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Effect of Cordyceps militaris extract on CYP19/CaM/CaMK Il signaling
in testes of kidney yang deficiency model rats
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[ Abstract]  Objective To clarify the efficacy and potential mechanism of Cordyceps militaris extract to nourish
kidney yang. Methods SD rats were divided into normal,, model, testicular tablet (0.216 g/kg) , and Cordyceps militaris
extract high, medium, and low dose groups (0.72, 0.36 and 0. 18 g/kg, respectively) with 10 per group. Except for the
normal group, all other groups were administered adenine (200 mg/kg) by gavage to establish a kidney yang deficiency rat
model. Test drug administration was started on day 15 of model establishment for 28 consecutive days. ELISA were used to
measure rat serum gonadotropin releasing hormone ( GnRH) , luteinizing hormone (LH), testosterone (T) and estradiol
(E2) levels. HE staining was used to observe the morphology of kidneys, testes, epididymis, and seminal vesicle glands.
Immunohistochemistry and Western blot were used to detect CYP19, CaM and CaMK I expression in testes. CYP19
mRNA expression was detected in testes by RT-qPCR. Results Compared with the normal group, serum GnRH, LH and

T levels of the model group were significantly reduced (P<0.05), kidney, testis, epididymis and seminal vesicle gland
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tissues were all significantly damaged, and CYP19 expression in testes was reduced (P<0.01). CaMKII expression was

increased significantly (P<0.01). CYP19 mRNA expression was decreased significantly ( P<0.01). Compared with the

model group, GnRH, LH and T contents in the high-dose Cordyceps militaris extract group were increased (P<0.05),

tissue damage was relieved, CYP19 expression in testis was increased (P<0.05), CaM and CaMK I were decreased ( P<

0.05), and the CYP19 mRNA level was increased (P<0.05). Conclusions Cordyceps militaris extract exerts a kidney

yang effect by regulating CYP19/CaM/CaMK II signaling.
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Table 1 Effects of Cordyceps militaris extract on body weight, body temperature and the number of voluntary activities

in model rats

il G (g/ke) K (g) RIR(C) A EWESIRE(R)
Groups Dose Weight Body temperature Number of activities
TEH# 2 Normal group / 444.21+22.92 37.63+0. 14 67.56+26. 80
HEHIZH Model group / 309.55+27.11% 37.33+0.20™ 36.22+11.69 ™
ST Testicular tablet group 0.216 334.29+12.93" 37.46=0. 18 54.57+20. 16"
A 0.720 347.57+21. 18" 37.53=0.21" 62.57+37. 32
U R O A ‘
e 0. 360 338.18+32. 85 37.40+0. 27 45.32+15.24
Cordyceps militaris extract group
0. 180 328.01+26.29 37.42+0. 17 39.33x11.05
L HIERAUALL, “P<0.01; 5B, *P<0.05, #P<0.01,
Note. Compared with the normal group, **P<0.01. Compared with the model group, *P<0.05, *P<0.01.
F2 MG AR RRRLR USSR B0 (me/g, n=10)
Table 2 Effects of Cordyceps militaris extract on the organ index of model rats
415 i (g/ke) P A £ SEAERL Wi S5 UiE 3SR
Groups Dose Kidney index Testis index Epididymal index Seminal vesicle index
1E# 40 Normal group / 6.62+0. 55 8. 14+0. 68 2.89+0. 25 3.12+0.55
BEAIY] Model group / 35.22+4.26™ 9.84+0.59™ 2.980.29 1.81+0.83"
2L H 4 Testicular tablet group 0.216 26.54+4. 91" 9.19+0. 77* 3.10+0. 35 2.54+0. 65*
. 0.720 24.99+3. 94" 9. 18+0. 63" 3.07+0.35 2. 68+0. 68"
Ui AT S I #
e 0. 360 27.95+5.75 9.27+0.91 3. 14+0. 31 2.42+0.51
Cordyceps militaris extract group
0. 180 29.76+5.71* 9.28+0. 49 3.23+0.32 2.02+0.72

G IER AL, ™ P<0. 01, SEBALILL, *P<0.05, ¥P<0.01,
Note. Compared with the normal group, ™ P<0.01. Compared with the model group, *P<0.05, *P<0.01.
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Table 3 Effects of Cordyceps militaris extract on serum factors in model rats

21 51 FilH (g/k
L) AL (e/ke) GuRH(mIU/mL) LH(mlU/mL) T(pg/mL) E2(pg/mL)
Groups Dose
1EH 4l Normal group / 70. 62+5.78 27.57+2.36 40. 14+6. 48 50. 30+8. 67
FERIL] Model group / 53.54+4. 12 23.21£2.85" 28.08+2.44 ™ 61.41+10.20
2 IUA 4 Testicular tablet group 0.216 61.14+10. 19 24.83+2.51 36. 18+4. 20" 57.69+3. 07
0.720 67.20=5. 41* 26.42+1.13% 32.55+4. 46" 51.73+8.81
i o RE R IR
ﬁﬂl$$¢ﬁl¢9j 0. 360 59.79+7.24 24.64+5. 89 29.33+2.20 54.85+7.30
Cordyceps militaris extract group
0. 180 53.74+9.28 23.56+3. 40 28.46+5. 16 53.67+9.13

L SIEWAMLL, " P<0.05, “P<0.01; SEIRLMLL, *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.

TE A TERAL; B AR C o SEFUR 4L 5 D« M R SR U e 0 e 4 5 6 0 R B B v 00 B 20 5 i R R 4R O (AR kL
1SRRI R AR R A BUB SR (HE e ()

Note. A, Normal group. B, Model group. C, Testicular tablet group. D, Cordyceps militaris extract high-dose group. E, Cordyceps militaris extract

medium-dose group. F. Cordyceps militaris extract low-dose group.

Figure 1 Effects of Cordyceps militaris extract on the tissue morphology of model rats (HE staining)
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T A TE B4 B A RIZE ; C . SEAL R4 5 D - B B U 7 At 0 TR B By o 0 2 5 0 R B B ()
2 AHKEEA CYP19 CaM CaMK T FHPEZR AR (Frdifh)

Note. A, Normal group. B, Model group. C, Testicular tablet group. D, Cordyceps militaris extract high-dose group. E, Cordyceps militaris

extract medium-dose group. F. Cordyceps militaris extract low-dose group.

Figure 2 The positive expression of CYP19, CaM and CaMK Il in testis of rats in each group (immunohistochemistry)

R4 IR TEE B IR R S CYP19  CaM  CaMK Il E-25C B EE(EREI (n=4)

Table 4 Effects of Cordyceps militaris extract on the average optical density of CYP19, CaM and CaMKII in the testis of model rats

207 Groups 54 (g/kg) Dose CYP19 CaM CaMK I

1EH# 40 Normal group / 0. 268+0. 049 0. 099+0. 012 0. 165+0. 017
FiHIZH Model group / 0.198+0.019 * 0. 208+0. 060 ** 0.252+0. 023
2L H 4 Testicular tablet group 0.216 0.222+0. 007* 0. 147+0. 029* 0. 183+0.011*
P 0. 720 0.241+0. 015" 0. 130+0. 011* 0.200+0. 021*

o 0. 360 0.2330. 023" 0. 135+0. 023" 0.222+0. 031

Cordyceps militaris extract group
0. 180 0.219+0. 015 0. 161+0. 030 0.228+0. 051

I SIEWALMIEL, ™ P<0.01; SEURLIMLE, *P<0.05, *P<0.01,
Note. Compared with the normal group, ™ P<0.01. Compared with the model group, *P<0.05, *P<0.01.

F5 MR EARIBCY AR R B E2 L CYP19 ,CaM | CaMK T 32359540 (n=4)

Table 5 Effects of Cordyceps militaris extract on the expression of CYP19, CaM and CaMK I in the testis of model rats

2H %] Groups 5+ (g/kg) Dose CYP19 CaM CaMK II

1E# 20 Normal group / 0. 572+0. 096 0. 132+0. 067 0.2130. 031
ARE4A] Model group / 0.256+0. 074 ™ 0.3300. 053 ** 0. 5420, 057 **
2L H 4 Testicular tablet group 0.216 0.455+0. 114* 0.220+0. 027% 0.2610. 032"
. 0.720 0.5920. 103" 0.198+0. 051" 0.278+0. 045"

i B4R I ) R R
S 0. 360 0. 487+0. 095 0.2940. 068 0. 33720. 068
Cordyceps militaris extract group
0. 180 0. 415£0. 080 0. 286+0. 033 0. 3520. 057

FELSIEWAME, “P<0.01; SHRBAML, FP<0.05, ¥P<0.01,

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

TE:AIER 2B BRI A € Sy 205 D W o 4 I ) o 710
A5 L 050 SR R IR v SR B 2 5 F L 0 SR RS IR

B3 B4IKMEAL CYP19,CaM CaMK I [ HE VK]
Note. A, Normal group. B, Model group. C, Testicular tablet group. D,
Cordyceps militaris extract high-dose group. E, Cordyceps militaris extract
medium-dose group. F. Cordyceps militaris extract low-dose group.

Figure 3 Electrophoresis of CYP19, CaM and CaMK II

proteins in testis of rats in each group

R 6 MR R B AR L S
CYP19 mRNA FX5M (n=4)
Table 6 Effects of Cordyceps militaris extract on the
expression of CYP19 mRNA in the testis of model rats

25 & (g/k
o M
1EH 4 Normal group / 1. 000£0. 048
FERIZ Model group / 0. 466+0. 105 ™
L 4
Testiciﬁili group 0.216 0.7730. 141"
0 HR AR I 0.720 0. 827+0. 307*
Cordyceps militaris 0. 360 0.739+0. 131
extract group 0.180 0. 530+0. 161

T SIERHAMILL, “P<0.01; SHIRAIL, *P<0.05,
Note. Compared with the normal group, ™ P<0.01. Compared with the
model group, *P<0. 05.
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Tk, CaM 2855I AL Ca®/CaM B 4AW) , i i3 38
TG A SV CaMK 1 & 5 AR 4 2 3% 25
CaM 5 {4 — I B b 119 20 0 T B 2% WD AR O, ] LAAE
AT HPG iR R R AR RE R, IF 58 AN [F]
WX AT E E A MG A W E . BFgE R
BH, CaM Z&ak 38 nT LA i 28 b A 42 5 1 52 o
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Triptolide attenuates oxygen glucose deprivation/reoxygenation-induced
SH-SYS5Y cell injury by inhibiting the NogoA/RhoA/ROCK signaling pathway

ZHANG Huiyu'* |, BAI Zhenjun', LI Liang', ZHANG Jinfeng' , XIE Jiawei', DENG Liang', MENG Yan', GUO Minfang’
(1. College of Traditional Chinese Medicine Health Service, Shanxi Datong University, Datong 037009, China.
2. Medical College, Shanxi Datong University, Datong 037009)

[ Abstract]  Objective To explore the mechanism of triptolide reducing oxygen glucose deprivation/reoxygenation
(OGD/R) -induced SH-SY5Y cell injury via the NogoA/RhoA/ROCK signaling pathway. Methods The effect of various
triptolide concentrations on SH-SY5Y cell proliferation was assessed by CCK8 assays to select the optimal concentration.
Cells were divided into normal control, model, triptolide (1 nmol/L) treatment and fasudil (15 wg/mL) treatment groups.
Cell proliferation was assessed by CCK8 assays. A JC-1 assay was used to measure the mitochondrial membrane potential.
NogoA, ROCK2 and GAP43 expression was detected by immunofluorescence staining. GAP43, PSD95, NogoA, NgR,
RhoA and ROCK2 expression was detected by Western blot. Results CCKS8 assays showed that the optimal concentration

[E£TE ] L7E4 FEALEFST -5 B (20210302123478 ,20210302123476) ; J T 48 M 520 114 51 K52 95 0139 24 400 L1 PG 45 o o5 S 36 25 Tl
B (2021 sxexyw12) ;5 [E Z2H 2R 2548 B 5y 22 PR AL 25 00 1L TR 50T 58 55 T S ( 2021-KF-04T)
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of triptolide was 1 nmol/L. Cell proliferation and the mitochondrial membrane potential of the model group were

significantly lower than those of the control group (P<0.001).

Compared with the control group, GAP43 and PSD95

expression was decreased and NogoA, NgR, RhoA and ROCK2 expression was increased in the model group (P<0.001).

Both triptolide and fasudil increased cell proliferation ( P<0.001) the and mitochondrial membrane potential ( P<0.001) ,
upregulated GAP43 and PSD95 expression ( P<0.05) , and downregulated NogoA, NgR, RhoA and ROCK2 expression ( P
<0.001). Conclusions Triptolide may alleviate OGD/R-induced SH-SY5Y cell injury by inhibiting the NogoA/RhoA/

ROCK signaling pathway.
[ Keywords ]
synaptic plasticity

triptolide; oxygen-glucose deprivation/reoxygenation; neurite outgrowth inhibitor A; Rho kinase;
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R J1 SN (n=5)

Table 1 Effects of triptolide of different concentrations on the
viability of normal SH-SY5Y cells

LH IR E (nmol/L) MG (% )
Drug concentration Cell viability
0 100. 00+0. 00
0.1 104. 09+5. 37
1 104. 63+7.43
10 97.32+6. 68
50 71. 86+5. 65°
100 45.29+3.11°
500 40.79+2. 63°

TE: SIER A IRALILE, “P<0. 001,
Note. Compared with the control group, “P<0.001.
®2 EAETFEXN OGD/R Hiffify SH-SYSY
ML PRAP AR T (n=35)
Table 2 Protective effect of triptolide on SH-SY5Y
cells injured by OGD/R
ZH 5| Groups ARG M (%) Cell viability

1EH X} BB ZH Normal control group 100. 00+0. 00
HERIZ] Model group 72.92+3. 96
A TR 4 Triptolide group 86. 67+2. 59
HEET /R4 Fasudil group 88.01+2. 34"

T FIEWXIRALLER, "P<0.001; SHEALLLE, "P<0.001; 5%k
FPHLURALILEE, ©P>0.05,

Note. Compared with the normal control group, *P<0.001. Compared with
the model group, "P<0.001. Compared with the fasudil group, °P>0.05.
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2.3 T HE R X 4 R 4R b A B FR S A RS M

SRR A TR JC-1 P2 A S a5k Lokt
PR T I JC-1 PrARar tanet, 25 R, 5
TE 0 X6F B 2EL A Fb R R 20 40 i B0 21 2% 96 6 E e
{5 TR (P<0.001) ; SRR Mg TR A BERR R
ZH AT b R 2H 40 MO Y 21/ 4 58 60 B LAl 2 3%
HEHN(P<0.001) 5 523 e H R 20 FVA ST M /R AR L
AVE: O AR R = N

2.4 BABHEEXRMEAMNEIE

G PE DY O F Western blot 2538 s | 5 1FEH
X BRZLAH LL, A5 7Y 2 4 i 28 fish AH OC 28 11 GAP43 il
PSD-95 HYZRIK W] . TR (P<0.001) ; 5HRIAIL 1L
BTN TR B AR £ b R 4140 GAP43
PSD-95 IR B 35 Thm (P<0.05) ; R A R
R G Mo R A AR b G W 22 S, BRI A TR L
2,

TE:ALJC-1 Qe B A A AL/ 5 V5O E0R B IS IE . S IEH W IR, “P<0. 001 ; SR AL, "P<0.05; 51k4F

MR LLES, P>0.05,

B1 FEABETPEN OGD/R i1y SH-SYSY 4 L A 15 o 457 1 5 0

Note. A, JC-1 staining fluorescence diagram. B, Statistical chart of red/green average fluorescence intensity ratio of each group cells. Compared

with the normal normal control group, *P<0.001. Compared with the model group, "P<0.05. Compared with the fasudil group, °P>0. 05.

Figure 1 Effect of triptolide on the mitochondrial membrane potential in SH-SYSY cells injured by OGD/R

TE AR DB YL ORI GAPA3 (3635 ;B GAP43 Fll PSD-95 28 (i EN I 44417 (&1 ; €. PSD-95 & 4 A K F4i 11K ; D . GAP43 & [ %1k
KFGEHE, SIERITIRA R, *P<0.001; ST HE, "P<0.01, 'P<0.001; 5H:AF IR AL, “P>0. 05,

2 BEAHEFEXT OGD/R #45/ SH-SYSY 41t %5 fil 2 11 F 52
Note. A, Immunofluorescence staining detect the expression of GAP43. B, Western blot assay of GAP43and PSD-95. C, Statistical chart of PSD-95

protein expression level. D, Statistical chart of GAP43 protein expression level. Compared with the normal control group, “P<0. 001. Compared with

the normal model group, "P<0. 01, *P<0.001. Compared with the fasudil group, °P>0. 05.

Figure 2 Effect of triptolide on the expression of synaptic protein in SH-SYSY cells injured by OGD/R
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2.5 FAEEEZEZ NogoA/RhoA/ROCK 15 £ i
BEANIN

FPESE Y 4T Western blot Z5 R IR, 51EH
X} FEZE AR H , AR 2 41 il NogoA \NgR . RhoA \ROCK2
B I AN (P<0. 001) ; SREHRIL P&, /2L
FE 2K 21 RN 7k 47 M R 4H 41 9 NogoA . NgR . RhoA |
ROCK2 HIRI T8 (P<0.001) ; B 23 e HT R 4 Al
AT HRALAR L T 3 25 5%, LA 3,

3 itig

ZIWWF TR R, T5 AT R 0T LIS /R
13, HAL T BE 5 41 ) 48 Ak N JORD #if 28 RE L JETT
HWgE BURT- AN R TR A T P R AT RE R
SRR ZE TR IR IT 2, A S B HE AR AR T

SH-SYSY 4iifitd ) OGD/R i #E5Y  1E H ii T/R
il A AL AR T F A B X OGD/R #i 1
() SH-SYSY 2 Jifd i R 97 &0 R, CCK8 45 R b 7
OGD/R 1] LSS0 M6 1 RAALG 1 B T Y 2R T T
BTN ANM S R T A, JC-1 e R
RGO e S R Y IO Ee 3 A 2N S A N
TN T 25 T AT LAl R A B A A T e, R
T BEH Z X OGD/R 75 5 1 4 a6t 45 H A R

GAPA43 JEHZE A KAl A A, Bk A2 il
FRAIAME I NP E R R AR B AR &
Yy, 2500k nT R E AN . GAP43
FERBEAN T fE M Bl LS T RER 2 RALH 2 —T
PSD-95 J& 4 5 24 A7 M 4 22 T 5% fph 5 4% X ST A

TE A AT Y AN NogoA MIFE3K ;B UG YL AR ROCK2 334 ; C: NogoA . NgR . RhoA \ROCK?2 & [ 3% B3l 4541 8 D
NogoA H HFIEAKT-GEIT & E: NgR & HRIKK PG F: RhoA H HERFRK VST E ;G ROCK2 3 HRIBACE-SEIHE, 5 IEH X
WRLH AR, “P<0. 001 ; SHEEEIA HLA, PP<0. 001 ; 53:EFHUREA AL, ©P>0.05,

3 FHABEH RN OGD/R #iift SH-SYSY 4ififl NogoA/RhoA/ROCK {5 538 452 1 H 5 1R

Note. A, Immunofluorescence staining detect the expression of NogoA. B, Immunofluorescence staining detect the expression of ROCK2. C,

Western blot assay of NogoA, NgR, RhoA and ROCK2. D, Statistical chart of NogoA protein expression level. E, Statistical chart of NgR protein

expression level. F, Statistical chart of RhoA protein expression level. G, Statistical chart of ROCK2 protein expression level. Compared with the

normal control group, “P<0. 001. Compared with the model group, "P<0. 001. Compared with the fasudil group, °P>0. 05.
Figure 3 Effect of triptolide on the expression of NogoA/RhoA/ROCK signaling pathway protein in SH-SY5Y cells injured by OGD/R
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S 52 T ) RE A1 % VI A5G, PSD-95 1
AT LA 35 R BE2%AT M B M I A v 4 pk e AR g
YERT, PSD-95 7K 37 38 it n] LI AR ik 5 fish w] #8 P10
HeBE DM Western blot 25 5234 7w, OGD/R 4%
1 SH-SYSY 4ififi s GAP43 A1 PSD-95 %) % ik ) U
B R OGD/R 7675 5 40 M 453 493 11 [ B s 55 1 f
IR T RE, 0 A R T EAOT L
OGD/R 53 14 145t 47 , 16 7] LU GAP43 Fil PSD-
95 FEIRHG I, M HE 5 fl T ¥

fif§ 1/R 45345 s BRA: B AR AR M A2 A%, TR
G 2 £ ke o, 5k A 3 e i 5 P AR AR A A
ERRARBE R AERBATE 2N, FHEA £
D7 T, AL 2258 35 B I s 2 B R A
A B BTIIR T A 4, 23 T8 AT i PR TR B, AL
1 B il 37 48 4t 28 o i 5 A T 9 H R NogoA
VE R 2 AR () B AT 52 3 T 92 &7 . NogoA
T I O 40 Y RhoA/ROCK %, 3l b 2 4k K
BEASA 2 B AR AUE Y RS 7R 4 i i
K, NogoA FFIATE 6 h W EHIN, #5227 d "™,
Eslamboli %" #2 #5 G3 % i Bk ifi. 5 2 1~ H P9 NogoA
KRR T, IF HLAEMG I/R 451475 B sh s i i 41
2 NogoA WERI N THERRAE ! itk NogoA
Z: 5 i P v A P B8 BRI RE . TP NogoA o
7 AT K Rl 4505 S 1 2R P A T R 22 T
FAVE  FFEGE A S YRR R TS L A ST
R, K L/R B K U Z4H 21 RhoA A ROCK 3
PRI R (2K 2 2 TR i ROCK 414 51
AT IR AT LUK /R 35475 K Ui 2 74 -4
ML X g SR ] NogoA/RhoA/
ROCK P& A BEA B T /R IG5 IR 2 . BARA
WEoE TR R 0] DLk i /R #1455, (B2 H
HL AN BAHR . A 5T 45 5 Wow | 5 185 6 R A
Lt BRI 4 ] NogoA \NgR . RhoA Hil ROCK )3k
Yusghn, 58 RYAAR L, RN O T T4 A0
NogoA \NgR .RhoA Fl1 ROCK HJZiEIE /L AR
PR H T ROCK 57 2 47 Hb /R X OGD/R $i 473 /)
SH-SYS5Y 4 ffd i 47+ Fi, W< 32 20 e B 2 &
OGD/R #1475 ) SH-SYSY il () (3 18 F 59 67 3tb
IJRAH Y 8T MR T F00 [) A f 150 4 A 37 1 RN 2 A 44
FEHL A 3400, 9 Bff GAP43 il PSD-95 (9283614
NogoA NgR .RhoA 1 ROCK2 {35 i, IF H g
NHER R T WA B A G E L, X Ry
LW TR A 2 AT B s 7P 1 NogoA/RhoA/ROCK

M AR AR

ZE L TIR ER A BE R R T AR L Ml 4ot N
NogoA/RhoA/ROCK 3l i 1 # 1% 2 3% OGD/R 5 5
(%) SH-SYSY Aftidi £, I ELAE RS vl 9804 1A
FERIRATRIT B 2 Z X /R #1405 B9 V5
AR AE FHAIL ) 25 2 JE Al

S 30k
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[BE] BB NHE AR50 BTS2 B8 B B (alcobolic fatty liver disease, AFLD) /N 41418 H
RIS VAT RET BN, Frik R NIAAA B4l % CSTBL/6J /NEL AFLD 5L %45 9 d 8 47 T 3¢
P (400 mg/kg) T, SR 4D LA g 8 H BT 2H Jr weowt 4 S 3 20 /N U R b i 8 Bk AT 28 e e i, DA
i A5 ECE A = 1.5 50<0. 67, H. P<0. 05 WYX IEH X IS AFLD 21 AFLD 2145 (132l T 94, 1
XFHRZH 55 A P EAS 3 A LU v 3 R R A 22 R Rk B LAY B, SRS EA T 22 SR ARBEE 1Y GO a3k
KEGG B H w M AR M TR, R 0% e FE B3] 4513 3763 DR, fifi e ih 1228 4> 225 ik
TR 11 A2 RAFRE R, 50 IRY 4L (P<0.05) ,AFLD 4143 3147 370 324 A 115 5 & F A 1
FIRE P BT TRAL 3 40 43 AR B 3 RIRANT ;5 AFLD 21 HUA (P<0. 05) , FIBE M R H PAL 04 224
227 AE A B LIATR I, 1228 D2FRIKEA BN K& GO FERER) 40 MY EIL R 36 ALK 38
ANSFINRERT 45 45 KEGG i, 11 25 RILRIAE L GO KEGG KK TR M 45 B AR /i, Horp 9 S22 3tk
KA K 9 BT IIRE S A2 R RIAE AR N 5 KRS, 4 D EFIREE AR AE THE/ER,
it BB A G /DNBUFASUE AR kg Ak T BEA, LR R IR 1B AL 5 1 (sulfotransferase
family cytosolic 1B member 1, Sultlbl) | 2% i # 1 A-IV ( apolipoprotein A-IV, Apoad ) . 1 Ji1-3-%f FR [k 3 4% B2 il 3
(glycerol-3-phosphate acyltransferase 3, Gpat3) IR E ALY K S 1 ( epoxide hydrolase 1,Ephx1) 254 FhE AR IAK
AR 5 AFLD YR AR ZE P BERY AFLD T HE A BIER

(RSEWR]  WORITERR AT A B2 4D ARbrid & A el
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Liver protein expression profile of AFLD mice determined by four-dimensional
label-free quantitative proteomics and the therapeutic effect of resveratrol

HAN Min', YI Xu®*, YOU Shaowei’
(1. Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China.
2. the Second Affiliated Hospital of Guizhou University of Traditional Chinese Medicine, Guiyang 550003 )

[ Abstract]  Objective Proteomics were used to analyze changes in the liver protein expression profile of AFLD
mice and the effect of resveratrol treatment. Methods The AFLD model of C57BL/6] mice was prepared by NIAAA
method, and resveratol (400 mg/kg) was administered orally for 9 days. Proteins in the liver tissues were quantified by the
4D non-standard quantitative proteomic method . Under conditions of multiple changes =1.5 or <0.67 and P<0. 05,

significantly up- or down-regulated differentially expressed proteins in three comparison groups were screened. GO

[E&TH] FZEK ARRFIEE (81660752) G5 4743 (3040-040210081,3054-054210007) ,
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classification, KEGG pathway enrichment, and protein network interaction analysis of differentially expressed proteins were
carried out. Results Totals of 4513 and 3763 proteins were identified and quantified, respectively, and 1228 differentially
expressed proteins and 11 differentially coexpressed proteins were screened. Compared with the control group (P<0.05),
370 and 324 proteins were significantly down- and up-regulated in the AFLD group. Compared with the AFLD group ( P<
0.05), 224 and 227 proteins were significantly up- and down-regulated, respectively, in the resveratrol treatment group. A
total of 1228 differentially expressed proteins were involved in 40 biological processes, 36 cellular components, 38
molecular functions, and 45 KEGG pathways annotated by GO classification. A total of 11 differentially coexpressed
proteins were screened and found to be related to 9 molecular functions and 5 signaling pathways, of which 4 differentially
coexpressed proteins interacted. Conclusions After chronic alcohol intake, the protein expression profile of mouse liver
tissue changes significantly. The changes in expression of Sultlbl (sulfotransferase family cytosolic 1B member 1) , Apoad
(apolipoprotein A-TV) , Gpat3 ( glycerol-3-phosphate acyltransferase 3), and Ephxl (epoxide hydrolase 1) were closely
related to AFLD occurrence and the therapeutic effect of resveratrol on AFLD.

[ Keywords]

alcoholic fatty liver; resveratrol; 4D label-free quantitative proteomics
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T K 1 B8 W5 BF (alcoholic fatty liver disease,
AFLD) SR P s 18 0 ¢ JE R 7 194 D B B i
PRI R IR 15 508 07 T 45 B R B A T
T ZWsE fBAE R X 50 AR BR T 2R DL RO
RE AL FERVE 35 RO SR A B xR IR
P P — A AE 1 20005 R 45 1 i 1 2 1,
G 7S LR VB TS M A ORGSR R A I T
TR TG 47 2 1 I i e T e i 98 1 55 7
T EA AR A 2 G Tang %51 R BLAFE P
Pt Ao PR /D 1 IR AVIRRS 1 S B9 HepG2 40 L N
R I B, 250 He Tang %[ 10] . Kasdallah-Grissa
4 Chen B Ma 551 R I, RE MTBERR T AR
T I 5 E R R B D T EBAT DR A AR
Hb, b SRR 2 ] AR 15 5 A R
Bl CSTBL/6J /Iy BURT A9 S A0 B2 A I 1, 38 fin
EAW AL (superoxide dismutase, SOD) i %A1k
S ( catalase, CAT) Fl 4 B H K o & 4k ¥ il
( glutathione peroxidase, GPx) ZEHr A (LR M, L1
JFk 455 5 I F - 1o (hypoxia-inducible factor-la,
HIF-1o) 3 F 35, AT Ik ARG P i 7, 1 22
FRERAE S 8 2 S AL G SIRT1 LS5, i)
DL AT IR JF R SIRT1-AMPK 155 R 48 FHL1E £ B
Fe/ NG RV A I 0 AT R P R
A i VE FH 878 2% I A 1 ST 1) 3l 4 R 240 A
RITP AR 583 UE S, (H H B AR AE H 2 ORI A v
2 2 B B B RO 20 — 2 R b
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(R R IAAR AL SR 2, X ST A5 R
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ARIGE 4D HEFR 8 i H A SRR K I AFLD
/N VR (0 R 3R 15 0, I i AR 2 3 2 B
B4 AFLD T H/E FBLAE

1 #RFTE

1.1 Iz

SPF 2R ffitt: CS7TBL/6J /NEL 9 H,8~10 J&IE , 1A
T (22+2) ¢, At st i Sz A8 A W B A B W 42
HE[ SCXK (1) 2021-0010 ], fi] % T 5t 0 BEFL K%
LRGP G (AU X)) A IVE REEHY 53R BN
[SYXK (#4)2018-0001],20~23C , 5256 Aijid v 1k
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BCA 8 IV B il ) & (h E 3 = KA H,
75 . PO01L) ; BEER I ( 35 [E Promega, 427 4w
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50) ; B 5B (26 E Sigma, 4F 77 45 DI163-
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1.3.1 il
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1.3.2  hordl S5abs

INER X BRZH (C) (AFLD ZH (M) Bz [ 32 2 i
FHLL(R) , % Lieber-DeCarli 1545 W A5k}
A+ K 95% L BEEH 19 NIAAA 5 6l 55/ B
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g 1) S At 2 PR, AT 3 VR R B M R LR, 4°C
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Je A PRV TR R Y 4 RN DT R i 7RI MR E
200 mmol/L [ VY &, IR A V75 W Hh 4T 68 75 431,
SRIGUSIN 1750 BeAG i JER 2 1 il ik 1A 38, i A Be 28
W s A 5 mmol/L BY i 73 B, SR IS 1E 56°C T b
J5 30 min,
1.3.4  WAHEE - TS B

1A B 2% CIE R 0. 1% W R 1) VR AH 4
T ENA A AN A 100% LN F 0. 1% H B 1K)
B VA, SRR B K UHPLC RGBS IR AR
BAH A B P RAK, R E A 300 NL/min, 4%
2% ~5% B,0~1 min #47;5% ~27% B, 1~76 min;
27% ~35% B,76 ~82 min l 35% ~ 85% B, 82 ~ 86
min, 73 B WIKS B E S FIHEAE S, BER 1.75
kV SR 5 AT — YO W (345 F 2 100 ~ 1700)
ERER I 3 A, ShASHERR IS TR 494 0 30 s,
1.3.5 WFHZEANFNAEYEBF00r

(1) BAs e R

{8 Bl Maxquant (v1. 6. 15.0) #4752 o 1% AP
KiZ , 7E Mus_musculus_10090_SP_20201214 /45
BRI, FASTA (17 063 £ 51)) 85 1 5 503 4 #
PRI T RO B A R B A B g0t
eI SENE ORI B AT IR, O AT A
ik U8 A5 20 DT RC % 3R KT 51, 58 BURE S 8 B
O, P A R 5T R S v KR LR R BT
FE.

(2) BTN 543 B e 22 57 3 T8 B 1 A i 1o

W IR B A AN R R AR v g KA 5 5k B {1 3 et oo

AR AR JE A5 B L () AR 2 B {E, 12— 25 2Rk T
PEBUE— A 5 VA RGE 5 T H 58 A AR N E
Ho S5 R R R B/ AR S | 32 505 53 A FAE X b
WEZE =G o0 My vk 0 8 1 0 A SR b
VR (e m A R ARG -2k, DiEX
SE T (H F- Y (E FUAE VR S 45 25 1 BT 7E AFLD 41/%F
R (M/C)  HARE L0/ AFLD 240 (R/M) | (HZE R
2 FIXTHRAL (R/C) 3 MFEAS LB R i R ik 22 57
FEEL, 223 Log2 TR J5 4T ¢ K i 43, JF it
FARRL PAE, DA B PR bR, LA R P<
0.05 FI1Z M =1.5 8 <0.67 W FKMFHETE
= BN R 25 5 3R 0K 8 F L R AE 3 A4S
FEA LU A v i 2 22 e 3RIA B L ok 22 S Ak 3k
KM,

(3) ZRFIXEHM GO KEGG 23 #r M 5 (A i
HAEM L3 Hr

PR LR A 22 7 3R IR B kAT TR A
5 (GO) 4325 H1 KEGG i B 00T, ¥ 3 S Hedsdd
rhb ek i 22 SR A T GO TIRE s 4 ) KEGG i#
BT SRIERE 3 A LU 2 Hp O e Y 22 S AR R
E AT H] 5 STRING (v. 11.0) 5 M4 HAE
BRI X, AR 9E confidence score>0. 4 $Ef5 3] 25
S EAERR IR 22 58 B AR M2 4T AT
TBIER,
1.4 FitEHRZE

K H SPSS 26. 0 B AR B G AT G b, A
(B 2R 2SS 80E 3R A Student’ s ¢ f56, P<
0.05 h2EREABENE,

2 #R

2.1 BEAEEX AFLD /NG FFBER 25 A 8200

ZEIMEL O Yot J5 5 T LS, & B 1 22 T
TS AFLD /N B4 R AR 7 28 P b 25 ek e, HAASE
R[S WLIE R Fe
2.2 MALZEARRERELEE . EERERKIL
EHRGESER

KIS R E Y 4513 NE R, Hidh e B
HFA 3763 1~, M/C . R/M 1 R/C 3 DHREA L4
AL 1 1228 P E X FRBEAT, SR
A (P<0.05) , AFLD 2H | 428 /5 i T 40 /)8 B
JFALLU 4 B A 324 40 /N6 (358 3 EE A4
HA 370 43 MEARIBEE TR, 5 AFLD 411t
B (P<0.05) , FZ BT 4L/ U420 0 A
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224 227 NMEHFEBEE LEMTFEIE 1), A
BT UG RE R AL P 198 N I 171
AT VR R IR 0 EE 5 A3 SRR I M T O R
L, BB T 3 ANFEAR A 2 ) &R
RIBAFZER (E 2) .
2.3 ERREIFANEEESTER

1228 P22 R RIBE A M GO UIREE S0 0 i
7N, ,M/C R/M Fil R/C = AN Fe e dl % 43 5 & 19 .
10 11 A EY 2 19,9 .8 A4 A 14 11,13
A FINRERAR L (ANl 3) , BbAh, 3 5IA 13,15 A
17 4~ KEGG il B & w £ (K 4) .

TE:M/C: AFLD /% A s R/C AT/ X IR AH s /M AP
Hl/AFLD 4, 8RB E BLE 2 P<0.05, 22575 =1.5 5
<0. 67 By 2 B (A 6) SN (),

Bl 1 =REAS HU A 22 S Rk 4 1 BT 8
Note. M/C, AFLD group/control group. R/C, Resveratrol group/control
group. R/M, Resveratrol group/AFLD group. The relative quantitative
value of protein expression meets the P<0. 05, and the difference multiple
=1.5 or <0.67 is regarded as significantly up-regulated (red) or down-
regulated (blue) , respectively.

Figure 1 Screening of differentially expressed

proteins in three sample comparison groups

b Y s SEAR GRS | Syt o v oS N ) DB =2 ST - S

2.4 ERHAREEARER GO IhEE . KEGG &
BRSO
7E M/C R/C . R/M 3 A~ HLBCEH e iy 11 4>
S 3L R0k 8 B B, L b A I K % B ( putative
hydrolase RBBP9, Rbbp9) , [ 4 ifd 4 2 (4 il 4100 il
7 A (leukocyte elastase inhibitor A, Serpinbla) , H5%
fR-R-W. #M i& J& B Bl ( methionine-R-sulfoxide
reductase B1, Msrbl ), i 4% #% i & % 4 i 1B
(sulfotransferase family cytosolic 1B, Sultlbl) 4 4 4~
HETERAIA 22T 0. 08~ 0. 39 4%, i S ALy
[N = peroxisomal membrane protein,
Sle25a17) , # g 8 1 A-IV ( apolipoprotein A-IV ,
Apoad) , UDP-N-Z, [t C\ 4l e SE B BR L B AE JE T 1
(' UDP-N-acetylhexosamine
protein 1, Uapl111) PN it (X 4 J& Ak 1 ( endoplasmic
reticulum metallopeptidase 1, Ermpl) , H i -3 - B§ R
fik K % #5 il 3 ( glycerol-3-phosphate acyltransferase
3, Gpat3) , R E ALY K f# B 1 ( epoxide hydrolase
1, Ephx1),STIP1 [A] ¥ ¥ & U & & [ 1 (STIP1
homology and U box-containing protein 1, Stubl) %5
TR R E L 2,44 ~6.79 £, HHN ML, 28
T BUS BB 3 ] EE 1.6~ 6.0 A5 F1 T
0.26~0.63 i, GO T fE & % 2 Hr B 7w, Bk
Rbbp9 \Ermpl 2 /> I B 4> F U RESh, A 9
MNEABW &9 M TIRE(INEL 1), o,
KEGG i # 70 #7 & /8 o H Apoad | Uaplll
Sle25al7 ., Gpat3 | Ephx1 ESATEARD NG X
U W 18 A A Wi L SR AR W L R AR W I CYP450
A FIAR S 5 5@ g (aniE 5) .

pyrophosphorylase-like

B2 RS LB 22 S s i A B Kl & A

Note. The red and green dots in the figure represent the up-regulated and down-regulated differentially expressed proteins respectively.

Figure 2 Volcanic map analysis of differentially expressed proteins in three sample comparison groups
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Note. Darker the mapping color in the figure and the smaller the P value, the more obvious the significance is. Higher the aggregation value, the more
abundant the mapping protein.

Figure 3 GO classification analysis results of differentially expressed proteins

TE : Eh S B R L P RN, 3R B PR s R R IR R AR

B4 25RKENMN KEGG & 4 K445
Note. Darker the mapping color in the figure and the smaller the P value, the more obvious the significance is. Higher the aggregation value, the more
abundant the mapping protein.

Figure 4 Analysis results of KEGG enrichment pathway of differentially expressed proteins
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2.5 ERHEREBEANEZEESTER
11 AN EFILFRRE A ML EAE D45 R BoR,
Sultlbl  Apoa4 Agpat9 ( Gpat3)  Ephx1 4§ 4 />

HAMBEAE R E, HA 7 AEH Rbbp9  Mstbl |
Ermpl ,Stubl ,Slc25a17 ,Serpinbla ,Uap111 JoAHH.AE
KE(WAE 6),

®1 1 AERIERBEATD T IS
Table 1 Molecular functions and differential fold values of 11 differentially co-expressed proteins
FLIR 44 B 4 FINEE Molecular function 225 FU{H Ratio P
Gene name 1 2 3 4 5 6 7 8 9 M/C R/M R/C M/C R’M R/C
Rbbp9 - - - - - - - - - 0.39 1.68 0.65 0.000211 0. 002696 0. 005586
Serpinbla - - - + + - - - - 0. 08 6 0.5 0.001592 0. 003747 0. 008216
Msrb1 + + - - - - - - - 0.29 2.17 0. 64 0. 000971 0. 006664 0. 007230
Sultlbl + - + - - - - - - 0.21 2.87 0.59 0. 000684 0. 004905 0. 005977
Sle25a17 - + + - - - 3.24 0.59 1.92 0.001354 0.021333 0. 026815
Apoad - + + + + + + 6.79 0.26 1.73 0. 000155 0. 000410 0. 005629
Uaplll + - + - - - - - - 3.92 0.4 1.56 0. 000354 0.001367 0.011455
Ermpl - - - - - - - - - 2.44 0.63 1.54 0. 004036 0. 026737 0. 026245
Gpat3 + + - - - - - - 3.98 0.53 2.12 0.007723 0.018115 0.001476
Ephx1 + - - - _ + - - 3.38 0. 54 1.81 0. 000985 0.013226 0. 000113
Stubl + o+ o+ - - - - - - 5. 66 0.30 1.68 0. 000357 0. 000129 0. 030385
TE: L ARG, 2 SRS A 3 R RE BG4 20 O RE IR 700, 5 - R Y0 T 1, 6 38 WG 3, 7 . SR I /K AR TG 1 , 8 < IR Bk 8 ARG 1, 9 - 4t

AT s+ LR IR - SRR T IR

Note. 1, Catalytic activity. 2, Protein binding. 3, Transferase activity. 4, Molecular function regulator. 5, Enzyme regulatory activity. 6, Transport

activity. 7, Epoxide hydrolase activity. 8, Lipid transporter activity. 9, Antioxidant activity. +, Protein has this molecular function.

have this molecular function.

—, Protein doesn’ t

IE B AR A SR AR A AR 11 D22 RRINE I R HARIA AL, BB 7 AR IR BRI, b i (A0SR B, A

I )28 B 2 (0, 32 7R 2B 1 B2 RSB WU /b 5 4 (A0 3 T I, MRS B 71 (0 A 2 5 1 B W B
11 MERILFIRE AN KEGG 8 F§ s

S

Note. The horizontal axis represents the samples of each group, and the vertical axis represents the expression levels of 11 differential coexpressed

proteins. Each color square represents the protein expression level, in which orange represents up-regulation, and the color from dark to light indicates

the gradual decrease of protein expression. Green represents down-regulation, and the color from dark to light represents a gradual increase in protein

expression.

Figure 5 Analysis results of KEGG enrichment pathway of 11 differentially co-expressed proteins
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T ERERZE R R A EA, AIEREAREABZH
BAMERE,
6 11 P2ERdRRE H T M B AR R K
Note. Circles represent differentially expressed proteins, and
double lines indicate that the two proteins interact.

Figure 6 Network interaction diagram of 11 differentially

co-expressed proteins

3 iTig

AR SRV 50 A2 AT A Bl 2 221 J23 1T Y 2 o
THRERERT " 2R AL 2 BR A b 2 i 0 ik
P KA B IR R 56 I B AR 7R R T AR
RIE, 418 T ff AFLD A OG5 53 i b S i 8
J o F A RES A AFLD 9 & AE AL BEAR DL ST & A
T I DR ¥ 97 SR 24 1Y s B A 1 Y DL A
Song %" i A R T4 2 7 ik A AT T ALk v B
I E /N B U TRk g, k3 T 15 Fh 5
RIACIASC M B I, ZERIAY, Dai 45 58 i 2
A SE R BT 2R A A R I, DB R T B B R
TG T R BaER A S A R i 1, DT A 958
I8 A RS D A P RUIE B ) 8] T HifE A . Du 455
I FH R 11 0T 2 B 1 S 4 2 R I, 6 2R T kb
N gL 2 RUBRPRAGIATT B VIMISE . Liu %0 FI &
H TR IR S B R R ke Iz R R M G 14
TR E W AR 105 2 4 W AR TORS 14 B 7 v
PEERT . I ZE P BEAE S 36 7 0 A R S BIF 5 e T
Z BARLENEE 2 B RAE 5 F L
SANTERE . WO SCR FH B S A R BE 1Y 4D HEA5 8
W AR MR, N AFLD 4l 3k4% T 370
A2 FFRINE A, %45 R BR8N AT S BUH
HAUE IR IATE Y D AR L, R s 22 R
HAlEES S T AFLD BB AL, L i+ s B 40
S AFLD /B PN R GA 1 & B Y 198 4>

I K BRI 171 AR B ST I 45 R
T XU A e 5 A2 A R AFLD 1A
FART RS VARG, RO, 18 PR T RS H3 G 5 R AT 4
U R Rk S AR AL 25 R 5 B2 iR 25 4 T 7
MLERASE S AFLD A& AEMLH$2 4t T E 2 a5y
I, #HF—HERRIEATNYIGEE LS h
FWLIX S22 S Rk 8 1 5 2 A A W) 2E 3N A G,
B A% I 22 Fi g 428 1 22 8 1 42 52 il /) BRUHRR AT A
S5 B TP B 25 R

AERIY SR, ia H PPL 44T, FRATA 11 4> 74t
FIREAFPEIT 4 MEAMHEERLRNEA
[T, BUER S AL W) K f# B 1 (Ephx1) (2B HE H A-IV
(Apoad) [H il -3 - ER L ILFL FL I 3 ( Gpat3) IR
ARG M 1B B D1 (Sultlbl) | SR 17 -5 VRS P
I G R W AN, AR SCR I 25 3R B, TR B3 A
J5/NEUFZHZE Ephx1  Apoad Gpat3 F ik 7K F-4443
e 3% FR 3,38 6. 79 Fl 3. 98 %, 4 HEE A E T
SR T T 0.54.0.26 F10.53 7%, %
M, Sultlbl EPAEEA G 3 T8 0. 21 £, & 13
P S B FE 2,87 /%, GO 432 Ml KEGG
W EE I RE 40 Hr s Ephx1 i i 40 i (5 % P450
FRGHAMEEY) SR K 3EVER . Ephx e
12 4% 35 W iR 75 B AN OK % B T S 8, Gautheron
S0 /R 3T3-L1 RS AT AN AY Ephx1 mE52
5 UEH T Ephx 1 SRBR0E7E 20 A A S AL D A
SR L AT B ST IE W Ephx1 5 40 il (5, % P450 JE
BX7) Davydov %5 i i 1k 2 58 B J5 33 05 B UE T
Ephx1 FI4i (0 % P450 2E1 AUAH BEAE I X R, %
KBifAR Ephx1 1 P i 35 0 n] g8 1 54 hn 40 jg (%
P450 35 M RS ) A B A 2 B i
R ST ZE P450 2E1 55 AFLD % A (155
PIARSEMEA SN O s LR W] T 2 v B
LY Ephx 1 23K K- 3F 1M 5% e 41 il (5,3 P450
WP, AT S B/ B AFLD AR 3P4 . IR G 2 A
> i ARG 18 AS S M5 2% 5 BUIR T I 45 R 1 2 92
S Apoad J& £ F R IR T M b 5z 40 i H Y A e
PEEIREE A R A 22—, B A A2 1E i B I W
T A O R R 2B A O PR SRR VE Y L
VRN Apoad (i = 23 REAR/IN BT i 5 43 i AH O
PRI 235, Apoad 22 it A 17 43 fifk F1 R i AR 381
LA I Apoad 5 Y ik FE 2% 3K 76 FF 21 4k Ak 0] 3 A
FRIPTRG 1 Ji i 1 B 98 AH 56 8 Hh A5 SIHE s2
Kang 45" i FUGE 51 43 M7 2 52 T 2 5 G 107 4 it
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N R P EE S 1 (LZIP) 3B S 3N, & B LZIP
Fl Apoad £ NSRRI AR PEAE S b 38 81 B 23k, IRAR
BN AR AR RS G 2 M I3 Tryndyak %7 F)
FHREE 55 00 T4 R g 1 78 P A SRS 7R | e B T
Apoa4d Tk B E FE, —EUh, AT EA RAH
2R R AFLD /NERIHFZHZY Apoad 85 1Y M
FARMAZE SR UG T R, R HZE
PRl BB I 110 Apoad (363K, I8 5 i 1 5 105 1 1L
Wog 22 5 /N AFLD B4R 1E R, Ao 75 23k
—LEIE, Gpat3 J& H il -3 - B PR L B 1
— i I AU, 76 i U 4 20 b v B ek, A B 9 IE B
Gpat3 (RS AS (D H i = R 10 A %, 38 2 E
R 5 04 2B 10 L Gao 20 5 Seipin/Gpat3 i Bk
INEAR Y SEEG R B Gpat3 4 = BEAE 2% i ™ H
e RANE 4 B PERR 8 37N R /N BUBE AL i) ik 5 3
HCHORUF I 5 A5 P . Pagac 2515 1638 i 3T3-L1 ®i
HE Wi 4M e, & BRI Gpat3 I & 34 5% 1 g i 40 it 43
fk., i Sim 255 53T Gpat3 33835 3T3-L1 4S5
K IURETR Y Gpat3 I K BV 8 35 i o 40 i o4k
Khatun %5 % 3 Gpat3 #5470 B2 B0 L 06 55 A 1L
HH I = R R R R A1 R R R AR I A 4 RAIE
T Gpat3 &2 5 g 1R 3 U, 38 Gpat3
SERR BRI IR B AR, BRI, R 5 A A 2R 2 A
3 i 1 4 e A3 | P 3 i T R A ok 2 5 TR
V5 RE 7 I B A Sy 245 9 T T4 FH R o 2 2R
AR, LA TRATE [0 2 B
UIRe & M as 5 48R L A1 Gpat3 X g 5
Fa S AR I 3 I B9 52 e A T RE R B R R BT
AFLD W& Z ik 12, fEN SULT G i 2 — 1
Sultlbl J&/Mah &K IS 5 ARSI £ 2
fitf | 5 SULT1A3/4 —ft 5By 4 4 b B 55 7% il 15
FIR ) Lian 2557 330038 1 A4 9 15 B 2440 b F
qRT-PCR % % B03IF T Sultlbl 78 45 B M 98 40 i vp
FIRKT- 1 b REAR, B T IR 4G B R e R R
RIAEIbREY, SR Sultlbl BIRAEZGY) IREERER
P U 288 [ e ) AR O Pl AR B 4
S8 (H AR DA BFSE SR Sultlbl 263K 83 7R
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FlrFoife , $oma i B Sultlbl FikHe50 H 4 %
THERAMEPEY T PR A T BE S 5 2 B
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[ Abstract]
syndrome by comparing changes in lipid metabolism and proinflammatory factors between two rat models of GA with damp-

heat. Methods

Objective To explore a safe, stable and repeatable model of gouty arthritis (GA) with damp-heat
Overall, 44 male SD rats were randomly divided into a control group (n=10), GA group (n=10),
model group A (n=12) and model group B (n=12). The specific method was provided in full text, and the experimental
period lasted for 21 days. The general condition of rats in each group was observed during the modeling period and the
mortality rate was assessed after modeling. Ankle swelling was measured by the circumference method . Serum contents of
lipid metabolism factors (TG, TC, LDL-C and HDL-C) and proinflammatory factors ( NF-kB, IL-18, TNF-a and IL-6)
were determined by ELISA. Results The mortality rate was 8.3% (1/12) in model group A and 25% (3/12) in model
group B. Compared with control and GA groups, the serum TG, TC, and LDL-C were significantly higher in the model
group A and B (P<0.01), while HDL-C was decreased significantly ( P<0.01). Compared with model group A, TG and
HDL-C were increased in the model group B, while TC and LDL-C were decreased, but without statistical significance ( P
>0.05). Compared with the control group, serum NF-kB, IL-1B, IL-6 and TNF-a were significantly higher in the GA
group, and model group A and B (P<0.01). Compared with the GA group, NF-kB and TNF-a were increased in the
model group A (P<0.05), and NF-kB, IL-1B, IL-6 and TNF-a were increased in model group B ( P<0.05). Compared
with model group A, IL-1B, IL-6 and TNF-a were increased in model group B (P <0.05). Conclusions Both
approaches successfully induced a combined model of GA with damp-heat syndrome. Both of them had commonalities and
individualities. The high fat and sugar diet was a directly influencing factor for lipid metabolism disorder. Biological factors
had more obvious effects on inflammation in rats than a high temperature and humidity environment.

[ Keywords] gouty arthritis; damp-heat syndrome; lipid metabolism; proinflammatory factors
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Table 1 Measure the changes of ankle joint swelling degree at different time points in each group of rats based on the

circumference method

HEH
A 4h 8h 12h 24h 48 h 72 h
Groups
I %R
LE %S FR A 10 0.24+0.06 0.16+0.03 0.09+0. 04 0.08+0.03 0.10+0.03 0.07+0.02
Control group
GA X IRZL
10 2.38+0. 35 3.47+0. 88 4.47+0.98 3.89+0. 62 3.07+0. 54 1.96+0. 43
GA group
BRI A - . » " . "
11 2.28+0.30™ 3.48+0.55™ 4.88+1.07™ 4.28+0.88™ 3.38+0.67 " 2.89+0. 49 **
Model group A
Ki#IZH B . . — - et
9 2.22+0.41 3.52+0.35° 5.22+0.64° 4.97+0. 57 3.66+0. 65 2.74£0.627
Model group B
T IEE AL, * P<0.05, "P<0.01;5 GA X HRLIAELL, *P<0.05,

Note. Compared with the control group, *P<0.05, “P<0.01. Compared with the GA group, *P<0. 05.

R2 TR MSU RIS & 2H R BRGS0 s il

Table 2 Ankle gait classification of rats in each group after inject MSU suspension

415 D1 D2 D3
Groups " 0 I | ] 0 I I ] 0 1 | 1]
=2 R 4
LR AR 10 10 0 0 0 10 0 0 0 10 0 0 0
Control group
GA X4
A 10 0 0 1 9 0 1 3 6 0 2 5 3
GA group
GRIZ A
A 11 0 0 1 10 0 0 3 8 0 2 4 5
Model group A
HRIL] B
0 0 1 8 0 1 2 6 0 1 4 4
Model group B ?
F3 KRR SCARE Y (2+s ,mmol/L)
Table 3 Changes of blood lipid metabolism in rats in each group
2H 5 \ il = pg ] ik R A B IR
Groups TG TC LDL-C HDL-C
1EH %t HEZH Control group 10 0. 710. 21 1. 810. 33 0.48+0. 16 1. 10+0. 48
GA Xt HE41 GA group 10 0.92+0. 20 1.93+0.29 0. 53+0. 27 1. 06+0. 50
MIFIZH A Model group A 11 2.13£0. 18 ™ * 2.62£0.55"*% 0.98+0. 31 ™ * 0.38+0.28 ™"
T2 B Mdel group B 9 2.30+0.34 2.49+0. 36 " 0.78+0. 12" 0.41+0.33 %
T SIERWXT AR, ¥ P<0.05, *P<0.01;5 GA X IRLAMIL, *P<0.05, #P<0.01,

Note. Compared with the control group, * P<0.05, “P<0.01. Compared with the GA group, *P<0.05, *P<0.01.

T 5IERETIEA R, "P<0.01,
B 1 A4S MSU IRE G &3 ST F8 0T o FEIR

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

Figure 1 The score of ankle joint inflammation index in each

group after inject MSU suspension
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o KR 2 TH i (P<0.01) , 33X 45 775 155 18 45 il it
Ui 5 GA X HRAAALL  AAYZH A ) NF-«B il TNF-
o KA B FH R (P<0.05) B RI4 B (%) NF-kB  IL-
18 .IL-6 Fil TNF-a 7K VA i Fk 1 ( P<0.05) , X #E 7w
PRRRG TIE 45 A5 55 280 3 55y =l ] AL AR ™ A 1
PERAE SN, SHEAIZE A A EL  BERIZE B (Y TL-18
IL-6 Fl TNF-a 7K~F-A Fr Ft i85 ( P<0.05) , X 3 17 7]
DIE R PRI TIE LS A B A S E BN HE AL A8 A
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x4 KHKE NF-kB IL-1B IL-6 Fl TNF-o B 281500 (x5, pg/mL)
Table 4 The level of NF-kB, IL-1B, IL-6, TNF-« in rats of each group

215 \ ¥R F-«B HAIHA% 18 4L % -6 Jibged PR A6 R F -
Groups NF-kB IL-1B IL-6 TNF-a
H X IR
IEH XTI 10 391. 69+22. 99 46. 13+ 10. 68 32.76+5. 81 4.86+1.26
Control group
GA X} a2
10 680. 10+29. 07 361.50+8. 58 143.1+10. 67 58.81+6.53
GA group
RERIZ] A . ”
11 738. 74+49. 33 *# 366. 70+12. 48 146.5+11.09 ™ 64.78+5.93***
Model group A
TR B © s o
- 9 741.15+52. 59 *# 430. 00412, 50 ** #aa 168. 9+6. 61 ** #a 71.26+4. 44 % #

Model group B

T SIEHS AL, © P<0.05, "P<0.01;5 GA X BRALMILL, *P<0.05, *P<0.01; 5HIRI4] A FilLL, “P<0.05, “P<0.01
Note. Compared with the control group, *P<0.05, “P<0.01. Compared with the GA group, *P<0.05, *P<0.01. Compared with the model group

A, “P<0.05, “P<0.0l.
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A comparative study of the establishment of mouse pre-eclampsia models

XU Jiahuan', BIE Yanan®, CHEN Qianging' , CHEN Baiyu', OU Baofang' , XIE Shuilin’*, WU Shaoyu'*
(1. School of Pharmacy, Southern Medical University, Guangzhou 510515, China. 2. School of Life Science and
Biopharmaceuticals, Guangdong Pharmaceutical University, Guangzhou 511436. 3. School of Bioscience and

Engineering, South China University of Technology, Guangzhou 510006)

[ Abstract]  Objective To compare and analyze differences between two modeling method of mouse pre-eclampsia
(PE), and to provide a reference to select different types of PE animal models. Methods Overall, 24 CD-1 pregnant
mice were randomly divided into LPS control, LPS, R848 control and R848 groups with six mice in each group. Saline or

LPS (4 mg/kg) was injected intravenously via the tail vein into mice in LPS control or LPS groups on days 13~ 17 of
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pregnancy. R848 solvent or R848 (10 mg/kg) was injected intraperitoneally into mice of R848 control and R848 groups on
days 13, 15 and 17 of pregnancy. Systolic blood pressure of the tail artery was measured on days 12, 14, 16 and 18 of
pregnancy. The mice were dissected on day 18 of pregnancy, followed by urine protein/creatinine detection, anti-vascular
generation factor detection, and HE staining. Results Compared with the control group, gestational hypertension occurred
in both modeling method. Blood pressure on days 14, 16 and 18 of pregnancy in the LPS group was (142.16+4.81),
(144.07+£2.91), and (143.31+4.61) mmHg, respectively. Blood pressure on days 14, 16 and 18 of pregnancy in the
R848 group was (154.00+5.29), (147.44+3.24) and ( 140.77 +2.00) mmHg, respectively. Urine protein/urine
creatinine tests showed that the ratio was increased in the LPS model group (P<0.05), but there was no statistical
difference in the R848 group (P >0.05). Compared with the corresponding control group, there was no significant
difference in sFli-1 or sEng expression in the lipopolysaccharide group ( P>0.05) , whereas sFlt-1 and sEng expression was
increased in the R848 group (P<0.01). Compared with the control group, the R848 group had chronic injury of placental
blood vessels, and extensive hyperplasia of syncytiotrophoblasts in pregnant mice. Conclusions Both modeling method
induce symptoms of PE in pregnant mice, such as hypertension, fetal growth restriction, and endothelial dysfunction.
However, the damage caused by the R848 modeling method is more serious and its advantage is a simple operation.
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preeclampsia; lipopolysaccharide; Resiquimod; animal model
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AN & A B R L B 430 0 e i W At
THER W A1, A HA A S5 B8 [ MR 9T T R
H At B = R 2 WU SR i R i, R 57 PE
SRS k48 78 HAE 5 23 1 HLH AR R A RAY 42
YA YT 7 R R AL TS IR 4

/NS PR 5 N 2 Y v R[] 1 A B Bl Y
TEAR R G, £ PE AF 58 gl )iz i e sz
/N PE FERER 9 T A48 TR 48AE L2 R AL
e MR PR 245 W 75 5 DA B R A R R gl Y A A
SO HAANEE 25 B i TR R4
MM PE Y & A, Se KRB Z IR ZK R Toll
FEZAR (Toll-like receptors, TLR) HJIT% 215 KT
DRARHSPE i 1L Tl REAS 4 | PN B2 ) e A LG
ARG . ARG FRATE AR TLR #3h
#li% S PE, JF iF f& TLR4 ¥ 3h % 5 £ B
(lipopolysaccharide, LPS) " F1 TLR7/8 i#3h7|5 PH
EiHE (Resiquimod , R848) I FEF & PE A5 5 1 fiY

[EA= N
#[EJ,H\O

1 #RF7EE

1.1 SLIEEh

SPF Mt CD-1 /ML 12 H 8~ 12 JRIilS, A
30~40 g;SPF it CD-1 /NG 24 H 8~ 12 J&i,
1REE 20~40 g; W T Wi V14538 A 46 5256 sh W R A
PRSI [ SCXK (#)2019-0001 ], 5l 35 F 7 N £ 5 4=
PR AT FRZS 7] [ SYXK ( #8)2020-0237 ], A 3h
Yy SEgn sty 22 ) JH AR I A= BB AT BR 2\ RIS B2 D
AL I (HTSW211214) | M4 2857 3R JR
1.2 FERKFSMNE

g Z W% ( L 22 5o kAR AL B A R 2
1.861706) ; 75 P4 54 ( MedChemExpress , 144875-48-
9); /Nl ELISA i 51| & ( soluble FMS-like tyrosine
kinase 1, sFlt-1,ml002064 ; soluble endothelial factor,
sEng,ml002193) ( b I AE Y R FRA ) 5 5+
FE CIRYIN T B IR A AR A B A FRZA F), R510-22)
KNI A R 2 ik it e ) 2 43 A &R 48 (2S-7, A6 5
ARIFHE A RA T 5 4 H 83 A 46 53 B4 ( Thermo
Indiko Plus) ,
1.3 XLWHE
1.3.1 sh¥ordl 5 ag

2T 8 24 HOMEME/N RS 12 HEPE/N
BRFHERE 2 + 1 MBS B R B fE5E 2 R
900 A5 /N ERU A BT A2 , 25 DL I 38 4 e Sk I
PR 0 K (idh EO0) .

o S GBI 24 RZE R BEHLS A 4
2 20X R AL 22 B 4, R848 X R 4] | R848



36 T B R AR

202341 A 33 18 Chin ] Comp Med, January 2023, Vol. 33 ,No. 1

a6 K, IR AL FARUREE 13,1415,
16.17 R(E13 E14 E15 E16 .E17) B # k1 5F 200
pL AEBRER K B 220 T AR RS 13,14 15,1617
KEHIKIES 40 wg/kg LPS; R848 Xif MALH T4 IR 4F
1315 17 KIE 1 5F 200 pL R848 %5 (5% DMSO
+40% PEG300+5% Tween-80+50% saline) ; R848 2
FHEIREE 13,1517 K¥% 10 mg/kg 197 B M i 1
5 R848.,

1.3.2 22 JCA i+ &

S ITELEIRSS 12 14 16 18 K (E12 E14 E16.
E18) [4F 8:00~ 1100, fii & h bk ifit F W s 48 0
2 UM, B R4 U 3 Uk, 25 SR A L,
1.3.3  ZRURE A/ FRAUEF H A

WS 2 BT IR 5 17 K 1700 ~ GEURSS 18 K
8:00 PRI , 4> A sh A4k A A A e R 1
PRIUEF 55 15
1.3.4 ELISA #0022 Ul sFlt-1 1 sEng 7K

TEGEYRER 18 K, 5% FH AR HEFR KR i e e 45 4 42
FRUMVE T2 & T, 4°C # E 30 min /5 ,3000 r/min
B0 10 min WCHE B AR TR & 150 W A5 A DU afi
TEH sFlt-1 Fl sEng 175,

1.3.5 HE 43

TELE YRR 18 K, 2R FH AR HE B UL )= , 6 10 mlL
SERUGERT T BRI AL FE 4R B, EIE B -, RIS iR
B, e AT TR SRR, IR 2R R iR B4
L FE, T 10% PR E  CBE K, 240 B AL HE
LY A (SRR 4 um) 54 H D BT HE Je (0,
WA A Z s B ERAE
1.4 SitEFRZE

SRR FH IBM SPSS 20 #EAT48H 04T, R
H GraphPad Prism 7 AT K X IES Aok
A IE S A3 T GORHE P S 8 R i 2 (x =
s) TG TR . 241 SR B R 2 7 22 04T,

%1

2 [F] P 9 L3k A LSD #:1Y Tamhane’ s T2 35, P<
0.05 AZEFAGI+E L,

2 #R

2.1 BAZREINKBHEELE

TUEURSS 13 RIFUR 4 T AN 259 )5 , LPS X
25 R848 Xf MR AH L, B8 sh Bk Wi 4 e /K - B G it
PR (P>0.05) . 5 LPS %R, LPS 4R 5)
Jok e /K1 2 3 T s (P<0.0001) 5 R848 X
HEZHAH LE , R848 4 & sl ik Wic 4 e 7K °F- 4 3 T ( P<
0.0001) (1,52 1), LPS 411 R848 #H ¥ i ¥ 2
B AT 40 490 1 1L
2.2 BAZRREA/RIETLLELER

o P2 5300 2 SRR AR 1, AR A i ) o 2
FURNUEF, >R 153 L AH )5 & 8L, 5 LPS Xt R4 A L,
LPS 4 H(H TH (P<0.05) . R848 45 R848 X R
HIGI 257 (P>0.05) (B 2)

T 5 LPS WAL, “"P<0. 0001; 55 R848 X FZH AH 1L,
## p<0. 0001,

Bl 1 UL RUAEIRES 12,1416 .18 KBSk K (n=6)
Note. Compared with LPS control group, “*P<0.0001. Compared
with R848 control group, ™ P<0.0001.

Figure 1 The systolic blood pressure of caudal artery of
pregnant mice in four groups on the 12th, 14th,

16th and 18th day of pregnancy

K2 R SIS B (mmHg, n=6)

Table 1 The systolic blood pressure of the tail artery of pregnant mice in each group

2151 Groups E12 E14 E16 E18
LPS % HE2H
. 98.17+7.49 99.73+7.24 100. 74+£2. 58 105. 44+8. 46
LPS control group
LPS 41 - - -
97.05+10. 96 142. 16+4. 81 144.07+2.91 143.31+4. 61
LPS group
R848 X g4
TR 93.75+4.24 102. 17+5. 10 104.08+1. 16 95.38+4.00
R848 control group
R848 4
i 101. 47+6. 88 154.00+5. 29" 147. 44+3. 24%% 140. 77+2. 00"
R848 group

1.5 LPS XTHRAAH L, **** P<0.0001; 5 R848 X HRAAA L, ** P<0. 0001,

Note. Compared with LPS control group, “* P<0.0001. Compared with R848 control group,

##p<0. 0001.
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2.3 ZFHZRBBRBERILE

gt geit o (B 3A) 4 4l B e 48 11
255 (P>0.05) ([ 3B) ., LPS XfHE4 5 R848 *f
MR BUA E TG 12 22 57 (P>0.05) , {55 LPS
TR AH B, LPS B BR BRUR WS A F R (P<
0.05), 5 R848 X AR AH L, R848 41 /i Rl iAW
EFF%(P<0.0001) (K 3C), &7~ LPS fll R848 i5
IR TR SRR T R B
2.4 HKAZRMFH sFit-1 71 sEng HIRIEZE

ELISA #4551 s (K 4) , 5 R848 X A ZHAH
L, LPS XJ B2 1 45 I TR B TS 1222 7 (P>
0.05), LPS 415 LPS X fRZH A Lt , sFlt-1 Fl sEng
B2 IR LG22 5 (P>0.05) . R848 A ILE T

R848 X WAL, sFli-1 Fll sEng (9721571 (P<0.01) . i S FBARBASIL, © P<0.05,
2.5 FEIBETSi B2 DUgZEEIRE /RIS R (n=6)

Note. Compared with the corresponding groups in the same

HE Y (25 F 7R (1 5) , LPS Xt HR 21 1 R848 od . *
period, ~ P<0. 05.

X REZH 1 B 25 mp ok B AT D0 R ML 8, IS8 R/ IE
IS JE B DL A AR 2 55 2 B 3R )2, 2
MIFEAIES . LPS 4G40 215 LPS B ZHAH G

Figure 2 Results of urinary protein/creatinine of

pregnant mice in four groups

T AR ORI AR B i U C IR BUAE . SRR L, “P<0.05, ™" P<0.0001,

B3 DU UG BRI Bt SR F 5 R (n=6)
Note. A, General observation results of pregnant mice. B, Number of pregnant mice. C, Pregnant mice weight. Compared with the corresponding
groups in the same period, *P<0.05, “**P<0.0001.

Figure 3 Resulis of gross observation, number and weight of pregnant mice in four groups
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TE A ATV E A P B A AR IR 732 4K (sFl-1) KK 5 B TN B K F (sEng) RKZKF, SRS, ~P<0.01,

4 BAXBIUNE T sFli-1 Fl sEng B9 K LR (n=3)
Note. A, Soluble FMS-like tyrosine kinase 1( sFlt-1) expression level. B, Soluble endothelial factor ( sEng) expression level. Compared with the
corresponding groups in the same period, “* P<0. 01.

Figure 4 Results of sFlt-1 and sEng expression level in serum of pregnant mice in four groups

TE AR ROk R O 2L Ok A IR TR E A B G L  LL AN 8 R Sk R S (A Sk AN RS AL B T
Wik : L BREEA AL AL AHT Sk MAEY 9K AT AL SNk RIEAIIIR I

B s Uiz U S TF HE @
Note. A, Placenta. Black arrows, Blue-purple calcium salts. Red arrows, Syncytiotrophoblast hyperplasia. Yellow arrows, Red blood cells.
Blue arrows, Nuclei. Green arrows, Cell calcification. B, Uterus. Red arrows, Vasodilation. Yellow arrows, Red blood cells. Green arrows,
Inflammatory cell infiltration.

Figure 5 HE staining of placenta and uterus of four groups of pregnant mice
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A 25 5% T R848 41 1) 4R 240 Bl BL™ 5 1 IR 4%
7R L R B A 2K ] DL K R R VU, A
MR SR 2T Iz 3G A A K854k, AT UL 41 Akt
ARIRFBE, 85572 P 105 450 I s

AN, 75 HE B« @458 WoR, LPS XJ iR 41 1
R848 XJ fRZH 5 M AR )2 WK S S B AR 254, bR
SeRE, B AR s SRR BA R LR Z
B EER/NER, 5 LPS XA L, LPS
H2/3 RN ENERZERE KN, KEE
YA G A Mu iy ik, e b R R, 5
R848 X} MRZH L 45 , R848 #H 4 24 Bl AY 1~ 1k 8 s
R K, 9 R W YR [ R 4G 4 4
A B, B A0 I A G A R T sk, 42 T DL/
TR i, £ R A IR

3 Tt

FeIR TN — M 2 R IRRE S e, H R
AL 206 KA B B i A R R 2R G AR
(22 SO R AR A T G Bh AR R BT
M7 R AL RN TR A RORIR YT k. DR
R RAELS M 2RI T AL A, BA = Y The
P BT AN PE BRI R E AT . (1)
TR RS k=g
B THEA I LA SZ R e &2 M PE i BRI
T FARBTEME A T 5 #1171, A5 w48 5E 2 ik
TR — T TG Rt A iR S D REAS A ()
58 (2) AR AL MEE DBA/2 IR RNV S
CBA/J L3R ZHE ™ | My ik vl 5l F S 4 G 5
G HE R I N, K A UM 2 2 A R (major
histocompatibility complex, MHC) SRS S
FHLT ; (3) B[R G« storkhead box 1 1k w5
WM 2,3 XUHI AR B R BR T b O vk A A5 G 0
FEH B ARV 5 PE AHCHE A 1y Rk | [F] B 52 1 Jifs
FERIRG L, R v 201 2% R i ) L 356 PR 24 e 72 ot o 38 s
TRV ; (4) SMEVEZ 5 = . A ROk 1 A
1 & & TLR ¥ 37 7' | L-NAME ( ng-nitro-1-
arginine methyl ester, ffJE-L-Arg-F FEfig) "™ | jx 26
YA R Z BT R R G, R R T
KAETGSIA B &P PE 12 M R IEIR A (5)
4 B PR s B R RG22 e S R A R R
4 B P Ji i 5 R Y PR I S R 1) B B i B
T RFRIR ] R BOR BEEIF R, 724 5 PE
TCOCHR M 1 AR AR W 57 2 45 S M 12 i 5 e i

PR AN TE B 85 142 57 S22 0 A e AR L TR Tkt £
FEA R SR R AN, IR AR T T R A PE
Ao AREFAE , L — 28 5 A JE PE I RAS HAR K
PRSI BI R AR A2 7E &9 ML RN R 6 1 1)
22 5 DA B BRI R (W AN — 350, AT 7 B AT SE Y PE
SRR T 56 UE DA R ) AR

LPS & —Fh 4 TR P 35 3%, VE T 4 A 3 3% 1 i
Toll KEZZ A 470 LPS A2 4 FHIY PE 18171,
FE AL LPS W] LA fish & 412 48 248 J PR - 1) g ik
SRR =AY LS TR 7.5~17.5 d 18
CD-1 /R H 5 LPS, Bl J5 W8 22 21 i Fe Tt 5, Jif
5 LI TR AR | 77 )2 1R 28 R E 2 Jok = 98 ki />,
LFYEE L DUBURN B /INBR I ik ) B 462405

TLR7 1 TLR8 38 iz 55 A 44 35 5 it A v g i 4%
SEARIAN AN N AR5 5IER 2 AL, PE
EEE O IG 2 v A VA% 35 400 0 4T i 32 3% 4 v )
TLR7 #1 TLR8 FEikiaim, #WFs8 &3, /i TLR7/8 4
FNE T PE /N, H# 3R 2 4 TLR7 M
TLR8 FY&R FB/K P34, s B0 I 2R R R AE
FG ST RERE AT AR AR

FEAWFFEH , ST R A % BE AL AR L, LPS Y
ZH RN R848 AR 41 35 HH B0 1 4 iR 401 8 1 R (U R
=140 mmHg/ﬁgKEBW) mmHg) , FREE 1/ IR VLEF
R IR LPS A BLEE 1K, (H R848 A Jf- i A i
MEER, X0 BES TLRS 76/ P4l TLR7 194
SEFA 5, i Xt B A A e Rt
JREE TLR7/8 sk B S0 vl 7% e A WA At 1 v I
N D RERERS . ASWFSE & B, LPS 411 R848 4111
5 LR FEAIR FAI R X BR2H (P<0. 05) |, ix F B IR LA
KZMR, S e, HE 3 55 R R B, LS 4 M
R848 A F 4 M/ R E A MR, H R848 41
NE B ZURT ULAEARIRFE TR, A B 5 g ) b A 7
T1fF TLR4 #4307 LPS #1 TLR7/8 #4371 R848
PESH PE SRl

TESEIE I, IR WA A i) i sFIe-1, 38 i 25
A J HB RN A B 00 ) I 48 AR BB A (vascular
endothelial growth factor, VEGF) i % 4 K A+
(‘placental growth factor, PIGF) , il A% 5 Mifi &
N AT RERE Y, P s A s 11 sEng & —
FREAT A Al Fe 4k 4E KA B (transforming
growth factor-B, TGF-B) 324 Ml TGF-B1 51
ZARF TG S 4G, 51 TCF-B 5515 %
R sEng FESEIE TR B E M RS RS
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P B R S IE ARG, TEAR IR KB AH L T
M, sEng 1 sFlt-1 AYI5ER 7™ Az S8 I8 9 A AR 1R
FIVREIR B ™ 5k S FRATT A S 45 SR A — 2L,
sEng il sFlt-1 &35 & T =5 1) R848 AU LY sEng FI
sFlt-1 R TEE - 22 2 AR LPS AR Y Je Ik 7
ok FAE B P, QR LR T R R B G

2 LT LPS 1 R848 YJREM E i 5 N2 PE
o BEAFBL (A & e I R P B IR G A ) g
DL B oAt 28 B T RE R A 450 ) 19 PE Shimisi il
LPS FELL YR AEE 4T Ik sh P b #8 vl % 5 4 B R, H
B A P P AR TR S )RR SR 3 , X B LPS 51k
AT fE A 2 A IR SR AR IR 4 HE
P ZE R R R848 H 1Y PE AR AU R AE T Ry ™
&, 2507 O I s T 5, B AE T B, [RIAY, 7E
R848 FLAY/INFRAE A v A T B il A A -5 A I A
A LAl - 55 0 BRZHAH L, R848 21 /I B ¥ 1)
sFlt-1 F1 sEng 35 FTF, K578 TLR7/8 4t 5 0 R 4E
g% SN AT BE A 3 IR YT sFlt-1 A sEng F 2635 T
MR A mE AR, 25 PEMAEER
JROST I EFRE TLR7/8 TF % 19 ssRNA 30/
A3 F- I 50 AT 66 3 2o 2 AR i A % A s BE W PE
(it

ARWFFTHEST 1) TLR7/8 5 F10 PE FE /N BB Al
SRR AR H A A SRS SR AR AR ) A
AL A A ORI A 0 8 1 e DA R A O iR LA K
Z R BT IR 45 R (4 PE AR AL T BHLE A 254
N PE &SR AR A R BRI, —
AR T REIG A TLRT 15538 I 5+ % 7E PE &%
R E EAE L, JF AR PE B & ML 2 10
T—EE SR,

SE k.
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Cisplatin resistance in non-small lung cancer cells is affected by ferritin
mitochondrial through EMT regulation

ZHAO Junxiu', HUO Mingyang®, CHEN Zhenyu', BAI Xuesong', MA Hongbo', XI Yanli'*
(1. School of Public Health, Jilin Medical University, Jilin 132013, China
2. School of Basic Medicine, Yanbian University, Yanbian 133002)

[ Abstract ) Objective  To investigate the effects of mitochondrial ferritin ( FtMt) on epithelial mesenchymal
transition (EMT) of-cisplatin-resistant non-small lung cancer line A549/DDP and non-small lung cancer line A549, and to
explore the molecular mechanism in improving cisplatin resistance. Methods Flow cytometry was used to determine the
apoptosis rate and cell cycle of A549 and A549/DDP cells. Western blot was used to analyze expression of E-cadherin, N-

cadherin and FiMt. RT-qPCR was used to measure gene expression of E-cadherin, N-cadherin, snail, slug, twist,
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vimentin, FPn, DMT1, hepcidin and TfR1 in cells. Cell migration was assessed by a scratch assay. Results The

apoptotic rate of A549/DDP and A549 cells was increased with the increase in cisplatin concentration, and the apoptotic
rate of A549 cells was significantly higher than that of A549/DDP cells. After cisplatin treatment, A549 cells in GO/G1
and G2/M phases were gradually decreased in all groups compared with the O pg/mL cisplatin group, whereas A549/DDP
cells in GO/G1 and G2/M phases were first increased and then decreased (P<0.05). The protein and mRNA levels of
E-cadherin in A549/DDP cells were lower than those in A549 cells, while the protein and mRNA levels of N-cadherin in
A549/DDP cells were higher than those in A549 cells. The mRNA levels of snail, slug, vimentin, FPn, hepcidin and
TfR1 in A549/DDP cells were higher than those in A549 cells (P<0.05). The mRNA level of DMT1 in A549/DDP cells
was lower than that in A549 cells (P>0.05). The cell migration rate was significantly faster in A549/DDP cells than in
A549 cells (P<0.05). The expression of FtMt in A549/DDP cells was significantly higher than that in A549 cells ( P<

0.05). Conclusions Cisplatin resistance of lung cancer cells is related to the EMT process, and FtMt might play an

important role in cisplatin resistance of lung cancer cells.
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Jiti 9 A2 A BREAE AR ey OB g, R I
41 ili 6 ( non-small cell lung cancer, NSCLC) K 2
B o5 R BB 80% ~85% 72 L L B B
I T AL TG R, i PR B T7 2R3 R YT
259, AR ) 24 W B AT PR iR AR Z2 AR A TR R
BCAUAFF M R e AR IR T L2 . eAh V22 i i
O R H AT BB T A TR T 24, 5 20
SRR 5 ARE AR BN AU 4% ~17% 4
(cisplatin, DDP) J&:Ilfa R &% F BT sed 259 , didis
TSI, 52 RN 25 A U IR L HL G AE 25 T
21 ARUIUR (7 B0 008 FH 2 i R T 2
WE5E A B, it S8 25 1) LB T 245 7] B8 15 5 | ¢ — [l
Ji¥% 4k ( epithelial-mesenchymal transition, EMT ) i3
T AR A0 A ) EMT S A8, T 68 28 2500 il il
FRANIR I TR 25 5122810, Rege vk kot 4 AE e 1k B
FRIR A & A EMT 2 A2 FE LA 4H A 3 5t
O FE R 2 38 2 P ) 2k T LA o 400 L PN Ak ok R
Thims, M5 EMT %A Bt ko #mT
A5 e 4 L (0 TR 25 S EMIT 5 R o6, 4ok iRk
% M (ferritin mitochondrial , FtMt ) J&—F 52 TE b7
B SYAARE U E S, A AN Z R
FEIRR RS, BT mRNA e = ARG | g B
PR R SO T Y AT R 51 BT LU ) B 32
BN T (iron resposive element, IRE ) 8k I 15 £
H (iron regulatory protein, IRP) # B R, AL
HA R e A A AR RS R EZE LR, B
S5 FiMt 25 T ek i v iy 2R 8 45 01 4 R SRR N
PRa M H H AT T FiMu £ it 958 40 i i 52 054
S EMT o FR i VE AN TS 2E . ke AT 58 38 i

F AT Tt 24 40 Jf bk A549/DDP 5 A Tt 24 4 Jifd
A549 Z[H] FitMt A 7K V- EMT 3o 2 K AR A5 538
PRI 25 R FiMe 5 04AT 25 51 EMT 22 8] i 56
RN HE—2E T Bl 0 KR AL R A SRR R

1 #R7TE

1.1 4K

AR/ 6 fil 988 AS49 40 ik (v LR 27 B
RARE IR T 22 D1 23 A2 ) 5 AR /) 200 it ik 93 T
BATH 2540 MLk A549/DDP (K3 fi 6 £ W) TR AT R
NI
1.2 FZERAHS5KF

2R 1L 3 (AR5 BI) ; RPMI-1640 15373 ( £
Hyclone ) 5 i T 128500 &5 (w0t v P e AR )
AR A A ) &R K 2 & 1 — $U ( Ferritin
mitochondrial , FtMt ) | E-5 &5 8 5 . N-#5 35 & H . B-
actin, HRP-Goat Anti-Rabbit IgG, HRP-Goat Anti-
Mouse IgG (I = JEAYHARARAF) ;cDNA &
BRI & (A6 5T B Ol A R A RA A
BeyoFast' SYBR Green qPCR Mix F14& 7 A& $2 B
F & (B RAEYHAR) ; %A (cisplatin, DDP) ( 32
sigma ) 3 5 | (LEW) TR B A PR A H]) o

NBS Galaxy 1708 = % fk fk % 5% 46 (1% [,
Eppendorf) ; Epoch ZJIfigB#FR1L ( 3€ [E BioTek ) ;C6
T A AL (L1 BD) ; 7500 FastPCR A3 (5 [H
ABI) ; Mastercycler nexus gradient £ & PCR {% ( {2 %]
Eppendorf) ;1X73 1 24 Md T-/Eub ( H A BAR ) 5
Mini-Protean Hi K f# . Mini Trans-Blot %% E[J ## F1 Gel
Doc XR & 4 & 48 (32 [ Bio-Rad) ,
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1.3 XWHE
13,1 4fa e

A549 4IELL 2x10° A~/ FLEER T 6 FLML, 76 %
A 10% 48 M3 197 55 2 FHERE 2 1 RPMI-1640
B FRU (SRR P, 37°C 5% CO, R348 b
FREL B, A549/DDP UL RE 3% T & & 10% Jii 4 1l
1% T R X MBER K .2 wg/mL DDP /) RPMI-
1640 FEFRW (82 HEFR) 1 ,37°C 5% CO, 55758
HEESR , FEAT 8 T 2 iR W A B X BR AL A
2 mL PR SE 2B FR I (AN B 103 , AR A o8 a4 57
W) L2 4 M A AR RR R 1.0.2.5 1 5.0
e/ mlL 0 75 W (AN 5 L3, H 4y R] 58 42 8% 7
W) . 37°C 5% CO, HiFe46 1% 24 h, HALIFIR
EANM, B0 25 U, 10 DLTE O A B 1) PBS Uk
BEAM 1 U, A 195 wL Annexin V-FITC 254 &
B4, A 5 wL Annexin V-FITC 1 10 wL i PI
P, IR, EIREDEIEE 20 min, 37 B AL
LI 3 IR,
1.3.2 2l o] A

R ALBRIE] 1.3. 1, AbBRZS S, A 1xPBS ¥
3K, HAR IR SE 4, 1000 +/min 5.0 3 min, # I
T, ULHE A 70% ¥ 2,15, 4°C & 2 33 %2, PBS
e RNaseA 7E 37°C %5 30 min, 1000 r/min 5.0
3 min, 7 F3E, A 0.5 mL 10 pg/mL 1) PI &,
ZEIRIBEOE Y 30 min, PBS VEERLE A YA, T
Bi B ML, S280 5 & 3 K, Modfit K {4 43 #r
iR,
1.3.3  HHFRAKM

A549 F1 A549/DDP #i R T 6 fLAR,37°C |
5% CO, ¥53% 24 h 5, 1xPBS ¥ 3 W&, Bl A
100 WL 20240, VK 10 min, 15 40 0 246 58 42,
# A 1.5 mL EP &9, 100°C ZEE: 15 min, 3000 1/min

B0 5 min S5, BBV 4T Western blot £l E-
cadherin 1 N-cadherin B2 157K, F& R b R 42
WO vl W 45 20 98 SR IR LA, Rl FeMe 25 1
TR, it Image Lab B A% H ER B #1743
Mr, LA B-actin S NS AN & i
1.3.4 mRNA Fk/K A

YA AL HRIE] 1.3, 1, AbPRZ NS, R A Y
AU AL, 1000 r/min 2.0 5 min, 25 FI1E B UTHE,
HIA 1 mL TRIzol, VK% 15 min LLFE43244% , A 0. 2
mL 05 I B ZU3% 3% 15 s, 12 000 r/min &5 0> 15
min, B EE, A 0.5 mL SN B, # % 10 min,
12 000 r/min &.0> 10 min, 7 FIEJEIIA 1 mL.75%
i¥e 21,7500 r/min B0 5 min J5 % L, 37C T
HRJ5 A 20 WL DEPC /KBt FHARHAY RNA 15
AR, e R S U I 0 2D BR G L cDNA, Jf itk
17 Real-time PCR ¥, L) GAPDH NS, LI &%
4 :95°C 2 min,95%C 15 s,60°C 15 s, L4735 4
PEFR, P85 R 272 B8 B AL R A AR
ki, 519755 M PrimerBank , WL 1,
1.3.5 g femi

YL 2% 10° A~/ MLEERN 30 mm KF 37 10, 55 40
N EE RS | 20 WL A Sk 7R85 57 MR — 4% B 2k,
il 2 4 AR D, i A 5 4 B 55 W kv A
IR DX S 8% BA A A LI A, 43 S 2 mL AS () B 1Y)
IR A, T T A T A o SR A A R 5
LEEHF[H] A 24 h, FEASEEGEE 3 K, FIH Image J
G Hr R DI S8 B . TE R =24 h PR X
W TERE/0 h RIJE XA 58 B
1.4 FitEHRZE

SPSS 16. 0 A4 A7 £ s b 31, B A Bt 4
B bR UEZE (s ) TR, 25 2[RI B0 LU 350k FH A
% J5 225347 (One-way ANOVA ) , 25 [a] 1% ¥ L 45 R

xz1 51955

Table 1 Primer sequences

HEN AR LUEGIFI(S —37) TUESIIFI(5° —3") K (bp)
Gene name Upstream primer sequence Downstream primer sequence Length

E-cadherin GAACGCATTGCCACATACAC GAATTCGGGCTTGTTGTCAT 125
N-cadherin GTGCCATTAGCCAAGGGAATTCAGC GCGTTCCTGTTCCACTCATAGGAGG 370
Snail ACCACTATGCCGCGCTCTT GGTCGTAGGGCTGCTGGAA 115
Slug GCGCATGCTCCATTGTCTTAC AGGCACTTGGAAGGGGTATTG 167
Twist AGAAGTCTGCGGGCTGTGGCG GAGGGCAGCGTGGGGATGATC 193
Vimentin TGAGTACCGGAGACAGGTCGAG TAGCAGCTTCAACGCAAAGTTC 119
FPn TTACCAGAAAACCCCAGCTC CAGGGGTTTTGGCTCAGTAT 103
DMT1 GTGGTTACTGGGCTGCATCT CCCACAGAGGAATTCTTCCT 172
Hepcidin CTGAGCAGTGGCTCTGTTTTC GAAGTGGGTGTCTCGCCTC 129
T/R1 CATGTGGAGATGAAACTTGC TCCCATAGCAGATACTTCCA 106
GAPDH AAATCCCATCACCATCTTCCAG GAGTCCTTCCACGATACCAAAGTTG 136
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FH/N e 3 2255 (1LSD) K56, K 56 /K i o= 0. 05, P<
0.05 FREFAHEEFME,

2 R

MAEATRILE R
SR Bl A R 45 24 700 5 0 3, 40 0
TRMRIER B L 5.0 wg/mL 44 AS549
et OB R R 1B W S O R T = R VN
1.OF1 2.5 pg/mL 4AZH (P<0.05), 1.0 f1 2.5
peg/mL WAL AS49 40 ] 509 0 T | 0 303 0 1 A IR
FEA B AT 0 peg/mL R, (0 22 S o4t 12
EYX(P>0.05), 1.0.2.5 F1 5.0 pg/mL %A 2H
AS549 2tz ()R BE T e OR T AIR SR R LA
LR TG E X (P>0.05), 1.0.2.5 f15.0 ug/
mL JEHZH A549/DDP IR TR B E S T 0 ng/
mL 4140 (P<0.05), 5.0 pg/mL 4140 A549/
DDP I TR B 5 F 1.0 A1 2.5 pg/mL 4

2.1

ZH(P<0.05), 5.0 pg/mL 4420 A549/DDP 41 jity
WINPT R B & = T 0 we/mL 414 (P<0.05) ,
5 A549 4iiff1 5. 0 we/mL AL HE%E , A549/DDP 4
JLE) IR T R T R RN IR AR 2 PR AR (P
<0.05), 5 A549 49 1.0 F12.5 pg/mL AL L
3, A549/DDP 4l fi i) R 8 3 I EREAIK (P<0.05)
W2 i 1,
2.2 “HRREHEARILER

50 pg/mL T4 3, 5.0 pwg/mL Ni4A 2
A549 4L GO/G1 i F#R (P<0.05) ;2.5 F15.0
pe/mL IEAZL A549 4ifd S 18 & T+ (P<0.05)
5.0 pg/mL IEZH AS549 20 G2/M & KT 0,
1.OAI2.5 peg/mL 441 (P<0.05), 47 &4
A549 AT FR 2 B LA B3 25 7 (P<0.05) .
1.0 F1 2.5 pg/mL 4120 A549/DDP 4l G2/M 1
BEE T 0 pg/mL MEI4L; 5.0 pg/mL 4141
A549/DDP 4 il G2/M B & KT 0.1.0 A1 2.5

R 2 A549 FI A549/DDP 4 Sl T BIRSEAA L (%)
Table 2 Comparison of apoptosis rate and necrosis rate between A549 and A549/DDP cells

ks A549 A549/DDP
(pg/mL) FUH T W T WL HUE T MBI T N
Dose Early apoptosis Late apoptosis Necrosis Early apoptosis Late apoptosis Necrosis
0 1.90+0. 28 1.05+0. 35 1. 00+0. 28 1.55+0. 45 1.20+0. 11 0.55+0. 15
1.0 2.40+0. 42 1.45+0. 35 1.50+0. 28 3.35+0. 10" 1. 40+0. 10 0.70+0. 05"
2.5 3.55+0. 64 1. 60+0. 28 1. 85+0. 35 4.40+0.28" 1. 55+0. 05 0. 80+0. 10"
5.0 13.55+2. 06 “* 3.70x1. 417 % 3.00+0. 57 "% 6.10+0.30**D 1, 60+0.20"V 0.95+0. 15"

TE: 5 0 pg/mL FALEA L, * P<0.05;5 1.0 we/mL IEAHA L, #*P<0.05; 5 2.5 we/mL A L, $P<0.05;5 A549 4ififH L, VP

<0.05,

Note. Compared with 0 pg/mL cisplatin group, * P<0.05. Compared with 1. 0 wg/mL cisplatin group, *P<0.05. Compared with 2. 5 pg/mL cisplatin

group, ¥P<0.05. Compared with A549 cells, D p<0. 05.

E1

AR B IAAAL FE T A549 F1 A549/DDP 208 T 3% R IR A 11 i =X (&

Figure 1 Flow cytometry of apoptosis rate and necrosis rate of A549 and A549/DDP cells under different concentrations of cisplatin
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we/mL 4AZH, 5.0 weg/mL 440 A549/DDP 4
JEPET R B EE T 0.1.0 1 2.5 pg/mL A4 ( P<
0.05), 2.5 F15.0 wg/mL 441 A549/DDP 4 iy
GO/G1 Wi & =T AS549 41 (P<0.05), 0 pg/mL
JF%AZH A549/DDP 4 S 11 535 55 T A549 40 (P
<0.05),G2/M 12 ZE K T A549 i (P<0.05),
5.0 wg/mL 4140 A549/DDP 40 S ] i E K T
A549 Z0ffE(P<0.05), 1.0.2.5 F15.0 wg/mL 4
20 A549/DDP 4 fEYA T2 W KT A549 4iiffl (P<
0.05), L% 3 FIKl 2,
2.3 E-cadherin 7 N-cadherin &iE7K F#EL B

&5 SRR, 5 AS49 200 EL 3, AS49/DDP 4
M E-cadherin ik K B AL, (H L3 22 % 0480
2 L (1=1.919, P>0.05) ; A549/DDP 4 Jfid
N-cadherin %%1357qu@%}|‘%, LR 2= 3 A Gt 2F
=X (1=4.162,P<0.05) , WK 3,
2.4 EMT ES@EHLLE

R R, 5 A549 4 L, A549/DDP 4 fifg
if E-cadherin mRNA 7K [, (H L8 22 5 %A 5t
23 L (1= 0.570, P>0.05) ; A549/DDP 4 Jiid

N-cadherin snail , slug Fll vimentin ) mRNA 7K - i
ZTHE(1=8.469,1=8.768,:=5.793,1=7. 118, P<
0.05) ; Twist A mRNA 7K 55 9% g 3 T, {5 b4
EZR G X (1=2.819,P>0.05) , WK 4,
2.5 YHEEBRILEE

&5 SRRl HL, 5 AS49 40 LR, AS49/DDP 4
Mg 1 Sl IR DX e TE AR B R (1= 6,745, P<
0.05) ,7H A549/DDP 4l il i %% %) o J& B T
A549 4HffL, WIS,
2.6 FPn ,DMT1. hepcidin 1 TfR1 & mRNA 7K F
o2y

M 6 AT, 5 AS49 0 Eb#%, A549/DDP 4
Jir DMT1 mRNA 7KF- B AR (0 L322 R ICGe it
E N (1=2.112,P>0.05) . FPn hepcidin F1 TfR1
mRNA /KB E T, B2 A G E X (1
=5.385,1=2.893,1=5.611,P<0.05) ,
2.7 FtMt FikKFHIELE

&5 SRR, 5 AS49 40 LR, AS49/DDP 4
Jarh oMy 8 R GE KT 2 T (1= 2,804, P<
0.05), WK 7,

R 3 A549 F1 A549/DDP 4il s J& 1 i) LA (% )
Table 3 Comparison of cell cycle between A549 and A549/DDP

il A549 A549/DDP
(pg/ml) G0/G1 S G2/M {EE%(%) G0/G1 S G2/M {EJE%(%)
Groups Apoptosis rate Apoptosis rate
0 60.04+5.04  28.89+1.76 11. 80+0. 48 0. 21x0. 07 56.38+3.62  40.88+4.12(1 3.88+0.60'"  0.15x0.02
1.0 53.54%6.54 35.79:1.53 10. 46+0. 52 1.42+0.13*  60.73£6.27  33.15£2.85  6.57+0.68*  0.17+0.02"
2.5 48.71%6.71  42.36+3.10*  8.06+0.30 2.46+0.25"%  65.57+4.44V 30.78+2.23  6.62+0.71"  0.24+0.08"

5.0 30.10+2.10"* 68.35£2.97°* 2.22+0.21"* 6.09+0.35"* 52.07+2.94'" 46.264.26'" 0.89+0.46"* 1.59+0.16" "
50 pg/mL BAA4LAE L, * P<0.05;5 1.0 we/mL JBAAZLAR L, #P<0.05;45 2. Sug/mL IFEIZAHIL, € P<0.05; 5 A549 4L, (D P<0.05,
Note. Compared with 0 pg/mL cisplatin group, “P<0.05. Compared with 1. 0 wg/mL cisplatin group, *P<0. 05. Compared with 2. 5 pg/mL cisplatin
group, ¥P<0.05. Compared with A549 cells, (") P<0.05.

B2 AFEMEIEALLIET A549 FI A549/DDP 4 jifd J& 1] i v 2 Pl %
Figure 2 Flow cytometry of A549 and A549/DDP cell cycles under different concentrations of cisplatin
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T 5 AS49 AL, () P<0. 05,
3 A549 Il A549/DDP 4iJfi E-cadherin FI N-cadherin 14735 7KF-
Note. Compared with A549 cells, " P<0. 05.
Figure 3 Expression levels of E-cadherin and N-cadherin in A549 and A549/DDP cells

5 AS49 AiEAiLL, ) P<0.05,
B4 A549 Fl A549/DDP 4l EMT {5 = i L4
Note. Compared with A549 cells, ‘" P<0. 05.
Figure 4 Comparison of EMT signaling pathways in A549 and A549/DDP cells

T 5 AS49 4ipikI e, ) P<0.05,
B 5 A549 Fl1 A549/DDP 4R 0T R 1Y L
Note. Compared with A549 cells, " P<0. 05.
Figure 5 Comparison of A549 and A549/DDP cell migration
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.5 A549 gL, (VY P<0.05,

B 6 A549 F1 A549/DDP 4t FPn DMT1 #:JHZE M TIR1 B mRNA 7K

Note. Compared with A549 cells, ! P<0. 05.

Figure 6 mRNA levels of FPn, DMT1, hepcidin and TfR1 in A549 and A549/DDP cells

.5 A549 dAffAR L,V P<0. 05,
B 7 A549 Fl A549/DDP 4l FiMt f52ik /K F
Note. Compared with A549 cells, " P<0. 05.

Figure 7 Expression level of FtMt in A549 and A549/DDP cells

3 itig

NSCLC 2 UL () 2% M g =2 —, i IR X
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ST R RN DS TR 24 Y i R AN KA R T T
A 2GHLH]  AEAE ST o W KT — ke il s I 4601
AR A549/DDP , 7E A BRI i 9 it 25 AL i 2
B, B SEI00E T WSE 1Y AS549/DDP 41 i 1 I 471 it 24
P ST A I, A549/DDP 45 A549 4 i Ze
N5 &b B S AS49/DDP 41 AE TG R B & T
AS549 4L, TR IR LR W 2K T AS49 4,
XU A549/DDP 21 Jifd 2 AT 25 4R 2R

WFFEUESE R AT 8 ik 55 e 4 DNA 25678
BB S NI A 0 24 DNA 24U, 41
MIfE= e GO/GL 3, BLi 20 i ke A 1B 5, 25 2 (fi 4k
SR AU R RS e G2/M i,
ST 6 B R 4 R e s R A R A, R R e A i Ok

PR AR R ER,1.0~5. 0 pg/mL i
FHACFRS | A549 240 A i 4 i ) 32 S5 B 7E GO/ G
WA G2/M U, B2 40 27 2450 2 () 386 i, AS49 4
LA BAAE GO/G1 AN G2/M 1% 200 Jifd i 4k 328 1 I
i, BDFE 1.0~5. 0 pg/mL JL I, AS49 4K % 4+
T 245, 240 AL T 6 o o W60 45 245 390 1 184 Jon i 44
T AT DA SE G- M 5 e A0 DNA RRUE s,
il It A B 1 1 R AE S, DT 35 5 il 9 4 EL AS549
KAPT, 1.0~5.0 pg/mL AL BRS | BEE 5
25 25 o BE W 8, HE N GO/GL AT G2/M 3 Y
A549/DDP Z gl STt 5 BEAR . FE MR &=
BT (1.0~2.5 pe/mL) , HiE S A549/
DDP 208 T2 T & 1R 143 B3, ILik A549/
DDP 20 & A= 7 AT 245 5 >4 M4 &7 245 7] s 34 i 59
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Effects of autophagy on vascular calcification in chronic kidney disease

KANG Ting"?*, MAO Haixia'**, LIN Jiaru'*, ZHU Tingting'*, ZHANG Liling"?,
ZHANG Dongmei'?*, WU Weihua'*, OU Santao'**
(1. Department of Nephrology, the Affiliated Hospital of Southwest Medical University, Luzhou 646000, China.
2. Sichuan Clinical Research Center for Nephropathy, Luzhou 646000 )

[ Abstract]  Objective To explore the association and role of autophagy in vascular calcification of chronic kidney
disease. Methods Overall, 30 SD rats were randomly divided into a control group ( Control group, n=15) and adenine
and high phosphorus diet-induced model group ( CKD group, n=15). Immunohistochemistry was applied to detect a-SMA ,
RUNX2, LC3B and Beclin-1 in the aorta. Calcium content was measured to further analyze the correlation between them.
Aorta smooth muscle cell ( ASMC) calcification was induced by B-GP. Autophagy activation was detected by electron
microscopy, immunofluorescence, and Western blot. After 3-MA and RAP regulation of autophagy, immunohistochemistry
and Western blot were used to detect a-SMA and RUNX2 protein expression, and alizarin red staining and calcium contents
were used to detect calcification of ASMC. Results  Compared with the control group, vascular calcification was

established in the CKD group. RUNX2, LC3B and Beclin-1 proteins, and calcium content were higher in the CKD group
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than in the control group, while a-SMA protein expression had declined. Correlation analysis showed that Beclin-1 and

LC3B protein expression were positively correlated with aortic calcium content and RUNX2 protein expression, respectively.

B-GP induced ASMC calcium deposition and osteogenic differentiation. B-GP induced an increase of autophagosomes,

LC3B fluorescent spots, and LC3BII protein expression ( P<0.01). After autophagy activation by RAP, calcium deposition

and content (P<0.05) and RUNX2 protein expression ( P<0.05) were reduced, while a-SMA protein expression was

promoted (P<0.05). After-autophagy inhibition by 3-MA, calcium deposition and content were increased (P<0.05),

RUNX2 protein expression was promoted ( P<0.05), and a-SMA protein expression was decreased (P <0.05).

Conclusions Autophagy might play a protective role in CKD vascular calcification. Autophagy is expected to become a

new therapeutic target for CKD vascular calcification.
[ Keywords ]

osteogenic differentiation

chronic kidney disease; vascular calcification; aorta smooth muscle cell; autophagy;
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1.3.14 5
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75 AL SR V) R R AR T TR TR
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1.4 SitEH*
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FHV SR bR e 22 (s ) o, 2H TR 80 L BRI
SIHEAS ¢ R IR BB R R T 25 00, 5 AN SRR
Kruskal-Wallis H & % , Pearson (% /|~ 7F & 2Z [A] i)
AHFEVEHT, LA P<0. 05 WA ST X,

2 #R

2.1 FAAXRERIERLE
55X B R B HE, CKD 5 £k 2 K B Ser,
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BUN P J% 24 h JREF WA A FREE R THE, Ca
K, 25 BAgEE X, WK 1,
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OEER T 7 B /R O B /N Rl LR A B B (A
YIBTOURR B /N R A R R 5K, A N Y
5k B 18] B £F 2k 4k ; Masson Je (0 25 3R s . B /N BR 3
JRC RS JES | ] Bk ] L 20500 B /N BR A A, B R BT )
R4, WL 2,
2.3 WAKXKRENKSHER

HE Hy o n] ULk AR 20 R B 32 sh ik g 2,341 55, il
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Jok H 2 B e IR e 2T A B S T 2 0 A T
WLanfiHES 25 6L, PE R 4 g 45 R R 5 X IR
FHLE, CKD £G4 2H K B 3= 2l ok B8 2 132 o A 41 4%
RYESZET IR, kAN, CKD 241 3 sk 45 & &t 4 Xt
MAT S ZREAGIEE L, WHE 3,

0 SRR, * P<0.05, *P<0.01,

2.4 KREDRREFESIUKRBBHEXEAFRIE

G AL EE 5 7 o 0 IR KRR 32 3l k7 1 L
YA R AT UL o-SMA 2R 1359 40 4, i RUNX2 JE
W RIA . CKD K B30 bk il 45 B v 2 5 2F 4 Wy
24 PR ESE W LA AR AT 0L o-SMA 2K 1 3%k B fe ik
DT RUNX2 R &k m, 255 B A G it w
X, LC3B . Beclin-1 /& H mii 5 5 FH A9 B WA 5 H
Fric#y, ol TS WS | WO TE AL, e
A2 SR 7R O REZH R BRIk il 77 e 4% J2 44 it v
F/DE I LC3B  Beclin-1 £ 4321k, i CKD K3l
ok ot A B v 27 e LA B HE B 5L A R e
B AR, LC3B  Beclin-1 2 (A 6 iA 14 3 | 2% % HLA
GiitE X, WK 4,
2.5 XS

Pearson 3¢ #T i 7~ , KR EI IS ES
Beclin-1 f LC3B 4 [ K15 &2 1F A G & &, RUNX2
H M5 Beclin-1 Jz LC3B #H 11 % 15t & 1F A 6 56
. WH 5,

B MR R bR Hd

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

Figure 1 Comparison of biochemical indexes in two groups of rats

B 2 WL KBS HE X Masson et

Figure 2 HE and Masson staining of kidney in two groups of rats
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2.6 B-GPiES KR ASMC 5 R BHES K
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PHEAYAZE R BR B-GP 4 IE % 2H ( Normal ) 5
W0 ARG LL A A 25 775, L I s ] ) 1) B < 328 ¥ 4
%, AL S SRR R Bl 2 B ) Y 24, B-GP
SR TE L A0 T o-SMA 3838 Wik /b | i 43 A
TEARMAZ DI Y RUNX2 2% 35 W38 8 386 i, DA b 45 2%
PR B-GP JINAE S T ASMC 454k, 3 72 9 17) B
oAb, HEA B miv:, UK 6,
2.7 B-GP FEF KR ASMC B xidsE

B-GP Hili# K Bl ASMC 48 h J& , s 5¢ 45 5
W7 A AT 55 05 5 1Y - T8 L 40 i Jo i 42
FE DO AT A A% G5 R 5 M, B-CP AR IE#

RO EIE S LC3B Rk WG58 Merge J5 W/
LC3B 2B fUCR o A FE A0 M 5 b (DL TA) o S
LA 25 SR R . 5 IE W 4L A L, B-GP 41 K R
ASMC 4 i 5T b vl DL AR 5 A A AR Rl

Wi /MAHH B 3 2 3R B-GP i 10 ASMC £5 4k 5
BRI AE M B 00 B W ( LI 7B) . Western blot 285 5
R B-GP 4148 IE H 4 LC3BIT 2K [ AH X 26 ik 12 44
T, A BT CQ R W B R i e, )
UL B-GP+CQ #41%; B-GP 4 LC3BII ik M Wi £
[Fi} B-GP+CQ 2% CQ 41 LC3BII Rk B3 £
(W 7C) o VL EG5REER B-GP XK ASMC 1)
PR HE T A WS i R

A Sk HE Ye 0 RpE R 6 B BIKES S b the, SXTIAUMLL, “P<0.01,
B3 PR RURIE £ S KA L1 O

Note. A, HE staining and Alizarin red staining in aorta. B, Comparison of aortic calcium content. Compared with the control group, ™ P<0.01.

Figure 3 Calcification of thoracoabdominal aorta in two groups of rats

L SX R4, P<0.01,

B4 MR TSk g e @

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

Figure 4 Immunohistochemical staining of aorta in two groups of rats
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B 5 EShIRES A i A A SC R T

Figure 5 Correlation analysis of calcium content and protein in aorta

B 6 ML ASMC AN[F] I i) g o FR 4L 5 (0 K G e 4 Al 2

Figure 6 Alizarin red staining and immunohistochemical results of ASMC in two groups at different time points
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2.8 IR ANH BEEXT KR ASMC $5LEI#200

Sy iE—H 5T A WX ASMC 45 1k 26 8 i 5
JIA B W) 3-MA B 77 RAP T3 7 d J5 0
LHAM . 259 ULE 8, Western blot it 78 B-GP #H
BIEH 41 ASMC ' LC3BII  Beclin-1 25 [ &2 ik TH i,
HIA 3-MA J& LC3BII  Beclin-1 % 43235 T B, i 1]
3-MA BTy Hu M T A W R 2, A RAP 5
LC3BII  Beclin-1 FiA B i 757, i ] RAP ALY 15
ST AmEsR, [FR, B-GP AL W 4 o-SMA
H R0 RUNX2 & R E T 5, B-GP+3-MA 4]
5 B-GP 415, a-SMA & ik B it — 0,
Ifii RUNX2 & [ FRs B it — 2T )2, B-GP+
RAP 415 B-GP 4 L% «-SMA & 1 £ i5 1H & Ft+
i, M RUNX2 2 Rk 0] s> (WK 8A) .

PEHAL R B-GP 4B IE# 41 ASMC N a-SMA &
FI Rk 98 /0, T 40 4% 9 RUNX2 8 3 2, A
3-MA J5 o-SMA 2 [ £ ik U] W i — 2P >,
RUNX2 & HAA K RL, MAA RAP J5 a-SMA
A TGN, RUNX2 & Rk (WLE 8B)
PEER LT YL (025 2 W E R 4R OB I Ak A5
B-GP 41 7] WL 5] 43 A A 21 (B 55 AL 4515, B-GP +
3-MA G a5 415 B Wl £ i B-GP+RAP
H AR DV S AR S5 (WL 8C) . 5
HIES R0 51—, 5IEW AN, B-GP 4
K EBIKT- 1 LAHAEES & 3G 2 A 3-MA 545
S gt — AT, WA RAP J5 45 & B HH B AR
(WLEI8D) . LA 45 B3 Il | wgw] Lo g B-
GP S K B ASMC #5654k K i B 43 4k, T 34 53k
5 D AT DA ik A 0 A S B A A

A RETOL YL IR LC3B MR A B B BTLEE H W/ IMA R IE B ; C : Western blot %% CQ THi)F LC3B HHEiA, S5IF
WHML, *P<0.05; SEBE4A L, "P<0. 05; 54 L, ©P<0.05,
7 B-GP 5T FAMEAE ASMC H G 1f 1

Note. A, The distribution of LC3B expression by Immunofluorescence staining. B, The formation of autophagic vesicles by electron

microscopy. C, LC3B protein expression after CQ intervention by Western blot. Compared with Normal group, “P<0.05. Compared with -

GP group, "P<0.05. Compared with CQ group, °P<0. 05.

Figure 7 B-GP induced autophagy activation in ASMC
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1 : A: Western blot %< RUNX2 ,a-SMA Beclin-1,LC3BI LC3BII % [ &1k ; B . e 41 AL LS M H o-SMA J2 RUNX2 Y8 ] 4377 ; C . PR 4T
Y 0 LER RIS TR S D < 4R 5 B A0 e, SIERALMILL, “P<0.05; S BRdLMILL, "P<0.05,
B8 3-MA K RAP -1il A X ASMC 454k
Note. A, RUNX2, a-SMA, Beclin-1, LC3BI, LC3BII protein expressions by Western blot. B, a-SMA and RUNX2 staining and distribution by
immunohistochemistry. C, Cellular calcium deposition by alizarin red staining. D, Comparison of cellular calcium content. Compared with Normal
group, “P<0.05. Compared with B-GP group, "P<0. 05.
Figure 8 Effects on ASMC calcification after 3-MA and RAP intervention on autophagy
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Effects of xenoestrogen nonylphenol on proliferation, invasion and migration
of colorectal cancer cells by SRXN1

LI Kaikai, ZHANG Yuanwei, ZHANG Nianjie, YIN Shuo, HE Nian, WAN Lei, CHEN Xu, YANG Xuefeng "
(Department of Oncology, the Second Affiliated Hospital of Zunyi Medical University, Zunyi 563006, China)

[ Abstract]  Objective To investigate the effect of xenoestrogen nonylphenol (NP) on the proliferation, invasion,
and migration of colorectal cancer cells and its relationship with sulfiredoxin-1 ( SRXN1) expression. Methods
Transcriptomic sequencing and qRT-PCR were used to analyze the effect of NP, SRXN1 expression in colorectal cancer
cells. SRXN1 expression in colorectal cancer was analyzed by TCGA and immunohistochemistry. After SRXN1 knockdown
in colorectal cancer cell line COLO205 by a specific small interfering RNA ( si-SRXN1 ), effects on the activity,
proliferation, ROS release, invasion, and migration of NP (107 mol/L) -treated COLO205 cells was detected by CCK-8,
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colony formation, transwell, and invasion assays. ERK1/2, PI3K/Akt and Wnt/B-catenin expression was assessed by
Western blot. Results Transcriptome sequencing and qRT-PCR analysis showed that NP significantly upregulated SRXN1
expression in COLO205 cells. TCGA and IHC analysis showed that SRXN1 expression in colorectal cancer tissue samples
was significantly higher than that in the paracancerous group (P<0.01). Compared with control group, NP significantly
promoted COLO205 cell viability, colony formation, invasion, and migration (P<0.01). si-SRXN1 significantly inhibited
cell proliferation, invasion, and migration (P<0.01). Compared with the si-SRXNI group, cell viability (P<0.01),
colony formation ( P<0.05), invasion ( P<0.01), and migration (P<0.01) were significantly increased in the NP +si-
SRXNI1 group. Western blotting showed that, compared with the control group, ERK1/2, PI3K/Akt, and Wnt/B-catenin
were significantly increased in the NP group (all P<0.01) and significantly decreased in the si-SRXN1 group (all P<
0.01). Compared with the si-SRXN1 group, ERK1/2, PI3K/Akt and Wnt/B-catenin were significantly increased the in
NP+si-SRXNI group ( P<0.05 or P<0.01). Conclusions

colorectal cancer cells by promoting SRXN1 expression.

NP promotes the proliferation, invasion, and metastasis of

[ Keywords]

colorectal cancer; nonylphenol; cell proliferation; invasion and metastasis; sulfiredoxin-1

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

ZEE 95 ( colorectal cancer, CRC) J& it A3 [l
N i UL R 2 — | B S EUR AR AR T Y
SR A5 H iz i 0 T e R
BRI FEPET M EBEAE " WA IS
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Az, APE 7z BT 2R 252U AR LA Kk
V) MR SRS E F i AR TS P BEAL T UL, H T NP
BA RN, SEOM S TEH RGP RE, &
BN A3 I ZE L | B i | AR B ) RE R A A 9 1Y
KA b — 18] i 4k ( epithelial-mesenchymal
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N 25 B W 9 40 S COLO205 v b & 3% I+ 9,
SRXNI1 J& THR5F 19 N I sulfiredoxin BT 4 Ak 5 i
AR B 22—, BT A S A R RS I K A 4 R
PHERIT . BB & B, SRXNT FY 5 4 36 34 W]
I3 B 98 J T 96 20 M0 0 S8 0 AR B AT RS
AR S 3 e R B 40 MK WS NP5 25 i i 1
FH RAE DT K FR S5 SRXNT AR SCHE, )20 )

B NP i SRXN1 e dE4h H it s =2 22 Mt #%
fEH

1 #RFFxE

1.1 EIedfpd
1.1.1 20

45 B ¥ COLO205 21 i [ v R} 2 B s 78
BRI B S AL | AR SE 8 S ARAF
1. 1.2 S5 EWEIGIREAR

30 45 B Ji B TR B B X 1 g 55 4 20 3
42020 4F 1 H ~2020 4 12 H & B H g 7 BHE
Bt , 2 Bes BAG A WA B2 W N &5 B R . |
B 54~77 5 F4EE 60.00 %, Hh i 445
15 51, e B L T ) 98 S5 RE A BB O, 45 4 B
Py, — 1 BT 4% 2 R PR &, 86 5 O RELK
Jo A — 0 B TR AR, BRI
BN R AT, U 18 SRR 2 5 b R B
BT Dy S H A b GEEE ([ 2019] H-008 )
1.2 FERKFSNE

T-HEm 0 [ F E Aladdin 237 (585 . 84852-15-
3); CCK-8 ( $2 5. CA1210) M % s ik (17 5.
SP0041) #r il & H FIb st & ERHE A A
Al ;qRT-PCR & 38 77 & A F € [# Thermofisher
ST (525 4472903 ) 5 Anti-ERK1 + ERK2 antibody

155 :ab109282) . Anti-ERK1+ERK2 ( phospho T202

+ Y204 ) antibody ( %% %5-; ab201015) | Anti-PI 3
Kinase p85aantibody ( #% %5 : ab191606 ) . Anti-PI 3
Kinase p85a ( phospho Y607 ) antibody ( %% 5.
ab182651) Wy H F %% [ abcam /& Hl; Anti-Akt
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antibody ( #% %5 ; 60203-2-Ig) . Anti-SRXN1 antibody
7% 5. 14273-1-AP ) | Anti-Phospho-AKT ( Ser473)
antibody ( %% %5 : 80455-1-RR ) . Anti-Wnt3a antibody
125 :26744-1-AP) | Anti-B-catenin antibody ( 5% .
51067-2-AP) }2 Anti-GAPDH antibody ( 575 : 60004-
1-g) 1 H TR =ZE A EARA R A, si-
SRXN1 (' si-SRXN1-1: 5’ -GCCGGCUCCAAAUUCCC
AATT-3’ ; si-SRXN1-2; 5’ -GGACUACAUUCAGCUG
CAATT-3’) J& si-NC ( negative control ) (5 -
TAATTGAUUGGGTTAAAGGCC-3" ) 1 { I iff 75 35
il 25 ¥ R A B 2 A, qRT-PCR 5| % SRXNI
(Forward: 5’ -CAGGGAGGTGACTACTTCTACTC-3’ ;
Reverse: 5’ -CAGGTACACCCTTAGGTCTGA-3") K&
GAPDH 5| #) ( Forward: 5 ’-GGAGCGAGATCCC
TCCAAAAT-3’; Reverse: 5 -GGCTGTTGTCATAC
TTCTCATGG-3" ) pi A TAEY TR ( i) Befn A7 R
A FEE
HERAcell 150i1 % CO, i 3% #i M [ F %
Thermo /A il ; Lightcycler480 # qRT-PCR {14 H F
% [E Roche 23 7 ; NIKON DS-U3 1F & ¢ i i85
H T H A< JE Bl ; Multiskan Sky 4 3% K BEAR {0 A T
& [ Thermo 23 ) ; FACS Calibur Y 2G40 A B T
ZE BD /A ] ; PowerPace Basic Y Hi Jk A ) H € [
Bio-rad A\ #]
1.3 EWAHE
13,1 #ffudigs
COLO205 #iMI S 93 )5 , 73 % & T RPMI-1640+
10% i 7 iL38 B8 SR, 37°C (5% CO, HigRffi
B SR PRI A IR B 80% ~ 90% I #E IR 1 < 2~
1: 3 By HBIEAR, & 1,
1.3.2 RNA-seq 53T
He COLO205 2 Hfd Bl AL 73 Al 25 1 X i 4
(Control) \ T-FEM (107 mol/L) 241 (NP) , Zb 3 24 h
(NP YR B ARSI 225070 o ISR AR, B 2
it RNA fili#8 gtk e )5, kS Ay HoR
( next-generation sequencing, NGS) , 3 Illumina
JEIG R X L S E #E AT XSUK Ui ( Paired-end , PE ) U
P 2 A (AR | log, ™ |
>1,P<0.05) . ¥ K] o0 Hr =46 B IR AR id
YR B A AT BR 2 W B 52 1
1.3.3  TCGA 73#rlisEth SRXN1 ik
UALCAN ( http ://ualcan. path. uab. edu/index.
html) J2& F& F 9 AiE & N 41 K] 3% (the cancer genome

atlas, TCGA ) B I 44 £ 1) 75 26 40 BT F- 5, il ad
UALCAN 04 B /0 Hr SRXN1 78 vh i ik i 0
HAP AR REAR 241 A IEHHEA 41 4>,
1.3.4 qRT-PCR il SRXN1 3k

¥ COLO205 4t ftd Fii AL 43 AL 25 [ X MR 41
(Control) . T-FE£ (1077 mol/L . 107° mol/L 107> mol/
LY (NP), 17 24 h J5 , WAL 4 i, 42 RNA | i
B8 cDNA, qRT-PCR A5 SRXN1 (3K, [RA
PRI 15 i £ IRg SO X 9 55 2 21 RNA
Wik 5 cDNA J7 , qRT-PCR #&:il] SRXN1 ()6 3578
fb. BAELL 2722 FoR; ACT= HIYEER C{E-H
ZHP Ctfl, AACT=L5H (Ct( HWERH) - Ct
(GAPDH)) - X M4 (CGt (HmWEH) - Ct

(GAPDH) ),
1.3.5 S b gt 544t SRXNT ik

45 LR B IR B L C T 1 98 55 4 2R
4% % R HEEE E , A WD) A, S KAk KR
&5 5, 5% BSA Hu 5 BT, i SRXNT Hiff (1 -
200) ,4°C & 1% ; PBS W PE 3 UK, B 5 min, I
HRP Fric ) —H1,37°CHFE 30 min, PBS ¥EVE 3 1K,
BFK S min; DAB .8, AR K EZ L 3 min, 1%EER 4
B oAk, AR %058 (DM1000) SR AR )
JH Image-pro plus 6.0 Z3 A 8 A4 11 55 45 A FE A o
SRXN1 Fik 9 F-HEH EE(10D) .
1.3.6  4iifiusrad bt gy

IO K BB COL0205 4, 1x10* cells/
mL AL AL T 6 FLAR , ¥ COLO205 4 s i HL 53
B .25 % IR 2H ( Control ) \SRXN1 T4 XF FE4H ( si-
NC) . F3B (107° mol/L) 4 (NP) . SRXNI T4
(si-SRXN1) . T- 2 ® + SRXNI T #L 44 ( NP + si-
SRXN1), si-NC M si-SRXN1 % F# Lipofectamine
2000 Ag T IA%E Yeaat 57 & 10 ] F3 % J A COLO205 4t
M2 12 hJ5 , F5FIH NP 15t 24 h,
1.3.7 CCK-8 £

i i CCK-8 IR & AE I, B FLINA 10 pL
CCK-8 Wil , TEAMIH IR AR N AR LI 7/ 4 h, FIBGAR
(450 nm ) KN4 2H 40 B A I GAE (OD {H) o
1.3.8  BalEIE B g A

PAEEINL 200 4~ COLO205 2 g 43 1 42 Fh T 37°C
TR 10 mL $5 3R AL, 524255 ), i 40 i 40
¥4, 8 37°C ,5% CO, M4 R; =40 T 55 9% 14 d,
5 LIEW, H PBS /NDIEVE 2 IR, 4% 2 5 W S
FE 15 min, 7 A [ @ W, s & R g )
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(GIMSA) Bt 8, 30 min, 2R J5 Ve L YL I, Nikon i
B (TS100-F) FABRJ5 |, T3 s B it .
1.3.9 Transwell £

COLO205 4fi i 1L 5 WLER 24 h )5, K 20 i 42
5x10* $ZF1 3 Transwell /N2 _FE, TIZH) 24 FLAR
Bl A 10% FBS A RPMI-1640 15 5% %, & T
37°C 5% CO, 5557 24 h J5 ; BALIMA 1 mL
49 2% F I REVE T, 25 1R B A2 10 min; W2 [ %2 W,
IxPBS {5 ¥E, A 1 mL 0. 5% 45 i 22 7 W 4 6, 30
min, 1 xPBS ¥E 3 ¥, 51K 3~5 min; FHARZ /N E
Transwell /NE A TR BN, & T 200 25
TREE TR LT A AR
1.3.10 Western blot &l

WeSE 40, A FH RIPA 240, VK 9% 5 20 mim
J5,49C ,10 000 ~ 14 000 t/min &> 3~5 min, B I
1 ,BCA E i, B fLIE I 20 wg & &= L FE, SDS-
PAGE HLUKJG , 1, 43 3 LA G T SRXN1 (1 = 800) |
ERK1/2(1 : 800) .p-EKR1/2(1 : 800) .PI3K (1 :
1000) .p-PI3K(1 : 800) .Akt(1 : 1000) .p-Akt(1 :
800) . Wnt3a (1 : 1000) . B-catenin (1 : 1000) }
GAPDH(1 : 10000) ,4°C S8 1% 5 , TBST 3k 3
U, HRP BFR$T R =50, A ECL & GIR
B4 e &8 M A 4, it TANON
GIS AR IR JC 255 I BEAEL
1.4 HitEFHZE

FRASEE A 3 R, Bl DA S B e pr i 22
(x+s) FRn, EIEHE K H GraphPad Prism 6. 0 43
Mr 2z, 22 40 B B HiE 1Y) B 35 R F PR DR 36 22 4
By, 2 9 7 0 LL 4 R A LSD-t K 56, 41 S bR AR
SRXNI1 FKikRFHECR ¢ K55, P<0. 05 H 2R A Gt

2 #R

2.1 NP XZ5H % COL0205 4 SRXN1 &
ey EA

RNA-seq 4 & BL, NP 5132 COLO205 4 i
154 A FEF TR0, BIHFER 107 4>, TREZEER 57
A Ho SRXNT B log, ™ e Sy 2,17 /%5 (K 1A)
525 G X R4 ( Control ) L%, AR NP (1077,
107° 107" mol/L) 43 ll/E F COLO205 4HfL)5 , SRXN1
mRNA & SRXN1 %K 13351 BT+ (34 P<0.05)
(B 1B 8 1C) ., ‘5 Control ZH L%, SRXNT 45 5k
si-SRXNI-1,si-SRXN1-2 #4 i Z I SRXN1 ik (¢

=7.23.5.14,3) P<0.01) , si-SRXN1-1 £ 41 i 5 S
W, o S5 56 Y f i si-SRXN1-1 45 55 M 410 )
SRXNI(EI 1D~ 1F), 5 si-SRXN1-1 4 L, A~
] ¥ BEf9 NP (1077, 107°, 107 mol/L) 43 %I
COLO205 45 , SRXN1 mRNA }2 SRXN1 & 4%
KB ETE (P<0.01) (F 1 G~ 1), LI 45
RULH] NP BE 98 12 #F 45 % 8 COLO205 4 fifg
SRXN1 #JKiA
2.2 SRXN1 EZ&HBBEHPMRIESHT

TCGA 5rHr &8, FEMgE A b SRXNT YRk
WEETIEWHAL(P<0.01) (K 2A) . qRT-PCR
R Wi 4 1 25 T W g b 98 4 SRR AR SRXINL
mRNA K5 & & & T F A4 (1=10.23, P<
0.01) (&l 2B) ; IHC 43 #r & 81, 45 15 9 Mo Jeg
HAREA T SRXNT 638 8 3% = T2 14 (1 =
6.64,P<0.01) (K 2C K 2D), DL L4580, 7
5 H s SRXNT B35 B3 T .
2.3 SRXNI1 ##If5, NP X345 B 7 7% 40 B 1 58 52 i

CCK-8 %l & ¥, 5 Control 4H H %5, NP 4 41 fifu
W/ REE T Control 4H (1=4.64,P<0.01) 1 si-
SRXN1 41 4 Jfd 7% J7 & 2 1K T Control 41; 5 si-
SRXN1 £H H#5¢ , NP +si-SRXN1 2H 4 i 3% 7 i 2534
(1=5.72,P<0.01) (&I 3A) ., 5 Control 41 b3, NP
H TR E = T Control 4H(1=5. 64,P<0.01) ,si-
SRXN1 #H i Z KT Control 4 (¢=10.76,P<0.01);
5 §i-SRXN1 2 L8 , NP +si-SRXN1 Fofedh i 351 &2
(t=4.24,P<0.05) (K 3B.& 3C),
2.4 SRXNI %[5 ,NP W& HipEAREERT
BEE NIRRT

NP 4N MIfZ 78 %03 = T Control 41 (¢=2.31,P
<0.01) ;si-SRXN1 41 COLO205 4 ifd {5 25 %k i 11K
T Control 4H(1=4.99,P<0.01) ., 5 si-SRXN1 4 It
3, NP+si-SRXN1 g et MR8 (1=2. 97, P<
0.01) (&l 4A ~ &1 4C), NP 41 COLO205 41 ffl iF #
BB 5T Control 2H (1=2.45,P<0.01) ;si-SRXN1
2 COLO205 4 il iT 7% %5 & # Ik T Control £ (¢ =
4.19,P<0.01), 5 si-SRXN1 4 H %, NP + si-
SRXN1 BEMEAE AN ML RS (1=2. 07, P<0.01) (&l
4A~E4C)
2.5 SRXNI1 #M%l/5,NP X}18%5H {2 228 %18 B
kA

U AT AT SY & B NP Al 53 0% ERK1/2
Ptk 45 T i 40 e 3 5477, PI3K/ Akt Wnt/B-
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catenin T7E Z5 T I8 v S5 5 0G| IR iR 1) 39 7
EMT, Western blot #:U & ¥1 . 5 Control 41 H %5, NP
i # fE # p-ERK1/2. p-PI3K, p-Akt, Wnt3a, B-
catenin ik (1=3.34 3.04 4.80.6.81.5.71 P
<0.01), 1M si-SRXN1 APl p-ERK1/2, p-PI3K , p-
Akt, Wnt3a, B-catenin [ & ik (¢ = 13.34, 8.75,
11.74 8.65.12. 47,3 P<0.01) ; 55 si-SRXN1 4 [t

B, NP +5i-SRXN1 41 H' p-ERK1/2 (¢ = 4.80, P <
0.01) .p-PI3K(1=3.82,P<0.01) .p-Akt(:=3.78,P
<0.05) . Wnt3a(t=4.48,P<0.05) . B-catenin (t =
6.90,P<0.05) KB R EFm, UL EE5RIEH] NP
AERS (e UE ERK1/2 PI3K/ Akt ,\Wnt/ B-catenin i [
WS, T SRXNT i 35 410 4 b A 38 Y 0TS R
COLO205 ZH i ry38 58 S (=228 1E 1 (181 5) o

¥ :A:Hotmap( 1.2 HEE ) ;B:qRT-PCR 43#7 SRXN1 ik ;C:NP T-Hi)i5 , Western blot £l COL0O205 4 fffi ' SRXN1 ik ;D :qRT-PCR 43#7
SRXN1 ik ;E~F . 4% Y4 si-SRXN1 Ji , Western blot £l COL0O205 4fiffiH SRXN1 £k ; G: qRT-PCR 43#T7 SRXN1 ik ; H ~ 1. SRXN1 Ml J& ,
Western blot #5ll COL0O205 4 SRXNT ik, 1~5 0l tgas (A B8 4] SRXNT FHL4L, T3 (1077 mol/L) +SRXN1 FI4 | T- B}
(107 mol/L) +SRXN1 F4t4H , F- 5 (107° mol/L) +SRXN1 FH . 525 XA L, * P<0.05, “P<0.01;5 SRXNI FH4HMIt, “P<

0.05, #P<0.01,

B 1 SRXNI1 7£ COLO205 4ijig iRk

Note. A, Hotmap (1 and 2 are repetitions). B, qRT-PCR analysis of SRXN1 expression in colorectal cancer. C, After NP intervention, Western blot

analysis of SRXNI expression in COLO205 cells. D, qRT-PCR analysis of SRXN1 expression in colorectal cancer. E~F, After transfection with si-

SRXN1, Western blot analysis of SRXN1 expression in COLO205 cells. G, qRT-PCR analysis of SRXN1 expression in colorectal cancer. H~1, After

SRXN1 inhibition, Western blot analysis of SRXN1 expression in COLO205 cells. 1~5 represents the Control, si-SRXN1, NP (107 mol/L) +si-

SRXN1, NP(107® mol/L) +si-SRXN1, NP (107> mol/L) +si-SRXN1. Compared with Control group, “P<0.05, "P<0.01. Compared with si-

SRXNI1 group, *P<0.05, *P<0.01.

Figure 1 Expression of SRXN1 in COLO205 cells
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TE: A:TCGA 43T SRXN1 TE45 M 79 P 3234 ; B qRT-PCR 43 BT SRXN1 7 45 1 7 %6 1 9234 ; C. THC 43 BT SRXN1 33k (200X) ;D
10D G4 Bras R . ShEEAALL, P<0.01,

2 SRXNI 7E45 HIahnyaRik
Note. A, TCGA analysis of SRXN1 expression in colorectal cancer. B, qRT-PCR analysis of SRXN1 expression in colorectal cancer. C, IHC
analysis of SRXN1 expression. D, Statistical analysis results of 10D values. Compared with cancer tissue, **P<0.01.

Figure 2 Expression of SRXN1 in colorectal cancer

T : A CCK-8 R IAHHLIE /7 . B C. FERIE LSl 528 AR IRALAALL, *"P<0. 01555 T-HEM +si-SRXNT UM I, *P<0.05, *P<0.01,
B3 COLO205 4 e el
Note. A, Cell viability was detected by CCK-8. B/C, Experimental detection of clone formation. Compared with Control group, ““P<0.01. Compared

with NP+si-SRXN1 group, *P<0.05, #P<0.01.
Figure 3  COLO205 cell proliferation capacity assay
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T2 A Transwell 430 ; B ; Migration U845 1; C: Invasion $dES 1T, 525 AR BAM L, “P<0.01; 5E3E+SRXNT THL4AM L, " P<0.01,
4 COLO205 4ilfiifz % ST B e 121k
Note. A, Transwell test. B, Migration data statistics. C, Invasion statistics. Compared with Control group, ™ P<0.01. Compared with NP+si-SRXN1

group, " P<0. 01.
Figure 4 Changes in invasion and migration ability of COLO205 cells

1 :A: Western blot #:ill ; B~ F: 435It % p-PI13Kp85 .p-Akt .p-ERK ,Wnt3a B-catenin FikGEit, 1~5 4r BRI B4 TR %t FRA | Tk
B2 SRXNT TH4 EHB +SRXNT T, 525 AR IRAUMA L, “P<0. 01; 5B +si-SRXNT AL, *P<0.05, *P<0.01,

B 5 Western blot #:] PI3K/ Akt .[ERK . Wnt3a/B-catenin i ik
Note. A, Western blot assay. B~F, Expression statistics of p-PI3Kp85, p-Akt, p-ERK, Wnt3a and B-catenin, respectively. 1~5 represents the
Control, si-NC, NP, si-SRXN1, NP+si-SRXNI. Compared with Control group, *P<0.05, **P<0.01. Compared with NP +si-SRXN1 group, *P<

0.05, *P<0.01.
Figure 5 Expression of PI3K/Akt, ERK1/2 and Wnt3a/3-catenin pathways detected by Western blot
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3 g

Bl 2 BRAR T & R, R Ak 2 ) RS i 2 A
SRIREE R, i WA R B PR 88 75 g, Horp — 2 A Rk
A2 0T AT B sl A B PRI R R 5 R
R IRGE G B M S s R A T Nk R R
YER S BpeAR i 45 43 W T4 (EDCs ) 7R
PRI BEMER S #F5E & B EDCs REME S A
B BETI RS & Z R, an AT JHERE | W5 PR I
FUREAE" , NP J2& EDCs BSLRIC R, T NP BA
SENRTE, SR S e g B B A 5
& A DRI TR A NP 55l i &
HEREISCZR X IR G B iE B BB X,

i 1) 2 A R T A7 S A I YOS R T
S I T AE (R IA )RR T MAPK 2 AMPK
S5ES AR T R 1) AR R NP fEfE 51
B SEAL B SOK T el R 2E ROS B A0 K1
PRI HE O IR B2 1 B ORG J5E 4 0 | 0 S 550k 41 i 1)
T [ w0 RNA-seq & qRT-PCR 5 I %
BLNP 5] SRXN1 &1k B3 i, SRXN1 J§ F1
SFR N TR Sulfiredoxin T4 ML % 1 8 22—, AT
AL TG PR R AR, R IR ERTY L
AT A B, SRXN 7 22 Fh o 1 i v HLAg 41 1k 3%
B KRR RORE S SRXINT 1 3§ 0 5 AR Ak 40 il
T AT ROS JKF-, LA 4 21 60 32 S Ak W i 7
PE TR E B 4 36 58 K2 EMT (4 % 1272 AR
WE5E & BL, 01 SRXN1 B9 R ik )5, 45 & W i
COLO205 ZH i 35 51 | 1228 SOE % fE ) W RR A,
1M NP WS BIAH R I Z5 5L, WE7R NP fi oF 25 1 i
YR AE R 72 KGE RS W HE S SRXN1 RikHH K, H
NP U540 SRXNT ik DL R 58 b p i 6 &
M I S — AR

RS 40 R 4 % A% 1 32 B O ERK1/2
PI3K/Akt }2 Wnt/B-catenin %, ERK1/2 , PI3K/ Akt
FE ST I8 v S ST IR IR A 3 8 L A1k I
EMT'™' | ERK1/2 5 5 80 , i 0 189 7 M OC 2 1
(CyclinD1 ,C-myC ,PCNA) By 23k, St it 25 5 M7 ias 4n
Mokasg " k] PI3K/ Akt 3 B, 25400 4 O S5 0R
A EMT M 358200 SRXN1 A i 3 #0 1% Wnt/B-
catenin'?’ [ ERK1/2'% J PI3K/Akt'®’ i . 18 3
Western blot ¥z il & i, NP 2 3 fi¢ # p-ERK1/2,
p-Akt } Wnt3a  B-catenin B3k, B8 NP BEWS i
FHMOE ERK1/2  PI3K/Akt 52 Wnt/B-catenin 18 5% ;

SRXN1 #llil j5 ,NP X} ERK1/2 PI3K/Akt } Wnt/§-
catenin 18 [ 1) 340G VE B 080 55, S 78 NP 3436
ERK1/2 PI3K/Akt }2 Wnt/B-catenin i }% 5 SRXNI
FIRAK,
25 FFTIR NP AT E SRXN1 fORik 8735 4%

1V 9 0 B ) MG B AR 28 RS, Koo P L S
ERK1/2 PI3K/Akt & Wnt/B-catenin 25 % #4754
K {H NP 5 SRXN1 EARJHEALE], & A fF ik —2
5%,

S % 3k
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Analysis and evaluation of quality monitoring results of SPF rats and mice
in Shaanxi province from 2017 to 2021

WU Pengpeng, ZHANG Caiqin, ZHAO Yong, TAN Dengxu, SHI Changhong, BAI Bing"
(Laboratory Animal Center, Air Force Medical University, Xi’ an 710032, China)

[ Abstract] Objective To determine the current pathogenic microbiology quality status of experimental rats and
mice in Shaanxi province, we analyzed quality monitoring result from 2017 to 2021 to provide a reference for health
screening of laboratory rats and mice. Methods Using the current national standards GB 14922.2-2011, GB/T 14926-
2001, and GB/T 14926. 21-2008, the Laboratory Animal Quality Supervision and Testing Center of Shaanxi carried out

pathogenic microbial and parasite quality sampling tests on SPF rats and mice in all licensed companies and research
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institutes, and then analyzed the result. Results From 2017 to 2021, 2549 SPF mice and 503 SPF rats were collected
from 109 and 45 organizations, respectively. Mouse parasite detection showed a reduction of mites from 5.26% to 0. 15%,
intestinal flagellates from 10. 53% to 0. 45% , Salmonella and Tyzzer’ s organism from 2. 78% and 1. 38% , respectively, to
undetected. Intestinal helminths increased from 0. 40% to 2.39%. In rats, there were declines in mites and Staphylococcus
aureus from 7.07% and 1.77%, respectively, to undetected, intestinal flagellates from 11.50% to 0.83%, and
enrichment of helminths from 3. 79% to 7.50%. In terms of positive rates of mouse serum antibodies, in 2017, mouse
hepatitis virus (4.71%), Sendai virus (1.39% ), and minute virus of mice (2.22%) were positive. Additionally, in
2021, mouse hepatitis virus (0.30% ) and Sendai virus (0. 15% ) were positive. These result indicated raised trends of
both pneumonia virus of mice and reovirus type III. However, there was a reduction in Sendai virus from 7. 07% to 0. 83%
and an increase of pneumonia virus from 0. 88% to 10. 00%. In rats, although parvovirus and coronavirus had predominant
potentials, which were detected in the past 5 years, the number of infected organizations and the positive rate showed a
downward trend annually. Conclusions The test result in the past 5 years showed that pathogenic microorganisms in rats
and mice in Shaanxi province had improved yearly. However, many problems still existed. Therefore, strict biosafety
prevention and control measures should be conducted continuously, and the animal experimentation process should be
strengthened to ensure that animals are qualified within the experimental period.

[ Keywords] SPF rats and mice; quality monitoring; microbiology; parasitology; analysis and evaluation
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Table 1 Monitoring results of laboratory animals in Shaanxi from 2017 to 2021

B ( )
E¥h% et Number of animals s
ﬁ‘:'ﬁj\ Total o %[ﬁéﬁ&ﬁ T#’?‘l‘a ﬁ(b )
Year number of - CTBL/O MR g b L KMOMEL ICR MR N SD KB Wistar R, O number
/ L C57BL/6) com ¥ . . : . istar B of animals
organizations - BALB/c mice KM mice ICR mice  Gene editing SD rats ~ Wistar rats
mice mice
2017 15 83 104 73 31 70 103 10 474
2018 17 145 78 66 15 202 68 11 585
2019 20 104 102 91 40 261 87 11 696
2020 25 68 44 37 263 64 29 507
2021 32 81 70 82 7 430 79 41 790
#it 109 481 398 349 95 1226 401 102 3052

Grand total
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Table 2 Parasite detection results of SPF mice and rats in Shaanxi from 2017 to 2021

A U (%)
741 1 A v > P =N
ARG B R i A SYBE Parasitic infection rate
Yer Animal Total number of ~ Animal - pr pe ”
ear strains organizations numbers RSN e AEM i L S
Ectoparasites Flagellates Ciliates Helminths Toxoplasma gondii
/IR Mouse 15 361 5.26 10.53 0. 00 0.00 0.00
2017 KR Rat 5 113 7.07 11. 50 0. 00 0. 00 0. 00
/IR Mouse 17 506 1.78 3.56 0.00 0.40 0. 00
2018 K Rat 9 79 0.00 5.06 0.00 3.79 0. 00
/IR Mouse 20 598 1.51 1.33 0. 00 1.17 0. 84
2019 K Rat 9 98 0.00 2.04 0.00 2.04 0. 00
/IR Mouse 25 414 0.24 1.45 0. 00 3.14 0.24
2020 KE Rat 9 93 0. 00 1.08 0. 00 7.53 0. 00
/NE Mouse 32 670 0.15 0.45 0. 00 2.39 0.15
2021 K Rat 13 120 0. 00 0.83 0. 00 7.50 0. 00
25t /IR Mouse 109 2549 1.53 2.81 0. 00 1.19 0.27
Grand total K Rat 45 503 1.59 4.17 0. 00 4.17 0.00

& 8 i R A R A R 2018 AE 1Y 0. 40% (2/
506) N ZE 2021 4E 1Y 2.39% (16/670) , B 1 1
1 5.88% (1/17) /N4 9.38%(3/32)
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1 2017~2021 4EBRPGHLIX SPF G/ B 7 Az AU 25
Figure 1 Parasite detection results of SPF mice in
Shaanxi from 2017 to 2021

2 2017~2021 4EBEPEHLIX SPF 2K FUAF AR HURE I 25
Figure 2 Parasite detection results of SPF rats in
Shaanxi from 2017 to 2021
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1.27%(1/79) M1 1.02% (1/98) , ML) & 2021 4 % Figure 3 Pathogenic microorganism test results of SPF
A I ORI DT TR 2018 4 1 5K mice in Shaanxi from 2017 to 2021
PE(11.11% 1/9) PG H (2. 53% 2/79) , Hidr 4 4EHy
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AE(2.53% 2/79) ¥IH 1 REPALK T, 2019 4F &
2021 AFEESE 3 AR 4R K 5 Il 98 B BK T {UAE 2018
AL 11% 1/79) ke (1. 27% 1/79) , H
AR 5 ZR B JE AR I3 P AR BH A A
2017 4EA 2 Z AL (40.00% 2/5) K (4. 42% 5/
113) , G & EE 4 BRI H
2.3 2017~2021 £ SPF X /NRFESHER N
#R A

B K S B SR 1T ELISA 7 3K 1 3 4 20172021 FBCTILC SPE AR AR
AR Kl T 5 SR PRI T A FEUOR JHLAS Figure 4 Pathogenic iﬁ;ﬂ; test results of SPF rats in
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Table 3 Pathogenic microorganism test results of SPF mice and rats in Shaanxi from 2017 to 2021

B 3 2017~2021 4EREVEHLX SPF /)N B I ik

. - iyl S e WA TR W EEER RPE
S IS IL 7/ 4 S WITHE (%)  SMATTE i e
6 i R sk ) D IECE) ©OURE(e) (%) RIRK(%)  ZRIK(%)
Animal Animal | Salmonella  Pseudomonas . . s
Year . Staphylococcus . Klebsiella Streptococcus Tyzzer’ s Mycoplasma
strains numbers sp. aeruginosa . . .
aureus pneumoniae pnemoniae organism
/N Mouse 361 0.00 2.78 0. 00 0. 00 0.27 1.38 0.27
2017
KL Rat 113 1.77 0.00 1.77 0. 00 0. 00 4.42 0. 00
/B Mouse 506 0. 00 1.18 0. 00 0.20 0. 00 0.40 0.00
2018
K Rat 79 1.27 2.53 2.53 0.00 1.27 0. 00 0. 00
/IR Mouse 598 0.00 0.33 0. 00 0.00 0. 00 0. 84 0.00
2019
KB Rat 98 1.02 0. 00 0. 00 0.00 0. 00 0.00 0.00
/INEL Mouse 414 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0.00
2020
K Rat 93 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0.00
/INER Mouse 670 0. 00 0. 00 0. 00 0.00 0. 00 0.00 0.00
2021
KB Rat 120 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0.00
2t /I Mouse 2549 0.00 0.71 0. 00 0.04 0.04 0.31 0.04

Grand total g1 Ray 503 0. 80 0. 40 0. 80 0. 00 0.20 1.00 0. 00
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Table 4 Virological test results of SPF mice and rats in Shaanxi from 2017 to 2021

NP (%) KEFHMER (%)
Positive rate of mice Positive rate of rats

ENy E— E—
Year S BEILY/E 8

Animal MHV SV PVM MVM Reo3 Animal SV H-1 KRV PVM RCV Reo3

numbers numbers
2017 361 4.71 1.39 1. 11 2.22 0. 00 113 7.07 9.73 0. 88 0. 88 5.31 0. 00
2018 506 2.77 0.79 1.58 0.79 0. 00 79 2.53 1.27 1.27 3.80 1.27 0. 00
2019 598 2.51 0. 84 2.84 0. 50 0.17 98 2.04 0. 00 0. 00 9.18 0. 00 0. 00
2020 414 1.21 0.24 2.42 0.24 0.72 93 1.08 0. 00 0.00 12.90 0. 00 0.00
2021 670 0.30 0.15 2.39 0.00 0.45 120 0.83 0. 00 0.00 10.00 0. 00 0. 00
#it 2549 2.08 0.63 2.16 0.63 0.27 503 2.78 2.39 0.40 7.36 1.39 0.00

Grand total

2 MHV /NS SV A B s PVM /NI 955 55  MVM 2 /D SR/ 35 5 Reo3 /N BV 0P 25 IR H-1 DK BRIV 38 Bk H-1 8%

KRV . K BAI/IMG#ERE KRV R RCV K BRI 25/ 1 TH IR R 55

Note. MHV, Mouse hepatitis virus. SV, Sendai virus. PVM, Pneumonia virus of mice. MVM, Minute virus of mice. Reo3, Reovirus type III. H-1, Rat

parvovirus H-1 strain. KRV, Rat parvovirus KRV strain. RCV, Rat corona virus/sialodacryoadenitls virus.
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Figure 5 Virological test results of SPF mice in Shaanxi
from 2017 to 2021

TSV Al G993  H-1: B/ MR RERR H-1 8% KRV <k B/ M2
BR KRV B3 PVM /N U 9899 755 RCV 2 K LR BT 75/ 1H iR %
T
B 6 2017~2021 4EBEPGHIX SPF 2K Bl REHUIA A I 45
Note. SV, Sendai virus. H-1, Rat parvovirus H-1 strain. KRV, Rat
parvovirus KRV strain. PVM, Pneumonia virus of mice. RCV, Rat
corons virus/sialodacryoadenitis virus.

Figure 6 Virological test results of SPF rats in

Shaanxi from 2017 to 2021
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Ultrasound imaging for evaluation of nodular goiter in rats
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[ Abstract]  Objective To determine localization of the rat thyroid gland by ultrasound technology, analyze and
evaluate lesions and the degree of modeling in the rat nodular goiter model, and provide a technical method for diagnostic
evaluation of the rat model of nodular goiter and related thyroid diseases. Methods Forty 6 ~ 8 weeks old SPF-grade
Wistar rats (male and female) were used as the control group and 20 rats were instilled with a propylthiouracil ( PTU)
solution for 8 weeks to establish a rat model of nodular goiter. Ultrasound examination of the thyroid gland was performed

after modeling, along with pathological examination for comparison with ultrasound. Results Ulirasonography showed that
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the anterior-posterior and medial-lateral diameters of the thyroid gland in the model group were significantly larger than

those in the control group (P<0.001). Conversely, asymmetric enlargement of the gland was observed in the model group.

The shape and size of thyroid tissue and the follicle size were irregular in HE-stained thyroid glands of the model group. In

the group, epithelial cells were obviously hyperplastic, disorganized and unevenly distributed with compressed colloid.

Ultrasound and pathological tests were consistent with the disease diagnosis. Conclusions Ultrasound is a good method for

in vivo evaluation of a rat nodular goiter model.
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thyroid disease; animal models; model evaluation; ultrasound probing
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Note. A, Homogeneous glandular tissue of the thyroid gland under ultrasound in the rat neck, red arrows show the location of the thyroid

gland. B, Measurement of the unilateral lobe of the thyroid gland under ultrasound.

Figure 1 Ultrasound images of the rat thyroid gland and lateral lobe measurements
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Note. A, Rats dissected to expose the thyroid cartilage. B, Fully exposed thyroid gland. C, Measurement of the distance from the upper edge of
the thyroid gland to the mandible in rats. D, Measurement of the distance from the lower edge of the thyroid gland to the mandible in rats. E,
Isolated control group thyroid gland. F, Isolated model group thyroid gland.

Figure 2 In vivo measurements and ex vivo images of the rat thyroid gland
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Note. A, Blue line indicates the starting mean 2. 4 with an up and down error of 0. 4, and the yellow line represents the ending mean 3. 3 with an
up and down error of 0. 5. B, Blue line indicates the starting mean 2. 1 with an up and down error of 0. 3, and the yellow line represents the ending
mean 3. 3 with an up and down error of 0. 3. C, Starting position of the thyroid gland in all rats, the red line represents the mean 2.2, with an
upper and lower error of 0. 5. D, Ending position of thyroid gland in all rats, the green line represents the mean 3. 3, with an upper and lower error
of 0. 5. Data are recorded in cm.

Figure 3 Ultrasound detection of the starting and ending position of the thyroid gland in rats
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Note. A~C, Comparison analysis of the anterior-posterior, medial-lateral, and head-tail diameters of the left lobe of the rat thyroid gland measured
under ultrasound and with in vitro vernier calipers, respectively. D~F, Comparison analysis of the anterior-posterior, medial-lateral, and head-tail
diameters of the right lobe of the rat thyroid gland measured under ultrasound and with in vitro vernier calipers, respectively. Ultrasound is the value
of the thyroid gland obtained during ultrasound scanning, Vernier is the in vitro vernier calipers measurement, and the unit of measurement in mm.

Figure 4 Paired i-test results for each value of ultrasound scan and vernier caliper measurement of the thyroid gland on both sides
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T A B2 R ORI A 3215 5 B DI RUT R R A 21805 C ~ B 20 31 0 IR SRR 2 PR R ZE N TS L A Sk R AR X 1L
GBI, TTP<0. 00015 F ~ H 535 % HEAL S TR AR IRAT S A 50 Sk R ELAR ROXT G AP, ™7 P<0. 0001 . 15X IR 2 A AU 20
D AN N e I IR VN VA s TS W 4 €L X VA R

5 ZHE T SRR A LR BT R BOE 52445 5 0 B
Note. A, Ultrasound images of the thyroid gland of rats in the control group. B, Ultrasound images of the thyroid gland of rats in the model group. C~
E, Comparative analysis of the diameters of the left lobe of the thyroid gland from anterior-posterior, medial-lateral, and head-tail in control and model

sl

groups, respectively, P<0.0001. F~H, Comparative analysis of the diameters of the right lobe of the thyroid gland from anterior-posterior, medial-
lateral, and head-tail in control and model groups, respectively, “*P<0.0001. Red arrows in the ultrasound images of control group and model group
indicate the location of the thyroid gland, The unit of data for analysis and statistics is cm.

Figure 5 Analysis of thyroid examination results analysis of morphological characteristics of thyroid gland in various groups

of rats by ultrasonic imaging

TE: AN HEZL R SRR HE B2 B BERIAUR [ AR AR HE e 68,
B 6 HE e R 25 2 Rl HUAR o B i 20 A
Note. A, Thyroid HE staining of rats in control group. B, Thyroid HE staining of rats in model group.

Figure 6 HE staining was used to detect the pathological characteristics of thyroid in various groups
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Note. A, Annual trend of publications related to thyroid animal models. B, Proportion of basic research areas in the literature on thyroid animal models.

Figure 7 Annual trends and types of published articles

(FT#% 118 W)
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Effect of macrophage AMPKal knockout on a non-alcoholic
fatty liver model in mice

WANG Shunyi, CHEN Sishuo, YU Tianli, LIN Caixia, WANG Lijing, ZHENG Lingyun "
(College of Life Sciences and Biopharmaceuticals, Guangdong Pharmaceutical University, Guangzhou 510006, China)

[ Abstract]  Objective To study the effect of macrophage-specific knockout of AMP-activated protein kinase al
(AMPKal) on a high fat, fructose and cholesterol diet-induced non-alcoholic fatty liver disease (NAFLD) mouse model
and to explore the possible mechanism. Methods Lyz2-cre mice ( macrophage-specific cre mice) and AMPKal™™
(AMPK"") mice were crossed to generate macrophage-specific AMPKal gene knockout ( AMPK*Y¢) mice by DNA
genotyping. AMPKa1™" mice and APMK*" mice were fed a high fat, fructose, and cholesterol diet (CHFF diet) for 12
weeks to establish the NAFLD model. Glucose tolerance was measured by an OGTT. Differences in liver pathological

changes of the two kinds of mice were observed by HE staining. Accumulation of liver lipid droplets was observed by oil red

O staining. Changes in serum lipomics of two kinds of mice were assessed by GC-MS. Results  Genotyping by gel
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electrophoresis showed that the AMPKa1™ ™ band was 450 bp, the corresponding wildtype band was 334 bp, the lyz2-cre
band was 700 bp, and the corresponding wildiype band was 350 bp. Western blot confirmed that macrophages of AMPK“Y¢
mice did not express AMPKa. AMPKa expression was found in macrophages of AMPK™" control mice. In the NAFLD

AMeg

model, compared with AMPK"" mice, more hepatocytes in AMPK ™ mice showed steatosis and an increase in the oil red

O staining area. OGTT showed that, compared with AMPK™" mice, blood glucose of AMPK“™® mice was increased

significantly at 15 min. Non-targeted lipomics showed that the serum levels of propionic and lactic acids in AMPK*™ mice
were significantly lower than those in AMPK"™" mice. Conclusions Macrophage-specific AMPKal knockout promotes
hepatic steatosis and downregulates serum propionic acid and lactate levels in NAFLD model mice.

[ Keywords] AMPK; macrophages; NAFLD; propionic acid; lactic acid
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Note. A, DNA agarose gel electrophoresis development diagram of mouse tissue. B, Western blot of AMPKa in primary macrophages derived

from mouse bnne marrow.

Figure 1 The results of mouse genotype identification

TE /MR AR 45 I ] Be 45 5 5 AMPK™" 404 1L, *P<0. 05,
2 B4R AMPK SEBEEXF HFFC IRE /MR
I IR 4 2 AR T () R MR (= 5)

Note. Results of blood glucose levels in mice at different time periods.

Compared with AMPK™" group, * P<0. 05.
Figure 2 Effects of AMPK knockout in macrophages
on oral glucose tolerance( OGTT) in HFFC-fed mice

FE 0 H I = EEACE R 45 R, 5 AMPK™YT 41, ¢
P<0.05,
3 FREAAME AMPK SEERXT HFFC B/ Ui i
Al =HKF(n=4)
Note. Test results of serum triglyceride level. Compared with
AMPK™" group, * P<0. 05.
Figure 3 Serum triglyceride levels in macrophage
AMPK knockout HFFC diet mice
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A /NRUFALS HE e @255 B /N RUFALEUIAT 0 Je@a5 i C. e 0 e mgit i, 5 AMpK™”
AL, © P<0. 01,
B4 FEWEIERR AMPK /N BUIFREIZE R (n=3)
Note. A, HE staining results of mouse liver tissue. B, Results of oil red O staining in mouse liver. C, Statistical
diagram of oil red O staining area. Compared with AMPK"™" group, * P<0.01.
Figure 4 Pathological results of liver in macrophage knockout AMPK mice

¥ : A JRAF (a: Propanoic acid;b: N, N-Diethylglycine ; ¢ : D-Lactic acid ;d : Glycolic acid;e: Tridecane;f: ( R)-3-Hydroxybutanoic acid;g: (4-
Hydroxyphenyl ) -2-( methylamino ) ethanol ; h; Ethene;; i: 9-Hexadecenoic acid; B; AMPKY™ XJ FR#H ; C. AMPK“™® X B4, D; AMPK™"
HFFC 41 ;E . AMPK “M¢ HFFC 41,
B 5 /NEUMTE GC-MS BB FHE (TICs) (n=5)
Note. A, Mixed standard (a, Propanoic acid. b, N, N-Diethylglycine. ¢, D-Lactic acid. d, Glycolic acid. e, Tridecane. f, (R)-3-
Hydroxybutanoic acid. g, (4-Hydroxyphenyl)-2-( methylamino) ethanol. h, Ethene. i, 9-Hexadecenoic acid. B, AMPK™" control group.
C, AMPK*" control group. D, AMPK"" HFFC group. E, AMPK*"® HFFC group.
Figure 5 Mouse serum GC-MS total ion current map (TICs)
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Note. A, Principal component analysis (PCA). B, Hotelling’ s T2 test for PCA analysis. C, Partial least squares regression analysis ( PLS-DA) for

PCA analysis results. D, Permutation test for PLS-DA analysis. E, Orthogonal partial least squares discriminant analysis ( OPLS-DA) of AMPK™"

group (AMHF) and AMPKMI“’group (ALHF) under the action of HFFC. F, Permutation test of the OPLS-DA analysis.

Figure 6 Metabolic profile analysis of mouse liver tissue
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Table 1 Differential metabolites in serum of mice in AMPK"™" group and AMPK*™* group under HFFC diet
P pREEE g T TaEEE PE ZRMEH KEGG HudlsFE
No. (min) RT Formula Metabolites {H VIP P value FC 45 KEGG ID
1 12. 550 C;H¢O, NZ Propanoic acid 5.31845 0. 0012 -0.9180 C00163
2 12.738 CeH3NO, N,N-—ZHFHZ R N, N-diethylglycine 5.30942 0.0012 -0.9134 C16647
3 12. 900 C;H40,4 D-#LBZ D-lactic acid 5.31058 0. 0012 -0.9135 C00256
4 13.201 C,H,0,4 Gé%ém&d 6.02812 0.4136 —-1.4901 C00160
yeolic aci
5 13.307 C3Hyg + =%¢ Tridecane 6. 02454 0. 0066 -1.4890 C13834
. 1,3-T %
6 13.363 C4H,,0, 1 ?; b—Jt— ?l 1. 83364 0. 0605 -4.9295 C20335
,3-butanedio
(R)-3-BHE TR
15. C4HgO .122 . 0172 X 1
7 5. 059 4+HgO5 (R)-3-hydroxybutanoic acid 3 39 0.017 0. 7987 C01089
RUEE N
8 15.315 CoH3NO, 1-(4-hydroxyphenyl ) -2-( methylamino) 4. 05680 0. 0000 4.5892 C04548
ethanol
9 16. 197 C,Hy Z. )% Ethene 2.28625 0. 0000 5.2032 C06547
D— Az sz i
10 30. 303 CeH,, 04 D 4??[1#3? 1. 85337 0.2832 0. 1300 C00124
-galactose
N- DA LA
11 30. 678 CgH, sNOg Nlﬁit%lD T{‘%{E%ﬁ 1. 87295 0.2774 0.1314 C00140
-acetyl-U-glucosamine
N-Z T 3E-D- H 8 iz
12 30. 722 CgH sNOg N Z‘?}E%) ﬁ‘ﬂg*ﬁﬂt 1. 84885 0. 2822 0. 1300 C00645
-acetyl-D-mannosamine
D-111%4] i 14
13 31.385 CeH 404 DIJJ 711*7??% 1.43863 0. 2806 0. 4358 C00794
=S0rb110.
14 31.716 CgH 3NO; S HQIHJU?E . 1. 14330 0. 0786 -3.3772 Co1214
cyllo-Inosamine
. I N 7y
15 32.304 C6H30, TORHAEIR 3.78824 0.0114 -3.0101 C08362

9-hexadecenoic acid

L RT AR BB VIP AR S FE 2 ; FC: Fold of change,

Note. RT, Retention time. VIP, Variable importance for the projection. FC, Fold of change.

T A 22 AU B B AR T4 2R B SR -2 A B W U 2 0BT

B 7 225 QU i a4 AT SR D - A& e s A

Note. A, Results of pathway enrichment analysis of differential metabolites. B, Results of gene-differential compound network analysis.

Figure 7 Differential metabolite pathway enrichment analysis and gene-compound pathway analysis
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[ Abstract ] Objective  To analyze the strain selection, sex, modeling key points, evaluation method of 6-

hydroxydopamine (6-OHDA ) induced Parkinson’ s disease ( PD) model in rats and its application on the screening of

[E£W B ] HR & EE 55135100 (G2022051012L) 5 (M - RN ) B SRR H (2018LZXNYD-ZK32) 5 P41 48 [ bRk 41
B e RGP R & 1R H (2019YFH0023) .

[MEE RN ] £l (1994—) , & Wit AR5 T5 1] h 25 2 25 B S AR BE 2% . E-mail ; 18383067491@ 163. com

[BEEE]EB(1975—) , L, Wb OF5E 0, W0 A S0, B3 07 1) vh 25 P 22 25 30 5 fii K BE %%, E-mail: luyiwangqiong@ 163. com,
wqimplad@ 126. com
FERGE(1972—) , B Wi+ W50, B AR AR T B WS SR SO RE M BT SY . E-mail : wangfengzhong @ caas. cn
S



94 W R R 2R 2 2023 4F | ASE 33 %55 1 ] Chin J Comp Med, January 2023, Vol. 33,No. 1

traditional Chinese medicine in the treatment of Parkinson’ s disease. Methods

Recent literatures related to 6-OHDA

models in the CNKI and PubMed databases in 20 years were collected. The strains of rats, the weight, sex, modeling key

points, evaluation method were analyzed, along with the application of 6-OHDA model in anti-PD traditional Chinese

medicine screening. Results Male SD or Wistar rats are mostly selected as PD models in rats induced by 6-OHDA. The

injection site is usually unilateral substantia nigra, medial forebrain bundle or striatum. Apomorphine induced rotation

experiment, brain histomorphology, molecular biology and biochemical indicators are usually detected 4 weeks after

modeling to determine the success rate of the model and the effectiveness of drugs for prevention and treatment of PD.

Conclusions

This study provides a useful reference for the use of 6-OHDA induced PD model regarding the strain

selection, sex, modeling key points, evaluation method and the application on the screening of traditional Chinese medicine

in the treatment of PD.

[ Keywords)

Parkinson’ s disease; rat; 6-hydroxydopamine(6-OHDA) ; traditional Chinese medicine
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Note. A, Strain. B, Sex. C, Body weight.

Figure 1 Animal strain and sex usage of 6-OHDA model
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/0 W H 5 SNe B MFB BEA TS,

2.2.2 F@

6-OHDA V7 e E S A ) e 2 2 R
PD BRI AR Y S i Sk & B, 6-OHDA {35t
FIEM 4~30 g ANEE, 578 SR AL 2 VA OC
B IISE SR CPu DU S TS, B S TS 2 pL,
L8 pL, ARJFHE 2 J& TH ffes et 40 SN Tt
4 TH FHPERS DN 4T, B 20 e 502 5 23 A
ANEE] s AR S SR T B SNe+MFB 1545, 1 55 4%
FEST 12 pe/4 pL, RJ5 2.4 F1 6 Ji PD K ERE AR 2
ARAK DAT AHXT RO B AR 53 B REAR T 16. 8%
35.9%H1 50. 1% , HEAGN TH FH44E: 20 A A5 s fil ) o
W 75, 22% 81. 22%F1 87. 44%

R 1 6-OHDA BRI LR
Table 1 The molding site of the 6-OHDA model

FAAN I S

T Unilateral injection KA 73 55 J=87

R g =} £ 5 Bilater{:lj(in'geilion Tot;
Injection site o~ B s ’ )

Single point Two points Multiple points
BT SN 36 (75.00%) 10 (20.83%) 1 (2.08%) 1 (2.08%) 48 (27.27%)
PR 5 MFB 46 (86.79%) 6 (11.32%) 0 (0.00%) 1(1.89%) 53 (30.11%)

gk CPu 25 (49.02%) 19 (37.25%) 5 (9.80%) 2 (3.92%) 51 (28.98%)

BAEHAL

Multiple injection sites

_ 24 (13.64%)
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2.2.3  FRBURGI A (] 5 FE L A ]

FE R FH 6-OHDA A5 75 AG B 58 H 1 YRS Bt (1]
SR G 1 BT ] T A, AR R R R, IR
RGN B (B0 AE R ASE 1 SR AR, e 2 fi A st [
JE 1~3 Ji, 7EEARR SR e B B ) e
BTN LA S ] 5 0 22 i A R R 2 UTAR OC , R Ik
RIFTLEAR N FAUES % 20 5 FEAR G5
1.2.3 JE4r 53 T APO BERE L5, B fE ARG
1 JE BVRT 35 2 T B 47 A LR 250 i BsF ) 8 0 7 - o
TINRZEIEAR TG 2 4.8 12 43 %4541 K Ly
PR, o s 3 KR TARSE 2 B NS &
T HEEAT N 4 R A 40% (1 3h ) vl 7 Kk e AT
A, 12 JEI s P R 2 .4 8 TR 4L A s MEAT A
AR BT AR X B s T A 4 S e 45 SR i
ke, 12 DL BRI E ), Bt
AN, KB AR ST 4 FIEATREI, 1R T R A
55.8%, HFFE M E ARG 10 A~ H  BALK RAG ]
Y& U BEREAT M, W 6-OHDA 3 A FA A5 458 1 %5
FFE , HAFLERT a4
2.2.4  PAEEEFI

KT YRR, B 6-OHDA W5 & 4
FOSOR , 2495 W P a5 B AR €0 22 9R 0 (0 A7 B G e
VL2 C 2k, N 2 5 DR 7 T ™
KRG AR ERAE, ST A LA 0. 02% ~ 0. 2%
PO MR 1) A5 BRER /K W BC &, 56 Je PR 43255 VR
17, T U, FESEAT 1 S VR i, S AR ATt R
MRS AL, R B AR R EE
AF O PR FES) 22 1% i EHE 0.5~ 1.0 pl/min, B
EFISHIEEPE 5 ~ 15 min, DL 25 Y0 50 45 b 4™ H0ORD I
W, AR AR ()4 A ) R 12 R Y BT Ik 2V U
o BLAM VR 25T 5 R FH 10056 M8 s S b b B
(25 mg/ke) FPATE AR (5 mg/kg) KA 6-OHDA
A, G v b A BH AT 20 6-OHDA 51 1) 25 5
RREFN SRR A WA AR AT /> 6-OHDA 43
fiff, DRI H A T S 3 S B2 /& 6-OHDA 19 24
R ARG L 1 R T R,
FARA R TR P B R T 455 1R
KL E N AR, B BN AT 5 BT AL B G
ZEFIREE R S TR FF L E A2 2.4 mm
i, AT 250 ¢ 2647 114 SD K BT X 5 5 AR R 7E—
AT, HE AR, B 24 R DL AR, DR A
() )%, W S AE T %

2.3 HWMIERR
WL ST R 2 LU S ¥ T

Y2584k, v LI 6-OHDA A5 R HE ST J& 75 A,
I LAARZ DT 2l 4 K B PD Sh R AL Y Al 1714
Fs IR,
2.3.1 ARG bR

2245811, 6-OHDA LR 5 F R AT Sy 2 6 5 ik
A4 BT F I 1 35 5 i % 55 55 ( Apomorphine-induced
rotation test ), & N I i J i€ & L 5 ( D-
Amphetamine-induced rotation test ) | [®] & 3% 55 ( the
cylinder test) %5355 (the open feild test) 5155
55 (the rotarod test) 55, H:H 46. 63% W FRIESE T
B M 2 S 17, 42% FORIF ST 30E B 1 2K TR g i
BESLYS R S5 T F T VR AR 3 Y s R A R
JE 2T 6-OHDA 559 PD A B 2 15 75 Y
GARME, PESCHR 7, 76 KA 0 58 TR E S 3 Tl
SR FH e 2 2 90 R M e R 1) 2 5 L2, 5 4% 1~ 3 b
110975 7 ¥R PR A BB 1 HAB AT Ry s, TR
%2,
2.3.2  HEUEE AN

H LU Y B2 8 e TR {0 3% (Nissl” s
staining ) FFF AT - 21 G 41k (HE staining) , X
%% 6-OHDA FRLK AR J5 48 h f) SNe #8437, HE %
[ERDREEZE Y INORE N i QN R R A N S UR N
H ARt A% 2Rt LA S0 o3 ML A8 A 25 RS 4 A
I8 JEI AT UL 25 A4t L e [ 1 SR A, AT R e ST 4
He K 18 P R R A 0 SN ISl AT D 5 T A
USIZEN IR 1 I & 8 Ty EA R L
3 SNe Jz VIN XA e H B & w0, e Rk
R, R, AR T AR
2.3.3 A

A 6-OHDA 7551 PD AL 5B (1) — &R 5
3T R R RO | dac i ARSI O kA e e 4
A1k 2# 1 (immunohistochemistry , IHC) | #5297
(immunofluorescent staining, IF) | & 1 90 & B b %
(Western blot) | 5 I 925 % 5 545 Wi 4% =0 5 I vk
(RT-PCR) %%, SCHRZH], TH & DN 4 192 1
A B R , SR R TH BRI 208 15 DA 98 i
LA R T VR DN e S AR08, 8 i
THC BEXTINAH LR Y TH B 47 R ic REAR I b Sz e i
N DN Bt R IR R PD SR AL fY
FARRE 2 — BRI 2P Y TH & sl R
THC 4G TH REAR G S e SR B 22 DN 284k 2 4
SE 6-OHDA BRI EE )5k, TRILER 3,
2.3.4  AALEAREEI

EFXT 6-OHDA 5519 PD BRI H 5 e — R 51 Y
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Mg T R AR R A8 A S5 B A T
T TR F 2 W B 2 125 ( ELISA ) | 8 S80I €833
% (HPLC) 5430 66 FE 1% (UV spectrophotometry )
S5, DA & PD Wi & A & i ik A v o H S ) i 22
5T, HVA #l1 DOPAC 2 DA R ™%y, nJ LAz e

W DA S IACE = P 7K P42 4k, /& 6-OHDA #i%Y
() — I E AR . PRI 4,
2.4 6-OHDA #EEIFE R ZG 2 A 3 I R F

H AT ,6-OHDA K FBEAIE )32 W 41 PD
TR AR SRR IR 4R 2K 6-OHDA K FRUSE Al

DA 7K -0 5@ ot Sk aT & P, ELISA fl HPLC #6

Fz 2 6-OHDA BRI H FAT 2 kil 77
Table 2 Common behavioral tests of the 6-OHDA model

TE R KI5 08 B R O

Name

eyl
Theory

Method

TR

Expression

i b ey 5 i 2 52
% (83,46. 63%) ']
Apomorphine induced
rotations test

(83,46.63%)

RN T G L
(31,17. 42%) 4
D-Amphetamine-
induced rotations

(31,17. 42%)

(11,6. 18%) 4!
Rotarod test
(11,6.18%)

(16,8.99%) 3
Cylinder test
(16,8.99% )

(7, 3.93%) 14
Open feild test

(7, 3.93%)
(2,1.12%) 14

Pole test
(2,1.12%)

(2,1.12%) ¥
Traction test

(2,1.12%)

B2 HLIN
(1,0.56%) 4]
Treadmill test
(1,0.56%)

7K i 2 0 1K
(1,0.56%) 7"
Sucrose preference test

(1,0.56%)

FARMEPLCR AN DA 3Z AL T
FBIURAS , & 0d DA Z R k5
st enilpil ey Uuew A Sl
(EREl b X/ NN
IEH s

FARMBZAAE TR DA A
HHIEFMAR, M4 51 DA B
JHCH SO, IE R DA S A
B ff R B R R K A i
ik

R RAERE PR o A 3T, 75 5
B 7 1 5 B, 3 3 23 M s s
SR | BRI ) R AR
AN I B PY B B iz Bl g

Wl R e HIRRIEF (E
7 ) HA A A A X e

WEATRCRTE [ F35 348 A
172, S PD R ELI H £330
RS R RAT N

il T SRR AR NEAT _E AT Y i
i) DA I J 81 E

il T SRR e 2 b B
(i) 75 B A FE OB b IR BE

i85 Y 5 S K A S ) )
AJigtzaeh

GET IR O AR R B 7K B ER0K
i S e B ) PR R R Y 1R
DUKIEO B R 7 AR 5 4

JE ST 0.5 mg/kg 7 APO, K LI
MR BOR T 455058 7 B2 ), i
S8 30 min B AUTER; IS, 3G R
=7 r/min BN IR

MW T G B BRI (2. 5 me/kg) Il
2 h MY [FER:

KRG RIEFE AL LU0 Z5 2 Wk, #4523 d,
TRGG I R BUBCE PR G 8 I R TR 20 s
UM 5 v/min TEE S| 20 v/min, B 7E 200 s
PALLL S v/ min ] 45 r/min, H 3hid 5%
FIHER FZ SR

A — BRI RS, BHK
BUCT 5 min, ZMHGEHFRBRZE A R E
IR BE A, SR SNR A B
K= (f+0. 5%X) / (ZE+A+3) x100% .,

A5 B A AE T G 1 min JF 1T
€5 min (35 3, i skis SRR s s
JE£ BN TR RS R R B R

HE R BUE T ICAT (L [ AR IE R, WA B 4%
FEAT IR RF 13 b 52 B, 10 SRICAT I il , 4
HARRER 3 T,

LEPNEND) CIVE S o sy e Il ST O
RHPRAS ST ORI [ 0T

KA AT ISR, IR R B2
PUERS 1, 25 K A RE 5 % il — TR B %
W, WS FAERAR L, RTRAE R,

1 24 h YNZRBBE, g R BRAREE PR K
WG G I — TS & 3%
REBHATR O 7,24 h 5B Ao e, R
PRI R T AL A 2 Ho (%MK R 2%
=HKIEAR 100/ 8EARE)

HRANE SR, AT
RERAT N
T 45350 000 24 e e

AL SRS, P B
FEILERA T
i e

B | FRgeE | SR |

40 )L Fe I % 1

H e [X. 4 A P ] 1

PR WH |

H22 &GN 2 - 3/ ¢ N A
W |

JeATAsfa 1

B |

B |

WK 24 L
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R 3 6-OHDA BRI H 70T AWy A Al 5 ik S

Table 3 Common molecular biological detection methods and indicators of the 6-OHDA model

Name

For 6 b
Test indicators

GREIL(43,24. 16%)
Immunohistochemistry

(43,24.16%)

B SR EIl
Western blot
(10, 5.62%)

TR E R AL EE TH M35 | /NRE4NE Db T 2RI GFAP 1

WA TH & | ND1 ND4 8 H | A4 44 Beclin-1 & T HSP70,HSC70 \MEF2D &[4 | |1}
4 o-Synuclein HF T I LHF-2(COX-2) T MRIRIEH F - (TNF-a) T (IL-1B T | Caspase-3 T |
Caspase-9 1 4% ¢ T Bel-2 | Bax T .BDNF | |, TrkB | , BEFRILEL-3-3AE PIK | 75 T Jili Y12k 4ot
Z5 3 N F (BDNF) [ TrkB BEFRBELT 3-8 (PI3K) & |

RIEVETE
(3. 37% ) Immunofluorescent

staining( 3. 37% )
SEMFHE AE 2R A Wi =R
2:(6,3.37%)

RT-PCR

(6,3.37%)

MTT b€k (2,1. 12%)

TR RO LB (TH) 19335 |

VN TR (TBA-1) 1

BT TH mRNA | b4 RIE Iz 558552 44 1 19 ND1 .ND4 mRNA | F FEfxiZH 414 Beclin-1 mRNA T |
HSP70 HSC70 MEF2D mRNA | & K SCR4AF Dnmtl . Dnmt3a . Dnmt3b 24 1

MTT assay LR RIS B A T T ANV B35 | Zobiikiibe |
(2,1.12%)
F 4 6-OHDA BRI H AR LRI 7 ik A8 b
Table 4 Common biochemical detection methods and index of 6-OHDA model
BRIZA LisAUlEE 7

Name

Test indicators

B IE S B W BRI E K
(11,6.18%)
ELISA(11,6. 18%)

PR RO (3 (11,7 30% )
HPLC(11,7.30%)

3 IEIERETHE (1,0.56% )
Spectrophotometer( 1,0. 56% )
TIOR8 3 — 2 O R I ik
(1,0.56%)

HPLC-fluorescence analysis

(1,0.56%)

R WA R AT (1, 0.56%)
HPLC(1,0.56%)

FARETERE (1,0. 56% )
RPC(1,0.56%)

JRGLH £ 5-HT K |

DA /K |

5-F (@ (5-HT) \DOPAC il HVA B3k | MAO-B 1 i a-syn T . TH | .LAMP-2A | 'HSP70 | .
MEF2D | ST B AL YEALEE (SOD) | (GSH | At H kit Sk (GSH-Px) | . — R AL A B
(NOS) K- | BT L BOIRAR A DNA BRI Ak K | BCRIA TNF-o IL-18 \ IFN-y [ IL-4 [ & & 1 o
Jii B TNF-o IL-6 T BCIR{A DA &6t | (Ach & F: T NOT _ROST MDA 1

R K SUR ARG S T 5-F AL NE | ZOIRIK DA S | BUIRIE Glu GABA MU | EHE L
JRFE(NE) | M2 U (DA) KT E FIRE(NE) |

SOD | \GSH-Px | .NOS | N (MDA) 1

DA 3,4- " ¥ FIEM (DOPAC) B R ER (HVA) S5-F (M (5-HT) |

2.4.1 6-OHDA #EAIFE LR v 25 32 B oA sl
43%F PD B A AR FHRFZE 8 g

i FAE SR A 0 B 5 PR 05 TR ST 6-OHDA £
ST RN I IE T LA A BE SR B B A A e £
EUAIT  TEA 2 7 d Ja R BB AR )T W ke T AR
R G2 sh D RE 47, 48 v 17 2R TH 25 1 %3k
H1 DA /K, 3K 52 SOD  GSH-Px 2 NOS 7K F-, [
I8 T MDA 7K BRF 5 45" SR SN+ VTA 75 5
6-OHDA FET AR 542 21 d 3 H KERREY) , K

FIRFE YA rv 35 70k 21 2274 A AER ey 1 o e 5 3
(4 PD K BB &% R B fa 3, Horb il s ik vl DA I
FIIAKR B SR b P B RRIEE 40 (PT%)
ISR S R] 23 HE (T% ), UEBH 1 K R4 O fiE
FEE PD KBS B B i 2 2J e A2 58 0 5 SCIbe
HRAFEDPR A CPu TS, X 45 41 K BRUG 20 21

LR RPN ARG AW 1 IO IV TSRS T T4
W0, 2 B A 5 B g ) i 2E AT RS2 PD AR AR G 4
ZU LRI I 355 i 525 W00 1R Y 1 B, TT RE T
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PETT R T BE I 15 S A2 R AA Y PD K LAY DN
B2 TG WAL A5 R B0 MFB #1453 14 d J5 v
B PD #5585 KBNS BAF Rb 570 L U
ARG PD SESIAE R & 2, H Rb BE &2 0 K REL
KRR mGluR1 F1 PV 33K /K- 1 T B 5 57 i 43
DN 6-OHDA JEAAM CPu #ES7 A T D) i A
BRI SRR A Z R E B RYT , Fr8E 10 d 25 R R
PRI A2 22 A0 T I 5 WK 5 A 78 sl 40 e Dk A sl )
J5, B 0 S ST BT B B B Wnel | B-
catenin & [17KF, [ GSK-38 mRNA /KF; &1
R ARZE I BTGP R U 2 — B R %D
WA VTA 352 PD AR & BB E TR T
WD PD K RIS B, 1 e i 45 R k]
FE AT HEE S Nef2/HO-1 58 %k BR A% PD K B
AR AR
2.4.2  6-OHDA BIRIEH 255 J7%F PD BivaVE R
5 H R R

T R A0 SR B SNe +VTA TE 5 # 57 6-
OHDA A5 IR 57 #0 B 1E By (2 L2885 1 25
RS ) Pt PD YEH , #6453 245 10 d A1 20 d J5 535
PEATAT R 2RI, K BRAN B 1 By AT DLAE 5405 10
REAL PD BB+ N Rl 375 5 ) 7 81 8, 380 PD oK
R DN [k, B ah e 3407 5 ZE R A 450 SR 6-
OHDA H$515% SN 3k & B 173 B 87 iFFH BT
A PD MR PRIV (A B ACHE A A4t
Wi AR A fat EAT TS R AR
BT R H D) B9850 PD VEFIALHI , 25 S F B AT
SR T DL 25 FEAIR PD KRR i MDA & i, i
Nrf2 Fil HO-1 25 A9 235 5 #0507 SR A
SNe VESTEMRL, T AR I hfate B FEM 2
8 R R JEEANEE 24 My 20 O T ) 204010162)
FFEE 30 d E BIRYT 45 BN A A4 JURT A AR
5 PD KB BB B Beclinl 1 LC3 [ /B (A £ 35, B¢
i P62 BYFEIE 45 o 40 M [ W 3% 1 5 AR IR SR
BN A5 SN R B, B AL ) S 48 ST 4G b R AL 2
o/ kg (FIFC T A6 46 B 85I AR 2y
KA RS ) E B BCE R BHBE SR 7IRYT  E SR YT
4 )5 BA IR IT 4K BUW GSH ., SOD & &, BDNF
FakEY R T EA RS A CPu WL
S 6-OHDA FBIRFT CUEIRHESE - KT7) iy
FUEPRAL (KR I, & A 2ul 2415 )1
AR B AR B A P A B )
Xt PD Bk, 45 3R B, IR ALRE W 35 3

PD K §R DA . DOPAC . HVA  5-HT SOD.GSH-Px 7K
- B B L W e S i 22 8 ot K B BT DN A4k
N AIVE R, T 8 Bax, Caspase-3 25 H %1k, L
Bel-2 FH &35, BA W DN #0941 B
S5 LOLSRFH B SN A T S, R T A R i 2 L +
N2 JE ST B R Bl XUE S S AE A A | 3 DL 2 5
HB Ty (AL BB BBk AAT PHE A B A
B ZRA%) , R IH 25 2 0y b v 5 AT BRI AIM P45,
Bl e ARN Y AR SmIEnE e I

3 I

PD 2 LURE U 2 gk %% o8 EEIG IR
B PR AR TSNS, O T i — DR I I A3
I7 WA ARG PD A1 AR A0 B 2% B HE 37 AN [
BRI AR ZER R4S T 6-OHDA B4R R
PEFE 6-OHDA #E 7 [ iff 57 3 $2 4l — 2622, (1) 6-
OHDA F5AY 5 8 HIAY 5 & & SD 8¢ Wistar K, K
G MM K BRI SR I S XA T o S i T, 2
TCRFIARBIFGT T5 R, ml e b R R 5 (2) a5 K BRI o
B AR N Y 5 A AR BRI S 2 10 B ST AR e
T PRI R A — 0, S i sl PR o e 0 o O ) o
BORTEEME, SR, (3) B8R,
FET- w4, (4)6-OHDA 51
A7 F A TR, T3 S OR [R) G 5405 26 8, SN
MFB #0715 301 DA fEf 2ot de K, 18
T H A M PD ALY ; CPu VRS 7 15 5 DN
PR, /T T HIVE R A PD B VTA &R 4738
5 SNe o MFB B A 72 5, 38 Jin A A9 19 a2 %
(5)6-OHDA 515 50 DN & A& i 3 v 451407 , 18 s
TS DA Z AR 7 APO SRR D-amp
S5 TS 7= A A B8 AR G AT oA R L
e 2 SI2 5 v (R VPR 7 B YR ( o/ mim ) i s SR A A 6
R IR IARAE, (6)6-OHDA #EMI B ik
K AT HFAFR SR K, R BATIRE BTG
YA PD BE A LB ARG BRAERAE | DR A e 3R 1
BA I T B, A SRR ST LB R 56 pl B AL
ANHBERE 6-OHDA £, (7)1 PD H 2§58 1) i
Fi 38 5 R T S 45 25 00 307 =X, D BCR BUR
ST B0 R I e B R s iU, o
I E R SN T R I ST AN FEAT A T
i, AT 850 AF 9 36 5 A 1 A B T T T, AR SR
5 VE T AEANE 1Ay X, B & 6-OHDA
T AR 5 K, PR e TR AN AT R
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25 BTk Gl 3BT 6-OHDA KRR 1 3 )
ESN SR N R S SR o2l DR DS S DS E
PD 2 Y25 ST B IR 7 SRS %

B3k
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Research progress of Chinese medicine in regulating tight junction
after ischemic stroke
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[ Abstract]  Ischemic stroke is a common type of cerebrovascular disease and often leads to death or disability in the
global aging population. Tight junction integrity is closely related to ischemic stroke. Excessive destruction of tight junctions
and increased permeability of the blood-brain barrier after brain tissue ischemia aggravates the pathological progression of
ischemic brain injury. A large number of studies have shown that traditional Chinese medicine can effectively repair the
tight junctions between cerebral vascular endothelial cells after ischemic stroke, thereby reducing damage to the blood-brain
barrier and promoting recovery after brain injury. This review elucidates the possible mechanisms of the active components
of traditional Chinese medicine, including monomers and monomers their extracts, and other compounds, in improving the
neurological damage of ischemic stroke by regulating tight junctions. Progress in the discovery of clinical uses of traditional
Chinese medicine for ischemic stroke are reviewed, including the new target of cerebral apoplexy.
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Figure 1 Protective mechanism of traditional Chinese medicine on tight junction in ischemic stroke
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microvascular endothelial cells, BMECs) JL153% 24 h
Ja KRR L T LPS SRR BMECs A% [# 44 . 40
HeL %S AR, L 3h 2R 1 A A R B L Z0-1
claudin-5 FK KRR/ 1 BLGE ;¥ T N Kz 40 i 4
HOWE T AR  JF M AR a0 T, %
S0 R FEBEAS BT LPS L4P T 8 A Y i
5 H B W RhoA/ROCK2 {5 5 1d % 19 1 I % A
Eféj\[53] .

R g BB L Lk AR A I - e B DAL
qUE R W OH I8, iNOS, B it & b W
( myeloperoxidase, MPO) Fl MMP-9 (1) 3 1k, F#AX 4
PivERibi s 5 NOX1 (1 Rk FNE 1, P B8 4 i 4
HEH Z0-1 Ml occludin BFEHR

UM AT 40 B B A D, P58 38 kK B A K
S AR R Nef-2 BKP I TR I H AR
WA T Keapl, #51 SOD F1 GSH-Px I 4, B A%
MDA & &, 980 5% 2 A0 I Bt 1, kT 2 B
claudin-5 occludin 1 ZO-1 [ 3 5 4+ BBB 1 58
B

3.1.4 JHBHZEZ

R EA NI [ Rk B R HERE K
TR ThRL, BT A AT LAOE Nef2 {55 308 4 0
B LPS Xt ZO-1. occludin F1 claudin-5 HIR% IR, [6) B
P 9 A S 7 - BH Lk 58 A2% 48 R B4 RS BEF, DA TR R 4P
BBB B GERE Y HHE A, R RS S
JA5 MMP-9 #1145 % Pk /IMA NLRP3/ caspase-1
15530 6 D e ol S Bt 7 S A R R 457
PRIk T DA 38 A 5 AR B R X T B DR AT
AESHXT MMP-9 (IR AAAE R 25 38 SUVEH]

ANSH MG LM E | GB35 F IR
AZ A RbI1(GS-Rb1) & 30 ZFf AZ & &
A FEE—Z, T AT MCAO AL/ UK
MEPNTESS GS-Rb1 J5 & 3L GS-Rb1 AT DL R0 il 1
LR Bl L 35 % () 48 E AN AR AL R, AR A A i
KT IL-18 \MMP-9 335 T B BT R b5 W 1L-10
FERM L BAME T NOX % MR % T AL R,
S [R5 R oceludin AT ZO-1 FOFEFIT
3.2 HHEFH

R SERFR R B, TR 2552 50l DL 207 (i 248
BRI 9 i S R 55 AL AN Ak R Kt T 16 B
MG A< S T B0, B3 i B B, D88 v 28
DReRERT (LK 2) o

O S B R 12 b 24 o0 4 R, A 3E 45 1k
A 25 A LA DI AR, R I o A 4 ) i 2
FH R F (shh) 5 HAZ 4K Patched 1 Smoothened ( Smo)
ML F B shh 3@ B, FEBRIM & /4T shh S
Ang-1 (7= 16 52 i I 58 P9 B2 400 Bt 22 1) 52 48 1)
TJ, EE 5K BB B 45 5 BBB 5 i 2 1 Dk
SRR A 1 T S O 45 i T LA shh
B I P B2 T 2 5A, FEFREL I (Smo
KT 7 B BT ) 538 00 2% IR R 1K 5 45
2t O TI i B TR B,
N6 J AE A T LA R A 2 3 IR R 1 32 IR G 2R
H -1 ( LDL-receptor related protein 1, LRP-1) 7K
- GRS occludin | claudin-5 F1 ZO-1 Y2235, 3
W/ HESEIX BBB 951

BEAR XUZ B EE  RAT (BR324 T A
B, BTG L XG4 (TR, B R Kz T
PAREAR MCAO K U ZHZ Hh TL-1B8 % &, i 2 4
R AR, T MMP-9 3 ik UK F, #£5& Z0-1,
claudin-5 2 IO IA , M kB MR A
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Table 1 The effects of Chinese medicine monomers and their extracts on tight junction regulation of ischemic stroke.

Z I \ s
. EP?’E%Z{S ‘ fespuy %k BB or T
Chinese medicine Active .
. . Efficiency Effector molecule
monomer ingredient
4 THHEE LRI H
g [39] 18 PR EE |
Bk . Eﬂ%ﬁ Clearing  away  heat  and  detoxifying, VEGF VEGFR2 occludin,ZO-1
Juglans mandshurica Juglanin - )
stopping dysentery
Y2, e G RL
0] AT fk%**l‘ﬁmﬁﬂ? i hemostasie g PS: TL-IBL TNF-a, Nif2  HO-1,
Baikal skullcap root Baicalin rurglng e, detoxtiymg, - lemostasis - and - NOO-1  claudin-5.,Z0-1
etal arrest
TR TSP aE A 15
Kyl KUEHP R Anti-inflammatory, analgesic, clearing away HO-1,Nrf-2, NQO-1, ROS, ZO-1,
Blushred rabdosia leaf Oridonin heatand detoxicating, and invigorating stomach  occludin | claudin-5
and promoting blood circulation
3 VR TS
g T LA K

Denzhan flower

I
Root of red rooted salvia

MR AR
L
Celastrus and

Tripterygium plants

jrb [46-47]

Panax Notoginseng

s 745
Saffron

244J (0]

Chinese angelica root

xR
Leonurus
heterophyllus sweet

27
Shorthorned
epimedium herb

o2 15

Rehmannia

A A

Cordyceps sinensis

A
Cistanche

. -5
Fi K [56-57]
Astragalus membranaceus

)\%%LSSJ

Ginseng

Erigeron breviscapus

S t2 1
Cryptotanshinone

LS
Plant-derived
triterpene celastrol

=L BRI

Notoginse-noside R1

FELALR

Crocin

HIFARER
Angelica
gigantis radix

fi BEREA

Leonurine

R FAUH T
Icariside 1T

e
Catalpol

HFR
Cordycepin

Total glycosides of
Cistanche deserticola

T

Astragaloside

AZ 2 Rbl
Ginsenoside Rbl

Promoting blood circulation to remove blood stasis
and activating collaterals

T MLALHE 388 22 1
Promoting blood circulation to remove blood stasis
and relieving pain through meridians

T Lk TR A USRI DR i
Activating blood and relieving pain, expelling
wind and dampness, diuretic and detoxification

PO L AL i E T
Dispelling  blood  stasis,
and pain

T LA B L frp 2 | AT 22
Promoting blood circulation and removing blood
stasis, cooling blood and detoxification, relieving
depression and tranquilizing mind

AL PR 2 1B TR
Replenishing  blood and  blood,
menstruation and relieving
moistening intestines

T LRI A DR I Ml
Promoting blood circulation and removing blood
stasis, diuresis and swelling

AMEFFE R A R KR
Tonifying kidney yang, strengthening tendons and
bones, dispelling wind and dampness

VEE BT KB AR
Nourishing kidney yin, invigorating kidney yang,
resolving phlegm

g B I L B A M- i

Nourishing the kidney and strengthens yang,
stopping  bleeding resolving  phlegm,
invigorating the lung and relieves asthma

relieving  swelling

regulating
pain,

and

AR

Invigorating kidney and strengthening yang

ANTTBHE B3R LT R RN K
Nourishing qi and raising yang, strengthening the
surface and stoping sweating, detoxifing and
removing pus, inducing diuresis to
alleviate edema

SREPERE . EAMIIE | RIS B
Strengthening the body and mind, soothing
the mind and  eyesight, stopping panic,
prolonging life

iNOS .RNS \MMP-9 claudin-5

MMP-9 ZO-1 . claudin-5 ,occludin

MAPK ,occludin , claudin-5 ,Z0O-1

caveolinl , MMP-2 . MMP-9 . ZO-1,
claudin-5, occludin, PI3K, Akt,
Nrf2 ,ROS

MMP-2 MMP-9 ZO-1,

claudin-5 occludin

PI3K, Akt, Ang-1, VEGF | Tie-2,
70-1 ,occludin

HDAC-4, NOX4 , MMP-9 , claudin-
5 .occludin ,ZO-1

MMP-2 MMP-9  caspase-3
claudin-5 ,occludin \ZO-1

LIPS, RhoA, ROCK2, ZO-1,
claudin-5
IL-18, iNOS, MPO, MMP-9,

NOX1 .Z0-1 ,occludin

Nif-2 Keapl ,SOD ,GSH-Px ,MDA |
claudin-5 ,occludin \ZO-1

Nrf2, LPS, MMP-9, NLRP3,
caspase-1 | 70-1, occludin |
claudin-5

IL-1B, MMP-9, IL-10, NOX,

occludin ,ZO-1
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S A, NS CH A PR 2, JE
il MMP-2 MMP-9 933k LA K2 T) FIES K H (VE-
Cadherin ) ) [ fiff , 5 58 PN 2 () 3% 52 52 & W) i B
P, %o B B E L TS PR B K ((vasoactive
intestinal peptide, VIP) 5 H: 32 {5 & f 34 i, £
M P RS BRI T BMECSs 9 40 itg 55 ¢
POGUESE , S = AR IR T sl i ke it 453 45 5 1
YEFHTF MMPs 41, 38 5 0058 15 VE I s DI AE G

LRI, &F 70 ZF 250 2677 ik i
BB T B2y 750 B RS R AU AT S
e PR TR AR K B p38/MAPK 5 53 5 F 9 3L
M ZHZA Ff TNF-u IL-18 F1 MMP-9 /KF  Fa5E TJ 1Y

Sz e 25 SR BH e A AR T R, skAR
KB, Z Mot R g W R A AL (faty acid
oxidation, FAO) 11 B2 2 i PR 0 4 B Ik %% % 1 1A
(carnitine palmitoyl transferase 1A, CPT1A) A9 7K
LAt il FERE S R B T, B HAEHE T A2
PRS- FpL A v 24 B 5 | e AR AP RO . AR TR
MR4AALS T FAREAE RIDLHAT S ik — 20 B B

B B EC 2 U7 T U A b B A T3 1Y Bl |
WINBEA DK A LB, oKz 505 R IR A B
A 7 AL 1 MCAO K BUK K occludin
claudin-5.Z0-1 R IXH# MiE L BBB i), L BLAR
PORZH L AR A b B PE

ﬁiﬁ[ﬁs—ﬁﬁz .

R 2 RTINS SR A A AR

Table 2 Effect of Chinese herbal compound on tight junction regulation of ischemic stroke

i)y
Chinese herbal

compound

J85r

Component

sk
Efficiency

RO

Effector molecule

0 6 e Lo

Tongxinluo capsule

S
Huangqi Chifengtang

S =AY
Shengui Sansheng Pulvis

Ltk RO
Tibetan Medicine
Qishiwel Zhenzhu Pills

Zlft T
Red Ginseng Aconite
Soup

B B AT AL
Shexiang Huangqi
Dropping Pill

NS JKig Al JR7A Wit g ok i
WA K B LA (D) R (1),
KA

Ginseng, leech, whole scorpion, Paeonjae
radix rubra, cicada slough, soil soft-
shelled turtle, centipede, sandalwood,
frankincense

Dalbergia odorifera

(prepared) , jujube seed (fried) , borneol

B AT BITK
Astragalus membranaceus, Paeoniae radix

rubra, saposhnikoviae radixin

AZ I AR

Ginseng, Angelica, Cinnamon

Bk M FEE HR R AL
AR A N TR A M 3 L
IRA A 545 70 BR

70 flavors such as pearl, sandalwood,
Dalbergia  odorifera, licorice, Tianzhu
yellow, saffron, bezoar cultivated in vitro,
artificial musk, coral, agate, nine-eye
stone, sitting table, etc

9% ¥

Red ginseng, aconite

W YRR AT e I 2046 Bk
1= B KA

Astragalus mernbranaceus, Angelica tail,
Paoniae rodix rubra, Dilong, Chuanxiong,

safflower, peach kernel, musk, borneol

LK L, £ S I
Dredging collaterals, relieving
pain, replenishing qi and
promoting blood circulation

PR AL ARG 45
Activating qi and promoting
blood circulation, expelling
wind and dredging collaterals

S B A R AN LA D Bl
FH

Strengthening the body
and mind, nourishing blood
and blood, nourishing fire and

helping yang

I 2 4% IR AN B2
LN Pl
Unblocking

reconcilling qi and blood,

meridians ,

calming the mind, refreshing
the mind

Er N
Nourishing Qi, warming yang,
strengthening the surface and

stopping perspiration

FRES R A I
Removing turbidity ,

nourishing Qi and activating

blood

shh  Patched ., Smo ,
Ang-1, LRP-1, occludin,
claudin-5, ZO-1

IL-18, MMP-9, ZO-1,

claudin-5

MMP-2 MMP-9  claudin-5
70-1. occludin | VE-
Cadherin VIP

p38 MAPK TNF-o IL-1B
MMP-9 . claudin-5 ,occludin

CPT1A occludin . claudin-5 |
70-1

occludin . claudin-5 . ZO-1




110 W R R 2R 2 2023 4F | ASE 33 %55 1 ] Chin J Comp Med, January 2023, Vol. 33,No. 1

4 MNESRE

WA BFFE TR, 2= BT B WIESE T W] AR Ry
241097 1S BN A, AR R R K,
AR B T RIS TR IS R E R BRI
Yy, HAEHPLH S 1S J5 RE 5 AL WAl 1k
S A MMPs BB | EIRBTEAL IR T 1R B 55
F X BB E R H claudin, occludin . ZO #H]—E
PIORAYER, IRl 22 I3 9 53 Brds s ) %) 1S J5 Bk
3AMEEEMEHM 2 ) K2 BAA M4 1R | 4%
AT I BT B DAL

2T AR S — A R DR AP IR 5 B T 1Y
Bt T-Be, 9z ] T B AR T T, B X HAE
HUI R L FR b & AR 2 A8 2 Z Ak - KFR 7358
POUEE T 24 X6 fii P Bz M) T 2 1 RaA i el s
Ho A5 1 52 2 ML RIATE o TR AR 1 ok, 28
SR A PR 5 N 2 [ 5P 5 v 1 B AR S F 5
1S 5 Ifi i S5 B AF EL 5 M R X 5210 ATl = it PG 1 56
WFSE, AR T A 37 rf 18 0 i A A5 A4 S 60 5 11 AR 3
ST, LSk — 20 1Y 4 7 v 24536 R 1 B 22 AR
Mo P 2B B B 52 B Al L, AR 25 8 4% 1S
J& T W RGP DL, i — 25 0 i PN & el 36 1S
JE PR T RE A I 2 B OCHE
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Fucosylation and multidrug resistance of tumors

FENG Bo', LIU Ziyu', LI Yue', LIU Likun®, YUE Liling”*
(1. College of Pharmacy, Qigihar Medical University, Qiqihar 161006, China.
2. Research Institute of Medical Sciences and Pharmacy, Qigihar Medical University, Qigihar 161006)

[ Abstract ] Fucosylation is one of the most common glycosylation modifications that is closely related to the
occurrence, development, and prognosis of cancer. A change in fucosyltransferase correlations with tumor multidrug
resistance has been reported. Multidrug resistance of tumor cells is a major factor affecting chemotherapy efficacy, which
often leads to a poor therapeutic effect and prognosis. This review focuses on the relationship between fucosyliransferase
family members and their catalytic fucosylation modification and tumor multidrug resistance, briefly summarizes the
therapeutic effect of fucosylation inhibitors on tumors, and describes fucosylation analogues as fucosylation inhibitors that
may be potential drugs to reverse tumor multidrug resistance. This article provides a basis for fucosylation modification as a
drug target to reverse and sensitize tumor drug resistance.

[ Keywords] fucosylation; fucosylation inhibitors; multidrug resistance; malignant tumor
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T, 5 e 1 S e S U AR G [ A
RV S 50 ALK B R L R R
(glycosyltransferase, GTs) 7E 1F 5 4 L A1 g 4 i =
AR 22 S 3RIK . — e 0T, e e 4 L o noe Y PR
FE RGN MR RE L AR W 035 0 T iy T~ P 2
WAL Tt R 2 Pt 2 ) 0 W R e A g 4 0 ) BRI
AL 25 136 )7 2 IR 25 AR 7 i 7 P i — b
HETB B AR e AL A 25 W O VR DR B B
A Z 2T 25 T BRI R M, AR SCEE R B A
P i e bR 2 25Tt 245 h B9V T AT 2508 45 23 A
PUIOHE S R AT SR IS

1 AEREUSSEEERBEBIL

FHEE (fucose, Fue) 240 i N Y —Fh BLBE 5
FEHHIEAE (fucosylation ) JEMH JE b ) —Fh 2R BB 2,
JEAE BRI T 8 B EUR BN b Fue BOGERE,
TESEHE b B D i 5 s Oy =28 B0 B
Lewis AL O -4 #HE (O-FUT) . B0 il LA
N-BBEZ O TFTE ; Lewis BN TE N- O-F Pl bk
B BYARIR SRR S 26 35 5 O-FUT 23 o 4 b B
FEURINE] 22 BRAE A Ry, 33 0 R b B Ak SR
X TS S 92 T R B TE N 0 22 T 400 TR O S RE &
RHHE HAh W R A SR I S Rk BB
EJPIR I A R JR E UIAH OC , An A BRI | fik 97 A1 5
RAREIAL R

B THEIRA BB ( GDP-L-fucose ) /& Wl 5
P R b B uE— Y, 5 T VA AL AE DA Sk A AT AR
BB, kG R BRSO
D M A Sk BB 2 A0 JIC ) , - 76 W 2 4D R
B IR LR, A IR 23t — R RN 5 #B 2%
H: 5 GDP-L-fucose , #F A & /R FAK N | 7EBF ML
IR SENEAN AR e, TR AR b W
LA BR 2 B o 2 3 — W MR H 8% B (GDP-D-
mannose ) ¥ 10 GDP-L-fucose B GDP-L-# B &
fiff ( Tissue specific transplantation antigen P35B,
TSTA3, FX) LKA 5 7R HE A o e Rz ) PR T Pl —
WM L 5 F5 W ( Fucosyltransferase, FUTs ) , 1 7F
FUTs Z1GH, G045 IO 5806, B a-1,2 BE42 X0 i
(% FUT1 #1 FUT2, a-1,3 -1, 4 BEHEXF R () FUT3
FUT4 . FUT5 ,FUT6 . FUT7 . FUT9 , FUT10 #1 FUT11,
a-1,6 HXF N FUTS #14E H BT O-FUT (4245 POFUT1
A POFUT2 PIAHIEAY) o FUTS J2& FUTs K5 H
Ml — R A% O B A T

H FUTs ZIGAEIL I A S S 2 W i
AT RE A 45 7 3, B3R Al i — &R 9 A A 4
PEBFGE R, A S LA Y 52 H SO 5 FUTSs
FIEXZRZEY], H 5 Mgt JeAH¢, FUT4 i 3Rkl
AR 0P ek R 40 B P B4 (L, T FUTT 3 % 5 ] g it
JFF 95 200 A K 434 580 JEF i 40 B 0 T Rk T 5 FUIT3
1 FUT6 ik M0 45 o 4 i 34 58 FUTS 1=
FARE RN 28 AT A% | b e ) ST 10 R0 240 LAY
B, L5 i A B ) B AT 0 SR A 56 s FUTT A
AR R L — 1k, HLE A A A Y R T 17 I 5 i o
WX i (sialyl Lewis-X, sLeX ) M€ 2 Ay 20 Jifo 3
B b Bz — 1) G Ak L B 40 I T RS A AR 20
FUT6 1l FUTS 7E JH-Ji 40 i v s 2R 35, 5 g 1) 2 1k
HEJRELIEARC ) e LRI A 2 A R
FUTS LK DL K A% O B A 1 K-8 A 25 I Sl 11
Fhis 3 I LA S RN P £ I3 m T ARG ) £
BN L A B S i, 2R RO A A A AL
FIRE Sy Jil 5 ) B 00 A 0 48 It T 0% 908 3F AR W b

%{%LM—ISJ .
2 ERBEEUEZHWH

ARIT TR T A b e A 4 ok — b B 24
J& , AR PR L 2 B 22 1 5 A AN TR AR R AL 4%
S HANG TR 2577 A T 25 AR X R IR R AR 2
241245 (MDR) |, T X - 22 MU AE 19 1R V7 K U6 MDR
ATHOR I —IOHMEIG | L 28 N JRR R AT 5 I 1 o it
PRl R B 22 1 BIF 5 SR A 1 SO A A 7 iR T
i RIEEEAERN
2.1 filE

i A JE ( Gefitinib ) & —Fh I Y i 1677 25
Yy, R — R R K T 2 AR - i R
(‘epidermal growth factor receptor tyrosine kinase,
EGFR-TK) #1l il 5 , /2 /1N 40 i i 98 ( non small cell
lung cancer, NSCLC) F—ZA 725817 | X Fh2h ¥y
AR AR ORI LB E AW i (H R ARG e 1~2
RN I 25 M R BUR LR YT RCR AR T
JEARR  (EAR IR0 2, 7 I S TR U 410 ) )
2y iR A A v, 3R B AR K R 7 2 K (EGFR) I #%
LA RS N T EGE A 5 (9 40 g A= KRR
JERR e A BIURE T R EGFR A i3 AR A 7T
AEE o AR R B — DR R, P-WEE
I ( P-glycoprotein , P-gp ) J2& & Bt (1) Jif 23 i 245 AH OC 43
T WHFER W] E R M ]l AR 2 P-gp T
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RET PEAG G 105 10 40 J J5 5 52 S5 AL, 385 58 P-gp 2R
F AN R BE Ty, d 26 5 BUM R A i it 24 v g
HEPOPY L Ding SR SR SAZEET 25 A549/
T 40+ FUT4 I P-gp BYZRIKIT 5 TR A A549 4
JHL, S5 245 1 A DG F W A VR T A TR 2 1
Pl I S e 0 o] ot g 0t e e RS AR DG s 1
( metastasis-associated lung adenocarcinoma tran 1,
MALAT1) /{5 5 %% 5 F % 5% 3006 I F 3 ( signal
transducer and activator of transcription 3, STAT3)/
FUT4 HliF P-gp $eiz (A v RS AZ B 24514
2.2 FLEE

TEFLIERRIR T v, Ay T 25475 98 2 e R IR 7
R LA, U il 2 BR 4T ( Trastuzumab ) J2 3L R
FEIRIT TR BE IS, XA 25 ) 3B TR AR
FHE K F 324K 2 (epidermal growth factor receptor
2, erbB-2, HER2) BHM:F AU i FL A& , o] DARE IR T
AREFRFET MR, (H2, 2R STERIT — 4
Z R 25 A B R — R R AN R
T BTN s 75 A LR v A Rk A R 3
SEAR AR 0 238 TS T RE 5 AN MY 22 24 T 245 PR AR
P A OB AR FUT4 85 A 4 s S 1 7T fie
EFL AR g0 20 M 4 22 2T 2451 L Xk LR T47D A
TATD/ADR 21 1) B L A2 Al DR 3Rk 3 o0 A
KW, FUT4 £ B 55 2 i 25 40 g T47D/ADR &3k
T, IR N Sh 52 e L i 1 T 24 e A0 ) H
HLH AT HE/Z miR-224-3p @i $a] FUT4 4 1 FL A%
TR 2 2451 25, [RII, FUT4 (193 350 o 34
SR T T47D 20 B X A e B 2R R EE S B A T
2
2.3 BHE

JHEE R — 23797 25 R F13E JE (Sorafenib ) , iX
S 2L B S R (HE B W AE 6 A
PRI A R A PR T 24 P (DXl 3 R AR 24, 3R A5
i 24552 6 % 245 W0 5 A W1 46 B v, (B 7R B 320007
J& , g A T 2 1 3XRT RE 5 R O B 18
ARAT ) BB T 25 7 0 5 S — AT
WHEE R 25 22 V0 S AZ I, S b 251yl LA ) Fief e 240
HURYA 2203 %8, A BE 5 R WY, FUT 52 138 3et 1 i Tt
WU - 3 - J4 B/ 25 11 3% i B ( Phosphatidylinositol-3-
kinase/protein kinase B, PI3K/Akt) E5EENFA
JHF98 22 245t 245, AT TS A0 6 X 22 7 5 A2 I 1) AUk
PE 3 AT — PP AT 7Y UL 25 ) 5 — J DR 18 WE ( 5-
Fluorouracil, 5-FU) , 3 Ff 25 ¥ J& 38 i #1 ] DNA &

R FEVER  (HEXT T 5-FU i 5, il 25 M 2 16 PR
bR AR ), 5T & BE, FUT4 FUT6 #l FUTS
(it BE 36 3k J2 P 9 BEL7402 41 i A1 S-FU it 24
BEL/FU 4 ] & b 0 14 14 it 245 2 B4 w42 1) 5L 1A
FUTs P /iS¢ (9 2 25 252 18 1 0% PI3k/ Akt 1
2 25t 25 M ¢ £ H 1 ( multidrug  resistance
associated protein 1, MRP1) A5 38 in FF 92 20 it %)
5-FU (251
2.4 DREE

TE YR S8 136 97 H, 4 ( cisplatin, ¢DDP ) J&
—ZW 25 X AP 25 W) 2% RNA (25 5t . DNA
HRA A RIFEEE IR, 23530 DNA 453000 R 40 42
GERICR T AR AR AT i AR R, K
ZHCEFROR RUF B kR B KR T 2451
SRMERESRTE AR IE 3R B = A% 0 5 S Ak
i T 4 ¥% 32 8 11 1 (copper transporter 1, CTR1) 5
cDDP Z &) (AR EAE T, TS0 T cDDP 48 HL
E cDDP W 25 1E Y =AY AERT cDDP 5P 5%
A MW R CTRY A% 3 W 3 Ak 7K O B 35 1
i, 33X %5 cDDP T 25 J 3 i A W A 48 2 L. 1
BN S IRTT LR BB S M Ao £,
T8 A 0T T 28 42 I A T 25 P 7 S APk 2 31 T
JZ W OGTE, Hoh FUTSs b m B 5 40 41 2 bk 24 iR
AT ( caspase ) 28 15 19 0T A 1 5im DT 5398 20 MU 149
AWM 25k, AN, FUTL R FUT2 B3 2R
HETON OP S A M A 1S 55 N XE S5-FUL R
( Carboplatin, CBP ) 24038 25 W1 0 i 253

B R % 28 1Y TURN R RE A1, B i 20 i 41 i
R NEN LN RN S R A u R LA
(1) 22 24Tt 245 0, J2 Wik PR - 5% W) A8 355 2 7 R fs 1Y) B
BERHLAS , HHE FUTs ZM5 Y R i A 58 4 W1

3 AEREEXRUMESERENRALGY

3.1 FHiEEERUY

A IEHEISIY) (fucose analogues ) J&—ZE Hfk 2%
B B 5 1 %) S e R A T 45 M i S AR B Y 5 4
JL PN S B A R AR AL 7 ), X 2 ) B n] LA R AR
TC TR A ML P %) 5 b e Al B E S R A
R — 6 SREME SIS BL ) T RE T A D P S S
TR A R E T, 35 BB i 9 G (8 56 22 1
HEY,

Fiti & XF M IN Fucosylation 5% R IZ BT R A, X
F Fucose analogues B 57 3% i k#2016 4,
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Kizuka 55 & 3 7-HeIE-Fue (7-Alk-Fuc ) 75 41 fifd
AT LABRIC 7 W LA 2 MBI 5 2017 ARABATT 34
T 6-Alk-Fue A4 12 FIAE & SRR A I (Y 45
BETERTFE R B, B 2 — AT RO e B R AL
) (fucosylation inhibitor) , AT A5 25 A 301 il 241 2
A iR AL e AR H RO 58 T 2- 0 4 -2- 9i- L
A W M ( 2-Deoxy-2-fluoro-L-fucose,  2-F-Fuc,
2FF) o ORI R B AR FX BRI 19 42
22, LA B LA 0 T e 1Y 012 e G o B
AIETEM R

2-F-Fuc #&—F7 fU 1 A s S e il ), w]
DLSE i 200 i 10 3 7% AR 22 88 1 8 /N BT AT 2-F-
Fuc J& , ML Fucosylation 7K F-R&AIK , Jit 96 240 Jd i)
A2 B WA, = WK B 2-F-Fue B 9% 19 CHO
AMIAZ OB AL B BRI BRI, i 2
WEALIY 2-F-Fuc AbFRLS TSTA3 ik [ AL, JLI5 A ]
RE 3 i 4 RO 48 A 2-F-Fue BUE Y GDP-2F-Fuc
R S OC P T GDP-L- b i Mk &
M5B S i AL 25 A Y 2D, -k B s e A
SR 550 AT 368 5 BELOBT £ 45 5 4R 20 A 98 ( esophageal
squamous cell carcinoma, ESCC) 5% 75 fe b 3L AL 4170
il frbga R [, Fucosylation 41 5 78 Zh i
Kt s R HROR, W0 2-F-Fue 3697 A9/ BRUAL T 2
A AR A T IR A0 L A R A R R BT
& (Non fucosylated antibody ) ( 7+ B M FEAL BTIA & F8
TE 77 B LA A DG g A Ak S EPUIAR R B B A
EWRE AR S B AL PR I 5 Z AR XT) | 2-F-Fuc
RS/ INEU M I b Az i g e St 1Y T 4 i AT
BRI TS B DL, FIR 2-F-Fue A] LA i) 55 fi
B /N SRR R &2 JR | 3 DA T 0 990 )7 5508 BIR T O
A ETER &S A —Fh 6- = U L8 i
1 (6,6,6-3F-Fuc) ] LAYE— g FERE - BH W7 20 i P
) Fucosylation™ | 6,6, 6-3F-Fuc 18 i F& 15 40 Jifd
IR E USSR B I GDP-H &84
4,6 i EU i ( GDP-mannose4 , 6-dehydrogenase, GMD)
E Fue M3k A BT A is £
3.2 EEREMRALGY

2 i B2 #X ‘5 & (sea cucumber chondroitin
sulfate, SC-CHS) J& — Fhifg 2 Z 4, BF 58 & i, SC-
CHS VRN —Hali A 5 Bl SCHE 1) AR YERE 20
TR AR L =, A AN ] T B sh i 1A oA B R 2 B
KA, TEARE AT % B, SC-CHS H.
APUEEMAE T, 3 AR PR T HE o b i o b

Sk MBI R 16 5 H B, 3X P AR I3 IE & SC-CHS
KA IR R

UTARSR T R B, RIS R FCE R AE R %
Tt/ BRFL I AR 2R K Sh SR R W], B g
AU P 4 o ST L SR R R, STk R T
BSTIRICE R BG RN X B S
FR AR TR % | 32 W e Wbl SCHE 16 1 2 TR K
BRI A B PR R SRR B R
W], SC-CHS B AT SNt i o8 136 1 Al 2E 20 i 9 7=
T JRA A% LA B A0 ol Fif 983 i 6 28 B9 4 P, i /)
B PR 52 38wt LA 0 A R 2R RGBS 1 A
R S BERIFSE Sy 5 2 S 245 0o i e 1) 4 1 4
FHAR B T S B0H , W58 5 o B 25 W) 2 15 vl e
6 o 1 1 8 4 L ) e O R A X iR MDR
AR IO #0158 A 8L SR T A I R A
PyIA 7St 1 BRI

4 INEFRE

SRR, WL AR Sy B 1 R e A ) O =X
Z—, B 5 MR A T ALY 25 0 B S B B
WA, 40 ML T DNA $i 4518 52 | b Bz 40 Jifd-1a) 5
i 4k (epithelial mesenchymal transformation, EMT)
SFZ MR 2P . TR T AR X F FUTSs
FIGER Iz, BT 2 Fp {5 i % Sl
il i 28 e 40 Y MDR , 38U H 1R IT RCR AR
BUSA R, s ARG I 1 ERE

FERTEAR SN S50 v, X 5 b A 41 7 5] 4
ST HOOF R MDR A7 — & By #0475 1T, (B AT5 8%
o 2 T 22 (10 1A DA 52 0 DR T W) 24 ) 1 38 R R 2 2k
EENE Y IR 2 ) 0 A A A R A A
BT IR 25, A B Dy AR S 5T AR 1 BB Ak
1B 55 i MDR 1) 43 HIL I LA S 9 25 =2 [i] 1 G 3k
SEALTGF e E AL AT Sy IT R8T 09 iR o3 - A
Ji e i PR Y RCPF A€ IR 9T MR MDR i A3k B A
M

S 30k
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Research progress of GLAST and nervous system diseases
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(1. Institute of Environmental and Operational Medicine, Academy of Military Medical Sciences, Academy of Military
Sciences, Tianjin 300050, China. 2. School of Public Health, Weifang Medical University, Weifang 261053 )

[ Abstract] Glutamate is the main excitatory neurotransmitter in the central nervous system. Under physiological
conditions, glutamate plays an important role in signal transduction. Under pathological conditions, abnormal accumulation
of extracellular glutamate can easily cause a series of excitotoxic injuries such as cytoxic edema, degeneration and death of
neurons, leading to various nervous system diseases such as Parkinson’s disease, Alzheimer’s disease, epilepsy, retinal
damage, and hearing loss. Glutamate-aspartate transporter ( GLAST) is one of the main excitatory glutamate transporters
that maintains the concentration of glutamate at the optimal extracellular level, which prevents glutamate from accumulating
in the synaptic space to produce excitotoxicity. This review clarifies the research progress of GLAST in nervous system
diseases to understand GLAST-related mechanisms.

[ Keywords] glutamate; excitotoxicity; glutamate-aspartate transporter; nervous system disease
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amino acid transporters, EAAT) J& 4l i 4843 B R 5 iz
(Y E AR 1 R B A S R PR B A 4 2
SRS R K AR 2 . H AT, EAAT 9 s
HY Na* AR #6495 FhE 7. EAATI ( GLAST) ( EAAT2
( glutamate transporter-1, GLT-1) [EAAT3 ( excitatory
amino acid carrier, EAAC1) \EAAT4 Fil EAATS¢
TEFPX R R G5 GLAST F1 GLT-1 T A B IE I
B ik EAACT . EAAT4 1 EAATS EZAE R
oo R EMA RS, R E RIS E
FI 8 22 A3 5 2R TE AN [R) 10 X AT e AN ] A, IR 5 4
FRRAE L E I AR A e B0 4
MiE 3 GLT-1 A1 GLAST 45 Hi 2 fih [B] B b 157 35 80%
ISR IRE . AR AT , GLAST P45 A & R 1Y)
AE ISR F GLT-1,{HJ& 4 GLT-1 F-HRHLAE ) 4% fH
Wi, GLAST PRI/ B O RE Sy Enshn 70, %
T R 1) 928 2 ) 2% A M 7 M ) SC B, T A
MR 1z B8 111 AN GLAST 19 9] 757 15 1 2 H: v |y G
—IF,

1 GLAST &#51h8k

IR % P, GLAST 75312 )2 1 S — b 5t
FiFhafa50 , TR 6 AN EE R oI IE RN 4 AN
(5 RESE AL OB B 1 4 B-Hr B 25441 . GLAST 1y
ANZEFEY) A EAATL, NS ARG SLC KI5 fr
% SLC1A3 4ty EAATIMY  HAE /NG b 35 35 B
L BN TR R AR

GLAST J&—Fh A BT8R 8 1, B il o s —
B F (Na®) Fl—A i+ (H") L KR [ i8 —
AMEPE T (KT kA S YU 73 2R A PR B, DL S
SR IC AT E R R IR AT Y GLAST 5
GLT-1 45 B A 45 24 IR, 7E 4 24 Bk B & 1l 1
( Glutamine synthetase , GS) Y VE FH N 5% A8 8 TG 5 1Y
AW . 1 H TR GS HE i AE B P i
Yff L, FEANRANE A KL T T o g A R
OB, Z0M AN 2T Z R T LA 4E R 78 1E W 7K 58 2K
HiTF Na' ki A @R EAY  EAMNAME R
Zrrp ) 3222 GLAST B FR4EHU/E ], GLAST /EK
PO EIRIE W s Bz —, R
R4 a YRR IR O D VE R /MBI

2 GLAST 5#Z R % &R

TERZ R G, X PEA o0 5 il v 4200
HEFFVA A AT LA R 2 R G F5 IR W I AE A

PATHE IR E L — RV R RGN L, EHIE
U, BB A i h 43 R e i A T DR =R
Fads  BHAE AR a thdp M L 2 I A
X A5 TR B0 I 2 I RE ) 52 408, 25 77 e AH B
ZRGIHG

2.1 GLAST 5HiRH2Z R KK

2.1.1 GLAST 5144 F% 9% ( Parkinson’ s disease,
PD)

PD J&— P UL 28 ZR Ge A8 M, v i R
i Z BB ( Dopamine , DA ) BERHZE U A ZAE PEAE T & H:
SR (T BRI i 2 B M il = 2 5 BN I
AP N 2 X 2 v S G R A <]
BRARZRN DA B 28 T HR A NS Ay PR 48 S L
Hh R TRAE Jy 24 A R 388 B 1 A (AP TE . 53X 3
F T DA R TT AR ENY ) B A E R SR
i 5500 4 AR R LRI AR OG . A SRR i R i 3 40
Jah AE TR MG Z AR AR RT . N-HTBE-D- R4
Z IR ( N-methyl-D-aspartate, NMDA ) 32 {4 J& iz A 18
R S PR B T R 2 R — b EEG
AL NMDA Z A5 R Ca® AR Z T, IS
i DA BERPZ T, K b NMDA SZAAH5HTH 245
YR 2R B A 2R RE A B AL =Ry R 4
PRI A BORmE ™, Salvatore 55 R I, 7E PD
R R BT SCRAR B 2800 F O A% 2R Tk FE 3
GLT-1 45 18 32 B 1 45 2 R PP BB A2 Bl BHL T, 4%
M & B GLAST B-FFAEICAE J) ) 0 B 1 o, o1
Iy REAR S F R PR IRE J1 o 3X ] LR & W0 3
A ETRAFE B 1, i 2 T 1R B, Xl
GLAST 4 T 94+ M PR AL T8 8
2.1.2 GLAST 15 Bl JK % i BR 6 ( Alzheimer” s
disease, AD)

AD ZE—FI LA RE P ER M4 R 4R
TSR, — ORI A S #5898 . AD &SR I, 9
B BRI N P 28 T M T A AN R R A 1 BRE R Y
TR RR Bl 28 2R G 1 %A PR TR T R AR L E
JBE BT A A 55 Na™ MO Y 2% Ay M L IR % iz A
GLT-1 Fl GLAST R SEELAY , Schallier 55" #F 5%
KBS A APP23 /NI B2 JZE M B, GLAST Al
GLT-1 FRIKFEA, i B /2 h 48 AR AL i2 A 1
(the vesicular glutamate transporters, vGLUT1) &35 g
FHn, SERBNIYE Z iz E Rk, #
W AN AN E R R S R Ny, H2 S A A
ANEAH EE, A0 A A R K P 2 AR Y, BE 4
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R A W TE P T RE IR R H 52 81 Rk A8 fh X
—FhEEE . 18 H R APP23 /R R A D rh
GLT-1 ik 5 BF A= AU /N BUM LG J2 B AR Y, 52
GLAST MZRIAFEANAS X FRW] AD 43 R s
AIRE EEAE T GLT-1 528, (02 WARTE AD KR H)
W, GLAST )& 2 5 H P iy, Han' ™' 058 & B
AB,_, BRI AT LUK EAATL BIZRIK, eSS &
ALK X —#a#h $2 5 EAATI 835, 1 HATA
MBI TEMEEE T By (AR, ) F& AD BYTELEE
Ytz — ) AD N S5 H R B V£ 3L TH
(R BRAERAE DRk R 3 BUBE IR B R 5 5% S
ZH A AD R B, RS BT AD 1 — &
AR E R Al WL EAATL 76 AD BT BT 5
BT A VR

2.1.3  GLAST 545 ( Epilepsy)

O R VE AR A A M & T RE I [R] 25
R FE 25 FBOR AT SR B ORN 24 Ay P 1 42 75
PEPT S RAE 1993 4F, During %57 38 i fGE AT AT
(A7 R I R B A8 K s B 38 AT VR v A R
ARV EERFLERG N, T4 A R vk 3 3t o5 5 9
KIRHUHIANSE . Watanabe 252" K3, 5 S A R IR
5 1 GLAST it fé /NS AL 2 8O & 7E. Doi
LU0 R R SRR AR R | 58 4 BRI SD K R
e — YO &K AE 1 d A 30 d A Bk i S
GLAST \GLT-1 &Rk, K BAE 1 d Eff1REH 5
FTH 30 d RARYL I HE A 5% A LEA
Aefl, XUEEsE ] GLAST GLT-1 &7 fe2 57T
O 1 & AR H R S50 I 4E R RS JE K, Sun
AEPY R B, Neol (neogenin ) 7E R 8 1 £ 3R 3%
JEREAR Y, o W 4 A b B R Neol 4% 14 P i B
(NeolKO) 238N BRI & B , 1 Neol KO FRUIAF
o IR 40 i GLAST 2 FRAR Y, Sa e 230
JER/R NeolKO 5 GLAST B T B &AW, %Kik
Neol GLAST k% ;id ik GLAST 7 LK & 7% & R
BEEURAS S BE e A B, O HLIRAR T s, Fe
A UL, GLAST 2635 1 28 1k 5 00 & 1 % VIAE ¢, 1R
A ] RE I 1) 5y &N 2 Z — . Taspinar a2 gy
5% PSR A 0 v GLAST 45 36 3K 76 B 3 184
{EL P A R IS ) B, U B 38 in i 4 R R e iz
FEHMERC AL LUERZ RN ER, TN IL
Rl k76 M A VA YT 20, GLAST 4R [ 235 &1 hn iy
T PR RS 170 47 el 1) LT ROt BE 4 AH Y, D B TN
PR B Sk A6 A PT BE W A G I GLAST 84 AR

B R A MR RIAT A AR, ETTATT R Y
2.2 GLAST 55 A#WEZRGHER
2.2.1 GLAST 5 M 55 28

HF 9 & BUALGE | WT 6 JER A2 1 119 2 ok ) R A A 1A
TIVERY T B2 AN MO 2L 2> ORI, th ek
TEHHRAR 2R il 544 1 RS2 28 A IR 28 fih 45 44
FreePE R 7 2R, i 28 fih (] P R B 227 v
e 34 & R 5 B A5 e o S R A A
T EAAT J2& 5 ERIA Y, Miller 20 A2 7 75 241 ffd
AR I DR 2 fik 1 R A% 3 11 EEE A0 A, R D) 5
AR PRI 3 2 0 1 Miiller 400 /) GLAST 5%
P TSR B GLAST St/ N T 1B 3 iR
JEFOCHRAEZ A 2] GLAST ThRERE 5 vl fE 235Ot
AR 5 25 A I S b 28 55 210 B2 ( retinal ganglion cell
RGC) R HE . Ma %50 & B m A A5, 16
PR = AR B, B T GLAST By # ik, BEK T
Miiller 20 i X 45 22 R A8 B, T2 38 o 4k 22~
TRPC6 318 , 77 il & 25 1k T s M A4 R
RGN AEE T GLAST B3Ik 2 m T B &
T Miiller 20 X 78 22 TR 1 HE UG 1, D% T 400 I st
07, AEW] GLAST Xt RGC 4P VE M
2.2.2 GLAST 50 fi#iisk

HIR A E T Z I A F IR IG A ML A 2R A
BB , B B SRR A 1 Y GLAST 4
R SR A, 76 45 20 e & B P VR T R A 2
PRI R TO 75 I A S e . A% 2 Ik e e e i o1 24
JiLIG , Sk P 6 A0 5, 7 R IR 1 4 T e
OFE T AR R 43 2R, o SRR 45 20 R 38 0t , 52 1
BAMR - ARG R R, 2
A LT R B AR 2 il 455 GLAST
R AR A 1 B B 35 3R P nT D 4R R A A 5
PRS-, 3B G B 8 41 A0 4 A 1k 7 M 00
I, GLAST $lFé /N PR A T — AN AR N B RS T 0F
FEWT 740 1 24 A PE B ME L], Hakuba % &
L, GLAST 8t Bé /Iy BRUAP ik 000 v 4 0 I 1) vk i 34
i, HWT R 2N, X 5 GLAST 2 5 A & iR
TEFRBAN A 55, Tserga 212 % Bl GLAST Rl /IN
RS B A= 78N BRUAR L, W M T SR (auditory
brainstem response , ABR) 1 4R 0B FEAK , /)N B2 fd %)
WD BRI I A S B R e A R R A R R R A
SECE BT ENT ) BAS 4540 B0 R 2 i, X —
IR R R TGMEE A B9 b & BN R
M s 5 75 i Je P GLAST 3 #a % BRI 0 &
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25 (HZAE GLAST 3 i X445 P35 M 2 A 1
FIELAXEF Bk Wy 3 45 2 o GLAST 35 MR AWFE
A W

3 GLAST ER#LH

H A T GLAST W4 MUK 0 T I+ + i
He DB K IR 22 GLAST (14 1F 14 0 47 P i 4 P
T RIS 5 AR 0 M G 3E 5, X 2B GLAST J&
SEARI 2238 AL R Y
3.1 JAK-STAT i&#%

JAK-STAT 3 % 2 22 b 40 it [H 1 A AE K R 0
FEAF 5L FHLH] . —SBF5T & B JAK-STAT 3 %
TEMZ RGP b EEEZ/EH . JAK2 A1 STAT3
PR R G AN M A D 2 on b Rk, 5 —
B 2R AT P Y & SR IR AR AR E
KV 8 ( single-prolonged stress, SPS) = il i) 1] 403 J&
% B i ( post-traumatic stress disorder, PTSD) B K
BRBE Y v | KRR A VR 4 SRR VR B T i, GLAST
FEIRRFAR, JAK/STAT 3 3 a4 hi i B 2 2 4 g
H: K F 2( Fibroblast growth factor 2, FGF2) ] DAE&
ek — 5 LB FGF2 7] gt J& GLAST (4 1E
PR 7, I BT figJ& 3l & JAK/STAT 38 % >k i
7 GLAST 7 K B 5 21 3% & R ( kainic acid,
KA ) 5 & (R B 78 v o B, 5 54 104 74Tl Ak B
XTHRAAAH FE | p-JAKL F1 p-STAT3 B 235 A Fr
GLAST 1) 2 ik 2 B4 i ; 1 5 KA 3 NC+KA
(NC. 25 [HEAR) ML, i 238 UCAL (—Z KBRS
fih RNA) 40341 T p-JAK1 il p-STAT3 &1k, i
i T IR AN GLAST i3k F £
WEFTHE N2 G R 1 1876 STAT3 (p-STAT3) 7Efih %
GLAST ik FiE R EH , JAK/STAT 25 1 il &2
TR R AN thag
3.2 DAG-PKC i&3&

FIE B0, 0 1) DL A 52 Je ot 4T 7 5 1 22 R %
FiJe , PKC 306 50 Al 5 25 A GLAST $%1z 85 iy T
PE, T FEAR L mRNA 7K 5 1 PKC #1570 7T LABH Wy
XFAEAL, H R AR 2R 52 R BE A2 T chglast
J BN F G S IE S GLAST KAV 4R 6 I
BRI, Gosselin %1% % T PKC AYIE S8 A
TERE T A4S IR iz /0, 5 EAATL 43 AR
A K HUERH PKC #2H] EAATT 21 41 i 4P 0 19
W,

3.3 P38-MAPK i@
Yadav 450 £33 45 LS 46 00 2% A Ak 14 3

WML A 2 fp P e S A 4 At d e, M
p38-aMAPK =75 p38 MAPK i [ i i ™= A5 11
— SRS ) 5 e HG e A 95 Y %y R
TR N AR Z e 1245, AT L, p38-aMAPK 1
SRR AN Z RIAER T CR, Wu
SN R B PR AL B A RS T GLAST Al GS
(2% 35 & 94, Raf-1 3 W #0 ] 25 11 ( Raf-1 kinase
inhibition protein, RKIP) ) 21k 53 GLAST ik I
P, $275 RKIP 5 XA PR A ¢, mwtsih
W& B RKIP 75 p38-MAPK {5 5 i %, {H &
GLAST 5 MAPK Z[H] &5 A B8 55 ¢ R0 75 ik
— W

3.4 NF-xB &%

Karki 255 % 3 GLAST J3 8 T X W& A i 4
NF-kB 458G 45, 78 EGF 755 K U 2 T 1 5 4
Jf EAATT (0514 2 3 ) i) GLAST) ik, NF-
kB L OC 8 /E H], i ik NF-xB p65 3 1
EAATL J3 31 T 0976, W4 i T EAATImRNA FI%E
FIBUKSF a3 33k NF-kB I FEAE T EAATIL 3
FFIEME .mRNA M A UK, BHAEKRRETEK
JE AT M AT S 2 L A 200 P 3 SR AR ], F
LR R NF-kB X T° EAAT1 ( GLAST) 2 iF P 3
TR, LS NF-«B 1872, 15 5 H 5 EAATL )5
454G, ok IE a3 Y R A K AT (epidermal
growth factor, EGF) X EAAT1 ik 19 42 ¥ /E F,
Karki 255 g UCTE B BT 4 iR 238 3 3805 NF-wB 48
KHGE EAAT] RIBFTIBE, NF-xB &2 1 fE &
P EAAT1 ik SUIREM G2 —

3.5 GLAST WMEEFERETF

GLAST ()55 S i 45 vh — S8 [N 1 & ¥4 5 T 2L4E
Mo HAERKHEF o ( transforming growth factor-c,
TGFa) |, & % 4 & I ¥ ( epidermal growth factor,
EGF) Bl 1 1 £F 4 4 M 4= 1 X (basic fibroblast
growth factor, bFGF) i 5 Z#E4 K -1 (insulin-
like growth factor-1,IGF-1) RIS SO 20 R
F£ K F (glial cell line-derived neurotrophic factor,
GDNF) 25 B4 il GLAST ) mRNA F17E 147K, i
P IEMEREEAER DY S A S 0 s 2w s R )
1 EAAT1 mRNA FlE [ BT K F BRI, 5% 5% 5
YY1(Ying Yang 1,YY1)BRAGHSS T iX —RM;, 1K
YYD 80X —H 4, Kaki 59 B8 YY1 &
EAATI (%) G4 B 8 [H -, B XT EAAT1 3k i 41 il
EREE YY1 A, AR, YY1 iR EA L L
it £k M ( histone deacetylase, HDAC ) 3t [a] #)1 il
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EAAT1 DIBHWT NF-kB 5 EAATI J3 8 745451 & 1E
PEIRPEAE A Bl S M AR 5 S YY1 Rib
AR T YY1 X EAATT B30 . Pajarillo %05
ST & B 17 - — I R thy 5 1 25 ] A 3o A o)
GLAST ik R RERE B R, 1] TCF-o T HE 3%
—HPHHE M EENR, UEARZHFS Y
GLAST J#5d #  (H 2% 5 GLAST W fEA 1T
I, BT —HHEEK,

4 45iE

B AR TEER PR 2 A4, 205 T AH AR
AT, B ARG 12 AR Rk Rz —,
EHLZM ML RGN KR HLEN S VA G,
I GLAST B4R ML A i — 20 T fif 4 24 R %
LT CE T GLAST 7 M 15 3 4 it B v
WA FE, P2 RGP IS E R - R BEHAE
W5 b A R - B G A 5= A A
1), PIEXT GLAST 5 #4828 48 5 95 19 4 OC 1F J i
T B, A E T 7 I GLAST 19 fF 5% 4% 31
K
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Effects of N-methyl-D-aspartate receptor NR2B phosphorylation on
ischemic/hypoxic neuroprotection

LIU Xiaolei'*** | JIANG Shuyuan'>* | SHAO Guo®*** | XIE Yabin®, JIA Xiaoe®, XIE Wei***
(1. School of Pharmacy, Baotou Medical College, Baotou 014040, China.2. Inner Mongolia Key Laboratory of
Hypoxic Translational Medicine, Baotou 014040. 3. Department of Public Health, International
College, Krirk University, Bangkok 10220, Thailand. 4. Center for Translational Medicine and Department of Laboratory
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[ Abstract]  N-methyl-D-aspartate (NMDA) receptor plays an important role in the function of the nervous system.
The NR2B subunit is the regulatory subunit of NMDA receptor, which is closely related to the neuroprotection of hypoxia/
ischemia. Phosphorylation of NR2B is considered to be an important mechanism to regulate the NMDA receptor function
and plays an important role in ischemic/hypoxic neuroprotection through the change in phosphorylation. This review
discusses the development of the NR2B subunit of NMDA receptor and the relationships between the structure, function,
phosphorylation, signaling pathway and ischemic/hypoxic neuroprotection to provide a theoretical foundation to prevent and
treat hypoxic/ischemic brain diseases with NR2B subunit as the target.
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N-H J-D-K 4 & R ( N-methyl-D-aspartate,
NMDA) 3Z {& & i #iX #f & &R 4% ( central nervous
system, CNS) (8RB 2B Z K, /2 1z W ik
TLAR 0 A0 58 fi T B8R RN 2 AT PEEEMEN T NMDA
SRFEAE T4 22 0 FIRf 22 g 5T 240 B v, Pl AS [m] oI 3
B S SRAAC 2 B BT, L 45 R NRT A
W HE NR2 (NR2A  NR2B  NR2C #1 NR2D) , DL f&
NR3 W5 ( NR3A 1 NR3B) ¥, Hrf NR2B #4 C %
DX, A 22 R TR | I 2 R RN S R AR A, 2 Uk
FIBEIR AL AL 1 . IEAh, NR2B 85 R L 1% 28 b mT fE 2
il AR AR 2 O AP Y 2R PP A NR2B i i
MR A2 M 55 HOAH LA A 2 1 i 1, R TR i
Ui 4378 2 B 0 AR S8/ Bl it i 493405 , - T BE AR
TSRS/ BRI S T AERE A5, H i T NR2B 1Y
BERRALAL FAR 2, Homl R Ak 55 1% 480/ ke i ot 22 O 4
(B OGR4 i T B 2 I BF 7ok B I, A SC 25
IR T NR2B AOBERR ML S A5 5 308 % 1 il L/ AR 4R pp 28
PRI VERT, A o NR2B S SE A Ay 8 4 0 05 30F
A AR/ BRI 1Y B 16 T AR 2 5E BIE LA

1 NR2B IEZH %

NR2B W % J& NMDA 32 1K 1 8 35 30 Bz, i
1456 =B AR, 47 F 1 290 170 ~ 180 kDa, £
T ANANELL IG5 . (1) MLAh N-K i 45 44 5 ( N-
terminal domain, NTD) , 7 4 & B2 32 14 5 5 Ak A
Tl M (2) A0 BE A &5 A 45 R 8 ( ligand-
binding domain, LBD) ,25&#sh7; (3) X, 1§15
=B R RZRE (M1, M3 R M4 ) Fl— SRR 45 4
(M2) JERE FiEiE; (4) S 5EEZ RN C-
AR I 45 #I 3 ( C-terminal domain, CTD) ,ﬁ;‘%éﬂﬂﬂ@:@
ARG R A A AN N (S Sam s

NR2 W33 K 36 B AN 5] 9 [X 38k i & & 6k
P, AT B B & A A TR B R DX 38 (g
J2 VRS NBKRITR i) 59 AN TR & E B Bk T
NR2B F 2 ik FlsE A X Wk 15 2 3l 4 K i o
NR2B 35 [H 3k i E — Dk I R B, IR A6 14
K TEEBEAT Ll NR2B mRNA /K F-2 ik, #IR
G55 17 K, NR2B #5 5 AR 235 1 5 380, 78 i
2RSS 1)2) | B8 ik i, I 7E
WD Fe oF0R R b 2% Gk & A, 2R BF, NR2B
mRNA [FEETE KRG K2 5 B B SR R
A% H B S, AR AR N R KA, AR S AR
7~12 K, NR2B 78 K i f J2 ity & rp 3Rk i &, 78
P TS TN NI ol [ U DANY il A s LA SR
NR2B V.3 mRNA 7E 3 ~30 H # i 78 K Bz )2 K58

43 DI 14 HR: [l 7 40 i b 8 35 PR AR, 7 AR
T, NR2B 78 2 )2 (U2 I/ J2) i A (-
| A0 A R Rk o R ik e, 41 K
V- NR2B 7E 2 fif, 2 ik J&] 561 A0 5 fish SMo7 o546 000 21
SR, FER Z B o0, 28 fith 5 2 13 1) 28 v
TR Al R A0 L, A R A T A R 5 S rh
NR2B (324K (5 £ S0 I BN S il %

2 BRE/BMmEZERIFS NR2B X &

AR 5 20 0 2 R N A A T B SRR
(R R, b T BRI 4 29 % ot A3 17 T 5 35 ) dle 4
PR A B I B AL 10 3 B AR AR 22— SR M Ay PR
P, M A/ Bl & AR, S BSOS E R KRR, i
JEWE NMDA 2 ISR T HRA R 752
. R BRI AT F S E ARSI & TR
A2 Ay MRS 5 G RN, IR S 4 e Bt
7= NR2B EZS3 M T oMl /b NMDA SZ RN A5,
NR2B WFEAY CTD FEAE Sl ifn o A9 il 28 e seT -y
M EE | AUFIEN, fEBE B 6 h 5,
fili'z= T X ( subventricular zone, SVZ) NR2B ik &
Fhe  AEBA BRI 24 h BHA B, R R
B e F T NR2B ik, FE T W i, Zhang
ALV P DY 1 A7 PA) 2 dfe a0 A R B 1 Bl S
KBRS A B K EFIhEE, BRIMS 12 h
F124 h, CA1 FifE & HA . [X NR2A . NR2B mRNA
TR T, 5% AL L, NR2A/B B (I 5 )
FEGRIN IS 6 h F1 24 h Y9 B FEREAL, SRME4A 1 h
S L T R I o e 3 i 4 N L
NR2B (A8 A AL Bl FF¥E 13 (ischemia-
reperfusion, IR) J5,CAl X NR2B ) mRNA &3k 7E
12 h B TR EHRAR K SR G TR, 51 48 h ik
FNEAE ARG HFEE FIFRIEE 7 K, 7E CA3 XAk
[l i mRNA 2 3k (1 748 53 30 63 7 3 0/,
TUNEL 245 575 IR 24 h B P81 BHM: 20 o 35 52 4%
MTE CAL X, BEJE AT B 40 B0 F s K 78
IR 48 h I 2RI, 72 h i35 B0 AR, BE 5 T FH
PEAI B TF AR, 205 7 KA T B 4 A )
SRAEAE . FRPAMKER 0K B S NR2B mRNA (3
BHRETZAFAERER RN WTRER TRAE
B a3k B L T S A A NMDA 3244 | S 3085 i 4
LR AR T REREAT M itk & — 2R 51 i pe 2 B M
BN, 5 M oC D RE B 5 | A4S E R 4 A B
e sE Tl . Hop, NR2B-PSD95-nNOS 3 % &
Bl it A R AR B A Y A6 T (5 S B 76 X 4 1 i
b, AV AR 8 1 98 i %5 BE-95 (g protein postsynaptic
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density-95, PSD95)# NMDA 2 {34 #:8] FiF /> 1,
4G — AL A A (nNOS) . PSD95 17 3 4~ PDZ
ZEAIE, PSDOS 1) PDZ1 I PDZ2 G550 B 45 &1
NR2 NMDA Z IR ML C S i BIR/ 22 FR-X -
45i & 12 — COOH ( threonine/serine-X-valine-COOH
T/SXV) 55 EUS 0 PSD95 1) PDZ2 45 #4938 th 5
nNOS [ N w45 &1 o Rl 437 2540 Fe /e o B
51 NMDA 2Z &1 Ca™ P 80 nNOS 13 B %
R E A — AR (NO) | X2 — PP 2 Y 2%
TR, nNOS i — AL A A T
T s-AEEE A1 AR BT & J® & A B ( matrix
metalloprotein-9, MMP-9) [ 3 , fix 235 T A & ot
AT, T4 NR2B-PSD95-nNOS % & ¥ a] 411 #i
NMDA 4> 5 1 NO A= Ji, 37 i 28 5 B 52 % A ik
7 L

AR, M #EPE NMDA 38 2 00 A2 A7 1% 1Y B R UL
[ 3— 3 # ( phosphoinositide-3-kinase, PI3K)/Akt i
BEXT BT 5 0P A AT 4 R 2 R A R
NMDA SZARFT )5, Ca® FIES 8 2R 3E PI3K, {8 Ji
Wil Pidins (4,5) P2 B iR b &£ PtdIns (3,4,5)
P32 SRJ5 ,Pidlns(3,4,5) P3 M AR B R AL
K 6 & A P4 B 1 ( phosphoinositide dependent
protein kinasel, PDK1 ) #% 3 5% 2| 40 ffd 5 |- | 38 5o
FRALITG Ak ™) Ake 38 i B R b — 28 F i #0500k
{EFEAMIAT TG . 2 filk NMDA A2 R (1) 3005t ml i S
fRAEFFH R IE, R il NMDA 2 /436 P DL &
Ca™ N I 36 41 B A5 5 V8 1 3 B ( extracellular
signal regulated kinase, Ras/ERK) {55 flf% Ca® /45
W H K 5 H B ( Ca®/calmodulin dependent
protein kinase, CAMKSs) , X 5 W FR Ak I I 0% P10
& N ot 1F 45 & % H ( cAMP-response element
binding protein, CREB) , CREB B ITE v i SR AR
o= Y SN INTTE 7 /RR L EZb vl - ol el S 7
PO PR M M4 % 3% I T (brain derived
neurotrophic factor, BDNF) — [i% % R 5 1K ¥ i B
(tyrosine kinase receptor B, TrkB) {5 5 FIE5 4K #5i P
5 2R IKAT B T NMDA 5519 PI3K/ Akt 38 3%
T B U L b 3l T UE NR2B, I
Ca™ FRAR, fit % PI3K/Aky/GSK3B 15 53 s, 41 1
MMPs 5 P, /0 240 i 98 7120, D 76 1 9 AR 0k
G B 2 A 1, A T A LR AR i i 453 5 1) 4 3 2
2JFIC AZ 68 77, A B AE AR Ah s RE O) 4 i 5 b 22
TC RERZ BT R NR2B F Bl S B i o
i v B AR AL T A H, (B AT R4 2R ] NR2B 72
KB R A DR SR 22 u i &k IR R 2o e

ZPET-® T4 NR2B 19 NMDA 21k &7
WREPRFEI AR K NR2B & 75 78 Bl 48 Bk i,
P i Hh R XU A FHAT A R E

3 RE/ERMHBEZRIPS NR2B BiE{L X &

3.1 TR/ HEER

B M B RR A S 81 NMDAR I fig it B AL
fil. NR2B % CTD X3k, 2R fb 10 SR X 4, f 7%
RZREBLBE PR AL 1B 1 1Y L R, N 22 &R, 75 & R
&5 . S886. S917., S1303, S1323' | §12841
NR2B F 8% 2 £k 28 1k 76 #f 2 R 4 b ol 5 3 221
fEHL,

FHZ T BRI B, NR2B IV 7 S1284 52 4 ifd J
W A KW 3RS 5 (eyclin-dependent kinase 5,
Cdks) 477, B 77 1 248 o0 19 4R - ) A B 25
(OGD) /)N LB 26 2 4 Mo e i 8 2> F2 35 S1284 4k
NR2B B LK 19 3 F D0 BT 24 h
P, NR2B B2 1A Bt 25 R [R] 4 4 #2177 PR AR, 8% 25 1 9
fiff 200 ( casein kinase 2o, CK2a) 475 09 22 & &
S1480 #f B 1k 32 #7 (% AKX, S1480 1Y 8 AR fL B 3K T
NR2B 5 PSD-95 Z [Al f M AR A, Tu %5 &
BRI B B8 TS M O B H BB 1 ( death-associated
protein kinase 1, DAPK1) i i # R {b NR2B - )
S1303 137 M K45 NR2B Z4G# iE i i, 76 % i
g, BF Y K BB O 405 )5 0E DAPKL AT fifi
NR2B 1) S1303 BifEft , 35 H OGD Fgk it ib 2 14 /1N
SRR St 2 oo Al i, FR 5 51 DAPKI A9 3 PR 3
FE IR NR2B 9 S1303 137 15 A0 i AR 1k 7K S, AT
SEBIZTTIET T, TEAT S1303 7 55 BT 55 1 22 Jik
T4 DAPK1 F1 NR2B (AHEAEH , 7T LAyt /D i e 1
WKW, 45 b, NR2B | 22 & R A 55 i s R 1k
Z 51817 NMDA 3Z UK (438 38 5k, 76K &/ Sl i
R, AN [ 22 &R A A5 1 i TR b A2 Ak AN IS A1
[, 4n S1303 4k NR2B 1% B iz b K F < Tt &, 1
S1284 4 NR2B R 17K P23 N i, o o 2% 3
7 15 B FR AL 7K ST | ARG S/ 5t i 28 s , 4 591 2
R B IR VR
3.2 EREER

1% 4 R Tl T2 A 7 R 480/ Bl a8 s o, 4 ) 2
e rf, B A5 EEAE A, Nakazawa 55 i — &
7% E T NR2B i 2 B8 S R W 1 A o7
FEALFERE R Y1070.Y1472 Y1252 Y1336 %5,
R T BRI B R R TR AL A ik A v 2 R i AR AL, R
AF5E 3 3k g 7 AP S/ e il A4S 7R RSB A A F
YA FE AR R R P i 2 I
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IhP NMDAR 73 NR2A 1 NR2B A 1 2 2 5 i 1k
(NR2A 1141 22 1R Wi R Ak 8 3 | R AR 4 2 188 o, i
NR2B (s BRI /N1y o X Fh b 8345 2
i Sre FIE B AR Sre M Fyn A F A5 Fyn
ERNHPAFLZIEY , (046 NR2B, B2 AT K
Y B A . Fyn 73 C ORI 7 DR
2 (Y932, Y1039, Y1070, Y1109, Y1252, Y1336,
Y1472) 55 /5 NR2B Bifafk, H Y1472 Ky &
B Fyn (e B B A0 B A2 B P Y1472 F
Y1252 49 NR2B, ItAk, Y1472 4b NR2B ) BER 1k
(pY1472 NR2B) Ml Y1252 At NR2B Ky # B2 1k
(pY1252 NR2B) 7 Fyn i 2 1k /N LAY 28 il i v [
), Herb Sre SR WM (SFK) 6 L34, 7 g ik
I B B 4E R B A, pY1472 NR2B i 3 H R 4¢ I
P AR R 7 K (PT) KRR/ BB 4 B il
hypoxia ischemia, HI) J& pY1472 NR2B /0"
ST BEHEVEJS 24 h N, NR2B 2k Bl 25 i 18] 1
e RS W A, Fyn A A9 Y1472 B #R 1L 38, ifi
NR2B |55 —~ Fyn # 5 Y1336 A9 R 1L At 5 A
2507 AE WT 34 HI JS 6 h N pY1472 NR2B
M1 pY1252 NR2B ¥4 Jin, {H pY1336 NR2B % f 34
el Wu 2P R I Fyn X pY 1336 7EARSMNS Z R
FRPERIRL L BE NR2B (1945 8 M REZLE , SR HI J5
AT WEEE pY 1336 7 A i 45 1 1 e 24 A B
PEGE , pY1336 iR NR2B 5 PI3K A E AR,
AR ELAE R A AT K RV B B it i 48 i e
A JUAR S8/ e i i 6 5 NR2B i 420 IR i 1R 1k 110 48
A, B LBV SIS pY1472 NR2B LS
5T BED AN T 00 AR B, I8 T i,
HI J5,pY1472 NR2B i F i, w683 3l 1 F I 40 g
ST AR 738 i, AR 0F T 545 9B B, 1T pY 1336 1]
REZ: 545 5 ) i %F NR2B il A i 85 ) (0 4% . 45
e A e R AR LAV S/ il M i 9 e, NR2B
T R A A5 B B R Ak K 1 AR A AN T (H 2
NR2B == 22 11 i 22 R Wl o A A7 o5 1R B R Ak 7K 7 2 T
e ) T el A 3 A8 A5 B i R AL K F, T LA IR
37 e L S5 A ik B Sl

4 5B

B2 NR2B RYBEERILR2 M T NMDA Z & 1)
fiE , & 2R W R AL i AR 1R W] RE S ) NR2B &2 & 1A
FERIRRIRAS R 5 O B L BRR 22 2 R N5
R HERR AL V5 45 NMDA A2 14 38 18 4% v T i e iz
AR, XL NR2B B8 R Ak 07 A5 A T IR SR pp 2 A
PR T K 35— 25T NR2B B FR 1k 137 15

S/ R LA 22 DR 8] A 5% 2R, B Dy iR I 1R 2 v S 9
TR WT 07 TP RESE ) R A B
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Establishment and evaluation of rat model of allergic asthma
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[ Abstract)

mediated hypersensitivity. At present, no animal model of asthma that completely recapitulates the occurrence and

Allergic asthma is a chronic airway inflammatory disease caused by type 2 inflammatory response-

development of allergic asthma in humans is available. Therefore, it is particularly important to establish a relatively
complete and stable animal model of allergic asthma that conforms to the pathological manifestations of patients. This review
briefly analyzes the strain selection, modeling method, and model evaluation indicators of allergic asthma model rats in the
past 5 years.
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Table 1 Construction method of allergic asthma rat model

O R

IR ()

OB A Allergen Sensitizin, e BTk
Rat strain 1ee T & Adjuvant Modeling method
( Lot number) dose
OVA(10%) 10 g OVA 3 T 100 mL A HEE K P (5 ml/ 55 1.8 KI5
e SD gL B v kg) 10 g OVA in 100 mL saline(5 mL/kg) D1, D8 i.p.
Male SD rats OVA 8515 KIFUR, BREM 1K, BR 7 min,
(A5253) 144

- OVA(1%)

From D15, aerosol once a day,7 min each

time , for a total of 14 days

10 mg OVA % T 1 mL % 100 mg AI(OH) ; (1 . N
M 1.2.3.8 RIS

10 mg A HER K S 10 mg OVA in 100 mg Al( OH) 5in

IDES D1, 2, 3, 81i.p.
M Wistar e L0 i R 1 mL saline n ) P . X
Male Wistar rats OVA 15 KIFER , B R 54 40 min, fEK 11K,
starrals a7 105) It 6 W
- OVA(1%) . .
From D15, aerosol 40 min each time, once
every two days,6 times
100 mg OVA # T 1 mL & 100 mg
00 AL(OH) ; A= B K h 1.8 KI5
‘A L IEER "8 100 mg OVA in 100 mg DI, D8 i.p.
mﬁ: ?DS%(EEL OVA AI(OH); in 1 mL saline
ale SD rats
(A8041) 55 15~22 K, BRF 1R, K 20 min
- OVA(1%) From D15~ D22, aerosol once a day,20 min
each time
2 mg OVAET 1 mLﬁ\lOmgAl(OH) A
" ’ 51,7 KIS
. 2 mg FRER K Dl. D7
Wbk Wistar g P 2 mg OVA in 10 mg AI(OH) 5 in 1 mL saline ~ * 1"
OVA )
Male Wistar rats (A5503) 5 17~35 K, B ik51L 40 min,lﬁ H 1
- OVA(5%) From D17 ~ D35, aerosol 40 min each time,
once every two days
10 mg OVA ¥ F 1 mL % 10 mg AL(OH); A .
P8 RIS
10 mg Az R K D1. D8 i
by RER 10 mg OVA in 10 mg Al(OH), in 1 mL saline P VO P
TEPE SD RELE
Male SD rats OVA 15 %ﬁﬁﬁ,ﬁ%%’fh 1 (QL'\,%{QL'\ 30 min,
o ) (A5503) 7 %

- OVA(2%)

From D15, aerosol once a day,30 min each

time, for a total of 7 times
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&Rl
2 = (=N
Rat strain (Lot ’ g/h ) : d & Adjuvant Modeling method
Ol number ose
10 mg OVA ¥ T 1 mL 7 100 mg A1(OH) 5 ¥ .
0mg  AEEEKT P 8 R T AT
o D1, D8 s.c.
BB 10 mg OVA in 100 mg AI(OH) 5 in 1 mL saline =~ ° = ©
HEPE Wistar KR
e OVA 5 18~36 K, FUKEAL 30 min, i H 1K
Male Wistar rats . .
(A5503) - OVA(1%) From D18 ~ D36, aerosol 30 min each time,
once every two days
1 mg OVA T 0.5 mL & 200 ug AI(OH); .
mg BRI 0.7 RBRAER
e o SR 1 mg OVA in 200 pg Al(OH); in 0.5 mLPBS P
HEbE Wistar B
e OVA 55 15~42 K K%L 30 min, FEH 1K
Male Wistar rats . .
(A5503) - OVA(1%) From D15 ~ 42, aerosol 30 min each time,
once every two days
1 mg OVA %+ 1 mL &4 200 mg Al( OH) N
Img oA | 0.8 RETUA
DO, D8 s. c.
e TBEE 1 mg OVA in 200 mg AL(OH) in 1 mL saline " = > ¢
TPk SD KB
OVA
Male SD rats (A5503) 5515 KIFIR , BRZEAL 1K, HIK 60 min,
144
- OVA(1
(1%) From D15, aerosol once a day, 60 min each
time, for a total of 14 days
1 mg OVA T 1 mL 574 30 mg AI(OH) ; )
et £1.8 2T S RO RN I s A S
m A FER K H+0. 2 mL 0. 0023%0 B H %% ?aﬁggﬂﬂjﬁ&im% WA
€ 1 mg OVA in 30 mg AI(OH); in ImL saline - . .
‘ SIS E A ] ) D1, D8 OVA s. c. and pertussis toxoid i. p.
et SD KB OVA and 0.2 mL 0. 0023%o pertussis toxoid
Male SD rats!'” ' » i
s (A16951) 5515 I 45 RFAL 10, BEK 20 min,
74
- OVA(1
(1%) From D15, aerosol once a day,20 min each
time, for a total of 7 days
I mg OVA #& T 1 mL &4 10 mg AI(OH) 5 (¥ .
1 mg R P8 Kk
e D1, 8 i.p.
e RS 1 mg OVA in 10 mg AI(OH); in I mL saline » o LP
MR SD KR
OVA
Male SD rats (A5503) % 9~23 K, BIKZEAL 30 min, fAH 1K
- OVA(1%) From D9 ~ D23, aerosol 30 min each time,
once every two days
1 mg OVA T 1 mL %4 200 mg Al(OH), 5518 FRIRA
Lmg  EERER o .
B 1 mg OVA in 200 mg Al(OH) 5 in | mL saline ~ ° = =~ ©
HERE Wistar R0 55 14 TR, BRF A 1R, K S min,
Male Wistar rats 118 d
(A5503) - OVA (4% -
(4%) From D14, aerosol once a day,5 min each
time, for a total of 18 days
100 mg OVA ¥#F 1 mL 7 100 mg Al(OH) ,
100 m B AR AR IK %5 1.8 RIFJETES
p e TR € 100 mg OVA in 100 mg Al(OH), in 1 mL DI, D8 i.p.
e I\ril_lSDS?)( il OVA saline
e S rats
(A8041) 9 15~20 K, BRE AL 19K, B 30 min

OVA(5%)

From D15~ D20, aerosol once a days,30 min

each time
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&Rl
T =} (=N
Rat strain (Lot ’ g/h ) : d & Adjuvant Modeling method
ot number ose
2 mg OVA T 1 mL %47 100 mg AICOH) 5 #50.5 K, H v 0.5 mL J& F 4, # F
2 mg Ay A B R K Hp 0.5 mL JI§ & 4t
GV S 2 mg OVA in 100 mg AI(OH) 5 in 1 mL saline DO, D5, 0.5 mL s. c. and 0.5 mL i. p.
HErE SD R OVA 514 KITWH , BREML 1 K, EIK 30 min,
Male SD rats 7 d
(A5503) - OVA(1 .
(1%) From D14, aerosol once a day,30 min each
time,7 days
551.5.8,12 RIEBE NS 0.2 mL i
WL HE 15 RIFURIESE 7 d ST 20 pl
0.2 mL BCHIR A A 10 g (19 OVA Al 1 mg fry 179 OVA IS
AL(OH) Sensitizations were undertaken on D1, D5,
10 pg 10 pe 0\3/A in 1 mg AI(OH),in 0.2 ml. alum- D8 and D12 by intraperitoneal injection of
) - IIVE R s ) S 0.2 mL of alum-precipitated antigen, from
MEME Wistar K OVA precipitated antigen D15, rats were administered (i.n.) 20 pL
Male Wistar rats (A5503) of 1% OVA diluted in PBS for 7 consecutive
days
55 28~32 K, HRFEAL 1 U, FRK 30 min
- OVA(1%) From D28~ D32, aerosol once a days,30 min
each time

1 mg OVA BT 1 mL & 200 mg AI(OH);

1 mg {0 £ R 7K 550,714 21 KIEME P E: 5T

DO, D7, D14, D21 i. p.

G5 E 1 1 mg OVA in 200 mg AI(OH) 5 in 1 mL saline
etk Wistar KRR
: OVA -
Male Wistar rats (A5503) 22~42 JFHA BB H 1K, Bk E AL 20
- OVA(1%) o

From D22~ D42 once every two days, aerosol
20 min each time
1 mg OVA% T 1 mL &4 100 mg Al(OH),

I mg 114 /4 B K e 8518 KI5

1 mg OVA in 100 mg AI(OH) 5 in 1 mL saline DI, D8 . p.
S A 5515 RITUR B H 10, BRKZEAE 30 mi
iy <9 [24] &) 1, P X, B:IK55 min,
mr& ?Ds?)(??hp OvA - OVA(1%) 8 )
e s (A5503) ’ From D15, once every two days, aerosol 30

min each time, 8 weeks

20 pg OVA Fil 2 pg IRZ MM T 1 mL 35

A 100 mg e RN
20 pg AL(OH) ; A FER K o iﬁé;ﬂf;ﬁﬂ%ﬁ%&%
20 pg OVA and 2 pg LPS in 100 mg ’ ’ -P
HEtE Wistar KEPT B0 E A Al(OH) 5in 1 mL saline
Male Wistar rats OVA .
55 23~39 K, WA 1K, B ZE L 30 min
- OVA(0.5% )+LPS(0.5%) From D23~ D39, 0once every two days, aerosol
30 min each time
50 pg OVA IFT 0.5 mL 7% 20 mg AI(OH),
A R K H+50 ng (E H %K 950 RIEIHS 56 7 RAINE H %R R
o 50 ug 50 wg OVA in 20 mg S 7 390 e M 3 S
HEtE BN KRR BRI AI(OH); in 0.5 mL saline+50 ng pertussis DO i. p. ,D7 i. p. without pertussis toxoid
Female Brown OVA toxoid
Norway rats (A5503)

5528 KNE NI TE 300 L OVA ik

h OVA(5%) D28,300 pL OVA i. n.
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2 KERm®R

HErE SD R BRI Wistar K BRUR i B0 17 i
RS e i TR R, IR OR B iS 7 A iR
o eaurs Ui RSy NG E RS
HEE SD R BN IS ZS | Al RS H AT N ] i 32 e
FEVUR , MTIT 4 390 M 50 1 o B 56 o 2 B A DR
o A SOk e R 2 P MERE BN KRS RE, JF42
S RPN B LU, i SO BB 9 BN K RLURE
INZS 5 (71 1B RN, SR RIS aod S 7 Wi e 15 3 14
REAh 2 AR R A oR s , (HE AR Y B0
AN AR EE NI RE A (R 2)

3 ERAR

I B I Wiy S — o P 85 5 ML A B I
I, H AL 322 43 o0 SR G 38 1042 B B Rk
A= T TR R (o e VA 1 = P PUR O N E R @i}
NSTET , S HT IR BC A i (s R 4m e ) 1551
FEAEAATIN TR /N K 5 20 e S 3 1 1% 32 4L 41
AR AW (MHC) T KA F455 I NE &Y,
S CL A5 0] S HE (9 CD4* Th 48 o 45 A3t 2ok B 1 4
FEAEAE 2 PO F PG 0T, 7 A o SR e S
Th2, H1 Th2 4074 () TL-4 7T LIAEHE B 40 o ik
ORI ANML, A TR sIgE , slgE S5 B R4 &
T P 7R3 52 R0 T IgE 324K FeeRI 454, A2 i IgE BUik,

F 2 bR AR BT K B 2R TR 5

Table 2 Frequency and proportion of rat strains used in

allergic asthma models

PNTHTEN gL At
Rat strain Frequency Proportion
HEdE SD KB
Male SD rats ? 50.0%
HErE Wistar K
o
Male Wistar rats 8 44.4%
B B 5N
HEPE BN R R | s 6%

Female BN rats

ML, FE A3 1A 5 00 Th2 By 3 B
FESEPEICAZ T R A RO B B . 24 ad S 7
UCHEANUARET 8% & N 1Y 1gE 0145 6 AR i AE
KYHHE( Mast Cell, MC) JIi FIURL, ik 48 1 A o 7™ A=
T AR OO R B LA B sk A S AU Ik
A% FECLRE G T BE UL | B K S 2 i iE
AR SGE MR RRE KN J2: S5 [ B 14 SE £, Th2
Y1 ifL 1) S TE A AE BB TS | AE RAE B 22 B3 R
e, S R R Ak i Th 200 i R ik
2 RUANR N 740 TL-4 10-5 TL-13 55, 1L-5 XHetd
LG TR MR A 3 22 N0 R A0 M 3 A 38 G HE 22, If
1L-13 AJ DAFISOPR AR 40 B ™ ARG 0175 & Rl i
i ( Airway Hyper Reactivity, AHR) """ #i7E i ik
2 Wty Sy A PR 1) 3 B , 2 A A N PN B B, A
SRS U RN
3.1 EH&H

VG B 1 (OVA) Sl e 2 B R, &=
FLor R gl OVA FIE A OVA(EAF], B4R Al
(OH), &) R, ELA B W B S I RN e e Sk
3,11 BEORE

A3 MR SCIR B ) SCHR % 3R, 9T 26 Sk b o B
T 7RSI OVA BUBOREE 78 7 ok &,
BRI 1| mg OVA IE T84 — & A7 (Al
(OH) ) W (7 4% ,38.9%) . Bk B2 KBUILER 3,
B J R IS SCik P BT B A OVA 5977 & B S5 I BT
X A RE PR AT R R T A AR — @ R E b S
T B R HR 5 T 1E OVA BYZHBEA 56, T LAt fkk
W it A RS 75 3550 A0 ) o D %) L R e A e 1Y) 32
BERIARIE F BT OVA B4l Sk desE
3.1.2 Ok

FHERAE TR BTN 3 B, 43 B R s A
B2 RS R A I s e i, W 1, [
KB B MORE E Y Ml R R 4K R W iR £ b
(LPS) s H g a8 21720 ] LA #5004 in i S5
B

R3O bR R UL A R E RO e

Table 3 Frequency and proportion of each sensitizing concentration in allergic asthma rat model

Bk

Sensitizing Concentration 10 e 20 g 30 pe ! mg 2 mg 10/mg 100 mg
Elfgﬁc' (A5503) - (A5503) (A5503) (A5503) (A5503) (A8041)
§ T (A16951) ) (AL125) (A5253)
Catalog number
e
. 1 1 1 7 2 3 3
Frequency
ALk
. 5.6% 5. 6% 5.6% 38.9% 11. 1% 16. 6% 16. 6%
Proportion

TE s = TESCHR A B HG BT B8 3 11 7™ A A5

Note. —, Producer and batch number of the ovalbumin used were not specified in the literature.
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Table 4 Evaluation index of allergic asthma rat model

il 20 2O B A
AT R R EE =4 Y THRER I 5 P F RERR PR
observations observation of lung function test Th2 cytokines immunoglobulin IgE Eos infiltration References
tissue ( HE staining)
- + - + + - (9]
+ n ¥ - _ _ [10]
+ + - + - - [
+ + - + - + (12
+ + + + + + (3
+ + - - - - [14]
- + - + - - [1s
+ + - + + - t1s
+ + + - - + 7
+ + + - - + (18
- + + - - + [19]
_ + _ _ _ + [20]
- + + - + + (21]
+ + - + + + (2]
- + _ _ _ + [23]
- + + + + + (2]
+ + - + - + (25
+ + + + + - [26]
TE 7 FRORTESCHR AT B2 5 SR AR OC N T s« = FRORTE SRR R
Note. +, Indicates that there are references to indicators in the literature. —, Indicates that it is not mentioned in the literature.

3.2 BiH

i R R e W 1) 5 &8 3 OVA 254k
&, OVA [k BETE Rl H 7E 1% ~5% 2 18], 2510 B
TE 7 ~ 14 WA, A SCHRPS B2 7R 7T DL3E i 8 7
7 2O WO B W, A7 B9 8 (W) B =0
SO B 1 A BR300 FH TRl — V& BE 1 OVA 43 1) 55
TR 4 JEVRT 8 T, 2 B 20 R LA i 403 17 O i
SRA LR 25 5 (H2E R TG4 S

4 HERITEMIEIR

SRR S B SCHR, B8 SCik o o6 TR
AR PE e br 243 . (1) RAER— AT 2%
WEE 5 (2) M 2V BEIE A 24 5% 5 (3) Ml D BEAS I 5
(4)Th2 BIYNIEAE T (5) L& e BRE 1 1gE; (6)
RO (R 4) .

4.1 RIER—MITAHERR
T A 2 g DA RS TR 2 Wiy & A 1 1) L TR PR

P A 3t B () A0 B I R 2 1 M BN IR A B I £
Fli B BRI At RS B ARIRIFEA
R UHHEMEAE | JF Rl & B B 2 etk 2
TR HH B A R s s, 4 AR e
SRAS K BT e R 5 & AR S 2L i ) LA 2%
T E A S B AR AL AN 2% 1 S AL R H
FrMIRAWUE A 1 R EIFARIE SR AR 2 min
PRI 11 i S5 I SO o 3 P 2 Wit R BRUBS R SE A 7940
4.2 MALRKRERSFENE(HE £8)

it 2L 20 F1 5 BT 25 2 L8 AT LA T X A g ok A
I AR I s 3 B R a A v I A A R M 4 i
(AR T, AN A3 00 FAE 52 0 7 A 1) s L 485 4 42
MO AR T 2 M R BB R ) il 4 40 HE He
i AT DUE B KBRS R B 2 0 R ) R 4
ORI e S W = -7 N A 7 N e R e
K, S RE B SR AT 6 " E AR A — RN R
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4.3 Th2 BIZApEEF

T AP I S — Tl ply 2 B S A 18
Jiti g5 M A E , Th A BEAE 2 78 9 K S I 1 ) 3l 4
FERUG A h R E AR, Y B 2 B IT kA
P s, R 28 R 240 e 5 TG 26 5 #5351 5 Th2
SRR B FE A4k, NI 20 Th2 B0 PRl 740 114
IL-5.10-13 Z5 [ 0 W34 TN, Th2 S 2 TeE A3 1
B SO RONTE (AHR) IS R MR 41 A 132 1
) A o e R i F M B R AR A
4.4 MiERZBEKER IGE

IgE TE o BME I Wiy 1) A i R i 3 R
MIVER . Th2 AL 5 430 1L-4 F1 1L-13 SRS B
YR K& B IR Lo i 1gE BSR40, 43 I 1
IgE 5L 40 (MC) R 1) FeeRI 2R 455
PR TR S5 IgE 455 1) FeeRI 21K 142
AL, 4K T 30 MC R AS0RE , PRSI SE AT A B A 41
BRI (1L-4 Fi 1L-13) S 30S0IE R 1Y 347 2
DL RE R HY S A BT (AN e A PR R
AR O MC R JE A S5 o 38 L Al 5%
A LA e A5 48 PN B2 A0 A 2 200 i RS- T UL 4
FECLAE RS GE FR AT WA N, 5 R RGE
SR ( AHR) , e st etk e s g A
4.5 FEBRMERIMIRIEER

Th2 4RAE AN TL-5 260 5T BE AL S g
TR 7 210 1) A 8 RTIBTG o 7 o P I W R T S
ALKt Je Ve R i ) | i R
200 2 OGS 11 4 200 L, A e e 2 i 119 A< 15
SN RS A R AGE S T A R AR
W52 WA EOS BT, AT LI SO S
T ARAE , DT 15 2 % A asd A e s ) A7
4.6 FHiThEER I

JIts 23 B A T 2 12 BT % W 70 P A 0 Wi 42 ) 2 2
A EEARG A Jrvk T H R R AT I i A fii Ty
ARSI 11 5 =2 il ) Rl A3 B oy D3k, R vk
JEE 149 T VL T 027 Wi 5 76 47 380 4 5 XL 58 I 1 B
FINGBL o 3o B 02 Wit A 7R A RS 00 B ] AR 3, 4%
Tofs FEE 2 TG JOEL ik 38 2 A 750 2 K BRIV Wi L 7 58 2 1 4
FHE IR (P<0.01) , [AlA, 2=k 450 g i ]
A3 3 S A 48 ORI | il 38 375 8 K05 T T ke et

PRI R BRIl DD BEEA T4
5 A%

Wt o 2 W 0 R L A 1 B, ROk T

T AP W ) AT R R (LA ) 1 M 5 TR

PR A Mg A Y B A TR B R B, R
A AT AT AR — ol s Bl A A58 R R 52 S A
ESuRs QA Y 4e Y g e R Y SRR ibu R L7/
A AR A A A i i Sl T R AT A Y
WFFE 25 S AR I 7730k Xk 2 P 02 s B ) F) 52
Wi, 2 S S 45 SR N T i PR B m] SR By, AR SOxE
AT 5 A A A A o B e i R UL N T FH A 5 P
K Edh 2 AN TR B ZOT SOM B L, LG 2
PR ISR AR AREEAT T 2R G i, O JE SERT
FEN GRS 0 i A RS T I, R BT Ty
Vet 2 DL R | I LA i £ 5 3 119 1
7 A B P O 3, B T T S0EE,
FHAEE SR ORI

SE Lk
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Progress in selection of animals for hemorrhagic shock and models of
other concurrent diseases

LIU Honggang' , ZHUO Meijuan®, NIE Hongxin’, MENG Hui'”

(1. Department of CardioThoracic Surgery, the Fifth Affiliated (Zhuhai) Hospital of Zunyi Medical University,
Zhuhai 519100, China. 2. Department of Oral and Maxillofacial Surgery, the Fifth Affiliated (Zhuhai) Hospital of
Zunyi Medical University, Zhuhai 519100. 3. Department of Emergency Medicine, the Second Hospital of Dalian

Medical University, Dalian 116000 )

[ Abstract ) Hemorrhagic shock (HS) is one of the common causes of death, which is mostly due to trauma-
induced fracture of limbs and rupture of vital organs, aneurysm rupture, and other causes of massive bleeding. The causes,
triggers, and mechanisms of HS and establishment of animal models have been largely clarified, but animal models of HS
combined with or complicated by other diseases need to be investigated further. Thus, we reviewed the current research
status of the selection and application of various animals for HS models and their combination or complication with other
disease models to provide researchers with a reference for the selection and application of HS-related models.

[ Keywords] hemorrhagic shock; animal models; diseases
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Role of anti-Siglec-15 in non-small cell lung cancer
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(Baotou Central Hospital (the Baotou Affiliated Hospital of Inner Mongolia Medical University) ,

Department of Cardiothoracic Surgery, Baotou 014000, China)

[ Abstract]

As a newly discovered ICI, Siglec-15 is widely expressed in various tumor cell types, and PD-1/PD-L1

expressions is mutually exclusive. Siglec-15 may be a new therapeutic target for PD-1/PD-L1 as a treatment option for

patients who do not respond to therapy. This review discusses the recent research of the characteristic pathways of Siglec-

15, its involvement in immune regulation mechanisms, and its tumor-related expression. Clinical application of an anti-

Siglec-15 antibody was analyzed, and the therapeutic prospect of Siglec-15 for NSCLC treatment is discussed.
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I7 R AR g AR T AR /N 20 B Al ( non-small
cell lung cancer, NSCLC ) B 21 3 [ & 48 H.A X Wi 24
Wi X T8RS BhHEN 3R 4R 19 NSCLC /B3
PRFN/INE I T35 ( small cell lung cancer, SCLC) &
R, S8 K6 A A3 I 59) (immune checkpoint
inhibitors,, 1CIs) 2R ZALGHT AT iBI 7ok, L —
AP VE T R B (1), M R 5% ( tumor
microenvironment, TME ) #1172 P P ¥E T2 % 1K - 1

[E&TH] NS ERKSFE T TR (YKD2017KIBW ( LW ) 048-544)
[EHZ A ]ZBIERE(1990—) , B e+ 0F58 4, BF5E 5 ) : 4R, E-mail ; lykang_1990@ 126. com
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(programmed cell death 1, PD-1) flI2 /P HIET: Z 1K
—FEHR 1 (programmed cell death-ligand 1, PD-L1) 43
Fach B 8 SR 43 S A e B I T B gk ik
HLAL, BT BT PD-1/PD-L1 A AR FI T LA %
PSS DRI 1, BN 2377 AR oAt 22 10 )
YEM ., #4r PD-1/PD-L1 & £ 354t FlF NSCLC 1
SCLC Hy—Z A - J& H R 1CIs ¥/ Y7 NSCLC #
FERMG, BHESREZENE, 20 2R
HgE 1t [ i 5 B, PD-1/PD-L1 7£ NSCLC {3k 25
i AN 258 20% 7, &% PD-1/PD-L1 JC 8K B
PEARTE 25 PR A BLAR | S5 SE BT IR 16 7 SR AN e] e
AT Z o, BT A AR AR R, LIS
SRATMIRE G737 75 [0 o AR SRS 590 0o Y8 TR 45 4 e 92
BRE A FEEE S K - 15 ( sialic acid-binding
immunoglobulin-like lectin, Siglec-15) DA K& HAH X HT
PRTE/ NS LR NSCLC H B 18] #2 BIL il 015 A 17
AT ST E A — 253k

1 Siglec-15 BY4E Y 4F4E

Siglec F it — RS BRE AREREE R, HL
2O e S AR I 2 B 1 ) 555 (immunoreceptor
tyrosine-based inhibitory motif, ITIM) , SBUR AR E]
WER IR ( sialic acid, SA) RUBEEELSHY A S0 P32
AR5, IEAE IS 40 R b 8 2 T B R Al )
12335 TR LT 9 Sl 25 - 07 TR A AR A
Siglec M G Ir R WIS, — 3802 7 91 ] A2 1, 4
Siglec-7 Siglec-9; 73 — &P FI AR AR 1), 4 Siglec-
15" Siglec ZEHAE Ny T AU A 1, HLMIS T H WAl
Yo PEEREE FRESS R AL 1, 230 A 2 B A e Bk
HHH 1E % X (immunoglobulin cinstant 2, IgC2) I
1 A~ 9% BR 2 [ 7 22 [X. (immunoglobulin variable ,
IgV) , HC[R] b 225 155 45 44 3% 45 . Siglec-15 1E
Siglecs ZER L S & AE H JURF Y, A AL 5% 14> 1gC2
LA 1gV i HL R A IF B TTIM, 75 5 2 4 i
LA i fpfe AN % 1 7 2R 00 Y A 7 4
frh kst BFGEAR Y Siglec-15 AR GREMEH
I, FEBE TR DCHUZRR 274 437 53 T LAS DNAX 0 2
F1-12 ( DNAX activation protein-12, DAP-12) £5 4
1M DAP-12 A S iA —4> ITIM,, 7] L) 324 s R
IR AL, BETT ) T 55 . BFoTER I,
Siglec-15 (1) IgV LA klrh & PR <7 BOKG 2002 (R143) J
J¥ 7E 5 SA 54 [ B rpyi B SCHMEAE T HonT
PINE Ny B A2 1, U R vh 2 3Rk Y SA-

Tn FI, 10 SA M —F AR EZR RIS, w] LI
DX A AFIAR LA, [R5 205 S 2 18] Y
FEAERY S S FOR, — 00 JR A0 56
PSR A, T LA AL I Siglee ZEREARAM G B 14 iz
BB, S B (A7 R

2 Siglec-15 58K AT

Siglec ZE M ML AE Ry 400 14 52 AR 78 22 itk 12 1
T ZR KR S A0 L b 2k i 3 A Bl 5 s A i
ARSI SEBRIE B |, Siglec-15 ARl T /N T
2 R 3 L, R I 55 T 200 R 18 3 0 A e R A
FyU T K B 4 56 W Siglec-15 1T 8 3 i K
ML 1 AN 52 42 W R Y A2 44 38 B0/ BT 20
JL, #ETT AT RESZ I NS0 T 4R A TAE (BT 1) . M
Wt — 0 92 H Sr S IR M A B G 1 i B R
( experimental autoimmune encephalomyelitis, EAE)
ANEUBERS G TE Siglec-15 X T 4N AIIANIER ., 5
X HREAAH I, Siglec-15 A R FR (knock out, KO) /]
SIS Siglec-15 MM X f@l& 8 FH /N, EAE
FEPEIN B T A0 Fe e i 35 0 . 7R — T,
5 PD-L1 KO /NRFIEZPIR 2 : Siglec-15 KO /N
TERS I A 2 22 BRORECTS , 78 10 b 2R 30 e AR
A (wild type, WT)/INRTEZ 00 T8 T F5 7RG
B H (ovalbumin T-1, OT-1) 4 g3 58 . #8595 H
YEFAHL, 14 - 10 (interleukin-10, TL-10) 7EH A
AIREEBISCHEAVER, I Siglec15 KO /N LA LT
IL-10 /KA T WT /B, T IL-10 ST BR 1T WT
/BRI Siglec-15 KO /NEAE OT-1 Y T 40 it 38 58 7
T2 5 (L 1) o 43T 40 i 38 i A 2 ) i =X
290 L ARG 10 200 6 0 T ) S T UE S Siglec-15 3 i
AT AR KA T 4UREAERTT . AR AR
Siglec-15 MHTIAT] F A% - B 32 136 1k K 7 e fA
VL W 240 il 22 % i) 38 PR 3 (] 7% 2 1) 22 A% i 4
MR R RE SR AE I (tumor necrosis factor,
TNF) 1 TNF-o A1 TNF-B ] i Z#b | fz 40 g | 3
JET A M T 20 B R I, AT Bl HE I Siglec-15 BRE
Wik 20 2 K W] BEJ2 F SR i L AR AR M A 1Y 111
RGN ® AR, (E1S — 3RS, — 2B IR A, ) 4n
CHVEERKTA, LB C AT A A SCRY S A T,
RANME_L A P Siglee Z% B 25 G, M 2k ikt
FIEN TR

3 Siglec-15 S 5EHEXRIE

AHFAR B NSCLC HIYGRIT R s — B WLk
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PRES AP XERT, AN [R)555 B2 7Y ) NSCLC | AN [F]
BENHSMEEREFELZHE SRR R
W& MR E e A B, R PD-1/PD-LL B
BRI GG T e RSB IS TR
BITROCR, HIFA 2 i B 5 # HL % PD-1/PD-L1
BAPEFR 25 , 10 LG8 YA 7 I 390 A i 24 B0 52 th AN ] 3
B2 HE—ITAZL 291 {5 BB 3 1 1 A A R 11
BAFNAFFE 2 I | Siglec-15 A1 PD-L1 (1) 8k BH A
B3 h 18. 6% F1 30. 3%, Siglec15 F1 PD-L1 &
W] BH 1 28 3k R0 6. 1%, 1 PD-L1 B 2% ik [ i
Siglec-15 PHE 5 R Ky 18% " | Siglec-15 /£ K
AR R & BRI I Iee fo g ik s A A IFgE AR
PD-L1 9 £ 2555 5 T 98 % -y (interferon-y, IFN-
V) BE S T E WEAIH A Siglec-15 B R 1k, 15
Siglec-15 5 PD-L1 WKL T T (B 1), i s
2 ,Siglec-15 23 L5 PD-L1 H M 23k, d H
AIRE AR M pe e e Ml TS, S8 AIEE A
UM, Siglec-15 mRNA T8 fifi | 45 e LA K B i 45
ZFp AR ek B2 1R 3 R R O X
200 43151 NSCLC 5 A 47 e 95 20 4k 43 B 1 2 — 25
AL BTE 20, A 25. 7% M FEA ik Siglec-15 &
U I L BT R T 600 43 i NSCLC
FRAS BRI & B, 55 KRAS 2547 L, EGFR 2878
(A8 Siglec-15 FIR T, H 5 H Bl BEAF R 1E
JeK ) EARE] NSCLC Hr AR [ Y 96 B 40 B 1 7
R TR ) Siglec-15 ik i i 35 5 T8 | 1 e
() PD-L1 Fik i3 @ TR > A ) B 2
JiggE v TME (1) %o 52 306 % B = B ], e TME
P 9 2 L | ST 4 40 | L A 20 L e e 9 T P A

E 2 B ( tumor-infiltrating lymphoeytes, TILs) 5% £H
J, T TILs &5 45 A7) (% 40 1B, R AE TME &
FEA R RVERT, SR IE 15 S 58 98 1 A9 48 e v U 0 5%
AN . B 2R A 40 MY ( natural killer cell, NK) F1
CDS8*T 4 il ( cluster of differentiation 8 positive cell,
CD8"T) 45, ik 4 AT LAV 50 b33 240 B, I 38 2%
iR B H 9, Hao 457 SZBGUEIA T Siglec-15
TENMiRIE B35 5 TILs rf CD8™T 4 il ) %% B 52 1E
A H SRR, Siglec-15 A Erm L H I
fEHRFIWT NSCLC filJ5 , 5 TME Y TILs &
HASEEM T (K 1) o 5 MR AR B2, 5L
AR /0N BRI | 45 P s AR PR 40 SRR RSB oy | SRR A
MF Siglec-15 mRNA (9315, (HAE A F & 09
Jo8 A ¢ B 40 B2 ( tumor-associated macrophage,
TAM) =118 1Y B16 47 20 il 5 Wik 20 i 45 v ) Y 1
( B16-granulocyte macrophagecolony stimulating factor,
B16-GMCSF ) 74 ( PD-1 AN UER) ) LI AG ) 5]
Siglec-15 mRNA 33k Siglec-15 KO /NRAERS
11 B16-GMCSF J& , I Bt i i X 4 A o A 4 s
TILs #* CD8"T 4 . NK 2 fifd #1178 731 25 200 Jfd fnl 2%
B, T TAM 38005 %5 e WT /N, KO /N B i
g1 /IR B IS U Y25 - S A B £ N T NP B Y =
Wak R E AN LA K Siglec-15 16 8 G
HARERZENMEIER ., BRTEINRE S PD-1/PD-
L1 AH{BL, {H Siglec-15 45 19 G 5 10 i HL ) 24002 5
PD-1/PD-L1 @42 AT, X M 2k i A2 AU 1 4% A
SERYGRBET T AL, N B, BB Siglec-15 38 ¢ n] L
N PD-1/PD-L1 AR RN B £ 37 i B — 3 ) S g2
I,

1 Siglec-15 X AR/INAH g fifi s (4 18 24

Figure 1 Regulatory effect of Siglec-15 in non-small cell lung cancer
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4 Siglec-15 {EAREMFH S FHENX

Siglec-15 i fif 1) & UAEFR M FEBE LA B8 T BB
BRBEIR T MR B . S 4 PD-1/PD-L1 {697 2%t
24 20% NSCLC 83 4 8%, X Se A 58 AN 1 ik 52
PD-1/PD-L1 J2 I8 Ho 28 k3 AL il 2 — , 1 I JE v
—IE M, ¥ PD-1/PD-L1 1677 2 W B JC W 24 1Y
HM P Siglec-15 AT LIYE A — AN H7 1036 97 #0445,
ViR B2 N R ARG PR BT S AR g 24 rpr | IR sl 5K
5 PD-1/PD-L1 A A, 53K BB I H 1 P[]
BN, Siglec-15 FEARPY B R A HEm 7R 3R 43 H 1Y
TME 1, Siglec-15 43 4114138 4 42 4% 32 524 1O
FAH5 PD-1/PD-L1 KARAF IR 7, BWRE IL
F PD-1/PD-L1 3 #% I A S g J il i = IR 2K
AT LU Siglec-15 BIFRIANE N AEIFRICY) , A Tl
i PD-1/PD-L1 FIRYT 8K, 4% PD-1/PD-L1 {5 %
WA 2 )5, BT Siglec-15 18 B8 & 38 K% H
I AR, FH S BT 5, P8 e 8 24k 5 114 Vs 7 AL o (L
PEEIRA BIWFFE, FH G e 4L AL 58 o0 A o E—
HF5T TME $244E T L ILmt B 54k TME 465% 9
FERYH T ), FHLLFE S5 NSCLC RS 0381697 .

5 Siglec-15 Hiff &7 NSCLC IR E

FEF X} Siglec-15 11430 F F7 AiF F1 2 15 45 =X 14 1ifs
PRETFSE , — & ] Siglec-15 BB TTREHLA NC318
B A B /10 W1 K 3L 55 ((NCT03665285) 4 1,
NC318 i B Ik LB 6 20 it 4% s g il 2%, nT DL 55
N/ B Siglec-15 ¥ 256, ILERHTTT LAFEMRS)
WEET 5 Siglec-15 45 A - WK TAM A~ 3197 3,
BN AR iIes 40 B 9 2B K SRS B T 20 i AE
VR Sf 355 o g o, A A R, 2 T 5 S ) 9 0 1) E
JS X T NSRRI, AT LLBHT Siglec-15
T R IR IE AL, K % R G
PR A A R A RE S EAERENL IR 2 |
Z UL /1T 00 AR, 3225 2L NSCLC , FLAR
i NV 25 W DL S R R R R AN
% MR T PD-1 T 2559 NSCLC SEREMA, I sk
SYAIRYY LS MR A AT IR 45 24 O =0 R
SR ONC318 SR ik 5 0 07 % 48 B A
2 11 G B SR e g 1) R, 3R 8 ~ 1600 myg, 7]
2 R (quaque 2 weekly, q2w) ., {EfSFERERE, A
AL B FH L RA A N PD-1 87 Siglec-15 By k7K
S M A4 ) NSCLC 3% ¥ 3252 ¢ PD-1/
PD-L1 9 B 25 s B B3R 97, AH X808 B /R 78
NSCLC SEFEREA TR NC318 J5 , A 1 Bl F 58 4

SR 1 9] RN R A% 3 ) R R R g T X
PD-1/PD-L1 J&J7 T Z & A 5 BIEE 3]
PP TG L BT o A FL & W 22 /% 2R (objective
response rate, ORR) A 29% , ¥ 9% 51 K Ky 71%
TE25 )35 RIE 5 1, NC318 78 £ R 3 K S rh 36
M T R AP sZ 4 WA P R ) BRI B 1
FHOCI A, DLIRIE I AN B AL HE TR TS 3E#
it T I G L e R R A 5 T e A AN R
PRELHE TRIBE R R A 7E56 2 BB
Il AR 56 7, 8 % NC318 % 1 57 & 8 400 mg,
q2w, 2021 4F 8 H  XF NC318 11 411l FA a8 36 fge 1 781
B OHMIARTY RN 800 mg, qlw, HETIE IR B &4
SRR T B 2 A SR K45 R A fr it — 25
T,

2022 4, FEERAEM IS RS B T A R
Siglec-15 HUAR I T BFIT , R B 5 — 3K Siglec-15 1)
HrE BT BSI-060T 7 7R &b K2 /N BRLSE 56 Hh 3k 45
R AR | 1 S — 3k 4 AR ) 205 4 Bt 4, BSI-
060T 5 NC-318 AH b HLAEFE ST A= 00 PR 5
W0 1 B R AR R T s R AT ST EE
BSI-060T 45 Siglec-15 454, fEAASMHIT T Siglec-15
SHAZARZ R AR EAE T TR ST T 20 B 52 0 I
, BSI-060T W] J4% Siglec-15 /59 CD8™T 4l i)
HEFEAD A IFNy BB 72 N VR AL Siglec-15 /N B
JifRg AR R Hh BST-060T 2 1 H X6 fifryga 40 it A= K 14 i
EPHIE L 32 R AT EdE N R K8 P iy it
53, BSI-060T JEBLH RAFry 25 3h S22, Bl
BSI-060T 1E7EHIIE I 4 T I R UE, B8 22 (R AH 5%
I FAN T i — 2P e, JHTF Siglec-15 HTIATE
NSCLC A7 kA s kit Je

897 NSCLC R

i 5 WP RL fB 3 T LA Siglec-15 LG YT
s, & BTG R A S 5T R s i &2 1 —
W, B5GBA RHAET A Dy br s A ) NC318 1
L1 ()7 SRV Eat: 0 T eoat /N E R R N
W1 NSCLC (AT R e R B 2% i LR A s i
BILH i A B #0028 20 M7 o] BE -5 e R Siglec-15
FIRIKEA S, FEXT NSCLC HY Siglec-15 #2217 |
A 25% FEAS S I Siglec-15 BHME 235 X —
Bl X5 NC318 7E NSCLC 11 ORR #Hif, 454
Siglec-15 5 PD-1/PD-L1 #f i (1) 3 2k A% 2041,
FE R A: YrbR ) Tl LLEE SR IR e B, DL
T Siglec-15 FLHTAYIT R, AT 5 22 19l R & Fl
Siit5r#r, Siglec-15 /EHHA 5 PD-1/PD-L1 AN[F]

6 Siglec-15 11
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FEIR T T RE B — 1 M I A O S gz ikl R 7, o]
TEAAR N NSCLC 307 $2 1B e % 7 1, aF
— B IRAM ST Siglec-15 PR I/ERIPLS], B35 0T 6B
IETT R WA B T B AR PR LU AR R
WATRIT &, a1 B B e sig g, 5838
X} PD-1/PD-L1 387 AU A I S 283697 .
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