHS] 1671-7856 (2021) 10-0030-06

Mechanism of microRNA-574-3p in inhibiting the proliferation of
colon cancer cells

LIU Zhenfang'* , MENG Xiangcai®, WU Yu®, LIU Xiaofei', MI Yongpeng'
(1. Department of General Surgery, Shijiazhuang Hospital of Traditional Chinese Medicine, Shijiazhuang 050051, China.
2. Department of General Surgery, First Hospital of Qinhuangdao, Qinhuangdao 066000 )

[ Abstract]  Objective Observe the effect of microRNA-574-3p (miR-574-3p) on the proliferation of colon cancer
cells, and explore its potential mechanism. Methods HCT116 colon cancer cells were transfected with miR-574-3p
mimics or a negative control and used miR-574-3p mimics and negative control groups, respectively. Normal HCT116 cells
were used as the blank control group. RT-qPCR was used to detect expression of miR-574-3p. CCK-8 assays were used to
measure cell proliferation. Colony formation assay was used to assess cell clone formation. Flow cytometry was used to detect
cell cycle changes. Western blot was used to detect expression of Cyclin A1, CDK2, PCNA, Cdc25A, and p53 proteins.
Results Compared with the negative control group, expression of miR-574-3p in the miR-574-3p mimics group was
upregulated significantly (P<0.01), and cell viability was significantly reduced at 36 ~72 h ( P<0.01). Compared with
the negative control group, the colony formation rate was significantly reduced in the miR-574-3p mimics group (P<0.01),
while the proportion of S-phase cells was increased significantly ( P<0.01). Compared with the negative control group,
expression of Cyclin A1, CDK2, PCNA, and Cdc25A was significantly downregulated in the miR-574-3p mimic group ( P<

[E£TE Jirdb4s 2020 4F 5 B 2R E R R4 (20201428)
[MEE RN I XTI (1985—) , 5, IR BRI, Wi+, WF5E 07 I . 259 2E W0IB YT . E-mail : liuzhenfang0716@ 163.com
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0.01) and expression of p53 protein was upregulated significantly (P<0.01). There was no significant difference in the

above indicators between negative control and blank control groups. Conclusions MiR-574-3p inhibits the proliferation of
HCT116 colon cancer cells, which may be related to the downregulation of Cyclin A1, CDK2, PCNA, and Cdc25A and the

upregulation of p53 protein expression, which ultimately induces cell cycle arrest in S phase.
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Figure 1 Changes of miR-574-3p expression in each group
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Figure 3 Comparison of cell clone formation ability in each group
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Figure 4 Cell cycle changes in each group
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Figure 5 Changes in the expression of S-phase related proteins in each group
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[ Abstract]  Objective To investigate the expression of miR-122 in the kidneys of diabetic nephropathy ( DN)
mice and the effect of miR-122 in the kidney of DN mice. Methods Streptozotocin ( STZ) intraperitoneal injection
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combined with a high-sugar and high-fat diet was used to establish the DN C57BL/6 mouse model. Thirty DN mice were
randomly divided into the model group, antagomir-NC group and antagomir-122 group ( 10/group). In addition, 10 healthy
C57BL/6 mice without any treatment were selected as a normal control group. After the successful establishment of the
model, the antagomir-122 and antagomir-NC groups were given tail vein injections of antagmir-122 and antagomir-NC every
7 days, and the model and normal control groups were given tail vein injections of the same volume of normal saline. After 8
weeks, serum and urine samples were collected and mice were sacrificed to obtain kidney specimens. An automatic
biochemical analyzer was used to detect serum creatinine ( Cr) , blood urea nitrogen (BUN) and 24 h urine protein levels.
Periodic acid schiff staining was used to evaluate renal histopathological changes, qRT-PCR was used to detect expression
levels of miR-122 in renal tissue, and a kit was used to detect levels of glutathione peroxidase ( GSH-Px ),
malondialdehyde (MDA) , and superoxide dismutase (SOD) in renal tissues. Western blot was used to detect protein levels
of Sirtuin 1 (Sirtl ), a—smooth muscle actin (a-SMA), and fibronectin in renal tissue. Results Compared with the
normal control group, the glomerulosclerosis score of mice increased ( P<0.05), the expression of miR-122, a—SMA and
fibronectin protein in renal tissue increased (P<0.05) , circulating levels of Cr and BUN, and quantitative levels of 24 h
urine protein and MDA levels in renal tissue were all significantly increased ( P<0.05), and the expression levels of Sirtl
protein, and SOD and GSH-Px levels in renal tissue were all significantly reduced (P<0.05) in the model group. There
were no significant differences in the endpoints examined between the model group and antagomir-NC group. Compared with
the antagomir-NC group, the glomerulosclerosis score, miR-122 expression, renal a—=SMA and fibronectin protein levels,
Cr and BUN levels, and 24 h urinary protein and renal tissue MDA levels were significantly decreased (P<0.05), and
renal tissue GSH-Px, SOD, and Sirtl protein expression levels were significantly increased ( P<0.05) in the antagomir-122
group. Conclusions The expression of miR-122 was increased in kidneys of DN mice. Silencing miR-122 can protect renal
tissues of DN mice from anti-oxidative stress and fibrosis, and its mechanism may be related to the regulation of Sirtl.
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Note. A, Normal control group. B, Model group. C, Antagomir-NC group. D, Antagomir-122 group.

Figure 1 Comparison of renal function in each group

LA E R X IR ;B AR ZH ; C: Antagomir-NC 41 ; D ; Antagomir-122 41 ,
B2 SA/NEE/NEREE L

Note. A, Normal control group. B, Model group. C, Antagomir-NC group. D, Antagomir-122 group.

Figure 2 Comparison of glomerulosclerosis in each group

H AL IEH N HRZH ; B ABEARIZH ; C . Antagomir-NC 41 ;D : Antagomir-122 41,
B3 A4/0EE4Z miR-122 F1 Sirtl B HFEIA M L

Note. A, Normal control group. B, Model group. C, Antagomir-NC group. D, Antagomir-122 group.

Figure 3 Comparison of miR-122 and Sirt] protein expression in renal tissue of mice in each group
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AL IEH X IR B BERIZE ; C . Antagomir-NC 41 ; D ; Antagomir-122 4,
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Note. A, Normal control group. B, Model group. C, Antagomir-NC group. D, Antagomir-122 group.

Figure 4 Comparison of oxidative stress levels in kidney of mice in each group
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Note. A, Normal control group. B, Model group. C, Antagomir-NC group. D, Antagomir-122 group.

Figure 5 Comparison of the expression levels of a—SMA and fibronectin in renal tissues of mice in each group
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Inhibitory effect of gentiopicroside on tumor growth and anti-angiogenesis
in mice with H,, hepatocellular carcinoma

ZHANG Zhiheng'* , JIA Haiyan', CUI Chaochu®, ZHANG Yingxue’
(1. Department of Oncology in Liaocheng Traditional Chinese Medicine Hospital, Liaocheng 252000, China.
2. Medical College of Henan University of Science and Technology, Luoyang 471000. 3. School of Pharmacy,
Shandong University of Traditional Chinese Medicine, Jinan 250355 )

[ Abstract]  Objective To study the inhibitory effects of gentiopicroside on tumor growth and anti-angiogenesis in
mice with H,, hepatocellular carcinoma. Methods A H,, hepatocellular carcinoma mouse model was established by
subcutaneous injection of a H,, cell suspension into the right axilla. Mice with H,, hepatocellular carcinoma were randomly
divided into a model group, low and high dose gentiopicroside groups (50 and 100 mg/kg, respectively ), and a
cyclophosphamide group (20 mg/kg) with 10 mice in each group. Another 10 healthy mice were used as the normal group.

After 14 days of administration, body weight, tumor weight, tumor inhibition rate, thymus index, spleen index, serum IFN-y

[EL&TIE & R S TOET H (102102310063 ) 5 il B AR K 2E ST A 3T 354 (XTJ-YIS-2027)
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and IL-2 contents, and expression levels of bFGF, TGF-B, VEGF, p-PI3K, and p-Akt were measured in tumor tissues.

Results Compared with the H,, hepatocellular carcinoma model group, the body weights of mice in low and high dose groups

of gentiopicroside did not change significantly (P>0.05), while the tumor weight was reduced significantly ( P<0.01) ,with

the tumor inhibition rates of 30.43% and 42.93%, respectively. Compared with the H,, hepatocellular carcinoma model

group, the thymus index, spleen index, and serum IFN-y and IL-2 contents of mice in low and high dose gentiopicroside
groups were increased significantly (P<0. 05 or P<0.01), while expression of bFGF, TGF-B, VEGF, p-PI3K, and p-Akt in

tumor tissues was decreased significantly (P<0.05 or P<0.01). Conclusions Gentiopicroside has an inhibitory effect on

tumor growth and anti-angiogenesis effect in H,, hepatocellular carcinoma mice, which is related to improving immunity,

increasing serum IFN-y and IL-2 levels, and inhibition of activation of the PI3K/Akt signaling pathway.
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FAL L 4EmAFE L T [ SCXK (A1) 2017-0033],
P T ARTE AR KA 5250 sh ) oo 047 [ SYXK (8
2019-0005] , A= 5256 3K 3K Be e PR 22 51 2% o ik 3d o
(LCZYYY2020012707) , H-45 5255 sh Wy FH 1) 3R Ji
MI257 NGB AR
1.1.2  40jf

JHH9E H, A 0 T v R 2 LV 4 A
1.2 FEAFSMNHE

Je M0 R RSO E B R A E T A it
181116A, 4l >95% ; T F -y (IFN-y) | 14 i/
Z-2(IL-2) il 3¢ f 28 W B 1 ( ELISA ) A6l 7] &2
W F IR KB A AR A W, #5435 4 20180516
20180427 ; TPt BUBPE B LT 4 4F K [N 7 (bFGF)
R KW ¥ - B (TGF-B) | 1L & A B B K AT

gentiopicroside ; tumor growth; angiogenesis; hepatocellular carcinoma

(VEGF) WhHRIENLEE -3 WM (PI3K) \#ER2 fk PI3K
(p-PI3K) #E I B (Akt) SR 1k Ak (p-Akt)
BiAR W T 26 B Abcam 2 A, #t 5 4 Bk
ab246354  ab229856 . ab69479 | ab154598 . ab182651 .
abh8805 .ah38449 . Epoch BRI FRIX , 3& [ Bio-tek 2
5 2R LUK S REAY, 3 [E Bio-Rad A H]

1.3 EWH*E

1.3. 1 Hy, /N RS RS (R ST

PR FE 2B K H, 41D T KM /)
BL,7 d 5 B K | 248 D-Hanks W UG B O, IF
PR A B B N 2T 5. 0x10° AN, FE/ DR
R R S AR A M 0. 2 mL, #ES7 H, IR /D
FRBC Y
1.3.2 srd R4h?

TR /N R AR T RNy 4 4, 53 5] ol A
RI] IR AR | 557 541 (50 mg/kg 100 mg/kg)
K PHTEZ M PR B 41 (20 mg/kg) , B4 10 H ;5
PR 10 HAgERe /N VEIE R A, 455 2 KT
W2y, R SR B HE S A28, R —
U T I e £EL I s S 24 2, B K — W 1R 4l %
PR ZH 1 SRR AR B K, 25 R 14 d,
IO SXIAIT 14 d ISR/

1.3.3 R SR i Bt BOR I B0 2

FTERREE )5 24 h, 841/ BUR F S00HE 10 1 36
AOBE. 0B T ges A 2 % M i ML, D AR AR 2 3R 1w ok
RGBT RVAEHFRE, % T 500t
A MR e ORI L

TNIE (%) = (551U 2H 9o 0 — 245 245 2 g o/ A Y
ZHIEE ) x100%

W RRFEH (mg/10 ) = MR & / /AT

JEHE% (mg/10 g) = W / 1AE
3.4 ELISA &l 2 £ 44 /N BUALYE TFN-y A 11-2
o

A 2N AR AR SE T, UL, 2> B LN, 1% R

1.
/3\
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ELISA #8570 5 18 BH 5 v i) 38 1 28 B8 4o i) 4G
& 2H/INERUIM TS TFN-y M IL-2 &,

1.3.5 35 A SR Bk I A2 45 41/ U 4 2R 5
HHARIE

SR FH e R T A — R D s T P 6 G P DK
TTHRME A, BIKERUG, & LR R,
Hod 4 H1 Bl bFGF , TGF-B . VEGF | PI3K | p-PI3K |
Akt p-Akt & B-actin HUiA, #5181 :1000 £5H# B, —
PN 1:2000 f5FR, SR HL A A0 EE B 45140
W R 200 K H 2 Tmage ] BAF 00T, H B4
20 H B AR Rk i
1.4 HitEFZE

K HI SPSS 19. 0 FAFi#E 1750t 5 5811, i 4k
PEEI SR bt 22 (xxs) 7 Foom , TS REAS ¢« 16
Y TP B L, B R 2250 T 2 408K
PEbEs, P<0.05, 25 HAGI#E L,

2 #R

2.1 REEFENEH/NMNREETHHII

TR A2/ BUATE T A2 16 (P>0.05) 53R
¥7 14 d 7, 51EH 4 % Ho, AR 4] Fedse, e IR
TG R A/ AR TC A A8k (P>0. 05) | i 36
WEMERZ /N AR E B W AR (P<0. 01) o 425RILER 1,
2.2 EREEENESEMRBEERINERNZME

5 H,, BRI b, e IR 1% | R it 4
e P ot e /) B9 451 H B A (P<0. 01) , Je i
T AR | o 7] 2 S P I e 2 /) BRU ) 410988 2R 43 5
4 30.43% 42. 93% J 69. 2%, ZERWFE 2,

R MR 25/ UK B AL B0 (xts,n=10)
Table 1 Effects of gentiopicroside on body weight of
mice in each group

fAH (g) Body weight

pilk

il AT AT 14 d)R
(mg/kg)
Groups Before model — After 14 d
Dose
establishment  treatment
Y
IEw4 / 20.04+2.42 32.72+3.57
Normal group
014
Bl / 19.86+2.39 33.53+4.06
Model group
o 1A 12
S A 50 19.67+1.87 31.61%3.32
Gentiopicroside low does group
A
. ,jz,ﬂ*ﬁﬁ“,”m A 100 20.25+2.18 30.87+3.13
Gentiopicroside high does group
BN i1
RRRIAL 20 20.13x1.95 22.41+2.86""

Cyclophosphamide group

T HIER LIS, " P<0. 01 ; SAEAELAL HAR, 1 P<0. 01,
Note. Compared with the normal group, "P<0.01. Compared with the
model group, ‘P<0.01.

2.3 R BBEE X A /R PR 1 H0F0 R 18 B
Al

55 IEH AL, Ho, I AR R 2 /)N UM 48 25 2
S $TC B 28k (P>0. 05) |, Je B HAIG | s 7)
20/~ BRI Pt 5 S e 0T S T i ( P<0. 01) | T 3R
T T P 201 /) B B i 5 S L 48 B0 R R AR (P <
0.01) ;5 H,, A2 oA, e 0 1K L il
2H /N BRI B A5 K N B0 S 7 i (P<0. 01) |, TT 34
AT P 21 /) B 48 50 B M8 50 18 B A1 ( P<0. 05
5 P<0.01) , &52RIE 3,

2.4 RPEEFEXNESHPMRME IFN-y & IL-2 S
sEAG)

SIEFA A, W, s BRI e IR =
T2l KRR ZH N UL TFN-y TL-2 5 25 0 I [
fl(P<0.05 3% P<0.01) ;55 H,, iFm@i R4 H Az, e iR
IS R AL/ BT IFN-y 1L-2 75 2 B 5 T
(P<0.05 5% P<0.01) , 1 ER IR A /N BRI TFN-y
IL-2 F i R (P<0.01) . Z2RILE 4,

2.5 RPBEEFXNEH/NREHALA bFGF , TGF-B &
VEGF RiZH &M

55 H, AR A, e IR I s 77 i 4
K BB /N BRI 4H 20 bFGF \ TGF-B K& VEGF %
K A (P<0.01) o S5 ILIE 1 FigE 5,

2.6 REEEFWEZHENRIBHLE p-PI3K K p-Akt
RIEHIR M

55 H, IR A, e IR I s 77 i 4
R PR Ik e 2H /N B p-PI3K & p-Akt 2351 B %
i ( P<0. 05 5 P<0.01) , 455 VLK 2 FiZE 6,

T2 e REEEE XA LN R T AR RS (s, n=10)

Table 2 Effects of gentiopicroside on tumor weight and

tumor inhibition rate of mice in each group

. A OME() A%
N (mg/kg) Tumor  Tumor inhibition
Groups X
Dose weight rate
ey
A / / /
Normal group

s TR 4
Lt / 1. 84+0.23 /

Model group
T B AR B

50 .28£0.15%  30.43
Gentiopicroside low does group 1.2820.15
PR A
BB R A 100 1.05:0.12¢  42.93
Gentiopicroside high does group
ik i
SRERBER 20 0.57+0.06"  69.2

Cyclophosphamide group

T SRR A, P<0. 01,
Note. Compared with the model group, ‘P<0.01.
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R3 XA NSRRI RO (22 ,n = 10)
Table 3 Effects of gentiopicroside on thymus index and

spleen index of mice in each group

] P ]2 1= R
o (m/ke) (m/10g)  (mg/10g)
P Dose  Thymus index Spleen index
Ay
ERA / 10.72£1.26  43.53%5.15
Normal group
sy
B / 9.26+1.10  41.12+4.64
Model group
B 2
. jz ﬁ.ﬁ{ b 50 15.48x1.28"" 51.16%6.24"¢
Gentiopicroside low does group
TR R R
100 55241307 62, 645, 96
Gentiopicroside high does group 17. 55213277 62. 6425. 96
PRBRIER A

20 5 . b,d . § b,c
Cyclophosphamide group 33120, 6777 36.1924.03

T SIEH AL, P P<0. 01; SR H L, < P<0. 05,9 P<0. 01,
Note. Compared with the normal group, "P<0.01. Compared with the
model group, “P<0.05, 4p<0.01.

F 4 IR LN RIMTE IFN-y
IL-2 B (x£s,n=10)
Table 4 Effects of gentiopicroside on serum [FN-y and
IL-2 contents of mice in each group

G Frllis Ty ALEAER2
. (mg/kg) (mmol/L)  (mmol/L)
Toups Dose IFN-y IL-2
Y
IER4 / 57.94+6.74 110.27x12.24
Normal group
L2
B / 40.53x4.06" 48.59+5.17"
Model group
A
SO A b S0 46.56+5.48" 8. 1029, 14"
Gentiopicroside low does group
T BT R
100 .88+5.41 04 .83
Gentiopicroside high does group 5188234 4. 31=11.83
i

20 3 +2. b,d . +4. b,d
Cyclophosphamide group 23.35+2. 654 36,084, 52

TE: HIERA AL, P<0.05," P<0. 01 ; SHURL LA, 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<0.01.

®5 IREATXSA/NEIRIZZ BFGF TGF-B Sz VEGF FRk M52 (x45,n=10)
Table 5 Effects of gentiopicroside on the expressions of bFGF, TGF- and VEGF in tumor tissues of mice in each group

5] i (me/ke) qeaneasd 2NN AL ER T/ M4 P9 R A K P/
P BN T/ B-IaE BB BB
7Toups - bFGF/B-actin TGF-B/B-actin VEGF/ B-actin
FRIZH Model group / 1.08+0. 11 1. 120. 14 0. 96+0. 09
AR ie NN
TR AR 50 0. 46:0. 05 0.810. 10 0.730. 08"
Gentiopicroside low does group
~ D#%E.—;q Eg
Realbloii 100 0.380. 044 0. 60:£0. 07 0. 350, 04
Gentiopicroside high does group
R
i 20 0.210. 02¢ 0. 52+0. 06 0.28+0. 04

Cyclophosphamide group

e SR LLEE, P<0. 01,
Note. Compared with the model group, P<0.01.

T A AL B IR AL C AR R A D AR EAL,
1 35 F S BN R A e I v
&40/ FUREZHZE bFGF TGF-B K VEGF &3k 52
Note. A, Model group. B, Gentiopicroside low does group.
C, Gentiopicroside high does group. D, Cyclophosphamide group.
Figure 1 Effects of gentiopicroside on the expressions of bFGF,
TGF-B and VEGF in tumor tissues of mice in each

group by Western blot

TE AR B eI TR B C . e MBS 37 R 0 45 D 2 BR
BRI AL,
B2 3 S B R A e v R 45 2
/NEUR LI p-PI3K S p-Akt A
Note. A, Model group. B, Gentiopicroside low does group. C,
Gentiopicroside high does group. D, Cyclophosphamide group.
Figure 2 Effects of gentiopicroside on the expressions of
p-PI3K and p-Akt in tumor tissues of mice in

each group by Western blot
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R 6 e WAL/ R4S p-PI3K K p-Akt FIBMFEIE (xs,n=10)

Table 6 Effects of gentiopicroside on the expressions of p-PI3K and p-Akt in tumor tissues of mice in each group

il HlAE (mg/kg) WERRALTENG BELEE-3 G BEARBENLES-3 A BERR L 2E 1 B/ 25 G B
Groups Dose p-PI3K/PI3K p-Akt/ Akt
T
i / 0. 84+0. 09 1.27+0. 14
Model group
5 JIH 2 AR F:Ag
ﬁﬂ; ﬁ.ﬁﬁE“J% i 50 0.72+0. 08¢ 0.95+0. 11¢
Gentiopicroside low does group
PR A
M H R A 100 0.430. 05" 0. 56:0. 06"
Gentiopicroside high does group
I THI
WL 20 0.31+0. 03" 0. 35x0. 04"

Cyclophosphamide group

T HEARAL L, P<0. 05,9P<0. 01,
Note. Compared with the model group, °P<0.05, YP<0.01.

3 it

JHF- 968 e s B B, 2 50 3 w2 i 2 A T
WLRETFARBITNEREI S, ol T8
RIVERR 7 s D), A Z 805 22 %,
FEFIRR IR T SR 2 W 5 1 T AT 56 AR
FETEPR BH P 245 ) 2l 15 e Sy Wi PR 6 97 I 98 %
AT 259, EL A 40 o ek A= 1 B e o A AR BLAE
FH G 410 i B 10 o) 45 2 0 A LT AR
W S5 R R B, 5 H,, I A A0 2 A, i R 5
G i 0 o A e BBl I g 4L /N LA R B B I 4R
TN RRFEF X H, I3 70N B g A LA B 4
FH 5 TRIE, Sl R A0 | o 790k 2 /) BN e 4 5 5% gt
BT 5, T B T fre 41/~ B i i 50 2 JL i %
K, 37 e IR 5 1) e P e A 5 88 e A
X, IFN-y 5 1L-2 20t 577 081 e i LA X i e
SRR N R E AR, SRR R R R
H) NK 4056 230100 INF-y B T2 1 50%
PATTVER 2 — Tl 258 0 B P8 A 3 PR 9 5, T
AIEILRY T ke g =AY -2 fE A S HLIAST
I IR G 2E S I, A2 B RE B 5 VA T 1) A IR T
TL-2 0] D p 2 8 A R i 45 1k A 4 AT A 3
PoEEA . H, /N REIBIT IS, 5 W, e
RIRUZ A, e IR 2 /N BT TFN-y Je TL-2 &
ST R IR AL /N R TRN-y & TL-2 &
WAL, BRGS0 R IR X Ho, A
/0N BRUIRE A K 4 40 ) 4 FH 55 85 0 i 3 TFN-y | IL-2
TRAKX,
AT A8 1 A B — T T AT LA Sy i TR A v e
R PR, 59—y 1 e v] LAk ol (R 4 2l A K 4R
PEE SR SRR, X o 0 kA R R R R LA
B B RE—N 2R TS E5NE R

TEAR A O A R R 2 W B T
W], IR AR A LAS BT Re3 FH0 LI
il Hy, B9 /s BRI 48 A2 B, #6145 B0 e A
FI1415) bFGF TGF-B B VEGF % J2- Jivied 7 A 1fi 45
TE AR (A, Hodh bFGF BE % 3] 38 9 B2 40 i Y
2T 24 28 1 il R i 1 ) A, 2 T AR A I A
A B TGF-B FE 22 R A A 2F PR B2 440 i 1) 34 7
5434k, SRR AL Y bR VEGE & f A A4
I A B R, X b LA A T B I A 19 T L
TP Bz 4 A B4 5 X A R e AR RO 2T A
CESE ™ BRI FGF [ TGF-B M2 VEGF ik W] LI
AN ML A, AP R EM, 5 H,,
JHHE AR A LA, e IE e I o 7] e A B B I
Jie2H /)N B 4 40 bFGF | TGF-B [ VEGF 353k 2 [
1%, B2 e RE 5 0 1L, 988 /0N Bl 48 28 a2 A 11
HilfEH . PI3K/ Akt 15 538 [ /2 40 i P9 22 915 =
M a4  BHWTIZGE BE 090 FT LR I bFGF | TGF-
B K VEGF ik , F i 1 il if 45 A= 20, AH
FEERKI, 5 Hy, B AL L8, o I 14K
e 1) e 2 S AR TBE R 2H /N BB 2H 2 p-PI3K . p-Akt
FIRBIREAR, 2 W1 e IH w5 X6 H, 98 /DN BRI A8 A=
R VR 5 90 ) PI3K/ Akt {5 5 18 % 19 15 1k
AKX,

25 ERTIR A BF S8R 52 e BH S X Hy, i /D
B RE A K S M A AR A I E T iR S 4
R RES) BN YE IFN-y | IL-2 2 5 XA i) PI3K/
Akt {5530 B I LA G
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/INBE I8z 0 v IR /0 BRI A PR R B PR 3R
ML R G E, g, TRA, £EA, FRCT
(LR =R R ERE, 5 430060;2. 1AL EZG k2 5 430061)

(WE] B# /NG 5 AR (hyperlipemia, HLP) /NEUMLA N BB i sz ma . ik #EH] 36 H
C57BL/6 /N, AL o ) BEAH B IRHI 26 (0. 03 g/mL /NG RGZ ) Fh R R4 (0. 06 g/mL /NG ) 78 7
20 (0. 12 g/mL /NN ) FIRE A T 20 (2. 5 mg/kg IEARART ) , 4 6 H il it & AR ial Bl FR 8 Jil i 7. HLP A54%Y
FE TR YT T, 25 25 8 AR A /N BR— A T2 RS, BRI AR S — W HE Yo (0 05 3 g Bk i 48 40 21
G B AR A, s S BE AR AN /I B 32 30 bk 28 200 8 (B 1L 22 976 I T (von Wiillebrand factor, vWF) [ 335 ; qRT-PCR
K /0N BR 3 sh ik 4L 20 P9 B2 A= 4 Bl F (vascular endothelial growth factor, VEGF) | i & g £ P14 Eph Z Ak B4
(EPH receptor B4, EphB4 ) & H:Jitd 5 [} 25 %1 Bt /& B2 ( EphrinB2) ) mRNA 7K 3 ; Western blot 46 /I 5 3= 2h Jpk 20 41
VEGF .EphB4 il EphrinB2 & /K, &8 SxHE4IAH e, BRI4L /N BUS sh i M e b, BA R K E g
i, EBPk L vWEF VEGF ,EphB4  EphrinB2 23k K- F i ; S5 RILH AR LY, /1N W 375 45 7] 2 20 R0 o T2 /)N
BUG s A& w g im, B, MEW D, E KA L F vWEF, VEGF, EphB4, EphrinB2 2 ik /K F [#
& (P<0.05) ; SIRFIEH L, b mHE4 /DRI k2L VEGF EphB4 #1 EphrinB2 mRNA & 2 4 21k 7K F
WA (P<0.05) , Z5i¢  /DKaNZ M HLP i & 8 , X/ B A% P iz B AR 34

[XBIA]  NSEN ;& mARIE ; I8 P
[FEHZEE] R-33 [ XEERIZEB] A [XEHS) 1671-7856 (2021) 10-0048-06

Protective effect of Xiaoxianxiong Decoction on vascular
endothelium in hyperlipidemia mice

ZENG Jiangqin', SUN Qinguo', XU Hongjie', DING Xiaoming' , MOU Yanjie', JIANG Yuewen*"
(1. Department of Traditional Chinese Medicine, Wuhan Third Hospital, Wuhan 430060, China.
2. Hubei University of Chinese Medicine, Wuhan 430061 )

[ Abstract]  Objective To explore the effect of Xiaoxianxiong Decoction on vascular endothelial injury in mice
with hyperlipidemia ( Hyperlipemia, HLP ). Methods Thirty-six C57BL/6 mice were randomly divided into control,
model, low dose group (0. 03 g/mL Xiaoxianxiong Decoction) , medium dose (0. 06 g/mL Xiaoxianxiong Decoction) , high
dose group (0. 12 g/mL Xiaoxianxiong Decoction) , and Lovastatin (2.5 mg/kg lovastatin) groups. Six rats in each group
were fed a high fat diet for 8 weeks to establish the HLP model and administered corresponding drugs for treatment. During
the administration period, the general behavioral state of mice in each group was observed and mice were weighed once a
week. HE staining was used to observe histopathological changes of aortic vessels. Immunohistochemistry was used to detect

expression of von Willebrand factor (vWF) in aortic tissues of mice. qRT-PCR was used to measure mRNA levels of

[E£TH ] &0 DA A 2R B8 B3 H (WZ18A01)
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[BIE1EE 1B (1980—) , 53 Fi -, Wil , WF 9 0y 1 < 407 i 3 B K2 A BRIE B SEBG IS, (O B I 5 5 1)

E-mail; hbwhjyw@ 126.com



P R R 2R 2k 2021 45 10 A5 31 555 103 Chin J Comp Med, October 2021, Vol. 31,No. 10 49

vascular endothelial growth factor (VEGF) , EPH receptor B4 ( EphB4), and Ephrin-B2 ( EphrinB2) in aortic tissues of

mice. Western blot was used to measure the protein levels of VEGF, EphB4, and EphrinB2 in aortic tissues of mice.

Results Compared with the control group, the activity and food intake of mice in the model group was decreased, hair was

poor, weight had increased, and the expression levels of vWF, VEGF, EphB4, and EphrinB2 were increased in aortic

tissue. Compared with the model group, the activity and food intake of mice in each dose group of Xiaoxianxiong Decoction

and the Lovastatin group were increased, hair was brighter, weight was reduced, and the expression levels of vWF, VEGF,

EphB4, and EphrinB2 were decreased in aortic tissue (P < 0.05). Compared with the low dose group, mRNA and protein

expression levels of VEGF, EphB4, and EphrinB2 were decreased in medium and high dose groups (P < 0.05).

Conclusions  Xiaoxuai decoction inhibits the development of HLP and protects the vascular endothelium of mice.
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Figure 1 HE staining of aorta in mice

vWF 3Rk

Note. Compared with the control group, *P<0.05. Compared with the model group, #P<0. 05.

Figure 2 Expression of vWF in aorta of mice
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Figure 3 Levels of EphB4, EphrinB2 and VEGF mRNA in aorta of mice
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Figure 4 Expression of EphB4, EphrinB2 and VEGF protein in aorta of mice
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Preparation and reflection on animal models of melasma

LIU Xiaoyao', FAN Qiongyin®, GAO Jian®, SU Zeqi*”, ZHANG Jingxuan® , ZHAO Baosheng®, ZHU Peixuan',
WANG Ting™**
(1. School of Chinese Medicine, Beijing University of Chinese Medicine, Beijing 100029, China.
2. Beijing Research Institute of Chinese Medicine, Beijing University of Chinese Medicine, Beijing 100029.
3. Key Laboratory of Famous Doctors and Famous Prescriptions Under State Adiministration of Traditional

Chinese Medicine, Beijing 100029)

[ Abstract]  Objective To observe the effects of different animal breeds and modeling method on animal models of
melasma, and provide ideas for the successful preparation of animal models exhibiting the clinical features of melasma.
Methods Animal models of melasma were prepared using SD rats, and KM and C57BL/6 mice. The SD rats were
randomly divided into a normal group and high, medium and low dose progesterone groups (25, 15 and 7.5 mg/kg,
respectively) . KM mice were randomly divided into a normal group, and high-dose and low-dose progesterone groups (30

and 20 mg/kg, respectively). Animals in the treated groups were injected with progesterone in the main muscle of the hind
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leg. Animals in the normal group were injected with the same volume of normal saline at the same site as the high-dose
group for 30 consecutive days. In addition, C57BL/6 mice were randomly divided into normal, ultraviolet-progesterone
model and ultraviolet model groups. In the ultraviolet-progesterone group, 20 mg/kg progesterone was injected into the main
muscle of the hind leg once a day, and ultraviolet light was given once every two days. The ultraviolet group received
intramuscular injections of normal saline at the same volume and frequency and with similar ultraviolet irradiation treatment,
while the normal group received the same volume of normal saline without ultraviolet treatment for 21 consecutive days.
After treatment, local skin tissue samples from each group were taken for hematoxylin-eosin and Masson-Fontana staining,
and changes to melanin particles were observed under light microscopy. Results Compared with the normal groups, no
significant changes in melanin were observed in the SD rats and KM mice, while significantly more melanin particles was
observed in C57BL/6 mice. Conclusions The typical clinical manifestations of chloasma are difficult to simulate by

progesterone treatment alone in albino rodents, such as SD rats and KM mice. C57BL/6 mice provide a relatively reliable

animal strain for the establishment of melasma models. Animal melasma models using C57BL/6 mice can be successfully

established by means of ultraviolet exposure combined with or without progesterone treatment.
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1.3 XWAHE
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SYE R SE 7 d JE K 20 HSD R R R IR
IREFEHLIT A 4 21 16 W 4 DL S B IR i b 5
GG, B 5 H 15 B KM /N IR AR E BE L4
Sk 3 A I A D R AR IR S s AR A
5 Ho TECHHT 24 bR T shi B AT W B A R
FERR A B 45 R 5, IR AR G 8 B, B
MR 2 emx2 em, BLEG SR BOGE EW WA
e, 2 SR BRI 1k, DA AR

SD KBRS 36 r (AT i | v AR e AR 43 ]
FE SD K FUR AR UL P 1 S 8 (AR il 1 B 25 mg/
kg 15 mg/kg 7.5 mg/ke, B H — WK, W 5 B 28 B 1
S, SRS 30 d, IEH AL S v AR v AR A
AR A ERER K . KM /N BRUSE I8 v B AR 5 I
F AL 43 BAE KM /N BRUR ISAR 0 L DY 7 5 B4
RSP 30 mg/kg .20 mg/kg, B H — W%, Wi 32
S 30 d, 1EH A S5 AR ) s A A
R A HE K, SRS sh ) 3 4 St ARl WAk 1,

R1SD KRB KM /NS0 8h o 415 25 255 2k
Table 1 Grouping and dosing scales of SD rats and KM mice
L shYy 2H 51 filk

Experimental animals Groups Doses
IEHH ,
Normal group
B AT 3 70 e AR 2
. R 25 mg/kg
SD KB High-dose progesterone modeling group
SD rats BATHR R e A2
. . 15 mg/kg
Medium-dose progesterone modeling group
AT ] A4
ﬁﬁﬁ‘lﬁlﬂ]{[&n];ﬁ&'ﬂ 7.5 mg/ke
Low-dose progesterone modeling group
IEHH /
Normal group
KM /N B AR i 70 e A2
. . . 30 mg/kg
KM mice High-dose progesterone modeling group
ARG 2 i A g
B (AR et i 1 2 20 me/ke

Low-dose progesterone modeling group
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SE MR FE 7 d I, 9 H CSTBL/6 /MR
i BRR T REHL 3 1 4 SRR s A A L) K 4R 41
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SRR BRI B BRI i B2 005 1.3.5.7,
9 .11.13.15.17.19 21 K F4 15 : 00-17 : 00 J %
ANEIEIFA RS 30 s, SEAMRIT A BE R B 5 19 iz ik
RN 2 em, EHMTEF BB R 11x2 em?, IE
WSS T T, RRSSSE 512k 30 min F/i, $64P 4k
B A AR ) i A A 7 /DN B T R 3 UL P 7 i 20
mg/ kg B8 AT SV, 58 AR 8 A5 4 R IF 8 43
S RBUERERK, R —IR 2L 21 d, SEE4r4
TECAR TR 0 559 7] 0 A B 5 A2 BEUR R DL 2, 4R 4
LR MBI HE DL 1,

1.3.3  FZRRZ LU H = g%

SEHGES 22 K, CSTBL/6 /N BUBUAL)R , BUERHS 75
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FEIR AR AE 24 b s, LK, 8 A I AL B E SR 3
pm JEY) Bk, —5k H T HE Je 0, 55—k T
Masson-Fontana FEE G 8, HPERNIZ 3 5, 62 B
filBE T LEE, I LA 40 x i Fe 0 R A5 B0 U A 47
TR SEER 5 31 K SD KR 1% 130 B2 b 22 404 R 1
Je B SRR I KM /I BRI, &b 58 204 Je B 4
BrEf R R 2 (1.0 emx 1.0 em) , [ RIRERY J7 B
ekt =3

2 #R

2.1 HEEERFHFIE. Y RFITE B R E
EER R R A4 HE 45 R 2200

HE Jeta 5500 T, ORI ML 2455 A s
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T RLLH T 50 B k3R B I 2 B4 R WL 2 B e 1 R
[ Th NS

R2 CSTBL/6 /NI Y o R i b AR
Table 2 Grouping and modeling schedule of C57BL/6 mice

41 B 5T L3t CERUIEVIN
Groups Progesterone injections Ultraviolet exposure Physiological saline solution
1E# 4 Normal group / / 0.01 mL/10 g
SO IR G BRI A4
RO SRR B 0.01 mL/10 (20 mg/ke) 30s /

UV combined progesterone modeling group

ARG UV modeling group /

30 s 0.01 mL/10 g
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JREHZ HE Qe 55 3R | 1505 1E 5 2H 15 &8 B TRk 3 1
B2 AT LSS B B A 1 8 (0 38 UKL , 5% SRk
B BT i A5 2H R 58 AP 2 21 T B B ik 3 B R I 2
AR IO BOE W] 0 2 3 RS GE A

FERRA L3R B BE K 2 PTER B LA 7 i SR A R
UKL | 2 AR5 B AR TR 35 A5 2H 125 A 3t A 2H W]
LGS W] 0 Y 8 (5 R 0K HE YL g5 1 LK 4,
24 ERAENEEHIYERERAR
Masson-Fontana 2 8 25 5 {9 82 g

Je2F B T WK CSTBL/6 /N VERR 75 &8 i
k41 21 Masson-Fontana Y& 8,25 | #& M 5 1E W 413
BB R Bz BE 2= AT LA B D B ) R A R
UKL | S8 SN B AR B 325 A5 20 R 25 SR 2 B B
JoR 2 Rz V2 PR 60 2R TIOR3 E H AL R 3 2 A
J WE S 2H - Rz JEk 2 2R e BRI 2 T DLW 2% B R
PO 1) BB O R ATURE | 48 I 2 B A B A I 3t A 4
SR 1 AR A AT LA OUL ¢ B W Y PR 6 R UK,
Masson-Fontana {625 5 ULIK 5,

Bl 1 SRANR ST B B AR i S ok 1) 22

Figure 1 Schedule of UVB exposure and progesterone injection

TE:A-D:SD R RUEH 4 BLURE S b AR50 il B2 E-G . KM/ BE 3 4 B MR iy AR e i A 4
2 SD KRR KM /NRFF R IR HE ezl

Note. A-D, Normal group, high, medium and low dose progesterone model group in the SD rats. E-G, Normal group , the high-dose and

low-dose progesterone model group in the KM mice.

Figure 2 Results of HE staining of dorsal skin tissues of SD rats and KM mice

A SD KRRIEH 4L ;B SD K U MR =57 S A% 4H  C KM /N ERIE #2415 D KM /)N FRUBE AR 3 771 e i A
B3 SD K KM /NEEHBE R4 2 Masson-Fontana 42 {25

Note. A, Normal group in the SD rats. B, High-dose progesterone modeling group in the SD rats. C, Normal group in the KM mice. D,

High-dose progesterone modeling group in the KM mice.

Figure 3 Results of Masson-Fontana staining of dorsal skin tissues of SD rats and KM mice
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TE: A-CIEF 2 BRAMRIB S BRI KA LA B SR SN R T S IR 20 HE e (2521 D-F : IEH 4H  SE NI A B R B A2 2 L S 5%
AR AR L B R 240 HE Y (255 P vh 4 3k BT 7 D 2R 6 30K,

B4 CS57BL/6 /MRS HH KA ZN HE e (agiit
Note. A-C, Results of HE staining of skin tissues on the back of the normal group, UV combined progesterone modeling group and UV modeling
group, respectively. D-F, Results of HE staining of skin tissues on the ears of the normal group, UV combined progesterone modeling group and UV
modeling group, respectively, with melanin particles shown as arrows in the figure.

Figure 4 HE staining results of skin tissue on the back and ear of C57BL/6 mice

15 A-C B2 AN RS BIR BRI AS A LA 2 S AN B 15 TR B R 2 2R Masson-Fontana 3 (A58 ; D-F . TR 41 S A& 2 IR i
HRELH L B e A it A 2 B 7 R4 2 Masson-Fontana e (25 52 | & h i Sk IR by B 60 2 0k,

B 5 C57BL/6 /INERATHE  H-35K Bz 40 21 Masson-Fontana 4t {0,435 5
Note. A-C, Results of Masson-Fontana staining of skin tissues on the back of the normal group, UV combined progesterone modeling group and UV
modeling group, respectively. D-F, Results of Masson-Fontana staining of skin tissues on the ears of the normal group, UV combined progesterone
modeling group and UV modeling group, respectively, with melanin particles shown as arrows in the figure.

Figure 5 Masson-Fontana staining results of skin tissue on the back and ear of C57BL/6 mice
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SR SR AN RS WL B (AR TR 2 S 55 T i A L
Sl PR & o DR 3 E A7 3 A5 i [ b 2 3 2R
C57BL/6 /N . HRM -2 JCE RS s Wi &, 7E
ik L 2R AN B A SCRRTGE , R AN
SRS R A ) A o 1 3 180 AT L o ST R B
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SRR 8 A OB R 3R XA DGR AR 35 4 ok
TR, —E R E TR R S BT LA F
ST A S FE N A UL LR Y | DUBIR R —Fh
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Aloe emodin regulates miR-30b to promote autophagy in
endometrial cancer cells

XUE Fei” , DONG Chuanying, TIAN Li, ZHANG Chunrui
( Department of Clinical Medicine, Zhengzhou Shuqing Medical College, Zhengzhou 450000, China)

[ Abstract]  Objective To investigate the mechanism of aloe emodin ( AE) in promoting autophagy by regulating

miR-30b expression in endometrial carcinoma cell line HEC-1-B. Methods The expression level of miR-30b in normal
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endometrial cells and endometrial cancer cell lines HEC-1-A, HEC-1-B, and RL95 -2 was measured by real-time
fluorescence quantitative polymerase chain reaction (qRT-PCR). HEC-1-B cancer cells with the highest expression level of
miR-30b were divided into a HEC-1-B cancer cell group, miR-30b inhibitor NC group ( transfected with miR-30b inhibitor
NC), miR-30b inhibitor group (transfected with miR-30b inhibitor) , AE group (30 pmol/L AE, untransfected), AE+
transfection group: AE+miR-30b mimics NC group (30 pmol/L AE, transfected with miR-30b mimics NC), and AE+
miR-30b mimics group (30 pwmol/L AE, transfected with miR-30b mimics ). The expression level of miR-30b, cell
proliferation, apoptosis rate, and autophagy rate were determined by qRT-PCR, CCK-8 assays, flow cytometry, and
monodansulfonyl cadaverine fluorescence staining respectively. Western blot was used to measure the protein expression
levels of Beclin 1, LC3-I, LC3-II, and p62. Results
expression levels of miR-30b were significantly higher in HEC-1-A, HEC-1-B, and R1.95-2 cancer cells (P < 0.05). The
expression level of miR-30b was the highest in HEC-1-B cancer cells. Thus, HEC-1-B cancer cells were selected for

Compared with normal human endometrial epithelial cells,

transfection experiments. Compared with HEC-1-B cancer cell and miR-30b inhibitor NC groups, the miR-30b inhibitor
group had a significantly lower miR-30b expression level, cell proliferation rate, and p62 protein expression level (P <
0.05), and significantly higher apoptosis rate, autophagy rate, Beclin 1 protein expression level, and LC3-II/T ratio (P <
0.05). Compared with the HEC-1-B group, AE and AE+miR-30b mimics NC groups had significantly lower miR-30b
expression levels, cell proliferation rates and p62 protein expression levels (P < 0.05), and a significantly higher
apoptosis rate, autophagy rate, Beclin 1 protein expression level, and LC3-II/T ratio (P < 0.05). Compared with the AE+
miR-30b mimics NC group, the AE+miR-30b mimics group had a significantly higher miR-30b expression level, cell
proliferation rate, and p62 protein expression level (P < 0.05), and significantly lower apoptosis rate, autophagy rate,
Beclin 1 protein expression level, and LC3-11/1 ratio (P < 0.05). Conclusions Expression of miR-30b is high in
endometrial carcinoma cells. AE may inhibit the expression of miR-30b, promote autophagy and apoptosis of cancer cells,
and inhibit the proliferation of cancer cells. Overexpression of miR-30b reverses the effect of AE.

[ Keywords) aloe emodin; miR-30b; endometrial cancer cells; autophagy; proliferation; apoptosis
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TE A AR TG IR B - 4N 1 i/ MA B IE]; C: Western blot 3 H MERH DGR
B AU A T R A R

Note. A, Apoptosis detection chart. B, Autophagy body fluorescence diagram. C, Western blot analysis of autophagy related proteins.

Figure 1 Comparison of proliferation, apoptosis and autophagy of cancer cells in each group

T : A :miR-30b & F WeAH 8 (R /K 5 B WA T2 & MDC BHPEAI I3, 55 HEC-1-B cancer
cell 41ALE,*P < 0. 05; 5 miR-30b inhibitor NC Z1ALL, “ P < 0.05,

B2 441 HEC-1-B a2 s FE 08 T e F Wk Lo A
Note. A, Expression level of miR-30b and autophagy related proteins. B, Proliferation, apoptosis and
MDC positive cell rate. Compared with HEC-1-B cancer cell group, *P < 0. 05. Compared with miR-30b
inhibitor NC group, 2P < 0. 05.

Figure 2 Comparison of proliferation, apoptosis and autophagy of HEC-1-B cancer cells in each group

A HEC-1-B JE 4041 ; B: AE 41;C: AE+miR-30b mimics NC 41;D; AE+miR-30b mimics 41,
B3 2% L0 T DA I 4
Note. A, HEC-1-B cancer cell group. B, AE group. C, AE+miR-30b mimics NC group. D, AE+miR-30b mimics group.

Figure 3 Detection results of apoptosis in each group.
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AH AR]85 P I 4 Bk HEC-1-A \HEC-1-B 1
RL95-2 1 miR-30b ik /K 4 i 2 F+ &, Ho
HEC-1-B FG 40 fd b miR-30b 3k /K i .

{E:5 HEC-1-B J# 4 U 20 A 1t,* P < 0.05; 5 AE +miR-30b
mimics NC ZAiLL, 2P < 0.05,

4 #52 HEC-1-B J 40 MO TR AR T2 3 LA
Note. Compared with HEC-1-B cancer cell group, *P < 0.05.
Compared with AE+miR-30b mimics NC group, 2P < 0. 05.

Figure 4 The ratio of proliferation rate and apoptosis

rate of HEC-1-B cancer cells in each group

AE i KB A ST By, FE 2 Bl N 2R A0
JiL 2R B P g e T B A A e A e A iR R
FUZZ2 15 5 41 A ) 300 BEL W 0 20 B A8 T, Y G
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RN 13725 i O S N ) I o7 e =
FEEIME RS Hod [ R 1 Beclinl kK K&
LC3-1/T FRAE AT FH - 2 e 1 W 2 32 T 9 I 37 il £
MR p62 FakAYBE NS [ wg kP 2 A
AWFGE K& B, AE T 8 3 BEAIK HEC-1-B % 40 i h
miR-30b Fik 7K 4l L34 5E L K p62 KA
HOF, B S A TR | A VR L Beclinl £
F1ZRIA7KE A LC3-I1/T FUAH, #8278 AE W] AE i i 42
iE HEC-1-B 5 40 i 1 e, 3F — 2542 F JL 0 1, 4l
Hhsy | (H AP miR-30b 1M — 0T

A HEC-1-B Jw 404 ; B AE 4H ; C; AE+miR-30b mimics NC 41 ;D ; AE+miR-30b mimics 41 ,
B 5 41 HEC-1-B A4 A v/ MADE LA
Note. A, HEC-1-B cancer cell group. B, AE group. C, AE+miR-30b mimics NC group. D, AE+miR-

30b mimics group.

Figure 5 Fluorescence of autophagy bodies of HEC-1-B cancer cells in each group

. A: HEC-1-B % 41 li 41; B: AE 41; C. AE + miR-30b
mimics NC 4 ;D ;: AE+miR-30b mimics 2 ,

6 41 HEC-1-B #8241 A WA G 1 #35 Western blot &

Note. A, HEC-1-B cancer cell group. B, AE group. C, AE+
miR-30b mimics NC group. D, AE+miR-30b mimics group.
Figure 6 Expression of autophagy related proteins in

HEC-1-B cancer cells of each group by Western blot

{:5 HEC-1-B J8 4 MU 4L AR LL,* P < 0.05; 15 AE +miR-30b
mimics NC 414, 2 P < 0.05,
B 7 44 HEC-1-B 4L Beclinl \p62 & 3Rk
AP LC3-TI/T W AR He 45
Note. Compared with HEC-1-B cancer cell group, *P < 0.05.
Compared with AE+miR-30b mimics NC group, “ P < 0. 05.
Figure 7 Comparison of Beclinl and p62 protein expression
levels and LC3-I1/1 ratio in HEC-1-B cancer cells of each group



R He g BE A 2k 2021 4 10 A58 31 555 10 )

Chin J Comp Med, October 2021,Vol. 31,No. 10 67

Li 21 BESE J% 30 miR-30b AT 3 i 30 i 1 ek s 8 T
Bl 1 FEEVERAY) . miR-30b i 38 3o 49 i it AR B g
S 1) Ik T B i R IR e RS A G SR AR 1 11
AT 250 AHFIE & B, A6 miR-30b ) @3
[AIC HEC-1-B J& 4010 miR-30b 235 /K - 40 fifg 18
BEER LA I p62 2F 1 F kKT, o 1R v A O T
R AMEREL L Beclinl £ AR LC3-TI/T L
{H, #&7~ MHl miR-30b 7] A f2F HEC-1-B J#40
JieL s 2B AR R T, I Bai % BRI K
AE AMEF @04 miR-1 K% = I8k kS m
KRR HL A Q YA T Ik e i) ZE 4 38 AT 3@ a1
miR-15a, NI il 98 T4 SC SE A Bel-2 ik, 15 S
FLAG R 40 M08 12 AR SE ik — ST AE
P4 miR-30b X} HEC-1-B J& 40 il (952 0, HEC-1-
B JE AL miR-30b mimics Ji7 , ] AE ZbHE, %
5 AE+miR-30b mimics NC ZHAH [t , AE+miR-30b
mimics 20 40 miR-30b FEi57KF 40 M B 7 R 1)
B p62 H IR 2T AR T | [ W
DL Beclinl £ 235K FF LC3-11/T (B 8 2%
FAG, #2878 miR-30b W] 3865 AR X J 40 i & 4%
IFEH

25 LR AE W REiE &L #0f] miR-30b ik, i
#E HEC-1-B 5 40 B 1 Wt , 32F — 25 00 1] 96 200 Jf 14 5
PRSI T, 1 98 miR-30b 7] 5% %% AE X HEC-1-
B AU AVE T . SR AE X 27 P BRI B VE FH AL
B A%, M REAWA,

SE k.

[ 1] EZF, & e+ u b o R [1]. Bita
FERMERE, 2018, 27(4) ; 314-317.

[ 2] DongX, Zeng Y, Liu Y, et al. Aloe-emodin; A review of its
pharmacology, toxicity, and pharmacokinetics [ J ]. Phytother
Res, 2020, 34(2) . 270-281.

[ 3] ShenF, Ge C, Yuan P. Aloe-emodin induces autophagy and
apoptotic cell death in non-small cell lung cancer cells via Akt/
mTOR and MAPK signaling [ J]. Eur J Pharmacol, 2020,
886: 173550.

[4] DuY, Zhang J, Tao Z, et al. Aloe emodin exerts potent
anticancer effects in MIAPaCa-2 and PANC-1 human pancreatic
adenocarcinoma cell lines through activation of both apoptotic and
autophagic pathways, sub-G1 cell cycle arrest and disruption of
mitochondrial membrane potential (AWm) [J]. J Buon, 2019,
24(2) . 746-753.

[5] YuY, LiuH, Yang D, et al. Aloe-emodin attenuates myocardial
infarction and apoptosis via up-regulating miR-133 expression

[J]. Pharmacol Res, 2019, 146; 104315.

[6]

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[20]

HNAE, R E, ARG, 4. miRNAs 7EJLE A& R 5T
W ILEPENRE RO (1], [ BRA 2  AhRL A
Zeiki, 2019, 46(2) ; 234-237.

Wang J, Sun YT, Xu TH, et al. MicroRNA-30b regulates high
phosphorus level-induced autophagy in vascular smooth muscle
cells by targeting BECN1 [ J]. Cell Physiol Biochem, 2017, 42
(2): 530-536.

GG, A WEARICHED Beclinl 7670 ME & A & I XA Y7 h v
T (1] RS T %8, 2018, 25(1) ; 98-103.
WSS, WA, AR P REERN AT E MR
HEC-1-B iR S AR 2 Y2 I [J]. TH 5 dm i B 2 £ 6 SCHM
2019, 19(24) . 108-110.

fMEER, L, SRR, & R EE T E LRI
TBE NHEE HEC-1A J Tshikawa £ [ W A9 VE F B LML BF
g8 [J]. " EAFRHG R, 2018, 19(2) : 150-154.
Sanders B, Ray AM, Goldberg S, et al. Anti-cancer effects of
aloe-emodin; a systematic review [ J]. J Clin Transl Res, 2017,
3(3): 283-296.

MO, 2RO, B, 4. PTES KRB ENE SR Hela 411
TS UM 1) 5 ) K AL ST [T]. s 2547, 2018, 8
(5): 690-694.

XIZEA, WRICHL, BRI, P28 KRB X H i SGC-7901 4
JAT, AMER p53/AMPK/mTOR {5540 B A9 52w [T].
250, 2019, 22(10) ; 1829-1834.

Gao R, Wu X, Huang Z, et al. Anti-tumor effect of aloe-emodin
on cervical cancer cells was associated with human papillomavirus
E6/E7 and glucose metabolism [ J]. Onco Targets Ther, 2019,
12 3713-3721.

Fead, BB, T HUBUIGAYT 75 B VR RIBL ] BT 5 30k i
[J]. LZEEZ, 2019, 59(1) : 98-101.

JEIL, EEW, EW, S B0k BRI B 8 4 i BEL-
7402 [ WEVE RS [1]. LROP B 25 K24, 2020, 39
(3): 46-50.

Li SP, He JD, Wang Z, et al. miR-30b inhibits autophagy to
alleviate hepatic ischemia-reperfusion injury via decreasing the
Atgl2-Atg5 conjugate [ J]. World J Gastroenterol, 2016, 22
(18) . 4501-4514.

Xi Z, Si J, Nan .

LncRNA  MALAT1 potentiates

autophagyassociated  cisplatin  resistance by regulating the
microRNA30b/autophagyrelated gene 5 axis in gastric cancer
[J]. Int J Oncol, 2019, 54(1): 239-248.

Bai Y, Su Z, Sun H, et al. Aloe-emodin relieves high-fat diet
induced QT prolongation via miR-1 inhibition and IKI up-
regulation in rats [ J]. Cell Physiol Biochem, 2017, 43(5):
1961-1973.

Jiang X, Liu Y, Zhang G, et al. Aloe-emodin induces breast
tumor cell apoptosis through upregulation of miR-15a/miR-16-1
that suppresses BCL2 [ J].

Med, 2020, 2020 5108298.

Evid Based Complement Alternat

( Yo#s H#9)2020-11-23



2021 4£ 10 A hE R PR 2 e October, 2021
H318 10 CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 31 No. 10

B, IS IR ST, 28, miR-16-5p HJE NLRP1 #3052 0% 5 19 BRL-3A AR AR T [J]. [ AR BR 22K, 2021,
31(10) : 68-75.

Li CT, Tang ST, Xu YK, et al. miR-16-5p targets NLRP1 to inhibit BRL-3A cell pyrolysis induced by hypoxia-reoxygenation [ J].
Chin J Comp Med, 2021, 31(10): 68-75.

doi; 10. 3969/j.issn.1671-7856. 2021. 10. 011

miR-16-5p # [ NLRP1 1] 48 &2 & ik S 1)
BRL-3A 4i il f2 1=

ZEMNk,ERE G, E R, B OB, Ak
(PRI BRI W B BEBEFFAAL Y, DI 950 646000)

[HZE] B FiT miR-16-5p Xt #4075 500 K BUE# FF40H R BRL-3A 219 7E A LA S AE FA ML,
Tk T A A SRS AR T RS PR L R A5 (HIRT) A SR 3 b 3 e 2 A AS: 000 40 i A 5 T
i HEGIERT E f PCR(RT-qPCR) K5l miR-16-5p 193835 7KF ;32 JH miR-16-5p mimic ££ 4t i 3k miR-16-5p JF
HF5Y miR-16-5p X 21 B0 £E T2 152 M 5 38 4xk 2 1 S 38 B3 5256 ( Western blot ) Rl FE T-AH G5 1 caspasel \IL-1B IL-18
B BE 1 FRIB KT s il AR W17 B2 A BT RIORUO G 2R IR o 22 IR 52 36 100 JF %5 5 miR-16-5p 5 NLRP1 BY¥E ] G5
#3535 T4 NLRP1, 5% NLRP1 & miR-16-5p/NLRP1 #lixF 4 BT 5, 5R  S2s AN IR L, 1
BIH BT W B3 FTH(P<0.01) ,miR-16-5p Fik it B EFRML(P<0.05) . jF7ik miR-16-5p B BE M 400 AT
(P<0.01) H-HHIAET-HISEE H caspasel \IL-1B,1L-18 AR IL (P<0. 01 B P<0.05) , Mt R IR 5 H H 5L 5
7 NLRP1 J& miR-16-5p AU EE [, 3 32 75 miR-16-5p 1 F# K T NLRP1 B mRNA FIZE /K (P<0.01 2% P<
0.05) , UbAh, b5k NLRP1 3% T miR-16-5p XF 40 ML FE T I/ ( P<0. 01) XS caspasel (IL-1B 1L-18 Fik
HYFIHIAE T (P<0. 01 8 P<0.05) , £5if MiR-16—5p i 3 #[5 NLRP1 S| caspasel \IL-1B IL-18 f2Ek, T
U EE S AR IR BRL-3A AT,

[%87] miR-16-5p;NLRPI ;B4 2 %0 ; BRL-3A ; £5 1

[hE4ES] R-33 [ ER#RIRE] A [XEHS) 1671-7856 (2021) 10-0068-08

miR-16-5p targets NLRP1 to inhibit BRL-3A cell pyrolysis induced by
hypoxia-reoxygenation

LI Chuntao, TANG Suting, XU Yunke, GAO Yuan, GUO Yong, FANG Chao, YU Linlin"
(the TCM Affiliated Hospital of Southwest Medical University, Luzhou 646000, China)

[ Abstract]  Objective To investigate the effect and mechanism of miR-16-5p on pyrolysis of rat normal liver cell
line BRL-3A induced by hypoxia-reoxygenation. Methods An in vitro model of hepatic ischemia reperfusion injury was
established by cellular hypoxia-reoxygenation and the pyrolysis rate was measured by flow cytometry. RT-qPCR was used to
measure the expression level of miR-16-5p. Overexpressed miR-16-5p in cells by miR-16-5p mimics was used to examine
the effect of miR-16-5p on pyrolysis. Western blot was used to measure protein expression levels of pyrolysis-related proteins

caspase 1, IL-1B, and IL-18. The relationship between miR-16-5p and NLRP1 was predicted through bioinformatics

[E&TE ] R ER R 2E- T R R R 2R E B B B AR B35 451 5T H (2018XYLE-051) ,
[MEERN 1 ZEHM(1988—) , I Wit AEBE B I, OF 58 07 1) . 8 B 22 24T 25 M G AF9E . E-mail : 373632809@ qq.com
[BIS1EE IMbkibk (1987—) , 53 2+, FIRBEIN  BF5E 7 1) « e B i i PR v LRI AFGE . E-mail : qwertyui552@ 163.com
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analysis and dual luciferase reporter gene assays. Interference and overexpression of NLRP1 were performed to investigate
the effect of NLRP1 and the miR-16-5p/NLRP1 axis on pyrolysis. Results Compared with the blank control group, the
pyrolysis rate of the model group was increased significantly ( P<0.01) and expression of miR-16-5p was decreased
significantly ( P<0.05). Overexpression of miR-16-5p significantly decreased the pyrolysis rate (P<0.01) and inhibited
the expression of caspase 1, IL-1B, and IL-18 ( P<0. 01 or P<0.05). The dual luciferase reporter gene assay showed that
NLRP1 was a target gene of miR-16-5p. Overexpression of miR-16-5p significantly reduced the mRNA and protein levels of
NLRP1 (P<0.01 or P<0.05). Additionally, overexpression of NLRP1 reversed the inhibitory effect of miR-16-5p on
pyrolysis (P<0.01) and the inhibitory effect on the expression of caspase 1, IL-1B, and IL-18 (P<0.01 or P<0.05).
Conclusions MiR-16—5p inhibits expression of caspase 1, IL-18, and IL-18 by targeting NLRP1, thereby improving
pyrolysis of BRL-3A cells caused by hypoxia-reoxygenation.

[ Keywords] miR-16-5p; NLRP1; hypoxia-reoxygenation; BRL-3A; pyrolysis

JH Sk o 5 9 3 #5145 ( Hepatic  ischemia
reperfusion injury , HIRT) J& £% - 35 R o #2 49 = 22
FERAE AN R AR PR A8 TH 8 T 2R AT 09 DT BR
AU, HIRT 23 AU B o 2 B B3, % AR5
PR B I PR U 3 0™ E 50 5T HIRT Y
RN IF 548 AT LA 803 HIRT B8 B6 97 4
A B X, Rl ST kB, A0 £R
(pyroptosis) I REZ 5 T HIRIL, 411l 21 it £2 7~ 1 BE AL
BB AT HIRT SRR g T T
1992 4 Zychlinsky 251 & 303 f % JE—FA A
T T AR P RS T  TEIEAS A b A AR T

F18) ML TR U 200 ) e e K | R 2R R 240 i 1
FEWNIREI, A AR S 2 /MR B DT A1 221
KA 1 i (pro-caspasel ) B9V 16 1L I A T4
RAFLHAIHE A E 18 (Interleukin-1 beta, 1L-1B) |
2RI/ % 18 (Interleukin-18, TL-18) ZEAg B .

/N RNA(miRNA) 2K FETE 21-25 nt E@@%L
et RNA 38 o 48 6] H A9 HE DI 37 S 3F 2 i [X
(3 untranslated region, 3’ UTR) T4 H f % A
FIRTR LY F IR . BoBniEdE 2 W], miRNA
S5 THMET IR, TH% %I miR-214
AT HE 5] caspasel B0 = HEA SO LA AE T,
Xue 55 % B miR-21 38 1 #E]) R 2 11 A20 HE K
PR IR 45 & S R AL G M R Z AR R & pyrin
2R3 & 3 (nucleotide-binding and oligomerization
domain-like receptor family pyrin domain containing 3,
NLRP3) {215, i e BE 1 i 22 Wl 75 5 119 ik
fgE o, — THE 5T R W], miR-16-5p EEHZ*EE
HIRI & TP 35 F I, {2 miR-16-5p 7£ HIRI H1 Ay
YR IR A WAfR Yang a=16) e e miR-16-5p HE
A 28 P PR 1 0 P kS M I B . AT
SR 4805 S0 5 A 4D Bl PR T 0, B T

20 M AL T 4R miR-16-5p X 420 2 0055 9 JH- 44t i
AR FHAL

1 #FRFFxE

1.1 48A@
K ERIE 248 BRL-3A<‘3?% CL-0036) 14
RGP AR A PR A
1.2 FERKFSMNE
FAM FLICA™ Caspase-1 kit( m%:ICT097)}Q’] &]

Y[ AbD Serotec 23 A ; MLAL TN &E P IE R (125,
C0080) .RPMI-1640 157 %5 (18 5. 31800) Ak %k
W ($25 . PEO010) | iR ( 585 . T1350) I A
bt R R B A R 2 Al RNAiso Plus (18 5.
9108Q) . RNAiso for Small RNA ( 4% 5. 9753Q) .
PrimeScript™ RT Master Mix ( 5%5 : RR036Q) . Mir-X
miRNA First-Strand Synthesis Kit ( 525 :638315) \TB
Green ® Fast qPCR Mix ( 55 : RR430S) L}z Mir-X
miRNA qRT-PCR TB Green ® Kit( 575 :638314) Il
HH A TaKaRa 2% ®); i 28 1L 3 (FBS) (58 7.
SH30084. 03) 1 [ 3% [E Hyclone 23 7] ; OPTI-MEM X%
FEHE (H25 . 31985088 ) LIt 75 4k B R AL (525
15240062) , 14 F 3£ [E Gibico 23wl ; RIPA 5”%@{4&1(
5. PO013B) I A i3 = KA 8 o =il &

% 5. 23250 ) . 3000 ( g
13000008 ) % [ 2 [ Thermo Fisher 23 7 ; it NLRP1

1245 :5c-166368) [ —H1 I H 3£ [F Santa Cruz 24 A ;
YT caspasel (575 :ab74279) IL-1B ( 185 :ah9787) |
IL-18(abh191860) . B-actin ( 5% 5 ; ab8226 ) ) — T K
BR it E ALY AR IC B9 —PT (525 : ab205718) 11
H % [E Abcam 23 H ; miR-16-5p 48 #J ( miR-16-5p
mimic, 5% 5 : miR10000785-1-5) . BH 1 X} B 45 $ #)
(NC mimic, 575 : miR1N0000001-1-5) .NLRP1 /M

Lipofectamine™
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Pt RNA (si-NLRP1, 4% 5 ; siG170413090825-1-5) . B
PEXT BE /N RNA (si-NC, 525 ; siN0000002-1-5) It H
IO B AR W0 A R Fl 5 peDNA3. 1-NLRP1 ( ov-
NLRP1) i 3 35 JiRr K H: B4 % B/ (ov-NC ) Hh Bl AR
BRI EA YR A R A A A
1.3 XWAHE
1.3.1 43R b fes

BRL-3A 43555 T % 10% FBS 1 1% 5 4 %5
F LAY RPMI-1640 3555 5 JFCE T 37°C, &
5% AL AR FRAE T 2 d B — UK, A0
K2 90% il & B AT, B/ 2 AL 4 i
W IR, A& FBS FIXUHL B 35 95 5 i &
T 37°C \94% A 5% —F AR 1% FR R =
SIGFER PP TR 12 h LB RO TR W R IR A
A 4 h W,
1.3.2  4ifufkge e sr

miRNA H55 Y% . B 45H miR-16-5p mimic 5§ NC
mimic A 100 wL B TG I3 Opti-MEM #i F 5% 50
nmol/L, ¥ 1.5 wL Lipofectamine™ 3000 f] 100 L
FITCIMIE Opti-MEM 35 77 5645 BE I - FF 5 min, Bl
Jii , 3 AR BE B miR-16-5p mimic 3¢ NC mimic 5
Lipofectaminé"M 3000 JRE IF4E 37°C Fi%E 30 min,
BRL-3A 4/ T 24 FLACH SR RG57, 565 2 R3¢
FERE SR AT Opti-MEM 1535 5013 40 il 4
h, PR3 KI5 B 4 TR 5 0 T A A B b TS 2
FRFRAA TSR 6 h W AR 55 48 h JE A A
i, siRNA oot 4% 3k Jou ki i) 5% 4. & e B si-
NLRP1 si-NC ., ov-NLRP1,ov-NC FH 100 L [ JG Ifi.
7 Opti-MEM FiBE i, 20 wmol/L( siRNA ) 5] 20 mg/L
(iFEETR) ¥ 1.5 L LipofectamineTM 3000
100 wL § I 3G Opti-MEM £ 37 L 56 B 145 5
min, Fifi J5 , 43 385 B B B si-NLRP1, si-NC ., ov-
NLRPI1.ov-NC 5 LipofectamineTM 3000 B & 3 4
37°C FW7 30 min, BRL-3A ZAiffi55h T 24 LA
AR IR, B 2 R WG SR, N A LI Opti-
MEM 35 35U 40 4 b, B0 S0 0 5 4 IR &
Yn A A GRS SR AR SR 6 h TR
Fidh RS 48 h SR,
1.3.3  ZEB} %6 E & PCR ( Real-time fluorescent
quantitative PCR, RT-qPCR)

MiR-16-5p (45 . RNAiso for Small RNA $£H
i e RNA, Mir-X miRNA First-Strand Synthesis Kit
PR RNA U565 cDNA, AR R . Balik 9

L 2XTB Green Advantage Premix 12. 5 L 50XROX
Dye 0.5 pL, FU#5149) 0.5 wL .mRQ 3’ Primer 0.5
pL,cDNA 4 2 pwL, KW 5&Fh :95°C FAE #: 10
$,95C A 5 s, B K HEAH 20 5,40 PMEF,

NLRP1 A6 . RNAiso Plus 42 B4 5 RNA
PrimeScriptTM RT Master Mix ¥ 5 RNA 2 56 5% N
cDNA, VKRR Fy. #B4li7K 7 pL . 2XTB Green Mix
10 pL, EWFT9 1wl FHES19 1 pl, cDNA FiAR
1 L, M EAFR 95C WA E 10 5,95°CAEYE S s,
B K10 s,72°C ZEAH 10 5,40 DGR,

519 B SRR SR B AE W BR A BR A ml AT
A A H A, 51 E BT : miR-16-5p ( L 1iF
31¥1.5” TAGCAGCACGTAAATATTGGCG 3, T iif
5% H Mir-X miRNA gRT-PCR TB Green ® Kit #
ft B kIR 60°C) . NLRP1 ( L iF 51 #: 5°
GCCCTGGAGACAAAGAATCC 3°, FiEsl¥.5°
AGTGGGCATCGTCATGTGT 3° 3B ki 58°C) U6
(L F 51 % ¥ B Mir-X miRNA gRT-PCR TB
Green ® Kit $24it 1B k& JE 60°C ) . B-actin ( [ iF5]
¥1.5> AGGGAAATCGTGCGTGAC 3°, RilEg1%.5°
CGCTCATTGCCGATAGTG 3’ i kIR FE 56°C)
1.3.4 Caspasel FLICA/PI BUHLk Uit 2 20 i A A )
AR FET

A 20 M 28 0o R T T Ak, PBS YRR AE L 2 IK,
1000 r/min #§.0> 5 min, MBI, A 5 pL
caspasel FLICA #EYGHFE 1 h, PBS YR 2 ¥k,
1000 r/min &0 5 min, FAIA 5wl P1ESEIFE 15
min, [ FACSCalibur™(BD, 3% [ ) Ji 28 40 i {4 il
fEET
1.3.5 ZEEASPEEN I SLE ( Western blot)

RIPA 4 S AIAE 30 min $2 045 21 40 ffd
EA,EAEERA &N BEARER TER, H
12%+ —BE R R M ( sodium dodecyl sulfate, SDS) -
RN M T e BE B B UK ( polyacrylamide  gel
electrophoresis, PAGE) 73 %5 & 8 1, B R R
ﬂﬁ:ﬁa‘ﬁﬁﬁﬁ( polyvinylidene fluoride, PVDF) I+, e
FiR T 10% 0 5 s 4= 05 B s, K S Bt
NLRP1 ,caspasel IL-1B .IL-18 .B-actin B —PL1E 4°C
T, ke RS P ER T E 2 h,
FHA 22 J2 ot 1 52 048 8 11 2% AT A Ak, JF (8
BioSpectrum R R G (UVP, £ ) #4774,

1.3.6  BUOCER M & 5L S5
NLRP1 3” UTR h Bt B DUE A YR A PR A
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"lE AL, R B A pSI-Check2 W€t 2 il 4 1
K (Progema, 3% [E ) A4 4 8 41 Jit kL ( pSI-Check?2-
NLRP1 3’ UTR)., BRL-3A ZHjE4:Fh T 96 fLAR
WSS, 2 R IR, I A JC G Opti-
MEM 3572 EVVR A ML 4 h, FF 10 pL 1Y Opti-MEM
5 0. 16 wg 1Y pSI-Check2-NLRP1 3’ UTR = 41 Jfi #ii
LI 5 pmol B miR-16-5p mimic/NC mimic 78737k
A1JE ZEIRACE 5 min, A 10 wL Opti-MEM #i £ 0. 3
L F LipofectaminérM 3000, SR 5 W5 e T ) SR A
PP GGG, B F 30 min, PR GWIMA
AN, A AN FRAE h SR 6 h BRI SRk B g
48 h JEWCEE AL, SR )5 S BRRUE G 2K g i 4 3 A
TR P U BH A A 2 S
1.4 SZitEHE

FIH SPSS 20. 0 F A% A< S50 i 4 B4 #4748
T, 22 A 1R 2 Sl PR DR 3R 5 22 43 B 0 R4 T
HIF /N B E 2 7K E (least significant difference ,
LSD) , W4 2H 2H [] 2 53 7 A SR IS ST AR AS o A6 3
P<0. 05 WA B E XS P<0.01 HEFAW B E,

2 #R

2.1 BRE/ES/5 BRL-3A AL £ E T HiER
miR-16-5p KL= &R

WE 1A iR, 525 A BRI L B4 PT+
Caspasel PHPERW & LT (P<0.01) , #E/R A/
SR BRL-3A A & A 45T, A, 525 (Xt
WEZH A HE, 5580 20 miR-16-5p Y 35 35 &t 1 35 B K
(P<0.05) (I 1B) , #£/8 miR-16-5p Al AES 5 T
A/ SR TS K BRL-3A 4iffIFET,

2.2 EFRIE miR-16-5p BB FIHRE/ ERKF S
BRL-3A & T

KTV miR-16-5p fEA A T-H PERT, &
fIT4E BRL-3A 41 XF miR-16-5p 4T T it F ik,
WK 2A Fr7%, miR-16-5p mimic 20 miR-16-5p %3k
g 2 NC-mimic 4119 152 £i5, $#2/R 7€ BRL-3A 4iifig
1 H I8 miR-16-5p JH . W i ik i =X 40 A A A I
iF 238 miR-16-5p X BRL-3A ZHM0 AL T-f5 0, G
Kl 2B firr, 525 I BRI AR LG 15U ZH Pl+Caspasel
FHAE R 2% T (P<0.01) ; B A 5 NC-mimic
ZH Pl+Caspasel FAMER ZEF AR E (P>0.05); 5
NC-mimic ZHAH EE , miR-16-5p mimic 41 PI+Caspasel
PRAPEAR A B Z FEAR (P<0.01) , #78 miR-16-5p fiE
s P 4R/ 2 475 1% BRL-3A AT
2.3  miR-16-5 i 3% i% & i #) 4 BRL-3A 40 A
Caspasel . IL-1B.IL-18 HIRZIMETHIER

mE 3 fraw, 525 [ 5 B4 M L, 8R4
Caspasel | IL-1B, IL-18 3 ik & th © #F [ F
(P<0.01) ;#7245 NC-mimic 4] Caspasel \IL-18
IL-18 Rk ZF AL H (P>0.05) ;5 NC-mimic 24
AHEE, miR-16-5p mimic 2 Caspasel Fik gl & T
¥ (P<0.01), IL-1B, IL-18 £ ik & & & T
P (P<0.05)
2.4 NLRP1 2 miR-16-5p HI$0E A

g 1 — A miR-16-5p 89 /E FH ML, 38 i
Targetscan 75544 (http ://www. targetscan. org/ vert_
72/) B T miR-16-5p FYTSFEREEL A, % Bl NLRP1
[ 3” UTR 5 miR-16-5p fAETESS & LR (K 4A) .
WIS FIE NLRP1 3° UTR R R gl s 3k, 5
NC-mimic/miR-16-5p mimic 3 [7]%% 44 293T 40 i1, A

AR AR ARG e 48 B E X BRL-3A ZHf0 PI+Caspasel FITEZRAY SN ; B. RT-gPCR Kl 48/ 52 54 BRL-
3A 4iIffl miR-16-5p FILMI, 525 AN BAAMHLL, * P < 0.05, ™ P < 0.01,
B 1 #E/ 2 AN BRL-3A IR T miR-16-5p kM52

Note. A, Flow cytometry was used to detect the effect of hypoxia/reoxygenation on the positive rate of PI+Caspasel in BRL-

3A cells. B, RT-qPCR was used to detect the effect of hypoxia/reoxygenation on the expression of miR-16-5p in BRL-3A

cells. Compared with the blank control group, * P < 0.05, ™ P < 0.01.

Figure 1 Effects of hypoxia/reoxygenation on pyrolysis and the expression of miR-16-5p in BRL-3A cells
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4 : A RT-qPCR Kl miR-16-5p 1 FRiEZHE ;B i XA AR I miR-16-5p f F ik X} BRL-3A 4liffl PI+Caspasel P13

YR, 525 I B E NC-mimic ZHAHLL, * P <0. 01,

B2 miR-16-5p Tk, & Hif S/ BRL-3A 4IiE AT A9 520
Note. A, RT-qPCR was used to detect the overexpression efficiency of miR-16-5p in BRL-3A cells. B, Flow cytometry was used

to detect the effect of miR-16-5p overexpression on the positive rate of PI+Caspasel in BRL-3A cells. Compared with the blank

control group or the NC-mimic group, ™ P < 0.01.

Figure 2 Effect of miR-16-5p on pyrolysis induced by hypoxia/reoxygenation in BRL-3A cells

H:a: AN R4 b A4 ¢: NC-mimic 4 ; d: miR-16-5p mimic #1, 5 %5 [ % 18 20 8% NC-mimic ZHAHF, * P < 0.05,

“P<0.01,

3 miR-16-5p %} BRL-3A #ififl Caspasel IL-1B IL-18 & [1223K [0 5400
Note. a, Blank control group. b, Model group. ¢, NC-mimic group. d, miR-16-5p mimic group. Compared with the blank control group

or the NC-mimic group, * P <0.05, ™ P < 0.01.

Figure 3 Effect of miR-16-5p on the expression of Caspasel, IL-1p and IL-18 in BRL-3A cells

PR RGO EIEE, 258 E 4B
7K, miR-16-5p mimic ZAHXTIEETE P B KT NC-
mimic Z1(P<0.01), $tAh, 115 miR-16-5p i i 3%
F#{ T NLRP1 ) mRNA 7K-F(P<0.01) (& 4C), &
FREML T NLRP1 B /K (P<0.05) (E14D)
2.5 miR-16-5p @it A NLRP1 Hl Bk &/ E |
HSH BRL-3A AT

R iE—L T miR-16-5p #L3E H NLRP1 ZE41
M- AER , AR5 E /) RNA TR R T+
Pt NLRP1 7£ BRL-3A 4 iRk (K 5A) , 5 si-
NC ZH#H kb, si-NLRP1 20 NLRP1 £ [ /K -t i &

FEAK (P<0.01) ;5 ov-NC 41 # b, ov-NLRP1 4]
NLRP1 8 H K i 2 38 ( P<0.01) , Bl )5
1 20 40 i AR K6 I miR-16-5p/NLRP1 %l % BRL-
A I AE TR, A&l 5B iR, si-NLRP1 44
5 miR-16-5p mimic 2| PI+Caspasel BH: R i %
R TR (P<0.01) ;0v-NLRP1 41 PI+Caspasel
PR R & & TR (P<0.01); i &b
NLRP1 # 2 #3% % T miR-16-5p mimic X BRL-3A
M TR AR (P<0.01) (K 5B) , R
miR-16-5p 1 i # 4% NLRP1 fig 1 il Bk &/ &5 &%
SHy BRL-3A 4T,
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¥ :A:NLRP1 3’ UTR 5 miR-16-5p MV E 245 5 00 45; B 445 %E A NLRP1 3 UTR A U5 OL 2 Bl 5 2 ik 5 NC-
mimic/miR-16-5p mimic FL YL 293T 41, 1E 52 NLRP1 J& miR-16-5p AY#IEH ; C. RT-qPCR & miR-16-5p X}
NLRP1 mRNA FEAYFENT ;D Western blot K miR-16-5p X NLRP1 % [ #£ kAW, a: NC-mimic £ ;b: miR-16-
5p mimic 41, 5 NC-mimic 4L, * P < 0.05,* P < 0.01,
B4 miR-16-5p FEAEEE NLRP1 F-4046] NLRP1 195555
Note. A, Sequence of the binding sites between NLRP1 3’ UTR and miR-16-5p. B, NLRP1 3’ UTR, connected to the
luciferase coding region, were transfected into 293T cells with NC-mimic or miR-16-5p mimic to confirm NLRPI is the
target gene of miR-16-5p. C, RT-qPCR was used to detect the effect of miR-16-5p on NLRP1 mRNA expression. D,
Western blot was used to detect the effect of miR-16-5p on NLRP1 protein expression. a, NC-mimic group. b, miR-16-5p
mimic group. Compared with the NC-mimic group, * P < 0.05, ™ P < 0.01.
Figure 4 miR-16-5p directly targets NLRP1 and inhibits the expression of NLRP1

¥ : A: Western blot KUl NLRP1 933 235 A THA0% ; B . i 2N 40 AR miR-16-5p/NLRP1 i} BRL-3A 2 ffl P1+
Caspasel BHYERAYSLI ;a.: 25 X B2 ;b R 2H ; ¢ si-NLRP1 4H ; d: ov-NLRP1 % ; e: miR-16-5p mimic £ ; f: miR-
16-5p mimic+ov-NLRP1 £, SHHIZ 8} miR-16-5p mimic AL, ** P <0.01 |
& 5 NLRP1 X%/ 245551 BRL-3A 4HHLAE T 0
Note. A, Western blot was used to detect the interference and overexpression efficiency of NLRP1. B, Flow cytometry was
used to detect the effect of miR-16-5p/NLRP1 axis on the positive rate of PI+Caspasel in BRL-3A cells. a, Blank control
group. b, Model group. ¢, si-NLRP1 group. d, ov-NLRP1 group. e, miR-16-5p mimic group. f, miR-16-5p mimic+ov-
NLRP1 group. Compared with the model group or the miR-16-5p mimic group, ™ P < 0.01.
Figure 5 Effect of miR-16-5p/NLRP1 axis on pyrolysis induced by hypoxia/reoxygenation in BRL-3A cells
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2.6 miR-16-5p iEid#IH NLRP1 JF#Z BRL-3A 4
ffl Caspasel . IL-1B.IL-18 HIRi%

wmE 6 Frax, S M L, 5 si-NLRP1 4H
Caspasel TL-1B \IL-18 £ ik E W W & F I (P<
0.01) ,0v-NLRP1 #H Caspasel \1L-18 & ik i % &
F LW (P<0.01),IL-1p kB B FE L (P<
0.05) ., 5 miR-16-5p mimic 20 A I, miR-16-5p
mimic+ov-NLRP1 4] Caspasel \1L-18 ik & i &
i (P<0.05), IL-1B £ A & W B # I
P (P<0.01),

3 it

FHT, ¢ F HIRL 3 IH G Z G 80 T F B,
AR TR A AR TR A T REJE HIRI & JErh
AISCHEIN 2R o ZEAHIEFE 8 2 0 18 H R B 20 i
Z BRL-3A #EAT SR AL B, 57 HIRT {A S5
B ARG R, A A BE R B caspasel /P1 FHE
AN, caspasel \IL-1B\ TL-18 & FH & KKV 1
T, $7n B4R S 405 AT A A TR B AR R

AW K B A S AR S BUIF L miR-16-
Sp 3RIBAKF TR, 278 miR-16-5p 1 g5 B4
SEFEFHF AN i A e, Zhang %5 & Bl miR-16-
Sp 8 o 4 1] 20 B DA S 00 A O T R R 1
( eytokine-induced apoptosis inhibitor 1, CIAPIN1)
A F kB (nuclear factor kappa-B,NF-«B) {55
A S Y 8 DA T T8 3 ke 4 52 A5 1 L 24 i
143, T Chen 25" & Bl miR-16-5p i@ i #L 16 B 41
MR EL I8 2 FEE ( B-cell lymphoma 2, Bel-2) ] T
B A FERE B . H miR-16-5p 1F R A A
SERHT A0 45 5 00 4 RS BT RR . AS BE S as

miR-16-5p mimic 7 IF 40 id 3K T miR-16-5p,
RILLF IR miR-16-5p AE I & B Ik caspasel/PI FH
P FH ] caspasel \IL-1p3 [ IL-18 HHERIEKFE,
$275 miR-16-5p A LUA R ] i 48 52 875 5 0 JH- 4
L5 T DA T Bl 240 A

R T ST miR-16-5p 40 i A2 T RO HL
il , 31 Targetscan TEZRFAFTM T miR-16-5p HIT
TESOEE DN & B NLRP1 9 3° UTR 5 miR-16-5p 77
TEWTES GO FR . Tk, AT 1 WAL K i
L SCE G T NLRP1 4 miR-16-5p FUHBEEH |
1 #IK miR-16-5p fig i % [ % NLRP1 ) mRNA #l
H BT, NLRP1JE T Nod HEAZIAZR I, 514
T-AH J& BE 45 FE £5 H ( Apoptosis-associated speck-like
protein, ASC) LA} caspasel —[RIFI R/ IMA K &
Y, RAE/ME BG5S caspasel 75 1L, caspasel
75 20 TR I e 2O At 3 TL-18 (TL-18 Y B AN
BERC, SR AR T Tan 550 R SN
HE S X NLRP1 5 caspasel 25 3A T 5, 7
P /N BB HR 4 NLRP1 5 caspasel 35 A]
DL ERRAR M e R T, 2SI miR-497
AT LARE ) NLRP1 0 i g AR 75 5 000 5 /)N 3k 28 M8 4
BT, (A NLRP1 2B Z 5 T s A E A TR IF 40
MAET HATERE . AT /N RNA TR T
P NLRP1 76 T 240 i i 3 3k K 7, &k 3B IR
NLRP1 [ 2235 7] LI caspasel/PI fHER I F
4 caspasel \IL-1B \IL-18 FR FIFRIAKT-, HZAHK,
W IA NLRPL #f — B2 ik TR 2 R 2
caspasel/P1 FHPEZRBNN, [ caspasel \IL-1B . IL-18
EAFIAKE, W5 T miR-16-5p X A2 T A 3
YEM 4275 NLRP1 A] RBJE B4 S5 5 A 4 £

W ra, 25 AR BRZE ;b BRI ¢ si-NLRP1 41 ;d; ov-NLRP1 £ ;e : miR-16-5p mimic 2l ;f; miR-16-5p mimic+ov-NLRP1 41, 55120 &%

miR-16-5p mimic LA, * P < 0.05, ** P < 0.01 ,

6 miR-16-5p/NLRP1 4%} BRL-3A 4/itl Caspasel \IL-18 1L-18 & [ LAY
Note. a, Blank control group. b, Model group. ¢, si-NLRP1 group. d, ov-NLRP1 group. e, miR-16-5p mimic group. f, miR-16-5p mimic+

ov-NLRP1 group. Compared with the model group or the miR-16-5p mimic group, “ P < 0.05, P < 0.01.
Figure 6 Effect of miR-16-5p/NLRP1 axis on the expression of Caspasel, IL-13 and IL-18 in BRL-3A cells
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[ Abstract ] Objective  To investigate the protective effect of dexmedetomidine preconditioning on ischemia-
reperfusion injury ( MIRI) in isolated rat hearts and its potential regulatory mechanism via the connexin 43 ( Cx43)/
mitochondrial ATP-sensitive potassium channel ( mito-KATP) signaling axis. Methods The isolated heart Langendorff
perfusion model was used. The random number table method was used to divide 50 isolated hearts into 5 groups (n=10/
ischemia-reperfusion + dexmedetomidine

control ( Blank group ), ischemia-reperfusion ( I/R group ),

group ) :
preconditioning (I/R+Dex group) , ischemia-reperfusion+dexmedetomidine preconditioning+mito-KATP channel blocker 5-
HD (I/R+Dex+5-HD group) , and ischemia-reperfusion+mito-KATP channel blocker (I/R+5-HD group) groups. The rat
model of isolated myocardial ischemia-reperfusion injury was prepared by stopping perfusion for 30 min and reperfusion for
120 min. The Blank group was continuously perfused with K-Hsolution for 180 min. The I/R group was perfused with KH
solution for 30 min, stopped for 30 min, and then perfused with KH solution for 120 min, causing MIRI injury. The I/R+
Dex group was perfused with KH solution containing 10 mg/L dexmedetomidine for 30 min , stopped for 30 min, and then
perfused with KH solution for 120 min. The I/R+Dex+5-HD group was perfused with KH solution containing 10 mg/L. of
mito-KATP channel blocker S—hydroxykulanic acid (5-HD) for 15 min, perfused with KH solution containing 10 mg/L of
dexmedetomidine for 15 min, stopped for 30 min, and then perfused with KH solution for 120 min. The I/R+5-HD group
was perfused with KH solution containing 10 mg/L of 5-HD for 30 min, stopped for 30 min, and then perfused with KH
solution for 120 min. Triphenyltetrazolium chloride staining was used to detect the proportion of cardiac infarction in each
group. The expression of Cx43 in rat hearts from each group was detected by immunohistochemistry. Western blot was used
to detect the heart expression levels of p-Cx43 in each group. Results Compared with the Blank group, the myocardial
infarction area of the I/R, I/R+Dex, I/R+Dex+5-HD and I/R+5-HD groups were significantly increased, and the
expression levels of Cx43 and p-Cx43 were significantly decreased. Compared with the I/R group, the area of myocardial
infarction in the I/R+Dex and I/R+Dex+5-HD groups were significantly reduced, and the expression levels of Cx43 and p-
Cx43 were increased. Compared with the I/R group, the area of myocardial infarction in the I/R +5-HD group was
significantly increased, and the expression levels of Cx43 and p-Cx43 were significantly reduced.Compared with the I/R+
Dex group, the areas of myocardial infarction in the I/R+Dex+5-HD and I/R+5-HD groups, were significantly reduced,
and the expressions of Cx43 and p-Cx43 were reduced. The differences were statistically significant (P < 0.05).
Conclusions Dexmedetomidine preconditioning can promote the expression and phosphorylation of Cx43, and the opening
of the mito-KATP channel, and reduce ischemia-reperfusion injury of isolated hearts.

[ Keywords ]

connexind3; mitochondrial ATP-sensitive potassium channel; dexmedetomidine preconditioning;

Isolated heart; ischemia-reperfusion injury
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dt,, ) AEENEREK EFHHEE (+dp/dt,,, ) FSE
AR, O JIE TG 2 i I B AT i 5, A F 5%k
A4 e /P v 0 O SR R B 40 5 T 30
min, F-3E 7 120 min, & B8 T (9 bR HE) . HR =
200 IK/43 , 26 = & B JE (left ventricular development
pressure, LVDP) =50 mmHg, A5 T {d FH A9 K-
H WM, FZ s (g/L) . KCl
0.35,NaCl 6.89, MgS0,0. 29, NaHCO,2. 09, CaCl,
0.283, #j%jH 1. 99 ,KH,PO, 0. 16, pH 4E4F7E 7. 3
~7.4,
1.3.2 SEEesrdiabs

Blank 1.0 ELL K-H ¥ AFEEHE T 180 min; 152
IO DL K-H % W 3 30 min, 455 1F 30 min, F
DL K-H %R 120 min , 38 A MIRT #5145 ; 1/R+Dex
OELAFT 10 me/L B9 AT FEFERRE 1Y K-H ¥ 1R
it 30 min, 5 1F 30 min, F L K-H % W #E 7 120
min; I/R+Dex+5-HD 4.0 WEJE A 10 mg/L H 5-
HD f K-H ¥ 15 min, &% 10 mg/L 4 E£4E
BRE R K-H BF R 15 min, #1130 min, F2L K-
H %W BE R 120 min; I/R+5-HD 4.0 56 L& 10
mg/L 1 5-HD ) K-H % % # ¥ 30 min, {5 1k 30
min, FF2L K-H B 120 min'"
1.3.3 g 3K 4 9% I 2 3K ) & (enzyme linked
immuno sorbent assay , ELISA ) £ il £% 20 .0 I 56 Jok i
OIS EE T (eTnl) 17 &

Ao PSR L FEIE 1 180 min i 5 min YO IE 76 ik
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T B V1 i, B 5 Bk O #8 ( coronary outflow,
CF) , [ s B B 200 W e ik s HH O 2 mL, B0
WE 138, ELISA 3 51 &5 46 DU 5 ik s Y& Tl 119
o,
1.3.4  TTC Yy eI & 4.0 iE.Co AL AR L i)

FEE 180 min &5, BUF O E, 76 -80°C TR ¥
UKFETYR VR 5 min J5 , IR IEZH 20 0 JUE A 17 1
6~7 B2y 2 mm JEEEIHL, FRIREF 100 mg B0
JEZHE, DL 2% TTC 727 T #EE YL 20 min, 10%
AR S MRV 22 24 b, BORS AR ML R AR BT X a5
EREE YA RN | VA8 s PAR A 4
FUZ , IR R F Alpha View R 53 M 84 A i 5
AR 5 200 2 AR B T 43 L
1.3.5 4.0 ke ek AR

B 100 mg B0 BIEAL 2T, PBS 2% vhi b Uk 3
UGHE et il o, SR8 T WA 45 40 ik B 48U
Sk,
1.3.6 25200 e S s wy o B

B 100 mg AL IEL S, 28 [, ik, A,
DA T8 iR XA Al (uranyl acetate ) S A 4% R 45 ( lead
citrate) Y20 5, il B 50 nm Y1 &, TR, B4
%200 W F s R B A
1.3.7 SR 45 410 M Cx43 R

B 100 mg 190 EZH T, 10% 19 5 HH R 181 2 2
h, oK, i iR 5 V) R, DRI R 6 2% vh i ik A T
ERYURAE R G, WK B, PBS vk )E , A —
Pr(1:500),4CHEF R, KHIMAZH(1:2
000) , S FLBKE LG (DAB) e o, IR R Z YLk, v
Ve BK, R E B R I B R, B R W
22, HAYE AFE S b AR E
1.3.8 Western blot £l £ 2H .0l p-Cx43 3K
iKIKF

I 100 mg (O EALEY, H LR 519K B0
Jo U B R BE  HLDK A3 B, T I TR —dit
(¥ 1:500) ,4°CHFE &, K HIGBEE INA 3t
(¥ 1:1 000) , {0 BENS BUSRACT B2 25t K
JE{H, L GAPDH /E N2 118 B Y & A M X £k
K
1.4 FitFEHE

RS RF SPSS 16. 0 #44, fEK T HR H
Graphpad5. 01, 41 [8] L AR ] ¢ #5560, P<0. 05 KR~
Zr g  BAgI L,

2 HR

2.1 FBAKXKBRBEMEORELTSHFESELE

TECE K-H WHFZEHE I 180 min (N, Blank ZH.0>
U B 22 U Z M 0 A o R B 05 B, v B R AR S
PR R O IR AS R4F, JoC T RE R I Y
ARBCHEE, A& 1 Fros 45 20 B A0 M il Y 30 ) 2
SR INE 2 i, 5 Blank ZHAH I, I/R 41 I/R
+Dex 2 . I/R+Dex+5-HD 41 . I/R+5-HD 410> 1Y
LVDP +dp/dt,, .—dp/dt,, BIERFEAK, 22 R H A5
P X (P<0.05) , 5 I/R A, I/R+Dex 4H 1/
R+Dex+5-HD 41.00Ef LVDP  +dp/dt,, . —dp/dt
B FH &, I/R+5-HD 4.0 ER) LVDP  +dp/dt,, -
dp/dt,, W BEAL, 2R WA AR E L (P<
0.05) ,55 I/R+Dex 414 Lk, I/R+Dex+5-HD 41 . I/R
+5-HD 410 HERY LVDP | +dp/dt,, . —dp/dt,, B &
R, S B EAS 73 L (P<0.05) , FHOHER
HR Z 7AW  AEA5IHE L (P>0.05)
2.2 BHAXKBBEEOEOCMBERERALER

TTC Y25 R A& 3 i, 5 Blank 4140 L, 1/
R #41 . I/R+Dex 2 .I/R+Dex+5-HD 4 . I/R+5-HD £
Lo ME R AU SR TE AR e e, 25 R B A it
B (P<0.05), SR A, I/R+Dex 41 /R +

max

1A Blank 41;B:I/R 41;C.I/R+Dex 41;D:1/R+Dex+5-HD 41 ;
E:I/R+5-HD 41,

B A2 R BB A O 2 O 2 Wi I (LVP) B S
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+
Dex+5-HD group. E, I/R+5-HD group.

Figure 1 Real-time monitoring of left ventricular contractility

(LVP) of isolated rats hearts of in each group
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P :A:Blank 41;B:I/R 41;C.I/R+Dex 41 ;D . I/R+Dex+5-HD 41; E:I/R+5-HD 41, 5 Blank 4141}k ,*P<0.05;5 I/R

HHE,PP<0.05; 5 I/R+Dex ZAH I, ©P<0. 05,

2 SR BB AR I 3 ) 2 SR
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+Dex+5-HD group. E, I/R+5-HD group. Compared with
Blank group, *P<0.05. Compared with I/R group, "P<0. 05. Compared with I/R+Dex group, °P<0. 05.

Figure 2 Comparison of hemodynamic parameters of isolated rat hearts in each group

7 :A:Blank 41;B:I/R 4H;C:1/R+Dex 2 ; D . I/R+Dex+5-HD 41 ; E.I/R+5-HD 4,
B3 TTC Jefazsif
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+Dex+5-HD group. E, I/R+5-HD group.

Figure 3 Results of TTC staining

Dex+5-HD 200 I 4.0 LA S 11 AR B db B AIG, I/R +
5-HD ZHL00 0% 900 LA B8 T FRBA I T, 22 S 3 L
HE R X (P<0.05) ,5 I/R+Dex AL, I/R+
Dex+5-HD £ . I/R+5-HD 410> I 19 .0 AILASE 2 1 A5 B
BT, 22 R EA G L (P<0.05) , ILE 4,
2.3 BAXBREEOHEOINALRFERGFER
ST N

HE Je B 255 an&l 5 fros, Blank 200 E 40 S B
AR, A AL, % 2008 M T B O WLEF 4E RS,
[) S A LB 2 S /R 4O RO LT 4 RS 3K L
STARRAHL, R IR 2 B A 0 B4, A B ) Jo 3
S I 5, K e P B e 4 9 Vi T 0 A
o [E45 , R IMZ AT 2 1/R+Dex 4, 1/R+Dex+
5-HD 410k AILA0 353 495 B & b /R 413 A
G A%, 3 B /R +Dex 2H (995 BE4 445 1 /R +
Dex+5-HD ZH 0B 28 fi# ; 1/R+5-HD 200 I 8.0 LA
Pife

LB I W8 45 21 K RO L2 0 ol 245 ) i A
Kl 6 FitzR : Blank 2H.0 JIE O WURS SCIE B, 20 WLEF 4
HEZRLI] | A% MR 1E 5, 2o PRI 25 4 T 25 Rk
SR H ; /R 410 IEC WLET 4 s 30K 1B 9 3 £ 2R
G MR 8 K, A R 2, e € 5 [ 4 W b, &
RARFCE D K B ) 5 B A O RE AR 1 IS 45

A Blank 41;B: /R 241 ;C:I/R+Dex 41; D: I/ R+Dex+5-HD
41;E:I/R+5-HD 41, 5 Blank A4 IL,*P<0.05; 5 /R #
H,"P<0.05; 5 I/R+Dex 4l 1, ©P<0. 05,

B4 2520 R A O O URE B T AR LA
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, 1/
R+ Dex + 5-HD group. E, I/R+5-HD group. Compared with
Blank group, *P<0.05. Compared with I/R group, "P<0. 05.
Compared with I/R+Dex group, ©P<0. 05.

Figure 4 Comparison of myocardial infarction

area in isolated rats hearts in each group

ol AR i Tk AR B 8 U 4 S 2 | e A 2T A s Y HE
51 1/R+Dex 410 JILET AEHRES e T HLRE | 240 M A D0 i
T, R SR AR A AE 28 WA AR M SR B g AL B B
Wk /1N s I/ R+ Dex+5-HD 4.0 [IE-C LM 453 475 P Y 2%
fift, A AEHES T RIS A5 49 B S 0 HL L
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I/R+Dex £ 1K 5 )2 BE B/ I/R+5-HD 2H .0 fiE O 0.05),5 /R 440, I/R+Dex 41 . 1I/R+Dex+5-HD
WUSRZEIR K T AR LA K o3 A b g e A P, bR 4L ERY CF B FH &, Tl A7 2 B S A4S, I/R+

S WL REAR PR T N T 5-HD ZH.0E ) CF BH (2 IR, Tl 9 & & B & 7
2.4 BAXRBEOEREKREEURLBKIREH K L, 2R B EASHEE X (P<0.05), 5 I/R+Dex
i cTnl S =/ LR ZHAH L, I/R+Dex+5-HD 2H .I/R+5-HD 4.0 ) CF

5 Blank ZHAHE, I/R 4H . 1/R+Dex 4 . 1I/R+Dex RS, cTnl & BB TS, Z5 B EA 51T
+5-HD 41 . I/R+5-HD 4.0 JERY CF B FEAIK, cTnl - 22 X (P<0.05) , WL 7,
MEmE A, ZRYEARITFE L (P<

¥ :A:Blank 41;B:I/R 41;C.I/R+Dex 41;D:I/R+Dex+5-HD 41 ; E:I/R+5-HD 41,
E5 HE Q@R
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+Dex+5-HD group. E, I/R+5-HD group.
Figure 5 Results of HE staining

¥ A:Blank 41;B:I/R 41;C.1/R+Dex 41;D:1/R+Dex+5-HD 41 ;E.I/R+5-HD 41,
BE6 HBIWEELS
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+Dex+5-HD group. E, I/R+5-HD group.

Figure 6 Observation results under electron microscope

:A:Blank 4H;B:I/R 4;C:I/R+Dex 41;D:I/R+Dex+5-HD 41 ;E:I/R+5-HD 4, 5 Blank A4 Ik ,*P<
0.05; 5 I/R AL, " P<0. 05; 5 I/R+Dex 44 I, < P<0. 05,

B 7 g R O I e ke £ A B K HR T Tl (4 35 8 19 EL A
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+Dex+5-HD group. E, I/R+5-HD group.
Compared with Blank group, *P<0. 05. Compared with I/R group, "P<0. 05. Compared with I/R+Dex group,
°P<0. 05.

Figure 7 Comparison of the coronary flow and the content of ¢Tnl in the coronary leakage of rat isolated hearts in each group
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2.5 ZBHEKRBRBMEOS Cx43 HIRIX

HRE S B R, 5 Blank UM, /R 4.1/
R+Dex 21 . I/R+Dex+5-HD 4  I/R+5-HD 4.0 A8
Cx43 BHPEZH AL b ] Y 0 AR, Cx43 19 3635 B i 1%
i, Z R Y EA G248 L (P<0.05) ,5 /R 44
I, I/R+Dex 4 . I/R+Dex+5-HD 40> I ) Cx43 FH
PN 9 IH T Cx43 (A B THE /R +
5-HD 410 R Cx43 B 20 it He 51 B 8 FAIG, Cx43
MRBPREMI, ZRHEARITEE L (P<
0.05),5 I/R+Dex 414, I/R+Dex+5-HD 41 . I/R
+5-HD ZH .0 JIF i Cx43 PH 1 40 i e 491 BH S BRI
Cx43 MRIB W WAL, 2R B BEA G753 L (P<
0.05), UL 8,

2.6 BHAKXBRBEEOES Cx43 HITEERIL

RATFE K F Western blot ¥ & 2H K BB 40>
i Cx43 BYBERR AL, 25 R 401l 9 Frzn, 5 Blank 2H
M, /R 4 I/R+Dex 4 I/R+Dex+5-HD 41 I/R+
5-HD 410 HERY p-Cx43 Y RIA U] W FEAR, 22 51 H
BG4 L (P<0.05),5 /R 41M Lt , I/R +Dex
ZH \I/R+Dex+5-HD 4.0 IR p-Cx43 MUK B T
1, I/R+5-HD 410 HERY p-Cx43 BRI B AR, 22
S HEAGH %8 X (P<0.05), 5 I/R+Dex 414
I, 1/R+Dex+5-HD 41 . I/R+5-HD 41.0> I 4 p-Cx43
ML BEMR, ZRHEARIT2E XL (P<
0.05)

P :A:Blank 41;B:I/R 41;C:I/R+Dex 41 ;D:I/R+Dex+5-HD 41; E:I/R+5-HD 41, 5 Blank £t ,*P<0.05; 5 I/R #H

tt,"P<0.05; 5 I/R+Dex AL, < P<0. 05,

B8 SHRBEHALET Cx43 #YFRIK
Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+Dex+5-HD group. E, I/R+5-HD group. Compared with Blank

group, *P<0.05. Compared with I/R group, "P<0. 05. Compared with I/R+Dex group, ¢P<0. 05.

Figure 8 Expression of Cx43 in the isolated rats hearts in each group

PE:A:Blank 20;B: /R 40;C: /R+Dex 41; D: I/R+Dex+5-HD 41; E; I/R+5-HD 41, 5 Blank 414 I,
1P<0.05; 5 VR ML, P<0. 05; 5 I/R+Dex 41HI I, “P<0. 05,
9 HUKRREROMF Cx43 BT 1L

Note. A, Blank group. B, I/R group. C, I/R+Dex group. D, I/R+Dex+5-HD group. E, I/R+5-HD group.

Compared with Blank group, *P < 0.05. Compared with I/R group, "P <0.05. Compared with I/R + Dex

group, ‘P<0. 05.

Figure 9 Phosphorylation of Cx43 in the isolated rat hearts of each group
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3 itig

HT, AT DLE A R A A T Bl B PO
U T A I VR R AL SRR D RE A LUK
S (ER 0 R 2 2 e i ERF 1 58 4 dfe o P2 R0 JUL 40
LA I PR 3 ) ek A PR RO B R VA I, 45
A5 PN B 40 A Rz o 28 T AR 40 s ok — 2 B3 43
5 RO LA A 2 R B A, 5 00 WLAS PR 5K SE , 4
ZURAZ A N, T B MIRTYS . MIRT 2 76tk 3h
k55 B RS A AR | 28 B et AR B ik AR (PCL) S5 R 5
JEEIEAE, R EURF LT M EER R, 4R
PEE B ] B MIRT 540, TR PCL ARG
BF IS EAERE X,

AEFERRE B R A B B L TG I A
il LB R BRI 1) A2 S 25 0 4 A 2 B AR TR
VER AT 2y, 76 4 B BRI /N JLIRR B | Jm) 0 JRR e LA
R ICR A Tz Y R R A S 4
WK R T R4S B ORI E S DR Tz 6,
L E 2O IT R WA L FER e AT ST B
TS A8 52 AR FR 3 AR A v %) JB AR S ot — P
B3 PRI PRI 5T 3 WA A 28 FT K 5 X XLL
EREE 0 R R R R 0 LR 005 LA DR 4 A
Yoshikawa 45" fF 57 6 WA A7 S5 FRIRAE (14 1 FH RE A% 17
Jr i I SRR R R R I A 2 7, (R A S
FEWK 2 7E MIRT Hp A4 o FH A 4R TE 5 /0 . AR SE 56 R
S LA S 5 B R B HL Tz W H B9 Langendorff
A RV AR A SBE G A AR R P A IR
W A5 T 5 55 PR 20T 445 SR 1 5 i 1) ] B, BE A%
$2 L& W PEA 25 P 6 WIS 45 SR I 2R, LVDP |+
dp/dt,, . —dp/dt,, SEIG R EIEM 22 2= 00 3h 1124
HESHL, U VB FE TH BRI Bl i P08 1 X0 JIE 452 45
LA R I, O W Ie Bk it i DL R 5k ok U R v
Tl f &5 e SR A U LB 40 DRt v SR A 1 A
AP ST DI A N7 S A T e, P AR S,
I/R A EE /R +Dex 410 HE 19 i 5 453 H A
FRPE AIFHG s HE DL SGHR 33 4 #4 L 88 J 7R |, 1/ R + Dex
1R AL 107 LA Koo T 6 B 45 ) 51 405 W S % i
VI A7 2 0 WK T Ak 347 fle i -8 V4 43 o X g
TRK BB

WTBA 259 (A FEASE R, — 5 TG B T o T 9 5
()50 F-BIL , 55— 7 T80 5B A B X 1V FH A A
PSR MIVAYTY . Cx43 A8 A 200 Jfd () 342 422 1 S AR 25 44
RS 1, AN EL AT 4t i 1) 38 TR 3 O 1) D fig , 3R

K510 5 I B8 R 5 40 i i AR e gE L A1k U
T=, WRETIESEAE 0 25 0 JUL 20 D 8 0 422 1) e
B MUK AT, Cx43 1 FRIK 434 LU S R A K F 1
e O NE 254 5 Re ARk, S8 M0
JIEL SO JULSR 25 0 1 A5 590 1 45 DD AR OE > mito-
KATP 318 J2 28R 1A 5 198 6 0 e 52 1 ) 13l
16, WF5E 2] mito-KATP 10 38 & 22 iU 145 5 0 Bk
I AL S O WL 32 30407, R AE AR 1 LR AL 43
-, [RI A2 i 20 L 1 R 4P 2000 19 G HEAE 5 4
T2 Pisarenko 25 BIFSE 2 W AR B A ke i 71 5 A
T T AR KB E P, mito-KATP 338 (1) I A B
TR S A O WO P e ot PR R 5, F A R A
M AL FRAEAS (2 UE Cx43 MIBERR AL , (B2 e A7 S53E
WK E AL B o, S AEAE Cx43 B 300E DL L mito-
KATP 3#3& 0)FF L, AR A EE . AABFFELL mito-
KATP 3 18 BHL W7 757 /E 0 X B AR 5E Cx43 YR LA
J¢ mito-KATP 38 38 i IO A SEFEK e Tk 21 AR
o 455 W RBHWT mito-KATP @38 )5, 5 I/R 4HAH
e, I/R+5-HD 4 9.0 DI RE S B0 B B, O LAE K
TR ERUR 308 5, 50 W) 219 A0 IO i A= e -
iF O WE B IF I mito-KATP 18 38, 5 BEAE 0T 97 —
;5 I/R+Dex M H, I/R +Dex+5-HD £H 0> i )
Cx43 B2 A L 491 B 3 B AIG, Cx43 | p-Cx43 BRIk
PIRH B RRAIC, (O LA B8 1 AR BH I T o5, o0 JUL S 2 4
Bl d BH A7 3& B PR 0 T3 AL 3B 4% {2 i mito-
KATP 1838 A, 2 0F Cx43 B9k DL e w1k,
PLRAB O REARAP IVE R

25 LTk, A FEFEK e WAL BERE S F Cxd3 1Y
FIk L R IR AL A HE mito-KATP 18 38 1Y TP, vz
B B R i R B A, HR IR A SR
WK Ak P RE 7 K #4 AH [ 1) 2500 3 R B S R G Y
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[#ZE] B®  F miR-338-3p 520 &8 A MG GE 1T F% 1228 MM T2 00 7 F HIL B H X WNKT B4 m)
WEMER, FiE  HRIMEFR AR 28 LY A Het-1A 5 AR AIH Eca-109 EC-1,EC9706, 5%/ qRT-PCR
5 Western blot 43Kl miR-338-3p \ WNK1 IR EIKF-; DL EC9706 4H fl A A 5% 4, 53744 miR-con miR-338-3p
mimics ,si-con , si-WNK1 , miR-338-3p mimics 5 pcDNA , miR-338-3p mimics 5 pcDNA-WNK1 %% 4% &= EC9706 41 ifi ;
MITT K6 I 40 e s 5 o X 400 AR G I 20 M T . Transweell /N385 SZEG KGN IT 7 M AR 2268 77 s WFE 6 MR 45 52 46
I miR-338-3p 5 WNK1 A mC R, R 5 Het-1A i, BE MM Eca-109 . EC-1 EC9706 H' miR-338-3p HY
FIR B E TP (P<0.05) ,WNKI mRNA K AR #E L (P<0.05) ;7 %4 miR-338-3p mimics 5 si-WNK1 7] B
TRREAT EC9706 4NMIRYTE 11 TR M AR ANMIE( P<0. 05) , 3411 EC9706 ANMLHI P T-3 ( P<0. 05) ; W86 2 Mt 45
SEESIESE miR-338-3 #IU [ 454 WNKI1; 4% 2t miR-338-3p mimics 5 peDNA-WNK1 AJ B 5 53 %% % 4L miR-338-3p
mimics XFAAMIIEHE TR R LIAT-HIVEH . 56 miR-338-3p RIHE[A) F J8E 2R T a9 WNKL, 2 i3 ) &4 e
ARG R KR8, M S AR T,
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Mechanism of miR-338-3p affecting esophageal cancer cell proliferation,
migration, invasion and apoptosis by targeting WNK1

WU Kai, REN Qiang
(Department of Cardiothoracic Surgery, Huaibei Miners General Hospital, Huaibei 235000, China)

[ Abstract]  Objective To investigate the molecular mechanism of miR-338-3p in the proliferation, migration,
invasion, and apoptosis of esophageal cancer cells and its targeted regulation of WNK1. Methods Human normal
esophageal epithelial cell line Het-1A and human esophageal cancer cell lines Eca-109, EC-1, and EC9706 were cultured
in vitro. The expression levels of miR-338-3p and WNKI were measured by qRT-PCR and Western blot, respectively. In
EC9706 cells, miR-con, miR-338-3p mimics, si-con, si-WNK1, miR-338-3p mimics and pcDNA, and miR-338-3p
mimics and pcDNA-WNKI1 were transfected into EC9706 cells. MTT assays were used to detect cell proliferation, flow
cytometry was used to detect apoptosis, and Transwell assays were used to detect migration and invasion abilities. A dual
luciferase reporter assay was used to assess the relationship between miR-338-3p and WNK1. Results Compared with Het-

1A, the expression levels of miR-338-3p in esophageal cancer cell lines Eca-109, EC-1, and EC9706 were reduced
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significantly (P<0.05) and the expression levels of WNKI mRNA and protein were increased significantly (P<0.05).

Transfection of miR-338-3p mimics or si-WNKI significantly reduced the viability, migration, and invasion of EC9706 cells

(P<0.05), and increased the apoptosis rate of EC9706 cells ( P<0.05). The dual luciferase reporter assay confirmed that
miR-338-3 targeted WNKI1. Cotransfection of miR-338-3p mimics and pcDNA-WNKI1 obviously reversed the effects of miR-

338-3p mimics on cell proliferation, migration, invasion, and apoptosis. Conclusions MiR-338-3p downregulates WNK1

in esophageal cancer, thereby inhibiting the proliferation, migration, and invasion of esophageal cancer cells and inducing

apoptosis.

[ Keywords]

B I PR H UL A b e Aok, B4
R RIRRGAE LT, B R Rk BOR (S i
(BTG S 2 TR A R AT . miRNA & T
JEGMASEREE /N RNA 43, HomT il i 5 f 3 25 5 A
TSR F 3K, miRNA S 26 35 ] 52 1) 22 Fof e
kA R R MRS R miRNA ik 1
SN RES 5 A & R R R AR IR AT
T A4 e PR 2k AT S W £ 7 9 A0 PR L R T
AT R 7S miR-338-3p 1 B A 4 ik
TS AP B R WNKT AT AE & miR-
338-3p AUAEILIR AFFT 3 HH WNK1 ik & T 9l
REAR IR o 2k T & ), 3 miR-338-3p J& 5 Al
A ] WNKT 52 e 8480 96 A & i ot R i R T
A PR, A 5T T A A I A A I &R P miR-
338-3p \WNKI1 ik, #T miR-338-3p X &4 4
PS5 | JA T AT R KR 2B B s e S A Y )

1 #eFrE

1.1 8@

NIEH S8 L ARk Het-1A B4 8 4000
Eca-109 \EC-1 EC9706 4 F SE[E ATCC A,
1.2 FERLFSNE

DMEM | i 4= V5 7 5 = (4 5% & . Opti-MEM
PN Y H5 75 LW A 3E B Gibeo 24 Al ; miR-338-3p
mimics , miR-con | si-WNKI1 | si-con , anti-miR-338-3p |
anti-miR-con W H [ 75 ¥ 254 R A FRA F ;qRT-
PCR 1077 & (20181203) 1 A 4t 5t KR AL BH A
BRI MTT(20181116) I [ 1WAy RHHE A
BN w5 4B E 13050 & ( APOAF MSDS) iy H 3 5]
Sigma 23 A 5 U5 G 2R I P A 7 45 1 1 b e
FIHE ;BN WNKL HriR e B B0 B R A 5
ARATBRA T Hdii A PCNA MMP-2 MMP-9  Cleaved
caspase-3 PL K Wy H Santa Cruz 7~ Hl;
StepOnePlus S22 %5 B PCR A 4 25 [ ABI 24

miR-338-3p; WNKI; esophageal cancer; proliferation; migration; invasion; apoptosis

F); FACS Calibur Jit=C40 A0 F 3 BD A+,
1.3 EWHE
1.3.1  ZHMfEge S Seg s

O B4 K 9 EC9706 41 it 145 40 ff 2 K &
70% Rl B2 B 355 3R L T 46 Opti-MEM Il IfIL 17 %
FEHk , 218 Lipofectamine2000 %% %4357 43 5K miR-
con, miR-338-3p mimics . si-con . si-WNK1 | miR-338-
3p mimics 5 pcDNA  miR-338-3p mimics 5 pcDNA-
WNK1 #5442 EC9706 4 M, 43 ic/E miR-con 41
miR-338-3p £ . si-con £ ,si-WNK1 2H  miR-338-3p+
pcDNA £H  miR-338-3p + pcDNA-WNK1 41, [a] iif %%
REHEYLHY ECI706 4iffIfE N NC 4.

1.3.2  qRT-PCR £ Il 2 jf2 H* miR-338-3p, WNK1
mRNA R E7KF-

W4E Het-1A  Eca-109 \EC-1 .EC9706 4 itl } 4%
ALY IR ) EC9706 41, R A TRIzol 1242 M 41 fif
AL RNA, R0 RNA WS4 sk
¢DNA, qRT-PCR W 5544:95°C 120 5,94°C 45 s,
60°C 30 s,70°C 45 s, 3t 40 AGIR, 115 miR-338-
3p . WNKI1 mRNA [AHX} F ik 5, miR-338-3p IF 1]
5% 57 -ATCCAGTGCGTGTCGTGG-3 ", 2 i 5| ¥
5’ -TGCTTCCAGCATCAGTGAT-3" ; WNKI1 1F [ 5|4
5’ -CAGAGTGAGCAGCCAACAGA-3’ | W 5|4 5 -
CCACGGACTGAGGCATACTT-3" ; B-actin iF [ 5|4
5’ -CACCCGCGAGTACAACCTTC-3" , LA 514 57 -
CCCATACCCACCATCACACC-3’ ;U6 1EH 5| 57 -
CTCGCTTCGGCAGCACA-3 >, Jx o] 5l ¥ 5 -
AACGCTTCACGAATTTGCGT-3" .

1.3.3  MTT A 2 e 34

EC9706 4 il &5 2 T+ 2. 5% 10* N4 F 96 fL
B, L 100 L, Bl MTT #5920 L, 4kE255597 4 h,
FE B3, BALINA 150 WL DMSO, 7 FH B A 43 K6 )
HALWOEEE(E(OD) o
1.3.4  WAMIAITEAG ECO706 4HHLIH T

EC9706 ZHfI7E 500 wL 454w HE, &
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R G U0 A, i TR R4 LAY | FlowJo #R1F
I3 HTA-2H ECO706 It Y T3

1.3.5  Transwell 5550 & EC9706 4f il if % &
=%

EC9706 4 i i 7% W 22 . B & 4 5% 4L 5 1Y
EC9706 4Hft (& Z T+ 2x10° 4™) |, Transwell /NZE |
FE5NE SN E T (200 pL) 5 DMEM
FriFR (600 wL) , AkZe 5555 24 h, Z R W € 5
HEAT A, S SR TR 0, USRI &, EC9706 4
MR ZE LG : Transwell /NE [ 22 A HIH5 B9 Matrigel
FEJFE (100 pL) ,f08% 5 h, JEZLti g EC9706 4
TERSIN A A0 BRI A2 22 AN MU B
1.3.6  XHCE M FE F K miR-338-3p 9 H#
A

TargetScan T ill miR-338-3p 5 WNKI1-3" UTR
FELELE A S A AR R AR WT-WNKT | 2848 7Y
# & MUT-WNKI ( 2 [ Promega 23 1), T EC9706
i 43 1 36 R A% Y WT-WNK1, MUT-WNK1 5
miR-con ,miR-338-3p mimics, it 4E 48 h 51 EC9706
S A T R S PR
1.3.7 Western blot ¥l EC9706 ZH i WNK1 &
FH . PCNA £ .Cleaved caspase-3 FH MMP-2 & H
K MMP-9 131k

PRI M S 1, BCA B AG I 2K 1k, SDS-
PAGE Zr B8 M, 510, B0 2 h KRR35 A—$t
MBS —PiM B, 183 Tmage J BT 45 25747
JRIEAE 3T o
1.4 SitEFRZE

S EHEAE SPSS 21. 0 G822 4k 4 rp 4% B 43
BT, G5 s I B B AR i 22 (xxs ), PRALTE] 240
BB L5 o0 S0 R FH M ST RE A ¢ K 56 | B PR 36y 22
G3HT, P<0. 05 fRE 27 W3 HA G4 L,

2 HR

2.1 EERELEHARMEEREMAMEF miR-338-
3p 1 WNK1 §JRE

W1 .52 1,qRT-PCR %5 Western blot 74351
6 4 R 4D Eca-109 \EC-1 . EC9706 H' miR-338-
3p . WNK1 mRNA K4 F Rk &, 25 R Won, 88
FEANM Eca-109  EC-1,EC9706 H' miR-338-3p 1Y%
A KT Het-1A 41, WNK1 mRNA Al WNKI1
FEHR AR B E ST Het-1A 401 ( P<0.05) , %
W] miR-338-3p 76 & T 2 ARFRIE T WNK1 76

AR SRk
2.2 ¥ miR-338-3p # R E E M EC9706 &
FEFNESAAT

DLIE 2 36 2, MTT 2 it 220 A 43 5 A 000 248 e
1% 71 M A T3, % ] Western blot ¥ £l PCNA |
Cleaved caspase-3 £ [ %1k i1, 45 4 i 7R, miR-338-
3p HEEIE AN EC9706 1415 J1 . PCNA 1
FR KT miR-con 41 ( P<0.05) , 11 20 M I8 7 Al
Cleaved caspase-3 % H &5 2 3 5 T miR-con 4
(P<0.05) . M miR-338-3p i KL AEALINHI 24
Ie A M 15 5 S AR AR T
2.3 ¥ miR-338-3p # Il R E E LM ECI706 i
e F: S

Transwell S 56 46 I 28 ifl i #8 I 12 28, Western
blot %A MMP-2 MMP-9 & /K, 45 R B R, 5
miR-con 2 L3R ,miR-338-3p 4 EE A EC706
I A% 20 U5 1R 22 40 L 80 . MMP-2 \MMP-9 45 [ 7K
PR FFER(P<0.05) , WK 3 % 3, K W] miR-338-
3p i Rk AT A R AT R SR

R qRT-PCR RN IEH B 1 S 20 R E R A
miR-338-3p F1 WNK1mRNA f{) 363k & Western blot
R WNK1 35 B35 (x45,n=9)

Table 1 gRT-PCR to detect the expression of miR-338-3p and
WNKImRNA in normal esophageal epithelial cells and
esophageal cancer cells, and Western
blot to detect the expression of WNK1 protein

A4
c]::) i miR-338-3p  WNKI mRNA v;g?pfin
Het-1A 1.04£0.07  0.99:0. 12 0.34=0. 04
Fca-109  0.52+0.08*  4.04+0.40" 0.53+0. 06"
EC-1 0.48+0.06*  4.58+0.45" 0. 69+0. 07"
ECI706  0.39+£0.05*  5.15+0.48" 0.82+0.08"
F 178. 121 204. 239 93.745
P 0. 000 0. 000 0. 000

1. 5 Het-1A ZHAHILEL, * P<0.05,
Note. Compared with the Het-1A group, * P<0. 05.

B AR AN R WNKT RIS
Figure 1 WNKI1 protein expression in normal esophageal

epithelial cells and esophageal cancer cells
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i A G miR-338-3p XM PCNA Cleaved caspase-3 2 FIZRIA MK ; B F J miR-338-3p X ANHIIA T A6
2 EEYe miR-338-3p X EREANM EC9706 JAT-HI PCNA  Cleaved caspase-3 2K [1435 1 M54 i
Note. A, Detection of PCNA and Cleaved caspase-3 protein expression in cells by transfection of miR-338-3p. B, Detection of
cell apoptosis by transfection of miR-338-3p.
Figure 2 Biological effects of miR-338-3p transfection on apoptosis and expression of PCNA and cleaved

caspase-3 protein in esophageal cancer cell line EC9706

F2 Y miR-338-3p X EE RN EC9706 J Tl PCNA Cleaved caspase-3 35 [k E WM (2+s,n=9)
Table 2 Biological effects of miR-338-3p transfection on apoptosis and expression of PCNA and cleaved caspase-3 protein
in esophageal cancer cell line EC9706

44 Groups miR-338-3p PCNA Cleaved caspase-3 AT 3R (%) Cell apoptosis rate MG 71 (%) Cell viability
NC 0. 98+0. 08 0. 58+0. 07 0.22+0. 02 2.92+0. 35 101. 32+5. 44
miR-con 0.94+0. 11 0. 62+0. 08 0.25+0. 03 3.45+0. 56 97.366. 58
miR-338-3p 7.58+0.68*  0.29+0.06" 0.72+0. 07 * 15.26+1.44" 63.45+5.93*
F 820. 192 58.772 342. 435 523.627 108. 266
P 0. 000 0. 000 0. 000 0. 000 0. 000

.5 miR-con AHELE, * P<0.05,
Note. Compared with miR-con group, *P<0. 05.

ALY miR-338-3p XTAIRIT RS R 22 AU TN ; B . 55 44 miR-338-3p XJ 41 - MMP-2 F1 MMP-9 25 4 &35 BUAG
B3 Y miR-338-3p X EERANM ECO706 HiEH (778 MMP-2 Fl MMP-9 2 [ 235 152 10

Note. A, Detection of cell migration and invasion by transfection of miR-338-3p. B, Detection of MMP-2 and MMP-9 protein expression in

cells by transfection of miR-338-3p.
Figure 3 Effects of miR-338-3p transfection on migration, invasion and expression of MMP-2 and MMP-9 in EC9706 cells
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2.4 miR-338-3p #B[5, F#E WNK1

TargetScan FAF il & 3L miR-338-3p 5 WNK1
FEAEHANT S, WL 4A . XUECR B i S 0 45
7R miR-338-3p i ik W BEAL WT-WNK1 26 %
BEEYE(P<0.05) , 1 % MUT-WNK1 %¢ % 2 B 7% P
T W (P>0.05) , W% 4, 5 miR-con 41 %%,
miR-338-3p AN WNK1 5 17K 7 i R (P<
0.05) ; 55 anti-miR-con 4 %%, anti-miR-338-3p 4]
YA WNKT 2 7K P 8 3 7R (P<0.05) , WL A
4B %5, #H miR-338-3p Al §l[n 454 WNK1, -]
AR WNKL B8,

2.5 E WNK1 i S EREMAMIGHE, THHM
2%

MTT 7 | 9 24 AR | Transwell 5255 43 51 K il
ARG 1 TR A8 MR 58, Western blot 72451
PCNA MMP-2 MMP-9 Cleaved caspase-3 & 17K,
RN, 5 si-con 41 HLHR, si-WNK1 41 EC9706 4fl
J13% 1 . PCNA . MMP-2 Fl MMP-9 & [ %35 i 8 3%

WD T EC9706 A JH TR F1 Cleaved caspase-3
FI7KSF- B 8 44 5 3 % 200 Jf 5505 1= 2% 400 i 50 0 25 0k
B (P<0.05) , WLIEI 5 .3k 6, FWITTE WNKL A] #i ]
BRI R SR,
2.6 JTFiX WNKI1 #5 F5 miR-338-3p X R &
R R I 4E A

MTT ¥ F 4 AR | Transwell 5256 43 5 & )
YHHYE 1 TR TR MR 28, Western blot 5 il
PCNA \MMP-2 MMP-9 Cleaved caspase-3 £ H /K-,
5 IR, 5 miR-338-3p +pcDNA 41 47, miR-338-
3p +pcDNA- WNK1 2 EC9706 4l i 3% 1 .PCNA |
MMP-2 MMP-9 & [ 7KF- It miR-338-3p +pcDNA 4
2 B, (B EC9706 40 i U T 2 il Cleaved
caspase-3 5 FH 7K F# miR-338-3p +pcDNA 41 g 3
/b, H EC9706 40 ML T % = 22 40 M ZX L miR-
338-3p +pcDNA 4 i F 4 = (P<0.05) , W& 7 &l
6, KW WNKI i LB REEFEPT miR-338-3p #f Kk
AR AN A B R AR R IR

£33 FY miR-338-3p MHIEE AN ECO706 TR FIZZE (2+5,n=9)
Table 3 Transfection of miR-338-3p inhibits migration and invasion of esophageal cancer cell line EC9706

s I i T A
Groups Cell migration number Cell invasion number
NC 1.12+0. 09 0.77+0. 08 294.53+15.73 127. 64+8. 37
miR-con 1.15+0. 11 0.74+0. 08 278.59+19. 17 117.92+11. 70
miR-338-3p 0.62+0.07" 0.44+0.05" 114.04+8.48 " 62.64+5.74"
F 95.343 58.765 392. 503 138. 349
p 0. 000 0. 000 0. 000 0. 000

T : 5 miR-con HAALEL, * P<0. 05,
Note. Compared with the miR-con group, * P<0. 05.

1 A:miR-338-3p 55 WNK1 f77E HAMNT 41 ; B: Western blot ] WNK1 25 [ ik = ,
B 4 miR-338-3p 5 WNKI 7A€ HAMNTHI I WNKL & F 35

Note. A, miR-338-3p and WNK1 had complementary sequences. B, Western blot was used to detect the expression of WNKI protein.

Figure 4 miR-338-3p has complementary sequence with WNK1 and regulates WNKI1 protein expression

R4 BEOCEMHR IR (325,n=9)

Table 4 Double luciferase report experiment

1 [Ligeseir] RAEHA
Groups WNK1WT-WNK1 WNKIMUT-WNKI1
miR-con 1. 07+0. 07 1.12+0. 09
miR-338-3p 0.55+0.08 " 1. 15+0. 08
t 14. 675 0.747
P 0. 000 0. 466

T : 5 miR-con 41ELEL, * P<0.05,
Note. Compared with miR-con group, * P<0. 05.

5 miR-338-3p # M WNK1 £k (x+5,n=9)
Table 5 miR-338-3p targets WNKI1 expression

432 Groups WNK1
miR-con 0. 63+0. 06
miR-338-3p 0.28+0.04 "
anti-miR-con 0. 58+0. 06
anti-miR-338-3p 1.25+0. 09*
F 353.112
P 0. 000

7 . 5 miR-con 4 4L, * P<0. 05; 5 anti-miR-con 4H 48, * P<0. 05,
Note. Compared with miR-con group, *P<0.05. Compared with anti-
miR-con group, *P<0.05.



90 b R RS 47 2021 4F 10 A48 31 %% 103 Chin J Comp Med, October 2021, Vol. 31, No. 10

TE A UUER WNKI X0 T AR 5 B - HUER WNK 1 %41 WNKIT PCNA \MMP-2 S MMP-9 28 1 &35 AU 5 C . LER WNK 1 X 4TE #1725
A
B 5 PUE WNKI X4 £C9706 JAT: iEA 1RZEH WNK1 ,PCNA \MMP-2 J MMP-9 2 1315 R 5215
Note. A, Silencing WNKI to detect cell apoptosis. B, Detection of WNK1, PCNA, MMP-2 and MMP-9 protein expression in cells by silencing WNKI1. C,
Detection of cell migration and invasion by silencing WNKI.
Figure 5 Effects of WNKI silencing on apoptosis, migration, invasion and protein expression of WNK1, PCNA, MMP-2 and
MMP-9 in esophageal cancer cell line EC9706

F 6 UUBR WNK1 ] e 4 ECO706 R A TR AR 2E (2+s,n=9)
Table 6 Silencing WNK1 inhibits proliferation, migration and invasion of esophageal cancer cell line EC9706

TR RERAREL AIRIETIR(%) AR

WA 1
i WNKI1 PCNA Cleaved MMP-2 MMP-9 Cell migration  Cell invasion Cell apoptosis (%)
Groups caspase-3 .
number number rate Cell viability
NC 0.71+0.07 0.55+0.04 0.25+0.02 0.73+0.05 0.61+0.04 291.53+18.26 121.94+9.84 3.25+£0.65  99.72+5.49

si-con  0.68+0.05 0.52+0.05 0.28+0.03 0.70+0.07 0.63+0.06 285.07+19.42 114.34+11.96 3.82+0.76  95.37+7.41
si— WNKI 0.17£0.04" 0.22+0.03" 0.82+0.08" 0.35+£0.03" 0.32+0.05" 94.43+8.27"  55.07+6.64" 15.81+1.54" 68.68+5.86"
F 276. 300 179. 820 360. 818 145.193 105. 545 434. 622 127. 450 402. 845 63. 879
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
5 si-con 41 HLEK, * P<0.05,
Note. Compared with the si-con group, * P<0. 05.

&7 miR-338-3p Flid ik WNKI1 M &AL ECO706 M58 GL A AR (x45,n=9)
Table 7 miR-338-3p and WINK1 overexpression inhibit proliferation, migration and invasion of esophageal cancer cell line EC9706

TRk Sk AT T2 % ‘
an:! Cleaved TR EHH@@I 1'112. EHH@@I PO -2% .O)fmﬂﬂ‘(ﬁﬁ(%)
. WNKI1 PCNA MMP-2 MMP-9 Cell migration  Cell invasion Cell apoptosis o
Groups caspase-3 Cell viability
number number rate
miR-338- 0.35+0.05 0.28+0.04 0.68+0.05 0.32+0.06 0.39+0.04 113.37+18.48 51.86+6.64 15.92+1.53  98.31+8.46
3p+pcDNA
miR-338-
3p+pcDNA- 0. 54£0. 06" 0.63+0.07" 0.44£0.06" 0.78+0.07" 0.65+0.06"194.58+12.26" 84.27+7.39" 7.28£1.06" 142.54£15.83 "
WNK1
F 19. 359 13.024 9.219 14. 968 10. 817 10. 994 9.787 13.926 7.393
P 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000

7 : 5 miR-338-3p+pcDNA 41 H#2, * P<0. 05,
Note. Compared with miR-338-3p+pcDNA group, * P<0. 05.
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1 : A :miR-338-3p Flid FE35 WNKI1 XF 4L JH T ARG ; B . miR-338-3p iz 35 WNKI i 41 3T #1222 BRI ; C
miR-338-3p Flid ik WNKI1 %40l H WNK1 ,PCNA \MMP-2 Jz MMP-9 & [ ik

B 6 miR-338-3p Fli 3Kk WNKI1 X EE A ECO706 M T 1B Z28H WNK1 ,PCNA MMP-2 K& MMP-9 & (1 &K 1 520
Note. A, Detection of apoptosis by miR-338-3p and overexpression of WNKI. B, Detection of miR-338-3p and

overexpression of WNKI on cell migration and invasion. C, miR-338-3p and overexpression of WNKI affect the expression

of WNK1, PCNA, MMP-2 and MMP-9 proteins in cells.

Figure 6 Effects of miR-338-3p and WNK1 overexpression on apoptosis, migration, invasion and protein expression of WNK1,
PCNA, MMP-2 and MMP-9 in esophageal cancer cell line EC9706

3 it

miR-338-3p 7F 5 9 & 5 | AE /)N 48 Bl it 95 20
JL R TR U, O T 9 4 A0 A A 2R o R kg
B TR M AR AR BRI, miR-338-
3p FEE I A0 B Eca-109 EC-1,EC9706 H A3
KT, 5 EARBFE A R AL, $278 miR-338-3p 7
BB R A L R P T RE R A S AR, A
FELE T R miR-338-3p i ek J5 £ i AN At 1
RE 7 W& AR, i — 20 73 A1 7R miR-338-3p 2 3Kk
J Al AR A A i P PCNA B9 363K, PCNA £k
T E AR AR A AT A AR miR-
338-3p o) F ik AT g o S0 B R A4 PCNA 1Y
ik KIEPUEAS R G R J AR 2R, A B
AP T BIVEI IR AT 3G 3R Cleaved caspase-3 ik,
I MMP-2, MMP-9 3 ik, 5 #H 3¢ 3C ik it 18 A
R R miR-338-3p i 6 3k W] A kA0 A U T
KAl & 8w A M A S =222

miR-93 3@ ] WNK1 23k M i 41 il = B 1
FUBE AT RS SR 281 . BT R I WNKI 76 i
) O =S vl R b B K (B 11 B AR I
WFFE L5 FARL, A 50 45 58 /8 WNKI1 78 &8 8
ik LR, DUBR WNK 2% 55 R 55 £ 78 6 200 it g 34
B GERE R ZERE T, A S A A MR R T, XL
PN B A5 52 50— 2 52 WNKIT /& miR-338-
3p IEEIER . A5 45 R s WNKI i %k 5,
miR-338-3p i Rk A 45 & 8 i A L3 A L W T i
% B AZZR WA I i

2 LRTIR , miR-338-3p 76 £ 45 i 41 At rp S AIG%
5, WNK1 (235 B 5 7+ 5, miR-338-3p i ik n]
T 45 9 A0 I 3G RS SR 28, I mT A 1 A e
PR, HAE AL AT RE 5 #0 1a] WNKT 1 _ 7 Cleaved
caspase-3 7k A H] PCNA MMP-2 MMP-9 £ikf
%, miR-338-3p A HE WA B R HE VA 7 A T 7 A
Mo ABATYRS AT R P9 3l ) S 5 39 iE miR-338-3p 1Y
MR RER
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TR Z IS Sirtl/FoxO1 18 B ] 22 4 UP $ 28 51
R SRR 20 el v Y A 5T

I TTRNE S R D & 1
(HIrgA AL RS, K> 410008)

[HE] BM HEEESH(APS) TG B HF 1/ R E S E F 01(Sirtl/FoxO1 ) 8 f % £
PHNRLZEAAE (PCOS) K RUBURL AN ML A W2, 773k R AP 40 25 01 5 J0kT 200 it o 28 402 B0 340 0 3 3% =2 {1
(FSHR) #8758 Y655 , H. CCK8 Kl APS %o B S840 k7 4 O M 5 A B2 0 . 107" mol/L TN RS2 AUEH .10 wmol/L C2-#)1
LT AR O SO0 S AT0R 20 M 24 b 1755 PCOS K BRUATURL 20 M 1) A 8 | CCK8 A5 200 M B 5 175 00 5 i 5 B A5 B
WEAAAR 0 5 S8 BT VA A A i b Sirt] FoxO1 S A G 1 3845 3(LC3) BHHRBEN, &R B0
7R FSHR 25 78 A BB 5L 0K 200 it rp 9 7 33 BHE 3R 7K & 93, 18% >90% , AT #EATHE T 2k 525, 0,100,200 ,400
weg/mL APS 4T IE # 7 SLEUR 400, 7ENNBE 0,24 h HOBC, A0 OD,, 2 R ¥ BG4 L (P>0.05) , SIE#4M
L, A5 2 AT A% BT H B o WM U B A SR O A A TR B S5, 40 N R R AR A
/I TP P R 8 g 2 2 — BB A (9 B3R 2S00 1 /MR S5 4 5 100 wg/mL APS 20 5455 750 21 441 it 45+
KL, B APS FIR T, A Ve MABCR I/, 1E 400 we/mL APS 4 I 40 1E % . 1F % 41 AEAIZH 100,200,400
pg/mL APS ZHZEANHIGEE O h B, 4l OD,,, 22 K G IHFE L (P>0.05) , 4UAEINGEE 24 h, 51EH 41AH L, A2
A OD, 5, FEA% (P<0. 05) 400 Sirtl \FoxO1,LC3 [ /1.C3 1 & F/KF-THE (P<0. 05) ; SHERI4L A H L 100,200,400
pg/mL APS ZH 41l OD,,, FH& (P<0. 05) , 4 rF Sirtl ,FoxO1 LC3 1 /LC3 T & /K TG (P<0.05) , 4518 APS
A L] PCOS K FRUBURLAN M 1 W5, T Bl e 3a it 941 ) Wl % Sirtl/FoxO1 SEHL

[REBIA] FEZHVIBREBRE T 1/ XSAMREE SR F O1 3l ; 2238 57 HLLEA AF K BSR4 A 1
[hESES] R-33 [ XEkARIREE] A [XE4HS] 1671-7856 (2021) 10-0093-06

Astragalus polysaccharide regulates the Sirtl/Fox(O1 pathway and inhibits
granulosa cell autophagy in polycystic ovary syndrome rats

YANG Li", WU Xiang, LI Ang, HE Weiwei
(Hunan Maternal and Child Health Hospital, Changsha 410008, China)

[ Abstract]  Objective To investigate the effect of astragalus polysaccharides ( APS) on autophagy of granulosa
cells in polycystic ovary syndrome (PCOS) rats by regulating the silent mating type information regulation 2 homolog 1
(Sirt1) /forkhead box transcription factor O1 (FoxO1) pathway. Methods Ovarian granulosa cells were isolated from rats
and identified by follicle stimulating hormone receptor (FSHR) immunofluorescence. CCK8 was used to assess the effect of
APS on the proliferation of ovarian granulosa cells. Ovarian granulosa cells were treated with 1x 107> mol/L testosterone
propionate and 10 pmol/L C2 ceramide for 24 h to induce the autophagy model of PCOS rat granulosa cells. CCK8 was used

to measure cell proliferation. Autophagy was observed by transmission electron microscope. Protein expression of Sirtl,

[VE& B ] PHN (1980—) 2 Al , 58 05 [ . il R, E-mail :46923980@ qq.com
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FoxO1, and microtubule-associated protein 1 light chain 3 (LC3) was detected by Western blot. Results

Immunofluorescence showed that average positive expression of FSHR protein in rat ovarian granulosa cells was 93. 18% >
90%. In 0, 100, 200, and 400 pg/mL APS-treated normal ovarian granulosa cells, there was no significant difference in
0D, after adherence at 0 or 24 h (P > 0.05). Compared with the normal group, a large number of autophagy bodies
appeared near the nucleus of the model group, and double and single layer membranes wrapped the cytoplasm to form a
closed and round structure. Some of the autophagy body inner membrane had dissolved and there was a single membrane
structure around the autophagosome, which contained some degraded cytoplasm similar to the autophagosome structure. The
cell structure of the 100 pwg/ml APS group was similar to that of the model group. With the increase of APS dosage, the
number of autophagy bodies decreased and the cells were normal in the 400 wg/mL APS group. There was no significant
difference in OD,5, between normal, model, and 100, 200, and 400 pg/mL APS groups at O h of cell adhesion (P >
0.05). After 24 h of cell adhesion, compared with the normal group, OD,s, was lower in the model group (P < 0.05) and
the protein levels of Sirtl, FoxO1, and LC3II/LC3T were higher (P < 0.05). Compared with the model group, OD,, was
higher in 100, 200, and 400 wg/mL APS groups (P < 0.05) and the protein levels of Sirtl, FoxO1, and LC3II/LC3I

were lower (P < 0.05). Conclusions
inhibiting the autophagy pathway Sirtl/FoxO1.
[ Keywords ]

APS inhibits autophagy of granulosa cells in PCOS rats, which may be mediated by

astragalus polysaccharides; silent mating type information regulation 2 homolog 1/forkhead box

transcription factor O1 pathway; granulosa cell autophagy in polycystic ovary syndrome rats

Z Y B ZE A 1F (polyeystic ovarian syndrome,
PCOS) JE: Il AR WL AR P 230 I 9500 , 2 S 0N 73 1
ZRGEEAL, 1T PCOS H i B 51 S0k 40 g 91 e o 1
THOL, M TS A W2 B A 2 38 AL g, HOA
WS SV BRI R O SR A0
A e BRI K RN B IE DA B, DA T 5 e A i )
fie'?) LM (astragalus polysaccharides, APS) 7E
i W SR T Tl 35 S 1) e mh i LA A | e DA TG 2
FEGURE A EAE PCOS H i R & BUA e 5T
DUERAR B T 1/ 3k R EL s T 01 (silent
mating type information regulation 2 homolog 1/
forkhead box transcription factor O1, Sirtl/FoxO1) ff
SR A WA DG 3 B 7E PCOS B9 5 20 2 b T 3800 Ik
A, AT LA i % RURE 20 1 | B9 0 40 i Y 8 45 D T A
HIIE R L F R AT W 56 45 0t R
PCOS UKL A0 I A W B G W 2 . APS S 15 F2TH
PCOS K BRUASURL 40 i 19 et v AN 5 8, TRt oy
PCOS K RUBURLANARE A WL, $85T APS X,
Rl R — e

1 #RfnrE

1.1 s

3 H SPF Zfit SD KA, 6 J& i & 190 ~
210 g, 4 [ Jb 5T 438 | 42 5256 sh WA PR /] [ SCXK
(%) 2016 - 0011 ], 1 37 75 H B K 7 i HE — B2 B
[ SYXK(i#)2017-0002 ], TEIREE 24°C ~25°C W&
50% ~60% . H ARG IR | H H 8 B ROK, E I i XUER

FerhiEgR, ARSCE S 3R RN 4 E ¢
RN R SRR N TR (o A R R X i
(2020-S061) ,,
L2 FERAHNSMHE

28 5 1l A PR I PR (pregnant mare serum
gonadotropin, PMSG) ( i AE Wb 725, it 5.
820120) ; CCK8 7 &, — PL fie B 96 ol 9 3R 52 1
(follicle stimulating hormone receptor, FSHR) | Sirt1 |
FoxO1 i L 2l ¥y i) & ) W8 AH G S5 1 1 42 8% 3
(' microtubule-associated protein 1 light chain 3,LC3) |
B-actin( 3& [E abcam A 7], 5t 5 43 ] K : ab228554 |
ab150557,  ab189494 ab58518.,  ah229327.
ab179467) ; N R S AUER (F [ aladdin B} 520 ],
CAS 5 :57-85-2) ; FI W5 77 C2— T Mk ( & [
Sigma /A F], b5 A7191) ; APS( 2l 90% ) (H I
IR R W BB A ] S0 20170316 ) o AR AX
( [ BioBase A ], 5 cinark ) B 5T HLES ( H 75
R A PR 2> A, K45 . ChromAssist Data Station ) ;
B ABER & 58 (i Bio-Rad A #], K15 .7500)
1.3 EWHE
1301 REBRSLURL AN AL 1 73 29 5 15 5%

TP R TS 50 TU PMSG,48 h 5
KRB, TC T8 4% 15 175 JBCOR 8L, 25 5% J& A 07 20
2L RS T ] 25 S5 LRI ORI R I iR
GRR:Z0 B AURURL AN AL, W F T 40 i 43 25, 200 H R i
127§ ,800 r/min #5.0> 10 min, FF E 3%, IR, B
BRI A Dy W G 0T Eh, R LR G 1Y S SE A0 i
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W IO A MR B 2% B2 A B 22 T 1}10° A BRI 10%
JiG 4 1L DMEM/F12 153K 7E 37°C 5% CO, }iF®
FETh RS
1.3.2  GE N BRI K B D SRR 4 i

YU BEA 1 48 h JE 2B ER IR AL, B 2N
A6 A [ 40 1, U3 I DMEM/F12 28 1171 4k, ik
RO T B 1 24 FLIGFR AR T A REE
TR BE 2 70% B, 22 58 P 1, 400 i 8 ¢ ot
o, % IN—3% FSHR (1:200)4°C B 37, i i —
YU, EIRIFE 1 h, 70 R AEE K2R 2 AT G L 4%
B, T IEEHAR
1.3.3  CCKS8 #& il APS X} 5P &L J5ik: 41 g 4 5 1Y
Al

BT 1x10° 4> 1E 5 OSSO 20 JifL 326 70 2= 96
FLAR T, o 40 W BE F5 4% 0,100,200 ,400 pg/mL
APS 1 10% Ji5 25 175 DMEM/F12 35 352 W #E 37°C .
5% CO, ¥5FHE th 35 72 MG BE ) 43 5 ZE G BE 0 h 24 h
Jn CCK8 IFNARLERT 55 1~ 4 h, BEFRAUGI 450 nm
T FLANGEEE E (optic density, OD) . 6 PN H & |3
ASEAT, B0UE APS X 1E 5 B S0k 41 At A 52
1.3.4  PCOS GPSLABORL A ) 7 WA AU 5 Sy

SR BEA ARSI S A S A R
TERTIABIIE & B, 107 mol/L PR T2 S8 SU R 6 JH] B &1
ORI 24 h A LA S7 PCOS 4Ry 1.2 5,10,
20 pmol/L C2 —Ffr 28 Pk Jiic / F K B B 53 W0k 40
24 48 h, i i [ Wi gL ks K 7 & (MDC 5 St 3
o) K 4 B W
1.3.5 e K zn 2 b3t

TEH KRR 43 18 %) SR 40 it o 1E B 4L, AR A
100,200,400 pg/ml APS #H , 1E% 20 0 %5 1 il o
LU, A 45 2 AR TN 2 S AU TR + C2 — o 25 Tk
FEF] 24 b, 24 h J5 BB SR, 100,200,400 pg/
mL APS 414354 100,200 400 wg/ml APS 10%
i 2F 35 DMEM/F12 35 35 455 3%, BRI 20 TF % 41
FHIE® 10% 1625 17 DMEM 55 35 15 3% 24 h 47
1.3.6  CCKS Hill 4 g 34 5 175 1l

¥ 1.3.5 AR 24 h J5,2% 1.3.3
1 CCKS I AL 3 7 3, A A4 Jia 384 FE A% 15
1.3.7 ESTHEIEE H WS

B 1.3.5 BNk 24 h 54T AL G e
e, CEE RN R K B0 R i i 32 A 3L R )
R (JEEE 160 nm ), P iR BU4RU Al — A R Y R

FEYLE B R EWEIH,
1.3.8 A E B v 46 I 40 g - Sirtl | FoxO1, LC3
HEFRBEN

B 1.3.5 BN PE 24 h 5N E E 2
{&,ﬁki%ﬁﬁ: 10 min,4°C 13000 r/min B0 10 min
Wt MR, FRE 20 pg, PVDF 58 55 6 5 A
—3 Sirt] . FoxO1 | LC3 , B-actin, 4°C WE & 1 7% ; MIA
XPRE 4T, AR B R G0 5 A A, o AR AR X
FIRAKT = FF B 1K FE ./ B-actin JKEE(H .
1.4 FitEHRZE

ARG EHE R H GraphPad 8. 0 47474347 .
THE ORI LT Y B Ar i 22 (xoes) $i38 , 241 HLER
TR R Ty 2208, i — 25 I LL 3R SNK-q #6:
B, P<0.05, 2%0% BAGIHEX,

2 #R

2.1 KRIINEFRAMAETEER
FSHR i [ 75 K BB S8 5067 240 Jfd iy ~F- 357 FH 7 3%
kiR 93. 18%>90% , WLIE 1, Wik T4 F RS,
2.2 APS Xt B £ Bk 20 A 58 A 22 i
0.100.200 400 pe/mL APS &b3HIE % G 51 Bk
YA, S BIFENBE 0,24 h FLEE, 400 OD,,, 25 %30
GiitpmE L (P>0.05), W1,
2.3 PCOS JPE BRI AR B ISR BN Z 1R
1.2.5.10.20 pmol/T C2—F#1 2 FikJiie  FH K BB
HUBUR 20 AL 24 48 h, 455 R I C2- P &k AE 10
20 pwmol/L ZLFRAHMI 24 h . 5.10.20 wmol/L 4L FE4H
Jil 48 h ¥y AT [ WA A0 MG A 455 SOk A A
WA B 5E 1077 mol/L IR EE AL .10 pmol/L C2
— P 2 R R FH O B BF S5 JB0RE 40 f 24 h #5E PCOS
TR BRI L RIURE A1 i B WA
2.4 APS Xt PCOS D] S 5 B Mk 2 138 78 1Y 22 I
IEH 4 AL 100,200 400 peg/mL APS ZH7E
UM EE O h BF, OD,, Z R KGR IF ¥ E X (P>

1 R RUBTRL 20 Y 2

Figure 1 Identification of rat granulosa cells
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0.05) , ZHAIIGRE 24 h, 5 1E % ZUAH L, A 20 20 g
0D, P& ( P<0.05) ; 5 BEAI41AH L, 100,200,400
pe/mL APS ZH4HHL OD, Fh = (P<0.05) , W3 2,
2.5 APS 3t PCOS 5P 5 FL B 16k 28 Ae B 16k B9 52 i)

55 IEH 4LAH Eb 570 20 41 R BT B R R A
/M B | B % B 0, 2 i B O ok 3 A | (B &4
oy 53 W /N PN RS A, 1 s /DN 4 ] FB1 AT D, B
JE LR 0 B — SO [ A I 2R AL I /AR
45893100 wg/mL APS 415 15 B 4 25 44 25U, Bl %5
APS Sl -, B W/ MAEGE I FE 400 wg/mL
APS BT IEHR , UL 2,

R 1 AWK APS LbFE T 5P SR
M OD 5o K- LEHL (5£5,n=6)
Table 1 Comparison of OD,y, levels in ovarian granulosa cells

treated with different concentrations of APS

2H 51 0Dys5

Groups 0h 24 h
0 pg/mL APS 2.16+0. 34 3.41+£0.35
100 pg/mL APS 2.41+0.27 3.68+0. 42
200 pg/mL APS 2.37+0.25 3.78+0. 35
400 pg/mL APS 2.29+0. 19 3.95+0. 69

F 1.016 1. 366

P 0. 406 0.282

2.6 APS 3t PCOS UP & #ifi B & 20 fg & Sirtl
FoxO1.LC3 EAR M

HIER DM, BRI 40 i Sirtl \FoxO1,LC3
I/1C3 T EHKF-THRE (P<0.05) 5 SR A L
100,200,400 wg/mL APS £ 40 i Ff Sirtl , FoxOl .
LC3 I/LC3 T HEHKFFEMK (P<0.05) . WLEl 3,
%3,

T2 5 AT OD 5 KV HAL (325,n=6)
Table 2 Comparison of OD,, levels in 5 groups

2H 51 ODyso
Groups 0h 24 h
=g
E% 4 2.330. 34 4.06+0. 36
Normal group
HiZ
ol 2.43+0.26 2. 96x0. 30*

Model group
100 pe/mL APS 4

2.39:0.37 .5120.35°
100 pg/mL APS group * 3.51x0.35
200 pg/mL APS 4
2.430.25 .58+0.29°
200 pg/ml. APS group * 3.58+0.29
400 pg/mL APS 4
2. 440, .67£0.35"
400 pg/mL APS group +0.36 4.67+0.35
F 0.122 22.593
P 0.973 0. 000

T SIEH AL, * P<0. 05; SEEBIAMILL, * P<0. 05,
Note. Compared with the normal group, #P<0.05. Compared with the
model group, * P<0.05.

HAIEHR ;B AL ;C. 100 wg/mL APS 41;D:200 wg/mlL APS ZH;E.400 wg/mL APS 41,
B2 541400 rh A F g O
Note. A, Normal group. B, Model group. C, 100 pwg/mL APS group. D, 200 pg/mL APS group. E, 400 pg/mL APS group.

Figure 2  Autophagy in group 5 cells
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WA IER 4B A4 ;C.100 wg/mL APS #4;D:200 wg/mL
APS £H;E:400 pg/mL APS 41,

3 5 A4 Sirtl \FoxO1 LC3 A FRAE I
Note. A, Normal group. B, Model group. C, 100 wg/mL APS
group. D, 200 wg/mL APS group. E, 400 pg/mL APS group.

Figure 3 Expression of Sirtl, FoxO1 and LC3

protein in 5 groups

F3 5 UMM Sirt] Fox01 ,LC3 11 /LC3 T
HAKF R (22s,n=6)
Table 3 Comparison of Sirtl, FoxOl and
LC3M/LC3 I protein levels in cells of groups 5

415

Sirt1 FoxO1 Le3l/ie3 1
Groups
Y
E#4A 0.15+0.03 0.09+0. 01 1. 86+0. 03
Normal group
4]
o 0. 87+0. 08* 0.96+0. 08" 3.86+0. 25"
Model group
100 L APS 4
hg/m L 0.3050.04°  0.5420.04"  2.7620.05"

100 pwg/mL APS group
200 pg/mL APS 4

200 pg/mlL APS group O 135002 0.1320.02* 1.26%0. 15
400 peg/mL APS 41 . .
400 pg/mL APS group 0. 07+0. 04 0.1120.02* 1.3840.05
F 229.229 489. 202 390. 917
P 0. 000 0. 000 0. 000

G IER AL, "P<0. 05; SRMALMILL, © P<0.05,
Note. Compared with the normal group, *P<0.05. Compared with the
model group, * P<0.05.

3 it

AT 2 L2 B9 9 2 2 ) 8 400 B, 5 019 240 i B
FIHEGR S R %], 1 PCOS Fh SR 240 i s /b | S 2k
BICIPT FEAFE R A B A 4 B S0k 41
YERBEFEXT 4, FSHR 75 BN 5 06 40 i - 3Rk | 41 i
1 B8 7 5 B 72 37, W R FSHR PH 4 36 i ke 4
B Al 1, 25 4l > 90% I 13 B BT 43 5 R 40
M RT AT SE5G . ARHFSE H FSHR 25 P78 K BR 01 5L 00
L2 L S 2 BE A Gk B 93, 18% >90% , AT H T
WFFE ., A 20 M X — IR 4 5 i 8 T A 54, T

AT 5 AWML B X, —H% BA 2RI E 5
PR, L1 e O T 1) b 2 25 2 AH B A 0 A [ 5
MaPess . ARG & B, 107 mol/L PRS2 L
fiil .10 pmol/L C2—f £ Wk R AE H K BRLIP 52 B0k 4 it
24 h F4 3 PCOS K ERL B 2507 200 Jf ) ma s Y | 455 74
ZH AN MG FE T R, 40 R A B K A B VA
T3 1 e/ N PR B i, 1 g/ NS ] LT D, 22 g
SR AL R AT — SOk R A 1 R AL A AR &
¥, $5 7 O SR S0k 20 it v R 5 B L AR S ST AR
Ty, APS R TR ETMEENR T2 —, BF
T4 F RN, BRI E ST RES 7 T
IR EEL A0 L 22 I 4 A BB 1 e 22 b EL A R 1 v
TRE , T 2 g Ar X AL 4 £ 10T Bl MLIA
It APS 7E PCOS B 55 JUR: 40 At i B [ ik rp 2 75
RIEEVERIMANBL, ASE AR APS 4b 31 IE 5 B 5
ORI AN, 45 LA OD 22 5% RG24 R
APS X IE ¥ B S50 41 34 GE s R B, (HZ
P53 PCOS ki 40 it A Wit J5 AN [R) 7l & APS Ab 3 4%
AN OD 5 T . A WEBL G A B B, $271 APS
AT LAHR] PCOS B9 5 0k: 20 i 19 Wi B 52, I 1T 2% fi
W BE XL A5

FoxO 4 5 R 02— 28 R A W 7, 305
FoxO A MG 5 W55, A ITT 52 M) 440 M 39 7 9 T2 A2 00
JA 4 R L FoxO H LA FoxO1 , Fox03 J7 12 17
1 ,2007 4E5% ] Northern 2438 S22 PCR A
Kl FoxO1 F77E TO NE Sk ik B Op 81 52
JU W BRAREE AL AFAETTIZ T FoxO1 BERS IS 41
M5 | WS, [\ 75 1K B2 5 A
B O AEAERL AR FoxO1 H65Ri6 57 Sintl %5 [
B SRR IR T 9R Sicel 7 T0ERAS B TR
T Sir2 % EE ARG, 0T LA i B AR R R A
W, BOE AT FoxO1 S2M0 [ g1 78 [ i 7
PRI LC3 43 T BRI AY  Hodh 1.C3 1 7774
M, LC3 I A7 AE T A MR B 17 [ & A
LC3 1% ATG7 1G L5512 & ATG3, J-7E ATG3 1E
M Le3 11, LC3 /003 T 2 e e o™
#£ PCOS BP SRR 4 M [ i LC3 11 /LC3 T L fol T
TR R FoxO1 A LA 84 Le3 1/
LC3 T M [ g™ ARAFF R, 51E % A,
FERIH A Sirtl  FoxO1 LC3 T /LC3 T & A /K F
Fhimr , BE7nAE PCOS KR ON SIS0k 20 i B s v s
Sirt] J45 FoxO1, Wi LC3 T ] LC3 1 4k, fE3E A
W, SRERIZHAR L, 100,200,400 wg/mL APS ZH 4
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APS A] BB 2 - H05H Sirtl/FoxO1 38 B & #5%F PCOS
R SRR S ASUR 2 1 5 ) 2% A, DT 3 AT 2 P 63475

Zi L HriR , APS T REIE i il Sirt1/FoxO1 18 %

FAEANH] PCOS K LI 5L 00 20 i 1 W/ 1, AR SC
T UGEW APS A U8 5% PCOS R L B 55 9k7 40 it [
Wi, AFLSE NN [ I 4 22, R ] R S A 31 114 3 %
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Application of alternative tests of skin corrosion and irritation for
chemical hazard classification

PAN Xuen, LU Zhangshun, YANG Guang, ZHONG An, HUANG Zhipeng, HE Zhirong"
( Guangdong Provincial Public Laboratory of Analysis and Testing Technology, Guangdong Provincial Key Laboratory of
Emergency Test for Dangerous Chemicals, Institute of Analysis, Guangdong Academy of Sciences

(China National Analytical Center Guangzhou) , Guangzhou 510070, China)

[ Abstract] The development of alternative tests for skin corrosion and skin irritation were reviewed, and the
Integrated Approach on Testing and Assessment (IATA) , which was recently adopted by the Globally Harmonized System
of Classification and Labelling of Chemicals (GHS), was introduced. Focusing on the principles, Methods and scope of
various alternative tests, the advantages and limitations of these tests in the application of IATA will be discussed to provide
guidance for the classification of chemicals causing skin corrosion and irritation by effective utilization of the alternative tests
and the data derived from these tests.

[ Keywords] alternative testing; skin corrosion; skin irritation; GHS classification; IATA
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AN )1 G e T ok = R I 1 R e ot 2
e, FA R R L,

1D R NI S LD EmIE 7 B WP NP3 S
AT , Draize %’{‘[2] #HAr T A H AL S Al 1k
Mt B JRHCTE 1 907 %k | 207 k8 AL KR ITAE
A2 B2 TR JE A 0 SRR A R A B ) B
L JERBE A AES R AL (OECD) R I ik
BEN 404 (TGA04) , BA GHS K JHk I et 14 11 4 384
PR 73 AR

BfE NN HK - 1 4 AR A B2 1 &
J& , Sl A R) RS 3 1R B 2 1 AL AR AR
%E@ﬁ]%ﬁtgﬁ, Draize 156 #5532 Ji G€ A1 41, 1959
B Russell FITAE Y127 28 Burch JL[6) & K
T NGB S5 AR JE N Y (The Principles of Humane
Experimental Technique ), & 4t 4 b $2& tH T “3R”
(Replacement, Reduction and Reduction ) FAJHE & F1fE
U] A B 0 i 6 4 O R B A S NG T SORE Y
“3R” B A SR S A EOR B BFFER 7. 1 B
Hetily, BRI RIS R0 M A A 27 i B R
ot/ BT VPR R 23S T BR STy 1w

1 BRABRHNERES

AT 3R, 45 [ ORI PRl 4L AT T
RERTAE . —J7 0, 5858 3R I GIA T 25 3h
PRE G R TE A L LA S 56 3 ) 0 155 8, v [
(CRTEMFLR PR IE TR L) (BB TR
TR A BRI ShPIR$8 4 ) L I8 SRR BUR &
TAEIRI TSR Lm0 18 o5 A4 sy ) D
WYy B S (BHF T ) IR Y ST
T, A 980 BRI 36 2l 4 A a6 AR, 9E 18D
T RARY BTG | HLURBIEFE I H DL SR AOr
N e o VAN I < AW R T SR S S
8 75 90k, AR BT 1) B A AR T i B O
(ECVAM ;5 B4 R B A Sh W) 92 56 BR B Bk & 2 2% 52
5% EURL ECVAM ) 132 [ i8R 07 7 B0k 1530 )
P2z 55 2 (ICCVAM) 2%, B R AISE [ 4=
KB AR & F T ATk RS X
( International ~Cooperation on  Alternative  Test
Methods, ICATM) , SE35 Sh#) B A RE AR HEA T PRk
JERIBBL,

SR S AR B SE A 1 SR
PHREEATF LR T BE . TENCE , A VF 25 2R (8
FHARARTT V5 SR A Pk A X 6 2 A7 2 Bt IR

B SR AR I T 2004 A DK A At f
ri Fl 2009 4E LUK B At i i o3 64T sl A g e
It H 2013 4EREER IR A8 5 A 2 W iR N ge 14y
At i AN BRCER OG5 i i i O
Al VR AT RIBR ] 9 325 ML) (REACH 368 77 25Kk
OECD A 5% X0 A 27 it 14 B Jk 8 b RRE M DEAG 75
FIFRATr AT R AN RS | BR AR 232 ik 2 o
TR ¥ 385 T Y 3 Rl S0 A 07 32 T ¥ 0 521
A2 S AR TR 1 23 2R RURS: P4 L BRRCE (4 BT A
RAYN S FREMAREM) (EU CLP) ™ 5
REACH 5 AHURH 4 AR 18, 78 R 0 Bl 07 B 5
GHS il FE G T2 it 43 FEFIAR 2 (B AE | 120 KA
B TR ok R0 ) 5 M 4 2 DA b T UE A
(weight-of-evidence , WoE ) J5 7%, Iz Jih M| FH >k B
ROt . &5, R OST R I TR E
R S G4 ) 1 HUE “ TEAN W 25 1k B 2055
Ty 5 E A R R R R, Wk e e Uy v
SR WS AT DA B B i 45 R B, i 5L N5 A S
USTIEY U AR A L€ s N RV ke ce > = ES iU Re S
WA T E R, LLas) R EREE B P =% |
S| B IARE ri e AES R vz | R A DRl
AT SR N, 4k H T A 30 S EZH
M X S 7O T S AR IR AR DG AE S

2 SHERRENERIXEHIART

HRA [ GHS /Y73 28 il B2 2 H Aip T 5758 il A £
HAE S PR A7 23 2 T BE Xk B R o A R o 38
MeAb2f AT T EAER A E ORISR 1) Y IR
F OECD Gt— 432 Mpr2E TAE4 (OECD Task Force
on Harmonization of Classification and Labelling, Task
Force on HCL) X {8 5 f& 5 (1) 3 Hhn e

TERCR A Y GHS Hfv BEX0 4k 27 it 1 B2 JER J et
LB RRANFL A 72 SO 73 2655 F OECD TG 404 HY
WA, 15355 T 4% EBUG MBI TAEE %51,
ORI PRI T 5 AR UE Al OECD I
e W, HF AR TG 404 Wi X%, H T4
OECD A AT iy =2 AR50 7 0 i 1 B9 AR 2H 2L i 2
B Yk 2 AN A 2R 3 A ) B TR S AR AR
(W2 2) , CREFEA R IR G [H GHS Ay /3 FITAl
i 5, FE 2019 AR ITHY S\ GHS i, X LA
W7 EAT B T i — 2L R IA TR 2 o 26 AR
W, T BB ok (2R 590 1) (B IR (2651 2) /Y
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R A GHS 432l 5T B BRJE bt/ et i) g A2k

Table 1 Categories and definition of skin corrosion/irritation of UN GHS

251 Category FE SUFIH IR Definition and description

i 11 1)
( ;éﬂj;]riﬁ . i 2 O T340, — i sl 40 22 2 40P S5 42 A B AT
Cat il i) Refers to the production of irreversible damage to the skin; namely, visible necrosis
ategory

o . through the epidermis and into the dermis occurring after exposure to a substance or mixture
( Skin corrosion )

o 2/ %5 3
( B IR 42 BE )
Category 2/ Category 3

e fih— D40y S0 TR 5 0 S 25 I R B PR A T 3 44 A9 1) 1
Refers to the production of reversible damage to the skin occurring after exposure

S e to a substance or mixture
(Skin irritation/mild irritation)

T 1) < A T R M B AR T 2RI, 2000 1 i BT — PRI 1A (1B B 1C =A> 12802 —2) 200 3 Ay Bl —Fh b Sl %
P BTG, Gl T XA 25 347432

Note. 1), Category 1 may be further divided into up to three sub-categories (1A, 1B and 1C) which can be used by those authorities requiring more than

one designation for corrosivity. 2) , Category 3 is available for those authorities that want to have more than one skin irritation category (e.g. for classifying

pesticides) .
R 2 OECD 3T SR it AR A B A a6y 5 B S5 A AT i o0
Table 2 Validation and acceptance of OECD on the alternative testing methods of skin corrosion and irritation
REHIAAZE T Jrik BrEFIIA AT i B

Toxicological endpoint Methods

Validation and acceptance

F Ik Jg ok TRHN Bz R B 1 28 Bz L BH ( TER ) 30507

Skin corrosion Transcutaneous electrical resistance test method (TER)
Bz R 1k N AT (RhE ) 5 7 12

Skin corrosion Reconstructed human epidermis ( RhE) test method
F IR ek HE 5t Bt T 1

Skin corrosion Membrane barrier test method for skin corrosion
B2 R84 R ER B BRIy s

Skin irritation

Reconstructed human epidermis test method

TG430:2004 4F F UCIATT , 2015 4F 5 B8
TG430: Originally adopted in 2004, last revised in 2015
TGA431:2004 4F I AT, 2019 4F fc il B8
TG431 ; Originally adopted in 2004, last revised in 2019
TG435:2006 4F H YA T, 2015 45 d5 I B8
TGA435 ; Originally adopted in 2006, last revised in 2015
TG439:2010 4 UCATT , 2020 4F f5 35 5B
TG439 ; Originally adopted in 2010, last revised in 2020

3 HBERBEMHMRIHALRIITSEE A%

£ GHS 55 /\ETT IR, B T XA SMA LS 77k i
HE— 2N AT AR IR 5T T B 1 40 SR P4 5 s ——
B2 R FE T RTRIEL TATA . %K #E U5 T OECD 48R3 GD
203, Hoa s A H A T 38 R B O vk R R BT
W 3R JEINNFIOR B 43 2 PPAG A M 9 R IR
fRIE K OECD TG404 #b 78 3C 44 H B I 3 A1 1 Ay
FEWE

J I G ek 0 3 TATA 4N 3 AN EB 4
(1) B A 85 B BRI R SE 56 05 9 (2) IF
P PEAL 5 (3) #hFE SR . AR B F A5 Bk
U8 K DyRg 2 AL FEms 15 B IR 40 8 ARk
X BB T 4350 B T 5 W R — AN s A A
(W3 3)1 ) OECD GD203 #5 M, iZ P-4k o m& 19
H A& 0 DR B 22 2 a2 TR 0] R ek 2D X 5
5 S A, 3 R A 2 REAG A e R, N A
RFERE I LA 1 B0 A B 2 HEUE 8 A DAl
HUA 78 TG V5 3R 49 o 0 45 5 i B R 3k 06 ik A7

*

N\

e

o]

4 BRIXEAERKBKE Rk E IATA FH9NH

A7 B R JE b FURI 3 TATA v g 1 3=
FARBAEPIANTT I 5T, 1D TATA 55— &7 BA
B ORI b R0 R A 4 B A R S, R T SR
FIBERL IS 2 AR Kt nT 2k 57 0 T Wok P4l
a4 N B AN s B e A a2 AR R 1 45
BHTERE Wok WAl . HUC, BEBRJE A2 £Q
TR LI 12 70 S PP A R I 58 = 0 b TE S B Y
B R S) , WFFE N 5L RT X WoE PPAG JCIE SRR i ik
SER B i AT B R BCA Rk A R
W, F AR SN J5 ¥ (e ZE N 255 Sh ik a6 ) JEAT
REAM AL

e R P ok S A 6 T ik 2 e 25T, AT
B FIA AT A7 AT — 2 B SR BRI, =4
ATYERBAT AT A] — Fobt B — A PR S 6 Ty 0 PT DABE 2
SFROI A FE B AR T 1 A I TS Y
FEL AN R B | 6 B N 53 08 5 45 1 ) 5 A AR
B RAERAT BB T AR TATA Sl 58 W 69
KHE
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R3SARIE R PERIRRSE IATA LR

Table 3 Composition of the IATA for skin corrosion and irritation

LR 55 PR Bl
Part Module Data
BUA 1 N2 B R Tl 30038 Existing human data
1 a) AEFRHEAL A NS R385z Ik 52 3 85048 Non-standardised human data on local skin effects
b) ARBENLES Human patch test (HPT)
5 OECD TA T 4 52 ok ol S84 1) 2 i 0 254
In vivo skin irritation and corrosion data adopted by the OECD
5514 (I A, 3 OECD A AT (1) 52 JP J ot g A SN B8 88 I vitro skin corrosion data adopted by the OECD
AR ARSI T ) 4 OECD AT () 5z kil 34 A AR SMR I B In vitro skin irritation data adopted by the OECD

Part 1 (Existing information,

physico-chemical properties

HoAth (A N /AR SN Other in vivo and in vitro data
a) AL OECD TA AT 11 B2 IR JE i/ il e A SN 35 25 In witro skin corrosion or irritation data from test

and non-testing methods) 3 methods not adopted by the OECD
b) HoAt Y 28 Bz B (sl 5e/ R SMAS: ) Other in vivo and in vitro dermal toxicity data
6 A R A B Y BEAC LSBT, a0 pH R/ BRI A ) (R P RE T ) 45
Physico-chemical properties ( existing, measured or estimated) e.g., pH, acid/alkaline reserve
X FHI : E ARG FR (QSAR) (B8 XS M A4 R0 A 28 5 3o T A 900 « A9k D ) R o A s
7 For substances: ( Q) SAR, read-across, grouping and prediction systems; For mixtures; bridging
principles and theory of additivity
0 A (3 N .
%2 I ( IE%EW\EHWFY) 8 B Bt AT 2R (RIESEALEE ( WoE ) 74l Phases and elements of WoE approaches
Part 2( WoE analysis)
(5b) HAth i 28 Bz B s 03 58/ AR AN 56 (A Hofl 1k BLZE5R ) Other in wivo and/or in vitro dermal
)

toxicity testing (if required by other regulations)

(3) OECD AT (1) 5z JJ J i i A SN In witroskin corrosion testing adopted by the OECD

5 3 Wy (RhFESEE) (4)
Part 3 (Additional testing) (50)

OECD AT ) Bz Bkl 34 AR SMRIS: In vitro skin irritation testing adopted by the OECD
ARg: OECD AT ) K JHR B8 b/ 0 e Ak S M

In vitro skin irritation testing in test method not adopted by the OECD

OECD AT F B2 J 6 1/ 05 ) 8l 400 80

In vivo skin irritation and corrosion testing adopted by the OECD

(2)

5 OECD AR KBRS M/ RSB IR T ER
HiZAM
5.1 ZFAERERET X

TG430'"™ & S B kB i 2 Bz B
( transcutaneous electrical resistance , TER ) i 4 /7 &
FIFH T B A K B3R B 20 ZURE Ak 27 i 19 Bz iR S ot
PEFEATIPAG . 323 BRI E 22 SR AL BB Y 28 ~ 30 d
BRI R, SEg g R, 2 BB 22 2 AE TN R
gih R R G R NN )Z . iR
BAES AR BRI 2R BT, PR A 24 h 80 E 2
TR TR R 1% 228 e v B, 0 7 7 5T )2 ) ke 2 R R B
IR J5 B ) BE 114 56 2 i 8 o PR 1) 52 X ) 1Y) T ol
FR R K i A2 5 i K B TER K5, BBl T 5
kQ Ay B TR JE8 b P 1) K0 2 I, SE R, TR IR X R
JER 2 15 EL A B | X6 355 AR 50 4 i Tk I g e e 1
57, H TER {E#RA AR T A€ BE . %07 ka1
T Y a5, i — 2% TER WK P (45 TER
230 5 kQ A5 L) (5 T W W8 1 1 B ik iR AT
Bk,

5 HAh 2 1% 3] OECD A AT 1y & 4G 59 A L,
TGA30 FIJ FH A B A e BRAR A4 55 T 4 1t S 2 5 b )
BB AR o0 J2 TN 36 B2 A0 2, LA B K g i VT R A6
PP MR A E , BA S B R 454, v]
ST AL AR UL 27 it TR A N K AR 1Y 8 B 18 3 R
W, HZ, 1207 RReR o BRI ik (2651 1)
JE P PR AR it 3 P 7 O A 2 o JER ol i A 114
A JEAREE— 25 R 43 B BRI bt 300, WA BE
UM TP (R it 75 EA R
5.2 BEREALXREERE T

H A E 40 Tk % ) A4 oh N 8 R e s A
(reconstructed human epidermis test method , RhE ) fi*]
B0k T e A0 R M KR O B TG431T A
TG439" " | JFL S5 2 (18 152 J68 ok ofl 38 o Ak 2 9 I i
U R MU E HIE & 55 M R X R R
AP A FEEAE . IR R A A TR 7 4
RIGRNZ)ZE ) =R R Ay T
FER)E AR BORLE A B R B AR 5 R
FeIRARMARE54S 1 T TG431 1 TG439 [ RhE #
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RIGA T B AE , PR IG5 26 T L A0 3 2 A Sy D0
LN AL S R AT A T AR

TG431 FI Tk i 1 Bz R JE pobPk i P4k 7 1
N2 R R E I AE = 4E RhE A8 | 7R e 1R
FHI AL, R 3-(4,5- 1 Jk-2-g6mg ) -2 5- 2K 4k
TRAL DU M BE I 5 (MTT ) 348 Ji 250 £ 52 3 RhE 4
R ARG PE SR 5 38 3 5 B Y LAk R0 R 43
KZ RPNk

TG439 FHF 1Akt 2 i (%) B2 5k i | %07
HE— R T RhE B R85, 760 R AN
FETE 5 Z Y VE G S B R RhE 41200 240 g 7%
P 7R85 shie B RhE 20 2078 7 1 35 e b A 7
SRS B[] (9 355 % 2 )5 AT 64T 200 M 3 1 ) o
CRERE AT UG RhE 2 20 A 55 1) 4 B B A F oh
PRI, AT 08 1 Bsf ] R BH A 1) 20 B B PEAE

HHAL T K15 OECD A 0l (1 AR 05 i A L,
TG431 1 TG439 AR ZLH, & 56, RhE BALE
P N 10 2 B2 o T 20 % 35 I A, 5 A0 5
KRR AFAE Y Tl 25 57 . HOR RhE ZHZU0] L)
Wt B FE WK A B N M, TG439 2 H i Ml — %2
OECD A AT (1 T4k K R R (2650 2) w4007
Pio e, RhE 0560 77 15 A 1R 2 mT 3 FH A9 i ol Ak s
A1 TGA31 1 TG439 43 5 F 2019 4 F1 2020 4F i 47
T HEHTIETT, H ET B RRA 1 3250 o I rp 245 2]
B UE RO AT B R AR B R 2 4 5138 2= 5 N1 6 A
( TG431: EpiSkinTM . EpiDermTM SCT. SkinEthic™
RHE .epiCS ® LabCyte EPI-MODEL24 SCT;TG439 .
EpiSkin™ ( SM ). EpiDerm™ SIT ( EPI-200 ) .
SkinEthic™ RHE. LabCyte EPI-MODEL24 SIT,
epiCS ®  Skin+® ),

T B B A e f 2 S S A e o B b
A Eie S MTT AEH P A AR S5 1 306 s g, T4 4
JL3E 0 D 5 R AR GE A 1 B AR R R
(NSCliving ) FIHREESEME MTT 5207 ( NSMTT) % B8 20
AT XE 3 46 = e #E AT HE B, H 2 B X BT P X B
NSCliving = 50% F1/ 8% NSMTT = 50% F 2% F v -+ 3
VEI AN, TGA31 F1 TGA39 A 4325 RE HAAETE &
JRIBRPE, TG431 W] FH T 1R 1 Ak 2 i B2 JOR g o (26
W1 TN 1A F1B/1C) FEESE bk, (B G ik
— A2 1B Al 1C; TG439 1] DL IX 43 7 Jik J6S
Tl SRR (S0 1/2) 0 B Tk B8 )3/ Al SR8k (2531
/AR ABABESE—2E X200 1 2 2 #4758
B, BTG4 HE 3 ISR 2 5k BB 76 1) X

L5 5 ¥ B I A T R
5.3 FERRERWAE

£ OECD DA AT PR X Bz JR JE8 b A AR A 11 224
WIS, TG435 " 1% 5 % ( membrane barrier ) 2t
B )5 e ME — — 58 A e T N3 A R AR W e TR A
4 (artificial non-viable skin model) %) 57, LI
R M NE W& AWML RS
(chemical detection system, CDS) ZH bl , Jit B2 5L F
N3 1 53 1 A2 W T 1 R B R B R ARl R T AR
FHBLHI B, 28 Jm 3 T o FAE iR
i, 23 0 B VR AT ] @ 2k CDS (40 pH 45 75 7
PR TSR F8 75 790 R VR HG Al e il A 45 ) G g S
T AW BB D B SR 5 52 B R , 2 i) e 5 o
BT A, DLt 32 i JE il A 7R
ST

FHT, TGA35 YR AT Corrositex ® —
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Research progress of HIV broadly neutralizing antibodies

LI Zhe, WANG Wei "
( Comparative Medicine Center, Peking Union Medical College (PUMC). Institute of Medical Laboratory Animal Science,
Chinese Academy of Medical Sciences (CAMS). Beijing Key Laboratory for Animal Models of Emerging and Reemerging
Infectious. NHC Key Laboratory of Human Disease Comparative Medicine, Beijing 100021, China)

[ Abstract ] The HIV virus is widespread worldwide, leading to the serious and infectious acquired
immunodeficiency syndrome ( AIDS), and serious impacts on human life, health and social development. Although highly
active antiretroviral therapy can inhibit HIV virus replication, it is not able to eliminate virus from the body. Preventive
vaccines are an important tool against HIV, but because the virus has genetic diversity and strong variability, such vaccines
must be able to induce broadly neutralizing antibodies ( bNAbs) that broadly and effectively neutralize HIV strains.
Research targeting the induction and generation of bNAbs for the prevention of HIV has many challenges, and it is
necessary to further strengthen the scientific and technological efforts in related research directions. This review summarizes
the latest progress in HIV bNAbs, including biological characteristics, production mechanisms, induction strategies and
other aspects, with the goal to provide basic information and possible directions for subsequent research.

[ Keywords ] HIV - 1; Broadly neutralizing antibodies; Biological characteristics; Production mechanism;
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37 (CD4-binding site, CD4bs), 7E HIV-1 J&Yerf |
CD4bs TEFFHIFIZE R 230 BAFi 5 b, 2145
S B £ B bNAbs'®'. CD4bs #i 1K £ 4%
VRCO1 ,VRCO7 N6 .3BNC117 \N49P 7] rf1 1 90% L)
R HIV-1 8RR HAR 28 0k O 6 X bk
FEAEUME W2 T AR Fh i 245 P A RE AR A B AR B I
RBCR
1.2.4 %%} MPER f) bNAbs

2012 4F, Huang %" 2385t MPER 557 HEHi A
10E8, 5] MPER [X C ¥ 12 € 25 ¥4, o 1 58 B2 A
98% ,1C4, 16 N 0.352 mg/mL, A #F 57 iF B 4t %f
MPER ()6 I J B4 HE B 4] 7= 4 4£10 ,10E8
BEFUIR S R AR A 5 A 28 1 12 b S g —
JER /IR
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1.2.5 %X} gp120/gp4l 22 FLIX Y bNAbs

EEXT gp120/gpdl 28 FIX 1) 35022 J& Huang
LU NTF 2014 AEAY B AR, HRORISE BE O 62% ,1C,
{E°4 0. 033 mg/mL, J2124 N IEEFXF gp120/gpal 28
R AT bNAbs,,
1.2.6  FFXTFLE BKAY bNAbs

gpdl T HE N 54 15 ~20 A FKER B, Rl fl
AR, J& bNAbs 4% 5 VIR0 A 2, Bl A K 1) L
A AR ST P AR S Y VRC34. 01, PGTI51
ACS202 A] LA [R] 09 £ BE 255 Rl K, DT AE RS IR
LR G b R AR, ACS202 Y CDRH3 5l &
JRIE 0« B 55 A0 B AR, TR gp120 N88 fii i
SPAY N-E 3 R0, PR S R 45% '
1.2.7  £FXF gp120 B9 ULER” T %) bNAbs

“UTBRIT A2 BBH A ()52 ), P AR FE X e 14
PN FF A BURM: . VRC-PGO5 2124 My 1l ME—
M EIR N B 05 gpl20 454 ByPTiA, Hhofn v
27%,1C,, {5} 0.8 pg/mL, It 5hH VRC-PGOS 45
ep120 A MEEA R Bt 3k SR ZS M T & U8RI
FUC R T N262 N295 Fil N448 v BOEZH i |
1.3 bNAbs B9 Fi5 =

bNAbs HAVF 2 L [R] (4 4> FH#1E, B 56, bNAbs
FEARAG PR T, T B R A 2 UK AR A R A 28 AR
(somatic hypermutation, SHM) ; F¥X , bNAbs i % 4
KK CDR3Hs ' 14 ¥ K ) CDR3Hs i B
N5 255 Env E FREBERE RO RE 1A 56
J& ,HIV bNAbs 8% HA 2 it/ B 8 it 2
FAEPUR—AE5A 07 2 BB 5 HIV-gp140 = 3£ A
TIGE4A  WANRAEAE oA 45 B 57 5, 5 95 75 35 T80 At
BRI 456 . RBHEZE & AN R FP 28 AL i, B
RZ RNV, 2 O B E I S R G AR 2 A Bk
AV PG I X 2 0 S AR R A 0

{H bNAbs A5 % A M HES . EXF VI/V2 XY
bNAbs 4 24 ~32 NEILFR YL ALY CDR3Hs ! | iX 5
s VI/V2 KRR A 6 XKtk v, &
A 11% ~ 18% , V. /V, A KK 9% ~
16%"° , &F%F V3 X1 bNAbs A 18~24 MKW
B A CDRH3, V, RS H 15% ~23%,
Vo /V, RN 9% ~24% , 575508 5 35 S i 1)
FRASMER' . CD4bs PR F B H & 25 0 7 Bk,
Vo BV, SR SRR RS 5K 329% 1 20% ), &
%} MPER [Xf#] bNAbs A 17 ~22 S 5l 4 i iy vh
G CDRH3s, B i BER SR A ), v, 2728 0

RN 13% ~21% ,V /N, RAEFIRH 6% ~14% "7,
BEXT gp120/ gpdl 58 FRIX IHLIARTD R IE Jy IGHV-1
~18 % 02-F1 IGLV-2-14 % 02,V,, NV, S75851% 43 5
H 35% . 24%, 35022 EL A 14 2 KR K R Y
CDRH3"™' | X RYUAN)IE ST S Env 250U
B BBl A IR ACS202 B 22 AR AL
£ JF ) CDRH3, X4 VRC34.01 5 ACS202 Al
PGT151 A AR 1gH) Tl R HE J6 + 02, A H 13 4>
FILTR 4 R A A X &8 48 () CDRH3™! . VRC-PGOS
TR EER R LN N IGHV3 -7 = 01 F IGKV4 -1
s Q1 , FLAR 20 it 8 28 28 (0 45 R 53 0 9% 6%,
SFI12 BV, V. RS 50K 17% ~25% 15% ~
219%™ HAEE AR IS AP E B L 1,

2 bNAbs F=&#HL#

RASEDHESE ST 6] bNAbs HE4L B HLE], 7T X5
HIV SER B TF AR JA 78, 18 H ARG 0 1]
bNAbs A A [ Y #EAL AL
2.1 REHUEIHYLH

HIV-1 SRR Z R ™ A4, EHOESE 2T
bNAbs HEALAYEZNZ . 41, bNAbs VRC26, £ %F
T VI/V2 X N160 Hili 3 3% A7 1 Ff Anp A, AT 5 4 2R
VRC26 HUAH) 1 22 2 A7 A N160 SR BERY S 5 7
('superinfecting virus, SI) s , T/F % 7%
( transmitted-Founder virus, T/F) K JC N160 R B i
TF PR RIBE ST, s SUREEM T/F k7
AL env ZHAEVEN =, RIBOZ S PUIAR AR 22 & 1E
(D S N S A SV - L R 17 R
2.2 ERDEBALHLE

T/F Env 5 B 4} A& 28 48 [/ i & ( unmutated
common ancestor, UCA) 25 &% 5 A K A HT ik,
SRR FNAE HTS2 0 i 75 748 S R A e e ik ik, Py
[F) i F2 e FEXT bNAbs 115 78 5 A SO 1 76 3 5 8 44
M A bNAbs B4 i Al 7 1 25 A1y g4 4y
R PR 38 3k S BT 2 B R P ) RS
FIHARE Env = R K G5 bNAbs Ho ] {4 i 1 14
AN A AT e AL T g T AU
2.3 Htt¥mERAER

W E R PR BILA b, 3 A Ho A R 2R 520 bNAbs
BEE, 5 R R (R E  HLA R 51 AR I 1%
) HURR R R O s 80 BT ER BRI ] eny
ZREIE) |, S IR (SR N BUARSON DI RE S se Bk
WA ) A5 R AR T RE 2R bNAbs 7=k
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Table 1

Information of second-generation bNAbs

kR
GIEARES
Broadly

neutralizing

PR
Recognition
epitope

antibodies

Gy
Isolation
method

I
(%)
Neutralization
breadth

WS
AL
Number of
viruses
tested

Vi 5%
(nt%)

Vy mutation

CDRH3
KB (aa)
CDRH3
length

Ay 1]
Isolation

time

2753k

References

PGDM1400

PGY

V1 /V2 A5 IX
V1/V2-variable

loops

PGT145

PG16

VRC26. 25

PGT128

PGT121

V3 X

10-1074 V3-glycan

BGI18

N49-P7

N6

VRC07-523
Ch4 854
(A=
CD4 binding

site

VRCO1

3BNC117

NIH45-46

DHSIL LIP  jssmsssp
X ( MPER)

Membrane proximal

external region

10E8

L B T R |
B cell sorting/High-throughput
screening of neutralization
B 20085 35/ i 3 ek o R 2o
B cell culture/High-throughput

screening of neutralization

B 453 ik AL 5

B cell sorting/Neutralization assays

B 40 3% 5%/ i kPR
B cell culture/High-throughput
screening of neutralization
B 43R Jhk/ rh A S
B cell culture ,sorting/

Neutralization assays

B 453 ik AL g

B cell sorting/Neutralization assays

B 4143k / h AN S G

B cell sorting/Neutralization assays

B 2 o3t/ i A SE G
B cell sorting/
Neutralization assays
B 40 ffd 3155/ A S
B cell sorting/
Neutralization assays
B 4 Sk IS B
B cell sorting/
Neutralization assays
B 41538/ ORISR 5
B cell sorting/
Neutralization assay
S I/ E RO AL/ RIS
Gene synthesis/Site-directed
mutagenesis/Neutralization assay
B A4 A1
B cell sorting/
Neutralization assays
B 40143155/ A S
B cell sorting/
Neutralization assays
B 4 Sk Hh IS B
B cell sorting/

Neutralization assays

B 453 i/ rh AN SE
B cell sorting/
Neutralization assays
B #E sk rh AN SL
B cell sorting/
Neutralization assays

83

79

73

63

67

62

100

98

96

90

88

86

100

98

106 24.3

162 13

162 18

162 12

200 12

162 19

162 17

178 26.7

119 21.2

117 24.1

181 31

179 23.5

208 32

120 29.7

120 32.8

210 10.6

180 21

34

28

31

28

36

19

24

24

21

21

15

18

18

23

22

2014

2009

2011

2009

2015

2011

2011

2012

2017

2018

2016

2014

2010

2011

2011

2017

2012

[12]

[8]

[10]

[27]

[14]

[35]

[16]

[19]

[17]

[36]

[36]

[37]

[21]
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23!
R pREw
A \ N . 1% e i CDRH3 .
ELE UL ST TRIE e vesm SERE
. . (%) K (aa) . 2 =B UN
Broadly Recognition Isolation .~ . Number of (nt%) Isolation .
o K Neutralization R . CDRH3 References
neutralizing epitope method viruses  Vy mutation time
o breadth length
antibodies tested ’
B 4 St/ Hh IS B
8ANCIOS  45120-gpd1 B cell sorting/ 68 120 28 22 2011 [36]
AE B ek Neutralization assays
gp120-gp41 B 4433/ th RIS
35022 interface B cell sorting/ 62 181 35 16 2014 (23]
Neutralization assays
Bk B/ g
PGT151 Antibodies isolation/ 66 117 20 28 2014 [38]
Neutralization assays
RN B 2053k i A SE G
VRC34. 01 Fusion B cell sorting/ 49 208 15 13 2016 [24]
peptide Neutralization assays
B 4fi i 53-8/ AN S5
ACS202 B cell sorting/ 45 75 16. 1 22 2016 [39]
Neutralization assays
B 4 5k h IS B
SF12 apl120 B cell sorting/ 62 119 17 23 2019 [34]
MIEN] Neutralization assays
Silent face B 44318/ TR NSy
VRC-PGO5 of gp120 B cell sorting/ 27 208 9 17 2018 [26]

Neutralization assays

3 EF bNAbs 9 HIV F&EiZiTEE

REMRTROAMIEIT KRB
i F 50 43 5 ML K (antibodies that neutralize
only a narrow range of viruses, nNAbs) 1 bNAbs #q]
P BE AL JENE 25 11 Env AH [F] X 38, nNAbs {3 2% #5 7]
REBHAR PR S BA T 3% b AW 5 B 40 M 1 45
A1 AT BNAD 19155, IR ShPTIR ] Env
PRAFR ALY — Fh 7 15 & FHLAT nNAbs SR HY 22 85
73— TR R UR I B S R TE Env R5F R AL, 1
U CD4bs, 5 AL 88 J5 5 38 A0 45 e #E 25 BR
b T R T PR SRS B AP IR KR R
B NI SR I gE
3.2 FRERRITRE

T vk HIV-1 8 ZAEPERY ]8T, ] BE T 2
AR Env Bt 5k 51 S A8 5 51 5 R R
FkRE, 3T HIV A B C 362 P58
SOSIP = 2R {7355l LAl | 2H 5 X9 B2 T 7 3k LA B A
WIFERA TR B B REWH, AW Env =R
PRARY Py 5 5 1Y 1 0T, b AR BT A s A 3 A
k. FElk HIV-1 Z2 R0 55 —Fh 5 gk J2 i ] B2 ik
PUR™ @ X Eny = RIKZ A S RS

3.1

B I, 51 K MU G 28 S, LA e HIV % 35 i 15
ZAEPERY [T
3.3 tR{FERBEMIZITREE

HIV-1 T/F J%§#5 HIV-1 bNAb 3L A5
W, TR TE B ) R A TN B env ZHE PRI
Jntt AR AECEE HIV-1 e 2 A b Kk £
O B B TR AR Th AP SXIEB A2 B
N 2 P LA TS IR HIV -1 96 75 W it 22 B B4 1) AL
T IFT RGP A R PR BE LA IR (DNAD
(7= ML, 4R35 S 742 bNAbs A9 6 i, 7] fiE
HEHIV LR A e, i o BESS B 20 3% &
PER BT SR . B AR S0 B 4l i 7 3% B A OB
bNAbs Fl bNAbs FifA41 25 , R4 bNAbs F1 bNAbs i
& 51 #E Wr bNAbs 1 [B] A& ¥ 31 ( intermediate
antibodies, IA) . UCA J¥ %1, & i1 1A UCA %
REJ
3.4 ¥0[5 bNAb B fABERTIR BT 5K R
HIV-1 Env F13EF Env B0 GE 5 A4
Y5 bNAbs BHEWTFP 22 AT AAH BLAE T, 3X AT REJ2: Env
FIFET Env BT G 8 5 T0 1L A 205 5 bNAbs Ji
PRIST < Th 2R ) SR W 5 A G 3 08 R 28 B Wi 1
B 4L, SR 5 — 2 51 T bNAD B BT
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Research progress of signaling pathways related to
stress-induced gastric ulcers

LIU Tong', LI Li', WANG Haili', LIU Jiayi', CHEN Lili', SHAO Yang', WANG Zhaohui'**
(1. Academy of Acupuncture-Moxibustion and Tuina, Changchun University of Chinese Medicine, Changchun 130117, China.
2. Bao’ an Authentic TCM Therapy Hospital, Shenzhen 518101)

[ Abstract] Stress-induced gastric ulcers( SGU) is a disease in which the body suffers from stress, Resultsing in
cell metabolism disorders and damage, and eventually causing acute erosion and ulcers of the gastric mucosa. The
pathogenesis of SGU is still unclear. Understanding the signaling pathways related to SGU is of great significance for further
research into the pathogenesis of SGU and the search for potential therapeutic targets. This article reviews the research
progress of SGU-related signal pathways, and shows that SGU and the JAK/STAT, Nrf2/HO-1, NF-kB, ERK1/2,
Hedgehog, TLR, and PI3K/Akt signaling pathways are closely related. The goal of this review is to provide a certain
scientific basis for the study of the pathogenesis of SGU and potential new treatment method .

[ Keywords] stress-induced gastric ulcers; signaling pathway; TCM therapy; research progress
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Xttt —25 BB SGU i) &ML | & BT BLIA IT 24
Y B EASIRTT FRAAEEE X, A
5 SGU M 115 518 AT o vk R AT 48k

1 JAK/STAT 5@

1.1 JAK/STAT {5 5@ BBHL R

5 5 i S U SR TS R T (signal transducers
and activators of transcription, STAT ) #¥ % 2 /2 4 it
(janus kinase , JAK) B2 1k . — Ak, I8 o 2% B 5%
12 BN, A O3 A 2R Gk 1 M5 5 3 R
AR NN JAK/STAT 55 %Y . JAK/STAT 5%
30 % o i R AH DG AZ 4R JAK J¢ STAT, 3% 3 4~
TR HP JAK B T DA R R
AL JAKT JAK2 JAK3 1 TYK2, £ #3260
FRAS TR A 40 i I 7 S R A KB F (5 5 %
S STAT Wy -EAN BB 4, B STATI  STAT2
STAT3 ,STAT4 STAT5A ,STAT5B Fl STAT6, FE7F
i vy B2 S R R N Rl - L A E A
M7 ZAE S S Z R LR D BEA 5C , Z P 41 i
AR K ]l i (R Sl L5 S, S
e R N La st 7/ S o I Dk ot R s o VA
T SRUREE A A I A
1.2 JAK/STAT 5Si@ES SGU

Kot B N RIR SB35 6 B, JAK/STAT 15 %
SR A5 P IE LA B G i 2R GE 9 ks AL il 1 iR
A Jeh R Ak A R R b 1 B &R R
BRERZ—, PRV S B 8 & g, 5
Eﬁ%‘f-Z( interleukin-2,11-2) .~y T E (interferon-
v, IFN-y) 45 & T {dt i AR, TL-2 1 TFN-y
PP A PE DR 1] LSk R Al B 8 T 40 1( T
helper 1 cell, Th1) """, IE# LR AR Thi 40
FAH AN T 402 2( T helper 2 cell, Th2) 4t FHIXFF
FrARIRAS  Th 20 %) 2o B R il 25 1 — 25 AR
YoRE N A, B E W5 e E N, JAK2/
STAT4 254 Thl 454k, JAK1 , JAK3/STAT6
Z 545 Th2 4531k, 1T JAK/STAT 38 7] /i
5 Thl/Th2 ‘45",

BWFFE R B, A R B B N R, 7R
S EAWIEIT R, g e 16-2 & IFN-y &
HIRAL, AP Y JAK2/STAT4 2354 i/t |
VLA IZ 245 ] ARl A2 1 T JAK/STAT {55 3 i, B
R AE T A & 2, WY Thl/Th2 SE7, BELWT R 4
PEE 7 RAE 0 & &, T WL JAK/STAT {55 5 3 #% 7F

P AL S e D RE v K 45 B AT, B R R AT LA
LT JAK BELW ARG Y7 R B 5t

2 Nrf2/HO-1 5 S@ %

2.1 Nrf2/HO-1 {5 S &R

s R 7 NF-E2 #H2¢ R T ( NF-E2-related factor
2, Nef2) MR BT A A RO Y SRR 3 4 [R5, 720 i 4
PRI RS (4 4T R AR R i 21 R R
fif 1( heme oxygenase 1,HO-1) J&—Fi Z ) N YR PE
AR, s i T I A S 2 8B B A A
AR PR E T, SERE Y Nif2/HO-1 {5 538
e AR RN W AR SN A L R TR U i
FEZGE B ROE G U, AT LIS B AR Z R0 72 H
H 5 | LR SR AR S B B 1ok By 1k B Jo AR 1 5
(3 BE AL, O A B A Bt 8 B A AL BT T
TEHT
2.2 Nrf2/HO-1{5Si#5 SGU

Nrf2 Bz HCHE LR HO-1 A R Hi Ak B 4 it %
0 R O B Bt 1 e R T A
HERHAL, HATOT TSR, R DA 1 R, 6 1
A (reactive oxygen species, ROS) | R K F %5 £ Ff
PR 2 AT ML = A 5 i, SORLARAR 25 ) & A 4 b A
FEAL N TTT e 42 240 JHE0 ) 3 525 1% . 17 Nef2/HO- 1
S RV T AR AT SR AR Y S A I R B s
T RIEN , NI oz

WFIE IR, H 7K 35 TR i i JO I P 18 W5t 97 1
NS A WIRPERR L SR 250 )5, Homn %
N R PR F, A9 E-1a (interleukin-1a, 1L-
la) . 141 &-4 (interleukin-4, TL-4) | 1 4+ £-10
(interleukin-10, IL-10) . 4" Z-12 (interleukin-12,
IL-12) B IRAE N T —o ( tumor necrosis factor-o ) &
IFN-y &3 3% TR, B Nif2 195 HO-1 [
A E R AR RAZ 2 R RS T A
JR B Nef2/HO-1 {55 18 %, AR 1 RS = 0 2 5
HRAEFNE R L R 7 89 R58 | BH 1R I el A Ak
N BE 4 TR IR T I O 57 25 ) B i 4
BEBTRYFE A

3 NF-«B 55@%

3.1 NF-«B {5S@HHEER

AR kB (nuclear factor kappa-B, NF-kB) B
o 7 B B S DR 1, L T B AU 8 NF-kB1
p50 ., NF-kB2 p52, RELA ( X #% p65) . RELB Fl c-
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REL1'"' . NF-kB {55 i & A4 817 2 5 R A% Fl b
2E ST 1) 45 o 40 R 7 400 L TR) - 2 A FROARY o PR
ML E, WHALJE 19 NF-xB ELA B & 108 E 1
JP5 915 B 4 e e sk 1 o« BREESS &, R T
Ui Rk TV AEAE 0 R RE ) R AR
3.2 NF-xB {E5i#EE SGU

2581 NF-kB i # 3E ZAF X TNF-a F1 A £ -
1 (interleukin-1,TL-1) T % S, 33 79 Ffr 4L 760 %) 2 4% 400
UL ER] - 18 P AR S PR s , T 5t 0 | A T W i
hEAAEREEANY HATE A 2 05T 45 S
BRI R AR 28 K 1 R ) B A NF-xB
Rl e R

AEHRAEY] K RSB, e H A5 BE NF-«B
TR 4> F TNF-a IL-1. 15 F B — 48 {b A& 4 T
(inducible NOS,iNOS) mRNA {25 /K -, X 5
B FIKBEE NF-«B 0I5 1L, H 3k 20 W T
e, HL 3 26 L PR % 5 S R 2l B TR) I T NF-xB i
£ AHH NF-kB 15 538 I 7F 5 I A voas 1)
FE O BTG, 7F SGU 1Y 1 oF i b e 31 22
YEM,

4 ERK1/2 5S1@%

4.1 ERK1/2 5Si@BER5R

A0 AME 5 R T RS 1/2 (extracellular signal-
regulated kinases , ERK1/2) J& 22 24 Ji 1% 1k 25 H 4 i
( mitogen-activated protein kinase, MAPK ) 15 5 i [
4L B AR B Z — . MAPK {5 5 i i 36 2 45 p38
MAPK 4 fiff 1 c-Jun & % oK % 3 B (JNK) ™2,
ERK1/2 7E[f3K b @ Wi 1 Ak , Bl A2 15 21 40 i 4%
WG S R T, S 4 A B, ERK1/2 {5 53 B
Z 52 TR L4 A0 MG 5 5 4 Ak 40 T
B AU 55 555, O 5 2 R e 1 R OC R
wme
4.2 ERK1/2FS@ES5 SGU

RAEANNLIN T 40 3 T s ERK1/2 i
B, ERK1/2 3405 7% 5 [+ c-Jun Fl c-fos JEJi7 5
K H (c-fos proto-oncogene protein, c-fos) J& , A I
2 IL-1 TNF-o 55 R 1105 5% 2 3UE RS E
s

BRI, SCU K BUEREH Y c-fos 5 ERK1/2
MR B BT, H RO, e S
ERK1/2 {553 S il 0] 5, 7T 22k 1 26 45 43 01
7 T 5 T 40 L 5 R PR b 28 T R R 4

I ERK1/2 {57 18 B AT DL A T REBCR AT 1o
20— B R AR ML I 265, AT N = 18 85 M 0 i 4
i — ARV L 1 15207 (4 A L B L R

5 Hedgehog {5 518 %

5.1 Hedgehog 15518 KHEMR

Hedgehog ( Hh) {5 538 #% & — 4% M\ 24t Jifd 52 5] 241
JRUAZ 1) i i s B DR < B A5 S AL b R Ak iR A2 7RISR
REARPEEEEEN, BlE SRR %
AW B8O, e 28 5 Wi S T R AH S 9 B T ( glioma-
associated oncogenel , Gli ) %% 53 PRl 3 176 780 5 1 o] 754
Z ISP e A . B ET Gl EE R EA 3 AL
H1:Glil (Gli2 \Gli3 , Al {2 Hh {5 538 B 5 7Y
B i . MU Sufu (suppressor of fused) £ H J&
Hh 55 B T i b S E 4 5, /T 5 Gli A
SR E R E G, 2 — LT i AR B
Fik?
5.2 Hedgehog {5 5@ &5 SGU

Hh {5538 % 5 5 AR D Re I R % V) 1E N H
Az BRI SAR I IR Y BR R B T 0 1 K 9 AL
HARZE L, HHEER,Glil Gli2 Sufu 25 HK
55 H W W R, Glil-Gli2-Sufu {5538 % ) 2
ZANIHAL R GERR 1 T B e g DR U i
Al eI FE O 1 5t 9 Y B S P —

ADEIE R, LB K R R 4 4
Glil [Gli2 Sufu FYZRIEAF-EIW W Ti5 , Gli2 5 Sufu
TR AR 1A B R BT Glil-Gli2-
Sufu {55 #2517 N EYE B 505 R W R
M2 AT KR B Z W A BRI, bR & 1Y
AT RE, 1B R0 015 B S A 0 R PR A BT
WA, DRI AR 00 A AR Bz 22 13 ml a2 0 ] Glil-Gli2-
Sufu {5518 ##% AT 22 A 18 R AR5 .

6 TLR{ESiEE

6.1 TLR 5SEEER

Toll #£3Z 4K ( Toll-like receptor, TLR ) f&— 5
PN 2 R G, 72 NAR G e R 48 h 4% i S AR
. TLR P24 0945 5l i NF-xB {5 55 SR 1e &
R R0 D AR DG 3 5 5 4 402 4% 40 i B A
AR T R 9 21, [R] st 23 38005 B i R 5
PR WP L 9 0 5 g T Y
6.2 TLR{ESEiS SGU

Toll £ 32 1A 5 i | Toll ¥ (K 4 ( Toll-like
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veceptor 4, TLRA) 13 B 1 2 5 464 5 1 W
KENEY], TLRA A5 S OF e 1, Horp
FEAr AL IH 1 (myeloid differentiation factor88, MyD88)
AL -1 SZARAR DG JT 3 — 22 5 TNF-o A0 H
VERT, B 8 22 e P IR, (i 1 Je oA 2H AR B
ZEED,

WSRO SGU R RUHEAT £ A 2 = B v e
ZJ5 , H TNF-o SERMEF & 5 44 PRI, TLR4 |
MyD88 NF-kB Fik A i [, A OC & AL I i 46 br
PIREALDY . UEBA TLR (55l B2 5 1 0 ik 1 5t
Y7 () gk B LT ) AT L3 sk 2 B 4 o) P ek
BE—2E 45005, iR Iy P E g S AR IR T
ik,

7 PI3K/Akt {5 Si# %

7.1 PI3K/Akt {5 518 BEHELR

Tl 5 1t UL B 3-3% B ( phosphatidylinositol 3-
kinase , PI3K) J& it PN A Tk UL e i it | G AE 9%OE
Ji& HTHRACH  An G G R R R R T R
YEH . BEH 4B B (protein kinase B, Akt) &—Ff 4=
R TR 1 22 2 R/ 95 2 R 86 1 G, o PIBK R
WEH C R S W PBK AR O R, AR %
ATFURS N T, 25 2l 2 BhRRiG
53k 718 H R4 ( phosphatase and tensin homolog,
PTEN ) iz i 1 77 845 K 1, PTEN DJfig#% )5
280 PI3K/ Akt 38 i R, SR B fL i 5 &
F, 40 XSk #E 5 T O (forkhead box O, FoXO) K i
WA R R PI3KY/ Akt {75 53 i S H:
RS RT R RTRYT A B SR M 1 AT
7.2 PIBK/Akt ES@EEHRS SGU

TENEE B T, RS R 1 S K T
(insulin-like growth factors-1,IGF-1) Fl Akt £ [ 1
it b AR e A T 4 R IGF-1
AT PE PI3K/ Akt {7 538 %, #0115 | & — RIVERGL
N, R IGF-1/PTEN/ Akt FoXO 15 538 Bl {41
il L S 8 159 A 118 O S B

5T R, 76 1E % K BLUE Zi B PTEN, Akt
FoXO FEE 431 78 5% 35 B AL (4 1 5 Ji 248 A o
o, TME SGU BRI KRB R IRA Sz,
IGF-1,PTEN Akt FoXO G PE &R H B BT, H
HAO M F BTN G SR AL i
IGF-1/PTEN/ Akt/FoxO {55 5 i % vl G818 1< 1 45 K
S 15 A A VA Ak AR P Y A0 M R T K i —

SE PIPLITZAE T, 1 O T K8 BT Sk 15197 25
PRt T —E nl etk

8 MNESRZE

25 FRTIR AT, SGU M ki 5 2 445 Sl ik 4
BEYIKFR, SCU M & HLEE M A BB, (H3 35 A
R SEHUARTEAS ] 7 JHOIR 2SR 7= A i AR R S I 0
RIERG NG R WA ARG WL ARG N5
RGBS T —Mad ™ HR R R K
FBARRZY, B UG R B 83697 F B,
H i 259 2 it SR sk 25 &2 B #h
HE 3t B2 254 KBt S hE IR F- ik 25410 (LX) A 1
MTHR—F5 @MY, HT 28G5 0B
225 SCU e S kE, FIREERINERTZ
FAR T B RTRYT B H TS A A

H S — LSRR A VAT i SR AOW S, BRIE i
1A 55 E E A Z B A SR B AEIAR
WEFE b, 250505 & B IR AT LRI VR T
ZAAE S, B, FEN W, R —TF
T AT LA ] NF-kB 38 % iy 5 S i 28 M S 0z, AT DA
[ EHEE Nef2/HO-1 15 53 1 T 5 1 S PR, LR
ARAE T, W5 F OB DR 5 4 1) ] Ll 28 90, R A
VR B 205 7 FR B AR IR YT RO FE M4
RGpih R LA 5 @k, W A 2
AR5 I, A A R ) 5 ik i) T S 4 i A D
B IR N, APTIE T P05, 4+ 10 i b & Ty
el fE B mE R, T2 R ] LU £ A M
S, R E i R AE BRI R, AEIRYT
T S M B M TE s PR B AR BRI RO
W RIS 88chs, BIAE D ARy —Fh gt a6 97 Jr =X
HREMOR AT, 7 BRI R, ml DLtk
— AR HE 25 O ) 5 A RAEIRYT SCU I at fEh A
PRI AL T WL i, v e T B A iE it 2 4%
WERARIRYT SCU, XFETER A B T Bif
J7 SGU ML (4 [F] Bf, L BE A 48 ) SCGU &9 I & i
AR P S AE S B R S R R A RIR YT
SGU 2L B A2 FEL

S % 3k
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[ Abstract]

Antibodies are Y-shaped proteins secreted to identify and neutralize pathogenic microorganisms, such

as bacteria and viruses, which maintain our health. Oral antibodies that enter the intestinal tract provide intestinal passive

immunity to protect the intestinal tract from infection by pathogenic microorganisms. In recent years, a growing number of

studies have shown that the gastric environment does not affect some specific antibodies, which provide immediate

protection in an animal’ s gut. The development process, action mechanism, preparation route, and stability characteristics

of oral antibodies are introduced and the protective effect of natural antibodies and genetically engineered antibodies on

intestinal infections in animals by oral intake are summarized in accordance with the practical application.
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XTSRS i, 10 ARG RT S PR ) R R BT A
IR o TRIE, R O O B AR i 4 i R AR
A A BT B R A R R IR BT R PR A
Wik — ) i S O R, DR, F R
PR BAT R A DL A5, A SORE F AR BT AR 1) e e i
it MEFIBILARD |l o g A A ek X Bl iy i 1
FRLRAP /TR R T 23238, hy F1 AR BT A% F) B 5 4
HE%

1 ORI % RTRE

LUk 9 & B AT E 3 2 19 140K, Behring Al
Kitasato % B L H 35 A3 BT MR U EE R 19 )
J L ERRZ A HLR B S XA TR R AL, A
& I —LEhr i LI e iy 75 A R 25 3y, o ml LA
KB OREESH YRR ROCR . HAT, % 0L B IR BT A
ﬁgﬂﬁffffﬂlﬁ(immunoglobulin of yolk, IgY) MR T
TR DL B T AR UAA

1893 4F, 1 [ £ 4 Klemperer 250 75 0 38 55 X8
AR R I, SR G T S EE R TP E A
REAE h A I RS S AR B, B IgY ., FUtE, 4%
[l 27 AR 5 0 PR o 48 T2 ke
D751 B o 4 U AT T T R A 5
BE| FAZEOR A0 R AR DR TR AR N 1gY ]
REARAFRE R IR TE 3 SBT3, HAA &R 40 1 F v
TR A E R | R AT R SN ST
DL IR 07 2w R Sl 0 U 1 TR 0 O ROCR
FURT, DR SR A 5 85 )1z, USRI Y

A RE S SRS e AR R T
Jop FH L D B AA A A 38 ok B 3 0 S P XL

20 HH2g 80 AEAX, A ifF 53 3 WA 7 W 73 5 40 1) )
RN A 55 08 100 2% BE 5 $2 5 0 W 11 SR 2 i T
PSR 2RI R W T
I3 R AEAE T B A3 2 H b i e S iR ™ A
B, AR IR MR BT AR w58 . bt iAk fg
75 T Bl 4 J Bk 1 I T AP R 5 A R S e B
A 3R IR R IR T S K

PEA 21 28BS FE R TREM & 2, AMT1RENS
R B R SRR ) 5L R P 51, B AR B8 38 X
FrAm MBS , B R R IB ARSI TR R
PEE AR KA R IR IFEE R IS T R
GBI . G, RO R 22 1 SE R TR B AR VE S 1
[iEIREN B W A

2 ORRUEEI1E LS

HARRET , s aiE & A A Sk iy
il R4, AR B 2P A i 1 FE DL 5 14
FRBTAA, LUARE MRS A 5 R 9 7 X R 6% 3k
R A A R R AR, HIRPUR 2@ S LR
JrARAEA Y 2= DI fE . HL T AU R A, Bk
SRR 5500 DR A W 45 400 o s D A A
B 5 5 U 6T 48 A A 5 0 A R R PR VE T, R BE
IR (B 1) .

2.1 HIFEERHED

Joa i 5 e =V 1) RG B LR L i T T
W ORI P, B0 5 R
PEZEG U I ) an RN B R 1R B RE 98 AE W

B DARGTAAE IR R B

Figure 1 Schematic diagram of the mechanism of action of oral antibody
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TERGIEIE N — 20 55 2, 40 S ARG B, AP AR
P IV = 2 40 T 2 s S ARS B g 3 1) B 2 5 )
T, 5 5 A0 M RGBS 2 20 T IS B e A i A
OCHES S O RBUR — A 2R S A 08,
RERS 5 40 T AP (1 BB 45 5 0T A U 2R |
BELE YT RE , 52 B 40 T A PR 5 B, BEL LR 200 1 %)
T LB 2 I R B . Saberianfar 45117 KE 4T (4R (1) F
1] 7% [X (variable domain of heavy-chain antibody,
VHH) F Bt filA 2055 7 W B G BEBR B 1 A ( secretory
SIgA ) W Wl &5 & A OB
(crystallizable fragment, Fc) X35, 78 &AM 56 56
TE T 08 K BT B R B 3R A9 VHH-SIgA S BE 5
0145:Hnm 0111 :Hnm ,026:H11 F1 0157 . H7 IfiL7
LEDN 7 S Rl e A T € A VIR - EZE R NG R
J R g F T RS R M - B 20 L 1) E g Y R U8
Vanmarsenille 255 F1) B 0L 55 77 Fb 1 22 35 &1 % 25
FF T AP AR ORI 6 A XS ] 0 iAo & A udk
AR TSI I A 37 25 AT B8 A BAR oh, R SHE
iR S WL S RN R L E IR N E ) IAN SR
3 A DR
2.2 WIHIRIRBEY A

o BE S IR AR HE A S I iE JS , B IRBTARAT L
HZ848 BNRRIUAEL &Y., WA &Y
(OTE CAT AT M B2 78 b R 4 A A% G v 9 52 i ot
TR, 95 G YA b B 20 S o T A
BREST i, 2R Ak - R 20 A A4 SRS AIMI 2 T S
SO T W IG5 KA 005
i
2.3 WK T SHMEEESER

PO S 20 A 5 1) 4 B 75 4 TR P & 15
THRERY BB R AR A5 A A 1 1Y) B2 2 s o
MR Fe Z AP T8 505 ERYPTAR Fe
B, BAEATOR A Y, Hor g rh o 20
PAESLS S0 T 0 G SN, BT 58 3R B g v
LR Fe S2AR S PURLE & 7 2B — Mk 215
S 175 0 3175 T W b PR A0 R S A S T
RE BB S AR M bR > . B E AT IR, © AR
SN SRR A B AR AE T, R4 X K
FFRA 4 B (0 R A R | 1 (0 DR T (R I i >
S~ E R BRI TR YUARRL G T Hiik
[ Fe XI2 RE 0 IRGTIRIE A 15 J5 AE 954K
R 240 L A 2 1 o SR P T

immunoglobulin = A,

3 OREE S &SR

B % N s S W L B S e ey & PSS TP ]
B B AR IO SRR, 55— P AR
NATA R e BR R TR AR R A e e Mk D et
A FERIRPUA T, BB PR IS BG5S BT
FIAAE R E SR mE b REsRkEN G
(immunoglobulin G, IgG) R 2 QDEEFP%EZE‘J“” .
W BV VAR BT B T R ) i Dy RO ] i
EILY/ NIRRT NS R NS AR el 1 A
Ayt A 2l Ak 75 A 5 2, W %5 I 3K ( spray-dried
plasma, SDP) J& 7 & 52 J5 sh i Lk , 21 Pkt
B 25 TR A o ARG B A R RS 1 IR T A4
il 20 B AR IR R 0 I I R R AR A RT3
i Al R J7 kDA I T R A G AR T 3 )
TR

SN TREBUAR R R s 255 73N TR L S
FIBT TRREOR | AATTHE B PR K XS AR 43 #1701
H PR i, R A A0 R s AR A BTk R
F. MYRBERECHIEV A m I EN RS
P, R RIS R WA ) v] 20k T 9 sh e
(0 TR R LR O AT AR Kk
SERELEIIRY SIgA , JF H BA il 1k R B H i
PUUR % SRR 5 TR — [R) G DR 3 4y, AT 3k 2 1
FRBTA Y AR S AT 3 DAy 240 78 e B
RGEAREA R WA AT PR, F HAE#A TS 5% 5
PRI BT AR KT AR G Viedi 45 11y
WFFERB , BRI B ] R i SRR BT R 7 B K AT
W BT KA IR BUA R R EIE AR
VRIS 55 T S5 T M Sl ), REAT R80HS B 3 W 4148 ™ 7
PER A TR )R

4 DORERNRENE

HARATL AR —Bh 8 5T, 28 100 ARG A 2 3k i R
R FEAE I T RE 2 B il T AL R G K i | TR e
H AR 18 38 b B A8 E PR BN 8 R R 45 AR
MBSCHEN R . 16 H i b, D IRPUAR 32 252 B
JE pH EE B AR, U A AR E PR AR
& A B, REBAUARAE 37°C H A AN REAR £
RAFREY AP, B miE N pH 8K, 2%t 0
WALk SHURIIES G A — 2 RN EA 2 1 A
US| BRAIEPRIEE 5 2030 3 F e 2 1 S 1 0 i
X MRBTAA A S e AE B I R Y
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TEPEEZAZ B AR,

AEFRZE O IRBUARTE B 5 18 v i R e 1 22 S
R K, LY BATEMTRERAR, 25t fae , X ]
RESEIN 1gY 70 F B4R FRBE A7 — T E TR
PR B A H R 5% k) 5 4L X, Yokoyama A=07 1Yy
WFFE KB, 1gY REAEHEHL &) 47 2h iy Ik 2R 1 Tl A0 J s
FLEE BRI B A

SRR T AR BT SR AR A AT 0% B D i T A
Hu 2854 STgA 943 T-45H , R o (6 fRL O 52
Yk B PR R R E 4 SIgA M 1gG, I L A
aifb RS T Al SIgA A 1gG BUik, 1E ARSI
W 1 PR BN A e e 0 A b & B, AR BT AR
£ 37°C .pH=3.5 HHEH K 2000 U/mL B 5:1F
TIEE G BBt A Ak A SIgA B4 fifk 1 12
152 R X pH | B & 1 EGE R AT, OF B
SlgA 7ERAN IR HA — 2 PR ES A RE IR .
FE TRERIR [gA PR VHH BRI PUiR B A T
e RS RE Tk, T RE L AR IR B R 41 /D R A
FRAE F A S

TEHRPURE AR A FE v M R IR RS R
W ER AL S, A Y 40 MR R B R BRI T — A
BB BUARAE AR P 2 2 3L o P AR B T B R,
RE K /D 2 1 60 e e O TR R A 2 2K 1)
PO B EE XS SE At — o B L HEAE B 2 Y
Fgf A SRR A BT R A R
F, o nT LR R 7 P B PR Bl w2 R
Schade 25" $5 HARDRE A ik 0 b 2R 19 R X Ak
A SR, A T REOR BRP IR 78 1

5 OAfRIEHI N A

78 FIRBUA A R A 5T FIR$AR 2 LU ADRL
IS AR 1 77 =X A% 338 22 2 W W i N 3l 3k X S 56
ShPHEAT SO AL B I 08I S 55 Sl 1 A BEAR L
A ARG bR T 1 9 S A W A SR T R AR
MR, T AR BT B R AR 5 22 DA/ BLR 52 50 45
AL N AIRSE A8 & A7 v A SCR B IRBt
A3 R R BRBE AR I 35 PR T A 0 A Sk el 3k RGN P A
FEIAR
5.1 REAMEHIEFH

YR A KRB, EELL 16 Bt
R E, WFFEREA P IA 28 1 3% s 55 T sl
ik alifl )5 1R 2 P e 8 O 3 W 1 P R R g
Balan 25 M2 il 3 iR 4R 2P A, IR HUR 45 K

L, 2R T IRTE B 5 R, 5 Te P4 A1)
XF REZH AR LY, S8 AP B K BT SO 5 19 H 3 &
FH R IC AR, AR VDT I i IR
SiEMR . Hedegaard ST MR L3 4l Ak 3RS R AR
IgG HLiA, L 5 mg/d 5] it IR MW W3 7555, OF ] F4
BUR AT 2 T Wose, X3 R B, AR TR s in 1gG
U A R B 6 K T B S SR A 8L 1, Bl
J T T 118 2 T L 90 0 020 3 0 BRZH A4, R B 1
MRAEA B TG A3 AN T RS R A 74 7 18 4 I
Yo Bosi FF 9 LE TR 7 M AT TR 19 AT 1
FHRYRIN 6% 1 SDP, & 3L SDP 1T &, 2 [ A1 i 88 IR
AT o (tumour necrosis factor-ac, TNF-a) Fl1 4}
Z 8(Interleukin-8, IL-8) Wy ik, 3% T (4% I J&
YURER , LW SDP Xf KT #1751 18 S0 BA
TRIBICR

YN HUAC T T RiA s n E 2R,
SR TR 8475, Vandeputte 251 75 A XS 5]
HRHESIN 5% 194028 125 AT BTG 1Y Hiidk, [a1m ]
BT XS AT IR AL B, 45 R R AR
IIRE e TgY BE i 25 a2 i 2 o A 1 7 A 1) PR RS
Bkt R XS Y B E HE R 78% FE AR & 15%
Mahdavi 557" 1) 8F 58 2% W], 4] B4 T 98 i 0. 29
0. 4% [ 5 Pk 1Y B 4% 4l 39 8] g b K i 1 18
078.:K80 FyHIFH AT W im0, TgY Puik Al
R R H T8 EF‘, ¥R AT R TS ( porcine
epidemic diarrhea, PED) J& H & W A7 14 18 15 9 5
(porcine epidemic diarrhea virus, PEDV) 5| iz 1) &
PE | B fil A% Y MM AL T |, AP PEDV 1
BET 55 ik 80% ~ 100% , /™ T i A1 4 e e
1E Lee 2510 (k5% vp L HT AR LA 500 mg/d A5
TR S 1gY UMK, 4 PEDV U5 M0 45 3 1
N, FUIRGT PEDV 1Y 1gY Uik i35 FRAK 1 A7 5%
153D FET 3 HA g0 20475 i 3 O 22 B 1
(KB 05, BT PEDV 1Y TgY uiAA S0 {4 b
¥ il 5% PEDV B bl b, FIR KSR
PO AR08 S5 TR X 3l i T SRR g B B M
TE P9 14 BT AR 7 BOAE T
5.2 EETIREHEHRNA

B TAPUAR E A 2 bk | B EdT
AR EAGR = A BB, B AR, de 5
YORE B v B PR DL O IR Oy R 48 s,
BABL/c /N SR #5 1 %t F4 78K FF 581 52 1 % 062 11
HTEREDUA  F Al ALK S 15 B BTAR L 15 mg/d
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A7) £ i RN 1 A B TC TR A4 (RIS X4 261 T Fa
RURIGHFF TR 9 BB AL B, 45 2R 1R i) ME BT AR 2%
RIS T AR B FE T2, JF Y BT AR s 1k )5 A
B BT RGIE R RIS XT F4 R AT TE R
ORI T2 1 IRE A Y S S B4

FED TR BT Y 11 IR 1 A 92 32 2 A v A
Pt ik J 1, R EE B AA (single chain antibody
fragment, scFv) H AT 4% 0] A [X F1424% ] A8 [X 38
i 15 ~20 A>T ) J IR H T, BAT Pt U]
DifiE. Zimmermann 555 ) F I TR AR Ji 7R BL AR
PAG TP L IR ( Eimeria) PREETUR F B, 378
T BRI B R b i) R AR IR PR, R IBPUE
50 LT R R R K 8 Rk I LA ] LA
TRAP BT 18 W 308 2R iR A, (] i R ah b i Y
Wi G R B ERR T R E Eimeria WIEEYLR . Zhang
SFUKEHT PEDV 5 7 BT IR [ 5 B & pet-28
FeR R TR E 4] A BT PEDV i 3 AR DU, A7 5
DL 25 mg/d B 5 B A B S R R e
PEDV Il PRAEAR , 95 75 24 5 B @ 9820, TE W a8 72
T IR BB HUR BA BB FIIG T PEDV 9,
BEGE AR N A7 78 R SR B 2K 8 B 1 85 HUAK (heavy
chain of antibody, HCAbs) , BT IK AT R LS A7
SAHESEM AR IX VHH PAZERISF AL . VHH
E/INZ N = O T DA ol D S el o A ol = I
1T LATE G 45 (0 Ak 2 R R A R AR T Re ™ .
T e i1 B A # P % X 3 ( complementarity
determining region 3, CDR3) ¥ Ji& | % X d &2 ' 3R
B 2 5 B0 R 8 % A Tokuhara
A5 R A S R K R 2k P o 2 1 AR S M 1Y
Yl R B VHH, 76/ RBGE S5 P A B, HlRk VHH
A I 3 AT 928 T R AR T R 28 I /D B IR
TREEBCR o I PUARTE I DR A7 A8 W 5 AT O R A
Hheb ORI, RIZE 94°C T # AL FE 30 min, 58X
AN AR E T Pant 55 I #2410 2L T 3%
IETESSERIEEE RS VHH Bk /N B O IREEA S,
I 2 A AT HG el PR o 7 5 S 1Y R Y R R R
o, ttr] W VHH XPs 7 1R 4 BAT — € AL
HART A VHH HUAZ — 0 1Y, ZEHUR N 2 5
PGB @K VHH BlA 250 Fe Z5F9 5]
DATE R T RE R [F] I i 9 X SE ik i, VHH &5 Fe 2%
Fa 30 5 KSR 3 0 Fe 32 AR R /N FAE B AE
7T HE AR A 2 3 1 0[RS A PR B AR B A 1 22
P, 30OG) 240 TR B £ A2 1 R BT Lk 40 TR B 2 T 906

o dn i 7 At A BT Viedi ZY B R A
F4 BP= 3 K # 69 VHH A BERl & 25 1A | 1eG
() Fe DX, 7300 RS JF Rl i 3Rk, I3 5 4m Wb 5
()7 AP ARAR PR, TEAFHE I B S e v,
KA%%Z 80 mg VHH-IgA B 4154 I 18 v 7= 58 K T
PRI S T R A, G i g ) AT R e
THE SR, £ W] VHH-IgA {54 T KRG E T
KB A T VHH-IgG A BEHEHT K 7 T 5 I
e, VHH-IgG AR LR 34756 i 18 S G i i A T i
J& VHH-IgA 7£ 5 il b HAT B4 fAs e T A
A BRI [l  VHH-TIgA L7 BB R B v
Yy 3k, JF #6 A7 % 2 3 52 50 IR T M R Y
RRBY

25 b RS IR B TR 3 i g R
MIFEF 7 s % 5 A3, AT 75 45 & SE B i
B, TR IR TR 97 ST e R . FEIX
— AR IR B R S el 7 R R A
DIREMOCHER B E WO T, ORGP AR R &)
T A XoF e — o Ji Bl e — 25 o i B A Bk 1)
A, PRI, 5 AR 4l 5 9o o D 308 FH R S ok 11 iR b Ak
P RFC A (%) (5 FH 751 £ 32 22 T 1T PR 28 R i), 4 52 B 1z
FH IR v 75 AR 5L (A I 0 R N 3 1 B AR R
Horr Sl R R 5 e 1 IR B AR A TR
DL SR SR BRI 0 R A ) 4 R e T s
RS, W T S AR i R T T B R R L TR
IF, 1 HR T AA 38 F AN LA s 4l B B AR Sy R
N AEAEE Rl L 38 2k — R A SR, 5 %
gE A PR FGA R TR R i, Hak, O
AT 5905 S5 1) 3 01 A7 L B o Dt ek et g S e Ak
Al FR DL BB K2 LA R 0 il
T AR SRR A = R TR 5 IR UK S AN
], AR i A FH 7 s ke ST, PR, 1 R4
it R R AR S PR 5L L B T R

6 SHERRE

R AARAE Sy — b i 30 9 5 1 550 ] LA X
TR R L T s il (R4 1 T JC AR AR
Y BRIERGEAGEE WO T RCRIC A
ATSEAESR | TR IAR X 3l 4 R4 4 1 O BIF T AN 1B 3%
A TSR HE R BANFAE L TR R (1) 1
AR BT B A i 3 0 52 28 48 14 B2 I ik = 28 8 1
525 (2) HARBTAS 1 A AR P LT3R5 2k — 20
WF5E ., AR, AR B IR TR TR 2R BUAR, XHT
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The role of the toll-like receptor 4 signaling pathway in alcoholic liver injury

YANG Donghan' , ZHANG Wenlong®, HOU Ruili', LI Kexin', ZHANG Hongran', GE Na'*
(1. Institute of Nutrition and Food Health, Baotou Medicine College, Baotou 014040, China.
2. the First Affiliated Hospital of Baotou Medical College, Baotou Medicine College, Baotou 014040)

[ Abstract]  According to data on China’ s disease burden in 2019 published by the Lancet, alcohol consumption is
the 10th leading risk factor for death. However, the pathogenesis of alcoholic liver injury caused by drinking is very
complicated, and there is still no final conclusion. The toll-like receptor 4 signaling pathway has a key role in the
occurrence and development of alcoholic liver injury. Therefore, this article reviews the role of the toll-like receptor 4 signal
transduction pathway in alcoholic liver injury.

[ Keywords] alcoholic liver injury; toll-like receptor 4 signaling pathway; endotoxin
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Amyloid- protein and oxidative stress in Alzheimer’s disease

SHAO Simai', SHI Ming', YU Ziyang', YUAN Ye*, YOU Yanwen', HAO Li', ZHANG Zijuan', ZHANG Zhenqiang*
(1. School of Basic Medical Science, Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. College of Traditional Chinese Medicine, Henan University of Chinese Medicine, Zhengzhou 450046 )

[ Abstract]  Oxidative stress is an major factor that affects aging and neurological diseases, which plays an crucial
role in the development and progression of multiple neurodegenerative diseases. Amyloid-beta protein ( AB) is a major
component of senile plaques, and its aggregation and abnormal deposition are major contributors to the pathogenesis of
Alzheimer’ s disease ( AD). Studies have shown that oxidative stress triggered by AR deposition induces neuronal loss, cell
death in cognitive memory-related brain regions, and finally causes the occurrence and development of AD pathology. This
article focuses on the mechanism of toxic production of amyloid peptide in the occurrence and development of AD, the
oxidation process of macromolecules and the process of the interaction between amyloid peptide and oxidative stress to
clarify the relationship between amyloid peptide and oxidative stress in the occurrence and development of AD. This review
provides strong theoretical support and research directions to promote studies on antioxidants in AD.

Keywords] Alzheimer’s disease; Amyloid peptide; Oxidative stress
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A R TR 4-F8 5L T M (4-hydroxynonenal , 4-
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H 3 SEAL N B0 S g o0 B AR IR RS Rk, OF
EATHREAR = ik — 20 S A M 41 M 2544 , 52 1)
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W, TR TE R REBE AR TE A0 309 B 2 5 B0 60 Ty
1455172 Murakami %60 f9 526G E B | EAL I i 4
IR AD B LIV AR SERIRHYIE U IZ B AR
M AR, A RRES S ML N ROS KA if itk — 4
PORC EZSTWata ok ! 06 O ol P AR I i
E22P-AB,, fiE #F T 40 ifg 9 ROS 11 4= B, vt B 43 Pk
AR, HOTE JS 0 20 MO P9 ROS 7 A= 2 S B4 11, i H.
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Research progress in the establishment and evaluation of sub-health

state animal model

YUAN Qun', MAO Xin', WANG Neng', HU Hailin', CAO Miao', HE Qinghu'*"
(1. Hunan University of Chinese Medicine, Changsha 410208, China. 2. Hunan University of Medicine, Huaihua 418000 )

[ Abstract]

In this paper, the theoretical basis, animal selection, modeling stress source, modeling time, and

evaluation of indexes of sub-health animal models were summarized. Research on the theoretical basis and evaluation

indexes of sub-health animal models is important and comprehensive analysis of multiple indexes should be conducted to

identify ideal, mature, and recognized sub-health animal models.
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