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[ Abstract]  Objective To investigate the effect of KH-type splicing regulatory protein ( KHSRP) on the
malignant biological behavior of lung adenocarcinoma ( LUAD) by targeting the Janus kinase 1 ( JAKI)/signal
transducer and activator of transcription 3 ( STAT3) signaling axis. Methods Clinical data were collected for 64
patients with LUAD, diagnosed at Huaihe Hospital from January 2017 to December 2018. Expression levels of
KHSRP were detected in LUAD tissues and adjacent tissues by immunohistochemical staining. KHSRP gene
expression was also detected in LUAD cell lines (SPC-A1, H1975, CL1-5, PC-9, Calu-3, H446) and normal human
bronchial epithelial cells using quantitative reverse transcription-polymerase chain reaction. KHSRP expression in
SPC-A1, H1975, PC-9, and Calu-3 cells was manipulated by lentivirus transfection. The effects of KHSRP on the
proliferation, migration, and invasion of LUAD cells were detected by Cell Counting Kit-8 and Transwell assays. The
effects of KHSRP overexpression and knockdown were also investigated in a mouse xenograft tumor model, and JAK/
STAT signaling pathway proteins were detected by Western blot. Rescue experiments were conducted to verify if
KHSRP promoted the malignant progression of LUAD cells by regulating the JAK1/STAT3 signaling pathway. Results
KHSRP expression was significantly higher in LUAD tissues compared with adjacent tissues (P < 0.05).
Overexpression of KHSRP significantly promoted the proliferation, migration, and invasion of LUAD cells in vitro ( P
<0.05). KHSRP also promoted LUAD cell xenograft tumor growth and lung nodule metastasis in nude mice in vivo
(P<0.01). KHSRP knockdown significantly decreased the levels of JAK1, phospho-JAK1, and STAT3 in the JAK/
STAT signaling pathway, while the situation was reversed following KHSRP overexpression (P<0.05). Rescue
experiments showed that KHSRP reversed the inhibitory effect of knockdown ( P < 0.05). Conclusions
KHSRP targets the JAK1/STAT3 signaling pathway and acts as an oncogene in LUAD.
[ Keywords ) lung adenocarcinoma; KHSRP; JAK1/STAT3; malignant progression; cell proliferation;
invasion and migration
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IH [, I 38 o T0SC 5 W) 2 5 iE KHSRP Fil JAK/
STAT {3 B & 75 LUAD 40 i 323k K, i —
A3 KHSRP XF LUAD #F F& i 52w, LA %
KHSRP & 753 1 817 JAK/STAT {55 %% SA¢ ok
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1.1 SEIE#F#t
1.1.1 S5

56 H SPF %% BALB/c nude HEPE#ELEL ,4~6 J&
14 RTE 16~22 ¢, W) [ bt 238 F 48 50 56 3l 47
ARAF R F [ SCXK (5E)2021-0011 ], 17135 Tl /g
FKEF (PURZG Y IT & AR E K o7 B G T AR SL 5
2) [ SYXK () 2024-0010 ], 15 5% 45 14 O Tt B2
22~26 C  HiREZE <4 C MXHEE N 40% ~60% .
B WG SN E] 12 h/12 h ANEERAMAE E
A RABEAN ) W 38 XML BRI SR IR T ARk
GE R AR AROK B K A EE T AR S
SIS B K2R AR ) R A R B B A it
7 ( HUSOM2020-250) , Jf- 38 1 52 48 s 4 18 FH Y
3R JREIHEAT NGB LA B
1.1.2 4

WFFEE I IE B NS b R 4l bk NHBE
CTUEIFE YR AT BR A R ) R H 968 200 1 ik
SPC-A1.H1975 ,CL1-5,PC-9  Calu-3 , H446 ( 2%
LA /NI DI
1.1.3 IR

AWFFEEERCT 2017 4 1 H £ 2018 4F 12 H
BT ] B R HE T 2 e A2 1Y 64 151 LUAD 2H 41
KMHImH A B A, BEWAGRE. (1) 2B
S HIRRI2 I LUAD; (2) #EAT MR YE DI B ARG T,
ARG R 5, HEBRARME. (1) B2
ez FAR AT s BRI B (2) fAAE S
it 95 S Al 0 P ek 9 o 5 5 (3) Ml AR dig L % et
CSRAN A, ARSI 22 R K22 W) B 24 R4
FHZE 51234t i (HUSOM2020-250) .
1.2 FERFESNE

TRIzol & 7] ( 15596026CN ) . CCK-8 izt 7 &
(96992) . 10% F i — B £ Jfi B ( GF88170105) |
10% 525 il 7 (12103C) W H 3E [# Sigma Aldrich
5] s HiSeript ® 11 386 % S i 51 &2 (R211-01) |
i Y = R S 1 G R A E & PCR R I 7 &
(T2210) .RIPA ZZ i (RO010) ) H AL s{ R =
ZNF]BCA B A FE SRR & (E112-01/02) T H
B MERE A W] 5 Transwell /N2 (3428) 1 [ 26 5
Corning Incorporated 8] 189 B ] (G05001)
W H v 3 A w s I FEdi R —dr, =P (1

5000) (A-11008) 1 H H[E YEASEN 2],

WA ) H € [E Beckman Coulter 23 ] ;
PEEE B H H A Olympus 2 7 ; Nano Drop
2000c )60 BETHIA F 35 38 B RA Al 5 B A
W A R A RA
1.3 KEHE
1.3.1  4IjER; 3 Kk g

EH NS4S LR 4 &R (NHBE ) Flil iR g
40 1 & ( SPC-A1, H1975, CL1-5, PC-9, Calu-3,
H446) 7E5 100 U/mL F 852 0. 1 mg/mL 458 %
1 10% 64 M A S5 SR B b 15 93 JFEE T 37 °C
5% CO, Wik F=4 . M4 KHSRP 741 %
71 RNA, 4 8 2 204 ik 47 i 5 5k ik % 3k b 71
(SPC-A1 H1975 4fi ffd ik 33k, PC-9 ., Calu-3 4 Jfy
W) . AR RN R 6 FLAR IR B —E G
e (i H A polybrene F1E % 5 , I 7F B g B
(i) J B 48 55 % RN i S 40 M, Calu-3 4053 A
sh-NC 2 ( b JoAH M 1942 1 1R )7 514 A 12 0 7
JikL) (sh-KHSRP 41 (% Y% KHSRP 129% %) |
sh-KHSRP+JAK1/STAT3 41 ( 7£ i f% KHSRP 4%
Yuit 3K JAK1/STAT3 18957 ) | sh-JAK1/STAT3
+KHSRP 4 ( 75 @ % JAK1/STAT3 B % e i % 535
KHSRP 8% ) ,PC-9 4ifig[H] Calu-3 434, SPC-
A1 4538 Vector 2H (2 ToHH M 19 H 1R
Y4 AN B TORL) KHSRP 20 (55 Ye ok 52 3k
KHSRP 1255 ) ,H1975 ZHf[R] SPC-A1 434,
1.3.2 SEHF 9 % E i 3 5 5% PCR ( reverse
transcription real time PCR,qRT-PCR) A3l

SIS AN 1, 1 FH TRIzol 335 M i B Jea
4 i A2 21 Fp B BURL RNA  fif ] M-MLV RTase i
FEH 2 RNA W% 5% cDNA, #R )54t qRT-

&1 5195
Table 1 Primer sequence
E2 F1F5I(5°-3")
Name Primer sequence(5’ =3")
:AATGAGTA ATCT! ATT
KHSRP mRNA R: GAGTACGGATCTCGGATTGG
F.CCGTCATCTTGCTTGAACTGTA
JAK] mRNA R:ACGCTCTGGGAAATCTGCTA
F. ATGATGGCTCGGAAGAAAGG
STAT3 mRNA R:CTGGCCTTTGGTGTTGAAAT
F:AAGGCACCCACAGAAACAAC
: GAAGGTGAAGGT AGT
GAPDH R:GAAGGTG GTCGGAGTC

F:GAAGATGGTGATGGGATTTC
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PCR i #] &% KHSRP mRNA 1Yk K47 &
HOHE B RV 2R .95 C 1 min, 95 C 15 s
160 °C 25 5,340 MEFF, L GAPDH 1E NS
FEH SR F 278 ik T IR A BN A AT
1.3.3 I R A 2R A 1 s 4l b 4 @
( immunohistochemistry , THC)

W5 1E H T ZH 2R LUAD 220 bR AS 170
F R R RN A K Ak Ak B S R AT R b bt
JFAE S, I 3% ik SA Ak S0V W 7 LA B DRy P R
P A bW, KHSRP HURH B G 1E 4 CIF R
A, WH,PBS Wt MA i ERBEF
30 min,DAB W65 SR AR RS L ANMEAZ , ZKIR #
Iadt i, fEe WA T e i (@
047 b ass g 1 7 b YL 2 4 IR
R ER YL 3 43) ISR (1 4 0% ~25%,
2% 26% ~ 50%, 3 4% 51% ~ 15%, 4 4% 16% ~
100% ) W43, LR BIRE43 40, 0~ 2 43 M AR
8,3~ RIS,
1.3.4 CCK-8 5246

W An A e 96 FLAR P IR IE SN 1x10° /1L,
IFAESH 10% FBS 9 100 wL B85 55 5L b i 55
FRAEUEEH A5, ) 40 A H 250 7] 5 - 8 ( CCK-8) I %
MLMA 10 pL, IR G WTE 37 C TR
2 h, fJETE 450 nm Kb RE PA A0 Y
AR
1.3.5 Transwell /]NEE 325G

PEFE 8 wm fLAEHY Transwell /N PEAR 41 i
BRR ZEHE f1, iR M 5E . 5% 10* 44 Jm A
200 pL JCHLTEEG SR, M 2 IR E, TREEm
A 800 pL 7% 10% FBS [R5 F7 3, RZBME . 1x
107 A2 i 42 o 1) 70 e 28 5 JE 119 200 L TG L 35
FFREM BT, T EIMA 800 pL 1% 10% FBS
IR FREE B A2, 45 2R e 62 30 min, B
BT g
1.3.6 Western blot SZ4

] T-PER” 12550 01400 51 370 45 E5C 200 ff £ 2
H, FH BCA 3057 & B VR EE . 28 SDS-PAGE
BB RS E PVDF . =T H 5%4
WA B B 1 h, D AR 2 &, MS,
4 °CF 4y )it % 9 & I GAPDH Al KHSRP —$t
(FREEE 10 5000) , WEVEE, EIRFE —Pi 1.5 h
(FRELL 12 5000) . feJe, H ECL {50 & it &

F1 25407, 308 Tmage J 2 0420 M 26 13 0 457 19
JKEEAE,
1.3.7 #HERSEABAELL

# sh-KHSRP K BH % BR (K] Calu-3 40 i
35 KHSRP K2 85 404411 SPC-A1 2 ifd, 4 1]
5x10° (20 e, 2l B2 T e Rh 3] 28 R R
AR (A7 ), 53 dIHE 1R AR
A, I LT AR R = (K x58%) /2,
3~4 JE G, AL FE /N B, 76 7 A I BCHE b gee O [
TE 10% ¥ PBS Z2 AR R Sk rp
1.3.8  H B SRl o A AU S 56

$ sh-KHSRP K BT BE ) Calu-3 400 3
3K KHSRP K A2 8R4 SPC-A1 4 Jifd, #4c 1]
1x10°/mL (UL R Eik A & 2 0. 1 mL, 4351
HaTE) 28 R EF K (A7 R, KR
G B R ZE 2 [ E AR 10% T PBS 22 b9 4 /R
pkep, IR AR R -2 (HE ) G4 0 [, W28
JEEEREIE L
1.3.9 Rescue 355

Rescue SE 56 A X 0] 56 3iF . — & 76 & A g f5
KHSRP 1) PC-9 ,Calu-3 Ao Aid #3510 JAK1/
STAT3, — & 7F &% i i F% JAK1/STAT3 ) PC-9,
Calu-3 40 i i A 5 % 38 59 KHSRP, 3 id qRT-
PCR KM 4% 20 40 i+ ) KHSRP mRNA 3 ik 7K
F, CCK-8 FI Transwell /]y % 52 55 WL 22 3o 3% ik
JAK1/STAT3 5 KHSRP 743 % fiE & 1 % @i &
KHSRP 5, JAK1/STAT3 %t AEG 40 il 4% 48 1T 5%
FUZZEHE T HIVER
1.4 FitEFE

FI A B 24 LT S B+ bR vfE 22 (xxs) TR,
GraphPad Prism 9 L5 A ST R S R R P 3 | 2 I B S
FHIRSTAEAS ¢ K06 LS 4L 2 8] Y 25 5%, IF R
KR4 A KHSRP 22 315 5 1ifs PR 5 BRARAF A0 A0
Xtk Kaplan-Meier 7387 FHH TIPAG A AR, iy
SLETE AT 3K, VL P<0.05 WEAH BENEES,

2 R

2.1 KHSRP 7£ LUAD A FNZMi & Rk k
FRMLER

qRT-PCR 453 R, 555 414U L, LUAD
ZHZ1rh KHSRP F kK F- B Z 3 (Kl 1A, P<
0.01) ; 7EMfifses 20 il 22 b, KHSRP 135 7K-F-AH
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BFIER NSRS LR 40 (NHBE 41 i) # 2
P W E B A A E (K] 1B, P<0. 05) ;i it fE 2k
T.E GEPIA X%F TCGA LIHC ¥ 19 40 97 7
%I I KHSRP 1 B A A 8 2 (K 1C, P<
0.05), Western blot 3£ & & #f, LUAD #f &
KHSRP 18 3R 18 7K V- 15 T 8 1 J5 B 3k 26 e %
W g AL 2L (R 8 1 R EKF (B 1D) , THC %t
BT W] KHSRP 76 LU AD 44U ) 5 3234

(K 1E,P<0.01), DL 455 &, KHSRP 7
LUAD 81t 25335, 77 H KHSRP ik 1 i
5 LUAD B A 0t e R % VAR OC
2.2 KHSRP RixKFEXHESN LUAD ZHBEIE5HE
EBFMEZENZMm

qRT-PCR #6032 1k 20 R 4 KHSRP (1)
F3kKF- (8 2A ~2B, P<0.01) , CCK-8 4 i &%
7~ , KHSRP i B B KK T PC-9 Al Calu-3

1 A KHSRP 7 LUAD AP YR IA R T IE W 414, B qRT-PCR SZEAG I KHSRP 7 fili B8 41 it 25 i 1 334 ; C . GEPTA 4 AT ¥ /22
ot KHSRP &35 7K 5 BRI SE R ;D Western blot SZE0 6 KHSRP 7E LUAD 423 F1IE # 2147 LUAD 41 it 25 A1 IF % 40 i R 0 36
HKE S E L OREZEA K KHSRP B s 4k 2 e a5 SRNT L, 55541408 NHBE Z0iA kL, * P<0. 05, ™ P<0.01,

B 1 KHSRP 7E LUAD Fh363k 46045
Note. A, KHSRP in LUAD expression is higher than in normal tissue. B, qRT-PCR assay to detect the expression of KHSRP in lung adenocarcinoma

cell lines. C, GEPIA analyzed the relationship between KHSRP expression level and overall survival in the database. D, Western blot assay to detect

protein levels of KHSRP in LUAD tissues and normal tissues, LUAD cell lines and normal cell lines. E, Different expression level KHSRP results of

immunohistochemical staining. Compared with adjacent tissue or NHBE cell, * P<0.05, * P<0.01.

Figure 1 Results of KHSRP expression assay in LUAD
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T : A~B:qRT-PCR AL YR C ~ F: CCK-8 525046 I 40 i 384 BHLBE /15 G ~ 1: Transwell /)28 SR04 30 40 M 1= B AR 2R BE D, 5
sh-NC ZHAHH, * P<0.05, ™ P<0.01; 5 Vector 440, *P<0.01,

B 2 KHSRP #ik/AKF-XHASN LUAD 4R34 5E B A2 28 10 52
Note. A~B, qRT-PCR to detect transfection efficiency. C~F, CCK-8 experiment to detect cell proliferation ability. G~1I, Transwell chamber experiment to
detect cell migration and invasion ability. Compared with the sh-NC group, * P<0.05, ** P<0.0l. Compared with the Vector group, *P<0.0l.

Figure 2 Effects of KHSRP expression levels on proliferation, migration, and invasion of LUAD cells in vitro
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Y B 14 5 RE 7, 1 KHSRP B9 1t 26 3k B i 4 5
T SPC-A1 F1 H1975 4t Jfd %) 3% 58 fig 71 (&l 2C ~
2F,P<0.01) , fEIRINY} PC-9 Al Calu-3,SPC-Al
1 H1975 20 M k47 3 A% F0 3 BT i A= 22 1 00, 4
LR | B KHSRP 78 PC-9 I Calu-3 4f it i HH
WANE T A0 A A FR 2868 7, 1 KHSRP 78
SPC-A1 F1 H1975 4 rh i 3 FRak W & 42 1 1 2
TR TR 2866 )1 (I 2G ~1,P<0.01) , X b4k
IR Jif% KHSRP B @ #0] T LUAD 41 it 9
Wzl TR ARZE, 1 KHSRP ) 2235 B AR i
T LUAD Zif R 5E R FIR 2%,

2.3 KHSRP RixKFEXRERME R LUAD A
ERNFEBHEMm

R F 135t Calu-3-NC | Calu-3-shKHSRP . SPC-
Al-Vector Fl SPC-A1-KHSRP 2 fitd 5 B L4 47 75
M), N7 T S A RS AR b /N BB g O Z
MR AR S F R KHSRP mil e 4i g R BV N T
X EZH  KHSRP 11 38 1k 21 b s R B i 28 K F X R
H(E 3A,P<0.01), TESLIEHG, 7B mf
by | 0 e R, KHSRP R i o
INFBAPEXT FRA i F Rk A A B e B T
XTHRZH (P<0.01) , 5 Mg (R AR Ay 45 2R — 3k,

T A 25 LER LA DA IR 9 R/ 5 B 2% LR B P i 2 T RS PR 45715 RO BCEE (HE 34 ) . 5 sh-NC 41T EE, * P<0. 05,

* P<0.01;5 Vector AAH L, ™ P<0. 01,

3 KHSRP Fik/K 4R AR LUAD 4IE A= & AL i 220

Note. A, Tumor size and weight were measured in nude mice. B, Number of metastatic nodules on the lung surface in nude mice ( HE staining) .

Compared with the sh-NC, * P<0. 05, ™ P<0.01. Compared with the Vector group, *P<0.01.

Figure 3 Effects of KHSRP expression levels on LUAD cell growth and metastasis in nude mice
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i R # BOE Calu-3 T SPC-AT 41 fits i3 5t %)
PREUVAPY, S HE 3 @il )s BRI 2 i #2 1
SRR, R P Bl B B R 3R B R KHSRP
I T LUAD 4R i #% , ik %k e Z (K1 3B,
P<0.01) , 5{RIMIFTEEE R —2,

2.4 KHSRP X} JAK/STAT S EHREXES
RiREER

Western blot 2L 56 H#8 T KHSRP #i % )5 B9
LUAD 4iift &5 JAK/STAT 15538 B AH (1) 8
AT F A R IR K 25 R R, B 34
KBt T (JAKL  p-JAK-1 STAT3) i 4K 1 % &
KA e A el AR L R 4 Y JAKD | p-JAK-T
STAT3 #1335 1 B FEAK (&l 4A,P<0.05) , i
FEIR AL B T (4B, P<0.01) . DL L&
W] KHSRP *F JAK1/STAT3 1 76 1F [ 4
R

2.5 KHSRP i 15 JAK1/STAT3 15 5 i# ¥ »¢
LUAD ZHAaRYI5%5E IR MEZ M
qRT-PCR %4 £ W /R, £ mRNA /K F I,
KHSRP @FErE LT, #3818 JAK1/STAT3 figi8
fifi KHSRP 11 3 ik /K °F 5 37 7+ & (&l 5A, P<
0.05), CCK-8 Fil Transwell /N3 520 % BH, ml fo
KHSRP A] LA LUAD 4 Jifd 4 34 78 . 3T 7% Fl 1=
Z& A [a] i} %% Yt sh-KHSRP 13 28 35 i JAK1/
STAT3,LUAD #fiffd 4384758 i % iR 286 1 =15
FKE (B 5B~5C,P<0.01),
AT E— 5 KHSRP 1 JAK1/STAT3 Z2
[ A B AR, FATTSOKS sh-JAK1/STAT3 it &
K[ KHSRP 3 [R] 4% YL 2] LUAD 20 fifd o #E 17 56
WE, SCHF %% 2 B PCR I A€ 4% 41 KHSRP 1Y
mRNA % 357KF (K 6A,P<0.01) ; CCK-8 25X
e R R, 5 sh-NC ZHAH 1L, A% JAK1/STAT3

T : A: Western blot SZIE PC-9 Fl Calu-3 41+ JAK/STAT 15 5 il i 25 11 /K ¥ 235K F 5 B: Western blot S258l %€ SPC-A1 Al
H1975 AfgH JAK/STAT 15530 % 8 K F- £ 38K, 5 sh-NC ZHMI L, * P<0. 05, ** P<0.01;5 Vector 1A I, ™ P<0. 01,
4 Western blot SZEIESE KHSRP #i] JAK/STAT 155 i

Note. A, Western blot experiments was used to determine the protein expression levels of JAK/STAT signaling pathway in PC-9 and Calu-3 cells. B,

Western blot experiments was used to determine the protein expression levels of JAK/STAT signaling pathway in SPC-A1 and H1975 cells. Compared

with the sh-NC group, * P<0. 05, ** P<0.01. Compared with the Vector group, ™ P<0.01.

Figure 4 Western blot experiments confirmed that KHSRP targeted the JAK/STAT signaling pathway
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A AR R 2151 LUAD 40 KHSRP (92635 7KF ;B CCK 8 256 & Blid #3519 JAK1/STAT3 R LAYK A sh-KHSRP X 41 Jifd 334 7
fiE B RANE ; C : Transwell SE56 % HLid F3R 1Y JAK1/STAT3 T LAWK sh-KHSRP X 4il fi i 7% AR ZERE J1 BRI . 5 sh-NC 41AIHE,
* P<0.05, ™ P<0.01; 5 Vector 4141 LL,* P<0. 05, % P<0. 01 .
5 3FFik JAK1/STATS ¥ sh-KHSRP XF LUAD 4 i fr) 4 A 4y aff A
Note. A, Experimental testing different groups LUAD cells KHSRP expression level. B, CCK-8 assay found that overexpression of JAK1/STAT3
could restore the effect of sh-KHSRP on cell proliferation ability. C, Transwell experiments found expression JAK1/STAT3 can restore sh-KHSRP
effects on cell migration and invasion ability. Compared with the sh-NC groups, * P<0.05, ** P<0.01. Compared with the Vector group, *P<0.
05, *P<0.01.
Figure 5 Overexpression of JAK1/STAT3 reverses the effect of sh-KHSRP on the malignant biological behavior of LUAD cells
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1 : A qRT-PCR Al 5% Je 550 ; B, CCK 8 il KHSRP 7J IR & sh-JAK1 FiI sh-STAT3 X 4H Jfd 14 58 58 J7 B 5% W 5 C . Transwell 5255 45 I
KHSRP 7] LIk sh-JAK1 F1 sh-STAT3 4 e iF B M2 2266 J1 M, 5 sh-NC 41#H I, " P<0. 05, P<0. 01; 5 Vector 41 L,
*P<0. 05,"P<0.01,
Bl 6 i1k KHSRP 354 sh-JAKI/STAT3 %t LUAD 4 S E 247 R

Note. A, Transfection efficiency was detected by qRT-PCR assay. B, CCK-8 assay showed that KHSRP could restore the effect of sh-JAK1 and sh-
STAT3 on cell proliferation. C, Transwell assay was used to detect the effect of KHSRP on the migration and invasion of sh-JAK1 and sh-STAT3 cells.
Compared with the sh-NC group, * P<0. 05, ** P<0.01. Compared with the Vector group, *P<0. 05, *P<0. 01.

Figure 6 Overexpression of KHSRP reverses the effect of sh-JAK1/STAT3 on the malignant biological behavior of LUAD cells
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Jilin Medical University, Jilin 132013. 3. Qufu City People’s Hospital, Qufu 273100. 4. Department of Reproduction,

Affiliated Hospital of Jining Medical College, Jining 272007 )
[ Abstract]  Objective To establish an efficient and stable model of pelvic inflammatory disease in rats via a
non-surgical method, and to evaluate its application in pharmacodynamic testing. Methods Female Sprague-Dawley
rats were divided randomly into the following groups: control group; model group with phenol for 7 d; model group
with phenol for 10 d; treatment group modeled with phenol; model group with low concentration of bacteria; model
group with high concentration of bacteria; and treatment group modeled with bacteria. Rats in the model and treatment
groups were injected with 25% phenol gel and 2x 107 or 2% 10° Escherichia coli and Staphylococcus aureus mixture via
a non-surgical method, to construct a rat model of pelvic inflammatory disease. Rats in the treatment groups received
the Chinese patent medicine Jingangteng capsules by gavage, and rats in the control group received the same volume of
solvent solution. The health status, weight changes, and uterine appearance were monitored and the uterine coefficient
was calculated. Pathological changes in the uterus and fallopian tubes, endometrial thickness, and number of glands
were detected by hematoxylin and eosin staining. Serum levels of interleukin (IL)-18, IL-6, and tumor necrosis
factor (TNF)-a were detected by enzyme-linked immunosorbent assay. Protein expression of the macrophage marker
CD68 was detected by immunofluorescence. Expression of Toll-like receptor 4 ( TLR4)/nuclear factor ( NF)-«B
pathway-related proteins in the uterus was detected by Western blot. Results The mortality rate in the model group
was only 5%. Compared with the control group, model rats showed decreased body weight, increased uterine
coefficient, pathological changes in the uterus and Fallopian tubes, thinner endometrium, fewer glands, significantly
higher serum levels of IL-1B, IL-6, and TNF-a and more macrophages in the uterine tissue, and activation of the
TLR4/NF-kB signaling pathway. The 7 d phenol and low-concentration bacterial solution models were judged to be
mild pelvic inflammatory disease models, and the 10 d phenol and high-concentration bacterial solution models were
considered severe pelvic inflammatory disease models. Treatment with Jingangteng capsules relieved the pathological
symptoms in the uterus and fallopian tubes, in line with the efficacy evaluation of clinical pelvic inflammatory disease.
Conclusions We established rat models of pelvic inflammatory disease using phenol and a mixed bacterial solution
via a non-surgical method, to simulate the different pathological states of pelvic inflammatory disease caused by
different factors. These models will be suitable for evaluating drug efficacy and elucidating the pathological mechanism
of pelvic inflammatory disease.
[ Keywords] non-surgical method; pelvic inflammation; animal model; uterine pathology
Conflicts of Interest: The authors declare no conflict of interest.
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Figure 1 Non-surgical intrauterine injection
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phenylindole , DAPT) %4 4% | $it 2 Y6 5 0 B | 77, 2%
YR ARBE T WL CD68 WYKL, 200 155 T
BEHLIE R A H AR S AL 1 5 LT, F)
JH Image J V1. 8.0 B4 HT RGE1HH CD68 -
B,
1.3.6 HEBREEEN AN 55 20 TLR4
NF-kB Fl p-NF-kB 5 (%35

FRLHBEMLE I 3 HREL, FREX 40 ~ 50 mg
EALL M RIPA 58 (190 78 T L 7t
. ( phenylmethanesulfonyl fluoride , PMSF ) 24 fi# -+
B R OB BE YRR AR 20 BN &
( bicinchoninic acid protein assay, BCA ) Il % &5 1
WL B S R 7R 10% + e FE AR R4k 3 N M
P fe e e HEL 9K ( sodium dodecyl sulfatepolyacrylamide
gel electrophoresis, SDS-PAGE) I #4743 55, #% 5
3 LA ( polyvinylidene fluoride , PVDF) i, 5%
JERE Wy P o Xt e B R 11 4T — 3L TLR4 P65
il p-P65 FIZEhRIC il & , ML A0t W
. K Image J V1.8.0 ERH A 4> B TLR4
P65 Fil p-P65 HYAHXTFIAIKF-,

R1 TEHULURH YR

Table 1 Pathological grading standard of uterine tissue

T WA BEY K i BE L i AR i b e R M b A= Rk
Pathol. i g Uterine Cavity wall structure Hyperplasia of Inflammatory cell
atiology gracing meore dilatation changes luminal epithelium infiltration
B
0 / / / /
Normal
1 ~1 + + +
Mild infection 0-~173
ERRPA
EPE'&?" ) 2 1/3~2/3 ++ + +
Moderate infection
EYR A
RS 3 2/3~1 . e e+t

Severe infection
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1.4 FitFEH*E

SEREAE LIV S bR e 22 (x+s) R, SPSS
26. 0 F K E )7 53 M7 (one-way ANOVA) ¥ 15z />
1 3 22 77 (least significant difference , LSD ) £
55 s 5 A AU% BT 42k F Wilcoxon Bk A1 56
P<0.05 M EA BEMESR,

2 R

2.1 KREERE

X HEZH R B A MRS TG BR 2 B A 68 L IE
WUEE ROK, ZEE 7 d BRI KR R MRS —
1B, B BRI, Bk gs, R oKD, R
1 10 d BEAVZH R G PR S 22, BB 2
6L, Briknsan 17shoetg  F9E HE R ROKIH 1
D> AT B TR VRS TR 2 R R RS PR S — i,
BIOLEE, B OKB A R R R R R A
KRG PR AR 22, e BARAL R 2060, Bk
S5 R ST WEAE FTE, SRR oK B b

R T B R VR e IR T A R BRI A A, e
EHRIOEEE W, AT 30 IEH, R oK B 1
Z ., BT IESL AEERY 20 RRRH, HAE 1 H
KESCTFET-% N 5%, S IR &, sET
MR BRI 2R T H BRSSP 2218 ) .
2.2 KR#&HEETH

R B 5B, Bk A R B A AR, I3t
TR E 5K 2 iR, SLIRAEE 7 d
Jei BRI AR Y 2 KRR 4% B S I T 0 R A
(P<0.05) , 751} 10 d BRI F3A I7 41K B K
FIE D E R TARE 7 d YL (P<0.05) , 5
10 d A2 FNIA YT 240 R A A i 0 o G W 35 2%
S SLIRAL TR 10 d J5 K 10 d AR FR YT A
R R (A G o S (IR T X IR (P<0. 05) , AR B
10 d BEAY L FIE YT 2H K BLAY 4 3 3 T ) 3 22
So AR ERIEIR T KR IAE S,

o TR A TR E B, R BRI Bk o 44 o 45
FAnZE 3 froR, BEALALRIG Y 41 K BRUAY 10 d 1

R2 HEEERRFUATEAZ (ves,n=5)
Table 2 Changes of body weight in rats treated with phenol(x+s,n=5)

4151 KR/ g 7 d A EIEE/ g 10 d (R E T /g
Groups Average weight Weight gain for 7 d Weight gain for 10 d
Xf R4
A 195. 66+5. 01 12. 49+0. 90 15.10+0. 86
Control group
K 7 d ALY .
Model group with phenol for 7 d 195.06+4.26 9. 13+4.17 /
B 10 d Y
199.78+5. 12 4924177 .6025.86"
Model group with phenol for 10 d * 3. 49+4.17 5. 60+5. 86
A S 920 g
AREBRTT A 202. 014, 56 3.64+5.00°" 5.27+4.35"
Treatment group modeled with phenol
TSR L, © P<0.05; 57K 7 d BALALA L, "P<0. 05,
Note. Compared with control group, *P<0.05. Compared with model group with phenol for 7 d, *P<0. 05.
R3 HBIEEEK AT (ves,n=5)
Table 3 Changes of body weight in rats treated with bacteria (¥£s,n=5)
415 PR g 10 d AHIEE /g
Groups Average weight Weight gain for 10 d
X A4
TR 195. 66+5. 01 15. 10+0. 86
Control group
e T
ke e pr i B A . 194, 16£3. 31 7.0426.51°
Model group with low concentration of bacteria
o R E RS B 2H
194.94+3. 47 .00+5.53"*
Model group with high concentration of bacteria * 1. 00+5.53
B RA YR Y
AR 107. 7244. 57 4.66+3.99°*

Treatment group modeled with bacteria

T X IRAIALL, © P<0. 053 SRR B W RILRTLL, "P<0. 05 5 i R B BB R AT LE , * P<0. 05,
Note. Compared with control group, *P<0.05. Compared with model group with low concentration of bacteria, *P<0.05. Compared with

model group with high concentration of bacteria, *P<0. 05.
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T 0 K T % B2 ( P<O0. 05) , o vk 5 T VR R 7R
20 AR B AR o 3 I I TRk B TR AR AR 4
(P<0.05) ,MAIT AR R E E L 25 T 5
W TRV B B, RS BRI T R R ik &
W VAT e KBRS G E R,
2.3 FERMRE

WA FNAIT G, SRR R T8, W+ 5b
WL, S5 SR K 2 MK 3 s, XTI, FEIES
K/NIEH, To/K IR FE L, 5 6 28U WAL %
IRy 7 d BERNAL B FEALLT i, 2 U 2
L5 R UK E . R 10 d BI85 & H
P LR R R TS P e ) 7 = R Y B
ATy oy I, AR ERDRYT A . 5 TR K
FEWT R %, /D UL 5 5 JR BB 20 20 Rl 715
R B TR WA R 2 . 8 SR ML M, R 2 2
PE2%, 5 A B 2H 2R DUORG % e vk R TR R AR
W TE R F KM W, AR, 5 F A
AR EA ) I, R ERIRITH . T8
JEARIER Bl L R, 5 8 B4 20K WL
K%
2.4 FERY

BRI F 5 RENE 4 s, SXE4

AH b, 2 AR TR 21 R R B R 2 KRR R A
W FE A A TR AN, HIARE 10 d A%
TR 2 R R B A A R 2 ) T R R e T
ORI 7 d R A R B R T A, R K
PIRERE IR s (B 253097 )5 L 3X 2 Py s e
KEFERB B F L, h 2 W B 22 T KR
T E KRR,
2.5 FEMHPENRETL
2.5.1 FE I IRAE 1 A S5

AT B R O A 2 HE et I
TR R AR | 5 RANE 5 FE 6 FirR, XTI
T 5 R D0 A A S5 A 2 U O, SRR AR
B2 AN, 2120 SR & BRAT A 200 M YR Vi )45 L
W 7 d R TR B G )2 R AR T
i b B i A R e RGN A ILZ R B
P — 2 (7 B i DA R L AR B, D i R
PEAR MR R R TR RAE, K 10 d
BATUZ B BEZE K 2R AN HEPI L, FE
FE b R 2 2, N 4 2 AT L AR M 40 a9
T 4 B0 45 60 IS 2 S5 AR, B2 R L2 H 3
KA RVEAH I e 1 & S8 2 6 FE R AT . AR

B2 FHAKRTE

Figure 2 Uterus of rats in each group
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Ak TE ROk A,
B3 KEUEILH

Note. White arrows, Uterus. Black arrows, Tissue adhesion.

Figure 3 Rat anatomical structure

T X HREA L, * P<0.05; 5788 7 d BEEIZH R BE BRI BUZH AR LE , " P<0. 055 5K 10 o A8 2 T iy ik 38 R VR B 4K A L
4P<0.05,

B4 SUARRTERK
Note. Compared with control group, “P<0.05. Compared with model group treated with phenol for 7 d or with low concentration of bacteria

#P<0.05. Compared with model group treated with phenol for 10 d or with high concentration of bacteria, 4pP<0.05.

Figure 4 Uterine coefficient of rats in each group

AR YT A T NI R4 kD, 554 s
B, Ml L B 240 HE 51 B S5 i B A IR A DL R
PEANMISEI IR B T R S A N IR S A
0L, LR B A RIS MR I 2 — 2 1

BN DA SE M R AR S R R R FLZ A
A RVEANNL, 8 TR RAE o e TR YRR Y
A1 T B R SE R ROIR | 3 A O
RS E IR B R AR IR 1 RO 2

PIANY
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T ARk RYEANARIRIE

B5 KRETEHHA

Note. Black arrows, Inflammatory cell infiltration.

Figure 5 Rat uterine tissues

ANHRIN | Js 32 G ASORT 5 i B0 A8 A i 7 R, R 2
FINUZ KRR AR R T 5 RIE

BGE BRI AL, T e 45 IR, i R HE
G ST ST U, B IR R A M 20 i i P I O
e DN A A AR TE i R b R e R RS
FIULZ Y 4 14 200 At 32 i B St a2
2.5.2 FEHSURBIES

HR 4 T B 21 2090 B0 bR o 7 4 2
HEE (R 1) W FERARE RIS, I
Fee & Al i B 5, gk 4 Rk 5 i, R
10 d A5 2 R i v B T A A 2 1 Bk 34 8
FE TR EBY 7 d AR AR R
BEAVZH (P<0.05) s 253097 J5 , T 5 AW
BRI BB AL 41 9 & 08/ (P<0.05), KB
10 d A5 780 21 11 e v B TR IR B R A R B 4
SR B ol AR ok M R 2SR T ), HLR
PR OB W 4P

2.6 KRFENREE

FHARRFENERNEZME 7 s, 5%
TEZH A b, AR AR 4 R R T8 R d 25 A0
(P<0.05) , HAW 10 d #5570 2 1w e 1 v T A
RIZH B F PN RS B J 5 TR B 7 d AU
VIR HR ) B R 20 (P<0.05) , &3k R 253897
Ja , REFE N IREAY R 1 10 d BRI ZH B0
e R R AR 2 B 2 TR (P<0. 05)
2.7 KRFENEREHE

WEER BT B A BRI, et 200 F5 55 0L B
AR RREL S A BEAL X IR TR IR R AR T 1
B, a5 R K 8 MK 9 Fis, SXHRAMLEL, %
BEAYZH R BR - F P BB AR ke 3 D (P <
0.05) , H2RMr 10 d AU 41 A i R B B YA 70 24
KT E B 3% /0 TR 7 d B4l
FIVVR B BRI 4H ( P<0. 05) , 3t h 253897 )5
KT B DI IR AR 5 1N (P<0. 05)



W AR BE A4 2025 46 1 A28 35 5% 1 9] Chin J Comp Med, January 2025, Vol. 35,No. 1 21

T REHT Sk RIEAMIRE
Be KhlHINEHL
Note. Black arrows, Inflammatory cell infiltration.

Figure 6 Rat oviduct tissues

R4 RBEHRR T E AL BTy

Table 4 Histopathologic score of rats uterus modeled with phenol

N S EIT 43 "
) KA " . Bty
] istopathologic score
Groups Number of rats Rank mean
0 1 2 3
o HE 4]
Xt A 2H 5 4 1 0 0 4.7
Control group
KM 7 d AR
B Ad A 5 0 2 3 0 12.5
Model group with phenol for 7 d
R 10 d B4 ,
0 . * H. 5 0 0 1 4 17.7°
Model group with phenol for 10 d
B AN Sy S e
$%mﬁmﬁﬂ. 5 5 3 0 0 i
Treatment group modeled with phenol
S XA, P<0.05; 528 10 d BURALMLL, “P<0.05,

Note. Compared with control group, * P<0.05. Compared with model group treated with phenol for 10 d, *P<0. 05.
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RS RBIESRK R T E LSRN B

Table 5 Histopathologic score of rats uterus modeled with bacteria

— AT PR
o N te ) o %
Histopathologic score Rank
Groups Number of rats
0 1 2 3 mean
i IR ]
XL 5 y | . 0 6.5
Control group
VI B
IR AR A 4 5 0 2 3 0 9.5
Model group with low concentration of bacteria
P B
P LA _ 5 0 0 1 4 18.0°
Model group with high concentration of bacteria
Lk S i S22 g)
RBCERLAY 4l 5 2 3 0 0 8.0°

Treatment group modeled with bacteria

TE: SXHHRAALL, * P<0.05; 5 i ik BE RV BU AN 1L, “P<0. 05,
Note. Compared with control group, * P<0.05. Compared with model group with high concentration of bacteria, *P<0. 05.

TSR B TR R . SXTIRAIAHEL, © P<0. 05; 57K B 7 d A4 RMIRHR BE TS RUZH AR EL , " P<0. 055 52K E) 10 d BRI
T e BE TR RS AR L, 2 P<0. 05,

B7 TENEEE
Note. Double arrow lines, Endometrial thickness. Compared with control group, * P<0.05. Compared with model group with phenol for 7 d or with low
concentration of bacteria, *P<0.05. Compared with model group with phenol for 10 d or with high concentration of bacteria, *P<0. 05.

Figure 7 Endometrial thickness
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T ROk TR, XIRAIMILL, * P<0.05; 520 7 d B2 FURIR B B ORI ZE AT 1L " P<0. 05 526 W) 10 d B2 A

1o VR B R VRS U A A 1L, © P<00. 05

B8 RETEMRA

Note. Black arrows, uterine glands. Compared with control group, * P<0.05. Compared with model group treated with phenol for 7 d or with low

concentration of bacteria, *P<0.05. Compared with model group treated with phenol for 10 d or with high concentration of bacteria, *P<0. 05.

Figure 8 Rat uterine glands

2.8 KRIMmiEH IL-1B.IL-6 1 TNF-a & 2

K ER LIS A P F By Rk n &l 10 Frow,
550 FE 20 A0 He 4555 A0 4l K BRI P TL-18 A
TNF-a (7K1 3% T s (P<0.05) , AR E 10 d
PRS2 AP Ve TR A 7Y 2 R v R R T AR A A
ZH R BRI T 1L-6 B /K-t -5 (P<0.05) , 7R
My 7 d Y2 R BRI H 1L-6 A 7K P 5 0 R4
T E LS, SEMAMN KR LE, P27
Jii KB P TL-1B8 L 1L-6 A TNF-o & 2 B fI%
(P<0.05)

2.9 KERFEHLHERMES M

CD68 2 Fi 05 4 Jfd 1 2% TH b i 40, S e 9
R 15 24U CD68 ik, T LA Bz Wk [ I 441 it
(A S5 SR 11 s, SRR K R e 4l
21k CD68 11 F-¥2¢ ik ¥ i Z & (P<
0.05) , H2RMr 10 d AU 41 A2 R B oA 0 24
KEFEHLF CD68 W F- 128 ik i i 3 & T
R 7 d AR R R PR R R 2, 2 b 2
RITIE , R T E 480 CD68 Y- 14 5¢ o i
B EFEL(P<0.05)
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T X IRAA L, P<0.05; 55K 7 d BB RIS BE BORSEBUZHAH LG, *P<0. 055 57815 10 o A58 28 2H 01 s e J38 Tl VRURSE B 2K A L,
4P<0.05,

B9 TE AR AR
Note. Compared with control group, * P<0. 05. Compared with model group treated with phenol for 7 d or with low concentration of bacteria, *P<0. 05.
Compared with model group treated with phenol for 10 d or with high concentration of bacteria, *P<0. 05.

Figure 9 Number of endometrial glands

T SRR L, © P<0. 053 58 7 d BERLATRIIRIR JE RS RIALAR L, *P<0. 055 15 1) 10 d A7 21 0 o e JE2 B Y0162 7 241 A
b, #P<0.05,

10 FEAGURRIEN TR
Note. Compared with control group, “P<0.05. Compared with model group treated with phenol for 7 d or with low concentration of bacteria,
#P<0.05. Compared with model group treated with phenol for 10 d or with high concentration of bacteria, *P<0. 05.

Figure 10 Expression of inflammatory factors in uterine tissue

2.10 FEHLAH TLR4/NF-xB ESEHRES 20 (P<0.05) , HIRE 10 d #5575 21 i g ok B B TR
Rk BEARIZH K B F B 414U TLR4  p-NF-kB Al p-NF-

Western blot ¥l T F 5 41 21rh TLR4 .p-NF-  «B/NF-«B [ (B 25 T 7 d AR 2 F i
kB il NF-xB [k, H 18 T p-NF-xB/NF-kB  WREREATL (P<0.05) ,{H NF-«kB ) ik 7E
M LOAEL, 45 R INET 12 s, A RORI4h  TLR4 p-  RAHBITCR #E 257, R RREh 4675,
NF-kB il p-NF-kB/NF-«B [ Ll 2 2 & FXF I REFH4141 TLR4  p-NF-kB 1 p-NF-kB/NF-
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S XA, " P<0.05; 548 7 d BEEIAURMRIR BE BRRRBSBULIANLE , *P<0. 05 ; 5758 10 d A58 8Y 2 1 g 4 38 T WA B 4L A

piae=

I, 4P<0.05,

B 11 FEHLT CD6s Fik
Note. Compared with control group, * P<0.05. Compared with model group treated with phenol for 7 d or with low concentration of bacteria, *P<
0.05. Compared with model group treated with phenol for 10 d or with high concentration of bacteria, *P<0. 05.

Figure 11 Expression of CD68 in uterine tissue
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X IRAARIE, © P<0.05; 588 7 d AR A BE BB LA LE , ¥ P<0. 055 52K 10 d A5 TR 20 e v 38 T VAR BB 2H A L

4P<0.05,

12 FE 440 TLR4/NF-kB {5538 K8 1 #235

Note. Compared with control group, * P<0.05. Compared with model group treated with phenol for 7 d or with low concentration of bacteria, *P<0. 05.

Compared with model group treated with phenol for 10 d or with high concentration of bacteria, *P<0. 05.

Figure 12 TLR4/NF-kB signaling pathway protein expression in uterine tissue

kB [ FLE 2 3 BRI (P<0. 05)
3 g

AR EF R LA T E 2R,
KA FF G 22 5| A hm DA | 57 57 4 Y 1 B
SRR R AT R A O R A Y
RAE B 23388 G0 4 I 5 = JBUAE 1Y) 1K 48 7™ ] AL
HIVERRE | vl 5E 1 25 M R Sh i 1, et AR 7
A | ) Y s A6 T BIL A A AR T
H, HATRER Qs il &, RZRHFAR
O BRI RURRER S F TR IR, 4R 300U+ &
A ARS8 70 B T8 Y7 B 23 SRk ) B 51

7 ) TSGR 5, K T 2 A S S 3 UK i
JEALBEAR 07 , 732 SR AT S A I M . P AR KR
AR 475 %5 D 7, AR R SRS JE i A
WRERZE G B AL BRI FEAE
M BRI, A T B A 2 R R
A RS TR R TR IR AR
TN RBRFT B B0 A B BRAS 1, (5 T2
R FE S SRR S B T RE T B sl B R 4L
Wi AR A B AR £ HE VD AR A JFUAR B B AT R
el T AFHIEJOAE 9 AT L5k, TR IER ]
F B~ B — T~ O A B 7 ST 5
FIER TP A i i, AR AR FA
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RS PIE S S B AR AT & 2 R I
RSP | BE R UEAT 5 9 R IE S AT B AR
HPIET-R,

H ETEE TR R 3 R B A R R
TP e R St B A JR e 1 B — R AT T K
Ye 272 g BT - I AR A B AR
W AFRIDR S DA SRR I 3 ek 3 S R P T O — e
WA B2 07 LA 8 o SR (L T2 ST A1 Ml — e
G HA —E P, IR TR BEL AL
AR AE ) A B RN R R O T
TERA M, FEBURE I KI5
VA I PR T 4 o (LA A B A, 2 DL B R
e FA— TR AR T A REAR 4 AR 40 4 Ji R
A L, PR R AR TR B AR,
AR TR E AT Z WA, 14 d S5 A RE
TR AEA S ) AT R AT BRKR
B RS, 70T S I 3 ok 350 4 1 oA s il 1
BB 7, e R TR BT 8 5 e R
10 d J BBy, AN 4 5 1 3 AR Ta] i L
B B AR 1 AR o KRR A K 1 Rz ERD
P52 FRATEC R T HEF AR B AR R LA R
BEA W% T B, AR T ST R,
AR AR R AT e PR Z M R 1) 259 D DS /I
PR (75 P BRI BOR R R M A
R RS BIR ) G TS sh P R
fJ 3R ( reducing . reusing . recycling ) Jit )] L a]
REHBIRD T Zh Wy R s AN I

AR S0 SR FH 2 13 U 5 TR - T R Al A A T
RARFAERY 4 5 24 10 B G 3 2 A4 I PR
HEF ARG R BE 54055 RS Y JE , T SR & 1A
Ve A AL 7 P A T P e 5 RS 1 R, T LAAR
N SR Lp e S UNER NP s/ R N 1 b
AR T AR 25% K W BEMKE 2% 107 5 2% 10°
AR A T 40 v 00 4 R R TR RO TR 5 TR R
TEAE G, MRS 75 M R4S A0 90 & 2RI 0L
R EE VA SR 7 d W] S R A R R
W BERVETEE 10 d nf f 57 R A I R BB, 2%
107 AN A v A 4 B €5 7 2 5 PR TR TR & TR
WOERE 10 d AT Ny 5 B IR L 2 i R A AL, 2% 10°
AR A e 0 46 v €0 2 R R T RO TR 5 TR R
TR 10 d AT Sy o R A R AL AR A
G T ARl AR T | R B A [R] R B 1 AR E , AT LA B

T MBI PR A (] R PR 5 38004 A () R B 1 4

A 7T 2R AR TF-A 1 1 28 8 58 i AR &
PR VR ) 1) R BR A R A R BRI )t 4T
Jifr, F B BN, A BRI | e R O A
RAGRIRAS , RPN IR, R T IL-18
1L-6 1 TNF-o ()R KF- 2 T 5, KB 5
DA IS A S AR 5 B S 0 /D ok S S I R T
BN A EE B RRAE I A R T 4% S
RMHEFEREMO ) RIEA G, 7 RAETL 2
AN A W 5 | B 4T A AR DR, g I A7 34
HH ) BRLAZ AT AN W7 b 5 1 3] 9 A, B R I
AR, SAEFROL BB AR IR E B S, W A
i T S e AR R R E IR S AR T B AR
A BT AEARI R FAOME R, B i & &
WAL, 77 A LA R [ T BE A 2 10| L3 55 1o Yo
TR B AR AL A TE 1, XoF B A S A | T B R E 18
AL MR RN P faoe A+ &
BAGVEF Y AR S IR R 4 KRR R P B
WEL T K E B AR, M 2RI e,
B PN R ) I B D i sl AR R g
SABARLF ML T R E K A B Y I A i 3R i
B, HRMABAIH KR F 54200/ TLR4/
NF-kB {5 5 3 J% 9% #4006 , B R 1L 1Y NF-xB A%
Jei ARHE T ST N R R Rk 45 TL-18 ,11-6
FTNF-o 1R IK KT8, A 00 ik 7 Js 48 A 78
AT R, FRATT R IR R 367 AU R 195 H
FH 24 — 4 I BB e 20 T 231 s R AR 1) K BT T
0 R LT i R i, TR R A O A
F14) 8 i % T T ik, LIk /D T e kG, ik T
TLR4/NF-xB {5 53 J% 08006 , X il 5 1 201 R
KEEA B EWIBITER, 566K IRIT T
T2, AETFAR Ik ST B A R AR Ry B R 2 B
(AT FE I 98 1Y 25 1) RV 9% 23 108 4R 1 2 9 ML
FANGITHLERER AL T4 T ORR , A B T I
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[ Abstract]
hamsters coinfected with coxsackievirus A6 (CVA6) and coxsackievirus B1 (CVB1). Methods
were divided into a CVA6 infection group, CVBI infection group, CVA6 and CVBI coinfection group and control

Objective To establish an animal model of hand, foot, and mouth disease (HFMD) in Syrian
42 Syrian hamsters

group. A HFMD model was established by nasal instillation of virus solution and phosphate-buffered saline. Clinical
and physiological indicators and detoxification status were monitored and recorded for 15 d, and animals were selected
on day 7(D7) after infection for histopathology and viral antigen and nucleic acid testing. Results Hamsters in the
single-infection and coinfection groups showed clinical symptoms similar to human HFMD. White blood cell,
neutrophil, and lymphocyte result were characteristic of viral infection. Both viral nucleic acids were detected in throat
swabs, feces, blood, and tissues and both viruses were isolated from fecal samples. Pathological damage and positive
co-localization of CVA6 and CVBI viral antigen proteins and nucleic acids were found in brain and other tissues.
Conclusions Nasal instillation of a CVA6 and CVB1 mixture can successfully coinfect Syrian hamsters, replicate
herpes infection similar to human HFMD, and cause pathological viral myocarditis and encephalitis damage. The

result showed that the coinfection group was more seriously affected than the single-infection group, with worse clinical

symptoms, increased viral replication, and obvious tissue pathological damage. This study provides a reference for

further basic and clinical research into human enterovirus coinfection.

[ Keywords]

and mouth disease

Syrian hamster; coinfection; animal model; coxsackievirus A6; coxsackievirus Bl; hand, foot
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JRE 43 R A B AT 1 A ZH AR B AT 7 B
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JElAG R & B R R AT 2 AR RRE
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I R R AR I, — e R ] | A, A
O3 B AT R JE R HERE AL I A T I I AR T
PEC LA 2 U5 M 7K ok R 22 Bt 2 P PR 5 45
PEEGRE , LB A FEBET Y AR, iR
TR CVALI6 . CVA6 . CVAL0 . CVB1 8B AT
FAFOT ) AHC SRR , 7E T 2 FR R I IR
FEAS v R] LA 00 58] 0 A s A DL b 1) g 1 v B
IRAGEGFL ) BFEIG R TAER i FF 2 A
T ) BR A B2 O 0 S 22 g T e T TR R
YL 52 2 PEAE TR 2 6] I 3 s 7 TR A B L 1 B0
B B | o i P A8 Ak B B VA s B AR OG
WEFEARRS B

BUF T 45 25 1 B ( Syrian hamster ) J& T W4 14
H b BB BUR  H AR 5 40 A AT AR

IR R AR R T B
WFFT W, AUR I 4 #5 Hb BROG V71 A 5% 23 95 5
B1 M2 2 5 /5 B3 HA R5m 1) 2 Bk | REs %
IR 28 T2 L kg s A B R
A LA ] 1% 2 08 43 TR A JER L ol 0 A5 R 11 R O
38, PR AR 5% SR FHASUR 0 4 2 1l BRU A7 4T 1%
ANEE A 4 6 BUFIM B AT B 4 1 AR G UL 3h
PR IR AT R 7B SR A R
S5l o FE I E B — R TF RO RO
LA I 48 259 B AR AR AE | S AT i
I T VR A IR L AL BE T L 2T R SRR oY it
SR TR,

1 MHEFTTIE

1.1 SZIewrst
1.1.1 SEEsh¥)

BUR 4 ¥5 b R, PR, 3 S8 %, SPF 4%, fR
h 45~55 ¢,24 H W A b5t 2 A RS2 56 sh W H
ARABRAF) [ SCXK (51)2021-0011 7, 5256 Fl 4
I T [ B 27 B2 g B 2 A W) 2 it 9 T o e 5
Wy S I %t [ SYXK () K2022-0006 ], F FH 2 <7
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i XU H. (individual ventilated cages,IVC) &4 P
TEZH [B] P 2545 5% |, 1) 57 W1 R ARAIE IVC 2R 58 T O
FEAE 20~25 C  HIXHB R EETE 50% ~65% , 241t
12 h JEREFN 12 h AR AR ROEAE LR A, I f
A 75 TR AR K . A Bh S22 b [
R ARl 2R B 5 24 A W) 2 A A0F 5 T sl ) 4 R S B 22
FL2sHEvE ( DWSP202401011) |, 44 52 1 sh 4 1 1 1)
3R JFEHEAT S HE T  2AF NIE AR
1.1.2 #Fff

CVA6 %5 7 ( GeneBank JF %] =5 . MN184852
(RYN-A1205) ) Fil CVB1 ##k ( GenBank JF 415 .
0P917846 ( 7V3/YN/CHN/2019) ) i rf [ £ 2 Bl
2F Bt PR 2 AR W) A B 9 T I SR R R A B PR AT
1.1.3 4ijE

N B B S0 L 4 Y ( rthabdomyosarcoma
cell,RD cell ) W H s FE4E /R AW RHEH R A
Al AR AE AR R 10 48, (% 10% 191G
A M35, 1% 100 U/mL 75 %5 3 A 100 U/ml 4% %
I MEM 5535356 765 5% CO, I 37 C K53+ 48
HFEARRE R . AT CVA6 K43 Fy 3

LM A0 2R (vero ) 413K T~ R HIAGIE
4 M K% 3% U0 W FE 0 (european  collection of
animal cell cultures, ECACC) , I AR E (- F T
A AR 143 A8 24 FH & 10% i3 AE 4
M3E,1% 100 U/mL 75 2% fl 100 U/mL 5% %
i) MEM R 32 3L 165 5% CO, 1Y 37 C B 5546
FEAREEFE, AT CVBIL AY4 B 38
1.2 FERFESNE

MEM 15323 6. 6% NaHCO, 3% 4% % Btz |
0. 125% A 1 .4 % EDTA 1 mol/L & 48 fb 4

(i BE 2 b B s 2 A 1y A 0 5 i v AR g R
PEAL ) BG4 T L B A A T (10270-106
C11995500BT, ¥ Gibco) ; SEPIEE  Jo/K B . =
FH %5E (11030019-01-01 , 1030001-04-01 , 2004007 -
01-01, P4 Bl Bl 7 K A BR A | ) 5 4% 22 5 Wi
(143174 ,Biosharp) ; PrimeScript One Step RT-PCR
Kit( RRO64A , TaKaRa) ; JC# Jo K ( R1600, JL 5T
RIEF) ; e (R510-22-16, B iR A dn B AT
BRZYH]) s RNA-EE P A 0 4 By a5 & (323180,
ACD) ; Anti-Coxsackievirus B1 Antibody (MAB944 ,
Merck ) ; Coxsackievirus A6 VP1 Hii4A ( GTX 132346,
GeneTex ) ; Anti-Coxsackie Adenovirus
( ab100811, abcam ) ; Mouse Kremen-1 Antibody
( AF1647, R&D Systems ) ; Goat Anti-Mouse IgG
H&L ( ab150117, abcam ) ; Goat Anti-Rabbit IgG
H&L ( ab150080, abcam ) ; Donkey Anti-Rabbit IgG
H&L ( ab150075, abcam ) ; Donkey Anti-Goat IgG
H&L(ab150129,abcam)

M W2 4 M ( NU-437-600S, NUATR) 5 2501
(D1524R,DALAB) ; PCR 1 ( T100, Bio-Rad ) ; 4
F 3l 1028 3 W) 1M 40 53 B 4 ( XT-200i, Ay 7% 56
JE) 5 400X (JIMBIO FIL, 53R H Rk A R
2] s PEOLE i PCR K I & 4t ( CFX96Touch,
Bio-Rad) ; %t A 1 il 5% ( Leica SP8, Leica) ;
HL PRI T ( DT-K111A , BTN 48 22 B 7 O A FH b
HIRAF) s FF R (JEA1002, LR A Y
AR
1.3 A%

131 s ah¥y o 2 S g

SR 24 HARI 4 B ER 5>y 4 21, B4

6 2, BRI ARGy ke 1 iR,

Receptor

F1 LGB R
Table 1 Experimental groups and challenge doses

4151 RS I
Groups Infection method

R it

7ing

Infectious dose

CVAG JB YL 2 BT

10° CCIDy,/mL [ CVA6 JRTEEW 100 pl

CVAG infection group Drip through the nasal cavity 10° CCID,,/mL CVA6 virus solution 100 L
CVB1 kel 25 B I 2x10° CCID,)/mL Y CVB1 JHHK 50 pL

CVBI infection group

CVAG il CVB1 R A 4L 2 G s
Drip through the nasal cavity

CVA6 and CVBI coinfection group

Xf B
Control group

Drip through the nasal cavity

SR TE
Drip through the nasal cavity

2x10° CCIDy,/mL CVBI virus solution 50 pL

10° CCIDs,/mL [ CVA6 il 2x10° CCIDs,/mL
1) CVB1 S HHR-AIN TR 75 pL
10° CCID,,/mL CVA6 virus solution and 2x10° CCIDs,/mL
CVBI virus solution were mixed equally,75 pL

PBS ¥ 100 pL
PBS solution 100 pL
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1.3.2 I PRER B il R 4

SEERFF AR AT S R AT 7 d A9AE N PR SR,
F DO SR AEA R EE J ,  3th FIE AT U0 i
SRR, BARERAE T 1. — A 45 U b R
TTPRAE 1 Ml B S AL A 52 450/ 3 ) —#AE
N T RS VA 5 45 1t 1 0 7 VR 1 B 45 4
i SRR U AL S5 J PR e B S L ) 450
Y 1 ~2 min, B 28 9 5 MR 40T A B s 7
T IR 7 ) 55 . o T IR I B K ¢ 3N )
R AR A | B2 R L IS B SR b AT Sy 2 AR S
e RAF I, R HE (A i FH T 25 28 A DU 5
FEOTES . BYL)E DO D1.D3 D5 .D7.D9 . D11.D13
1 D1S i A4 T 3 A0 R ST 0 i b A T ) 9L
AT S8 ; DO . D1, D2 D3 D4 D5 .D6.D7.D8.,
D9 D10 F1 D15 SR W4 7 5 4795 B 2% = Al
DO .D4 D7 . D10 Al D15 SR 4 IfiL 3% FE A #5471
FUFN 9 25 I00RE A, &Sy D1 ~ D7 41 By iR 4K
T S A 6 MEAEL, FRYS D7
R 3 M BEALIE B 3 KB Wik A T4 SR A0, RAE )
IR 13 N = 7 I < e L B2 S S A
i —3 NP, 4 3 N EE A ThRER s
TR ZH 2055 32 R BB R R R A I, Jk % D
~ D15 R RIS e A A 3 A E
2, i 7R R AR b SR I VR s SR FH S e A T RR
B, SR FH ST 3 A5 BRI 5 19 19 156 B L Z 4
(150 mg/kg) WIRRIE 7 AT R L
1.3.3 JEapscEilE

QU N R = 17 B WS A A o el
RNA, LL RNA SRR, SR FH — 25 i 3o i 53 SIE B
10 A il 5 X SV (real-time reverse transcription
quantitative PCR, RT-qPCR ) #fi X& #£ i 1 ik 5% 2%
B, BT CVA6 Al CVBL 195 9 Fl Tagman
A TAY TRA RAF AR, 5197P 55 B

M2 B, RLAAFH 42 °C 5 min SR 5%
95 °C 10 s #US3h; L 95 %C 55,60 C 30 s H—A
EER,7E 60 CHEATHOLAIM , SLikAT 40 AR,
1.3.4  FEMEREMINTERT IR

1 DO~ D15 FEMEFE it 8 R B 5 23 0 # b
T RD i Vero 20, 357252 W2 P e 240 Ff 17%) 248 il
N DL IE %
1.3.5  Jj BAG I

SRAECE AT B IR B R IR R
HR A 4% 2 T P EER &, th TR LE /R A W)
FHEA R A BEFT IR ANE L (HE ) Ji BR YL £
1.3.6 RS H 1( kringle containing
transmembrane protein 1,Kremen-1) Z AR 5 2
— I 9 B 2 K (adenovirus receptor, CAR) 3% {K
ol

K H 4095 26 5t (immunofluorescence , 1F) J7 s
Xf 25 N PR ZH i SHZVRE A U) - #5147 Kremen-1 52
AT CAR SZAR B AR . 11 A B /K Ak B st
16 52 . BH W o R 1 o S Ak W L B TR
Kremen-1 32 /& DL & fe $t CAR 32 1K 5 50 [ — Pt
1+ 500 FEREJG 4 °C 3 55 & NPT R bt S
91 .DAB B EH R,
1.3.7  JREERZIR S S5 As

KM IF J7 36 HAREA D) 7 4T CVAG,
CVBI ¥t J5t 5y 4 I, >k Fl RNA J5 {7 2% &2
(RNAscope in situ hybridization, RNAscope ) J7 ¥
XHU) R #E4T CVA6 Hl CVBI A% R 1 A6, 3 1
RNAscope 23 16 95 R 8D L IR A f
FHASIN CVA6 FII CVBI A RE A% IR AR 11 19 3
PETEH . HoHp RNAscope K1 B i ) CVA6 Al
CVBI1 IR RS 2 2R MR ( BT ) AR
H RT3, 20 HE [ CVAG6( MF422553. 1) ) 2971
~3936 X T4 Fl CVB1 (EU147493. 1) [ 32 ~

&2 5lWFY
Table 2 Primer sequences

FFR SEHEFHI(57-37) K /bp

Name Gene sequence (5°-3") Length
CVA6-F TACCACCGGGAGAAACGTCCACG
CVA6-R CGGTCAGTTGCAGTGTTAGT 112
CVA6-P ROX-ACGTGAGAGCTTGGGTACCTAGACCCCTTC-BHQ
CVBI1-F GGTGTCTACACAAAAGACGGGTG
CVBI-R TGGGTCTTGTGTGAAATCTTGCC 139
CVBI-P FAM-CGCATGAGACTGGTTTGAGTGCCAGCG-BHQ
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6063 XJH /5 5], RNAscope 5 IF H: A il 52 56 A
B R B KA PR 5 | BT Y R I A Ak
Yt B G IEHT CVA6 B v — 40 F BRUR Ht
CVB1 Z7if—¥ 1 : 200 k)G 4 C s .
— B [ e EE A B N A R A R R
ZMIE Rt I E PR A R
Bt .DAB o [ PERBEE F .
1.4 SitEFE

K H GraphPad Prism 8. 0. 2 417 85 4t
AT B8 Ge T 45 R DO B 8 e bR fE 22 (x2s)
TR

2 R

2.1 IEKRER
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Note. A, Herpes on hands. B, Herpes on feet. C, Herpes on mouth. D, Body temperature. E, Body weight.

Figure 1 Clinical symptoms
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Note. A, White blood cell count. B, Neutrophil granulocyte. C, Lymphocyte.

Figure 2 Blood routine test results
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AT B3 CL W ; DA,
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Note. A, Throat swab. B, Feces. C, Blood. D, Tissue.

Figure 3 Viral load in throat swabs, stool, blood and tissues

B4 SR A 20 e A SO ) R

Figure 4 Number of cytopathic effects in fecal samples

FI RNAscope H:4e e ([ 6) , ABKEH LU0, /T L A S [R] X35,

CVA6 1 CVB1 R A YLl AL ZUR I AP 2.7 Kremen-1 Z{EF0 CAR Z K46
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HIREIR 5 5 S 24T (0 8 (O B9 /N SSOIR A3 A, CVAG6  SZARH CAR 32 AR (1 S i 58 G K I & PR RE Wi 2 5]
FCVBL MBS AE S 2R A GG EIFFSE SR ILE A7, UE SRR IV 4 2 R fik 55 4 21
ML R R A, BYURE S T U e g A CVA6 Fil CVBL I7iBR s sz ik (K 7)
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TE O T 5K B AN RIS (SRR Sk ) 5 R R IBLK . B R SO (ST Sk ) MK R AN (W Tk ) R AR e () .

5 D W IRBRZLZR HE YLt gt R
Note. Heart, Lymphocyte infiltration ( black arrow) . Brain and olfactory bulb, Increased basophilia ( black arrow) , microglial infiltration (blue arrow) ,
loose and light] staining of cytoplasm ( green arrow).

Figure 5 HE staining results of heart, brain and olfactory bulb

L USR] 5820 52 % CVA6 PLER 11, 40 (96610 CVAG6 IR S (310 % CVB1 HUREE 11, 8 (98610 #% CVBL
K.,

E6 KL CVA6 Fl CVBI %R Kb JE I 7
Note. Taking brain tissue as an example, purple-red fluorescence represents CVA6 antigen protein. Red fluorescence represents CVA6 nucleic acid.
Green fluorescence represents CVB1 antigen protein. Yellow fluorescence represents CVB1 nucleic acid.

Figure 6 Co-localization of CVA6 and CVBI nucleic acids and antigens in brain tissue
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Note. Taking brain tissue as an example, green fluorescence represents Kremen-1 receptors. Red fluorescence represents CAR receptors.

Figure 7 Co-localization of Kremen-1 receptor and CAR receptor in Syrian hamster brain tissue

3 g

F 69 7 W] LAGE 3 0 Ak 3 R G A5 g A Jk
Yu i B0 B TR A A R P B
Y%, WA R T BRI PEAT IR EEEG R O ILAR |
JF 4 | oth 2% 1k RO | ok OME e R R | T ALBE
PRI IF RAER . HTE A 2 Fie 8 )
(R 3 0 B S AR TR | A0 AS TS ZH RT3 sl #
# CVA6 . CVB1 ,CVB2 . CVB3 f& i Jf B A5 5 A
RIF CVB1 ,CVB3 AR W 4 2 Hl BB TR 46 H v
7 DL 17 T 955 TR TR B BRI 1) Sl ) R TR DG R G
I AHFSE I EE CVA6 FIl CVB 1R YL AR
V4 b B AY ) XoF I PR AR A6 HERE S | il i A=
B2 205 B R AR A EA TR, DR DA B A
PR B AR AR SR RS T T AT T RGN
OYHT, S5 5 D R 28 B s i T R S G B R
BT 5 AT U AR L I R TS b, DL B
BEPEC L2 R0 25 4 10 28 A BL A s BB A%, EL
CVA6 H1 CVB1 IR A B A e I AR R 8 7 & il
I 2P0 A 0 45 T THD B B 5 B R AR 2 1) AR
b, R T SR G i CVA6 F CVB1 1% 18 95 55 1R
A BUR . 4 35 b B s A A TR B &
R,
3.1 lgREMR

ARG LNG RS K BE, CVA6 F1 CVBI1 IRA
Y TR e B B TR, x5 L
T FU B I PRI 2 0 R AE B, PHYU 451 75
P EVT1 B 2 JRIRAURIIE 45 35 b, BRI R 28 51
1A B PR AR R DL 1 B k48347 , AR AF 5%t B 1
REEMA H TR O ESEREE, B, AR
S0k AR TR AR I B AL X S A
SO ST A R 439 9 F 2 e UL ZY 50% 17 AE

ARG 25 T2
3.2 mEHE

AR LEAE S W B ZEE | Mk S 22 2H R
TF B Y b G 0 S P o T A R, S5 2Rk A
FBRAE O FHEE CVBI AT CVB3 YL AL T 4: 55
b RS B 55 1 v 1 8 e P A T 45 SR A — 3,
EHERE S AR X 4, 31X AT BB 2 FH AR IR SE B 3 )
WA BN s R R 22 57 . #F 2009 hiny 2 H
35 YL o7 42 il 4 e v e TR R R — Rk 7 ~
10 d, 76 )5 RIS 2 PR AT 1 — i R 5E T i s 75
B RIFEHP ORI IR 2 d, KA 7 d,
HIECH 4 d, R AR IR S5 9 T0EE R £ R R
KIEERFA NI T2 U 9 B R 0L,
AR YR SLIG 5 A=k S kAR M =) CVBI
F1 CVB3 B YRR . 4 5 b [ s P A 7R (1 MLk 8
FAS TN 20 58 v 1) i K ™ A 4 4 P
107, 2k T ANZREE TR DT AR B
PR 98 e 1 I e Je AR AR, BV A 18 s 3 AT LA
0 3 T R T 56 B 2 WL et 2 TR L ER A AR ik 358 53| 7
JREETEG R
3.3 l&KML&EIELR

AR S XF DO D4 D7 . D10 Al D15 RAEM
YRR St T B0 2 I R, 235 2 s Je e 4]
Zh#) WBC NEUT HI LYMPH AH % % B8 41 5 B8 =
fRA A, X 520k S R Y CVBT IR AU
V4 b R SR AL UYL 5 DT IR A
SV S AH Eh i LYMPH F1 NEUT B 5538 hn iy
g — ), 2 A B R A AR 1 4
A4k, H CVA6 FI CVB1 TR A B 41 1 1M #L 45
PrRAREE T Bl R g 21 AR Ak G 38 K i — DR
F9 T TR A B T B X b Bk A T O ™
R B G R SV



o RS BE R 2R 2025 4E 1 A5 35 4245 1] Chin J Comp Med, January 2025, Vol. 35,No. 1 39

3.4 HALZR

A5 R, W 18 B AT A il ik R B A Ak
A E R RATRM L RE G5 LIt
A R M M AR, T 3 e R O LA i
T 3 U WL J) kb 1 B8 R 1 P 35 7 ) o 2 12
DL R BIF 5T 1 28 215 FHORG: T 445 SR b, &
IR 2 4O JUE R A 46 2 4 S8 A A B AAG
HARS T2 ge 2l CVA6 Fl CVBI1 1R A4
TEAE R P B R B 5, 7F LRl b X
YRGS DT BA L) 4T CVA6 Fil CVB1
U AR R Y 2L 2 A7, 45 5 & B CVA6 il CVBI
TR A Y 20 () 2H 21 b R INE 2 o7 29 5 19 A% R A
S P IRER S 2 0 ) A 2L R 1
OLERHE TR 2 R R R 1B S
SIEMZ 8T ZHS TR,

515389 8 Z AR L EIWFIEUESE CVA6 15
1A JZ Kremen-1,CVB1 M2 K2 CAR Fl 78 il s
[ (decay accelerating factor, DAF) "> Ak
SIS AR WV 4 5 H BR 2 U E AT Kremen-1 32 {4
HI CAR AZ AR G fig 5 AN | 2 30 kb B fini 2H 21
SEREULEE B W > 32 A 1 e 7, E S ASUR P 4 v
by B LA TR 3 9 ol i T 5 1 1) 32 AR A 3 —
SRR TR 5% AT 9 B 0T I 2 2 04 8 0 40 ) A
AT %4 B B % () 1Ifs DR B AE 9 491 9 & TG P
AR B I A

25 LTk A DA i T IR A
LA A R N 2T R F 9 92 0 AR
TIE, LA K 5 o & A1 JUL 2R 8 95 B3 405, CV A6
FCVB1 R A By 41 1 i A R 5 A B 4, o 2
SR R R R, B 7 TR R 1 7 s 2 1T g
FEOR FE s B YL R, AR S g0 45 SRl e 2L
JRAH P 95 I T 5 T e A B AR A | R ML
LR A: BRI SR RS

SE .

[ 1] SINJ, MANGALE V, THIENPHRAPA W, et al. Recent

progress in understanding coxsackievirus replication,
dissemination, and pathogenesis [ J]. Virology, 2015, 484
288-304.

[2] NOOR A, KRILOV L R. Enterovirus infections [ J].
Pediatr Rev, 2016, 37(12): 505-515.

[3] XU W, LIU C F, YAN L,

et al. Distribution of

enteroviruses in hospitalized children with hand, foot and

[8]

[10]

[11]

[13]

[14]

[15]

mouth disease and relationship between pathogens and
nervous system complications [ J]. Virol J, 2012, 9. 8.
HUANG H I, SHIH S R. Neurotropic enterovirus infections
in the central nervous system [ J]. Viruses, 2015, 7(11):
6051-6066.

NAYAK G, BHUYAN S K, BHUYAN R, et al. Global
emergence of enterovirus 71; a systematic review [ J]. Beni
Suef Univ J Basic Appl Sci, 2022, 11(1) . 78.

FU X, WAN Z, LI Y, et al. National epidemiology and
evolutionary history of four hand, foot and mouth disease-
related enteroviruses in China from 2008 to 2016 [ J]. Virol
Sin, 2020, 35(1): 21-33.

Bk, JEAEN, WA, GF. TR ORI RE A MRk
JolFIEAG (1], hAREREG K, 2013, 23(22);
5485-5487.

LIANG Y B, QU Y C, CAO Q, et al. Viral infections in
children with hand-foot-mouth disease and trend of infections
[J]. Chin J Nosocomiology, 2013, 23(22) : 5485-5487.
ikAh, RO, g, & BIERE 71 B SRR A
4 16 BUHRA RGBT L D IF K T i i 22 R g i
AT (1], PEAFHEY:, 2011, 14(29) : 3341-3343,
3346.

ZHANG W, WANG Y G, YANG Z H, et al. Severe hand-
infection of

foot-and-mouth  disease caused by mixed

enterovirus 71 and Coxsackie A16 [J]. Chin Gen Pract,
2011, 14(29) . 3341-3343, 3346.

GUO W, XU D, CONG S, et al. Co-infection and
enterovirus B: post EV-A71 mass vaccination scenario in
China [J]. BMC Infect Dis, 2022, 22(1): 671.

MIAO J, CHARD L S, WANG Z, et al. Syrian Hamster as
an animal model for the study on infectious diseases [ J].
Front Immunol, 2019, 10, 2329.

WARNER B M, SAFRONETZ D, KOBINGER G P. Syrian
hamsters as a small animal model for emerging infectious
diseases: advances in immunologic methods [ J]. Adv Exp
Med Biol, 2017, 972. 87-101.

CARVALHO L M, DE BRITO R C F, GUSMAO M R, et
al. Establishment of monoclonal antibodies to evaluate the
cellular immunity in a hamster model of L infantum infection
[J]. Parasite Immunol, 2021, 43(4) . e12823.

HSU CJ, LINW C, CHOU Y C, et al. Dynamic changes of
the blood chemistry in Syrian hamsters post-acute COVID-19
[J]. Microbiol Spectr, 2022, 10(1) : e0236221.
SVYATCHENKO V A, LEGOSTAEV S S, LUTKOVSKIY R
Y enterovirus  A71

et al. Coxsackievirus A7 and

significantly reduce SARS-CoV-2 infection in cell and animal
models [ J]. Viruses, 2024, 16(6) ; 909.
20K, AR, RS, &5 RIBR AR B 4 | AU

FINE A et B B R e sy [J]. P AR BE 2 4



40

o R BE R 2 s 2025 4E 1 A5 35 4245 1] Chin J Comp Med, January 2025, Vol. 35,No. 1

[16]

[18]

[21]

2023, 33(4): 50-56.

LL'Y J, ZHANG W, YANG F M, et al. Establishment of an
animal model of Coxsackievirus Bl infecting Syrian golden
hamster [ J]. Chin J Comp Med, 2023, 33(4) : 50-56.
. FIEERR B 413 ARSI AALR S [ D], dbat:
JEsCHR AR AR, 2022.

ZHANG W. Establishment of animal model of Coxsackie B
virus type 3 [ D ]. Peking Union Medical
College, 2022.

WELLS A I, COYNE C B. Enteroviruses: a gut-wrenching

Beijing

game of entry, detection, and evasion [ J]. Viruses, 2019,
11(5) : 460.

ZHANG Y, CUI W, LIU L, et al. Pathogenesis study of
enterovirus 71 infection in Rhesus monkeys [ J]. Lab Invest,
2011, 91(9) : 1337-1350.

PHYU W K, ONG K C, WONG K T. A consistent orally-
infected ~ Hamster =~ model  for  enterovirus  A71
encephalomyelitis demonstrates squamous lesions in the
paws, skin and oral cavity reminiscent of hand-foot-and-
mouth disease [ J]. PLoS One, 2016, 11(1): e0147463.
THE, K, BRES, 5. 439 01 FU I PR A7 9% 2%
FAE BT (1], TR INEE 2 BE A4, 2010, 30(4): 250
-252.

WANG H, HUANG S P, CHEN M, et al. Analysis of the
clinical epidemiological characteristics of 439 cases of hand-
foot-mouth disease [J]. Acta Acad Med Xuzhou, 2010, 30
(4) . 250-252.

FAREMS, BRT, SRPER, LR Cox A2 SFIE TR
TR R IR R E AT R =W A0 [J]. B

[22]

[25]

[26]

TBE R, 2015, 41(1): 51-53.

LU Z P, HUANG Z Y, ZHANG Z W, et al
Epidemiological investigation and analysis of an outbreak of
fever caused by enteroviruses such as Cox A2 [J]. South
China J Prev Med, 2015, 41(1) . 51-53.

XING J, WANG K, WANG G, et al. Recent advances in

a focus on fatal human

Arch Virol, 2022, 167

enterovirus  A71 pathogenesis

enterovirus A71 infection [ J].
(12) : 2483-2501.

A0, BRAEDS, WHEAE. IR TEZ R [J].
FEEEIL, 2022, 38(5) : 1206-1213.

LI Q, CHEN X P, XIE Z D. Research progress on
enterovirus receptors [ J]. Chin J Virol, 2022, 38(5).
1206-1213.

STARING J, VAN DEN HENGEL L G, RAABEN M, et al.
KREMENI is a host entry receptor for a major group of
enteroviruses [ J]. Cell Host Microbe, 2018, 23(5): 636
-643.

CUI Y, PENG R, SONG H, et al. Molecular basis of
Coxsackievirus A10 entry using the two-in-one attachment
and uncoating receptor KRM1 [J]. Proc Natl Acad Sci U S
A, 2020, 117(31). 18711-18718.

BERGELSON J M, CUNNINGHAM J A, DROGUETT G, et
al. Isolation of a common receptor for Coxsackie B viruses
and adenoviruses 2 and 5 [ J]. Science, 1997, 275(5304) :
1320-1323.

(W7 H #9)2024-07-22



2025 4 1 /4 o P B AR January, 2025
¥35% S CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 35 No. 1

IR, S5 AR, 55 A4k Z M ] TNFo— 8% F WSS B0 A0 R 40 e 7 /) RUFAHL VR AE T ()], T e R 2 R
2025, 35(1); 41-48.

Yang Y, Bao JC, Deng YK, et al. Lentinan inhibits tumor necrosis factor a-ferritinophagy and antagonizes hepatic tissue
ferroptosis in sodium arsenite-exposed mice [ J]. Chin J Comp Med, 2025, 35(1) . 41-48.

doi; 10. 3969/].issn.1671-7856. 2025. 01. 004

A 1ol 22 WEA ) TNFo— Bk B W 550 I A R 94 2% BF
/N H SR AL T

oW R DL B %

(L) PiE R 5 A A A R B S S0 0 % B R 22 B L AR 4B, 778 AR 541199;
2 = 2 ST I RS 48 H A SRR = ) e s 24 2R e IR R AT b0 1IES MM 418000)

[#HZE] BB HiTHF G 28 (lentinan, LNT) % WA ER 4N ( sodium arsenite , SA) Y75/ U 4H R KIET
AT TR0 SHLE . FiE CSTBL/ON MENE/INRZE SA (KA & 7hl i Ju s, LA S LNT T30 SA & B Qe
IIAKG—PHLL (HE ) Y PPN JHF2H S5 B 475 5 13K S 95 IR o6 1k B 2 28 10 B30 ok A DM JH2H UM IR BE K F o
(tumor necrosis factor o, TNFa) |24 6(interleukin-6,11-6) 4k AMEE TGy & B E L, FR
5XTHAAM L, SA YRS/ D U4 TNFo Fil IL-6 KT, 2k B AR 58k 25 H 5 %% (ferritin heavy chain
1,FTH1) A& FE 8 T 1 524% 3B (microtubule associated protein 1 light chain 3B, MAP1LC3B) ST, BT
TohREW A B H kit S AL EE 4 ( glutathione peroxidase 4, GPX4) 7K FH ( P<0.05) ;5 SA Bl & 4140 H , LNT
T R HF SO BB 45508052 , TNFo 11L-6 . FTH1 Fil MAP1LC3B 7K F i, 1fii GPX4 7K L3k (P<0.05) ; %
PER IENE 56 /R, LNT F 54t SA w4l FTHL, A Whsic 2 11 LC3B/A /K T sl 4% 4t FTHL 5
LC3B 572 % (ubiquitin, Ub) 3£33K (P<0.05) . £51& LNT #5Pt SA Yedi/ B SU% B FEFE T, AT fE
5 TNFa~#k A W5 5 M A6,

[RER]  WAHEREN RN AL T B 4 208 4 A i

(FESES] R-33 [ XERIRB] A [XEEHS] 1671-7856 (2025) 01-0041-08

Lentinan inhibits tumor necrosis factor o-ferritinophagy and antagonizes
hepatic tissue ferroptosis in sodium arsenite-exposed mice

YANG Yuan'*", BAO Jiacheng' , DENG Yekang', CHEN Yang®, HE Qin’
(1. Guangxi Key Laboratory of Environmental Exposure Omics and Whole Life Cycle Health, School of Public Health,
Guilin Medical College, Guilin 541199, China. 2. Hunan Key Laboratory of Dong Medicine Research, Research
Center of Ethnic Medicine, Hunan Medical University, Huaihua 418000)

[ Abstract]  Objective To explore the effect and mechanism of lentinan ( LNT) on hepatic tissue ferroptosis
in mice exposed to sodium arsenite (SA). Methods C57BL/6N male mice were exposed to SA low-dose, SA high-

dose, and LNT intervention combined with SA high-dose, then, hematoxylin and eosin ( HE) staining was applied to

[E£TH ] 06 ARE2EFE S (2023]JA140042) ; IR 44 A SRR 3L 4 (2021)130484,2022)130426) ;)7 P4 K22 A A B il 2351 H
(202410601041) ,
[MEEBN BN (1977—) B W4 232 i 7 i R % . E-mail ; yang1977yuan@ 126. com
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assess pathological liver tissue damage; Enzyme-linked immunosorbent and Western blot were used to detect the
content or expression of tumor necrosis factor o« ( TNFa ), interleukin-6 ( IL-6), ferritinophagy or ferroptosis
biomarkers. Results Compared with the control group, SA exposure induced the elevated levels of TNFa, IL-6,
ferritinophagy biomarker ferritin heavy chain 1 ( FTH1 ) and microtubule-associated protein 1 light chain 3B
(MAPI1LC3B) in mice liver tissue, while levels the ferroptosis biomarker GPX4 decreased ( P<0. 05). Compared with
SA high-dose groups, LNT intervention showed the reduced pathological liver damage and the downregulated levels of
TNFa, 1L-6, FTH1, and MAPILC3B, while the level of GPX4 upregulated (P<0.05). Western blot experiment
showed that LNT intervention antagonized the upregulated levels of FTH1, and autophagy biomarker LC3B/A, and

antagonized the increased co-expressions of FTH1 with LC3B or Ub protein in SA high-dose group (P<0.05).

Conclusions
with inhibition of TNFa-ferritinophagy signaling.
[ Keywords]

LNT antagonizes SA-exposed hepatic pathological injury and ferroptosis in mice, possibly associated

sodium arsenite; hepatotoxicity ; ferroptosis; lentinan; ferritinophagy
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fiIES*  0X40 AT CD4* T 40 /il 53 i TNFa' |
0X40 7KF-THis 5 SA Be7E/N TS TNFo K-
EIR KRR A L BERE KB, TNFa B
FixS B HiUE HeLa 40 M0 w200 " | i v
TNFo 7KF- T 5 e B TR 175 5 I R B R 2
BRIETRABOIRIOE ™ {H H B TNFo Bk F B
PRACT-AE A G 75/ BUIF 25 M b i VR LR AN VS
. P, AP T SA YLiE C57BL/6 /N
S N LNT i 47 T Hikb B R F2H 40 TNFa

55 BBEAERIET R E , N SRIE R 1 — F W AR 3
ZEUT LNT $54710 SA Jeai/ D RTFH A Bt T A9 PE ]
BLH

1 MHEFTTIE

1.1 LIz

Ph C57BL/6N /NERCHSEER T4, S S50 58
SZHEMKBEX2R LB IY R EE NS
(GLMC202303169) It #E , £ 14 30 4 5% g # AV 2k
TR AR Fe RS I0 S it FH % 3R U] 30 ) 2 28
A SRS 2R T, 45 T SL e s NGB G, 20 2
SPF 4% C57BL/6N Mty BRI [ < VD 3 35 o 52 5
YA R4 ) [ SCXK (i) 2021 - 0002 ], {4 &
(26.4+1.1)g,9~10 JEIE, 2560 /N BUE F% THEM
BE2f e N T A 24 B SPF R 3h¥) B [ SYXK ()
2021-0003 ], 314 b7 IREE 20 ~ 26 °C., AHXHE B2
40% ~60% , NIEAZR SR B0 12 h, s A g &
50K,
1.2 FERKFEMNE

SA ( CAS. 7784-46-5, Sigma-Aldrich ) ; LNT

(CAS.37339-90-5) , AN S B 28 2 2% SCHR R ™
it PG+ R VL B2 I, 20 5 (90% ) s TH & T
A A M (ALT) 557 & (C009-2, M AEY ) ;
AR e & (AST) 7 £ (C010-2, 2 ik
Y1) ; TNFa( X5506, [ if55 3H:4)) 5 11-6 ( X5508,
U E A ) s S A OCEE 1 1A/1B 52 4% 3B
(MAPILC3B) ( X6702, |- ¥ %4 33 A= ) ) ; GPX4
(X6703, LifF 2 3 A0 ) s M 8k B F (Fe™ )
(X6704, I 1 % 35 4 ¥ ), FTHI ( ab75972,
Abcam) ; LC3 ( ab62721, Abcam ) ; Ub ( ab134953,
Abcam) , % W 7% B% ( DMB5-2231P1, Motic 2
H]) s WFARAIY (800 TS, BioTek 23] ) 3 3 BT HL Tk Y
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(165-8001, Bio-Rad A ) ; ZLAMMSEH i & &
4t (Odyssey9120, LI-COR A #]) .
1.3 XWHE
1.3.1 SEEesrd

S 4 H(n=5), 0k (1) XFHR .
B IKAE R KR R SR /NER () SA KR
w4 SA FHEBE FKEBME 2.5 mg/ke, HEH Y
B, P8 H 1 ka2 6 il (1) SA w4 . SA
5.0 mg/keg, HEH Qi BB H 1 Wk, HL4525 6 JH;
(IV)LNT T-#i+SA mFI &4 . LNT 5 SA SE)5[H]
B 12 h Zb3 LNT % T 257K LL 50. 0 mg/kg ¥
B ,12 h Ji7 SA 5.0 mg/kg # H 43 fRH 1k, 3t
Y2 6 JB ., SEERAE R, U L AN e v
SRR BTN B, I I >R £ /0 BRI R0 93 25 /0N B
FFLHZL LS —5 00 FH 4% 22 3 WK [ 5 , 4 7
ARSI E R Y] R, 4 HE )5 BUE T
WEZ/IN R0 20055 BRAR Y 5 55— 20 I AL 40 &
FFAH AU, EAT VA BRI, A P4 2k A
g ERIET A OCHEE IR I & i
1.3.2 ek

AN R I W R N G S =3 | R P i da
ARG UEB X6 Mg H AST S ALT [ & 517
i
1.3.3  JFALZURBET KAk F WEHe A A i

FIE/NEUTFLHZ FH PBS 2% i vhisk 22 5% 4%
M, & T Dounce 2327 (10% w/v) il % FF£H L
A0 RIS A 0. 05% 11 %Y i J5 i ) RPMI
RigR3L 37 CHFE 30 min, £ 5B RS 7E 4500
r/min 5 FARIRE O 10 min, W FIEFRE 1%
ELISA #1845 £ 4T Fe* . GPX4  MAP1LC3B #il
T1-6 25 AN, BRSSO I %) OD A 38 32 A o 1
AN wmol/mL pg/mL B ng/mL ¥,
1.3.4  JHLHZU G0 8 1 B S 56 ( Western blot )

JFEREZ 53 85 J5 WEBS W51 0K, A RIPA 241
A T 2 2 20 M SR, AR R 4 S R B B A
AbF SDS-PAGE &8 ¢ B Kk | &% B | B 1] . — DU
BRI PR E e R B, st
JLTE ( co-immunoprecipitation , Co-1P ) 256 5 B . iF
ZHZR A i 2 i 5 EE 4R B B vk B O [
Western blot , #R J5 #ill % Input £ 5, T4 10 & A2
fi#t W I A — Pt (anti-FTHI | anti-LC3 B anti-
Ubiquitin ) #4731 , [H] B 38 7 B A4 B4l (O

AR 1gG $iR) . HURBEE S HE , m By o
N RESRIEA TRESR T TE FREBRVE R, SR 5 I 4
LM 43 0 S 4 BHAE XS BRAE | Input 2 F
i Western blot Rzl 5255 25 5 0 FH 2545 R 3 I
G (integral absorbance,IA ) #EAT A% 5 w4 #T
PL B-actin ENINZ: (1A,) , 20 Mk it b H G 2
(FTHI \LC3B/A) ik, K MEEH S NS HEN
W' BE Z [E (ratio of target protein IA to internal
reference B-actin 1A, TA/IA,) , HEEA A ESB
W 6 22 FE ( ratio of LC3B to LC3A,TA,/IA, ), 5%
FTH1 5 1.C3 5 Ub 3Rk K (1A/1A,) .
1.3.5 ZDOCK ¥£43 ¥ X515

A ZDOCK 7EZk Il 55 M 2 (https ://zdock.
wenglab. org/) , 77 HIFEL T A 140 F 3D 4544
PDB SCF 0 3 iR BE 3 AT A BEER B BE 1K
B AW R IR 5 AT 54T, 5 min 2247 R
Al Fe B R g3 1 RH LA 98000 5 2R A A
A BB Z 8] 7T XA
1.4 FHitFEHE

S BE DL B R v 2 (xs) R,
GEIHHF SPSS V27. 0 AT EE o A . A W it
22 il i BN R T 22 50 (ANOVA ) A5 36 1 i
AN ZE S (LSD) I52E 17 LA, LU P<0. 05
hzERAEAG R

2 HR
2.1 LNT & SA $5/MNERFAEARKRERG
Xof BE 20 AT 20 22 5 7 BT 40 A% s v, 40 i T 25

IEH 40 2R M 40 i i AU L 5 X R4 A
L, SA A B SA I & 2 Y 7 41 on T
2LV M 2R W AR A M T NS, R B K
Jib S A% 25 4 AR BRI R AR, 5 SA IR
AL, SA 1Ry 7 i 2 2 240 M R S T L A
WA AsbE MM ZE4e R — P mE, 5 SA
TR AAR L LNT 91 +SA 57 2 40 20 SR T
YK PP AR 20 A 25 40 T 52 97 9 S5 2L
PR I S s (an 1 TSk TR o
2.2 LNT Tiffl SA 5 /R IM&F ALT,AST 0
i&/BF TNFa 7k

WK 2 fros, 5 R4 L, SA = 751 4 5%
SA 52 SR L7 ALT  AST \ TNFo FIHTF2H 2
TNFa 7K F-FF i (P<0.05) . 5 SA A% 42 2H 4



44 v P R 2 4k 2025 4F 1 45 35 4% 1 ] Chin J Comp Med, January 2025, Vol. 35,No. 1

VE: L0 BRER 5 3K s Syl ST A ) TE 6 ST A0 MO FIUIT 40 A R 5 11 - SA IRGRI 1 2, 77 3K /s P 200 B 2 g 6 L 20 B AN R D0 9 25 T
SA R AR 5 Sk s SE DR 7 T A MR B I 2R A0 MK s AL ZE A AL AT 2R IV LNT T Hi+SA ), 7k
JICR TR G3 I A0 N 2R 85 T 200 A S A s 2, o BB 7 B ) ol ol
1 SA B o LNT FHU5 /N BUF4120 HE B FFE

Note. I, Control group,arrow indicated clear boundary normal hepatocyte nuclei and hepatocyte cord. Il , SA low-dose group,arrow displayed hepatocyte
cord detachment, irregular nucleus, and disappearance. [, SA high-dose group, arrow showed more severe hepatocyte cord detachment, and
disappearance , as well as cell edema and degeneration ,nuclear atrophy, irregularity ,and even disappearance. IV, LNT intervention+SA high-dose group,
arrow showed detachment of partial hepatocyte cords,irregular or absent nuclei,and significant reduction in pathological damage.

Figure 1 HE staining characteristics of liver tissue in mice after exposure to SA and intervention with LNT

b, SA & w4l 2 s LY ALT , AST  TNFo A1
HL TNFo KViE— 225 (P<0.05) . 5 SA
FIEZH A H, LNT T 7 + SA /& 7 8 40 58 7 I 3
ALT (AST , TNFo FJIF2H 21 TNFa 7K ~F- B & B A
(P<0.05), 4554875 LNT X SA 5 S8 T fE
i 8 | B 0y O A A o e 1]y AN
2.3 LNT ##1 SA £ F 4 Fe™* , MAPILC3B,
IL-6 1 GPX4 7k F

WE 3 frs, 55X A AL, SA = 751 = 4 Bl
SA {EFIE 4] R FFAL 2 Fe™ (IL-6 A1 [ bR &4
MAPILC3B /KT, MR FE T hr &4 GPX4 7K
FREMR(P<0.05) , 5 SA IRFIREAAH L, SA =7
AL BRI LUK Fe?* f TL-6 HE—2 T (P<
0.05) , T MAP1LC3B Fl1 GPX4 7K V748 4k To 55 i1
RN (P>0.05), 5 SA @FlEAMEL, LNT F
Ti+SA 7 i 2 BR FF 4L 2L Fe™ MAP1LC3B
1L-6 /K F-FEAK T GPX4 /KT (P<0.05) . 45
PR SA IR & ) = Y F1A T /D U 2R 5
RO R A WEAERSE TS, LNT + 75 ) X6 o 7= A 45
PURN

TS IR, P<0. 0555 SA R4 M L, F P<O.
05;5 SA FFlE4IAA L, “P<0. 05,

B2 [fi7 ALT AST TNFa FlffF TNFa 7K

FEIE (x+s,n=5)

Note. Compared with control group, * P<0.05. Compared with SA
low-dose group,*P<0.05. Compared with SA high-dose group,*P
<0.05.

Figure 2 Characteristics of serum ALT,AST,

TNFa,and hepatic TNFa levels(x+s,n=5)
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2.4 LNT T SA #3534 FTH1, LC3B/A,
FTH1-LC3 #1 FTH1-Ub 7k

HF2H 20 Western blot £ Co-1P 256 245 5 i /8
(& 4), 5% B A, SA K574 40 7% FTHI
FiK A LC3B/A [ AE Ft 5, FTH1-LC3 2 11 3%

S RAA L, © P<0.05; 5 SA G54 A b, *P<0. 05; 5
SA m R UM L, % P<0. 05,
3 SA @ LNT TH5 Fe™ MAP1LC3B.IL-6
1 GPX4 K- (xts,n=5)

Note. Compared with control group, “ P<0. 05. Compared with SA low-

dose group,*P<0.05. Compared with SA high-dose group,* P<0. 05.
Figure 3 Levels of Fe’* MAP1LC3B,IL-6 and GPX4 after

SA exposure or LNT intervention(x+s,n=5)

FTH1-Ub £ 3R KE 8 (P<0.05) . 5 SA
I ZHAH [, SA = 7l i 40 FTHL  LC3B/A [
{8 .FTH1-LC3 #1 FTH1-Ub /K — & Jh & (P<
0.05) , LNT T i+SA il &4 5 SA &l & 4
AHEE, LNT Tii+SA =572 7R FTHI LC3B/A
[t { . FTH1-LC3 1 FTH1-Ub /K FF&EA% (P <
0.05) . Z5HR4E7R, SA BEEHE S/ R4 I8
RE)HE 1 ( mitochondrial ferritin, FTMT ) 3 & | )4
T HA S04 AW, 1 LNT T H0a] #1461 SA e
/NELFTMT 235 Fak F 0
2.5 FTMT 5 LC3A/B 5 Ub Z [AIFEEE
FTMT == 2255040 76 4l i b A | J& —Fh 45
AHRBETFTMEALZAY, U E S EHmEAEN
BOEAUE S O D ae, WA s
ZDOCK 73 FXHESL IR 25 R W/n , FTMT (8 &
(arginine , ARG ) ¥% 3£ 43Il 5 H BEFR &) LC3A 1k
LC3B f 5 % 2 ( methionine, MET ) F1 22 & B2
(serine,SER) KA AUE M AL & (45 A hesr
Sk —11.5 keal/mol F1-8.3 kecal/mol ) . [ B,
FTMT 1) N % B2 ( alanine, ALA ) H1 JF & MR
(threonine, THR) 5%3& 5 Ub M4 & A ( glutamate ,
GLU) . H &R (glycine ,GLY) fil ARG &4 #fa &
ML S (G5 HEN-6.4 keal/mol) , 25 R 42
IR ERRIARHR ) FTMT Bt AU, 5 H WA

7 :A: Western blot SZY0 455, B Co-IP SZEGZEH . SXTHRAA L, * P<0.05; 5 SA KFEHAM L ,*P<0.05; 5 SA =AML,

4P<0.05,

4 HF4HZ FTHI LC3B/A K5 FTH1-LC3B FTH1-Ub 3£ 8454E (245, n=3)

Note. A, Experimental results of Western blot. B, Experimental results of Co-IP. Compared with control group, *P<0.05. Compared with SA low-

dose group, #P<0.05. Compared with SA high—dose group, *P<0. 05.

Figure 4 FTH1 or LC3B/A levels and co-expressions of FTH1-LC3B,FTH1-Ub in liver tissue(x+s,n=3)
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AN FTMT( ARG ) =LC3A(MET/SER) , 454 fE—11. 5 keal/mol ; B XF $3 &5 . FTMT ( ARG ) = LC3B( MET/SER) , 454 R -
8. 3 keal/mol; C: X454 25 . FTMT( ALA/THR) = Ub( GLU/GLY/ARG) , 454 fiE—6. 4 keal/mol,
B 5 FTMT 5 LC3A LC3B & Ub 43T X4 ZDOCK L5
Note. A, Docking site, FTMT( ARG) =LC3A(MET/SER) , binding energy-11. 5 kcal/mol. B, Docking site, FTMT( ARG) =LC3B( MET/SER) ,
binding energy ~8. 3 kcal/mol. C, Docking site, FTMT( ALA/THR)and Ub( GLU/GLY/ARG) , binding energy —6. 4 kcal/mol.
Figure 5 ZDOCK experiment on the docking of FTMT with LC3A ,LC3B and ubiquitin

KA H LC3A/B 8% Ub KA H AR, INMiiE &
FTMT A5 B9k 5 W

3 it

BRBET & — il 4F K & B AY 1A PN 88 A
SR T S AL R oI M AR R — R AL A
MIFE T AR 2, R AE P SR B2 Fe™ K T i Al
GPX4 /K F-REARN | BT & B, BRAE TS 4
SRR 4 B /25 A R B TR R AE , LT AE AL
SR AR Ty BE BRI | 2R AT P R, i — A
PR R AR R AE T il e ey
JF 20 & A 2R AR T RE B A A AMP 3 10 85 %
fiti (AMPK) -Unc-51 FEJER | [ WESE BEUETE , 755
BAWEN SR sE T BHERA R, 2 A W
TR AR 2 S AT e AR B B BIL ], 24 41
P ZRE A T BB B A & A2 5, 52 45 19 R AR B ik
FTMT RS2 RS0 R 1 4 M E A5 A
WA Rl G, T A ) 35 il A 3% A FTMIT TR 1 Ui
L QNI % B A L V%7 3 A Y. 4a A
FEAYRMEFE b & B SA IG5R) 42 8 5 3910 £ gL s 4 /)N
FUFFZHZE A Wbk 54 MAPILC3B FHi i30T
PRl GPX4 ACF-REAG, 3 /m F 44U A= B il
BRAET, #E—2 & B, P2 Fe™ MR IEH T
TNFa  IL-6 7KF-5 SA AR 5 — i 7 5 T i /9 1E
) 70 -0 R, HFH 4T FTHL 2R3k \LC3B/A
Fefl FTH1-LC3 1 FTH1-Ub 3% 35 75 5 bl 77 &
KT A ke g, 1 H, ZDOCK 3%
SCIR BN FTMT EAA 454 A [ Le3 Al
LEREH Ub WA G, 450 HER SA i T

/INERUFF2H 2 440 i & A 590 AORSR 174) 4 RE TNk 1 I
s, S EUH AN RS T

1 B A 4 8 T B s B LR 2 A, AT A
A E SR A, S S Y LNT & —Fh £ 55
B—(1,3) ,MIEE B—(1,6) —Hi KWLM FHERY
kb, BA B BRI RE 1 AR Y
TEPEY ARSI I 2 B LNT ELAg 40 i A
/NI H R R AE I TL-17A 5 TL-18 7K 3 Al
FEHURT R 50 3 AU 7, ARHFSE & B, LNT F
o] AR A e 5 /N B A 21 R E L F TNFa/11-6
TR ALY, 26 H AR S Y FTHT LC3B/A /K
IRBEAG , RS T AR EHIKF GPX4 THim , 45 141
75 LNT I G& 38 2 410 ] 8 E I+ TNFa/IL-6 #H 3¢
(AR 1 g3 5, %o e v 5 /N UL 8V pE T 7 A
FEPURO

e BB AR Y A B N IR B R S A AR
SERIL, 19 e A 2 AR T V5 i A X 32 400 1 2
PRI Fa) B R AR 5 i 30117 2R Ak — B 1 A K A 1
eSS I S DN SN AN B e et
1B F v 3 Y, TNFa J2—Fh 76 1
10 W M PR R T A R L AR R A0 4
JIL L P Bz 0 1 T A A e R R E R T, A
R ARAE A WA R Tk B R B,
13k TNFoo 7] 3 2o g8 R 58 R F 32 4K 1 ('TNF
receptor 1, TNFR1) {55 FAE RAE N F 1L-6 I
TNF #H & 2 98 7= BC /& ( TNF-related apoptosis-
inducing ligand , TRAIL) [ , 75 5 41 il £ ks 4 )
REREAT | F MEAKSE BRI A i =, W5
ML, N B 20 B 5 E Rl TNFo/IL-6 1 58k
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FI WG AERBE T 562 T sh ) S 38 IRIIE 5K
R IK VA P 4 2 B 38 2ok Y00 Bk I S 5 CSTBL/
6J Mt /N R AT 2 AR IET Y L AR I,
TATEBLNT 15 /N RFAL LR AE N F TNFa
FIIL-6 7K F-FEAE, Fe* \FTHI . LC3B/A FUAE LA K2
FTH1-LC3 F1 FTHI1-Ub 338 357K F IR B4, R itk
HEM LNT W] g o 40 ) 20 2 TNFoa/IL-6 %R AE
{55, PETHS B0 40 i 2R (A5 495 4H O 14 2k 0
% T I U 2 A0 MR BE T, R AR TR
USRI 52 56 K B 4 Z2 B3 i) TNFo- 2k A
MRS P SA Yeig /N AT 4 2L an i gk sE T2, PR Ak
S R R R TIE AR 4 S AS R, A SR Y T A T 3
TSN ARME SA HeaE K LNT + A AL 8 i 4k
Ik BT T I ) T, 2R — 2 DA RE -k
FIEBRE LNT M0E 05 R AR P2 # L

SE k.
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(LAEJUHL T R2arh E22 B, idb I 0632105230648 Hpa R 45 A s2 8= wdk il 063210;
3aAE R BE 2B WL fR 2 071000)

[HE] B HI5058E BB m 475 B 25 % (knee osteoarthritis, KOA ) K UK 20 M £5 1~ AR SE
TSR, 735% 40 FSD KEBEHLA M T AR (10 B FgEEL] (30 R 5 iR R B o s 56 15 4%
FHETAZ SUBH5 85 W R (anterior cruciate ligament-transection, ACLT) fil/E KOA A5 il i 5646 0 2 75 247, 1
MEERVE IS, BIGEE K FREE R TS 31 30 min LIS S KOA #7085 4 JR S K R BB A T BRBR Bh 1, HAR R &K -
PR (HE ) Y € R BLACHE 22 2 B0 28 T R 96 40 i 3 T 1 DA v A B oy, s B i 2, K BB AL 40 SR AR A 4 (=
8) EREMU (n=8) Fi BB HMAKAHM (n=8) . UKL TAEBMIKSBLYHES T3, Hbh BFR
YRR K U 10 mL/kg FZEBRER K, SERE A 20 K FRE B 12 mg/kg 19 8K A K VAT, 35 B 2 9% 38
KO KFHES 5.4 o/kg WP ZPKANR, 8K 1 IR 3ELE 8 JH, TS, BRI K B, 18 32 sh kR if 43 &5 1
T8, BT BRI 3 IO T [EE T 2 RHRE oMl A BOCT ACE ZU F, H HE  FR 2L [ 4 e (4000
FER T T 5 B MO 5 micero-CT 047 B (435 440 5 ELISA AG: 0 1. 375 11 4 4 & (interleukin, IL) 18\ 1L-18
B8R Rk i 5 W F5 5R F i PCR (reverse transcription quantitative real-time PCR, RT-qPCR ) K 40 g £5 1= 14k
WET-HSEFE K NLRP3 ASC . Caspase-1.,GSDMD IL-18 . IL-18 . ACSL-4 . FTH-1,GPX-4 Fil COX-2 ) mRNA #H X} £
KK, 2 ALKT I NLRP3  Caspase-1,COX-2 I RIAEN . BR  HHRTARA A BAIA K RPCEH
LRIZHAVEIE AR Z A HRS AL, LB GG 6 R R 2 B/ N B 3 A 25 6L 5 100 2 5E ¥ 1L-
1B 1 IL-18 T15 (P<0. 01) ; 4B 4148 NLRP3 ASC . Caspase-1.GSDMD IL-18 IL-18 ACSL-4 1 COX-2 mRNA %
IKETHE (38 P<0.01) , FTH-1 Fl GPX-4 mRNA £iA Y R (P<0.01) , SHAL F i, 2608 A 25
BG4 1K R R BV A g 5 2 TR AL g e (0 X R BD  /INR SO T
PR B M S U I R PE A T IL-1B8 i 1L-18 ik FFE (P<0.01) ; 7B 4141 NLRP3 ( P<0.01,P<
0.05) \ASC .Caspase-1 .GSDMD IL-1B FI IL-18 ACSL-4 F1 COX-2 mRNA (] P<0.01) mRNA ik F [, FTH-1
Fl GPX-4 mRNA X FRIE 8 W ETHE (P<0.01) . 58 45 ' 205 4537 n i) KOA K BRUAR B 40 i 45
THVRIET ., IR TL-18 IL-18 AY/KF-, MR 145 H ,1A7T KOA,
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Effect of Yishen Zhuyu Tongluo Decoction on chondrocyte pyroptosis and
ferroptosis in rats with knee osteoarthritis

WANG Jingya"?, YAN Kang’, LI Jian'*>, WANG Meng'”>* , YANG Yuyang'?, YU Yueyue'’
(1. College of Traditional Chinese Medicine, North China University of Science and Technology,
Tangshan 063210, China. 2. Key Laboratory of Integrated Traditional Chinese and Western
Medicine, Hebei Province, Tangshan 063210. 3. College of Traditional Chinese Medicine,
Hebei University, Baoding 071000)

[ Abstract ] Objective  To investigate the effects of Yishen Zhuyu Tongluo Decoction on chondrocyte
pyroptosis and ferroptosis in rats with knee osteoarthritis (KOA). Methods Forty SD were divided randomly into a
sham operation group (n=10) and a modeling group (n=30). A KOA model was established in the modeling group
by anterior cruciate ligament transection of the right hind limb knee joint. The drawer test was used to confirm the
successful establishment of the model. Post-surgery, the rats were subjected to 30 min of forced activity daily to
induce KOA. Lameness and hopping movements were observed after 4 weeks, and hematoxylin and eosin staining
confirmed cartilage surface damage, deformation, and inflammatory cell infiltration, indicating successful modeling.
The model rats were then assigned randomly to a model group (n=8), celecoxib group (n=8), and Yishen Zhuyu
Tongluo Decoction group (n=8). The sham operation and model groups received 10 mL/kg of saline by gavage, the
celecoxib group received 12 mg/kg of celecoxib solution, and the Yishen Zhuyu Tongluo Decoction group received 5. 4
g/kg of the herbal decoction, once daily for 8 weeks. After the interventions, the rats were anesthetized, blood was
collected from the abdominal aorta and serum was separated, and the knee joints were isolated. Three samples were
fixed in paraformaldehyde, while the remaining cartilage tissue was reserved. Pathological changes in joint cartilage
were observed by hematoxylin and eosin and Safranin O-Fast Green staining. Bone microstructure was analyzed using
micro-computed tomography. Serum interleukin (IL)-1B and IL-18 protein levels were detected by enzyme-linked
immunosorbent assay. Relative mRNA expression levels of NLRP3, ASC, Caspase-1, GSDMD, IL-18, IL-18, ACSL-
4, FTH-1, GPX-4, and cyclooxygenase ( COX) -2 were detected by reverse transcription quantitative real-time PCR,
and protein expression of NLRP3, Caspase-1, and COX-2 were detected by immunohistochemistry. Results
Compared with the sham operation group, model rats showed surface damage and deformation of cartilage tissue,
disordered cell arrangement in all layers, significant loss of Safranin O-Fast Green staining, and sparse and irregular
trabecular bone distribution. Serum levels of the inflammatory factors IL-18 and TL-18 were elevated ( P<0.01).
mRNA expression levels of NLRP3, ASC, Caspase-1, GSDMD, IL-18, IL-18, ACSL-4, and COX-2 were also
significantly increased (all P<0.01), while FTH-1 and GPX-4 mRNA expression levels were decreased ( P<0.01).
Compared with the model group, rats in the celecoxib and Yishen Zhuyu Tongluo Decoction groups showed smoother
and more intact cartilage surfaces, significantly increased cell counts, less loss of Safranin O-Fast Green staining,
denser trabecular bone, and thicker cortical bone, with improved bone microstructure. Serum IL-13 and IL-18 levels
were reduced (P<0.01), NLRP3 (P<0.01, P<0.05), ASC, Capase-1, GSDMD, IL-18, IL-18, ACSL-4, and
COX-2 mRNA levels were decreased (all P<0.01), and relative expression levels of FTH-1 and GPX-4 mRNA were
significantly increased (P<0.01). Conclusions Yishen Zhuyu Tongluo Decoction can treat KOA by inhibiting
chondroptosis and ferroptosis in chondrocytes, reducing serum IL-1B and IL-18 levels, and improving bone
microstructure.

[ Keywords] Zhuyu Tongluo Decoction; osteoarthritis; cell pyroptosis; ferroptosis
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RS TT B PE ST 22 (knee osteoarthritis, KOA)
S — PR DT BT IR Bl T B R A A
R PR BLAY — Bl OC Y B B AT MR AR . KOA
SV s s A s IR E 8 1% A
BEERAT KOA IR KOA I PR U0 I 635 1
VIR 837 R ™ B 52 i) 5835 1 it 3 7K 1 B A T
Fit, AP BEIEE IR TR R
4 AR R LR A AE O H DA A VR B E
TIE B 2 U5 < R pa s S RS
RIS BT R TR R AR A R
IR i 28 VD AH G, R I FH 24 20 3 4 1 3 L
IR fh o 25 B B 45 7 B R 225 N R
T AR B LA 2 S TR, HH TR T S
o5 JE LR OG5 EHES TR DG R AR,
[ R E S TEN

AN AET SR — P i e 24 fE sE T2 ok, 3R
PRy A R A R 2 200 A e 224 ol 40 i PR 2 P 40 i
FUNM N A Y B 2 AR, S E— R R PR
P BRFET B & PR AG — e SRR M A0 i
Fer- s, S AL AR A R R i T A
fREE s YIRS BRI ST & B, KOA & 9 i 72
A E e I v A AR T AR TR B
% B B3 4% 37 TE S BRI R . FH 5 i A 3 4 55
Iy Y g i KOA AOVER™ (R SL R o R
H, i, AN B TEE o 3 Y S50 L 15 1 B
I 45 7 0 KOA IR B OGT B0CE 240 M fE T2 F gk ot
TSI — DR HIRYT KOA MIVERIPLE

1 #RfA*E

1.1 WY

40 HL SPF etk SD KB, 6 JE#S , R 200
~230 g, W 3 Jb 5t A BLRRE A= MR A A RS )
[ SCXK(51)2020-0004] , KEAEFILH TR
SIS R AT 7 d Al PR R [ SYXK (3E)
2020-0007 ] , AR AT A E bR ifE (GB 14925-
2023) . ZhWSEn )y R i ARAL B TR 2= S Y e B
Ze U AL i (2021-SY-0070) , S2E6 Sh ) 1A 37
NS gy oF #2396 9k 2> (reduction ) | B AL
(replacement ) FIfLAL ( refinement ) B 3R JE 0]
1.2 FERAFENHE

i BB 2 a3 17 iR g by
W30 g 12 g 4P 6 g FTL3 . HH9 ¢,

A= 9 g LI 9 g )15 6 g %2 6 g AT S g
T3 6 g AHHE6 g FEH6 ¢ 2051
g RN 1 g FEF 1 g, HENIR I T IL B R 24
WA BRA A, 258K RUS W4 25 2 0.6 g/mL,
4 CRAF# M. B4 % - 1B (Interleukin-1p,
1L-18) ELISA A7) &0 A R Ut sl A= 9 142
BF 55 T, %% 5. AO172; K140 M A & - 18
(Interleukin-18,1L-18 ) £ il i 51 55 W) I e ot bt
PR BRA 7], 525 . BY-ER330204 ; #2112
L5 RAG A Z R 1 3 B IH (NOD-like
receptor family pyrin domain containing 3, NLRP3) |
P8 T AH 5 UKL A 28 [ 2 Al ((apoptosis-associated
speck-like protein containing a CARD,ASC) . 72
o2 R 1Y K 4 2 R A 1 K A I 5 Y (eysteinyl
aspartate
Gasdermin-D ( GSDMD) | IL-1B . 1L-18 K B Mk F& 4l
i A & B 4 FE [ (long-chain acyl-coenzyme A
synthase 4, ACSL-4)  F 8 % [ & [H (ferritin heavy
chain 1, FTH-1) %4 Bt H Bk o A 1L 9 B 4
( glutathione peroxidase 4, GPX4) I3 4 1k -2
(eyclooxygenase-2, COX-2) BG4 F5 (WL 1)

specific ~ proteinase,  Caspase-1 ) |

&1 5YFsl
Table 1 Primer Sequence
AR JF3(5°-3")
Name Sequence(5’=3")

F:ACAGCAACAGGGTGGTGGAC

CAPDH R: TTTGAGGGTGCAGCGAACTT
NLRP3 F. CTGCTGAAGTGGATCGAAGTG
R: TGCAAAAGGAAGAAACCACGT
F. TCATTGCCAGGGTCACAAAAG
Ase R: CAAGTTCTTGCAGGTCAGGTT
P F. AACTGAACAAAGAAGGTGGCG
R: GCAGATAATGAGGGCAAGACG
F.CCTGTGTGATGAAAGACGGC
f1-18 R:TATGTCCCGACCATTGCTGT
s F.GGAATCAGACCACTTTGGCAGA
R:CACAGATAGGGTCACAGCCAGT
- F.:ACCAGAACCGGAGTGTTTTG
R:TGAGTCACACGCAGCATACA
- F:AAATGCAGCCAAATGGAAAG
Acsta R:CACAGAAAATGGCAATGGTG
F:ATGATGTGGCCCTGAAGAAC
FrHt R:GCACACTCCATTGCATTCAG
oy F.CCGGCTACAATGTCAGGTTT
R:ACGCAGCCGTTCTTATCAAT
Coxa F:ACTACGCCTGAGTTTCTGACA

R:GGTGGGCTGTCAATCAAATGT
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M & F YA B A 7l A A, EDTA 1 H bt
KR A RA ], 585 . CE4971 ;NLRP3 —H1 1l
HAEZ ), 525 . ET1610-93 ; Caspase-1 — L Il4
H Proteintech /3 #], 525 : 22915-1-AP ; COX-2 —
Yl H Proteintech A #] , 525 :66351-1-I¢g,

Gty AR IV NS Ry Ty N X
MRS T], BS . JK-TBP-3A ; V] WL H £5 [ Leica
8wl S TP1020 3 {58 5 AR 9 s i 1 22 e
S A BR 2 7] LS AE2000; FlexStation 3
Z ) e B #5 AL W H Molecular Devices, %! 5.
Flexstation 3 ; 12U /K L AL Bk H HLI I
AR AR FARAHE, B, JT-12] JB-L6
JK-6,
1.3 XIWHZE
1.3.1 7 EHBG 2y

I FH Bl LR 7 2 v K BB AL 2 0 R R
H(n=10) MERH (n=30), BRIFRAH, HAh
AT I I T 42 32 11T 38 SUFIAHF B W R (anterior
cruciate ligament-transection, ACLT) , i& il KOA X
R RN R B EMS [ 2 FEVE S s
PZRATHN IR T FT I G971, Jes il R B O T
A B 1, % 8 T 58 L), S W S R
KL, R ZEE G a6 G 6 1 AR A A 3
i, THEZRS3 A, FHIEAE, IKE KRS
G5, A ARG T 30 min, FF2E 3 i, LU
P55 KOA BAY ok U BB AT BRER S 1E , 95
KRE-LL (HE) Yo B )2 Bt 28
R IR U R I AR O TR R R
ALY FF 58 B Bk 5 BV 4& 4, B H 36 3h 7 =X 16 3
I S A AR, A 4 F8 S, BT i K
SUEHL O WA (n=8) FER A (n=8)
' ERRE A (n=8) . KERIEZGY T,
R FARHFIERIH KA E 10 mL/ (kg - d) B4k
PHERIK s R 25 2l K R AR &1 3015 £% (%
i) 24524, R B A H R RAE IR 12 mg/ (kg - d)
HEE R B A K IR ; 2 B OB 0 4% 1 21K R
HEH 5.4 o/ (kg - d) TR R, #5 T F 8 J&
1.3.2 HE Yt el bsgyetn

KRBT iAS Wik iZES 3 YA, HE
Yoty A A B 2K E A T IR AR R e
e geta K 3 R )5 58 T S G T FE 4
MOEAS , LSRG . A W) R S 2K )5 4

BIFEAT W ap Y 20 e B, —HRE I, & A
JRBE T WS EHLIER,
1.3.3 ELISA K IfiLiE 1L-18 | IL-18 [ 3RiA

o7 ELISA 32570 & K I i3 1L-18  1L-18 1)
IR SERARAE T AR & U BT
1.3.4 micro-CT 3¥7

I 4% Z2 5 W DR Bl A TR O 1 [ 7 Ji ik
Z LTSN N R BEBEHEST micro-CT 14, M4
NN SS R e I
1.3.5 i % 5% %€ & PCR ( reverse transcription
quantitative real-time PCR, RT-qPCR ) £ il mRNA
SN

FH TRIzol 3277 M A B 5G9 #0142 BB
RNA , i 5% 5 h cDNA |, fiff FSEH & 2 PCR A 5
NLRP3 [ ASC  Caspase-1, GSDMD | IL-13 ., IL-18 |
ACSL-4 .FTH-1,GPX-4 Fl COX-2 [k KF-,
1.3.6 Al AR I 2 ik

T IRy AR & R B kAT . A
WU R A K AL S AT U EAE 52, I A N IR i
SAALPIEHM G, —PT 4 CiE R, A $E,37 C
WH, DAB (0, WLEEOCT HOR T NLRP3,ASC,
Caspase-1 fll COX-2 BY5RIX
1.4 FHitFEHE

IS ] SPSS 22. 0 B X Bl b A7 Ak B, A6
SER IR fE2E (xxs ) i, 4L 1R] FLE I
One-Way ANOVA , FiJ5 He# )7 2255 0% ] Bonferroni
W56, 77 25 R 5% ] Tamhane T2 #5358, LA P<0. 05
hEFHAGFE L,

2 R

21 HEEREL AR AR EE0OHM

HE 3 5 F T OB G A0
B HrP A 6, A P 1
7 BT ARG GO R IDEH H5e 8, 4 240
HES 3 T L 200 2 B 2
A4 T AT ZE AL K 0 AL 8 VA
TR R B LT I %
.

LI (9 TG B B
TR AL SR, Hoh B R T
o, AR, W 2 B, T A
S SR IE W, X 5, TG T 2L
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R 21 B A 251 T 45 A IR, R TR , 3
ST [ g e (0 2 5 SR A 41 RN 25 B B T 45 V)
LR BRSO 7 T 235 4 B 0 A S TR AROH
iR AN ES S E R R
2.2 #HEFRRELZNBRMELHEIN
micro-CT L5 WL 3, #H T4 4k AL
BN, SEF AR A, B /N R A R
B 3T ZR L, B R R e SRR A A, ROk
EATULE 25 B B 45 I S N BUR R
FR, B
2.3 @=ERRIBLLIAHXT MFEREEFRIZ M
EHEFARYL e, B8 4] K B 5 40 i R 7
IL-1B8 F IL-18 fi Z F+ i (P<0.01) , FA7E I b 1y
PAE JL N 3 AR Hde, JE Ok H A 4R 35 %

T B OHTk O RZ SR Sk R A A

W 457 38 2 T R TR RRUAY LT S8 RE X T
Fik(P<0.01) , R ZHE B HAGHIRMEM, W
*2,
2.4 BERBBEBLEZNRBHEBET R
HERFARA LK, BALAH K R EHH
NLRP3  ASC . Caspase-1, GSDMD | IL-18 F IL-18
mRNA A X 3k 53 B E 7+ & (P<0.01) , KOA
B A BR AC 2H 2 b A7 A SRE A2 A T AH G
FLR Tk B SR g, 2R AR AL 25
B B 4517 2H K VR 4 2 NLRP3 (P<0. 01,
P<0.05) .ASC , Caspase-1,GSDMD . IL-13 F1 IL-18
(] P<0.01) mRNA Fiki& T B, £5 B 2 5 4%
HRENE B E R R ST RN EL, W
#*3,K 4,

1 %CH HE 368

Note. Blue arrow, Surface layer of cartilage was defective and deformed. Yellow arrow, Chondrocyte proliferation.

Figure 1 HE staining of cartilage

T Ok O RBHHEIE ATk

=

ik

2 HE AR SR

Note. Blue arrow, Surface layer of cartilage was defective and deformed. Yellow arrow, Staining deficiency.

Figure 2 cartilage safranin and solid green staining

3 HeE R 2D R EIR
Figure 3 2D imaging image of subchondral bone
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2.5 S EZRRBEBEFIMNREAMKIE TN
Al

SF AR e, BRI KRR E R
ACSL-4 Hl COX-2 mRNA £k B E T & (P<
0.01) ,FTH-1 #1 GPX-4 mRNA ik & I3 T
(P<0.01) , KOA B AR B 40E 48U AR AR 4k
FETAHOCIE R 3k 19 o 3 A8 4k, X W] BE 5 R 4i

M5 KOA 1 R 56 ; SRR ok, 28
KB A 2H R %5 B O S 4% 1 R RV 4L
ACSL-4 1 COX-2 mRNA £k & B % T (P<
0.01) ,FTH-1 #l GPX-4 mRNA £k & %% 7
(P<0.01) , 35 B B8 245 7 RE W6 i 35 [ IRk At 1
AHOCHE R R e 38, $2 g BRAS S AT AL A S 3L
ik, Wk 4,K5,

226 VIR 4 R I T S0 TR B (n=6)

Table 2  Effect of Yishen Zhuyu Tongluo Decoction on serum inflammatory factors(n=26)

20 51 A E-1p/(pg/mL) HAr%-18/(ng/L)
Group IL-1B IL-18
i N4
1&%37&,ﬂ 56.21+3.00 9.11+1.49
Sham operation group
1Y " .
A 106.43+3.99 ™ 32.76+0.99
Model group
N AL
i%ﬁﬁﬁ 66. 73+4. 90 18.51+1.63%%
Celecoxib group
1 B BAIE 2% 4

Yishen Zhuyu Tongluo Decoction group

59.50+3. 7344

27.30+1. 0444

W S5EBTFEARAME, ™ P<0.01; SERAMEL, 24 P<0.01,

Note. Compared with sham operation group, ** P<0.01. Compared with model group, “* P<0.0l.

R3 5 EFBHGELE DX RE AN NLRP3 ASC , Caspase-1,GSDMD IL-1p il IL-18 mRNA AN (n=3)
Table 3 Effects of Yishen Zhuyu Tongluo Decoction on NLRP3 ASC Caspase-1 . GSDMD \IL-1B and [L-18
mRNA in chondrocytes(n=3)

P
7] NLRP3 ASC Caspase-1 GSDMD 1L-1B 1L-18
Groups
=) al Q
FAAL 1 1 1 1 1 1
Sham operation group
TR 4
A 4.16x0.08 ™ 3.53+0.20™ 4.59+0. 17" 3.95+0.05™ 3.47+0.20"  3.19+0.43™
Model group
S sh A 4
=K o fd 1.10£0.01%%  1.04£0.02°%  1.30+0.08%" 1.25+0.07°" 1.22+0.19%* 1.32+0.21%"
Celecoxib group
45 BT 4
i A A 132 2.51£0.25%  2.66+0.22°% 2.01x0.18%* 2.43+0.17°" 2.23x0.24""% 1.91x0.27*"

Yishen Zhuyu Tongluo Decoction group

T SRTF ARG, ™ P<0. 01 SERAMIL, ©P<0.05, “P<0.01,
Note. Compared with sham operation group, ** P<0.01. Compared with model group, “P<0.05, ““P<0.01.

4 FHKRRIERTTHE AL H NLRP3  Caspase-1 T &1k

Figure 4 Expression of NLRP3 and Caspase-1 proteins in knee joint cartilage tissue of rats in each group
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R4 IHEBRGELS GRS M ACSL-4 .COX-2 FTH-1 ,GPX-4 mRNA fJ540 (n=3)
Table 4 Effects of Yishen Zhuyu Tongluo Decoction on ACSL-4, COX-2, FTH-1, and GPX-4 mRNA in chondrocytes (n=3)

415

ACSL-4
Groups

COX-2 FTH-1 GPX-4

RTFARA
Sham operation group
BRI
Model group
FERH A
Celecoxib group
it P B 457 0
Yishen Zhuyu Tongluo Decoction group

1

3.77+0.48™

1.02+0. 08

1.96+0. 1042

1 1 1

2.53+0.07™ 0.26+0.03™ 0.20+0.03™

1.31£0. 1324 0.89+0. 08" 0. 88+0. 06"

1.41£0. 1342 0. 67+0.03%% 0.60+0. 0744

0 ST AREMIL, ™ P<0.01; SHEIHAM L, 22 P<0.01,

Note. Compared with sham operation group, ** P<0.01. Compared with model group, “* P<0.0l.

5 REBECATHE AL COX-2 Kik

Figure 5 COX-2 expression in rat knee joint cartilage tissue

3 iFig

WZAE AR B A R R R,
SR TR A R RV R R R
KOA ) F 2 L mbL e T 308 kAR T PEAR 1,
BCR B e A U B A BT R RN ) E
&, 5 H RS T B OB UM G, 25 %
PRIE L 70 B IR B 1 25 B IR I B R
R AR Al R | 22 AL ER WOk 7R IR T i
M 25 () FE Rl 1, B AN AT I, AL AR
AN HEA R Al R R 25 45Tt
S5 B 25 AR B 0 IR B LR =2 ), A
A BN KOA BRE 7 1 L 45 kA 19 1 3 A 955
Bl AR5 I R 36 7 7% 108 B RS S 7E
HE R R PR S R ETTIR AN |

AR TS BRI T R X B FAA G A 1=,
TRFCAN E Wt 3 7 T 200 20 B R e s T, A A
[F) B9 A= W2 A X KOA B B iR S HoA TR
VEFH, J2 5 1R F0CH A B8 i BB R 2R 3 T s
2 KOA I BH | BFRE AS F8 7B 2% 2 1) LA
B, FERE AR R R 24, I IR YT
KOA FyH #2590, A i 3 5 310 41 26 S fb 1l - 2

(COX-2) A il wir 41 A 2 A= 1, mT Lhusi /b JRy 3 4
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GSDMD IL-1B H1 IL-18 ik w8 & T, S
RUH B, 25 B 2 R 4% 1 AR RO L A
NLRP3 ASC  Caspase-1 ,GSDMD IL-18 #11 IL-18 x=
TR, BB KOA K FRUACH 41 i B NLRP3
PRAE/IMATEAL AN A1 LR T, 10 45 B a2 %0 45 1 ]



56 v HE A R 2 4k 2025 4F 1 45 35 4% 1 ] Chin J Comp Med, January 2025, Vol. 35,No. 1

DA B A AR T, 1777 KOA

BRAET W RIS KOA )RR JBA 45 %)
MEER . PIET- S G man st 2R,
HF R W T 1 09 1 R g | S 40 i N R BT
PR A W R Mg 1 - A 2 8 T 5 1 S 1 4 B A
T2 RBET AT AL R WA RRAE A b
HRRFEE LA K GPX4 w4 ], {51 75 240 L ) 37 4
WREE LT AL Fe® AT, IR 23 i B LR
WA R LA B T B | R A RAE T N A I, 2 T
PEFFB O R R AP BT REFHE R
R W B T TR RN AN DG A R
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41 RCTs+iz sh41F RCTs+iz s+ RMT R AL, 4 10 B, 76 A AP E 5 8 J&, i b 40 202 4 b B - LI 57
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[ Abstract]
(AKT)/mammalian target protein of rapamycin (mTOR) pathway in the rehabilitation of muscle atrophy associated
with rotator cuff tears (RCTs). Methods

groups; sham group, RCTs group, RCTs + exercise group, and RCTs + exercise + rapamycin group, with 10 mice in

Objective To explore the molecular mechanism of autophagy mediated by the protein kinase B

Forty male C57BL/6] mice were randomly assigned to the following four

each group. On the eighth week after grouping, healing of the bone-tendon interface and muscle cell atrophy were
analyzed by histology. The mRNA expression levels of muscle-atrophy-related genes (Atrogin-1, Bnip 3, MuRF-1) in
supraspinatus muscle tissue were measured by real-time quantitative reverse transcription polymerase chain reaction.
The expression of LC3 and AKT/mTOR signal pathway proteins in the supraspinatus muscle tissue of the groups was
detected by Western blot, and the degree of autophagy in each group was analyzed by transmission electron
microscope. Results Compared with the sham operation group, in RCTs group’ s maturity score for the bone-tendon
interface at the supraspinatus tendon anchorage and the cross-sectional area of the supraspinatus muscle fibers
decreased significantly (P <0.001), while muscle loss and the expression of Airogin-1, Bnip 3, and MuRF-1
increased significantly (P<0.001). Compared with the RCTs group, the RCTs + exercise group showed a significant
increase in bone-tendon interface maturity score and cross-sectional area of the supraspinatus muscle fibers ( P<0.01)
and a decrease in muscle loss and the expression of Airogin-1, Bnip 3, and MuRF-1 (P<0.01). Compared with the
sham group, the RCTs group’ s LC3 I /LC3 I and degree of autophagy in the supraspinatus muscle increased
significantly (P<0.001), while p-AKT/AKT and p-mTOR/mTOR expression decreased significantly (P<0.01).
Compared with RCTs group, the RCTs + exercise group’ s LC3 I /LC3 1T and degree of autophagy decreased
significantly (P<0.01) and p-AKT/AKT and p-mTOR/mTOR expression increased significantly (P<0.001). The

addition of rapamycin significantly reversed the rehabilitation effect of exercise in the RCTs group. Conclusions

This

study confirmed the anti-atrophy effect of exercise rehabilitation in RCT diseases and showed that its mechanism is

related to AKT/mTOR signal activation, which inhibits autophagy.

[ Keywords)
atrophy; autophagy

protein kinase B; mammalian target protein of rapamycin; rotator cuff tears; mice; muscle
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SRR B P R OR AT A LA 25 45 0 R
U2 2, 1 B o i 164 i R R P B S b, 3 B Y
JULTA 2 14 T e Tl RE S BOULINRBE L A -
TR 2R 0 2 A L 1) 2 B UK A AR TEL IR 22
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s it P R A i Ak
SRR LT R A R A2 4% 1~ 4 B
ATV AT A5 50 R 5 3R B — LR 5L 1 A A
U 45570 20 Sy Fn B fg R ol s R AT

YT WL 00 By, 4 LA ZH 200 %1 i 4 2
K/N(0.5~1 em) , FFTE 4% 22 T I v ] 72
24 h, | HE Je o, 38 53 i 1o %5 X B ALK B
DAL I Image J 1.8.0 B {447
30T,
1.3.3  SEHE fE i i 5 2R G i 4 =X R N ( real-
time quantitative reverse transcription PCR, qRT-
PCR) Kl

et FH S i A g A RR /N B A B - AL
R A A, BREE X L AUERLE S, /NG
Hi R B R AR SC L2, I IR 41 4, I AE KA
AR AN B X WU, 15 ) Bl
WA E- U A G AL (RG4S 2R
k), RNeasy KA ERRAEHN R
RNA, SRJ5 i 1 pg i RNA 38 5% 5% il 57
EA W E A DNA, i/ qPCR X5 & 1T qRT-
PCR, #X J5 £ ABI PRISM 7900HT R 4 9" 14
SRH 278 R T R R AE . T 51
¥ % W R Atrogin-1; F-5° -CCCTGAACTCTGC
ACCAAGT-3" , R-5" -TGGAGTGGATGGATGGGGA
T-3"; Bnip 3: F-5°-GAGCCGGATCTGAAGAGGG
A3, R-5’-GCTTGACGTGTGGCTTGTTC-3 ’;
MuRF-1: F-5°-GGACCCGCTTTCTTCCACAG-3 ’ ;
R-5’ -TCGAATCGCCGTCTTTCTGT-3" ; GAPDH ; F-
5’ -TGGTCCTCAGTGTAGCCCAAG-3" , R-5" -CTG
CCCAGAACATCATCCCT-3
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1.3.4 BB

EFARJG 8 Ji, # [ DigiGait RAEHATH S
BOHE o A DL ET R D BE. P A D BUTE
DigiGait R4t L 10 em/s MR EEFTHE 10 s, ik
AL MRAS B 3l 57 T B e Rl 7 B AR T T AR
AR AR N ST s TR A SR PPAR i I D RE I S5
1.3.5 [ W&

TE 4 C TR ENUIAE 1 mm® AZHZ, Jf
FH R EWAE 4 °C FEE 24 b, X5, 7E 195808
FEREE 2 h, SRACRAMEY 0 3 h, w3 VA,
FH Z B E T 2 R S WU e AT Y £ | I kAT
H AR o, 7035 I L OB T AR I AT
i,
1.3.6  HREEHE N

Xif ) WL B SR BORn S e BRI, 7E i8R
P AT 1 700 2R H S IR 9L RIPA 24 A b XoF X
FWVRER 213 B AE 4 °CF PL 15 000 r/min
B0 10 min, fF BIEWAE 95 CKIETH W S
min, 8] 10% ~ 129% + —J2 JE 57 R Bh — 58 T4 445 o
Jhie B JC 3 B P s 1 1 B, SR i e R 31 3R i — 9
I B, 43 B0 £ XF LC3 | AKT, p-AKT,

mTOR . p-mTOR FI GAPDH (1 : 1000) 1) — & Bt
PRHKG I 26 1 R K SF-, GAPDH JH T 9 3 4 il
5 HRP BB 09 5 —HiiR (1 : 3000) — i
WEE 2 h, fo Y SR AL 2= RO B 0 AR
Sy, I B R A ek 2 RO R R G
chemisscope 6300 A 4., % T Quantity One
4. 6.2 BA X 1 BT 3R IR AT A X A A3 AT
1.4 ZitFEHE

i GraphPad Prism 9. 0. 0 /4% £ s 547
GAtorHr. A B LOE S 5 e bR E 2% (x£s)
Fon, RJE N T SEEE, R R T 25
Br(ANOVA) R M2 Z m 25 B &, X F
PR, P<0. 05 Fn BT g2 5

2 R

2.1 ARFFEMRE-IRBAERSER
ARSI A S B ANET, W 1 TR,
TEARJG 8 i ,RCTs 21 . RCTs+3z 541 \RCTs+iz 3
+ 7 AR 2 20 A XD AL o ol B =[] f 463 40 5 T
I A e BCR 2, o RCTs+i2 2h 41 4F
YRR 20 M R, 2 R RO A3 A, 5 O 1) —

1 CFC . B5 AL LT 4E 3R s SCB . 3 R 3 SST: XI_ LM ; UFC . REGIL LT Ay, ST AR, ™ P<0.001;5 RCTs 44 L,

#P<0.001; 5 RCTs+izsh#HAH L, *¥P<0.01,

B 1 SN UL S WARA B HE G @RI Koy

Note. CFC, Calcified fibrocartilage. SCB, Subchondral bone. SST, Supraspinatus tendon. UFC, Uncalcified fibrocartilage. Compared with sham

group, “* P<0.001. Compared with RCTs group, **P<0.001. Compared with RCTs+ exercise group, “¥P<0.01.

Figure 1 HE staining representative diagram and score of supraspinatus tendon-humerus complex specimens in each group
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., ST ARHAME, RCTs 2H X F LI 1k 58 -
JULIE S TR B T 43 e 2 R AR (P <0.001) . 5
RCTs ZAH L, RCTs +iz 2l 41 X b L 1k A5 3 - WL
i 5 T B4 i 3 B in ( P<0..001) , A7 RCTs+
iz 8+ T A AE 28 A X)L L 1k o5 — AL A 1 ol
PPEI3EE RCTs+ia 341 i 3 1% (P<0. 01)
2.2 IEBEHBENBEFESMN RCTs K LA
%éﬁ

Qe EN NLARE RS (B 2), ARG 8
Ji, 51&?7@%& Lt ,RCTs 20 IX] - ILEF A et ek 1A AR
B ERRIR(P<0.001 ), FIHLAI 2K DL K Atrogin-1 .
Bnip 3 MuRF-1 K:F3R5A W (P<0.001) , 5
RCTs ZHAH L, RCTs+iz sl 21 X |- WLET 2 A % it AL
WERIN(P<0.01) , FAL R 12K UL K& Atrogin-1 |
Bnip 3 MuRF-1 3&H 33k B AL (P<0.01)
M A8 2= B A 2 36l 142 3 X RCTs %
LR ZE 48 AR O i ek s /R (P<0. 05)

A B ARS8 AN EALYI A HE 2 @&Wﬁffﬁm%ﬂﬂﬁi
" P<0.001;

Atrogin-1 Bnip 3 MuRF-1 J:R ¥k, SRFARAMIL,
0.05, ““P<0.01,

2.3 BHTESH

BB INBEIERIE R, TER)G
8 JA, SR T ARUIA L, RCTs 4R K ik 5
J&E e v i 37 JTCTE AR 3 57 A A I 2 AR (P <
0.001 1 P<0.01) , 254 & 2 44 i (P<0.001)
5 RCTs 41AH L, RCTs+i2 sl 41 5 R < B | ik dth
FE il Sz JICHTRR 3l 7 B[] Jg 2538 Jin ( P<O0. 05
B¢ P<0.01) 2500 ik 2 A (P<0. 05) , T B IHE
RIIMA L EME T2 5% RCTs S sh 26
I EGEAEH (P<0.05)

2.4 EF¥ AKT/mTOR 5
Egur]

ARG 8 J& A 3 iR E5EFRAMLL,
RCTs ZHIX] FALA L Le3 1 /003 [ (P
<0.001) , p-AKT/AKT . p-mTOR/mTOR i & &%
(P<0.01), 5 RCTs 414, RCTs+iz 82 1.C3
[/LC3 11 & REAK (P<0.05), p-AKT/AKT, p-

8B 9T S K B 1%

M C LA B R AR I BRI 2T 5 D A4 X _E LA 4H R
;5 RCTs AL, *P<0.05, *P<0.01;5 RCTs+iZ 34 AL, ¢P<

2 s s MU RS § 09 RCTs X L JILZ= 45
Note. A,B, 8 weeks after operation, HE staining of supraspinatus muscle sections in each group and quantitative analysis of fiber cross-sectional area. C,
Quantitative analysis of muscle weight loss. D, Atrogin-1, Bnip 3 and MuRF-1 gene expression in supraspinatus muscle tissue of each group. Compared
* P<0.001. Compared with RCTs group, *P<0.05, *#P<0.01. Compared with RCTs+exercise group, ¥P<0.05,%¥P<0.01.

with sham group, ™

Figure 2 Exercise relieves RCTs supraspinatus muscular atrophy induced by tendon transection
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mTOR/mTOR B M(P<0.001), MFMER  LALZU A WA GG B8 (P<0.001)
BN B T2 3% RCTs 55 AKT/mTOR 5 RCTs AL, RCTs+iz sh 4 X [ {LZH 2 b g
5530 B I BCEAEH (P<0.001) (B 3A3B), IR B35/ (P<0.01) 108 1A% R B9
BiJSAFTE AT T 3B 5 i WA A AT 2 A RZEIE T2 g% RCTs 55 A WE A% B ek
Hrh HWERE e . SIFARMAMEL, RCTs X EAEH (P<0.05) (€3C.3D),

A BT e 8 BB PPN [ 20/ BRUX) B LZH 2 LC3 R AKT/mTOR {5538 i 25 1 3 5K KO8 240075 C D 2 38 4 375 S B
LWL e B BT R 2 B AT 20 0 B3k 4% F1 e, S IFARALIRL,  P<0.01, ™ P<0.001545 RCTs LA
Ik, *P<0.01," P<0.001;5 RCTs+izshZHAH L, $P<0.05,%“P<0.001,
3 B30 AKT/mTOR {5 S3@ A 1Y A 1R
Note. A, B. Expression and quantitative analysis of LC3 and AKT/mTOR signaling pathway proteins in supraspinatus muscle of different groups of
mice were evaluated by Western blot. C,D, Quantitative analysis of autophagy vesicles and vesicles in supraspinatus muscle by transmission electron
microscope scanning. The red arrow indicates autophagy. Compared with sham group, ** P<0.01, *** P<0.001. Compared with RCTs group, *P
<0.01, "™ P<0.001. Compared with RCTs+exercise group, ¥P<0.05, ¥ P<0.001.
Figure 3 Effects of exercise on autophagy mediated by AKT/mTOR signaling pathway
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&1 sz L S

Table 1 Analysis of gait of mice in each group

ZH 51 LK/ em fi 58/ cm B A em® 2040/ ( steps/s) i S EHE] s
Groups Stride length Stance width Paw area peak stance  Stride frequency Stance time
1 Al Q
A 2.98+0. 83 2.41+0. 86 0.29+0. 13 3.42+0.40 0.25+0.01
Sham group
RCTs 41 s
1. 67+0. 48 1.27+0.27 0. 15+0.01 5.61+0.26 0.11+0.01
RCTs group
RCTs+iz sh4H
. ° l— J 2. 66+0. 55" 2.07+0. 32% 0. 26+0. 04" 4.08+0. 62* 0.20+0. 04*
RCTs+exercise group
RCTs+iz sh+ A K 4 ' ' )
e I ME@% t 1. 82£0. 53¢ 1.38+0. 42¢ 0.16x0. 03¢ 5.62+0.25¢ 0.12+0. 01¢
RCTs+exercise+rapamycin group
F 13.97 22.56 16. 84 11.42 14. 58
P <0. 001 <0. 001 <0. 001 <0. 001 <0. 001

S EFARLMI, T P01,
Note. Compared with sham group,
exercise group, “P<0. 05.

3 it

HHTIA R RCTs J& A Al HATIE 10, 5 258
T ARIGIF A RCTs 2406 T @A MHL2 . ARJ5HE
EX T A SRk E A Y L
WZELE T BT ARG I R BCR A E R 322
BEfiRz—, P, WLPY 2248 RO T R TR 1B
SJFHY RCTs AR RIFIST R, 7EARRST
K BAE/INE RCTs B R 3z 3 e &2 e 18 o ¥
AKT/mTOR {5538 it A1 15 LA A B e oA ek 3
I WL, T e A B A 2% AR ]
RIS Py AR ] A L = 4 S 2 SR AR
RCTs #i)5, S 7PN i A AR A S F ],
TR RCTs #1475, (B ENTABEIR WA Sh ) —kE
i 32 A A% Yo (9 3 L /N BURE R AT
M0 RCTs Jog B2 F 5, IR BAT TG 4 0 2H 21
Az P 5 NS 5 A, /DN B TR L R B 7Y
SEA LS DR Al ] P 2 DR Bl st ) el R o 0 3K
R A8 {5 5 8 B A0 AR AR = LR 5 1 ke
B sz

RCTs #7 p  JIL PA 25 4 9 e 2 2% 1) 2 1 I
R 25 A1 or 5 HLd . WU IN 22 48 & Fbox-1 3 H
(muscle atrophy Fbox, Atrogin-1) . BCL2/ i ¥ &%
EIB 19 kDa & 1 #H B /E Hl &£ 11 3 ( BCL2/
Adenovirus E1B 19 kDa protein-interacting protein
3, Bnip3) FIALIF$E 8 1 - 1 ( muscle ring finger
protein-1, MuRF-1) C ik 5 B HLZE 45 1 9 5
PR O, LC3- 1 J2 [ WM T 11 e Uz A

P<0.001; 5 RCTs 4LAHH, *P<0.05, *P<0.01; 5 RCTs+iz A4LM L, *P<0. 05,
*P<0.01, "™ P<0.001. Compared with RCTs group, *P<0.05, *P<0.01. Compared with RCTs+

FHRARE , B2 2 5 08wl LR s i ok J
XEEFE R 37 AKT/mTOR 15 538 B R 7, 1208 i &
2R - AR A W - B 2R 50 i AR %
il # , $E7R I 2R G e LR 40 10 0 v R
FEAEAYY BRI EZIESE, A MR E fhi
ik e — A EmE SR R, AR5 T
RCTs 202 45 1) X L AL rh & 3 Atrogin-1, Bnip 3,
MuRF-1 R #35  LC3- 11 3 A 35 F1 A WEAK 1K)
FEAERUR R TR A B E W N, SR, EE
BT RCTs /N AP, RCTs 5 5 193X 2L A5 {14
155 5 2 3, R W2 3l T T T AR IE A 1 o A B
H R LA 2545, 5 B L B B AR A
3% AKT/mTOR & #2 198 351, e 4h, AKT/
mTOR 3722 E 8 L 0 19 G4 £ 8 1 R 7
I, AKT K H 55 mTOR () bk 340 A Bh T
AR /N BRI PR 40 M 55 52 4 Hh 1 8 B A B
I A ) A0 A T X S A Al R B AKT/
mTOR 15538 % 6715 UL 19 v AT B RN 25
S R i F2 . ARF5E R Bz g T L T
RCTs 32 fit B # WL # AKT/mTOR {5 5. I 4h,
mTOR I 98 55 1 42 sh %t 5 8% WL 5t 25 46 1
FH, 32 7R 78 8 il 45 24952 995 1 1), i 2 5 B
AKT/mTOR {5 5 0 il B Wi, dF ek % 7 ALA
EET

JERT I IEIE S, B - WU A i A e
F& <GP G AL S I 2 (6] s EE R A FE AR
AR, 3R AL RE R UG R G R AE BT R AT
YRR TE B L K B R R AT e O Y L L
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PR O R i - LR ST A S B R
5T 2R B, 38 00 FH IR B34 0 2 R TR SRR X 1
WA D MU 1) T B — L 55 1o A 40
HIF BRI, e B BR A R EN, & 5B
SERCRAEDY ) il — TR A T AT is B)
5 X RCTs B — U ST AL & i 52 M, 45 S 5
AT 2 A BRI 6T — L S T A e
P JF v v R B AL O e AT R S B T
R H 2R 4 5 i 32 sl 0 — LN S 1 A
MBSO B i AR5 15 56 S A1 A 32 184 54k
FEIB B I 58 RS TiZ o BA S T H -
LR B At A, FRATTIR, R IR B2 5
AUREFS T FARIATT I a2 B9 A4 5L A0 e i
Sebk i HARE T 38 2R A UARORI LA - R0
—JUUREE L S Ak R i HLAMCRI R B 38 o
BOEBCE (M P ek, 7R - U T A
A R SUTRIIGE I , A 0B s A LAMR 8, LA 125
LR A A A, AT A S
BrUESE T 3B G0 B is S B o 1/ BRI T )
AE. DRI, 7EIfIR RCTs A Hh BE$R 15 14580 i (1) 32
SRR T REH B R R A

ZE L AR T kSR B S IR A T
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AKT/mTOR {55 M il AW 56, AL R L
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Behavioral model of motivation deficiency in rats and role of dopamine
receptors in the nucleus accumbens
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[ Abstract] Objective “Lie flat” has recently become a buzz word describing a specific psychological state

in some individuals. However, its psychological meaning and mechanisms remain unclear. Lack of motivation under
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certain conditions may be one of the key psychological characteristics of this condition. Methods Sixteen male SD
rats were randomly assigned to two food-restriction levels (90% and 80% of baseline weight, respectively), and
subjected to a sucrose-pellet self-administration task. The establishment of the model is divided into three stages. The
rats were trained to self-administer sucrose pellets in a high-reward learning stage and in a low-reward learning stage.
We then assessed “lie flat” behavior in a preference-test stage, in which rats could choose between high-reward- and
low-reward-paired nose-pokes in a discrete choice procedure. Results Combining self-feeding training with Western
blot, the results showed that: (1) rats showed significantly decreased nose-poke behavior for low-reward, i.e. “lie
flat” behavior, but not for high-reward, when =90% of the maximal reward was obtained in the high-reward task and
the effort (X) in the low-reward task increased to the breaking point. (2)Dopamine DIR expression in the NAc was
significantly higher in the “lie flat” group compared with the “not lie flat” rats, while D2R expression was similar in
both groups. Conclusions Rats can show “lie flat” behavior , and up-regulation of D1R expression in the NAc may

be a key part of the molecular basis responsible for this motivation deficiency in “lie flat” behavior. These results

extend our understanding of “lie flat” behavior, and provide a new paradigm for the study of its mechanism.

[ Keywords]

lack of motivation; nucleus accumbens; “lie flat” ; dopamine D1 receptor
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I 2Ptk 22 L P 18 7 A1 DA T 988 A v 14
e S U BN RRED B %
e W, 72 DLE WA D 2 el A o, 22 T g e 22
JURYCHE TR B2 B o, O H S s al RE S % &
BIHUHDE AR B A 5

R #% ( nucleus accumbens, NAc) J& i il £
SRARAY F2 B 2H RS 4, A2 P ki S 0 % 55 IX. ( ventral
tegmental area,VTA) Z [ fE e #1265 T ) HE 22 T UiE
BRI VTA Y 2 B0 5 NAe NN
Z A2 ICIE ISR fi, SR 2 5 AL BB AL S H bR
i) FEST AL ALEI S BE A S A 8
NAc HZ B A RERC I I, B NAc 2 12
e RGEAE T PR T A R M (B A4 AR,
H NAc 5 HARS 10 34 /Y 58 L Kk #5648 ) 4
AR DA OET Rl NAc 38 76 M {5 5K
R EEAAE] . K06 NAc Il XN /Y fl 2
JUln  AEFFER R T R b a2 i (4 W

LA L) Byt sl ok A [6) £ 48 B 5t 4 ke 3R
HURBEREAC™ . 5 NAc 4B 1Y R N %A &
BAESIHL RS AEAT A R A . NAe 4
ZICEBI AP, —RRIK DI ZAK, F—2k%
B D2 ZAR, REMTFTRIIX M2 2Tk
FHS RN, He AN 22 EL e D1 2632 1A% 2 38
PIEX4AT 1, D2 28 32 R W) U2 2 e I 28 2%
PER D1 SZ AR E M 2 T8 24T, T D2 2 AA
PR e AT R 3

ZEEAT A MR BN J5 3 , AT R R
PEATANTRIREBE A BR AT, LLORAIE AL T 4505 H A [
A SILEPIRES , I 221800 —FloR 59 K B A
FREGHEALRIRR Y, 78 g 0] 41 ARG [ 412 19 o ] 412 56
JE VIR IN R BUAE RE PR FRr 5 Ak 60 ML Ja 1 175 2
R T 5T 7ok SRR BUE £ i h
JU, HHATIRBEEZ A D1 AT D2 SZ AR A K[
R, ARG SHHILER = (“ i ) A7 X Dz /9 22 12
W52 AP PEALE

1 #RFFFE

1.1 SEIezh#

SPF 2 HEPE SD K EL (5 JE#%, (K E 2y 140 ~
160 g) 16 H W {37 DUAR (b a0) A2 R A IR
A [ SCXK ( ) 2024-0001 ], sh¥y 313k )5 i 35 T
HfE B 22 e 0 BRI 9T BIF SPF 2R84 B3 9 [ SYXK
(51)2021-0018 7 , i b P8 — A, W TH) A it &
MK, PR IR, R (24+1)°C,12 W/12 h
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JEHE/ RS F I, SCR AR N R, e
KB A IR R K 2R IR F (330+10) g, Bl S
W5 K R e A o P A7 43 T B R A AL, T B G R
BEhE, — KRR AETREEA R EREY
90% , 75— T &2 80% , Wila v LI H koK, BF
A SRR T 4 28 2ok o [ B2 B O BT Y T A8 B
BA2 T A% (A22078) , SEI TR Y AT A&

KB Ar Rl FH A5 0, #5250 B 3R RN 4
T NE SR,
1.2 FERKFSNHE

45 mg 4L FEREREAL (L S Bk AR R A BR
T BE5F0021) 5 40 D1 D2 Z ik Bk (£ E

Santa Cruz Biotechnology N B se-33660 . sc-

5303) ; H M 3 B 2 I S0 ( glyceraldehyde-3-
phosphate dehydrogenase , GAPDH ) Hit 1A ( 17 % 18
I AEYRHCABR W B9 AC033) 5 B i 41
ALYt ( horseradish Peroxidase, HRP) #5ict — 41T .
J7E R WL B4 2] 1 Marker ( multicolor protein
marker ) | SDS-PAGE #E i il % ( SDS-PAGE  gel
kit) i 7l & . BCA & H % & ( BCA protein assay
kit ) 1500 & (VL5 e Ay 0 AR W R Ry A BR 2
A, B¢ 5. CW0102, CW2841M, CW2384S,
CwW0014S) ,

A7 M2 ERVERE (305 mmx240 mmx210 mm) ,
(MED Associates, Inc. ,32[E) ; B3k ( L FE1A LR
Bio-Rad PowerPac Basic Power, 300 V, 400 mA,
75 W),

1.3 KWHE
1.3.1 SERART

AR WA 1 B SRR 2 (BRE
FREE) x T (e 55 ) WK R A Al st DLk
FRREALEL S i O BOR AR bR, IR R A 35
NFEE T S sl B 3 AP B, wi i By
BORA 2 W B o =B Be o MR B, s il 2k
TEAT R B AR P e i, 1RAERE & TRR S A N,
W A T A XU DR A 3 XU A T S R,
YERE A A 7T B il iy L, FLN A — A 2R
IT, 4L BB — DB TS & & e 4%, MED 17204
PEER ARG AT AT LR 2
FURY S A AR R WCEE .

1.3.2 TR

(1) A HME R B R4S T KBBR8 1)
BYIFK, IFiC R A R AR E AR, BB K&
IR R RIRE BT 330 g 214,

OWREREREeza mRENBIkE
90%H KB, T RIRE LY 13 g (R HAAE

B1 SR

Figure 1 Flow chart of experiment
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ACNZ B0 BT R ) BRE A A R R B
R 80% H IR, I RIRE 2 11 g, WA
BRE KRB R]

(3) 55— Bl 25 . 1 5 AR IBOBE AL Il AT 55,
YR E] A 90 min , AR (time-out) K 20 s, X
K EHEAT 5 HE#R R 1 (fixed ratio 1, FR1) A
25 ,MED 41 3 kT 5 VR A RO A 327, GRS (R
I PN ) BR[O ) 8 L (2 A A
BT, A FH 2R 1) J vy WU 4 g — LA R BR TG vk
FhlE ) 1 U RIAT AT 1 00 AL, [T R4 Bl S AL oy
LRITFES s, TR HE AR, AN HA P 5
fil HIE SR A, AN SRS AL, AR TS B AT 5
B, AT —A R, DLESE 3 d 7ESEE] y
A5 100 FORE AL A IR BIFRAE 10 SRR BT S Al %k
FFRAAE AL B

(4) 55 By Boll 25 . m A X B 3K BSOS L2 Fih
1E55 VIR E] A 90 min , AR AR 20 s, YRk
FGZ 22 45 o — ) & fh L 75 B ok 22 Wk 4 1T DA 3K
L, S — i FR1 AR 2 d ([R5 —
BB, 58 — 2l Bt & (progressive-ratio,
PR) FEF I 3 d, skl A5 y=5e""-5(e N
WHL2. 718, n Jy B HR P ORI T L, y N
KA P RCE B R TR (W E AR
UK SRS 5 R AL, s il T —
LG, K FREFRAG B AL XTI A 5 K B SRR M B A5
( breaking point, BP) , Jf-#f 3 d Wi s () 45 R HU
A S BHEAE S IZ K R WS, 55 =2
FHW S A 12. 5% 25, 0% .50. 0% .75. 0% %5 (8 ( 4
& AR ) 43 AE [ LR E ST FR U2
%1 d (s — KA H MR )P A FR (BP x
12.5%) ) iR R 2E 255 — B B () & ik FL 75 22
AT Z R Bl A 7T LASRAS 1 WAL, 0 KR
B ESORAR A AL )

(5) 5 =B Bt 2o e fi L 0B 4, KRR
AT DAAE PN ) 5 fish L 2 15— 2E A7 B fi, BT
TEREIEAT 18] Zp A HOBE L2 il AT 55 5l 3 T 748 ¥
ARG AL i AT 55, DU R B 217 R %K
YIZREFEIA 90 min, ARHAH 20 s, 55— B Bese
T —MFR A FR1 N, 255 B B2 > 1 — K
FRX MU, 5% —BrBEAF A2, KETE FR1 I 5
fil, e 2 HRB SRS KM AL AL b2 1Y 50% ~95% ,
S BRI Z, K EAE FRX M 5 fil, X 3%

SR BP 1 12.5% . 25.0% . 50.0% . 75. 0% F
100. 0%, FFARFITH R 24 FR1 M 5K A5 04 JL 6 4L
(BRAE) S5 T — B BB LB {E R 50% )5,
Sl FR1 O H 250t A S il 550, (H2 R & 3R 15 0
Ju, HAB M FRX ) 5 fish 31 BBOBE AL, 2 X = BP x
12.5%, ZJ5H 4 d,FR1 D85 RIEE R EHME
(%) 70% , AW 98 FRX 64 X B (43510 BP 11
25% 50% ,75% 100% , £ K¥EE 1 1K), 4 FRX
M_L T2 100% )5 , W _E T+ FR1 A KA (CF(E
1) 80% 90% 95% , B RIEE 1 1K) » “HiiF-" BI%s
WEBE Ry B i B/ T 200 YR, 30 SR A Y B fi 8k
FR1 %) B il 50 FRX 0 1% S s 850, DL K 3R AT 1)
SOBE ALK FRY DN ZRAT AR JUER  FRX 4R A5 1Y
BEALEL
1.3.3  BUEENlSL g

(1) K RUR 2 IX 21 40 4 3 (4R B 7R A7 R 2F
SRS EE R G B 2 AN R R BE R I, 7E
VKb B TSk B, A4S A - 80 °C VKA, M
Ja O NAc i X PR . A RIPA 24
AR, VKIS 10 min FE4> 24 )5 4 CEL B
ST

(2) EAWREE M E . AL E BCA TAEW . 4
50 : 1 A ELBIRCESE f BCA TR B8R FAFRiE
PRl e iy 2.1.,0.5,0.25.,0.125.0.0625 Fl
0 pg/ L, FZITFEATHIIA 10 pL £ 96 LI bRt
e LA 5 BRI ) B AR o o L R 3 53 IR
BE A 10 L 75 AP 10 8 R &, 2RI A FLImA
200 L BCA T AR, 7E 37 °C 4 J& ¥ 30 min, 1E
562 nm | e IE AR AR et 4 e 15 2 %
D1 2R EAEURE N 50 we/pl, 2 U D2 24k
() REMEE N 30 we/ L, AR 3 EARARHE I I
A buffer &, 4 JE1 95~100 C 5 min {8 HKIG,

(3) SDS—2R P4 45 Tk g v Jisg v 9K < AR 4l o0+ 1
i Z e D1 W By 10% , Z L)l D2
(R0 B8 e BE N 12% , 18 Ve 3% B AR OF T
JBZ « 5 B 3 T R R A, DA — I %18 1 A 4y
B, B AR TR TIRHAEA 1 cm BHE
1k BRIG B INATOK £, 2 IEACE 30 min #
e 8 To K LB, e ¥V 4 s 1 A\ BB A
BT, 6 AR T, b A R, IR R
20 min #E A, FL UK ;K 3 5 AR CE FR UK DY
ABLPKIR, P ke, sLUK e SEfE 80V,
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30 min JEIGHNEL RS 120 V L ES5H, #E. H
I #1518 s 2 R e iy e 4R L, 3 b HH B
WG LY PVDE I8, Je fp 5 BRI i NS ARl | vk
S TE T 300 mA #5015 90 min, EH . FE RS H Y
EAMANSEA FRAREE &M, H TBST %
WH Ve, SR I5 5% BRI # 2 iR 4R R B 2 h,

(H)HBE R, —PUWE . Bl A,
TBST %W UE 5, FEH TBST #2 L7l e & —$i . D1
(1:100) .D2(1: 100) .GAPDH(1 : 5000) ,4 C
PR E LR, —PUEE . 4 —br, H TBST %
WRUERR , 78 HRP Aric B9 90 (1 2 3000) =
RFEIRIFE 2 h, b &G R . 3 —ht, H
TBST %A, Bl & ECL B, HE 90 s 5,
i B R e A sl g ot Rt it dr, H
Image J 1. 8. 0 #RAFHATIKEE 34T,
1.4 SitEFE

{8 H] MED-PC 1 MED-PC To Excel #1744
FIIC s AL, I8 B Microsoft Excel 2016 ,SPSS
20. 0, GraphPad Prism 8. 0 254K 44755040 43 A Al
RIZEHIE, A A0 5 2 Ry 22 70 B g
P R R i U B8 A B 3 B 8% B 1 22 5%

¢ Rz 30 % 4 928 B 1) 45 SR AT 25 ST, DA P<
0.05 WEFEAGITEX,
2 #HR
2.1 AEVEGT KR LESTHKE S EIKRE
EEFHRN

55— B BOIl 25K B 58 B 1RT B 2 Dl 4k BUAT: 55
(o Il 4 ), S — ) B fioh 55 0 L =z 8] Y B R
(FR1), #%E 3 d K15 100 POk ALK 35 B bR E
B ZHE T 200 (F 2A) , &3 & fil B 3
FRONEE(F (1, 98)=26.18, P<0.001,n=
16,m2=0. 189) , 5 i 1] A Ay Ml 2 A 400 f , S
Jo7 S PN 1) e i 2 ORI G i, PR R R AN A
WBE(F (1,14)=0.83, P=0.365,n= 16,72 =
0.007) , i) =R W& (F (3, 98)=3.86, P
=0.011,n=16,m2=0.094) . )5 M4 B Il
ZRiEs 2 KR PR 2 90% MR & 80% 2H i K
FRURE {2 35 X 404G A58 fil A TG K B ik (P = 0. 021,
95% Cl=[-270.177,-22.823]) ., &AHZE
PIARAEAE 22 B AR F (PR 2 B x B fll A 2%k
F (1,98)=0.11, P=0.744,n=16,7m2=0. 001 ; [R
BFEEXBE] . F (3, 98)=0.26, P=0.857,n=

TE: A ARIBRE 20T R BUE TR 55 R AR 55 P Ay S e, 52 07 00 P F0 o i« o A J AT AL 5 AN 2301 89 S fk - 76 AN 7 39 i
FTE G, AR L, B ARRIFRE A 0F T R UL 5 R RBUE 55 th RS M JU B, 5 AR S AR 1L, © P<0. 055 5%

1 RSB L, ™ P<0. 001,

B2 AFESILANE T R RTESE M 5 KR AR BUTE 55 i R 8L

Note. A, Nose pokes of rats under different food restriction conditions in simple reward acquisition tasks. The nose pokes during the response

period, Obtain sucrose pellets after nose pokes. The nose pokes during the refractory period, No sucrose pellets will be obtained after nose pokes

during the refractory period. B, Number of sucrose pellets of rats under different food restriction conditions in simple reward acquisition tasks.

Compared with nose-pokes in time-out, * P<0.05. Compared with number of sucrose pellets in Day 1, **P<0.001.

Figure 2 Performance of rats under different motivational conditions in simple reward acquisition tasks
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16,m2 = 0. 007 ; i [i] > Sk filt A5 2% M. P (3, 98) =
0.89, P=0.448,n=16,02=0. 023 ; PR & £ x i}
J) x B ol A7 R . F(3,98)=0.19, P=0.906,n=
16,M2=0.005) , iz FXUH 2 5 255341 % 28 st [
FIBR A A2 B 0T KB R 15 0 L i 1Y 52 e ([
2B) , K BLESTa) ) 300 e 35 (F (3, 42)=16.99,
P<0.001,n=16,Mm2=0.477) , 3 )7 L8 45 1 B ow
MANZERTEE 2 REREE 90% MRS 2 80%4H
(AR BRARAS (A AL (B 35 14 T ( P<0. 001,95%
Cl=[-313.265,-138.360]), BR &M FE4L
MRE(F (1, 14)=5.40, P=0.024,n=16,m2=
0.088) , H[A]FN B £ 72 3 2 [0 N 77 78 38 HAE H
(F (3, 42)=10.67, P=0.573,n= 16,12 =
0.035)
2.2 AEBNHLEHS T KRS MK 7 35 M E IR
AL RS FRIRT

BB BRI SR K R4 50—l &
fl LT Sk 2 N A AT LIRAS B (KRR ) . H
XUPR] 28 52 0 1 T 22 4 A ok B SR AN T R R
XK BP M AL s (1 3A) , K BB &
EM ERN B E(F (1, 14)=11.19, P =
0.003,n=16,7m2=0.327) .

iz = & 7 2250 Br % %8 FRX (X = BP x
12.5% BPx25% BPx50% .BP x75% ) F& ¥ i £
4 d WIGREs R (K 3B) |, & B0 8 filofy R 323500
BE(F (1, 98)=105.34, P<0.001,n=16,m2=
0.485) ;IR EMEN M B E (F (1, 14)=
33.85, P<0.001,n=16,7m2=0.232) ; BP [l &
WA BE(F (3, 98)=2.36, P=0.075,n=16,
M2=0.060) , & il S0 FBR & 2 B 2 R AE 7
THAEH(F (1, 98)=12.19, P<0.001,n=16,
M2=0.098) , i — 2L A7 a7 BR800 43 A7, & BLAE
AN A BREE R B A TR BN AN S 3 (F (1, 98)
= 1.96, P=0.164) ; £ 52 I #, PR R 3 04 ff o
M BFE(F (1, 98)=31.45, P<0.001) , & fil
ARER BP H i Z MW AEE L BEAER (F (3,
98)=14.82, P<0.001,n=16,1m2=0.284) , i —
AT T BRSNS AT, FE X O BPx12. 5% B, &
fi AT A% ) R R AR AN 2 (F (3, 98) =
0.009, P=0.925) ,HZTEH A X {E T & fil 194
RO T RN B 3 (25%: F (3, 98) =
12.57, P=0.001;50%:F (3, 98)= 43.13, P<

0.001;75%:F (3, 98)=52.98, P<0.001), [§
BB BP i Z A FEAESS BAEH (R E T2
JEXBP . F (3, 98)=0.46, P=0.708,n=16,
n2=0.012) , & fill A &4 PE | FIR £ 5 B AT 55 Eb )
Z A BAAFAESE HAE ] (S il A7 S50 < PR B 3 <
BP ). F (3, 98)=0.98, P=0.121,n=16,m2
=0.050) , XLLZE AL UL R B E R R K
B FE BP P51 45 K Hsf B 5 B JaE 37 22 UK Bk fih R 3K
PR ILZ MR R

iz AR 36 5 2 43 A W st L 18] R B £ R
X R FRAR A AL Y s2 i (1€ 3C) , & B BP b
B FER0N & (F (3, 42)=51.54, P<0.001,
n=16,m2=0.734) ,BP [LBIFIFR & FREE Z [0 7E
ZHAEH(F (3, 42)=2.77, P=0.050,n=16,m2
=0.129), /K ERHRERE TR
FEARF—NANIE Y BP E A3 T R AS (A8 AL 8K 2 =2 ]
AR E LS,
2.3 AEZNHLEMT KR 7E 52 5 7T % #E IR EL
WEHEMES R

BBl B B a2 H = R 200 %
G55 IRREE (BP LU ) | G ik A7 250 1 PR £ 7 3
X R ERGfi FR1 U 5 fih L A 52 (1] 4A) , B3
bl ROE ) RN B (F(1, 182)=224.52,
P<0.001,n=16,712=0.471) ; FREFLEE (19 35500
BE(F(1, 14)=4.763, P=0.03,n=16,72=
0.024) ;%5 J)FE B R RN A B3 (F (6, 182) =
1.12, P=0.352,n=16,7m2=0.033) ., [REFtA
FLEL M A 85 Z RIAF RS AR R (F(1, 182)=
4.226, P=0.041,n=16,7m2=0.021) , i — i
A3 T8 BRARNE A AT, & BRAE AN N 3, B R A
BN E(F (1, 182)= 9.59, P=0.002) ; {F
SO B R ) T BN AN 3 (F (1, 182)
=0.01, P=0.921), SR E SR A
B Z IR SRS HAE T, H =& Z [ AR A7 7
THAEM (S I RERERE. F(6, 182) =
0.046, P=1.00,n=16,12=0. 001 ; %% J] F& i x £
il G %k F(6, 182)=0.960, P=0.454,n=16,
M2=0. 029 ;%5 J1 2 B x s fil G A< IR R . F
(6, 182)=0.042,P=1.000,n=16,7m2=0.001) ,
1z IR 28 07 22 53 W 75 55 55 ) A% 5 Fn B 2 2
XIRERAE FR1 R4S 4 AL i 52 e (1] 4B)
KPR E AR A BV 3 (F(1, 14)=10. 808,
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P=0.001,n=16,7m2=0.099) ; %% J7 F& B (1) F 50
WFE(F(6, 84)=5.699, P<0.001,n=16,72=
0.259) , 7EHJF L & B Y FR1 AT LSRG
BEILEAREF NS EIE R 70% , FRX (X =BPx25% )
i, Fll FRX (X =BPx50% .75% . 100% ) 2 [B] {7 1E
BE#5F (P<0.05,95% CI 43 %)~ [ 5.949,
46.926] [20.387,61.363] [26.074,67.051]) .
BNRRERMREREZ RIS HEAER- (F (6,
84)=0.490, P=0.815,n=16,712=0.029) .

B = HNR T 2 B 555 IR Sl
A5 B B B X R BUAE FRX ) & ik 47 119 5%
Ml (&1 4C) |, K BB AT R0 0 F2 3800 2 (F (1,
182)= 110. 619, P<0.001,n=16,7m2=0.361) ,%%
TIFRJE ) ROV B (F (6, 182)=12.697, P<
0.001,n=16,7m2=0.280) , /5 [lLE E/RY FRX
)55 2 1 B il B R 45 AE BP9 100% )5 , $2 7+ FR1
AT AR AS AR HL 1) e KB R 55— B B 1) e i 40
HSEIIME R 70%5 80% 90% il 95% 2 [a] , = 1 3
AN FRX Y & il 5o B35 I REAIR (P=0.045) ,
PR K FRE 7 22 1 %5 I RR B = B, 76 FRX U 7Y
Sl 2 N R, BREREBE WA RN (F (1,
14)=0.480, P=0.489,n=16,m2=0.002) , R £
2 80% H 1K B S il B 5 IR 2 90% A 1) K
SR MBI AT 25 5, %% 072 BE RN S fl A A0 M 22 [
FETESE HAEHI (F(6,182)=5.422, P<0.001,n=
16,m2=0. 142) , JF— 20347 8] BN 534, 4%
JIFEE N FR1=70% ,FRX=25% FR1=95% ,FRX

=100% ], S5 il A7 S0PE 1) fa B ASUN A ik 3 (FR1 =
70% ,FRX=25%:F (6, 182)= 1.28, P=0.259;
FR1=95%, FRX=100%.F (6, 182)= 2.47, P=
0.117) , HABKF S RREE T, S fil A 2501 19 7 B A%
Doy 357 30 25 U Y e [l A0 AT DL SRAS BT 22 B BE AL
B (FR1=95%) , K EUE T “ 97 RS, BRI 68K
B b/ | A 2 i R T ik ] 22 SN

s IR R 7 22 0 W B 58 85 SRR FE R &2
FRBEXF K BUAE FRX 3 45 05 AL £ 3 19 5 ) (&
4D)  EI IR ERER EROV B E (F(1, 14) =
8.380, P=0.005,n=16,1m2=0.079) , %% J #& &
B ERN B3 (F(6, 84)=21.674,P<0.001,n=
16,M2=0.570) , FJ5 LB BoR Y FR1 7] LIRS
(AR AL DR £ S S 4 M 59 70% , FRX (X = BP x
25%) F1 FRX ( X = BPx50% .75% .100% ) 17 1F i
FE K (P<0.001, 95% CI 43 % Jy [ 16. 878,
45.872 1, [ 33.440, 62.435 ], [ 39.128,
68.122]) , Ut FR1 T LLSRAS BB ALPR 5 AN
AR, Bl FRX 75 25 A0 S i 5 i 388, K RRU7E
FRX AR IBOHE AL 5 s /b, 8% R AR &
R Z BIAFAELEAEH (F(6,84)=1.808, P=
0.105,n=16,m2=0.100) , YL LiIL R E &
90% i SRR B 2 80% 4 K L, 76 A [A] i %% ) 72
JE T RAF B I (B B 225

s AN R T 20 528 IR ERMR &
FEEEXT R BRAE FRX ) B ok 250 3t 119 5% i) ( &1 4E)
KR EREEN ERN AL E(F(1, 14) =

T AR B BT RO RO AE I 5 B 5 B BV 2R 5l C 26 B BONZRARAS ORI . SRS 80% 41A L, ™ P<0. 01,
B3 ARSI T IR ST AT 2 BRI I AT 55 T i 2R 8L

Note. A, Results of the second phase of breaking point training. B, Nose pokes of the second phase training. C, Number of sucrose pellets in the

second phase training. Compared with food restriction to 80% body weight, ™ P<0.01.

Figure 3 Performance of rats under different motivational conditions in variable difficulty reward acquisition tasks
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0.003, P= 0.9532,n=16) , %% IR A =200
F(F(3, 43)=21.27, P<0.001,n2=0.6031,n=
16), X HEAE MR E (F(6, 84)=12.387, P=
0.0353,712=0. 1457,n=16) .

iz PR R A I 5 7 25 0 i B 5N ) 8%
TIFRFEXT PR 2 90% M K FRAE FRX il &2 fish %5 114
SO (B 4E) , K IRSS IR ER0OW 2 (F (6,

42)=10.24,P<0.001,n=8,m2=0.5941), £
FL &Y FRX MRS {ES4°A BP B 100% )5 , FRX
) 4 o K 3 35 AT ( FR1 = 70% H. FRX = 100% vs
FR1=70% H FRX = 25%: P = 0.0107, 95% CI =
[171.4, 2259] ;FR1=80% H. FRX = 100% vs FR1
=70% H. FRX =25% . P<0.001,95%CI = [ 532.9,
2620] ;FR1=90% H. FRX = 100% vs FR1=70% H.

A CRFERERERE T T FR1 UGS 580 B RGBT T FR1 MRS LA B ; C. R EESER T T FRX I B & fil %,
D AFRESRRF T FRX JAFPALAER B A RIEF R F T FRX A S S M5, REZE 80% A (L tabriE), 5 FR1=90%,
FRX = 100%AH L, “** P<0. 001 ; 5 FR1=95% ,FRX = 100% f Lt , ** P<0. 001; 5 FR1=70% ,FRX = 25%#tt, P<0. 05; 5 FR1 =
70% ,FRX =50%AH I, “ P<0. 05 ; R & 90% 40 (W bniE) , 5 FR1=70% ,FRX =25%*H I, * P<0.05; FR1=70% ,FRX = 50%#H

I, *P<0.01,

4 RTFESIHLAAE T I RUFE S8 AT e X HE AR IO L2l A 55 T ) 2 2R

Note. A, Nose pokes during the response period and the refractory period of rats under different programs on FR1. B, Number of sucrose pellets

under different programs on FR1. C, Nose pokes during the response period and the refractory period of rats under different programs on FRX. D,

Number of sucrose pellets under different programs on FRX. E, Total nose pokes of rats under different programs on FRX. For food restriction to

80% body weight group( red label). Compared with FR1=90% , FRX=100%, “*% P<0.001. Compared with FR1=95% , FRX=100%, *** P<

0.001. Compared with FR1=70% , FRX=25%, "P<0.05. Compared with FR1=70% , FRX=50% , ¥P<0.05. For food restriction to 90% body

weight group(blue label ). Compared with FR1=70%, FRX=25%, * P<0.05. Compared with FR1=70%, FRX=50%, *P<0.01.

Figure 4 Performance of rats under different motivational conditions in optional difficulty reward acquisition tasks
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FRX =25% : P<0. 001 ,95%CI=[ 1050, 3137] ;FR1
=95% H FRX = 100% vs FR1=70% H. FRX =25%
P<0.001,95%CI=1[973.5, 3061];FR1 =90% H.
FRX = 100% vs FR1 = 70% H FRX = 50%. P=
0.0037,95% CI = [ 284.7, 23727 ; FR1 = 95% H.
FRX = 100% vs FR1 = 70% H FRX = 50%: P =
0.0076,95%CI=[208.5, 2296] ) .
EHRHNREREN & T EZ 0N ERREE
80% M K FRAEAS R 5% 1 AR B F % FRX ) £ fiph %%
Hsem (& 4E) % R R FE R0 B3 (F (6,
42)=13.11,P<0.001,n=8,m2=0.6518), £
FL &Y FRX A {E34°4 BP 19 100% )5 , FRX
) 5 o 5 W 3 AP ( FR1 = 80% H. FRX = 100% vs
FR1=70% H FRX = 25%. P = 0. 0423, 95% Cl =
[21.54, 23477 ;FR1=90% H. FRX = 100% vs FR1
=70% H FRX =25% . P<0.001,95%CI=[661.3,
29877 ;FR1=95% F. FRX = 100% vs FR1=70% H.
FRX = 25%: P<0.001,95% CI = [ 870.8, 3196];
FR1=80% H FRX = 100% vs FR1=70% H FRX =
50%:P = 0.0459,95%Cl=[ 11. 04, 2337 ] ;FR1 =
90% H FRX = 100% vs FR1=70% H FRX = 50%
P<0.001,95%C1=[ 650.8, 2976 ] ; FR1 = 95% H.

FRX = 100% vs FR1 = 70% H FRX = 50%: P <
0.001,95%CI=[ 860. 3, 3186 ;FR1=80% H. FRX
=100% vs FR1=70% H FRX =75%:P=0.0213,
95%CI = [ 107.4, 2433 ]; FR1 = 90% H. FRX =
100% vs FR1=70% H FRX =75% . P<0.001,95%
CI=[747.2, 3073 ] ; FR1=95% H. FRX = 100% vs
FR1 = 70% H FRX = 75%: P < 0.001, 95% CI =
[956.7, 3282]) , Rl i J2&, 24 FRX I i) {4k ¢
WS Y 100% AN 22, SR FR1 MU A 45 1k B A
70% 075 K 90% LA K2 95% )5 , FRX — il £ fil {1 b,
5L (FRL = 90% vs FR1 = 70%: P <
0.001,95%C1=[446.3, 2772] ;FR1=95% vs FR1
=70% . P<0.001,95%Cl=[655.8, 2981]) .
2.4 KEZZEBERZBEREER

RS 5 AR T A R BRI T BE Y
e85t 35 ST BEAR ¢ K50 75 58 G- R0 < A i
AR NAc I X £ B D1 D2 ZRFE IR
Z5(ES) , ZIG A KR D1 2R Rk 03
BT RBE4H (1=2.951,P=0.026,n=8) ,{H &
D2 Z IR RERNFAEREER (1=2.275,P=
0.0633,n=38) . Uk “HiF" (1 K BT g2 K R
NAc X ) D1 SZARFIRE 5

VE AT 5 RGN 202 8] NAc fili X D1 ZAARBME S, B: “GF" 5 “ RY§T-" 42 [8] NAc fii X D2 ZiARKMESR, 5

“CRIETHAR L, P<0.05,

B 5 O 5 ORME 4UR R NAe ik IX 2 I 2 R IA Y 22 5+

Note. A, Differences of dopamine receptor D1 expression in rat NAc between the “lie flat” and “no lie flat” groups. B, Differences of dopamine

receptor D2 expression in rat NAc between the “lie flat” and “no lie flat” groups. Compared with “no lie flat” group, * P<0. 05.

Figure 5 Differences of dopamine receptor expression in rat NAc between the “lie flat” and “no lie flat” groups
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5-Aza-CdR reverses pericyte-myofibroblast transition by inhibiting Epo gene
promoter hypermethylation in rat primary renal myofibroblasts

YUAN Ling" , WANG Lei, CHENG Peng, JIANG Qian, CUI Xiaoxue
(Tianjin Institute of Medical and pharmaceutical Science, Tianjin 300020, China)

[ Abstract]  Objective To examine the effect of the demethylating agent 5-aza-2’ -deoxycytidine (5-Aza-
CdR) on pericyte-myofibroblast transition (PMT) in primary rat renal myofibroblasts. Methods Rat primary renal
myofibroblasts were treated with 5-Aza-CdR 250 ng/mL for 72 h, and the degree of Epo promoter methylation was
detected by pyrosequencing. Protein expression levels of a-smooth muscle actin («-SMA) , platelet-derived growth
factor receptor-B ( PDGFRB ) and DNA methyltransferase ( Dnmt3a ) were detected by immunofluorescence and
Western blot, and erythropoietin ( EPO) levels in the supernatant were detected. Results Compared with the control
group, 5-Aza-CdR treatment significantly decreased the expression of Dnmt3a and hypermethylation of the Epo
promoter, and subsequently decreased the expression of a-SMA and the expression ratio of a-SMA to PDGFRB in
myofibroblasts. Meanwhile, 5-Aza-CdR treatment increased the level of EPO in the cell supernatant. Conclusions

5-Aza-CdR can reverse PMT by inhibiting Epo promoter hypermethylation in primary renal myofibroblasts.
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M A LK (erythropoietin, EPO ) 3 ik B I} [
iK', PDGFRB" & 40 i Al a-SMA"PDGFRB* L
AT AN T LU S 058 1 50 CKD 5 il 41 i
WL B 21 4% 48 B %% fk ( pericyte-myofibroblast
transition , PMT) BItRic . PMT 2% I &
CKD 18 P & g S8, KT, H AT CKD
REPCs %4z PMT (9 BARPLHIT A RARGE R, B
T T LWL R S Epo 57 (9 DNA 55 F 3440 %
PIREOETY ) S-S -2 B AT (5-Aza-2 -
deoxycytidine ,5-Aza-CdR ) j& —Ff & H JE4L 7, &
B 2 B E R ( Food and Drug
Administration, FDA ) $LyE 5 32 85 0] 32 F T 52 i 2
B IRIT o TER WAL 2E W5, 5-Aza-
CAR L 32 VR ] DNA L 5L Rl 0
AMFTERI 5-Aza-CdR Ab IR FUEARE HLBLET 4k
i 38 1 8 35 Epo B9 DNA 15 B R AR S 5T
PMT ]3Pk,

1 #RFFE

factor

1.1 #AAa
P AR BE LR T 4% 21 B ( rat-icell-u017 ) 1)
F iCell A= WRHE BAN A FRAF]

1.2 FERKFEMNE

JEA 20 B35 30K 2 (iCell 2 ML 05 A B
AT, H25 PriMed-iCell-015) ;5-Aza-CdR (JLH&R
SEEBHE A BRA F, 585 D9010) ; — H 5 1 i
(= Sigma 2\ ), 575 276855 ) ; Rat EPO ELISA
Kit (BB LFEAE YA R, 585 EK1351) 5 /NR3T
a—FIE WLLBI 1 (alpha-smooth muscle actin, a-
SMA) ( Z£[# Novus Biologicals /A 7, $7 5 NBP2-
33006) ; /N Bl Pt DNA F 3L 5 B2 fiff 3a ( DNA
methyltransferase 3a,Dnmt3a) ( 32 [& Santa Cruz 2
A], 525 s¢-373905) 5 S i/ MR PEAE K K 1 3%
& B ( platelet-derived growth factor receptor B,
PDGFRB) (¥ [H Abcam 2 A, #25 ab32570) ;
Pt CD73 (K[ CST A Hl, 535 13160) ; i e PE 5
JebRic Pt (€ CST A HE], 575 4412) /N BT
B-actin(AL L H 2 & AEWHE A A BRAF, 175
TA-09) ; DNA Marker( KAR A ALBHE (Jb ) AR
N 55 MD114-02) ;EpiTaq™ HS (544 T2
(KiE) A WRA A, %5 R110A); EZ DNA
Methylation-GoldKit ( 3£ [ ZYMO RESEARCH 73
A, %8 5 D5005) ; PyroMark Q48 Advanced CpG
Reagents ( f [E QIAGEN 2\ &], 58 5 974002 ) ;
PyroMark Q48 Magnetic Beads ( i [ QIAGEN 72
ml, 5% 5 974203 ) ; PyroMark Q48 Discs ( &
QIAGEN 72\ #l, %% 5 974901 ) ; PyroMark (48
Absorber Strips ( 1% [E QIAGEN 72 ], 1% %
974912) , FEWERR W7 AL (12 E QIAGEN, %5
PyroMark Q48) ; — & {b B4 1L (£ E GE /& Fl
Image , %85 QuantLLAS500) ; PCR {¥ (& B FE B K
HIREHE A F], 525 QuantStudios ) 5 B FRAX (i
FEIR IR BHE 23 7], 485 Multiskan FC) 5 566
BB HARJEREA R, 1255 Ni-U) ;519 i
A TAEYIHARA RA A G
1.3 XWHZE
1.3.1 40k

F 5 IR 8 R AR R U LS 41 2 4 g
T AN 7 5 15 97 HUBE 80% ~ 90% Je A2 1%, #4541 iy
R T 6 FLARGIEAT I 825050
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1.3.2 s K2y hb B

SZES Ay Kof FEZH N 5-Aza-CdR 4 ,5-Aza-CdR 7
ARG SCHER " R e 5 (3-(4, 5-dimethylthiazol -
2-yl) -2, 5-diphenyltetrazolium bromide , MTT ) I i
ERHNE . MTT U %E 554 : REPCs (1x10°/mL)
A3 B A [ e B Y 5-Aza-CdR 7E 37 °C 418 F Ak
P24 h, 2 PRJS A FLIN 20 pL MTT W% & 4 h,
150 WL = FF 356 S B i 25 €0 Y 8% A | FH A ()
7E 570 nm I E WOGRE, F MR T 6 £k
H JRTERRUE CO, B3 3746 (95% %1, 5% CO,)
F37CH LR FREDIER, 2 d )5, 4
250 ng/mL 5-Aza-CdR B¢ — F 5E 0 H0 375 571 4k 3
24 h  AbFRLE R i B 45 4 40 A sk 4 A L v O
TG,
1.3.3  ZfEHEFE Ll EPO K43 #r

B 1.3.2 AR B 72 bS5 Y 4 2H 40 i R TR
200 pL,3000 r/min 5.0 15 min W FIER, 4%
P R B UL B R R. EPO ELISA 357 &G il
3E SR g EPO K-
1.3.4  RPESSCGL Ak

B g% 9 e R T I AR K BB LA 4 4
Md Dnmt3a MY 3RIE, 343 51K a-SMA/PDGFRB
1 a-SMA/CD 73 Mg i 31K, 5-Aza-CdR Ab #
72 h J5,6 FLAR AT IIIE F 2 4% 22 5 H I [
15 min, TBS Mk 3 1K, >R H 3% H,0, F Pt A4k
VI 10 min, TBS ¥k 3 ¥k, MLI5 EF 1 20 min, N
AR 12200 BAHRN. —30,4 CIF T L KE,
TBS Mk 3 WK, 966 H1 37 «C & 1 h, TBS thisk
3 K, DAPI & 4L J5 i A B 9 G K B R, LA
TBS B —Hris 7 P X
1.3.5 Western blot ¥ I 5 HJL 55 £F 4 40 MY o-
SMA .PDGFRB #1 Dnmt3a % [ 261k /K F-

5-Aza-CdR Zb3f 72 b J5 , ¥ 4l i 513K 5 n A
I E A PMSF W8 24, SR IV U 1, O
F BCA LT A & K8 FREAR ET T8 I
HLYK , FLFE 2 PVDF B b, 2050k B0 J5 i A H
Pe—H «-SMA (1 : 1000) . PDGFRB (1 : 1000) .
Dnmt3a(1 : 1000) Fll B-actin(1 : 1000) ,4 CIF&H
LSRG IR, T (1 : 5000) 37 CHF&H
1 h, o FH 8 e AR A AT %%, Bifi )5 FH Tmage ]
1.4.3.67 M@ & KM, UHWEHR S NS B-
actin [ K EE(E HLE RN |

1.3.6 fEBERRIN)T

i FHAE BRI RGN Epo JE 31T 3 4> CpG
7 35 (I SRR 7 A5 R + 219+ 221 Fil+232 s Sk
XP) By A, FEar AT E 5k TTYGYGTTTT
TTGGAYGGTGATTATTTTTTTTTAGGTTATT, H:
Y {85 CpG 75, 5-Aza-CdR ZbFE 72 h J& , \4%%
HANMIREA Fp B ECRE [ 2 DNA, AR 3R IR ) & ik
BA5 i EZ DNA F AL & A7 W0 At iR
PAEEP 4 DNA 19564k, 519 (1E 1 PCR 5l
¥ 5’ -GTGTTTTAGAATAGATTTTGGTTA GG-3';
1 PCR 5| # 5 -biotin-ACCAAATCACC
CCAATAACCTAA-3" FIN ¥ 5149 5° -AGGGTTAT
AGAGTTTTTTTG-3" ) X & A W Hi 2 7% & DNA )i
B F ) F 4] DNA H B9 3, PCR =¥ &
PyroMark Q48 Autoprep( Qiagen ) ¥ F&ffi F 15 HH 45
AT CpG 2t . R HTLEE Epo % S A IR A0 55
1+219 ,+221 Fl+232 Gl HEXT H BEAG 7 8, TEA
e, K 5 SR A CpG15~CpG17 # 4T
B o #r . TEHAY (PyroMark Q48 Autoprep 2. 4. 1
software, Qiagen) 1115 3 4~ CpG 7 4. 19 H FE4L
[ER i
1.4 SEitZESH

SIS R R T Y B bR 22 (x2s ) BN, IE
FH SPSS 19. 0 #4748 115087, 2R ¢« R Bt 4740 (] Ee
B, Ll P<0.05 hESBEASIHHE L,

2 R

2.1 MTT #& | 5-Aza-CdR 3t AL BE £F % 40 A
FEENZMm

125~ 250 ng/mL 5-Aza-CdR 4L B | B AT
WUBET 4 44 L OD B As o , % 4 i JC e MEE .
SR, 24 5-Aza-CdR ¥ KT 250 ng/mL B, OD
{H R, A0 B PERR ) T 4 s o (1)
R, 6% 5-Aza-CdR 250 ng/mL VE R EA25H
2.2 5-Aza-CdR 4bIB3TALAK 4 s 5 EiF
1 EPO 7K R0

5%} B4 A0 LY, 5-Aza-CdR H 15 3% g
EPO KPR EFF M, RAZIT¥E X (P<
0.001) , WL 2,
2.3 5-Aza-CdR %I 72 h Xt Al BR £F 4 40 e
Dnmt3a ik FI S0

IF 255 7R, 5 5% B4 A [L, 5-Aza-CdR 41
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Dnmt3a #4858 /0 , WK 3A, Western blot £l
LER R 5 X LA, 5-Aza-CdR £ Dnmt3a %
K TR, BA G L (P<0.001) , WLE 3B,
2.4 5-Aza-CdR 432 72 h X ALK 4T 4 A B8 o-
SMA/PDGFRB #1 a-SMA/CD73 %t 7E fif & i% #4
Al

Wk 4A TF 25 R WoR | SR A HE , 5-Aza-
CdR AbFRJS , 35 o-SMA 4 JILISL2T 4 240 i Kk
WD — IR WU 4E 4 ( PDGFRB* ;CD73"
o-SMA ™) % 434k 4 JE 48 il ( PDGFRB™ ; CD73" 5 o
SMA™; W 85k fif 78 ) , Western blot K il 2%

H SR, #*P<0. 001,

B 1 AR[EREE 5-Aza-CdR B JLSCET 2 20 LA 8 A 52 )

Note. Compared with control group, **P<0.001.
Figure 1 Effects of different concentrations 5-Aza-CdR on

myofibroblast cells viability

YR, SR A, 5-Aza-CdR 4H o-SMA 3k i
& N, 2R A5 5 L (P<0.001) ,PDGFRB
FiEZE R AP R o-SMA 5 PDGFRP ik HAE
(a-SMA/PDGFRP) [ ( P<0.01, WK 4B 4C) ,
TESE WU 2T 24 240 A 50 o sk 20> B 107 1) ) 44 it 5
T IS, IR 7R R ER 43 AR R BRUVL B 2T 4 4 i
oA A A
2.5 5-Aza-CdR 402 72 h XA EF4E 4R BE Epo
B FRENXHF T

wE s Fros, R IX IR CpG A7 A5, B 5
A6A F L A B e WE %) 85 5 5 s 1 0 g i s

. SXH AL, *P<0. 001,
2 5-Aza-CdR XTLBLEF4E4HA 13 EPO 7K 1520
Note. Compared with control group, ™ P<0. 001.
Figure 2 Effects of 5-Aza-CdR on EPO level in

myofibroblast culture supernatant

A ARSETOERI Dnmi3a 92234 ;B Western blot £l Dnmt3a fY3RIA, SXTRLIAHLL, ™ P<0. 001,
3 5-Aza-CdR AbBEXTHURGEF 4 20 i FF 3L A 1l Dnmi3a 23k 095200

Note. A, Immunofluorescence analysis of Dnmt3a protein expression. B, Western blot analysis of Dnmt3a protein expression. Compared with control

group, " P<0.001.

Figure 3 Effects of 5-Aza-CdR on the expression of methyltransferase Dnmt3a in myofibroblasts
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A RPER KN o-SMA/PDGFRB 1 a-SMA/CD73 3 {37 3K ; B: Western blot £l a-SMA H1 PDGFRB 1) 3R i5; C: a-SMA I
PDGFRB HYZRK & 74, F A H; S AL («-SMA™/PDGFRB™) . S IRZAAALL, *P<0.01, *P<0.001,
4 5-Aza-CdR ZbFEXTHLSCET 4E 40 A PMT fY 520
Note. A, Immunofluorescence analysis the co-localized expressions of a-SMA/PDGFRPB and a-SMA/CD73. B. Western blot analysis the protein
expression of a-SMA and PDGFRB. C, Expression analysis of a-SMA and PDGFRB. White arrows, Pericytes( a-SMA™/PDGFRB" ). Compared
with control group, ™ P<0.01, ™ P<0.001.
Figure 4 Effects of 5-Aza-CdR on PMT of myofibroblasts

TS XL, “P<0.05,
Bl 5 5-Aza-CdR ALFRXNUS LALLM Epo )3 31 HI BEAL 1 50
Note. Compared with control group, *P<0.05.
Figure 5 Effect of 5-Aza-CdR on methylation of Epo promoter in myofibroblasts
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ZHBECH A, Z e E A A st 81
T CpG AL 5, TOUHR 4 93 52 DX 4, A FH A e g )
Fr Xt LR AR 4E AN Epo I 3hF H &AL KF 4 7
KM, 45 5 R, 5-Aza-CdR A B 5, 5 % B 20 A
L, WUBEF 4E41 M Epo Ji 3+ CpGl6 i H 3E4koK
SEREAR (P<0.05) , CpG15 Fl1 CpG17 H 4k K S
ZEF AR

3 g

' JE 4 L B A8 3 o HIF-200 4 361 1 356 DR 7 5%
AR = EPO, LARY G BT I s k4, SR, 7
LR A A R v T AR 1 AR £ 4 200 i 1% 5 A8 BH
18T Epo 553, 76 CKD ‘B, & JE 40 401k
FKFERIE o-SMA 1Y JILAL T 2 41 if, 3L EPO ™=
AT A I Y JE RS 7R AR EPO Y
YA AR | TR X S & A PMT 5% 20k A 7=
 EPO RE BRI WL LT e gt ', 4R IE 1%
1T FEE DNA 1R H AL B UIAH G, 22 B fih & 461405 1)
IS, 3% B8 JIL A 2F 4 40 i £f 35 o] 98 v, Pk A2
EPO f= A8 5 —E & M ( 5-azacytidine, 5-
Aza) JET 40 455 A LAY, HH Ak BB 3R 1Y
SEANM R, B % BLEA Tz PR E M, R B
JE—FI AT S A bR BE M (o AT 25
5T & B, 5-Aza B EEA DNA, Hi— 7 H %5
DNA Y4, 53— J7 T ol fi AL 25 (A AR AR 1Y)
Dnmt AR, K 15 25 340 i A= s pE 7 3%
Tk R MRAL HIVER | 5-Aza Fl 5-Aza-CdR #)
12 P FIE B A i 5 DA X3 i A 1y e 2k 540 6
LR A TG 2 TR AR G PE S Be b g g 4
PR IR YT, IR Y 25 F Ak 2 T L
AR THFE Dot 17 555570 5 2 S S04 i S 401 B
MANM AL S THFSEIKE EPO 724 iy Al
REME , FRATTRE LA 27 2k 20 i 2% 2 TRk i oy 22
HALF) 5-Aza-CdR 1, K 5-Aza-CdR AbFH 1%
T B LT 4 40 i Dnmt3a 1825 35, A2 B e 0] 13
[FIISUESE Epo J& 201 1 11 F 3840 1 ARG, JIE S 5-
Aza-CdR AbFRBE N Epo &R (1 H Hefk, 5 3¢
BRI — 2 B FEITUE M REPCs 1) JH 41
- WU AT 4 AR 544k 5 Epo v W AL % UI M
KIS AR B g it — 2B R IR 43 0 A
PDGFRB/a-SMA Fl CD73/a-SMA 13k 5 v % 35
K Western blot £l a-SMA 5 PDGFRB FiA

B (a-SMA/PDGFRB) #9224k 4 #T1 REPCs H JE 2
JS RIS £ 248 240 e 9 ol 200 >R 2 %) 4 B 5% A 1
B AR W 2K ] 5-Aza-CdR AbH 5 AL A 2T 4t 20
AL 5 el 2 S A ) ) 4 B A, 4R R R
A3 JEAR K BRVL B 2T 4t 240 i 5% 43 A6 R 20 e,
W2 A 35 W EPO 7K P & B 5-Aza-CdR Ak
I W UL BT 2k 40 52 A S ) 200 L ) 28 1
JnEPO JK A T &, B R W] 5-Aza-CdR
AT LIGE 6 Epo Ji R 1) 55 R Ak 336 2 F) 4 e 1)
LB T 2 4 M 1) 2 722 (2 G 43 WL B2 4 44t i
 E ANk K EPO 724 CHOU 2507 %t
B P S B 2P S B (ischemia/
reperfusion injury-induced acute kidney injury, IRI-
AKT) HI 7] ] 240 1t 35 08 35 4% 0% i 0F 5% v 42 o L
BCET 4 A0 A VR T R Ok R A, B 7 IRI-
AKT S5 380, AR R i AL JE A0, I 3 e B R ok
FEH R AR T, DB 05 1 JE 240 Bk 43 2k O 3%
JEL AL, 3 JURH JE 20 A A5G DNA =5 FH e N
(RIS [Fi) 118 2 X0 35 A2 065, 3 48 3 SO0 35 A2 46 1 2 3
T CKD RYHEJE | 5-Aza Kb BRGE I 4 35 £k J8 40 i 1)
REAE e T8 LTk R 4 5 A5
SERA—2L,

Mz R R R EPO, {H7E CKD & it
FE 1T Epo ZEPR R B 364k, R A% otk
WUSEF dEANMRT , EPO = AE Bkl . AW AE IR
HNSEISIE SRR B 25 AL 5-Aza-CdR REELS
A Epo Jii 8l 5 H 364k R 4% PMT (4
FHNIPR A 7= A2 EPO B 75 2L i — 25 f A Py 5K
A5G S 28O0 BAR G 2k A X
4 % A PE R IRATT AT IR R AL B A M) Epo =
H AL sl % PMT DIRERI 259 T Biih CKD &
AT
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AR/ AL 8 8 5 O T B9 HR A

& KR KRB OHLR R e

(LA B A F SR PR 2 [ RSB 3 s bl i 4300303
2 A PRI K2 [ P R 2 B SRl B 2 e 25 B 2E 2R BRI 430030)

[FE] BH& D RSB ESEE TYE@SI R DNA #2007 7%, Ak UIREALUNSE
SRRl R HTEE AT IR R HE B AR K 24 A0 DNA #2807 & 4 o7 a3 Ui/ B DNA, 1
FE DNA Bt 2URE e B PR B IR B L 25, 3 b 4 FhOT BT ERT R RSC A, 46R  EAM K 3
AR IR DNA e di i , BB ] A VR AN i AL U 2 5 1) A BT A5 1) DNA. &l B2 0y, R TR Ak iR IR 2
4 Fh AL BRITAS A9 DNA FRAE 1 3 & BE5% SV ( polymerase chain reaction, PCR) 378 % i B ¥k /5 ¥4 7] 1531
THMWTE) DNA H 95, LA, Bl b B3R BUAY DNA AMFE—20 °C 77 1 A H R TR %z, B
AR AR, it A/ R i e HE R R B (T Ak 2 2 H AT T 0 SR PR R 28 55 1) DNA A
MO %

[X8ERE]  FERAIE  DNA $REL; A BEEE RO 5 B/ R

[FE>ZES] R-33 [ xmktRiIZEE] A [XEHS] 1671-7856 (2025) 01-0086—06

Batch identification methods for model mice

JIN You', NI Lan', WEI Qi*, ZHAO Huan®, HE Jingang®"
(1. National Demonstration Center for Experimental Basic Medical Education, Huazhong University of Science and
Technology, Wuhan 430030, China. 2. Department of Pharmacology, School of Basic Medicine, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan 430030)

[ Abstract ] Objective To establish an efficient DNA extraction method for the batch identification of
genotypes in model mice. Methods We extracted total DNA from transgenic mouse tails using four methods:
alkaline simplified group, alkaline routine group, protease K cleavage group and DNA extraction kit group. The purity
and concentration of DNA obtained by the four methods were measured, the effects of gel electrophoresis were
evaluated, and the time and experimental costs of the four methods were compared. Results The protease K cleavage
method produced the highest concentration of DNA, followed by the simplified alkaline boiling and routine alkaline
boiling method. The reagent kit produced the highest DNA purity, followed by the simplified alkaline boiling method.
The DNA templates obtained by the four method could be amplified by polymerase chain reaction and gel
electrophoresis to obtain clear DNA target bands. In addition, the DNA template extracted by the simplified alkaline

boiling method could be used for gene identification after storage at =20 °C for 1 month, as well as requiring the least

[E£TH ] EZR BRI I H (82273911)
[EBB N GIL(1972—) L Wl P TR A5 T7 1] . M ZAE #2453, E-mail : jinyou81@ 163. com
[BIE1EE 14 (1988—) , 1 B2z, 0155 ) M ZAE W25 B, E-mail ; hjg1988@ 163. com
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time and lowest costs. Conclusions The simplified alkaline boiling method is currently the simplest, fastest, and

most economical DNA template-extraction method for batch identification of genotypes in model mice.

[ Keywords] genotype identification; DNA extraction; PCR; model mice
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Wil L PR TR R 0 R B e R 52 35 ok
2 AL 3 /N BRUTE A i B 2 40 b 27 3 A 2 R
FN B3 7 Bk, 78 N 205 250 43 7 HIL ] Kl IR
o B E EEEM, B/ RE Ba i
PR T BN AR A7 56 P A o, R T
FEST P R e VE LB L R A g T i
A AR H EE A SEER N A E, 7E CNKI H [ 1
2R SCHR R DA FE R SR /N R A ) 4
#2023 42 A E 2024 4E 1 AR EAETIY) B & F
/N R R i, A 6 F SCRRR T DNA 4
BUARI &' 4 R HEAR K 257 0
T R IR A B X R &z A
DNA 2Bk R By - &5 (R A 4
PE) EBE IR, SR, B w2 00 IR
B B RIS, O TG | 2 T MR AT A
2N B 35 DR AR 6, AR IR 9 A o i T A 7k
B AL R I K 2415 A DNA $2 B )
BIE A FORTR 7 EE 004 T U, A BT H B DNA 45
MRSl RE B, PP 88 i L Uk T AR 45, X L 4
Fii 75 2 TR AT B S0 AR, DA S8 =/ B 3
RUSE e N, — M RE PR 2T AR

1 #efA*E

1.1 SEIGzh#

ARSI T 32 H 4 J& SPF ZlfEtE: MC4R-
loxp INELL IR E 13~ 16 g, Ry FE R S E SR R A
MC4R-loxp /INR Fe 4] W) 3K F € [ JACKSON 52 46
TR R KR R 2= Bt SPF L5 e R 4
TSR [ SCXK (5B) 2021 -0009 ] #E47 258 Al
PG SYXK(FF)2021-0057 |, %5 e R S8 1
VIR T Fobnie PR AR (2422) °C Z 1], AH
X BEAE (50 +£10) % 2 (8], e R BB /NI 15
K ,12 h/12 h B/ 3R, 2 A RaE K, ARSE
WEE R RS S M E S BT
HEAT, BN A5 & 3 W 16 B 2 E SR (TACUC-
20233877 ) AL S W) PR AP B AH G AE . 7E 5L 5
Bl B R 5 R S B R IR S B Bl g

FHE) 3R SR AT 17 NG 3 SR,
1.2 FERIFSNE

NaOH ( K K Ry fb 2 3500 A7 R 2 Al
F20111020) ; EDTA ( [# 24 £ A fb 3 75 G R 2
F],20230817) ; BUIEHE ( VY BEF Hispanagar /A ],
212415) ;DNA marker( Jb 50 KAR LR A R
Fl,Y1626 .Y1721) ;2xTaq PCR Mastermix ( Jt 50K
AR AT FR 2N A, 01031, 17723) 5 #% g Yt
(bt RARAE AR A R R, X1031) 5 213 A
DNA 2GR & (ALt RARA LRI A BRA A,
Y2113) ;% F K ( 32 [H cell signaling technology
28], 10012) , HoAth 320570 125 5 43 B 2 1 7 3 5
51497 (HG240 1110008) FH I S 32 BHE A BR A A
G

{5 R K8 ( H AR Hirayama 23 ], HVE-50) ;
PRAR 4 TE LN BT (BT R BR A #S A R A
MINIB-1001) /= #3 k B O ML (78 [ Ependorf 2%
F],5424R) ; idE 43 YEOE BT (FEE Tmplen A F],
P-360-DEMO ) ; PCR ¥ ( 3¢ [ Bio-Rad & A,
T100™ ) 5 HL K 12 ( 3 E-C Apparatus 2% H],
EC250-90) ; 3 5 B 7K F L Uk Al (b 3t 7S — A0 4%
J7,DYCP-31CN) ; #E it 124X ( 3£ B Bio-Rad 24
Al ,GelDoc XR+) ,,
1.3 ZXWHE
1.3.1 FEARM#

e £ F R BY VRS AR Bk TH B T MR Bk
1.5 mL EP %, BYH2~4 mm 24 R, B T EP
B,
1.3.2 DNA #£H

(1) Bt A

A BUER EP 4 H A 180 wL NaOH %K
(50 mmol/L) ,95 CH#¥# 90 min, 12 000 r/min &
TR0 10 min, FYEEIA DNA AR

(2) B Rk

FEANF E 9] it B DNA 2% . EDTA (0.5
mol/L) : NaOH (50 mmol/L) =1 : 450 A i
RIENE, A RUBFEA EP & inA 180 pL
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DNA #3795 CH#1 90 min, T A 20 L Tris-
HCI( 1 mol/L,pH=8.0)IR2IHJ5 12 000 v/min &
TS 10 min, BRI A DNA A4,

(3) B K 249

Pz BT 5 B 5 AR SRR K 0. 110 g
A AL B 0.032 g, Tris 0.406 g, Triton X-100
2.5 mL, WZEKERZE 500 mL, 5 EKFE G,
e JH A ¥ 2 w5 B - o & & B (B-
mercaptoethanol , 3-ME ) #% 100 : 1 B¢ il iR &9,
A R Ep B HINA 180 pL IRAW,95 C X
N 10 min, ZEOHREEZE, BEMA 10 pL &
FF K (10 mg/mL),55 CEHE 12 h g FEA
12 000 r/min B5.0> 5 min, [ R0 DNA AR

(4) DNA $&HUAF &1k

i F TIANGEN IfiL i/ 40 it/ 2H 4 3L 20 DNA
PRGN &, K PE UL (MUA . DP210831) it
TTHAE, B 50 pl PEBEZE vl ( DNA AR )
BT 4CHH, KMEAART -20 CRTE,
1.3.3  DNA JJia Ik BE I

A 436G EE T, B 1 pL 4% B Fh 7
AU DNA B4R, 76 260 nm F1 280 nm & H:
WG R, A A% B 38 260 nm/280 nm A
JE LLAE AT DNA ¥R EE , WO RE ( A260/A280) 1Y L
{EL7E 1. 8~2. 0 HYTE I N RN I3k 15 19 DNA 34
e KT 10 LA B TG Y
1.3.4  PCR ¥4 K Bt JE W6 M v RS T

DL 4 Fhr e 3R HRUP) AL DNA i i PCR [N
HEAT R Y HG . MCAR-loxp /D BLEY RS 190
GACA TGAAAGAAAAACAGACACC, Rt ¥k
GAGTC TCGGGCAATGAACC(5-3"), PCR ¥1t
FOWARZ BARFA 10 pl, PCR W ATIA &R 4
BC:Mix 5 pL, ERHESIH4 0.3 pL, JCREK#h 2
9.5 pL, EREAKL N+1 Bl PCR R AR %
IHtElE R IR % LIRAT, O L0 LS. 1 min,
HL9.5 wL MW TR RIE S, A DNA 54} 0. 5
wL, ¥E47 PCR ¥4 . PCR W FEFUIT .95 °C Fiil
ARVE 5 min; 95 CAEME 15 5,65 C iR 'k 30 s( B4
IR 0.5°C) , 72 °C HEf# 40 s, 40 41/ 2R,
72 CHEH 5 min, 12 C IR, P IR W 45 K5,
PCR =W E T 4 CR K,

BUT7 wL P38 79, 64T 1. 2% B B 0 6 1

(150 V,35 min) HLJK , 7F BE B AR 2R 48 g2 i
KA, MC4AR-loxp /N B & R B H 19 5547 K
500 bp( ZEASHL) Fl 411 bp (HEFAHL) |
1.4 ZitERE

R 25 R 28 A 1 25 (a2 ) O
2 H#R

2.1 DNA REHHRESKE

MC4R-loxp /)N B8 43 5l ¥ BE 4 b 7 v 4k B
FirAs LIRS DNA itk B 1 wL Btk , fiiH
TR 360 EE TR MBI AR %) DNA ¥k B R4l B
ER L 1, Fpal i DNA $2BUKLH] &b #
() DNA F A B 2 v, Ho IR B8 a7 Ak vk o 1T ik
BHRLE A A K A7 15 A0 BE% DNA B
W CEE A260/A280 LLIEIATE 1. 30 247, R HIX
PR T L PRI DNA Bifl & 22 i 2 5k T
TR EE I, AN, FE A DNA 18R J7 i, 25 F il
K 2k, e m T35 2] 2805 we/mL, F- #1715
%k (1703. 88+616. 00) we/mL, JL P &K # &
TR PR (43.91+15. 64) pg/mL ) 39 5 ; H
YN BB, fa AL T A ik
2.2 FEEBHERRHEIKER

MC4R-loxp /MR BB Z8 4 Fhr b RS
3 DNA Bt 7E PCR 914 58 e FL UK 5 45 5% UL A
1, FEIFRTIL 4 Fpos b B DNA 54 PCR §73%
JE I ATASETE ) DNA H #9457 , RE ik ik 21 i vk
BRI B R SE 5 H Y
2.3 REAEEREERLLE

Be il 78 BT A G  H B8 4 Fhor 3R 8 4>
FEAS DNA FEHR 1B 4K U 1. 65 .1. 98 . 13. 5 Al
12.5 h, XA AE b, & & ek R H
NaOH , 58 & % ML % NaOH b, b F5 1H #& EDTA
F1 Tris-HCI ; 25 A K 24 vh 758 FH Tris \Triton
X-100 ,B-ME FIHE Il K 55, WSLH A BoF 2
FHMAR BN S AR U - B T A i B R A
K S DNA $REBGRA &k
2.4 TEEBLE DNA ERRIFR E

Bl 17 Tk e b BRS BT 45 19 DNA BEACR FH &
FL-20 CPR-F7 10 d.20 d 130 d JFHEE PCR ¥~
B BEREELTK MR B S S BLTE T Y B A (I
B 2) , BaIZE T H LA DNA B AR A7 30 d Je
WKER T 3L R B AT
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R ALY DNA BRI LA (v2s)
Table 1 Comparison of total DNA isolated for each groups(x=s)

Sl T H /N5 Number of mice SEHME
Groups Ttem 1 2 3 4 5 [ 7 8 Mean value
W i JiE
WA T ki ﬁ(})]ﬁ;}; EME 1. 67 1.59 1.73 1.70 1.63 1.65 1. 66 1.76 1. 67+0.05
ratio

Alkaline simplified .
DNA ¥/ (png/ml)

group R 468 527 463 468 281 414 421 389  428.88+73.29
DNA concentration
G i JiE
T H By &(;l]g};:itﬁ 1.27 1.37 1.38 1.28 1.31 1.28 1.33 1.30 1.31+0. 04
ratio

Alkaline routine

DNA ¥/ (g/mL)

group . 451 306 500 444 427 308 273 516  403.13+94.17
DNA concentration
WS L
E I K S0 ﬁ(;l]g};?“ﬁ 1.32 1.21 1. 18 1.26 1.36 1.29 1.31 1.49 1.30+0. 10
ratio

Protease K cleavage

DNA ¥ %/ (pg/mlL)

group . 1256 2355 2044 1382 2805 1227 1195 1367 1703. 88+616. 00
DNA concentration
S |
DNA $2BGF &1k ﬁgg& EME 1.79 1.85 1.95 1.78 1.9 1.96 2.07 2.11 1.93+0. 12
ratio
DNA extraction

DNA ¥ %/ (pg/mlL)

. 51.00 44.40 60.40 64.90 37.90 18.40 27.90 46.40 43.91x15.64
DNA concentration

kit group

T AR AR S B BB AL C . RS K 2441 D DNA RG240 51~ 8. /N 5 .
1 4 PR SIS TS DNA R Y B A B e rh i A D 45 2R
Note. A, Alkali simplified group. B, Alkaline routine group. C, Protease K cleavage group. D, DNA extraction kit group. 1~8, Number of mice.
Figure 1 Agarose electrophoresis results of the DNA model extracted by 4 different methods

TE:A:10 d;B:20 d5C:30 d;1~8. /NG5 .
B2 R AL IS DNA AR [R] PRAF i 5] 4 B i UG FC Fi v AGE I 245
Note. A, 10d. B, 20d. C, 30 d. 1~8, Number of mice.
Figure 2 Agarose electrophoresis results of the DNA model extracted by alkali simplified method and stored for

different preservation times



90 v P R 2 4k 2025 4F 1 45 35 4% 1 ] Chin J Comp Med, January 2025, Vol. 35,No. 1

3 itig

PR F A= iy o F £ A 7 R Y 2 R /N
ﬁ,ﬁﬂi”ﬁ%“ﬂ AT 69 H PV-cre /NR A
SERL T /IS ER 1 BH A0 2 b 28 e AE R AL R A
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A TR 4 P DR S R ORI
BUAS 5 & BB T A A DL A5 (1) #AE2D
BRXG T, V5 e/ dE T Ak R A 80,2 26
RIAT 58 B DNA $2 1, 54 1 5 ff 68 P, o e
R Uk D TREAR BN 22 X5 5, (2) S5 TR
R O AL AL B RS JE 2 h, 24 R B W]
ST b e PN EEAE O I R S WA N W A T
TAERTFFRE . (3) BAIRBE , B3R AT« i & T fh vk
B T e 19 NaOH , BEAS b R A< JLiE T
0, HAF&E e T o Jk H I T A B 5500, BE IS 1
JEAEEC /N BRI R R S 5 TAE

ORI T Ak s A BB, R/ B
U8 TAE AP B A FE 800 bp LA L, B
BRI B AR AR JC 800 bp LA E 1 4541,
Nix-ko /N, F H ) 25747 24 870 bp (2742 #Y)

368 bp (WFARY) Bk fA] AL T SEEUE) DNA AR 3
HA5 368 bp 4cHF, MUGE Bk Z T HW
ZHPTE 500 bp LT B/ R R RS E T AR, 76
e JAX 2> F) B /N B O B 1 5E A 0 i
BT AT PCR 2 3 450 Hh B L B A i 50 A
HE 42 FfH B 2R 400 bp LLF, B4 K £
HORE /N BR A JH DR 68 AT 0 e T A v 4
Bt DNA

25 b IR, B ALk 75 DNA B i 7E
-20 CARHRA 1A AR TFRERLE, B
PR AR, FER B/ | L Tk A5y BT I, A2 H A e
fRI e PREE BT 1 DNA U7,
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AR5 5 0 2 B £ R sh A R AT 5 ok
% L EMM,ERA, HEE

(REPELRE, RE 301617)

[HWE] W ZNEFES Y i B B (allergic rhinitis, AR) NRRZET i et s R (‘'seasonal allergic
rhinitis, SAR) , 38 H & A= A6 WA Y AL 0% 01 . 760 251 30 4FHL SAR MR HR T IN T —f52£ . SAR
BR R R 2%, ¥ R ZF R R W FEAER S B R RS AR AR R G R AR RRERES, S e
PRAA AR SRR AILEI RIS BB TR R NG kR B T B AR SCl o B 45T ok E N AP R FAEM AT AR s
RIS SO, R FIR T SRRV SOR (9 3R A48 S W i & BCEOORE (AE A 0 08 A B A2 A Il A 5
A B AFAE Il ) SRR BRAACR I . XS N ZE B 7R HE T G OE M AE R 5 AR SR A0 K FHOAH G
HSERIRF 5T AN AR R PR S R,

[SEiR]  ZMhad fork B 48 s i Pk S 5 AR A8 N I s B i Al

[FE>ZES] R-33 [ xEktRiIZEE] A [XEHS] 1671-7856 (2025) 01-0092-19

Progress in animal models of pollen-induced allergic rhinitis

XU Dan, LI Shanshan, WANG Yili, GAO Feihong”
(Tianjin University of Traditional Chinese Medicine, Tianjin 301617, China)

[ Abstract] Pollen allergen-induced allergic rhinitis ( AR), also known as seasonal allergic rhinitis ( SAR) ,
typically manifests during the period of pollen dissemination by anemophilous plants. The prevalence of SAR has more
than doubled over the past three decades. The etiology of SAR is multifaceted, involving factors such as pollen
allergens, environmental and climatic conditions, genetic predispositions, and the immunological status of the
individual. Animal models provide a critical tool for elucidating the mechanisms underlying AR and advancing the
development of effective preventive and therapeutic strategies. This review synthesizes the recent pertinent domestic
and international literature on pollen-sensitized AR animal experiments. It systematically delineates the factors
influencing the efficacy of these models, including the selection of animal strains, the production and associated
challenges of sensitizing agents, specifically pollen antigens, the utilization and limitations of adjuvants, the
procedural steps involved in model creation, and the method ologies for evaluating model effectiveness. The insights
provided are intended to offer guidance and support for the development of appropriate animal models of pollen-induced
AR, thereby facilitating both fundamental and applied research in this area.

[ Keywords] seasonal allergic rhinitis; allergic rhinitis; pollen allergens; animal model
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T BB B R ( allergic rhinitis, AR) /& o R
BREH E( immunoglobulin E, Igk) A R DN EA
o 200 L A1 - R0 4 95 200 L A B Al R e M S
B g MR LI PRI B B N I R AT
WERE LT KR B | B R N B SRR JF
Hi T BN AIEM B, Im R A 40% ~ 50%
[ AR FRH [R5 ) AR
HHEITED ) AR FEA AR M
P H 2T PR A M B R (seasonal allergic
rhinitis, SAR ) 2 i WWAITE L, SAR B 8 Fx M 1L
Ky iR, HRR 2 A W B, 5 R E AR R 1Y
B INARY) &, B8 TE ] R SR R TeE Bt
PR IR R ERAL R H 2% X W R T
QU ) N2 S

A IR BAE B, 23k 2 DA 412
NEA AR, TIFE] 2050 4F, 2B —FH A 07T
REAA T BB, e 519 30 4R BL SAR
IR HIG I T — % 2, w3 1T 48k 10% ~
25% M NIE  WFSE B = AL A Uk B 1Y 3%
N5 3 e 1) A A BIAR S Bt AR
AN TP A PR 2 i | AR A2 3% PR BT A T 28
b, 25 ST G Bk 8™ F, SAR 1Y AT R B AR
TR

Pt , FRATT38 VI 5 2 X 46 R 15 2 1 AR 17
BONTRARIBTSE, R = A AL A7 26
I 5 NI A T, S AER ST AR B
YEIPOA N R B R E W — 2, AR T
AR F AN AT AR ShY B R A 7T i e
HATHE T 3hY s & B (AE R B e
VERAFAENNRE A 700 i el T B A A )l ) |3 A5
BB BORVEMSENES . X BT 5 T
TR AER L BRI ) A LA, 0 MR R A SR YT
SRS L 7 25 0 A g it 1 E SR B AR A S
SRS

1 s B

L1 feMhidgURrIRE R 5/

FEN I B R AR AR R R BE L 2 B FR BT N R
FRENE G P i A SR AR Tk HE T A5 F
UG X AR 04 1 1 A7 S A1) A X
T AR BIFER BB WAL R (N2 AL Y
PRI LEAS ) |, o T R n] [ XUBHL 31 %

TS AR R A A N T i A ) R R
DU o AN [R] e b 247 ¥ Al 2 5 e A ) 1) O AT
MBI AU AR S ORIk
JE R B BN B MR R Z — AN
I IRE P AEAS [F) 09 2= 35 BEAE B, 1) an A 2=
FRE=J2 W UL B A8 By e W 20, AR AR X XU AE o
Py A 45 2R 0, 3 Y 32 BEAUE S R A
P e AR CanRARY) &R (a3 s (e
W) RABE (AR MJE (I ) AaJE (40
MAA) HERE (KR R R (AR DR
(INise) FER AR (AL E R ) %5, 7EFRE,
BE=(3 H~5 H) LIARRLCAnAaRE) ek Canf
R A e ) ORI CAnEEmn) B 4ER S 3
MM H~10 H) MDIE R (n3E) |
HERDRK S AL A T R
1.2 Te¥hdsRmSEMARK

RZEACH B ALK S BE FER N BE 5 57 2
JRUAZFTORS 240 M 45 0 O 2H R, AR 4 UKL B A I Ry
R LE 1, Sy 1 58 LAk o 7, A6 1) 35 T 3
MRS I, R A SRR G5 | X Bl R T B
DA — 2625 4 dURAR L, B AR RS
FE R P 5 2ZIRIE S AER SR T 45
(angma)) A B T H RN G e S R B O AT B
SRR EREEE T, NI RG A0 b e 4 A ) 3 1, S
Ho R IEA G 2R G0 T | SO T
(WK 1),

ST A 7, AR Hh 1 — S5 R I
T GEH R ) 280 E S T4
KM 5E & AR A B JF A 8tk iy 8K 3
AL S EA B H B R G, M H S
AER5y Hh BA A [R) AR AR Y AR B3 A G (WL 1)
AGLAS 55 [ BIF 5T 26 B, AR A6 A 5 2 1) 3o B
Ji Betvl B BEAS GEJII R 280K 40 i, L AN BB 17
T2 BB T 400 (type 2 helper t cells, Th2) #
b TR HERT ALK $2 B 2 8o o B T &R
PR R T AR T R ASUE T R A 2 4 i
FIRRGT, X LE A B Al 2 T AR g . 46K
RLRE N IE b R 20 K G i e B R e
BRI, BIVAE ¥3 AH G R BT A 5T ( pollen-associated
lipid mediators, PATLMs) , bifi J5 12— 20 O e R
92 240 JEL, G v P A 4 Y R IR TR R 4 L, DA T 2
HESE b A RE T R R I s
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Figure 1 Schematic diagram of pollen grain structure

ST RYHCE Y A B T EEGS #2. OTEROS
FRH, CEM S PN R SR
I, 5 HAL N B R OK PRI AE B A L, & 7
B R Ay SOE A BURONL, BT R — M A
LR, Fe W) AR 50 Hh iV FH T ) 44, (BB
FEGIZE I R T bR % DGR VE T, FE SRR
X HER AL A 2H 1 23 B vh R B e Ry g —
P B T 0 SO AL T AR W B, MERE A By
PEHLY) O AR I I BT A2 32 AR S 0k 20
Meohomy B B R MR I ( cyclic
monophosphate, CAMP ) , M Tfij i HEANE-12
(interleukin-12, TL-12) (433524 0 [RIRE | 75 K 2
SR Sy B A ITFE R e R PR AN R Y 4
SR X Pk 00 HE T T 4 O B R T
FELY . ISR ST Ry SRR R T REAE 2 R
RAECHAE X — B4R A 7 4 A M5 Ik 19 3IE 48
KR, WA, REIFERB, Rk &FH
NADPH %A AL, 7] 7= A= 546 W 34 ( reactive oxygen
species, ROS) , 7115 5 ¥ i 51 & A9 13 8otk 2 4
B

BRI Z IR, 2594 5 SAR KUK
RSB SCT  2 S5 Ye vk B 3 R
AN BT | R W WG 1 AR SN 3 25 B B
FEEXT A Ay o 0 ) R 1 X A R 1
IS EAER BN R Ak ™, TS SAR 3

adenosine

FIREIR BN BA & . WAYNE 2620 &3 RS —
ARV FE (KB AE A 7 B2 3 I 61% , N EAT 1Y
TH R AR B A6 K o DA Bt b IXR £ 10 46 3 T 2%
Sy, g5 b AR EERL R A0 iR A 5 A5
B B LB E IR (WA 2)

2 TEMELEL AR BhiptE Ry

Sa e MNP P WUy S EmI LYk IR 325 B m e VA
AR B R AR mG O sh A R i 5 30
AR SO e 8 2 AL P 2 2, B iTiE
WA PR — 1) Sh AR REAS 58 42 5 il i flc b s R AR
A BRI PR R BN, AR SC RS [ AP A
FHAEM SUsh s T AR (22 6)) IWBIFSE , A sh ¥ i
F RS AER A GERT R BRI AL KK
DIFEARAE T ATV L b, W3R 1,
2.1 /MR

/N B LT BT %) e B S5 A e PR 1Y) A i
TR Z R EmZ 2z N, AR R
INRAS AR, 38 AN A B9 R R, T4, A
FH/INEREE ST o O 1 0 FH 2 47 TR ka3,
HE A9 & & £0 45 BALB/c, BDF-1,C57BL/6 Fll
B10.S % Hith BALB/c /NEUE —Fh LA 5 IgE
MR, B T A Th2 BI85 A K TgE
717 AR < B o o ¢ 7 1 S B o 2 5 e RO
£, BALB/ ¢ /INERUH 9 FH AR i 228 v 7 2 1 B E
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Figure 2 Mechanisms of pollen-induced allergic rhinitis

HIA BRI 5 BALB/c /NEAIR], C57BL/6 /MR,
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FEARY A A IRIERK, ZE Cry § 1 B B10. S
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B R EEE b A R SRR o S AR
P TgE Prid, X e ho i 7 G g 2 b ke 25 S HEAE
FH A A5 55 470 B 1% 2 07 52 B0 1 R e — 350l A 2
TAN AT /NI R, R AR AL K, 3 R Ak
W AR AT 22 B 52 B0 45 AR A R e A SR 4R 2 4IE
T ERN RS A, B, KRR PRAR A 55 4
BECPE G B4 L AR AE s Jgp 5 B A3 (R, A A
BCA — Bl AR B SZ 06 B A H AT, Wistar K
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JO SR 22 i 4 D 2 TR e R UM TR i

EATHE B FHENTIT I et R R A S s R
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3ok B T A 9 3 AR e AR AR T A v SO
SHABZPAR L, BT 2R 5 KA s e R
R A SE N B3 2 (T K Bk 15 3 B JE AR AR,
T FH SRS AD AR A 2 P K BRL ot 2 I R R K
o BRI, 555 A% SE 56 30 W an /I BRURA R BRUAH e
O BT 47 300 3 %) AU B v X A s e 1) e
PR AR K R 7R 55 g6 o R v 25 2 1 B P A e
SR, $E Z e AR v A 5 AT BE S EOE T, Ak,
K BB 22 S s o B I8, B SEA T AR R ik
TSN B O Nl TS D A = =R < B N i S
BJE , BT K BRI RIS e R G T i ARG AS
JE BRI T K BRAE E — 20 5% S B ML R0 5
K BB R0
2.4 FEMSETH

H T, 483175 5 0 A MG 145 20 ) ok e A 32 22
GRS S 0 St R Y B AR A
¥y S A A 3 S Py A TR 00 D R K B S A AR
St g AR TR 0T s e AR R B R BE S T 30T
B: LY KNG Y BU R 5 O VAN ER &3 &S Rl U S e
FHT A6 R SRR I 7E 22 4 P DAk B T 11 48 K 19
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Table 1 List of animal models of pollen-sensitized AR

EIL7//AEN AER I IRAI T 1 e WHER

Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
FHIRIER E EHRBURIR B T8 5% =l LB A BEERK
B 4 RO FIEBE AR 1. 5 mg/mL 2.0 mg/mL 2.5
mg/mL 1 3.0 mg/mL, %/NFIEIEEES FARBR (FH 0.4
mb) B3 d HAL LR IET 0, T RTERTR 9SS 6 Rike % A5 B 43
JHHCEE A 10.6 me/mL FOYEFRRGIET TR SRR (F3:5010 L) 3 o KT BB
456 d R 1K, ARIIA i

[EAUIN MR AERY Mix willow pollen protein extract in a suspension containing 5%  Aluminum B ? ti();xl S

Kunming mice ~ Willow pollen aluminum hydroxide in saline, preparing four different hydroxide ¢ aV10rI F S(ionrigj
concentrations of solutions: 1.5 mg/mL, 2.0 mg/mL, 2.5 mg/  adjuvant seruazn 8 evess
mL, and 3.0 mg/ml. Administer intraperitoneal injections of Ea%t rr:}l]l(‘lo =
these solutions (0.4 ml/mouse) every 3 d for a total of 7 times. 1siopathology
Starting 6 d after the last injection, administer intranasal
challenges using a 10. 6 mg/mlL solution (10 pl/mouse) daily
for 6 consecutive days.

7 9 % 08 435 13

IgE  IL-18, 1L-18; &

JEHEBE  1L-6,11-

B 50 Wl UK REAERS 72 0 I 5 S B 3 [RAASTNR . 7658 1B, IL-18 7k

1.8 Fil 15 K, Tal/NGUIRIEE A1 T 200 L BTG H. IAES 21 Western  blot 4 1l

i3 KL 28 K, BERAF 0. 5% 1R i 1Y JR B AL A 28 107 JF 7 ik NLRP3, Caspase-1,

C57BL/6] I (BRGNS 10 wL) B TR SR o P A5 IL-18 % 11-18

NG Racwee dﬂ ollen Mix 50 pL of ragweed pollen allergen with an equal volume of Freund’s Behavioral  scoring;

Female gweed p Freund > s adjuvant. Inject 200 pL of the mixture adjuvant serum Igk, IL-1B,

J &

C57BL/6] mice intraperitoneally on days 1, 8 and 15. From day 21 to day 28, IL-18; levels of IL-6,
administer intranasal challenges using a 0.5% concentration of IL-1B, IL-18 in nasal
ragweed pollen allergen solution (10 L per nostril ). lavage fluid; Western

blot  detection  of
NLRP3, Caspase-1,
IL-18, and 1L-1B
FINEVEoY; LK R
st IgE. TgGl,
1gG2a; B IR EAA% AN
. . 1 I i 14 s 4
1410 g Cry j 155 4 mg SUALRBREIR A, %/NEUK FiE e
" AR LV, 3 R B LRGN Cry el
WEBIOS AT AT RO L UCIES T RS LR S DRI C S e e
2] o , 1(200 pg/mL PBS) , BREAL 10 pL, %55 d. , , ,

N, R/ Cry j 1 . . . . . Aluminum Behavioral ~ scoring;;

| Mix 10 pg of Cry j 1 with 4 mg of aluminum hydroxide gel. . -

Female Japanese . . hydroxide serum-specific  IgE,

B10.S mic ed len/Cav i 1 Administer subcutaneous injections once a week for 3 weeks. et . 1eG1 1eG2.

- mee cedar POTE MY T L After a one-week pause, instill Cry j 1 (200 pg/mL PBS) aquvart gvh, ot
. . . expression of
intranasally, 10 pL per nostril, for 5 consecutive days.

monocytes and
eosinophils in nasal
mucosa; EPO activity
in nasal mucosa

FE RV oT MLTE pf
ZIL R, IgE
NOx K5 4121

il H10 pg Cry j 15 4 mg EEMBEROR G . XN TR iNOS  IgA FIAL K 41

CS57BL/6] HAT TS, ER LS 3 K, L RJE /MR T RN AR MUpE bR

N Wk Cry j 1 W %S T d, Aluminum Behavioral  scoring;

Male Japanese Mix 10 pg of Cry j 1 with 4 mg of aluminum hydroxide gel.  hydroxide serum neuronal

C57BL/6] cedar pollen/Cry j 1 Administer subcutaneous injections every day for 3 times. After adjuvant hormones, IgE, and

mice a one-week pause, instill intranasally for 7 consecutive days. NOx levels; tracheal

iNOS,

mast

tissue IgA,
cell

tryptase expression

and
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EIL//ANEN AER I RRRIAA )5 15 il TR
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
1 9 231 435 1L 3
, . - L Igk 7K 22 7T
HE10 g Cry 1154 mg SRILRRERGR A, XD K e R
. TS, RS LR SR 3 WK, BE 1 JEE R/ T R - ’ o
G A RS 5L U, O B R AT o RAT O
[34] WA . {E{I,ﬁ_:‘/*7 do . . .
IR AR/ Cry j 1 . . . . . Aluminum Behavioral  scoring;
Mix 10 pg Cry j 1 with 4 mg aluminum hydroxide gel. .
Male BDF-1 Japanese .. S . hydroxide serum Igk levels and
. . . Administer subcutaneous injections every day for 3 consecutive .
mice cedar pollen/Cry j 1 . A adjuvant neuronal hormone
times. After a one-week pause, instill intranasally for 7
onsecutive d levels; tracheal IgA,
consecutive days. MCIR, and
MC5R expression
TR o) B
TES 147 R /NEBF S 0.1 mL ) Art al(20 pg/mL 95 B 2 R O I v
BUBTAERAEERIBOR) o BT15 1 RS X/ RRaEA T B N IgE A 1gG2a 7K °F;
(IM£8)500 pg/mL HYEALEAERYFRIBUB (FHAL 10 pL) ,iZE2E WA SRR S o
MEPE BALB/c  BRAEEAER) 10 do 750 4 SRS FRIEAT 2 SR NTETEIOR . diillvky eyl
N Artemisia On days 1, 4, and 7, administer subcutaneous injections of 0. 1 Behavioral  scoring;
Female annua pollen mL Art al (20 pg/mL artemisia annua pollen extract). Aftera / nasal mucosa
BALB/ ¢ mice one-week pause, instill intranasally (drop nose) with 500 pg/ histopathology ; serum
mL artemisia annua pollen pollen extract (10 wL/nostril) for 10 IgE and IgG2a levels;
consecutive days. At the end of the fourth week, perform two detection of antigen-
more intranasal instillations. specific  lymphocyte
numbers in the spleen
TR B i
550 K /N TR I ST R AEAS (0. 1 mg/200 pl) 55 A (tight junction
WUAFI(1 mg/200 L) IR G TIARB, 57 X, proteins, TJ ) Al
YO /INER A THE SR AR (0. 1 mg/200 L) DARE5RE (zonula occludens-1,
Wb BALE SHEF. WA 14 JTFI 7655 4 d 6/ NELIE F PR 2 20-1) F35; 41 5%
VN , ARG
N WRETER 1R (0.1 mg/Z.O. }LL)? . . . o LA ;\_J&fﬁluj .
On day 0, sensitize mice with an intraperitoneal injection of a . Behavioral  scoring;
Female Ragweed pollen . . Alum adjuvant . .
BALB/ ¢ mic mixture of ragweed pollen (0.1 mg/200 pl.) and alum adjuvant tight junction proteins
¢ mee (1 mg/200 pL). On day 7, re-sensitize mice with an and zonula occludens-
intraperitoneal injection of ragweed pollen (0.1 mg/200 pwL). 1 expression;
From day 14, instill intranasally with ragweed pollen (0.1 mg/ paracellular
20 L) for 4 consecutive days. permeability
testing
it CD4" AR5 ; 1L
+ S T = V3 - TEAE IeE 1eG1 .
HEPE BALB/ FEE 0,14 F1 28 K XF/INGUIEAT BT TS, AR 10 pg SURUAHR AT {ﬁggjkr&; o
JNERLET HERAER)/tBet v 1Bet v 1 INESEALERT, Aluminum Sgl CD4* 1
Female Birch pollen/rBet vl On days 0, 14, and 28, administer subcutaneous injections of 10 hydroxide pleen e
. . . . . proliferation; serum-
BALB/ ¢ mice pg rBet v 1 plus aluminum hydroxide adjuvant. adjuvant .
specific Igk, IgGl,
and IgG2a levels
TESRS 7 KA 14 K b/ NHEAT I TR, S0 AT 1 me/
mL EAERBREY S 2 me/mL A S SEIRARATITR A4 (&
L s e g e WREUH 200 L), DLEATIERIEC, SR 14 REH 23 K% PR i
sty n WROUT20 bl MEHTRIEL. JUB 14 78 23 2.5 PR, BB
Ry ok BUEATENTEVE, B ESERETE 200 pe ALK T 100 pL TLRA. MyDES 1 NF-
WP BALB/ ¢ oo 1 mg/ml. P EEAH, LI AL R SR R St
4 [38] Artemisia annua T . L ! kB p65 FikKF-
JINER On days 7 and 14, administer intraperitoneal injections of a  Aluminum . .
pollen/Mugwort . . . . . Behavioral  scoring;
Female ollen/ Artemisia mixture of 1 mg/mL Artemisia pollen extract with 2 mg/mL  hydroxide nasal mucosa TLRA
BALB/c mice D¢ o aluminum hydroxide adjuvant (total volume of 200 wL) for adjuvant ) o ’

macrosperma pollen

primary sensitization. From day 14 to day 23, instill intranasally
with 200 pg Artemisia pollen dissolved in 100 pL of 1 mg/mL
aluminum hydroxide solution daily to induce allergic rhinitis.

MyD88, and NF-kB
p65 expression levels
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EIL//ANEN AER I WAy 1 e TR
Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
MIERFRE IgE K
(slgk) FLEL IgE Fiik
K- (ulgk ) 5 T v 4
NELHE B S Uk
TSR 07,14 K /NRHEAT B2 T EEST, S0 10 g MUI4H T R A 2
FERHRIRYIS 2 mg SAAMIRRIRG Y, TESS 21 KEH 24 T8 il 41 2095 #2
it BALB/ ¢ KR 1% MR S 5 80R, B R 1 B SRR B
NG fFATEN: 20 min, Aluminum Serum-specific ~ IgE
Female Cedar pollen On days 0, 7, and 14, administer subcutaneous injections of 10 hydroxide levels ( slgE ) and
BALB/ ¢ mice g juniper pollen extract mixed with 2 mg aluminum hydroxide.  adjuvant total Igk  antibody
From day 21 to day 24, aerosolize 1% juniper pollen extract levels (tlgE) ; splenic
once daily for 20 min each time. T-cell  proliferation
test; eosinophil count
in nasal wash fluid;
lung tissue
histomorphology
St » S v N -, 5 7 ?;BI IgG1
ES 0 FATS 14 7 X/ NUHETITEN 50 g FRSTAAE A
RIS SE LA (2. 5 mg/0.5 mL) IR, 7656 H@,Dgﬁz?ﬁ*jfﬂj W i

" 28.29.30 F1 35 K/ INGGIEA T 5 IHE T , BT TE 100 pg H » Ny o
MEPALM S pkemmien  ATEMERILENEH 20 ul) i s
sV o2 ML . L Aluminum Serum-specific  IgG1

Japanese On days O and 14, administer intraperitoneal injections of a . . .
Male BALB/¢ . . . hydroxide levels; detection of
. cedar pollen mixture of 50 pg Japanese cedar pollen extract with aluminum i . ast ells
e hydroxide adjuvant (2.5 mg/0.5 mL). On days 28, 29, 30, """ s - ce h’i
and 35, instill intranasally with 100 pg Japanese cedar pollen eo;lln(t)p lb" s ane
extract (20 pL per mouse). goble cets "
nasal mucosa
550.10.20 K, /NI T 0 DA SR B0 ( RAB AL R R L

\ 130 TE PBS VARG B R A AL 130 © EARR - , - s
HEbE BALB c 0 e ”ﬁ?; O TN, S 100 e L B sopeampon) it ek 250t ek
N ALK el ) TR L Aluminum il

. On days 0, 10, and 20, administer intraperitoneal injections for . .
Male BALB/¢ Ailanthus pollen . o . hydroxide Detection of serum

. basic sensitization (130 pg Ailanthus pollen extract adsorbed Jruvant IeF: bindine sites
fmiee onto 130 pg aluminum hydroxide diluted in PBS, total volume of aquvat &% bicig sties

200 pL) ; on days 10 and 20, inject without adjuvant.
) . e L AT VAN B Y
b AR .55 0 K NEUBIBEFE SR 1EBY (100 g S5 SR
FLERBEIE 1 mg+200 pl. PBS) 25 7 K, /N RIS I IR AL 1k TL13 KT £ 40 o
HH(100 pg+200 wL PBS) ;4 14~17 K /NRENFESHIKFAE D%Mﬁ*ﬁ;ﬂ@ﬁﬂ
(UM | mg/20 L PBS) . 2 AR HUBNEUES 1 PR L AT
JEVRISE 2 J8 (55 0~5 %) M (5 7~ 12 ) B PO E IR (SIeE )+ £ 4 mRNA
e (1 mg200 L. PBS) 055 3 JAI(H5 14~ 17 RARSERPIREIR . (EE)s il
BALB/c EER) E R SN S
- 2 KEAEN ; S . . Aluminum Behavioral  scoring;
NG Acute AR model: On day 0, administer intraperitoneal injection . .

. Ragweed pollen . . hydroxide serum cytokine levels
Wild-type of ragweed pollen (100 pg + 1 mg aluminum hydroxide gel + Tuvant ¢ L4 1.5, and
BALB/ ¢ mice 200 pL PBS); on day 7, administer intraperitoneal injection of B })L | 3‘._ ’ rb o an ‘

ragweed pollen (100 pg + 200 L. PBS); from day 14 to day _ ’ h.lr?unhl e ) ‘?l
17, instill intranasally with ragweed pollen (1 mg/20 L PBS (folbllfl()p ‘1 ° 1n< nfl;d‘
per mouse ). Chronic AR model; Mice receive intranasal ;eEb'l wlmnz_blljeg)l L
instillations of ragweed pollen (1 mg + 200 wL PBS) on days 0 & | evels LS gRN A,
~5 and 7~12; continue intranasal instillations on days 14~17. nasa . m
expression levels
e N AR
FART BRI 0. 02 g ZERYE1+0.02 me S AILRY s
HebE B10. S 2 L/ L) BITE, R 2 BT d. R | E‘f%:c( I'E‘E; .
N AASHAER oS | Y, I 15 %, LECRIRET e RS
Female Japanese Instill intranasally with Japanese cedar pollen extract (0.02 pg b gimrillm ) chavior S(?Oimg’
B10.S cedar pollen pollen protein + 0.02 mg aluminum hydroxide/2 pl/nostril ), 3 0x1te amway :'ESIS anee
mice twice daily for 7 consecutive days. Pause for one week; then adjuvan [CASHTEMEILt; - serum=

instill intranasally once weekly until the 15th stimulation.

specific IgE  levels

(slgk)
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Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
ML 5 P Ik
s St " EENTERTOND IeE N ?: 5 ‘4:-
5 0 T 14 5, S/ BUBIRSEE A 85 AL H (1000 e LT O I
PNU/200 plL) 55 EMEMEH (55 RN 1 mg) RS HILL &ﬁé&%%%ﬁj
Hep: FERIBE, #i5 1 R)R EHS 21,23 R 25 T/ AT 5 I
BALB/c I WO S T/INRCCHAEA IR (B UL 200 PNU/20 pL) . SUSRMRERAD e e
[44] igﬁ*ﬁ/An vl .. . . . . E4 ﬁfiﬂflu
JNER M ! vollen/ On days 0 and 14, administer intraperitoneal injections of a  Aluminum S -
Male ugwort potte mixture of mugwort pollen extract (1000 PNU/200 pL) with  hydroxide crumespectic 8%,
Art vl . . . . . . total IgE antibodies,
BALB/¢ aluminum hydroxide adjuvant (1 mg/mouse ) for primary adjuvant .
. L . Lo specific IgG, IgGl,
mice sensitization. After a one-week pause, instill intranasally on and TeCas )
days 21, 23, and 25 with mugwort pollen extract (200 PNU/20 and lgvea;  ear
L/m ) allergic edema test;
pl/mouse ). cytokine levels; lung
tissue histomorphology
5 5% ¥ <L WLy
TESS O KIFUR, 7ELE 7 d TR IR B AL B N8 T HAMER (sRaw ) ; 17 =7 3F
PRI 3 WL(0. 3 mg LM E AT 0.3 mg HEALH) . Eir Ll i 4 S uR
1 SR 14 KITHR B — I B AR TR 3 mg JRE(PCA) 5 LT y1
HEVERRARA) A TRMER 1525 30 JH., SEALERIGHR] I IgE HUMOKT
Kl HART AR . \ ! . .
JKER Starting on day 0, Cedar pollen extract 3 pL (0.3 mg pollen  Aluminum Specific airway
Japanese L . . . . . .
Male Hartley d I protein dissolved in 0. 3 mg aluminum hydroxide ) was given  hydroxide resistance  ( sRaw ) ;
guinea pigs cedar potien intranasal twice a day for 7 consecutive days. After a one-week  adjuvant behavioral  scoring;
pause, starting from day 14, administer via inhaler 3 mg of passive cutaneous

TEPERE SR
JRERL HAERAMER
Male Hartley Japanese

guinea pigs cedar pollen

HEVERG R ;

gﬁ;ﬁ* HAS R
Japanese

Ma}le Hafﬂey cedar pollen

guinea pigs

cedar pollen once weekly for 30 weeks.

TSR O KITHR 25 7 d BRI ESALE NS THIER
FEIH) 3 WL(0. 3 mg AEREIHIAT 0.3 mg FEAALH) . HiF
LJESG B 14 FTTIR 808 1kl ARS8 T/ NS
AE83 (3 mg/AL) 2 13 J4,

Starting on day 0, Cedar pollen extract 3 pl (0.3 mg pollen
protein dissolved in 0. 3 mg aluminum hydroxide ) was given
intranasal twice a day for 7 consecutive days. After a one-week
pause, starting from day 14, administer via inhaler 3 mg of
cedar pollen once weekly for 13 weeks.

TSR O KITHR 25 T d BRI ESALE NS THIER
FEIH) 3 WL(0. 3 mg AEREIHIAT 0.3 mg HEAALH) . HiF
1S SR 14 KIFIR B 100, 3l AR 25T/ 3.6
mg FAMERY  1F4E 48 .

Starting on day 0, Cedar pollen extract 3 pl (0.3 mg pollen
protein dissolved in 0. 3 mg aluminum hydroxide ) was given
intranasal twice a day for 7 consecutive days. After a one-week
pause, starting from day 14, administer via inhaler 3.6 mg of
cedar pollen once weekly for 48 weeks.

AR
Aluminum
hydroxide

adjuvant

A
izl
Aluminum
hydroxide
adjuvant

anaphylaxis (PCA);
serum yl and IgE
antibody levels

T A S
SUHFEL) (sRaw) ; 5
JEREBEW T TXB2 p-
It AL AR

Behavioral

specific

scoring;

airway
resistance ( sRaw ) ;
TXB2, p-LT, and
histamine levels in

nasal lavage fluid

o 5 1k RCIE B
(sRaw ) ; 17 79 £ 1F
35 ML R S P IgR
FTgGL AR5 53
FEVE WO B 0
T S v AL
Jiz A iR 1 =
I o 5 T2 20 1
P2

Specific airway
resistance ( sRaw ) ;
behavioral  scoring;
serum-specific ~ IgE
and IgGl

levels;

antibody
blood
cell count in nasal
fluid ;
histamine and

white
lavage

cysteinyl  leukotriene
content  in  nasal
fluid;
tissue histomorphology

lavage lung
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Animal strain Pollen allergen Model construction method Adjuvant Evaluation indicators
TESR 0 KIVIR L 7 d BRI BRI LA N A T H LN
PEHUH 3 WL(0.3 mg AERIEFIT 0.3 mg SAAH) . HiE ARBELT I 4 5 B
LG NS 14 KIT8h, 08 10 AR T/ 3.6 TEAFAD & ; 1M
TEPERE R AT AR mg TRMEHRT 1525 11 4, AR S 1gE K
J L Ja anze Starting on day 0, Cedar pollen extract 3 pL (0.3 mg pollen  Aluminum Airflow resistance
Male Hartley (-eI()lar Aolllen protein dissolved in 0. 3 mg aluminum hydroxide ) was given hydroxide measurement;  nasal
guinea pigs edar potie intranasal twice a day for 7 consecutive days. After a one-week  adjuvant airway volume
ause, starting from da; administer via inhaler 3.6 mg o measurement ; serum-
pause, ing from day 14, admini ia inhaler 3.6 mg of 3
cedar pollen once weekly for 11 weeks. specific IgE levels
RS 24 h A S RIEIETE SRR I (200 pg) (0. 9%
LK (0.5 mlL) AL (30 mg) KIREY), &P
AELAE R HE RS 1R, HBIRIAF) 16 A, 16 RS % S B
(9.5~ U YN EN7F TN T ok R e RS
[49] L. . .. . . . ék%k’ﬂﬁ‘f‘nﬁuﬂ l-'ﬁ'*/\()\ui
14.5 kg) TR EIER Within 24 hours of birth, administer intraperitoneal injections of Alumi Airfl istanc
Adult Beagle el a mixture of ragweed extract (200 pg) , 0.9% saline (0.5 mL), b HHow resianee
Ragweed pollen . . R hydroxide measurement;  nasal
dogs (9.5~ and aluminum hydroxide gel (30 mg). Repeat this injection Jruvant o !
14.5 kg) every two weeks until the dogs reach 16 weeks of age. After 16 adyuvan amway volme
. . . . measurement
weeks of age, induce nasal allergic reactions via aerosol
inhalation.
1R o3 AN I
CD4" CD25" 4l 1 Lt
NG S K R AL R BE A ng) T H H
PRI ST IR B2 IR (5 1100 pg) 5 L) il 50 A 1 Thl/
(BER S mg) ITRT P LARERNSCR, BER 1 U, 3425 70 o i Th2/Th17 40 i (K F
. T A B A SO mRNA K-
é KEAER Administer intraperitoneal injections of a mixture of ragweed — HABHAH] Behavioral  scoring;
OYT]mOH Ragweed pollen pollen extract (100 pg per animal) and alum adjuvant (5 mg  Alum adjuvant  proportion of
marmosets per animal ) for primary sensitization, once a week for 70 peripheral blood
consecutive weeks. Thereafter, instill intranasally to induce CD4" CD25" cells;
allergic reactions. Th1/Th2/Th17
cytokine mRNA levels
in peripheral blood
B RS SCETERY A vl \ N il
BIEEAR SCEER AN L g i st s, PCIERL g b cop
New Zealand Mugyort pollen/ Stimulate the rabbits every 4 weeks to induce allergic reactions Freund”s Specific IgE levels
White rabbits rArt vl v & © adjuvant P &

3 EMEE AR ERHBESE

3.1 EMES AR #EE

AEA 1 U AR SO R IR T A B, DAAR AR
PRUERIBUREDI T, — R A= T2 8
PN UNE RS bR, B OREIEEE N iR,
FIHA RN R B B ks 22 h, SRJ5 HEAT
Bt IR LA A PR A, L@ L 0. 45 pm F10. 22
pm S IERRE LABR A, PR BOR &k i — 2 T
AhER B TR AR R T AR AR i
O AR B 5 3 B 1 0 R R T i

it R 456 R A ML R R T BT R 5 &
PRI MR PERE R, DL SOz o i) AR

Jit o KRGS BB | 5 AT 176 1
SRR ERIR T . OB R
B PR SRR RO b 4 5
P 5 HARA HUF A L, 05 BES 7R HAR Y /K
P3E AR I 25 B e S R U TER 2 e A e
A BT UM RE R B K AL 3R, J2 H AT et
VRS SR P 1 R BRI
ARE IRV, AT A R B B A6 $ BOH A
B S, AR T i S R AL 25
B O A AE Ry 1 7K P T AR iR
N EYIT % . ARG RO AR S Uiy
PURTEPER MR 5 i 22 vl 45 B R 6
Z% vheER /K IR IR 2 B 2 P, e AT PR S B 4
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Kyt SRR A pH (EARFF e

AN A 20 AR A o B S 4% Bl W A
Hr AR R FE R 21 20 4R B AERy SRR Y
U AR FREES T EREERE . TEA
FHE ALk TR TAREARER
MAER AL AR SAER B AR L, AR F A
ARG B 2R, 5 TR, A
1M, AR BYVEFHFLH 32 3 Z2 0 KL R B9 52 M), 43 4%
SRR B S AR A SC B IR B A BT | A6 K
AN N R WG S aE RS TS g4, I,
TE 2 AL SR I 25075 T B 5 B R 5
3.2 TEMYEIEL AR MR

el AR e Ve S e G 0 0] | Gl R S Ry bt
Ji— B BAEAE P Z BT BN SR N . 1 H]
P30 B SR B B X B () S35 SR AT
SEmbtRR R . HET, 7R Bk B R S R A
rh i i AR R 2 AR A SR 2R (AR B LA
) LT LA A B S R A A R 2 i R AT
SRS, PIE I FE 2 Re 2T D e R
AR FI RSP, SR, EAT]Z B A
FESE I TR A Y JRRE RN BT R R B 2%
5 FBUR IR IAE TN S 55, seah, (36
ICAE I R o BB, B e 2 3L ks
A Reik B I ROR . R, SRR R AR 5
B Ay 5 A7 370 1) (58 B R AR 58, DR L4 A T
M

H HT AR5 e R W, 45 10 300 5 | A A A4 B
FESTHIBE TN AT LA 3 FhAIL R i Ao S —
LIPS G IR A B F = RNk = W
FRTEVR N I A ) B R PR HAIR ) T I — A 22 1Y
BUERETE AT o 22 G iR IR, B
ZIEORPUIR I T . 5 AL S ROk AT i
PURFEAL N BURCRIE 2 i J5 3% 26 F0R B 1 i 4
S22 fifl (antigen presenting cells, APCs ) 715, AT
ISR SE S, X — i B B T4
PR R A A B S 5 W RGN
SIFLIAL B, 58 = AL K SRR g
LI APCs BYFH S5 M KT Th Sy
%o Ay 2 SRR RS T A A
AR WA T ENTRY S RETE M NG o 1 %
UNIUR AR LI RS

A A HERE H A SRR AR
ROV ABAfRIE, — SRS, (A AR AR
WA AR A/ INR I IE R B rh ™ A R A 2
70 e Ak B R B Sh A R | SRR AR R
K N R 1~5 mg, AL BER T
BN RE0.1~0.3 mL" L [R5 A4
AIREZS X AR A A IR RICR 7 A= 52w {H LA
HRARGE BB E S AERE, HHWCA
il I TCAR 77 B S BT T , 0 B D075 5 Hh i i R AE
BRI 2939,

3.3 TEMEIS AR EEIF)ITTE

HAETC &R0 AR BIRY K S2E05 B ] Lo
PR . (1) 2o S R SE Al BB (2) s Rk
i B R B i sh ) I R R R T R
Ja P A R S B o R BR A AR AR R B U
sCEASE N, XA R G E TS LT
T R T B S N BB S B RS e 1
O FAEEARTE , S DN TRV LU I 1 B R0 B R T
T B (S AR O ik R AR A T
I e RAETT ) 320G, S B U B B2 3
WU 2 5 TN R R 1) ) — ok R 3 ek 5 B
FRORE R 200 0 R0 00 2 1A s 240 L 3 TR () A4 AR S 1k 5
G A O N B R TR U
21|t BB ) S B S AR R R 2 LA R
B, LA A BT RE SR SE g TR B A9 A B
UNEREV S GV B T C dnE i N4 A
4 JERBF AR SE R, 7558 4 5 BRUS 1) — Bt
B Can 1R ) |l Rl as 0 e (i &) &
PR AT AU S 5 R R I AT AR J LR 3|
JUEAREE,

TEFA HAE R 0L AR B AR R4S | )
P AAE RS E AR SRS
IR RS AT B LR A 5, B2 R ST
A BURIE 25 S8 Th2 GRS RAE U, 2R
M, AR DA BIFE HAsE 3 1 o AN ] S 700 1 R/
X ORI A X T R R 28 R
BEAY AT L 3k 4 i ak SR A B B s ) 45 21
1o SR A 2 M R E R TR (1 5 A ek R 3 5 AN /N T
10 JH, SR, BRTIES A G— 09 hn AL )4 i
FIUAF R B BT s o Sk X0 2 R0 M <0l R E
B
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4 BB

FERY L AR SRR DA 38 5L T sl
A SNE (A ARFAE B A DG AR BEAE AR I R A T 2R
FIRr (WL 1) o X — o R AL 4 G
& e AT N E o VAL S 0 sk
SR RS A BT U e e A Iy S A7
PRI 1t sl 1A N ) S8 BN b, 411
o FUE S 00 70 M W RE SR HEA SC AR i AN 20 235 3 1
DL B ; BT, BERER R B BIESE B B0 1%
ARSI AR 5G40 i A - AR k2P e A kb 78 |
WRPPAG SR NITE I — 2T IA &R, R
W Z SPFRATTAHDFE T A DAl S R e e 4t
DB AR ROCR B BEFT , SXFE I 255 Al RE A% B
YRS b B ARy 5 S ) S B R ARALE
4.1 1THETS

13 05310 At — PR IUR )5 30 min
WHEFT . MG Ry BUBAR R S W) i AR FIE
ARRRIE SR S AT L S TR I S 26 FT I
AR 2 e ] I PR, G ™ o A B ] UMk T
BRI i i i T LTSGR G A
LR AR EAT AR FLZ) 15 mm , IR
60 s, it s iofs (9 JBE 1 o 20 A ) 5 | R O £ ) B
KRB ERRT, 2B ERBHICAR (whole
body plethysmography , WBP ) J&: 1Ak 547 & 2€ () —
i FHEAR 3@ WBP ik P 3514 A2 AL T A
VPG SR FE R AR G A B S
4.2 MiEFFEHEKERD

AER B AR SRR 30 75 20 3y it
Fraziin B9 iPAs , DLl 2 R AEAE 2 B P BUsON
T BV N Tk Al sl Bz ko s
( passive cutaneous anaphylaxis, PCA ) A9 £ il
PCA H5 2 —Fp R R I 2 EARFE TR S
[F) 2 R B [F] 2R B S R LH U & s | 0 )R
FR I RIS, A S I PUAA ST A T 7 R
1M, 64T PCA M i i P 5 Y, He4 2R ml g
BN Z R R AR, 8 PCA % iR i
TP T GRL SO A T E i, BERE IgE
PO K B, X P 5 e B il Bt . 7E T U5 i
BB AERAE A i SR AR NS 2 ik — &
GG N, BT, AEB 4 S IgE 2 5T

KUNMIZE G X — 45 Gt BRG] ki By G b
TR B0 L e b 0 5 I3 P AR R SR TR Y
WERE | A T VAR AN AR X A6 93 3t A8 s 1 ) 32 R
SEFEAR

FE IS O S A 5 9, Th AT Th2 7Y 241 Jfd
PR 1) 5 5 40 6 T B0 5/ 0 R - 1 57
5T 2R W], Th2 A A T Be 8 A U i 1eG1 ik
(96 1, T Th 20 6 700 £ 2295 5 1G2a Piik
A PRI H A L P TgG2a Fil TgG1
JKFIZEAL,, AT DATE 245 78 Thl 5 Th2 4 i 22 [A]
PEHLE A AR AR SR A O ik B A
LIS ST AR 2] T T N, SR AR e
SEN of FNARBRASSJR T B2 T . #£ AR 3
SEge R AC K P RE SR TgE IgG1 Fl [gG2a 7K
SEAEFE L 1gE KPR R A Uil T
4.3 BEFEALRERSEEN

Y S FERE U RE AT TR TeE A8 Y
TSN B SR T 2H AU B AR AR AR, n A R A
0, T LA 3] S b RSt % A 43 , 1] 2 204 %%
PEAR IR | S M AR 325 bk B AR e R T
20 L P 0 2B, TR B T T R
KB 2RI b R % H 2 R T
AN L B L BT B | B 20 23 98 i P9 A8 e HEAH
FKIGBRARAE S N T E . ILAh, AE R S —Fh I
(R BUR, BR T 5| & SR A, H i FlA P
J& = T IFIGE , 7] RE S| — FR B S R
W KA, BRI, S SRS B il 2H 4 1 o FHER
BB AF T2 S EE S XK B & R R SR
WREATIR ABFSY, A B T FRA B8 4l 381 g JH o) o
A1 2R 255 149 552 W) S A S BIL TR, DA T Sk A G 922 5
(R 15 B AR T S BE RIS AR
4.4 ZHAEEFHEN

Br_EIR I 5 BR A1, 8 AT LA T 40 i R A
WARIAL U R, AIFST S IH , Bh s  ER B v 4
it PR ) R JBOAN AN W) 928 2 N7, 348 W] i B 2%
R A M N R R A SR, X R ekAR
A 3 K e e M ) 08 T R R PR R R A e A
NIt | 7 () S8 B P R Il R 7 A= S g o
IR SR B R A S YRR R 2 BV R
4H L (type 2 innate lymphoid cells TLC2s) F1 Th2 2]
HLAT AT, AL 30 e 15 2 H s i g 5K
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PRAY 32K LEARR A S TR (19 G 5 240 B FE 6% R ik 22 A A
i & 1 PR, DT A b 38 At S e i, i
LR MRS, 51 & T 5 2 B 5 A I PR AE AR
V6 K3 I A0 A R A I Ty ik R AR PR AR AN R
A& B AR B A I 0 e 15 B R I ik
OB R I 7 vE A U U I | ELISA | ELISpot |
Luminex %5, ¥ M 31 A0 40 fitd S 20 i [ 32 B A0 46
W JLR,

4.4.1 Th2 4}

AR 5 ThO #H Jf 1] Th2 2 Jfd 4 0 4k A1k &=
Th2 RUAHHE B BECA 5G ., Th2 4 ML 62 8 53 W
LMY T, EEALEE 1L-4 10-5 1L-10 A1 1L-13
SRS PP BN SRR T R BRSO s R
i 20 M IR | 175 R AR SRR 9 RE . DRI,
FREIN L 3 PR A 22 2R 7K T DAAT R0 R Th 4 g
PTG RS (HARE R, IL-25( AR IL-17E)
Je—Fh el Th2 A=A W AN IR R -, Bl
5 IL-17RA/B WIAHEAE H , BB #5500 I 4 0
A A F 19 ERIK B4 NFkB STAT6 . GATA3
FINFATC1, X —3d B2 Th2 1042 40 %A 3K
WS A AL, e &AL HE Th2 40 7 (e 2
IL-4 IL-5 Fl TL-13 %) f ki a1
4.4.2 1LC2s

ILC2s #£ AR 1Y 9% | v & ¥ 1% 0 1
FAS S M SR A AR 42 o 5 B S, - R 4
R Z R 5, A6 o R R R AE s M
SEN ML T TL-25  TL-33 F0 by i 35 S5 bk 00 A4 ok
% (thymic stromal lymphopoietin, TSLP ) {9434, i#F
M 16 ILC2s JF e 7F 2 A B 28 41 it (type 2
dendritic cells,DC2) B R, F4IE Y 1LC2s 3k
LR AR R - (40 TL-25 I0-33 F1IL-9) , B4
SRR 22 | 5 S v RN RN R AR A | 2
T A s o T

Horp  TL-33 VR —Fp o EEAN M R 7, 224
HAUR BT R L, il At 55 ST2 2 k25 4ok M
5 G 3% 20 M 0% 3, 9 G O N R AR E . L Ab,
11-33 I BEIAIE Th2 2 i | W8 Bl 4k 200 i | W R 1
20 M2 E 2R R S AR i, = 5 5] 2 R
H 1 g S R O SE A R

TSLP & —FhdE 142 Th2 Sni ¥, 32
S FEANN R, B AN BERE B S AR A0, ib
W b SR R R YRR b B A 5T
RV Rl e o B SR B B B, TR
VEBLJe/NEUBER i TSLP 02635 5.2 |-, %21
LA o B0 7 R 9 R TR R A DG HEVE
I, AN TSLP (1 2hK-F- T Hi AR (19 2 b
HAEEZEL
4.4.3 Th17 4

Th17 ZHHEE—2 T 4B AL (Th 200E) , &
ZLATTIN U TL-17 75 25 b A SR HiL A v 42
YRR VR, T S RE B A AR AE [ by AN 4 58 )
PR GRE , X SR i SRR I AR . i Bl %
iE S AR B B TL-17 A — A e 48 R 7, i
HEJR ) IO )RR AL, 1 2 B 1 AR
I A TL-17 B3R KF-X5 T 1 i Th17 4 %k
HNFRBHAEEE L,
4.5 FREREIREXBEIERGN

F T ARZ W 5E 2 VAl S5 BB b B e e 1 43
Pt o SR AT Sy W 052 S S 1% I 0 e, G
SEREE H G FR B TE () (il RN SRS .
WREHE— RV EIR A T2, X SRR O I
It 7P S R IR RE R 2R (£ 2) . B
S5 H AN oceludin AT claudin, 4845 F 240
it [E] J57 5% 2 BB Y O SR A3 >4 3R TR K P B AR
B, b e s P 3 a1 T R I, 5 B0 B A St
TR A A A o T AL PR A S hE Sy P HA
ST, 2 40 i DA - B2k B R R RT RE AR A S
RS2 B BE RIS 5 B0, R SRAE A ¥ o
(tumor necrosis factor-o, TNF-oa) Fl 4/ E -6
(interleukin-6,1L-6) 540 il (R, 5 o 76 o St &
HRFNHA T W T8 P b T, 3R BT I Y
RAEFNE o WA, e 7V —FiE 5401 BE
W5 | 5 A L 28 403 3 7o, 5 B TR Bk b i S AR
(RIS B FRIA BT RES | Rt 2 e | S EUR b
NG i — D . SRE R X SR bR A2y
T R VTAG PR S B B 5 B )40 £ B 4
T AT B THES ARG T RN B LA
SR A 0 T AR R B
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Table 2 Key components affecting the nasal epithelial barrier function

Ao 44 ik

Detection name

Xb B b 1 it B D) RE A R

Effect on the nasal epithelial barrier function

B EEREN-1
Zonula occludens-1
P41 ZE 25 1

Occludin

HHHEA
Claudins

LM+
Junctional adhesion molecules

E-45Zh 8 H

E-cadherin

AR 9

Proto-cadherin 9

RIS
IL-5

FI/ -6
IL-6

AR -9
IL-9

HAE-12
IL-12

HAFE-10
1L-10

A E-13
IL-13

FA®-17
IL-17

FAr#-18
IL-18

Y5 R DA S TR B AR TR el B

Maintain the structural integrity of the tight junctions and regulate the permeability of ions and solutes.

25 B EHIIE R, 477 5 240 ) B e a4
Involved in the formation of tight junctions and regulating permeability across intercellular spaces.
VRIS B S T A TR R e Sl B TR0 T RIS
Regulating the permeability and selectivity of tight junctions, affecting the transport of ions
and molecules.
SN BRSNS 5 R AR AT R A
Affect the stability of tight junctions and participate in the migration process of immune cells.
PRI B2 240 L ) RO B, ) 5 L B2 B B sg 4 P B G
Maintaining adhesion between epithelial cells is essential for maintaining epithelial barrier integrity.
T 2 5 YRR IE R LR B DIRE AT AL SO (5 IR S A 2 A A R SRR M
T 1 e e
It affects the nasal mucosal epithelial barrier by participating in maintaining the normal epithelial
barrier function, regulating the inflammatory response, and affecting the migration of immune cells.
Sk Th2 A5 Ak, 380 Tgk S-S Y S AE S, T REIE i AR B T 4 B 1 Rk T s i &
B BERY SEREE
Promoting Th2 cell differentiation and increasing the IgE-mediated inflammatory responses may

affect the integrity of the epithelial barrier by altering tight junction protein expression.

R HE RS R MR 20 ) WS SRS , 25 B BB S SBT3 b B e B T RE 2401
Promote the proliferation and survival of eosinophils, and participate in the inflammatory response
of the nasal mucosa, leading to an impaired epithelial barrier function.

B LSRR B A AT R BB b R DR BRI RE , S B B AR R AT
By promoting the production of inflammatory mediators, it may indirectly impair the epithelial barrier
function, leading to the barrier dysfunction.

T A fE A P R A A 0 S R AL, VT EE 5 75 SO E S O ) e b B R
By promoting the recruitment and activation of neutrophils, it may damage the epithelial barrier
indirectly by inducing an inflammatory response.

A REIE I Th2 RiE 2 5 RAES R, 420 L 1 B IIRE
May participate in inflammatory processes through the Th2 response and indirectly affect epithelial
barrier function.

IL-12 2 5 G2 AR WG AL , 22k Thi AU 51k, X RT RE I EE 72 b J B R TR
IL-12 is involved in the activation of immune cells, especially in promoting the differentiation of

Thl cells, which may indirectly affect the epithelial barrier function.

BAYRIEM , 7R B T 445 b 5 B B 52 B PE A D 589 SR
Have anti-inflammatory effects and may help to maintain the epithelial barrier integrity and reduce
inflammatory responses.
T A SR TR I AR, TR B R b B R A A M A SRR
By changing the expression of tight junction proteins, it may directly affect the epithelial
permeability and integrity of the barrier.
PRk S RE AT BTRERL , T RETE 3 175 S JOAE (W1 e Bl 3 b F DR
Facilitating inflammatory mediator release, possibly impairing the epithelial barrier indirectly by
inducing inflammation.
BRI | F AL 200 6 45 G55 A0 M ) A R AS7 , B A S5 17, T S 1 Bz o o Py 2 4
Ability to attract immune cells such as neutrophils to sites of inflammation, exacerbating the

inflammatory response and thus affecting the integrity of the epithelial barrier.
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K 24 7

Detection name

X g b B2 B BT RE RS

Effect on the nasal epithelial barrier function

M E-25
IL-25
HA2-33
1L-33
i AR 3R JE AR L A R

Thymic stromal lymphopoietin

TR -y
INF-y

iR AL T -
TNF-a

HAE-1B
IL-1B

PR BRI -1(C-C 37
B TR 2)
Monocyte chemoattractant protein-1

(C-C motif chemokine ligand 2)

VRO IR T 40 M3 5 A 43
Kkt F (C-C ZF ik
T HLH 5)

Regulated on activation, normal
T-cell expressed and secreted
(C-C motif chemokine ligand 5)

C-C P itafb N F Rk 11

C-C motif chemokine ligand 11

TR FE 10(C-X-C 27
B TR 10)
Interferon gamma-inducible protein 10
(C-X-C motif chemokine ligand 10)

T i S A 2 - 1 ( C-C 5
AR TR 3) /e 200 i 56 0 2K
F-1(C-C RPN TRk 4)
Macrophage inflammatory protein-1
alpha( C-C motif chemokine ligand 3)/
macrophage inflammatory protein-1
beta( C-C motif chemokine ligand 4)

iy S R S8 B R B ( C-X3-C Motif
LR TR 1)

Fragment of tumor-lysis kinine

(C-X3-C motif chemokine ligand 1)

225 Th2 40MEIE Ak, W] REE T (i i TL-5 1 TL-13 A7 A TS mi b Bz i s
Involved in the activation of Th2 cells, possibly affecting the epithelial barrier by promoting the
production of IL-5 and IL-13.
TG Th A0 FTIE R AN, P AESE i 40 AE A 5 14 R TE] H 5 o b Bz B B DI
By activating Th2 cells and mast cells, epithelial barrier function may indirectly through the release
of inflammatory mediators.
TG Th A0 FIR SR NN , 7T RE I 58S A A BRI M B2 B B g
By activating Th2 cells and DCs, possibly affecting epithelial barrier function indirectly through the

release of inflammatory mediators.
T Th J2E , T REE Sk R B S e R R TR L B R BRI RE
Inhibition of Th2 responses, possibly by regulating epithelial barrier function by affecting tight junction
proteins.
FURSRAESUN , AT A B0 % B R KKF T NI b R
Initike an inflammatory response, which may lead to a decreased level of tight junction protein
expression and thereby damage the epithelial barrier.
IL-1B J&— i KA 02 58 A R 7, RS AR 3k 580 A BTt A, JF T RS ) L j e R i a2 44

IL-1B is a powerful pro-inflammatory cytokine that promotes the production of inflammatory mediators

A=A
Hess

and may affect the permeability of the epithelial barrier.

RS | A 20 M A5 S B AR M A SO AS7 , e A 2 17, S0 T 5 ey B 1 B B BT i
It can attract immune cells such as monocytes to the inflammatory sites, exacerbate the inflammatory

response, and then affect the nasal epithelial barrier function.

RENEIR 5| ZFP B 4UH (045 T 4IAE MR A AN B WEAN AR5 , & 7T fE il ad 02 5 1 e 4 i 1Y
SEEE NG JERE SLRL, [A14Z 20 S b J BRI

Ability to attract a variety of immune cells, including T cells, eosinophils, and macrophages, it may

aggravate the inflammatory response by promoting the recruitment of these cells, indirectly affecting

the nasal epithelial barrier.

T RE S S | I R YRR AN A Y3 2 S B R R R

Probably causing damage to the nasal epithelial barrier by attracting more eosinophils.

T R I T G N P S 1T R b B R I RE

May affect the nasal epithelial barrier function by regulating the recruitment of immune cells.

AT R e P A, 200 A I PR P A A8 P SR T A ) S S 7, R AT S 5 L ¢
FFEIIEE

May exacerbate the inflammatory response by promoting the recruitment of monocytes,

eosinophils, and subsequently affect nasal epithelial barrier function.

T R I A G 2 P S B T R b B BRI RE

May affect the nasal epithelial barrier function by regulating the recruitment of immune cells.
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5 45iE

ARISCRGEHL G TR I B S AR R B A
RIIEE , DHE TR MARRECR AN 3R, L5 30 %)
i A EUET RN AE A DU 0 R B A7 e TR A
FR A A A TR AR A0 AP B RCRATE A 8l
P ity ZR LR TS ECR e B, R 2R
FEREFE BALB/ ¢ /N RN LB O HL B (B
SEZNBIE /N, BRI B A 2 FEWTFE P
SEE TR H AR A B 4 N S B H
AERTDUR YR e 00 & S B GR 7 BT, 51 21
sy AR R H TS A 4 —
WP Z AR S5 T A SCHREERD b AR 40 B
PRS0 A A0 5 36 A B - B ) e A A 5
i, IR E B ACR AR50 A BT AT ARG S
BRI P A ML 2 (HOR T T RS
AERT DR EEHLH] AT, BRI b v
FAXS UGS — A7 T 23 v g 25 e IR 149 2 o
TEHE T HEAT AL, T ZETT SR I A 13
A B S PR R i S JE R (Y B 5 7 20
Z 1S Sk AL AL , 58 S8 BUAE DT RO [ s
TE— 7 I (6] BE PR X T A S0 BRI IR AT % W
TIPS AE LA 1T

SRR TR T T BT 2, A Y AE
Foy EECRES TR e AT — b Bl T B A% o€ 4 E B
AR B FTA HLTUGE AR W58 5 A b 2t — P 58 3%
FRIAEAS VST AR ST 4+ i LA K D5
5 U TE BT 0 B LI 5 bR AL B 5T
BORE A AR EE AR RUMLIR IE T4 (1L 5wl 5
(9 53 , TR A B i S B A A L ] 42 1 g 5
R RLIEHEA]

S 2k
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LI Boyang', LAN Rui**", YANG Huijie', LI Hongyu', LI Chiyang', SHEN Xiaoming®"
(1. the First Clinical Medical College of Henan University of Chinese Medicine, Zhengzhou 450000, China.
2. Encephalopathy Department, the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000.
3. Encephalopathy Center, the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000)

[ Abstract] A ketogenic diet( KD) refers to an eating pattern designed to achieve a low-calorie content,
minimum carbohydrate intake, high-fat consumption, and standard protein levels. A ketogenic diet is used in clinical
practice to treat conditions including heart disease, diabetes, obesity, autism, glioblastoma, and other cancers.
Although a ketogenic diet has not been recommended for any neurological disorders except epilepsy, extensive recent
research suggests that such a diet may have a neuroprotective effect and may thus represent a new dietary therapy for
the treatment of Parkinson’s disease(PD). In this review, we discuss in detail the mechanisms responsible for the
neuroprotective effects of a ketogenic diet in Parkinson’ s disease, with the aim of providing references for future
clinical and experimental studies.
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A4 759K ( Parkinson’ s disease , PD) J&—#Ff L)
X i 28 2R 8 T S R HA R 22 454 P o 58 fili A%
FEH (a-synuclein , ai-syn ) 34 22 R RR1E /) 22 HpoO fif
ZORTTHRSR . B AE 2RI Bz e AR,
Wiz 3R e DR B WL P 5 B 0 G 1 5 34
AFGE . BN, A Tz AR ShE R, W R 5
ek B W SO (A T g K A R X |
Fib FNHEAE T BE B AT ) | B IR B A5 | 1 28 28 fk
RS FI 0 PR 28 GosE MR ( s e i S etk ) Y, H
I, & T PD & AL A BF 98 F ZEAE P AE a-syn
FROSR AR | IN T3 IR N R, S AR A R A4 ) e
fig P RAE LS AL 4 R, HTEA R R
AR EAE &, H Y] A R A EE AL 6
P3A FRiE— 25T R AR SC28 3R T A i AR
WA 4 AR i 28 OR A G i B TE A (1 1)
T Sy A 450 3k 7 11 A R 356 il AF 5% 4 4t — 2 1Y
%%,

T T L

1 AR RBEE

HEFRAKE (ketogenic diet, KD ) 48— Ff ik £ 45
X, B 7RSS A3k B A WIS FE S FE IR~
P L I ARBOK AL B R AR = R T T AR
FIRRERR A A B2 PR A IZIT Ik
T o IRARR AR K Ak B 1 R R IR o o 2 W AR 7 2
PRI A A BB AR S F2 SRR L Il B D R,
HG IR A7 f# r= A Wi A ( ketone bodies, KBs) (B —
FEHE T IR ( B-hydroxybutyric, B-HB) il Z it £ &
(acetoacetate , AcAc) , it F2 /b, By 4 4k 435 1 1
AR, JF 30 A0 S 2 R A D R s H il
B ISR O B AR AR ok i 2
ISR R W] KD A] 3 i Z2 R AL X PD A 4 ph £
TRAPVE R AL HE A b 28 R AE B AL Yy
J B TR P 2 e 2 TR BB SRR D) fiE
D A AR A R R AT A RS

B 1 KD fE PD P g i/ HIPL

Note. 1 , Promote. |, Inhibition.

Figure 1 Mechanisma of neuroprotection by the KD in PD
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2 KD 4% PD Wit T %

EFXF PD By &R AL, KD 3 1 w28 AR A
G J2E VRS IR 25 o 4t L A T Ok 2 A 22 ST A
UInekefig fFE T, A 8 KA & 40 4E H, PD
P TTHE T A i 4 38 fin AT - ORE A S R AR R
LAARTI RN, 5 1 [R] s 54 1 P 4% 38 3t 37
TR AE P R A RN R O e S5 40 B %) I A 5
W B R 7 i2 8 ( monocarboxylate
ransporter, MCT) 4~ % B 3~ B, % 3 1 I 7 i
(blood brain barrier, BBB) 23K KK, 7EMkif#H £ 70
AR, TR B I o 40 42 i 1 B-HB 3
TG ZE R AR 3 - %8 T R i &L B AR (anti-bdhl
antibody , BDH1) &4t AcAc, FfJ5,AcAc i@t 3
-SA TR a Fe RIS 1 3L X ( 3-oxoacid coa-
transferase , Oxct1) 7= M) BEHIMEAH G a 5 A5G (3-
oxoacid coa-transferase , SCOT ) ¥ 1t.°&) AcAc-Coa,
ACAT1 1t AcAc-Coa A B P A £ Bt i A
(acetyl coenzyme A, Acetyl-CoA ) ifl i B, F-1% i3 £
(electron transfer chain, ETC) # A = & 2 7 FH
(tricarboxylic acid cycle, TCA) 7oA = W R N
(adenosine triphosphate, ATP)'"' . KD #J % —4~
A AR AR J2 W T A i B 5 RE B (E O AR, Ak
IECTE PD f g A B e 4 28 OC H AR
T KD 9/ P i 18 A7 g Bt FR A ) — > B A
FRIE TR B AT DL i s R AR T BE Bk
I ORI T Bl 22 8 RE S5 iR A Kk HE Al A R B I AR
o X ZRH] KD 82 O/ A 1 5005 18 e 41 1 0
FRACIE J W B2 38 i 5 | RS i AR N A8 Ak A G 25 |
ik KD i it 22 Fhoik A5 Up ] 25 o 4 e s 20 o 22
JCHY LA DI RERE AT RIBE T, A3 58 K 1Y pf 22 AR 9
VEF 5 HL 3 it 1 P 5008 153 i 410 ) 760 ) 45 2 i
WRERE A OC . I, KD 2520 PD AIT SR
KHEHED

3 KD 7 PD FiaZRPHIERLE

3.1 ATHEER

118 HHE (gut microbiota) J& & JE7E AN H I
T A R A PR A AR B L R
P A AR S, A2 AR RE FR AT R I R
Mt T B A ORI =2 A7 A — R A8
o, W -l o VP2 R I IE R

P85 PD B UIAHICE R I I 3 A Rp A T
HOW T BT R RS bR BB X
o ik FE 5 G BE NS Ui B2 (short chain fatty acids,
SCFA) A 56 Tl IR AT i 35 AL AT T g 52
AT B SCRA FIVR 28388 BT Y 7~ A=, 42 /=1 B
Z M (lipopolysaccharide , LPS) 7K -, £ 4 5 W 7
TE AR 28 FR G R XL E TR BFAE N Bl
TR TCIRA P R B R e B S R TG TR /S
AT , 455 W, o/ BRAE RG24+ T
FATEBRBE IR R W D LR T, Gl 2
INFNAT S 32 4 3z 3h 3G 0 F0 AR AT S i b
HILLESTAD %"* BF5¢ /R | 75 JCAF 2 95 L1/ B
rh I IR A: R 25 R i TE TR 1 A, T e
i v 28 SR N Rk, I iE R
S U 2 B M A B PR SE R AR 1
TIE T o-syn SR 3T & PO, 8 i 2K E p 2
A i 1) G A S B A

KD 38 1 2 i 18 AR 4 s 400 2 22 DR i o A
ST AR PDY AR -
H-4-783-1,2,3,6 PUE M (1-methyl-4-
phenyl-1,2,3,6 tetrahydropyridine , MPTP ) i 5 1Y)
PD AN E KD 8 & LLPEAL iz s Fl £ L i
Refi 2o dine, 45 Won, KD B &R T miE
WRFHEE £ & BEF o ZFEPE (D T MR AT
B, OB BEFTE BRI, JF S T Al 2 A 1Y I
B ), TRV 21— 2 S i, d — R A R 5
=PRI MPTP 55/ PD AL BEM: /)N B
iz Sh I Re R i A 2 D e ph oo, R
KD A LA it 02 1y 18 T e 2E RN A G ok & %5
Xt PD R AR R
3.2 HERAS

Sz i 7 SN R R i MCT
ARG, HoA AN 52 $h 28 50 1 Bl 52 ), 17 32 1 26
PR B AR T, MCT & H i E 0 A4 ME — il
PREGZ R TEBA KM rh 7z 4 45, KD R
YRR RN, (1) EALBER 1L (oxidative
phosphorylation, OXPHOS ) 14 & ( 3% 1 & JIit = il |
MR o AALEES) 5 (2) TCA (PP 1 |
SRR I S M SRR I A ) 5 (3) SRR AR
i IR S8 Ak (fatty acid oxidation, FAO) ( [A B804z HE ik
SEEEAL T B I o S K A I L
ity o JIi U B S BE I LA o 0BT B -2
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FLMESLART I o SN ) 5 (4) MR ( B0 T MRl
) o TERRZITIREL T, v BE R 7 R B AR R AR
£ (medium chain triglyceride-ketogenic diet, MCT-
KD) ( BI—FRE 3SR ) H 35 B2 I e Jow 4 e —#h 22
TC-FLR R R E AR RIS AN A
Ze e LR R 11, LK S Y R R i 8, T T A2
2k Pk ATP!™ . i HL, MCT-KD A & 35 i /b
MPTP 53102 LG RE Ml 2T 855 . 341, B-
HB 1 AcAc #f A KWk 25955 1N Acetyl-CoA ,
Acetyl-CoA # A TCA 2B ATP, X %1k &4
TESORI AN, B-HB i B -2 AL T 1R il U - 7E
TR T i IR 22 0% — 4% 1 BR ( nicotinamide adenine
dinucleotide ,NAD") A 1E FH T~ Al i 5% 1L A AcAc,
bl J5 B B 38 J5t B 4 B 1 ( nicotinamide adenine
dinucleotide ,NADH) , AcAc W] = BEFABLETEE A
H: %W (succinyl-CoA transferase , SCOT) 43 fi# b &
Mt & Mt % B A ( acetoacetyl coenzyme A,
Acetoacetyl-CoA) '™ | B-HB 3 %k UF B A] LA 311 15
JINJSE JET A0 L ) TR, 3 Pl B ) — A bR
B g8 b prad, KDl L b AR AL B R 1
TCA LA I 17 R AL AL | T fifp 45 i 42 7 A2 ATP
B MR, AT A5l 2 PR 1
3.3 mEMHNH

41 i 0 o B A AR Y S PE 4R (reactive
oxygen species, ROS) i B F B S B AL A F i 4
AT R B PR R B AL . AHLHRI B KD Jd
T HA TN f# RIS 25 1 (uncoupling protein, UCP) )32
BN IE Ok 2> ROS Y AN SULLIVAN
ST RIS R A /N R, % KD
TRE /AR D /) ROS, [RIE, UCP 2.4 il
5 BRSBTS SR K LR A T I R
HASAN-OLIVE 451" & B, A JR W5 i ~DNA - i
TR | M5 R L R AARARTEER /N, 7E4%5Z KD
RE G, B-HB AT LA b i3k 48 Ak 0y il 42 165 5 0 9%
G2 y IS I F 1o - TR B A 3-
BB H 2 8h( peroxisome proliferator activated
receptor information

v  coactivator  la-silent

regulators 3-uncoupling protein 2, PGCla-SIRT3-
UCP2) , 80 5 CA1 Pzt UCP2 /KT BTt
PRIt , KD BT RLSE I UCP 19235 A1 PEAE ROS 4
R Al i A HER DR B

IEAh, GSH 2—Rh A7 e T LT BT A 4 i b 19

SHRBREE , BE% 2 5 A A S5 I N A Sy T 1)
N7 O HEA SN ER] . GSH YK
it R R T4 2R AH S T 2 (nuclear factor-
erythroid 2 related factor 2, NRF2) ¥4 5% [H 115 2| $&
1o NRF2 2 20 0 38 3 28 St PR 7, B 52
WO E S e 2 F GSH AW & k., T
NRF2 [ L35 KD 7 T 19 52 5 AL A% H b 3
AR, X B T A A R 5 IR A AR
AR IRk S JFR S . — IF 5 A ]
WEILIR ISP 1% KD HBhiA T B B3 Il GSH
AP SR R KD AR #E GSH (15 A= A O B
KM AR RS A BFFEAE PD KRR
TR I 2 KD i 3 SCIRAR GSH K-
PR Z DR AT RZ 6- 2 B (6-
hydroxydopamine hydrobromide , 6-OHDA ) [ #fl £
Bk, GSH 7E/R N AASMARBE S 6-OHDA % A=
R, — 75 T8 i X 6-OHDA 13 A% B0 TE A 2-S
(B e H k3L ) —6-OHDA, 7 —J5 e A S i A
R7) 5.2 W /b 6-OHDA (1 [ 4801k ok & #5 (R 7 1R
U, X KD A PAE a3 5 5 B R AL RN R
LW B L 3R NRF2 DT 5 GSH. 9 7K SF- o 4 44
AP ER
3.4 HIHIHEREE

PEE IR E 5 /1N J5T 240 JEL 1) B0 LA B R A A
F4n W 98 I8 FE I ¥ o ((tumor necrosis factor,
TNFa) . [ 40 fi /- Z (interleukin, IL) (IL-1B . IL-
6) FI1 H FH LR Y 9 025 DI AR OG , mT 5 BUisi P i
FrPED BE R i BN AT T, /N IS5 4 i 7 X
MA RGP HARR PORIELE (LR M1 £
RUFLR M2 RA0) . M1 AL/ NG5 40 A o 4%
F—«B ( nuclear factor kappa-B, NF-kB) DA A F% 5%
W% I+ 3 (signal transducer and activator of
transcription, STAT3) {55 5 18 [ 9% 876 , 7= 42 RAE
F, 1 TL-18, 1L-6, TL-12 1123, 3 %A 1k [
(cyclooxygenase , COX ) ( COX-1,COX-2) ,ROS #I
—FHALR(NO) . AHR, M2 B /)N ot 4 B 4 s
JE 2B 228 3R I T, 40 TL-4 1L-10 1L-13 Al
PAR R FF, 7E PD s BR v KD i i
WEEATR /N G2 J5 400 1 D800 R AR A P 7 ry R 3k
W AR 2 RGN ARAE Y, S FST R B-
HB i 5o B W K A0 R 2 5 08 T A0 G Y &

caspase %%?ﬁ 1"@] iﬂjz ( caspase recruitment domain,
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CARD) FYBE SRR 8 1 A9 B2 SR AL RN EE S5008 1L, 10 761
AT RR S, A 5 RAILLE A AE 2 R 1 3 R/ MA
( nucleotide-binding
receptor protein 3, NLRP3) [ 1% MM i8> 1L-1B8
FIL-18 A=A F b al WL, KD Af LR M1
TR /NG 240 L P 985G R B R S E TR P 1 3R 55, A
A 4 28 SE KA 2 AR VEH
3.5 HRHEEEKE

FE KD 1], B Bl 40 i e A i 25 1 s B 4t a2
S S P, AT 02 28 T A 10 1 o R 32 AT R B K
SRR O AR T B J 2 3 ek e i O B
VU UG Tl ARG 105 H I — 8 B 10 i ) 1) 3%
s 5 B8 Wi ox 1, I8 K Ui 15 16 W B2 ( free fatty
acids, FFAs) BB ML . FFAs 2B 10 iR
U AT A Bt 30 oL PR 2 B A e IR % T
16 P MRLR S FEFR RS T, i T
B A AL TG MY Acetyl-CoA 7KF-E il Y T TCA
FIACIEE 1, R TCA BJ5 R sh A=Y . Acetyl-
CoA i1 S Sl 372 B B 5 — el i A & Rl
2Of 33— WL CmEE A A 2R G o) R K
AcAc™ , AcAc &l B-FAHE T MR SR A IR N
B-HB, )5, B-HB Fll AcAc YJii ik MCT 1435 % 1fil
VRO R A K, 2 e e P B A i R
KA 55 kDa i % B 5% 12 2 11 5 M (glucose
transporters, GLUT ) 1, 2 & & it 4] ffg 3% 3k 19 45
kDa GLUT1 Fl#f 285035 9 GLUT3,3 Fl GLUT
AT 2 DN 2 5 — R B I RE, an A AL & 9 1
WA R, AL TR R R A R A AR A B
PSR Y S BFIERB, 5 % AL A L, Ab
T DR 2 A R RPN R A A 2 i R
GLUT1 /KPR 28 ERFiR KD ] Ll i —
F B BGRB8 2 15 48 A0 0 vk R AT AR A R
GIEE R Sun Y NIV €L EAY Al (2
3.6 MEZLNEThEE

PD W F 2R ERALHEH T ETC E68% 1 1Y
BB e A A SR A T W
KBs i i3 3458 ETC &2 &9 1 (1% A B T #kE
DR, IRl AL B R AL A AT X —
SEAER AN 88 1 70N BRI 2R AR v 45 30 56 E
T3, B-HB M3 1 - H 3L — 4 - Z8 KLt g A £
RN S T AE A ATP 7= A (52 0 23 B &R B )
I0 AT A IR0 an 3 - R SN AR AT &2 8 A BT

oligomerization  domain-like

Wi, 7351, KBs S fRiiH4im NADH &L, Ft
) NAD ™15 A0 A5 1% L 72 NAD™ 4t
P )4 B R, RE A8 RS SORAR 1 A2 ) LR
R0 B-HB 28 AT L3 2o 0% B 1 R A
() £ F1 U ( adenosine 5 -monophosphate ( AMP) -
activated protein kinase, AMPK ) FIUT K ¥4 75 & H
(silent information regulators, SIRT) Tfij 5 Wi 13k 481k
Wi 7R 18 58 W) WOiE 2 ARy EEOE I T - e
( peroxisome proliferator activated receptor vy
coactivator-1a, PGC-1at ) FTEPE ) DT 3 £k
R85 AR A R BE R . PE, KD
AT LA R ETC B2 &9 L 995 6 NADH
AL B AMPK T SIRT > Bl 3% 42 i 14 2 fig A
MR FERR 2R T RE o
3.7 ATEE

I W A TR A 5 19 38 A 1 I 40 L A
PR o3 (B R AT B BOER A 1 2 1 3 A 52 45 1 4
JLs ) RSN SR (A0 T A A A L) A 4
R ARAEE 2k AR =, AR AT 4R 3
Fp R W A R B S E S
W BIR ) 58 AE B g BRIk R DR R E X T Y
FIOREMAMYERN S 5 PD W& A4 A ik
BYIEE ) KD Wi Mk HmMEREZ 4 1
( mechanistic target of rapamycin complex 1,
mTORC1) AAL ] #E 5 L& SIRT1 ik 5175 5 A
F—1la (hypoxia inducible factor-lac, HIF-1a) 93
W, DT 981 P s A i B-HB 7 A 4
SFIRF Ao T R W, B B R 2R O AR TS
RIS BTG PD A WA 5 0 SE RN
LA, B-HB 18 i 3 I 2 1 A AL BRI 7E CMA
ATE AL, e & BUE AR 01 & H RIS BR, B-HB
AT K RS i N -D - R A 2R (N-
methyl-D-aspartic acid, NMDA ) 15 5 1) 5 WK% it
B TT S BT EB (transcription
factor EB, TFEB ) 2 ¥ i 1A 4 W) A= 1) 5% B i 1
KF,KD i@ i TFEB 3458 [0 B4R TFEB 4
FERIHLIR A TERE (HE S R X Z 1K o
(retinoid X receptor o, RXRav) i3 &AL W) il {7 14
FEWITAE Z K o ( peroxisome proliferators-activated
receptor o, PPARo) il it S Ak ) Wi A4 14 5 52 14 y
IS N o ((peroxisome proliferators-activated
receptor y coactivator la,PGCla) SLAEF| TFEB 3t
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PUR 3T /9 PPAR 545 A2 AT 30 il 240 1
TFEB™ | £& iR, KD A] DL a4 4] mTORC1
AHLTIFE S5 LB SIRT1 A1 HIF-1oc RS , S0
FIB A AL B R BRECIR A T NMDA 35519 A W
WA G TREB 3838 1 W T 22 45 4 28 DR 47 1Y
TEH
3.8 REERSETH

HATIRYT PD ) EZ YR A e 2 1,
SAMNEAZ BT, ZelieZ T i i BBB e
BEAPE KM Z W L B
RIS 0 0 10 22 0 i 52 A It A 22 1
REAH AL AE T (2 B AN AT SR (1% 5 25 FH I 18] 1)
PER IR G BIAE AR AL, 45 T — U] o2 iy A9 fR
ANHFIFEER) LS M LA W o— P BT 75 il
( catechol o-methyltransferase , COMT) 4\ 43 f¥) 22 Jig
Z2 AR (CHUARRRE 2 B AN B B R I R 5 ) Bt
88l A, ZENEZ EE =Y 5-s—F ik
IR 2 U} ( 5-s-cysteine dopamine, 5-S-Cys-DA )
PRAE o-syn AR | DT 75 4 1A 4801 17 5% RT3
ZELRTEFE . KD il A RS R A
ERmARZ O YA E, 5358, KD X 1T
LRI WA 2 W R B 22 W AEIE ShE R B
BEUGERCR . KD 1R &AM IR 5 2 fiE
Z I ASA R, SR KD X8 Sk 55 e 7
THZHFFFER KU . H LA WL, KD 7E 42 &
Fefie 22 EL R AR R il A O T B AT )
W IR A ]

WA B A 28 TR Y ol VR T
H ARSI Ca™ 300 TE Ui/ Ay P 5 il J5 L T AL
il A KD Al B2 w4580 X nt {8
AR AT BEAEREIR , #E— 20 iR SER A B T 5
BRAHL T it

4 RE

KD 12— Ff i % i AR B, ARk i
PR ANEZ . AN RE KD i 2 il
Hix; PD K AR LRI VE R, LA H A 2 RAE |
PR AC T 819 38 A s 2R AR T RE L
RN | 24 2 Bl S5 TR A RS HR
W] KD o ARl | A 52 % | B il e
ARCEIR SRR IR SR R, B R
R RER LAY A [ AT, S 4 o LA AR

AIRCR ., A ATC T KD BIAESE B — % 1Y JR R
P, A KD X PD 2 4P/ I B9 SE 80T 50 0
AN, ¥ SR WS A B M B LB —  HLOR
ZARR T IS RS IE KD 25 B i 2
PROR A RAZ T2, B2, KD T
97 PD R A T e PD s 2 R
(AR — LR RBL T, T — 25 N PG R 5 %
Rl ARG 5 D S 16] , G o B ™A AR I DA AR il 52
B, KR KD IR THE fL LB B REAR i R A
VAR R RIS RS2 R, SHIRYT PD SHHR0E
ARAE FEYT TBL,
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Recent research on the effects of mitochondrial damage on cardiomyocytes

FAN Aixue, LIU Meilan”
(Department of Cardiovascular Medicine, Affiliated Hospital of Yanbian University
(Yanbian Hospital) , Yanji 133000, China)

[ Abstract]  Mitochondria act as the main energy supply station for cardiomyocytes and are thus crucial for
maintaining normal cardiac function. Mitochondrial autophagy plays an important positive role in maintaining
cardiomyocyte homeostasis and coping with stress. The progressive exacerbation of cardiovascular diseases presents a
challenge to the homeostasis of mitochondrial autophagy through as-yet-unidentified pathological mechanisms, leading
to mitochondrial damage, which may in turn trigger damage to cardiomyocytes. In addition, when mitochondrial
autophagy fails to meet the physiological needs of the body, mitochondrial dysfunction may be triggered, which may in
turn accelerate the progression of heart failure. In this review, we explore the specific roles of mitochondrial autophagy
and mitochondrial dynamics in the heart, and discuss the mechanisms in the context of major cardiovascular diseases,
focusing on the latest advances and important discoveries in this field.
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AT H AR R IE S T RE , 92 0 kB 2k
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iy, S BRI 7 A ROS LA R 2k KL /K DNA
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1, ROS 3 5t 75 6 1) 480 A IO 85 35 200 i 2 RE G
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LRI A W 2 7 Az BRI A B b 45 O JUL 4
LR AA et e (1 JE A BIL ], Zeobrfhk 3w —Fh
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RLBL LR AR Y EZEHLH]
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AR 0T 3R A MR R BN R AE 1 5 A ], 3 —
R IARTE A WA A B AR A Y BE HL A I 4
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fRYAT-FE 1 ( BAX Fl BAK) B T-8# 1 (BCL-2,
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T F ik RNA H ISR e 5285 1 YTHDF2 #£ 1/
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2.1 BBEMHC AL (hypertrophic cardiomyopathy,
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WY WESSE L N Qe AT ST 2 1R
Bl e ey AR S AR I, HCM & —
gt A5 O A8 , FLARAIE A 700 28 AR X FR 1
WAL T HE Ak DL R EF sk D RE MY I8GR Y L #E HCM
B O LA B R R R D4 R I 46
R, O IER I 1 A 107 12 41k 2 fi 52 400 R 2 A X
T S 2 R T o BEURRAE 3 2 28 A ] S B S
W BT ISR S BN RE R ORI N, £k —
AR HE ROS B A B, BRI AR 17 1R S AL A fiff IR 4
YN = RIRIE I, X — R 5 [ WA Bl o %
PR LR - LR B4 R 45 1 ATP & B s /b, S5k
O LR S S 3G AL C R4 Dy RE R B

PrAEA K2 8 5 B R AR G A 5 2 40
AL4E mtDNA | CL S £ b (R I 45 44, 2R bi ik sl &
A2 ), R RS R R, PGC-la B
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LRRLAR D) RE AT S SO I T RV, 00 L
TR 1 FE 3 N, A8 2Rk R B g b, A OGS N
( BNIP3 .FUNDC2 .ATG9 . PINK1 .MAP1LC3) % I
I8, Parkin & P62/SQSTM1 323k TC i A5 fk2
XATREFR AR LR AY A WL R 5 HCM Zepi {4 5+
WA R, s T HCM S B ) — > J7 1
2.2 OALERMEEFE

/R 0 JULAH i 80508 3% (2 0 R
AR ) Wkl , AR N A 48 SR AR Bl TR Ak 7 Ry G SR I
fi UL ATP BTG PE 52 1, ETC 45 ThBE S %,
I/R %L ETC B G ) Cyt ¢ #6585 , R BUH
TR T 30 ) ot WL R AR ISR A Ak, ROS 3 B 7
28 R AR A B % 3R, mPTP JF 5, J% B¢ RIRR
BE 38

O JULE B R 2ok R By S HES (A5 /R S 1
RS AN T A ROS Az il 7 1l 2 QP m de ki AR,
RIRR W] B8 /& i i Pk & ik & ) ) B F 1% 38
(revered electron transfer, RET) i £ H ROS 1o &
A ZE R HE S RET [\ k4, SRMITERR &
MR, AR AR Ty Be B AR Y 2 (8] 5 T M X
FOHLH] AT BEAE [F]— O IE 2 2 [R] s 30, 00l
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ATP FEWR T T35 e, 5 BN AS 58 4 28 S 1l 1
FH 40 5t Ca™ 34m, IR isF MCU A 5 19 £ kL 14
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g B B mPTP T ik I 388 0 oy B i i P
FOF1-ATP fifi & mPTP ) K HEH 43, 2 8 H B
E D ¥, mPTP i TR B bR B Ay 2
WAk ATP J3% NAD*HI Ca® Bk , 2R A 1A i i A1
SRS I AR AL T, ROS 5511 ROS Bk
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PEAGER, i i FE IR {2 UE R AU PR 4 BB T, 1T ROS
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F #5 3 ( pathogen-associated molecular patterns,
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BRI = A F R, (H 15 E 2,
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B Cyt o BB, JEm 5 S0 WU T, R A
CVB3 i RIEA AR T B8, BEAAE 2 1
SRR T4 TL-18 A1 TL-18 , il e 28 i K2 o7 , 3 1t
HAR TR A S 09 NLR (1 NLRP1 NLRP3 #1
CARDS) Z4fiad B2 , A0 G A g T AL >
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MG, Prlhis g JCBE S — P E 515 1 rG JF 25 34
SRR E A IR WG T RS E R B
FEHT
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Role of cancer-associated fibroblasts in the formation
of the pre-metastatic niche

WANG Ziting', YANG Guantong' , FAN Jianchun®, GAO Siqi', GUO Rui', JIANG Lina', GUO Yaxiong'"
(1. Basic Medical College & Institute of Microcirculation, Hebei North University, Zhangjiakou 075000, China.
2. the Cancer Research Institute of the First Affiliated Hospital of Hebei North University, Zhangjiakou 075000)

[ Abstract] In line with the rising global incidence of cancer, tumor metastasis has become the leading cause
of mortality among cancer patients. Formation of the pre-metastatic niche ( PMN ) creates an optimal
microenvironment for tumor cell colonization and metastasis, thus facilitating tumor dissemination. In this context,
cancer-associated fibroblasts ( CAFs)have gamered significant attention as a result of their multifaceted roles in tumor
progression. CAFs enhance the formation of the PMN and promote the invasive behavior of tumor cells by remodeling
the extracellular matrix, inducing epithelial-mesenchymal transition, stimulating angiogenesis and modulating the
tumor immune microenvironment. These processes not only expedite metastasis but also enable tumor immune evasion.

This paper reviews the fundamental mechanisms and functions of CAFs in tumor metastasis, examines their potential
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applications in cancer research and therapy, and offers new perspectives and directions for the development of anti-

tumor metastasis strategies.

[ Keywords] cancer-associated fibroblasts; pre-metastatic niche; extracellular matrix; epithelial-mesenchymal

transition; tumor immunity
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T 2 fifl ( cytotoxic T lymphoceyte, CD8"T ) 4 fifd F11J%
P T(regulatory T, Tregs) 40 Y, JL[R A4 BY, T —1>
ST o IR fo 328 0 1 S 24 M 4510770 CAFs i
b A R i ERRIR S #E— 2P 2 i MDSCs
IFRSFFI T RE 3G 58, JE 18— Sy 410 ok A < G
My, BHL L A % 200 e 0] i ed B9 A 8080k . CAFs i
Tt 3 DA A 2 410 A 0 Y PR R R 9 g A B
R EEENE  BHAS T CD8™T 4 ik A JRg 4200 X
ol BIR A 0T e 6 400 J #) AR O A L )
i}, CAFs i& 5 Tregs 1 i A 22 % fih , 38 3 0 5L 4
SR T S IR HE Treg SHMIIG5H , T 1G58 T
Tregs A BEIM R TIBE ., /48 NK 4 fig B A7 53K
AR 5 5 BE T, {H L DI RE A 52 B CAFs Ry
i1, RN, CAFs FEMR R 1 0 B Bl
KIFBRTEZAEM, AE PMN 19JE BUid B, CAFs
T A5 1 B AR T S A F S L R o g
AU AT 25 M | 4T SRR TR I R RS G AR
X —HLIZR B, CAFs AR s i 15 v 1
sy, BRI MR RS 5% BT
i 3k 52 2% B 5% 128 R0 240 i TR A BLAE T, B T
IR TSR R AL, S0 T MR8 200 L 0 A B A
SO AR PR A A B R A A iR R
MR RE ST, IT42 TH g 20 ML X467 T B A
RRYT HOHRPT M . CAFs 3830 1 5 B I8 0 5 Sl A
5 v OB G 28 200 AR B R 10 i R g Rt
I TeE 200 P A R R ISk, AT 3 — 20 4 2y e )
sk AN . CAFs 1 ZREVE R 24 1E N

PR A R 2 i SR T SRR AT e, L R
REVRYTIFRE TR T B0 E . TRABESY CAFs
TE PR RS R A A AL, B AT B T T A 4%
JiiIeg 19 1B 36 T SR, I R i R 3 I B 3BT Y
58

2 ZRESMEREZR

2 L D TP X 2 M AT D AT R
A RIS B AERD ) CAFs 5 ECM
BT A EAE R 38 3k 73 WA 2 Bt 4 & 2 11 1l ( matrix
metalloproteinases , MMPs ) 3K 85 ¥ ECM , M1 42 i7F
JiivIeE 20 e B AR 28, TE B IR S A IR ( pancreatic
ductal adenocarcinoma, PDAC) H7, 3X — 1o #2 I8 #5
ST AR R AR T 40 e ) R BN AT Dy S Bl
JEMEERS Y AN, CAFs 4335 (19 /)N 40 Jifd 4h 48 3
(' cancer-associated fibroblasts-derived small
extracellular vesicles, CAFs-sEVs) & &5 1 14 #fi 22 ik
EAL B (lysyl oxidase alpha, aLOX) , i %6 2 i {iil
75 ECM 456 A2 e JF 23K 34 m ECM 1y NI
U TN SRR 1 A o7 s 25 5 i 32 5 M
JEE IR DA 4 1, DA T 145 i 8 2k J2 %Y CAFs-
sEVs 2 I A9 R 78 it & 45 4 S W) HT, £ iF
LOX FOMARIE P R 50 2 A e 0 e SR B8
T, ECM B> Y8 AL I8 2 7 W CAF 53 U 1) 55 F
5 RIS i A0 AR 0 R AR T s
{E75 T CAFs [ECM AN 41 22 [ 1) #H B AR
BN 2R R Y 2R RS S50
FAE S I RIVE I HESh I 2E e . S PUsaia T iR
HETHTR RS (K1)

1 oL

Figure 1 Extracellular matrix remodeling
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3 BFEEMT

EMT J2& I J 20 it % 72 g 1) 56 i SR B AN s 2
X IR A% 22 DG HL L R IR A MR R 4 B 4k
MUZZRPERG o, TEX —H 78 CAFs KIFEH 2L
FE MR, BF5E SR, CAFs REISIE 1T 25 1 15 3%
SR 15 3% O vk 35 T AE /D 4i i il 5 ( non-small
cell lung cancer,NSCLC) FIBJ S 4l & 4= EMT,
SEAMMIE R ERIE AL, IR ] B bR 35
Y EA AR EY T, i R R T2
Yt 250 ) 3% 2 T 25 W) A HEZE (5 I, DNA
BB 3R Ak S B AR A s 2 e R
b CAFs il AL A K IR 7 B L/ LT 4 40 i Ay
5P T i (transforming  growth factor beta 1/
fibroblast activation protein, TGF-B1/FAP) h AR 3
EMT, 5 TGF-B1 [ i FAP FIH T4 T
1 (versican, VCAN) B3R 1K | J5 & 18 1 B 15 Mt
WLEE 3 3 B/ M B B ( phosphoinositide 3-
kinase/protein kinase B, PI3K/ AKT) {5 5 i@ 1% &
FEFEFI BEAh, CAFs 43 WA 1A 42 4 41 i P9 7
MHEA & 6 (interleukin-6, 1L-6) ] DL i< ¥4 1% 45
SEAE T B, E— AR T T EMT bR SRy &
KB CAFs 431 1 A0 Wb A v & 7 B RS 5 T

UL RER MF) I 590 200 M ) 34 5 e #6479 . CAFs
B S 19— R 50 i A Bl R AR 0, B3l i 8 4 i

M\ Bz 3 R B AR Sk BT ELAR 28 14 [B] 5 2R AL
BHE MR AIE B, X — & BN XF CAFs
WS EMT o B A936 97 T P 4t 1 5 76 (1 ¥ 5
(El2),

4 REFTEME LR

CAFs 75 e il 558 vh BAG P sz i, i)
SEAEME PMN b BEATE S S 2 AR T
U 4 A K I F (fibroblast growth factor, FGF) |
i/ e A A= A2 K B F (platelet-derived  growth
factor, PDGF ) #1 Ifil 4 W % 4 £ A ¥ ( vascular
endothelial growth factor, VEGF ) , X} i Jf i) A= K |
1R 2B B ke B G B A Sh A . a3 X A [
PR B AT E, BT 7R T CAFs Hix g4 K
Rl 7~ Z () 52 2= A EAE T, DL R B AT e e A
BErb ks 40 Th e, X 2k BUA AR 1 3K
TR e A A A AL A 3% IR 388 T CAF's
SR W B A R A D IR T R
PECE3),

4.1 HALEBREKETF

CAFs il FGF 7EAR 2 iE AR 7 T HA%
O VE, 24 FGF 15 CAFs R FGF Z 1k
(fibroblast growth factor receptor, FGFR) #H4%5 &,
2xfil e CAFs {53 Wb ST R DI RE YIS o X A
ik — DRI CAFs 70 2 1) FGF A A A= K
PRI F, DTG i — A TE SR AE B, R s 1 i
T WA I8 0 i 9 A= AR R R, e 2 P
HhaER T OIS B X AL AR, B, 7E Sk B
HIS 5% R 2 Bl 9% ( head and neck squamous cell
carcinoma, HNSCC ) W', CAFs 2343 W BT 41 fifg 4 K
[A-F (hepatocyte growth factor, HGF ) i i i J2
S AR R e B 1T HNSCC 4 A V) 25 38 3 43
WA L ZT 4 20 fifd 2 4 PRl 7 = 2 (fibroblast growth

B2 7T LR

Figure 2 Epithelial-mesenchymal transition
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B3 AL A OCHET RS A K TR

Figure 3 Relationship between cancer-associated fibroblasts and growth factors

factor, FGF2) i 1% FGFR, i H#4 5% CAFs 4k
AR SEALBERR LA ATP 1774z I8 RT3 ) (9 15
ORI e B R M Y RIS D CAFs 2
Sy FGF-2 F AL 7 B R 8 (C-X-C motif
chemokine ligand 8, CXCLS8) , X P4 Flt [H -F GE 1%
%TEEHEPWQHH@E’JEIET*D&%‘%?EEJ'J ([EREREDEY
()52, FGF-2 ik BE 5 5 M 983 40 Jif 70 W6 B8 2 19
CXCL8, #E— 25 i 7 AR EAR I 18 B ik
R A0 95 T FGF 1 TGF-B % CAFs Y25 J
DA HOR A S A R P ROCR . o ETS A8 e i
SR 1(ETS variant 1,ETV1) 7E FGF § 5 ¥ #
HAEZOM O, EAMUBER I E TCGF-B 55,18
BBV CAFs 195 FRPERITIAE , 4 H 2 fUiR
J# (adenocarcinoma of the esophagogastric junction,
AEG) Wy B FE W 46 78 T CAFs 7 MR o 35 5%
(tumor microenvironment, TME ) H [ i & & 45 #1
% . W3 FGF-FGFR %, CAFs 18 LA7E TME 3
R, JTAE 20 R R) 4 38 175 0 2% v 2 4 G S ) 4 A
FH, X A RE S 20 T 4 M Y A i FE 9B RN ) RE R
i FEFLIE ST b, 2 FGF2 I 7L R 5
éﬁiﬂ@ﬁj‘,FGFR SRS BN ML N, e i T Ui
I B O X e R e OB T I P AR
(reactive oxygen species, ROS) Wy /=4, Il 14 5

BE S LIS N T p300/CREB 454 75 14 ( p300/
CREB-binding protein, p300/CBP ) F14% [H ¥ 21 41
JItd 2 A5G F 2 (nuclear factor erythroid 2-related
factor 2, Nrf2 ) 1)) FH FLAE FH ok 0 4 209 36 A (1) 3%
ik, i FGFR I Nef2 K 335 1) = B PEFLAR
o KB I LEA R I A AIG, 9898 T FGFR A1 Nif2
TEFUIR S R P R . SRS CAFs
[ FGF2 7K F- B i T 1E 8 AT 4E 40 i, FGF2
it FGFR {7 5% 5 WM T Mo 4 e G, /S
e SR 8 H D1 (G, /S-specific cyclin D1,
cyclin D1) B9 335, 338 1 & 1 #4 B B ( protein
kinase B, AKT) i fi2 14 F1 41 o 1 %% >k Aie it 2L A i
AU AR SR SR [ AR L R
HOGHRRRE Hh R B AR AR 152 | LA K TE R 45 A
PEICERIE P T 20T 200 i 2 B Bt 5 0 G 5 6 3 1Y
VEHIBIL I, e ] 0 45 B0 56 KA 2R 58 X T e N
FKHF L HEIE] CAFs il FGF 55 103 B AE 107
RIS B T IS BRIE LA
4.2 M/MRETEEKEF

PDGF i id #41% CAFs % i 19 PDGF % ik
(platelet-derived growth factor receptor, PDGFR) ,
55 CAFs 430 MMPs #1 TGF-B , T fi2 i#E 2 g 1
L o I e AN G 2 4 R R B 9 L, CAFs 3k
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() PDGF 3d 48 7 4306 F1 5% 43 WA VE 3 5 13 5 A
Joi) L 240 B P AR PR 1 4 1N, CAFs 23 A 19 I/ )N
WA 4 A K I F - BB ( platelet-derived growth
factor-BB , PDGF-BB ) R LUl i3 J84 775 il 2 40 it A Py
K A 1T () PDGFR , 42 1 240 Jif 34 % A0 i 450 A=
B AE T 6 LR 4 M e (‘oral squamous cell
carcinoma, OSCC) #' PDGF-BB i i3 5 Ifil /M AT 4
KW F 5Z K B ( platelet-derived growth factor
receptor beta, PDGFR-B) 454, I 1 CAFs bri&i¥)
2k, I8 K B JE 4% RNA (long non-coding
RNA,IncRNA) , LURAPIL % ¥ RNAL/E &5 &
FRIIE B A 11 1 2810/ 1kB 3t NF-«B/ 30 4 2
FZN T kB 15 518 ¥ 15 5 AL 4E 40 M ( normal
fibroblasts , NFs) # 1k, &) CAFs, IncRNAs 7E40 U 4%
PP e R S B A A0 TR v e 9 T A
JE RN R IRAE 55 5 ZFEEHY . IncRNA A8
F s, PDGF-BB i% S 1Y CAFs A 370 Ff
IncRNA K35 5 3284k, Hoh A 45 240 F - J5 F
130 b 8 %) IncRNA, LURAP1L-ASI i i 1F i
= LURAPIL (9355, J7E IKK/NF-kB 15 5,
M E X LURAPIL-AST W #I#| T PDGF-BB i &
) CAFs frab ¥ Flfs 5@ B A R as ™, 1k
4k ,PDGF-BB iffi it PDGFR-B #3% A2 1 5 3 i
4R 4E 40 e ( human oral mucosa fibroblasts,
hOMFs) , I3 3 Hb WA 14 4% 326 171N RNA-3529-3p
( microRNA-3529-3p, miR-3529-3p ) 12 #F I Jix< i IR
MM AN A T TR R B AP T RE S,
TE IH 45 98 ( cholangiocarcinoma, CCA ) H1, CAFs i
it PDGF-BB/PDGFR-B 155 5 W 4% W {42 FH ik 12
A B IR A AT A%, S B0 S R R M TS
ARRP CAFs 43 W B PDGF-BB i it #4 7%
PDGFR-B B H #1440 L AM55 5 019 4t 172/
c-Jun B FE A AN Il /MR A AR AR K R 22 A
B I A Bl T — p65 17 538 %, £ 1 bk 1 A A
WY . PDGF {5 57E CAFs FOTE AL At ik Jie rp
3 2 AL A 5 0 B A AR 4 i A0 i
KT RE . #IE PDGF 15 5 YRR 1A T 3K
I IO AR AR A [ e S R A T 4 X ) A
4.3 MEANEEKEF

CAFs 1 73 VEGF 301 Il A= B, 45 i i
FERY MR LR . BFFT B | CAF's 16 [R) 88 i 28 1Y
Hh i o 22 5 Tl AL RS VEGE A

LR B, X LR AL 3G o T A TR = 2R
AL 7 T 245 14 ) dn, Sk 350 98 0 A 98 B,
CAFs 818 73 30 w5 7K F B9 LA N B AR I A
(vascular endothelial growth factor A, VEGF-A ) 3
SR I A5 A B RE 11 5 7R Al /N 41 I 98 BF 5T
CAFs i3 F /)N RNA-101-3p ( microRNA-101-
3p,miR-101-3p) B34 VEGFA AY4300 , 80% 25 H
P B/ N Bz B — 4 {b & & 1 ( protein kinase B/
endothelial nitric oxide synthase, AKT/eNOS) 15
3 I, DA T 0 e 9 40 6 1 3 8% R4 22 B i
5T KB, CAFs i 1 W 28 4F £ 2 (neuropilin-
2,NRP2) Fl VEGF {55538 [ 45 2L B 4 B i A
¥ 1 (stromal cell-derived factorl, SDF-1) 43k,
R AT 25 M7 5 76 B 3 W 41 i 5T, CXC
R FEAKR 5 (C-X-C motif chemokine
ligand 5,CXCL5) 38 2 ¥4 1k K 32 A& 2/ 1% 28 PR I
B Janus/ {5 5 56 T B FE SR IR T 3 (C-X-C
chemokine receptor type 2/ Janus kinase/signal
transducer and activator of transcription 3, CXCR2/
JAK/STAT3) 18 &34 /i1 VEGF 19263k, {2 #F CAFs
(T B i 2L B 98 BF 9% 7, Fos R TR 2
(fos-like antigen 2, FOSL2) 7E CAFs " i #4036 TG
VRS A S K 5A (wingless-type MMTV
integration site family member 5A , Wnt5a) fi¢ £ 4E
VEGF M 4 A il . SR VEGE K #uE
B oS VEGE 5 HAZ AR & 5 N B 40 i
(03 58 3T A% SOR AT B, AT B4 52 il Jieh 96
AP ARICE FR A, X JE VEGE 4
HILTH AT 68 3 2ok A A= 4 R 5005 530 % 4 32 1
B, N T SRS TR T AR, #E 18] CAF
F VEGF (R 7 R T 245 G AR ek 0 e 425 %
F2 SR IS 1 i ALY T TR 25 PR B

5 Rtk

B T S 3 e gea 2 2 1 i Y A 7 D HE BT 25
YEH , CAFs 038 1 5 4 32 40 i 19 52 2 . 5y, TR )
SN2 P Iea 1) G 8 b 3t AL A, D0 L2 B B U 41
AN H SR ARG 40 . CD8™ T 41 i Ay 45 o T
AR BRI T bR s N, A
A S Jie g 1) i Je e 7% . BRI, CAFs AN
oy WAk R R RS T AL ] NK 2
FL A B BE | 138 2 FELAS: CD8 T 4t i 378 A i 83 W3R



o OB BE R 2 s 2025 4E 1 A5 35 4245 1] Chin J Comp Med, January 2025, Vol. 35,No. 1 133

5%, 95 Tregs B Wi o % 28 fill, 39 5 Tregs 114111 1l
THRE ., X865 A% 1Y 41 A 1) 5. 50 Sy i 96 1Y) fe 95 1k
AN TAERMSR(E4),
5.1 EBEIREMEHDE 4R

MDSCs #7968 A 28 5 vh e IR, IR AE 1%
AR 2298 B IR 85 AL R AR BRAR R T Ry
YL, FEIEAE T, MDSCs i 1 i iF J |, 02 KSR
TLI IR G2 A A A5 R ) o TR RE S IR T Y
BEf ', MDSCs Fll CAFs [R]85 % g 5 %
RIAEE . WFFE R, CAFs 78 2 Pl AE (4B bk
PR AFLIRE ) B A GRS T SCHE T . TR RS e
SEEWESE G P RNA WP R0 Hh 5 R AR
KR CAF M2 38 5 7 Wb S A0 i i Ak 2
-1 ( C-C motif chemokine ligand, CCL2) # 3%
MDSCs , JE A2 S0 I AR 58, At 2 e it e 1 4k
JERZaPE . AR, BT W AR A
RABE 15 (Olaparib , PARPi ) 3 13 41 il 3 Joi 41
HATAE I 1o/ CXC AR T2 4K 4 Bl (stromal
cell-derived factor 1 alpha/ CXC chemokine receptor
4, SDF1a/CXCR4) Jii/> MDSCs BY3ER , I35
FLIR IR IR T PR B8 O 1 5 ik 5 B A2 K T 4 i
( chimeric antigen receptor T-cell, CAR-T) 4l Jfd ")

PUM RS RN, Olaparib 38 33 ¥k 2> CAFs 43 Wk 1)
SDFla Fil T 8 CAFs W By & 15 T I+ la
(hypoxia-inducible factor 1 alpha, HIFla) 35, il
il MDSCs 1EF% , {2 1 CD8 T #il ity 7 iy 41 41
FOFETE T BeAh, AT 2454 n B 25 2530 1oL i - i
FSCET 24 4 e R AR PR 2k | AR 2 A g o
R IREERIE B, NI SRl 55 7% . #MAAE 538
it CAFs /73 MDSCs [ R0 s 3555, BT
YA REBE G . BH BT #MAAE 5 7T DL G2 A 17 51
AL G IR BRI A5 CAF i 4 i
IR SR 55 MDSCs, J5 #5765 h i 2y
eI S5O0 T 20 i A H At B ek 988 6 28 40 i 1)
WEPE ORI R R SE R LR — R S e 1
57N CAF % 5] MDSCs, MDSCs #F — 4 3 1k
CAF RSB WA T o X AL Sy ik 9o 40 it £2
HE TR, (45 MR XTI 7 7 A 5 ) HR T
1, 908N T A e T B B KRS, BB 1A CAF
MDSCs FRRYT R W I A4 I g %) 4R 5= PR RR Ik 2
HAo WA 1Y 22 5 A7 PR, kR 48
—RRIT TSR, DA S I TR R S T
5.2 NK 48A@

NK 20t XeF 52 22 il e 240 i ¢ 390 4 R 4K 1 400 it

B4 PR A DG BT i A2 i fo i 1k i

Figure 4 CAFs promote the occurrence of immune escape
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BRI 20 a0 1 R 4 4 A L RS A 1) A Ak 2
B EALRIN G RS, SR, NK 20 i T RE7E iR
RS 3 27 B0 6], 3% Sy Jie gl 2 e B 3L T A
S CAFs 3 33 Z2 Fh ML il NK 40 i )
A, 1) 55 HAT B B S, DT A2 1 v e o o A A
%, R R, mRR B E L B 1 (ferredoxin
1,FDX1) 525 s th CDS™T 4 i Al NK 21 it i)
RIEIEASE M5 CAFs BRI GRS sk,
[/ 2 15 (interleukin 15,10-15) 43 WA B CD70 %
AU R Z K B %% & 15 (CD70 chimeric antigen
receptor natural killer, CD70-CAR-NK ) 4 ffd X
CD70 =523k i o928 41 JifL A CAFs 3R 30 5 K i
MRS, AR /N FRATE 1 v I 2 AR b e 7
HBART CDT0 VENIBIFHL S 1 Rk e
fRiE L Jd /> CAFs 4319 1L-6, K & NK 41 g 2
e, TSR T CAR-NK 20 6] i 5 55 988 11 5~
iR R CAFs 3 3 48 45 Ak S8 T AL il 300 461
NK 401 GE , BF 55 .75, CAFs b &k it & A
F Follistatin #£ 2 1 1 ( Follistatin-likel, FSTL1) ,
755 NK UAEAksET, Bl 55 b ae 1, it
Ah, 25 (A SRl 2E 43 W4 /R T CAFs 5 v SR
B4y Z A1 T2 AR E AR, A o0 s H i ek s 2>
T e 5 A A G NK 20 6 A e g o e R
B NK 4l A 0 K 8k o 5 28 45 10 5 — T
£k, eI i TR S %) 200 i % v A R A A b
TAANML , SRIAT, 76 Bb R A BT v, CAFs 3 3 430
T R OE B , R IS T NK 41
MBI YE . CAFs B S BE Ml /E FH i BE R <F
BCA NK 4Bt b g /8 FH 9 B R i, 7E B
LR, B ] CAFs W RE L B4l af NK 4T
RETH A 2%, Jo R AE CAFs 58 ZU3M T NK 4i i i
BT, MU0 JE 3k JE A3 55 25 4 W v] DA o i 3%
e e A Sl Mk A NK 20 B M , 78 B ] CAFs
(A3 SR W 7 A4 B3 Jf 98 ol 3 35 1) L AR SRR AE 1 1 7
bk
5.3 CDS'T #iif

CD8"T 4 ffl, SRR AH AL 4 T bk 02 40 i, 78
TR b A0 i A G B R SR R BT R A T 2 i
SUARYER SR T 5 , 1 23 Wb 45 40 g R 7
S50 RE IRE , 26 YU s vk SRR A
i % 2 2 (nectin cell adhesion molecule 2,
NECTIN2) 42 CAFs $] T 20 Jifg it S B A 1, BELIBE

NECTIN2 {5538 s /] #8435 T 40 M g™
CAFs AL F-11 CXC P LI B
12( CXC motif chemokine ligand 12, CXCL12) 35
T CD8'T 4fifiil[5] CAFs Hy LA, A BE 11 H
FIIAMEILNM . CAFs T IL-8 i p38 24
S4IE 6 AL & I (p38 mitogen-activated protein
kinase ,p38 MAPK) . c-Jun %3 A 38 ( c-Jun N-
terminal kinase , JNK) F14% A ¥ kB ( nuclear factor
kappa B, NF-kB) TH PR S TE R A R
FET-TCAK 1 ( programmed death-ligand 1,PD-L1) Ky
PR, RECT A0 M T R ] B2 AL, AT A2 2 i
kiR, CAFs SRR B i 20 iU %) CD8™ T
20 M 4 A R IR s Y L A, — I R
146 Bl J5 5 1k 18 0 JE AT ST K B, 1T TL-8 7K
I R LA A R S B RN RS Z R TE
RIR, WFIE K B, bR ORI B TL-8 %2 iy 15
CAFs r24: ) 1L-8 i# i Janus BAEE 2/15 55 % K&
G SR H F- 3 (Janus kinase 2/ signal transducer
and activator of transcription 3,JAK2/STAT3) 55
i F I CD8T 4 iy PD-1 3835, JF i@ T
P F-bxo &5 H 38 ( F-bxo protein 38, Fbxo38) il ffil
PD-1 iz 24k, B 2 il AT 2 2 15 90 Y
WREEE R, TEMR /N B AL TL-8 S it [
CD8'T 4fiffs iy PD-1 fE #Ek L4554 %% 4t PD-
LIRS AT LU HOR A=Y CAFs Sl i 43 i Ak
R 2 R 7 DL SR 4 PD-1/PD-L1 il B 3%
Hil55 CD8'T 40 i i A i DI RE . X Fhxd T 40 ffd 1)
IIVE e Z M b B = B — Bk, b,
CAFs i 5 98 JIgd R, /b T 20 03 10 0
IR TR Ay e 928 b AR Y DG BRE DR 3R L X
T 22 J2 W RS RLR i CAFs 7 Mo 37F Jie 4
PEIDR h A8 T ROAERL
5.4 FTHET 45

PETPE T 4 A v RIS CD8' T 4Hffl \NK 4
L AT o2 48 L 5 T, DA T - e g8 48 e )
LR | O 6 I R R R R, X SRR o T
Tregs 75 TME Tt A= 77 R A i > #F
REBVT T Tregs I CAFs 78 IR 5% B Wi 1 3R 1%
A EAE RS, PFE R, a— T WUILEN &
14 965 AH 26 B0 21 4 40 M2 ( oi-smooth muscle actin-
cancer-associated fibroblasts , a-SMA*CAFs) RE% 5
X3k % 1 P3 BH M (forkhead box P3 positive,
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Foxp3 ™ Tregs ) J& Bl 9 58 i, 38 3 F W3t 34 4% ab B3
I 38 BRI PR, 20 Tregs AYIZ Bh{E 1E IS AN
BEBE NI SRR A o SR FIE SR oo—F- i UL
NILBh £ 1 BE A (alpha-smooth muscle actin positive,
a-SMA™®) H 1 H WEAH LA 5 ( autophagy-related
gene 5, AtgS) Al LIV Tregs AYIR T, ok 2% i Jed 17F
J& T BESR AT R SeE RUN Y AR B R
R, Tregs 18 128 AL & /2% B2 A K TR 7 32 AR B
( amphiregulin/epidermal growth factor receptor,
AREG/EGFR) 5 CAFs 22 H. {2 CAFs ffie£F 4t
AR, T 470 e 8 S e S, FHLIBT AREG
29T CAFs W S 4 2 A0 RN Jit 52 38 1 2
PRIk Rl 1 S REAHOCSE P iy ik,
RN T CAFs 5 Tregs HIA EAE 5T T
KRB RPEIR ST ARG R AL TR A S R R A
Xf CAFs Hl Tregs HUFHEAEH , vl GEA B T 205 b
JERAE TS . CAFs 5 Tregs 7£ I8 T3 34 5%
FRIAH EL AR JH J2 41 5l i JRg f 5 6 it 1) O B TR 3%
BRI A 22 18] B AR AR, AT LA 80 s i
TR TP E T A B S AU A 38 T 4 R 47 TR 9
B, #1a) WA EF AR o AR TN R IR T
el BT A Wik 42 0] DL B 4208070 Tregs BT 1
FVERCE | T BEL BT 21 24 Ak U] o 5 98 g e B 5
BAR A B S ARPIR S M THTL MR S B CR

6 DSR2

KRG S5 T CAF 169 PMN JE i
M2 J5 T AE ., CAFs 3 i 43 b 2 Fh A= K
(4 FGF .PDGF . VEGF) F1 40 ifd Il 7 ( U0 1L-6 , 1L-
8 .CXCL12) , 7E/Ma & tE ik Jie e A% Kot 24 P v
P R A (0,8 CAFs 3 3 91455 A I8 40 i fd) 43
P T 1R 28 S e itk A8 E R A A A R
Ga RGN AN AN LR R B8 S CAFs KM
FHOGIH B AL [0 YR 97 SR i B B R, st
Pt CAFs 5515 = FIN ] CAFs 5 Ied 40 i S L
PSP B A AE T A T, T A 5B Lk i 97 2
WO AE BTN 1) S A A A | AT B s R P e i
BAEAWTUS O, BLAh, ¥ B2 iR7 Al CAFs L m)
SPIR S A, VT RE S & 1 SR B e e N oD
a5 R AR T RS BV CATs 5 HAl AR
BER A (G 2 AL P K2 20 B ) A B FH G i
Jed it e AT S ), (H X S A2 7 AR B HLAR AL

HilfhA e 4 B, BT, 52 X F CAFs /EFAL
il A5 S BEAKA T Sh R SR, Sl A 7
HR ) IR T IR 5 N IS IR O B R R AT A
FE5E X AT RE RS A 5T 45 SR 00 SN R I PR
R BRULZ AN, BRA ShA AR DL 58 A
SIFRE B S R A kL RAE S E A 5T
R T CAFs 78 i 1 J vb ) B AE T, (3T Xt
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Current research status of ferroptosis in endometriosis

PENG Jiahua, LIANG Ruining, SONG Xin, SUN Yu, JIAN Hui", LUO Xiaoquan "
(Jiangxi University of Chinese Medicine, Nanchang 330004, China)

[ Abstract ] Endometriosis presents a common challenge in global women’ s health. Ferroptosis, as an
emerging form of regulated cell death, has recently attracted attention in relation to endometriosis. In terms of disease
mechanisms, ferroptosis drives ovarian endometrial fibrosis via the induction of iron overload, and promotes disease
progression by regulating multiple signaling pathways, such as p38 mitogen-activated protein kinase/signal transducer
and activator of transcription 6 ( p38MAPK/STAT6 ), promote angiogenesis, autophagy, etc, fueling disease
progression. In terms of infertility, ferroptosis affects embryo development and ovarian function, thereby reducing

fertility. From a diagnostic perspective, high expression of ferroptosis-related genes provides potential biomarkers for
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the early diagnosis of endometriosis, effectively distinguishing patients from healthy individuals, and showing

important clinical value. In terms of treatment strategies, non-natural compounds such as Erastin, as well as natural

compounds such as resveratrol, ursolic acid, and baicalein, have shown potential therapeutic effects in relieving the

pathological process and related symptoms of endometriosis. This review comprehensively elucidates the key role of

ferroptosis in endometriosis in terms of the disease mechanisms, infertility, diagnosis, and treatment, and explores its

potential as a diagnostic biomarker and therapeutic target, thus providing new theoretical support and treatment

strategies for the management of endometriosis.

[ Keywords]

ferroptosis; endometriosis; pathogenesis
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Figure 1 Mechanisms underlying ferroptosis cell death in EMs
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Figure 2 Role of ferroptosis in EMs
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Recent research progress into the role of long non-coding RNAs
in the molecular mechanism of pulmonary hypertension

WU Daoxiong', LI Yanjin®, HU Ying', WANG Yuming', HU Wei®, MA Run'"
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Kunming Medical University, Kunming 650106. 3. Department of Cardiovascular Medicine, the First
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[ Abstract]  Pulmonary hypertension (PH) is a fatal disease characterized by pulmonary vascular remodeling,
ultimately leading to right heart failure and death. Current treatments for PH are suboptimal, with no substantial
improvement in overall survival among patients with advanced PH. Despite some progress in understanding the
pathogenesis of PH, further studies at the molecular level are needed to develop more effective treatments for PH.
Recent research has shown that long non-coding RNAs (IncRNAs) have an important regulatory function in the
pathophysiological process of PH, and may thus be potential disease biomarkers and therapeutic targets. In this paper,
we review recent progress in our understanding of the molecular mechanisms of IncRNAs in PH.
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PR B BREE G AR, B o 1 1O 1 i | dc 2 0% e
WA O BT, MR ATR ¥ 51T, PH
SEREIGRA 1% TR 65 % DL Ak
SRR EIR 109%™ IR BUS KA, 7™ R R
AR AT ST il s JkoSc 4 A I 4 A 2 PH
%) g B AR LR, H R AR PHIA
725 3 B IS SRR, AT IR N R
FEHURIZE BERR R EG -5 AR Rk
SERER S I R MELITR AL, PH PRI AL
SARTRAR EB 53 B 2 X PH R TE 53 HL ] ke
Z UMY HI, WERAWE PH 5 FHLH]
FHHTR A PR NG PR

1 IncRNA 5 PH

£ #% 4E % i RNA ( long non-coding RNAs,
IncRNA) & —25tH RNA A8 11 5% 5% 105 s A
KEERT 200 MEZH BRI RNA, 6t Z B I A9 T
DI TSEAE | AN 25 A 26 1 5 AT 3 sk 3 00 38 1%
P e SR B SR 5 A miRNA P45 550 Rk
FEVERD, IneRNA J7{Z 4040 T AR L 2UR 2%
H,Z258EWNELEMARE, f£ PH B3 f1 PH
SRR L2 IncRNA 523 263k, IT4F
ok, MOk 22 1 98 K B IncRNA 1] LUAE Ay 2 %2
IR % 8 5 778 PH &9 AL & #5 1F
M, A5 N K - 8] 58 B %% 46 ( endothelial-
mesenchymal transition, EndMT) | ZJi] fifd 8% % | 2] fifd
IERS AR T A SRR N I A AR
5, FHEDRIL AR K IncRNA 78 PH &R bl
il AR R 2 A T 2R IR |
1.1 IncRNA £ 5 EndMT

EndMT J& N B2 41 i ( endothelial cell, EC) &
%7 A ) AR R BRI Sk A PR ER | e 434k A T
FERFEA A R, EC H A N RS B B
/N PN B AR LG B O = 1 S5 N B2 JE bR A )
)R T 38 I A 3 A M 1 o, DA T - 0 5 4
FRLIS G A0 T T 7 5 48 2R 1) R A B0 i A ik
JEURE 1 7 AR FHUR 7 . MONTEIRO 4%
FH%{JCEJ&?—B (transforming growth factor-§3,
TGF-B) FIF 4 i/ % - 1 (interleukin-1,1L-1) Zb ¥
JEAR EC FF 477, & B IncRNA MIR 503 HG

(ARSI EC 2807 EndMT (3L [FIRFAE, MIR
503 HG g B2 A G PEAE AT Sugen/ {4
(SU5416 combined with hypoxia, SuHx) /55 1) PH
AN BRSO Wl R A i | 3l kP PH ( pulmonary
artery hypertension, PAH) £ 3 19 i 20 210 1fi % A=
Ky g rp A3 #ESE™ . MIR 503 HG 7E Sulx
INERL P A e 3R 8 5 ) S B bR 7 W AR IR D
X L5 K IncRNA MIR 503 HG AT RE/Z PH /)
—MRIT R R 53 A — TR 5T % 30 i e SR AE I
F—a( tumor necrosis factor-a, TNF-o0) 7] 153 AN £
Foft I P4 B2 240 L IncRNA H19 fY 35, H19 3
i 10-11 ¥ 25 H 1 (ten-eleven translocation-1,
TET1 ) A (4 8 L35 AL ML TGF-B {5 516 %
H1 EndMT , 3% — 25 R 7R RR L i MUBEAE /)N BT
TARLAE A B2 40 0 A BIIE S, 6 W] IncRNA H19/
TET1 42t TCF-B 555 55 EndMT ",
BAESI S —T s B TN —HE R 45 2R H19
TE R 25 1T N 90 JBE P e 4 i rh 2 35 R
H19 i3k Smad JE UM 22 24 )50 A 2
VAN AME S U8 T TN 12 iR A BHLAS ) 4 b
VS EndMT " 76 — 39040 A0 A% B2 il 26 1
(oxidized low density lipoprotein, ox-LDL) 75 5 Ifil
B EndMT 95250, & B IncRNA i it
Jei il 7% AH O B S R 1 ((metastasis-associated lung
adenocarcinoma transcript 1, MALAT 1) 3k K
I, MALAT 1 i ad B8 B - 3% 363K A s
Wnt/B — % ¥ & [ ( Wnt/B-catenin ) i& 72 & 7
EndMT 3 2, 24 MALAT 1 & fik i 32 AT 37 4
Wnt/B-catenin 18 % F4 35076 M T ek 44 EndMT!M
DA EHE R U] IncRNA 7] BB J2 EndMT ¥ £ (1) 3=
WLIBAE A BT, A FTRECA PH A W0bs & 9 FG
1.2 IncRNA iF#= 414 5HE

Jiili 81 ik - ¥ WL 21 B2 ( pulmonary artery smooth
muscle cell, PASMC ) FI fili 3 Bk /9 J 40 B
( pulmonary artery endothelial cell, PAEC) 34 5 J&
PH (14 5 %25 Bk A% F91 By 4 A 3k B 48 58 m) A AL
FEAIK PH LT, BF5ER W], IncRNA 25 T PH
) 40 B 38 5 o B, QIN % & B IncRNA
AC068039. 4 TEAR A T 19 PASMC ik 134,
AC068039. 4 i it 5 miR-26a-5p 454, FHHT
T HE L IR D B 32 A4 HL A FBH 5 1~ 38 38 6 ( transient
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receptor potential canonical 6, TRPC 6) [ /b,
fi¢ it PASMC 34 5, 1% B IncRNA AC068039. 4/
miR-26a-5p/TRPC 6 i 7E (% 515 3 1) PASMC 3
BRI R S A A, R, 7RI AR K BB Y
FMRE N PASMC 7 IncRNA 2 K 452 5 S 1k 2
Sk 5 ( growth-arrest specific transcript 5, GAS
5) KI5 T I, GAS 5 1 — F s 4 4 o I M
RNA ( competing endogenous RNA , ceRNA ) 5 miR-
23b-3p AHHAE IS P8 45 KCNK 3 3 5 (1 3k,
GAS 5 UL BR 35 8 JF T 15 % AUIRE AR F T A
PASMC AU %8 F1iT %%, IncRNA GAS 5/miR-23b-
3p/KCNK 3 fliA] GES2 L i5 5 PASMC 34 58 Al T
Bl Z—"" . WANG 251 % 305 1 % i fiti
SR ZURN PASMC A LE, PAH S8 2 (1) Jili 31 ik Fn
PASMC 7' IncRNA MALAT1 ik 2% i,
MALAT 1 3 K &A% AT R AIK PASMC 1) 3 58, 1
MALAT 1 B 32 % 35 W) 2% B HH AH 2 19 40 it 2 AL
RAMILE 23 B 7R IncRNA MALAT 1/ hsa-miR-
124-3p. 1/KLF 5 %l fE PASMC 4 %if v 2 & 2 AE
o B—TRF5E & P, IncRNA -5 02 R A 1
(taurine upregulated genel, TUG 1) ZE{K 4 AL BH/)N
LR Zh kA PAH B 8.3 M, TUG 1 i@t
miR-328 fit ¥k PASMC f 34 5 40 i # Bt &
(proliferating cell nuclear antigen, PCNA) ) 315,
PEE 2B m A A F 9T CARMAN 251
R PAH B EE 1 PAEC 1 IncRNA X L@ fk
P 5 5% 5t R ( X-inactiveespecific transcript,
Xist) FIRI N, Xist Fik/K V-5 PAEC ¥ FH fig
ZEAETE A XM, ZHENG 2517 78 PH /MR
BEH Il 2 2N PAEC v & B YTH 4544 38 &
F 1(—® RNA FIEALpiE ) T, RS
T YTH Z5H3E 1 1 25 7 PAEC 58 AN
B Ui RERERF A R Gl AT A ceRNA 4% & IHLiX —
1 AR BE L3 1T IncRNA Entr1-202 5 miR-125-3p
MHEAEH LAY, B AT UL, IncRNA & PASMC
F PAEC 3458 () S5 2R 5 R, S 5l i 4,
et PH 9 kA & J&, W BEAE I PH W E IR YT
A
1.3 IncRNA F#E4ER

S0 fL A F% S 1R TRk AZ B AR A 1 3 A A
MRS i R iz 2l H AT, 1VF 2 050 3 B 41 i
ITF 5 IncRNA A &, HAN 25080 L 3 7E % 480 1%

T PASMC ' IncRNA i By 2 1 fie 8 5 A 2
(cancer susceptibility candidate 2, CASC2) Fik T
A, i FIk CASC2 ATED miR-222 158 4+ 1 PN I
RNA, 75 PASMC H' miR-222 N B2k K 4
A FZE05 A 52 5 (inhibitor of growth 5,ING5) HJ$
IR DT i 55 R SR 5 7 19 PASMC 5 FIIE A%, L
By 11 EE S8R PH I AR, O3 AN BIE T
IncRNA PAXIP 1-AS1 1 RAS [m] Y3 K 52 75 1 04
A (recombinant ras homolog gene family ,member A,
RhoA ) 7£ 8 [ A58 ( monocrotaline , MCT) 5 S 11 Kk
BT 2H 2RI LT P A 2Rk 1 B e 1 v TEAR AR
TN PASMC rh e B S 1 w40 S 06 R S
SIGEE TR PAXIP 1-AS 1 o SE4E 5 I 1
(E26 transformation specific-1, ETS 1) 1F ] ## 7
WAS/WASL # HAE 8 H Z M B 1 (WAS/
WASL interacting protein family member 1, WIPF
1), WIPF 1 35 RhoA BB 5 7K S A4
R4 5 T 19 PASMC 1Y 1T #%, X 2L 25 R IR
IncRNA PAXIP 1-AS1 i#i it ETS 1/WIPF 1/RhoA
hfE 3k PASMC BSZ#" . HEAh, IncRNA INK4
P ey e AE 9 6% RNA (antisense noncoding
RNA in the INK4 locus, ANRIL) 7F #4815 S 1) A
PASMC H i IK 2 3% NI, ANRIL (9T J8 52 i
T E I T 2 1 PASMC M G,/G, BIHEA
G,/M+S ] B A& 1 R PASMC (iR,
IncRNA MALAT 1 7£ PH B3 I3 RIBCA 5 T 1
N PASMC 5 55263k, MALAT 1 J& miR-503 A
“Or T4 AT miR-503 PR R IE A Toll
FEZ K 4( Toll-like receptor 4, TLR 4) 1) ik ¢ i#F
PASMC [ 5 T #1 , DOU %5 fE AR S b
B PASMC H PH (B A LG H S E] IncRNA
Z KR 5 4 26 % 5% AR 1 (nuclear paraspeckle
assembly transcript 1, NEAT 1) 35 /KFF+ &, il
P UTER NEAT 1 #9335 Af il i miR-34a-5p 4%
Kriippel #£[H ¥ 4 ( Kriippel-like factor 4, KLF4) [
FIROKZEH PH AUEE . 25 |, IncRNA 38 i fig i
TS5 PH AL,
1.4 IncRNA iF#= 20 E T

PASMC Il PAEC X} T- 4RI PH I 4
HIBOCHE R 3R Z — , H 4 5 B0 A 2 45
IREFE . BFSE SR e PAH HR 2 0 il 4 23 Rk 4
A AN PASMC ', IncRNA Ang 362, miR-221 #0
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miR-222 [RIK W E M, Ang 362 1 PASMC
H miR-221 Al miR-222 MR35, BG4 s 7 -
kB (nuclear transcription factor-kB, NF-kB) IER=R]
6, ffi PASMC P T2 />% ) YANG PV ESE T
IncRNA A= i i2 [ 94 5E X 1 (taurine up-regulated
genel, Tug 1) 7 I % 1 il 2 Ik & H ( hypoxic
pulmonary hypertension, HPH ) /v [ A1 HPH-
PASMC 335, Tug 1 FTTERE T 5 miR-374 ¢
ZEA T T SCGKHESE 1 C1 (forkhead box C1, Foxc
1) fZE35, NI H PASMC B34 58 FIT A% | W]
{2 PASMC MJ#A T, If38 38 Notch 15538 B BH 1E
HPH 4 Jili IfiL 4 T 44, IncRNA Tug 1/miR-374
c/Foxe 115 5%l vl VE Sk 2% F 98 55 Al 145 =5 F4) A9
HPH ¥ER IR YT S S, eAh, HP f835 Jili 3l fkofn
A BES B A PASMC ' IncRNA i 31 Jik /&5 J& 48
% Al ¥ ( pulmonary arterial hypertension related
factor, PAHRF) ik T 4, PAHRF /£ miR-23a-
3p M 4%, VLB PAHRF 7] | miR-23a-3p (1) 3
I8, AR JE MST 1 (/)35 s> PASMC
P81, I, IncRNA PAHRF/miR-23a-3p/MST 1
i PH YAYT I — IS FERE A WAL, GONG
ZE0 % BRI EA T B K U 0 k20 21 i PASMC
H1 IncRNA CASC 2 IR RFAIC, 3 i X4 il AR
KEAIESE T CASC 2 f9 L& 42 0F PASMC A
72,18 CASC 2 {2 PASMC T IHLEIA i —
F9E . L5 F A, InecRNA 25 T PASMC 41 Jifd
AT B A X R PH 8943 FHLHI ANA Y7l
MEAHEERZ L, HITFK IncRNA 7£ PAEC H
GO > (EARHE— 20 G TSR
1.5 IncRNA &MH KA MERE

078 P AE 6 7 JRUA I LAk L S AR RURT
A8 (R A, LA 2 5 1 A A I R 45 44 N T
()95 L AB Ak, J2 il 20 Ik e R 9 9 B AR AR 22—
IncRNA Z: 55845 PN K2 40 M| I 487 9 B2 A R+
miRNA 8542 ) 3 1Y 3R 3500 I A8 - A A IR 45 A
A", FENG %" 3E52 T miR-382-3p Mt ik
AR E 12 M i AR 2E P il 3 Bk &5 R ( chronic
thromboembolic pulmonary hypertension, CTEPH ) &
FRASEARY o g il ol 45 S 9, AR AR L L i
WL &I CTEPH K BB R Al 2 21 F1 PASMC
WA PN 2 A2 K I (vascular endothelial growth
factor, VEGF ) i) mRNA & 335 K & 3% 7+

A F R IneRNA GAS 5 193235 7K -1 it 7]
miR-382-3p [k CTEPH K i Jifi 20 21 Fl PASMC
o VEGF BY3 3%, W] IncRNA GAS 5/miR-382-3p
2 5 T CrEPH Il & # 4 i B,
LEISEGANG 552" & SUAE LA 1 R5 & VE il 8l ik
JEEH I ZUR PAEC ' IncRNA MANTIS ik
REARR, 1L TR U0 TE S5 T MANTIS F 908k 410
il PAEC Ifil % #E A%, MANTIS i id £ &2 Brahma
FHFE A - 1 ( Brahma related gene-1,BRG 1) 5%
@i E R A Y F BAF 155 ( brg-1-associated
factor 155, BAF155) FAHH /E K32 5 BRG 1 )
ATP Tl % M fff RNA R0 I 456 2 R i
Do 5k A E P 5 B g XY HE B 18 (sex
determining region Y-box 18,S0X 18) .SMAD [A] i
#) 6 (SMAD family member 6, SMAD 6) Fl13% B [
A LA 3 5 5 B 1 ( chicken ovalbumin
upstream promoter transcription factor II , COUP-TF
11 ) P92 57 DT 52 M PA) 12 248 6 7 P A ol L, otk
41, JOSIPOVIC 45" % B CTEPH 8 2 (¥ il fi 4%
FEA T IncRNA NONHSATO73641 F k8 B i,
LN B & Bk N 2 48 M2 ( human umbilical vein
endothelial cells, HUVEC ) 1F 4 g #5 #Y iff 55 H: 5
PN B A0 M I A AR R A G4, X HUVEC #E 47
NONHSAT073641 @i fit/5 , &3 HUVEC 1Y% TE 1,
RE ) BEA, (B BAR AL HI Fr F — DR R, B,
IncRNA Z 5 7 PH Il # A4 i £, nl il i
IncRNA 4%l U6 A2 SRk 22 i PHL
1.6 IncRNA &5& W

AL TR PH g 38 A 32 rp R OGS I
AR FFR S I MUE 2 R B TR A
SRR IS 1Y 25 W) 73 5 8 AR g i 2 Jik
B 20 f R0 ST UL 20 M 0 3 B, 5 S PHOI K
APV LD AR A AU T ST HPH K R 20
PR L) R AR 5 N PAEC #5746 5 HPH
AL, & B IncRNA O LA 38 A1 K &% 5% A
('myocardial infarction association transcript, MIAT)
TER N FIASN HPH A rp 34 | 3 miR-29a-5p Al
¥+ E2 #H G F 2 (nuclear factor erythroid 2-
related factor 2, Nrf 2) 25 T, i3 @k MIAT
Al B Nef 2 22 JF AR AR PR A
F (reactive oxygen species, ROS) #1 N — &
( malondialdehyde , MDA ) B 3% P BEAK, 70l T B4
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BT PAEC WAL 3, P IE, IncRNA MIAT
AT fEE A AR AEVE T miR-29a-5p , 3l Nif 2 38
%, hnE HPH A8 B 200, NI HPH 1Y
KIE, AN, IncRNA MALAT1 7& PAH 8 3% % 1
PAUEEIA S PASMC 3k D s
SEUGZE SR R 8 MALAT1 7] & {I MDA F1 ROS
(4 38 AT D 2 SR Ak 7 80 N, HLAIL i AT RE
Notch {755 18 H #0652 9061 A 5 A RFR M
i ,IncRNA H19 78R AL AT 0 3 i 1) PAH i
Fh ik R AE MCT F3h s b 3R K R
R I B 25 R ) — T 5,
fiff FH ARG 2% B8 1 25 135 5 0L A P 400 i ) i
BEEASH A 4T AR P [ R SESE T H19 3e3h L 3
I H19 @A 45 P iz 4 ROS FiT MDA 7K
R ARG , AT D 4 PR 7 4 i ) A B 8 2% 1
IncRNA 2= 5 7 PH /% 1k 1 3 i 72, 8 19
IncRNA ¥ 25/ PH Y 7E R 8 L
1.7 IncRNA 256G RE

FEAE RS TT, I 0 WS048 A st (3 -
RZS, M G E RAE SN A I, 25 7= A 45 Fh 9 E
PR F14RC 1 F SR i K P iz A e, 5 35O T e e
i, LA &F 5K 9 0 R0 I 0 4 0 o 22 1] 1) Y- £
BEFT W, M A Ol S R R YT, YANG
AN LEAR S T 8 3 IR BT 48 - 1 (human
fetal lung fibroblast-1, HFL-1) 2}, #5140 HPH [
JRERL R, 5 W A 4L L, IncRNA HAS 2-AS 1
FES A AL HFL-1 20 i rp 2235 & 8, 18] B,
TNF-a \IL-6 1 1L-18 By FIEHIE TN, 4 HAS 2-
AS 1 @KJ5 , TNF-o \IL-6 F IL-1B 1335 /K - fifi
ZREAR, Pk, B 25 T IncRNA HAS 2-AS 1
{23 T HFL-1 20 M 2 hE I I, 3X o HPH, F§ 5] A&
HPH & F4 & M il 27 4 AL B 44 T 98 A8 1 3R )7 e
Mo CAT 25 3T A W {5 B 2 1 J7 5 0 8 1
PAH B E R ZERRIRIEN, KX T R EEH
ERTE R A AH OC I B% b, i — 20 #9 # IncRNA-
miRNA-mRNA ceRNA % ¥ mRNA C-C itk
F3ZAK 7(C-C chemokine receptor type 7,CCR 7)
FHAH KT, B0 45 hsa-let-7 e-5 p A1 IncRNA /)\
%A~ RNA 15 £ A 12 (small nucleolar RNA host
gene 12,SNHG 12) i€~ PAH n] BERYHE A, JF7E

PH /NG B FT L PASMC 3R 47 14 P 44 4 52
55, B0 0E T SNHG 12 Al i 5 hsa-let-Te-5p 45 &
FEWTT CCR 7 ik R ceRNA IEH, 25
PH i &R HLHN, JIANG 4510 & Bl PAH S8 2 1L
5 A4S S A PASMC 1 IncRNA SRY & %% %
K ¥ 2 BB SR A (SRY-box transcription factor 2
overlapping transcript,SOX 2-OT) ik, 8@ i
ULER SOX 2-0OT ][Ik PASMC H 4 4iE A T 1L-6
FTNF-o 17K Fl /N Z 2 AH K AB i) 1 (small
ubiquitin-related modifier 1,SUMO 1) 7K~ T T I
miR-455-3p A IE I 1 IAH S i 25 21 | ax s 45 21
FWIUTER SOX 2-0T A g £ #4757 miR-455-3p/
SUMO 1 %itife sk 55 ik 280175 5 19 9 E I 0L, DT Bl
1R MG EEARN PAH #F 8 , #1i] IncRNA SOX 2-OT
ATBERLA PAH AIRYT RS, L, IncRNA 25
T PERAEM I PH HEJ , G ey 7 I Pt RIGTT
ST BT BE SR IEZE PH FE R I T LE S0

2 BREERE

PH J&— Rt et BB B 12 1k 1k S M i, 1
RRRFFIBCT - FE S, M= A ROR T IS, B
el PR &, &3 IncRNA 5 PH 119
KAEMKRBEYIMR, IncRNA X} PH ) EndMT .
YA GE A0 MR R AU T i A AR Ak
A AR 7 T ELAT PR AE T, 2 5 PH Al
EEMEE, R PH MRITIAE T B B, BT,
BARIFFE L BE PH FRE Fsh iRl vh 22 6581
IncRNA ANFEZDEL, H H A 7 IncRNA [ )6
FVEHIRE S BIR AN S (R 1) B2 IncRNA 7E
PH " PE MG ANTE 2. H IncRNA 5
FEAE R PASMC DA, 70 H A 40 it v
PR RS AT R/ AN IncRNA £ R 7697 #
ST ZATY R BRI R ATIF I, A7 IncRNA
TE PH 20 SE 50 A8 s il v g 7R — 22 3R YT
1 B T sh P A28 Z 8384 IncRNA 4k
PRSFE I (] 80T 245 ) FF 2 A R A 97 iy Sk T
P, EL IncRNA 78 AS [7] 41 it 2 R0 Fn 2 2 1 &
b iE 5 DL M2 e T IncRNA YA Y7 4 B #2500, 07 18
L R AR NG PRATF 55 Hh (%) 107 T, (75 L PR 91 A 640
BT # 2 RARE
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IncRNA 7E PH H 19335 K D) fiE
Table 1 Expression of IncRNA in PH and their functions

K 4IRS RNA 1 PH Ik A EAE ) miRNA ite A5 /3
IncRNA Expression in PH Interacting miRNA Functions Target/Pathway
VY B — ) 78 e Ak 1 (o)
H19 1 / EdMT TET 1
V\Jﬁ_l‘lﬂﬁﬁﬁ%/ﬂsT . (1]
MALAT 1 1 / EndMT Wnt/B-catenin
9 :
AC068039. 4 i miR-26a-5p FHHE E'?E f TRPC 6!
Proliferation T
2
GAS 5 l miR-23b-3p iR . KCNK 31
Proliferation |
4
MALAT 1 1 hsa-miR-124-3p. 1 EHH,@ E'?ﬁ ! KLF 5
Proliferation T
0 MR B
TUG 1 1 miR-328-3p EHH@ 'ﬁja ! PCNA!'!
Proliferation T
T ,
CASC 2 | miR-222 HIEE | ING 511
Migration l
AT F
PAXIP 1-AS1 1 / H%]‘E ! ETS 1/WIPF 1/RhoA"!
Migration T
T
MALATI 1 miR-503 HAEE 1 TLR 42!
Migration
MR
NEATI 1 miR-34a-5p ﬂ]ﬁ@g*ﬁ ! KLF4!2!
Migration T
AR T .
Ang 362 1 miR-221 ,miR-222 M r l NF-kB*
Apoptosis |
AT :
Tug 1 1 miR-374 ¢ EHH@F]E ! Foxe 1124
Apoptosis T
T
PAHRF ! miR-23a-3p MR T ! MST 11!
Apoptosis T
P
GAS 5 ! miR-382-3p LB FEE | VEGF'?!
Angiogenesis !
pize
MANTIS } / m.E ﬂii ! BRG 1!
Angiogenesis T
& 3
MIAT 1 miR-29a-5p il Nif 2132
Oxidative stress T
= NIz
MALATI 1 / %W_cﬂj«zﬁ ! Notch"*!
Oxidative stress T
SNHG 12 | hsa-let-Te-5p M RAE | CCR 71%
Inflammation |
e S
SOX 2-0T 1 miR-455-3p MFFRIE 1 SUMO 1147

Inflammation T

AR o PP o3

Note. T, Up-regulation. | , Down-regulation.
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[ Abstract]  Bone defect repair is an urgent problem in the field of orthopedics, and numerous researchers are
working to develop more effective treatment plans. The accurate evaluation of bone repair after surgery is a crucial
step. In line with the development of computed tomography ( CT) imaging, dual-energy CT imaging has shown
significant advantages in analyzing bone composition and reducing metal artifacts. This article reviews the application
of dual-energy CT imaging for the evaluation of bone repair in animals.
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Table 1 Advantages and disadvantages of traditional imaging evaluation methods for animal bone repair
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FAETE i, JTAFEK  SHP2(sre homology 2 domain-containing protein tyrosine phosphatase , SHP2) Ji{{ A 983 JiE 45
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FR UL , 76 NS LAV AN b s A7 AE . BUAIFSE R , SHP2 #E ¥ CRC K45 I 498 FH DM 45 9 ( colitis-
associated colon cancer,CAC) Wi £ {0, J-FEE SHP2 A M5 it tH ¥1, SHP2 il T CRC B & H Y
ETERNAYTIE R A SCET A XS SHP2 BYZ5#H K HAE CRC Hl CAC HHAYSZI HEF T 2534
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Role of SHP2 in development of colitis-associated colon cancer and colorectal
cancer and its potential as a therapeutic target

ZHANG Hao', DIAO Qingfei' , FAN Jianchun', LI Meng', JIA Juming', YANG Chunbaixue', Wu Xueliang”"
(1. Hebei North University, Zhangjiakou 075000, China. 2. Department of General Surgery, the First Affiliated
Hospital of Hebei North University, Zhangjiakou 075000. 3. Cancer Research Institute, the First Affiliated
Hospital of Hebei North University, Zhangjiakou 075000)

[ Abstract) Colorectal cancer (CRC) is one of the most common malignant life-threatening tumors, with
serious impacts on patient quality of life. Src homology 2 domain-containing protein tyrosine phosphatase (SHP2) has
recently become a hot topic in the field of cancer research, and has demonstrated a close relationship with CRC.
SHP2, encoded by the PTPN11 gene, is a non-receptor tyrosine kinase commonly present in various tissues and cells
of the human body. Existing research shows that SHP2 plays a crucial role in regulating CRC and colitis-associated
colon cancer (CAC), and the emergence of SHP2 allosteric inhibitors has identified SHP2 as a potential new

therapeutic target for patients with CRC. Here we review the structure of SHP2 and its roles in CRC and CAC.
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2 H 796 ( colorectal cancer, CRC) , — 7 ik
R AL R G0 IR, T AF R AE A BRYEH Y e 25
W BB IR BT, CRC B A A H0A
M NZ R Z R AR TR B A K JE
R W EREZHE ML EAEMY . CRC @ H7E
HE S A B2 W Ok R BUE AL, B 22, ™
R NS A T BB B A
CRC M RANHRIC 2A TR KBk HHAR
Oy TALHATSAT 15 B B AR I JRL R, 9 E X I 14
AT A BRI ), A I8 1 58 1 A7 A 2
ARSI R, BR T MR &M CRC &
TR RN 25018 Ve 5 © AR SR — T ARy 1 e g
R AR, MR B KA R R R i
TAE R 4 5E Y % % (inflammatory  bowel
disease, IBD ) 1 5 it 9z £ 45 W R ( ulcerative
colitis, UC) Fl 3¢ & K (crohn’ s disease, CD) Wi
R B, e RS IR A
P AT Ky e e 50 A 50
WAL T3S W 98 A0 5 Pk 45 988 ( colitis-associated
colon cancer, CAC) 1 &4, IF H 55 & ¥ CRC
M, CAC EIRE AL 2 IR AT 22 TS
DO HET IBD (A AR B AN TE R I R
bt fe = ARG M I AN TR T B, PRt ] 2
EL 28 —988 09 A LTI, i LA AR AE Ay HE A1 Bl
IGHE R RV E I ST FNG 745 B R TR TE SR

Bt %) Sre [A]I 2 25 A5 a2 1 1% 2R W36 TR it
('src homology 2 domain-containing protein tyrosine
phosphatase , SHP2 ) FU#IF 58 BORBIR A, HETC A
USRI SHP2 TEFL I il | His) i 55 1F 2
A IR 1) R A R e v 4R R AR T X
W] SHP2 5GiF il LAV IR Y7 R Bebss i) — A
BRI RS HATRT CRC B3R Y EE L
FAR AT AW EIEYT S T By 3, IR
R bR &Y, #E 7 R W2 W, & BT AL I
Ja , KGR CRC W ARG T AR H 2, R
e HETC A rBFFE R W], SHP2 Xf T CRC 20 i)
HETE o AR RS B LR i R B DR Ok ) B
SHP2 7E CRC g fEFIHLE], 50 T LI CRC 1Y
TRIT PR BB B SRS . PIAS SO 22 A SHP2 75

CRC LK CAC F Y2 HLHI AT 25
1 SHP2 ZEHMEARLEHSINEE

SHP2 2 5 1 1 2 IR Wl 1R it ( protein tyrosine
phosphatase , PTP ) Z i) — 511" . B PTPN11 3
Pt L I 5> F 508 72 kDa'® . H&H W
I N ¥ Sre [A] PR 2 #4485 ( Sre homology 2 domain,
SH2) H43 1%k K N-SH2 1 C-SH2, 1M C 36l 5 1
IS A RBEIR AL 7 A, HLEA — B & Il 2 R X
B, AR AT REA: A4 i R i T il 1 A B, >
SHP2 & AL TG ARSI, H3Z 3] PTP 4544
I N-SH2 S5 3R 1 1T, i i A AR B 3R
THI R 78 Bl i A B3 TSR B 1 % A Bl MY
R0 B (ki W e AR AR i, FEAE Rl
AR TR 1R AR, SHP2 3833 SH2 X I8 5 % 12
B IRES 5, 5| B MR U | T 46 5 A AL AR
i, BT SHP2 MYASMEROG R ' . SHP2, 1
R W, 5 8 RS 2 B W ( protein
tyrosine kinase , PTK ) '8 %5 PIME | 4 45 & & R 25
AIBRRR AR 2, PR sh A, MR A PR W TL 2k
B ) 2 UESE S Z R REAH G, A4S AE R
SEFIVWE PR 451271 AR Sy — i BE AR ST 1 Tl
SHP2 J"VZAFAE T M A0 M S A 26 Wy B 5L 3 )
(&R AEYIR N, BRI, 2R SHP2 It 4% 1 4=
HIIREXS &R SRR SR 2R E

£ 2007 4F-, PTPN11 ( SHP2 % {3 [ ) Bl Ik
Sh R — A G T i T 0 A A 1 Do PR
[ 9 28 A8 A & B BE R Noonan £5 G 1iF
(Noonan syndrome, NS) F1 JL Z H IfiL f5 H #%
WU Ok B 2 1 BIFAE E 4 R 5 15 25 i,
SHP2 7EJL-F- v A 1Y 8 g vh & 45 8 2R
EATEE T i 8 20 21 R S P N 22 M A S 0 I Y
A5 Sk 52 W AN ) 52498 1Y e A AR R, T Janus
W/ A5 5 ¥ 5 5 e S B0E I F (Janus tyrosine
kinase/signal transducer and activator of tranion,
JAK/STAT) 3 i | B PR 7/ 22 28 DG 26
i ( rat sarcoma virus/mitogen activated protein
kinase, RAS/MARK) i f# B I ALIE 3-8/ 2
H ¥ B B ( phosphatidylinositol 3-kinase/protein
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kinase B, PI3K/AKT) il i FEIFIEILT 2K 1/72
FPEFET-BCAA 1 ( programmed death 1/programmed
death ligand 1,PD-1/PDL-1) il i Wnt/B-i%E
H ( Wnt/B-catenin ) # # A% A+ kB (nuclear factor
kappa-B, NF-kB ) i i 57141718 Japsf | K
IBFFE R SHP2 B v] g & #4402 g /E AT, o ml
RE & A5 e 2Bk A T, 22 mT BETE [ —
MEAE T A AR AT, DRI, SHP2 A7 B
Z PR IRYT Y TR A, X AR A FRATT B AR
W B SHP2 (1922 DR AN 5 2% (1) 94 15 AL T LA 55 4
P AR iRd & A & e v R D) B BE

2 SHP2 TEREMER K HEIF 0

IBD J&—Ff LA 65 sl TH A AN RO AR
AR M RAE SRR IE BB . IBD HY A A= J2
27 R 2R 3 [t 1, (045 5 A% B TR | BRI
e IR DU B AP ™ . AE UC FI CD 4
IBD BT, KN CRC MR E R L, LH
2 UC M AFTE 2 I CRC KR 1y — > EE A
9, HEIXT SHP2 X7 RAEMZ I T 44
TIPS, OG- SHP2 X 7 38 5 i Y
SN S R A T AR 45 i e AR PR 4 R
2.1 %Rl L RARES

7 1B I 52 40 Ml (intestinal epithelial cells,
TECs ) G5 B W e 20 i AR IR 4 7 EX 40 i AN
SR, F b AR 17 8 G R I A I
MRS, 3 Be ) S5t 4 %k W i A R A T T
R, LAGRAR 10 T8 Bl A 2851 A 5 AR 20 i I £ 5 5
I3 WA B EE 1, JE BUR AP R OR3P L Bz 4
i G52 452 7, 3ok R 26k R R I ) B i AR B
COULOMBE 4 iy i 5 #8373 , /N B | Bz 240
Hr SHP2 JEDR A0 i 2 2 S B0 8] 40 i, RIVARIR 20
R FC AR M T 2R A S (R4 ST A i 8 2 e,
FEHMED) T 250 S AL Y I AR O BB AT RS ) 4
KRR 45 T 9% AH 5 i s A XU L 2 I =2 38 K
TR T SHP2 R4k b B AR P Y 4 i AR
F, AT RESE i S (e HE PR 41 34 7Y B-RAF
Ve 22 238 DR A 3 1 0 A N S M S T T
%7 ( B-RAF kinase/mitogen activated protein kinase/
extracellular signal regulated kinase, BRAF/MEK/
ERK) {5 5 1% 5 18 [, 4E 4538 24 45 I 6 15 e B )
RESAR A JEAE Y 5 & , M A8 45 i v 25 422 1 e 410

Hl AR

5 IECs H SHP2 & F 1 B 2% 1 /N BRUBE 2 47
B T e A 465 B 9 A S B v fR R B SR
didE TR ML, BT RE S 45 2 Winy/B-
catenin \NF-kB Fl {5 5 & F S % % @06 K+ 3
(‘signal transducer and activator of transcription 3,
STAT3) {55 M FFEL3TE A ¢, Horp STAT3 Wl B
JERRBIARSERY , DA BT AR TECs FR Y SHP2 K
WP H e R R B A A
FN220 R SHP2 T DL 5 45 W b e 4 Fa
B ZAIH , AREETE sk BRI RE A 1
A, LAkl bR ani i Thig >
2.2 BALERAERIER A 4

SHP2 7£ CD4*T kL 4H i rh A A~ = 2B R
BT 15 0 AR 5 e 5 RN S BTG TR F 1 (signal
transducer and activator of transcription 1, STAT1)
F1 STAT3, Hirft STAT1 fith % T 4 & - (interferon-
v, IFN-y) > i, STAT3 S B H 4 M /+ & - 17a
(interleukin-17a, IL-17a) ;= /4= LIU 4% 7§
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Figure 1 Primary CRC and CAC development diagram

i A2 25 i 1 2 G e I 3R B L A
TR i R TR AR ST 45 e P AR IR
g

3 SHP2 E&EHPFERRIEM

ARSI JEVAT JiEg %) 5 S SO 58 X8 g iR T
G A & R, It {7 18 R5E 5
TERRIARSE &, BT LA CRC #2458 i e G
SIS, IR AR E SHP2 4% CRC AO1E
BILT , 2 e AR IR 7 A G At
3.1 SHP2 ZEMERZETH A EH N

VAR SR BFSY 561 SHP2 76 CRC sz
W RS Z —, BT SHP2 £ RAS/RAF/
MEK/ERK 8 B3I -t i 2] SCHE/E -, A et
58 SHP2 B2 5 T 8UEME Kirsten BRI 55
[F] 5% ( Kirsten rat sarcoma viral homolog, KRAS)
G L AR LN, AR
S5 W] SHP2 UUERTI 6 7 B0 KRAS 38 %, i
T CRC 400 TECs A BEFH 45 78 F1 i I 45
PE7, STAT3 J& STAT & H R R B — 5, £
i CRC 7E NI 2 Mg 8 5 AR ¢, IF 76 M i
OB EAE AL RN A A B 4 T B R AE
FE o TE 40 i g ( hepatocllular carcinoma,
HCC) 1, SHP2 #17] JAK2/STAT3 18 P& B 37 | 18
i S 40 M 5 W A HeeY , R RER, 5
HCC A1, 7E CRC ™, STAT3 il k2 SHP2 Ky
] JH 4, 200 SHP2 B4 CRC 4 A ) A A
1228, 78 CRC M4 2840 &, HCT-116 41
MR e ) 12 B A R 2 —, CHEN 21

KW SHP2 T PRI Rk 2 ik HCT-116 K 4
MEEAE K . 7E WU S8 [ 50 vh & B A PR P
Wi SHP2 HEPH I 226 SHP2 1 LB MR AL IE 1 , AT
T 148 A B3R/ i R T A2 A 2-PI3K/ AKT/ I
FL3h ¥ B A 2 2 5K H ( angiopoietin/tyrosine
kinase receptor-PI3K/AKT/mammalian target of
rapamycin, Ang/Tie2-PI3K/AKT/mTOR ) il %, M
107 38 55 B 988 7 3A 3% ((tumor microenvironment
TME ) HP iR i AR B, 2 i CRC ARG #S

WA, AR K B 20 L ) A Ah S,
% 30~200 nm, 7] LA 95 5% 8% |1l 48 A BRI 24
PESY S FE LS RS rh R B — R R
SHP2 41l i F7), 2% JF BE nik me ok W) fis {2 ER 1
( phenylhydrazonopyrazolonesulfonatel, PHPS1 ) %
T SHP2 k3R ik )5, (KR IA HY SHP2 AJ fig & i 1d
PI3K/ Akt 38 % 1 5 [ 78 AH OC B 05 40 i ( tumor-
associated macrophages , TAMs) i M2 #% fk I fig 1
FiiTRE DR AN ISR BRI, X A 1.Y294002 (— Fif
J T PISK/AKT 1 51 ) i 1 208 1A 1) B Tk 9 410
il IATTEFR W SHP2 iRkt ] Ui i PI3K/
AKT i P Ae it M2 B 5 Wi 40 i A1 30 14 1Y B 755, A
M358 CRC 4L IE RS AR ZERET)
3.2 SHP2 7£ e Iin & 48 B 75 T R 2 P

FfvIeE 8 A AR AR AR B OB T 1 A8 1Y AE
K, T BT AR LA, DT A ek 96 2 A #)5Bf R 4C a
PRALEDRE S SHP2, —Ffrily PTPN11 JE R 255
A 2 R W R I, TR I A0 I bl A A
SHP2 /E 20 M A 5 e S 19 SC B IH 1, 7 4% Fh i
R R R TIZUESE, E S MR



o OB BE R 2R 2025 4E 1 A5 35 4245 1] Chin J Comp Med, January 2025, Vol. 35,No. 1 167

KERIEAEFBDNRRD

AT JE R A N R AR K B F (vascular
endothelial growth factor, VEGF ) J2& #r 4= Ifil 4 A1 Il
M Y 32 B T K A 1] VEGE
RIC A T — A A5 IR Y7 R E 1 T kY
AR LA A 2, SHP2 7] R 55 i 45 P J 2R KA
F5Z4K 2 (vascular endothelial growth factor receptor
2, VEGFR2) H#ZAEH, N It E iy VEGF-
VEGFR2 {5 5 i 42 ) — > 2 /7197
FERiCAWIFERI /N BN B 40 i v A2 i 45 AR
8 %R -F 7(SRY-box transcription factor 7,S0X7)
IR BRI 235 K IS K BRI, I 2 S 20
FET-UT, AE XU S BT AR LUE ] S0X7
PE B SEFT 1Y A8 A R S A R T AR RSk
SHP2 R PR ToA 5 P8 1 I 1-c-Jun ZFEIm I
fif} ( apoptosis signal-regulating kinase 1-c-Jun N-
terminal kinase, ASK1-c-Jun) {5 51 5, fi ASK1-
c-Jun {55515 S 42 SOXT ) 235 A L 1M 45
A2, 2 TS e ik JRE I A8 A= SR Il A8 S i 1Y B
R, ZERR IR I 43 (connexin 43,Cx43) E 82
HAESE 2 5 1 4 A B, MANNELL 2855 3 4E
Cx43 5 SHP2 #HHAE HIfe A Bz 4 i T 7%, X Al
3 SHP2 FRRBIUE B A 14 A Rt i v ) i 3
WHT,

SHP2 Z: 5 Z R afl i 1) 345 534k, DL B A9
iE A LA 15 5 1 S R L A8 A b K R AR
FHo [ TME rh g 48 0% Az il Ay i geg 4 A= it
RGP T B R E IR, T SHP2 /BN
5 e I A ) SRR -, IR B R R R
PR LR YT O BT TR TR A
3.3 SHP2 7B B WERME 7T H A R0

Wil VR NI KBS0 il g R Ge b,
A5 A R Y SRS A M, A4S RN M T 20
R SR 200 % [ A7 A 8 00 L 55, % 0 4 D B ) 4
FEDIRE o IR 1 J A LR F i 983 40 i 174 3% 4%
MR WIBAE AL, B2 5 TME )83 H 5200
=), TME 3= 2 iy 6 40 ) 9 A1 5C Bl 2T 4t 40
FL | By 240 B (B T BR A 5 4 LA T 96k T 4
JHL) LA R AR 40 i e o 2[Rl AG i, v S0 i i i
FOFE T JE 38 el 2 B AT AR A 4 52
KTE,

Bt R A 5T % B, TAMSs J2 )98 G0 2 41 7l

TR BT 0 F B AL R 7, IR TME f) 3 223
JEANM, 7E TME b, B W40 R B 3h 25 19401k
AEJT, ELAKTT 23 R I Ah AR AN IRl 1 D Re 2R 1. —
JE M1 (MG ) A LA, — g2 M2 B (%8
BTG ) 10 I 40 B, 3 9 o 3 7R X i gRe 1 &
HAT BEH i, M1 B TAMs #50 & K B4 His
VR4 B 7~ A B, M2 B8 TAMSs 3% 3 5 00 y
AATF AR GRIERF ) FHik, B ErEE
TRIT I — KGR 2 fE TR TAMs 1Ak,
A0 ] T e M2 AU B R [ A sl H A 1
oEPUEPER M1 2880 WANG 2 BF 5T KB,
Wt SHP2 A0S Al LR #E TAMSs [n] M1 3R AU
1k, LI 22 BF58 % B TAMs H SHP2 Blesk 2338 —
A% M2 B W 2 L i PI3K/AKT 7= 4= P-
PI3K \P-AKT  IL-10 5 Z B2 /i - 1 ( arginae-1) , A
T E— A0 B RE AT M2 Ak, e T 38U R
CRC Mg B ML RS, (HAF R, 2 mA
1.Y294002 B, A 4 300 380 1) 8 1 8 3k I 35 PR AR,
E— 2P UESE T SHP2 AUk 3% 3k A fE i i PI3K/
AKT i B2 7 TAMs [n] M2 £ AWk, R, 76
TAMs 1 SHP2 {351 CRC B34 B 15 15 Bl 4
TAMs H SHP2 53509 CRC BE 222, H TAMs
h SHP2 35 5 CRC IFEER 2 A 62

8 Bl P 358 R ) T 9k ECL 40 i PR L 2 R B AR
FZR) 2 B RE, fERERG T, CDAT ik
XL 2 AR A E Al A Tk 40 40 A DO A S e I
Th1 40l Th2 4l Th17 40 M LI K Treg, B AI14
H 7E G 2 Hh i 2 B O H B A, T i
FE R AR TR R R b 4 BhE R4S 7] R . TH1
YRR R, B TR AT B TN -y I3 568 201 if 75
P T WREL4H I ( cytotoxic T lymphoeyte, CTL) B9 )
A, T A 455038 il g i A= 1 AE LU AR
(1) —J5 CD4" T Ik U 4 A R o SHP2 a5 b e it
STAT1 # ik BE P4 IE , 30 Thl 4346 F IFN-y 7= 4=
B, L IFN-y A3 T LAE CD8™ 40 At 7 1
T Ik EL 40 B ( eytotoxic T lymphocytes, CTLs) , M T
vE— 4 CRC R4

ULAh , SHP2 2 5 ¥ T 40 M G B i
JEE S IR PRSI TS 32 K- 1 ( programmed death-
1,PD-1) i #1 CD47/fE5 5 M EH o (CD47/
signal regulatory protein o, CD47SIRPa) %ili**) A
2, SHP2 7¢I s P03 il i 45 & AR 1 5



168 W LA EE 4R 2025 4 1 4535 %45 1 ) Chin J Comp Med, January 2025, Vol. 35,No. 1

KRR VR X R s il CRC B szl
TR B SR AL T 0 S
3.4 SHP2 T+ SHIMETHZ %

Zi LTIk, SHP2 [z F ik I %58 i O
RAS-ERK H1 PI3K-AKT 15 = i 4% ¥ 15 40 i 77 1%
RG2S AN SHP2 7E PD-1 @A i T
e a, BT B R EL 40 AT T 6k B 40 i 4 4
PEMBN R JH A B oeFmE " R, SHP2
I FRR AT WG AT T 2 M AE B 254,
R RN R [ N o i |
CRC™ SHP2 nf L@ it b8 £ 4 Z IR i & R
T A (receptor tyrosine kinase, RTKs) TR
AKT Fll ERK 3 %, [ A% 9 40 I X I R A8 FH A Bt
FALGY A URE T e T E A AT IE ] SHP2
AT A 62 o 1Y g 2 2 5% 2 ( tyrosine-62,
Tyr-62) J& SHP2 HY N-SH2 Z5H i —38 43, 1% 45
FA I 22 A v B H B 28 AR N A0 46 NS
) SNV B YRR N a7 = N (1] ( juvenile
myelomonocytic leukemia, JMML) . % X 38 1) 58 2%
8 E R SHP2 B FF O 5 1 T B itk i
P SHP2 ZRAF A, T 45T SHP099 (— it i &k ik
BRI SHP2 570 ) A H 38 i 2 15 9 J A 4
T FEC AR FH %) 72 F6) 400 441 300 % SHP2. (9 0 61, 33 HE 1
T Tyr-62 j& SHP099 1)1 il SHP2 3 14 19 JC 3%
JE[@—SO] .

KRAS 14 28 £ 41 i 8 RAS 9 75 [7] i 9
( neuroblastoma RAS viral oncogene homolog,
NRAS) 78 K HAE 4] 45% i) CRC ", H 8 v
RAS 7] LA S 4 M3 5, 38 iz ghig Jg , w20 32
i ], AR AR, I AR IR R L e e pE Y ke
R 5T 48, 564 0 R MEK 490 5510 ( it ok B
Je) 1 CDK4/6 il 5] (Wi 15 04 F A5 ) 75 471 )
KRAS /31 CRC A K J7 i =4 7 .3 19 B A
SN SHP2 I il 5 3T B R A T LB 1 X
MAPK 284241 il 370 114 328 1o 14 it 245 14, 3 7] fig 2 i
T 3 A7 AR S BRI 1Y) 22 R 2R A5 518 5 F0 MAPK
ARARAR T 0 e Tl S il P ek A S
[F] I 3 A A A 5% A B, FEAIL ] L PTPN1L (4]
HIBHWT T RTKs [ RAS-MEK-ERK i B #9155 1%
B Ik, SHP2 Je— MRA A SR R
JETE RAS 2878 AUsE BB AR H , vl AT BL L
PR ) 98 0 245 W) 09 ON TR T 24 1k RN R A 1 T

2y

1E CRC ", PI3K/AKT 18 % A9 8% K 7 T
HABIERE , 72 8] PI3K/AKT 38 B 76 985 5E P 1) G 4t
PERTT e LA f)— TS 56 oy S e 0 )
AKT J& , W25 1 fi % AKT, SHP099 2% i 2 [
ik CRC #3878 RNAE TR P B, IR 3,k B
TR —AN451E , AKT 15 554 S 5% i 4ma) nf
fii SHP099 Ay VE FHAS 1S AU, H AKT 38 [ ) T
W E 52 MR T M AT IR VE A T
SHP099 F1 MK-2206 ( —Ff#r52 M AKT #5351 ) X
CRC MYBCA1EH , 2B SHP099 Fil MK-2206 2 [H]
FEW FAER, Rl —2F & 2R IT R
W7 CHEN 25070 f1 SUN 268 4 5iF B 1
SHP099 7£ 5 PI3K # il 71] ( 40 Pictilisib ) 1 & K
FHE R PRI RE . BT LA T SHP2 #il 5
AKT 38 [ A3 R R Jz 5% P30T , 1T B2 CRC HKPT
SHP2 il SHEHLE 7 X St 58 R T SHP2
1 AKT 15555 530 I 2 AR R 22 A EAEH

SHP2 J&— MM TE B M v 7 0 A, A ol ot
WA T A AR B RTKs 3K 8 i fibg . PRIk, 4%
RTKs 5 RAS-RAF-MEK-ERK #l RAS-PI3K-Akt-
mTOR 18 ER 2K A SHP2 %) RAS 2848 5f
Braf 2375 SR A B 2 A 2007 . SHP2 il 571
5 PD-1 #5086 A fft F = 2 T R RN, OF
e R T X PD-1 90 50 T 25 M, Rk, e
SHP2 B FR R 7 B £ 37 A G B8 18 7 11 PN 7 A
ARAFPE 251 DA SO BRI S0m D he , e el /8
HHG EREE,

4 Wit5RE

S5 LI R 1Y 9 RN FE R AE i A S AR
HRR 2% b s I 25 R, 7 B A N2 A A i
SR, SRR H L i v i B BR T AR AT
R BB 50N, R R A 45 B ) 45
KA G W9 T, SHP2 1 ¥ 76 1) e 18 31 Bk A
TR, 51 % T2 HIR AR5 %8R, SHP2
TELRFEN b Bz A0 M A 2557 RS 20 IR 45 2 E I 1
HRE R O T O, FR R TESS B s
KA R B E R E R, AT
BHIFA 5T 2 B, SHP2 J3 F 78 988 5iE 16 7 40 3l Jie 91
TR R R, FE TR BT, SHP2
FEAN )28 0 1) b 98 o B AT LA & #2400 b 98 1) 1



o B BE R 2 s 2025 4E 1 A5 35 4245 1] Chin J Comp Med, January 2025, Vol. 35,No. 1 169

FH, SCAT R A5 4 8l e g ) AR, B 22 i) DA AE —
A v [ I S H AR 04 A A BUE AR T, X
T SHP2 IREM 2 FEIE , by Z it — P Y S50 ok
WR, SHP2 25 T Z T g 19 8 #22, (H L -F- 93
HETER MG, LIRABR A REH N T
R B S o BIVAN () fok 53 00 R Tk e 40 A
TR A 20 1 2 18] 9 A B AR 52 e B8 B TS
ARSI JEV R, A R L 15 3 86 550 363 o 98 o 2 f
HHEA B B A X T IT & B X 46 B
TR SHP2 #1044 550 73 2R A A B2 HLEL A Bk dlbk
W, HAT, 8 A SCHRIRTT T SHP2 il 57 £
I RATFSE P 04 085 ) (B R Z2AT5 AL T A0 9 B Be o
It IRAIRGT SHP2 1545 B i v i) B FIAL
M ZECH 2, — BA5 /R BLRE, SHP2 41 il 77 41
AT RE B AE [0 S B, i Ji Sl — AT ISR 1 I
PRIGTT 2590, JF )1z BT 22 RO 26 R B A
i

SE .

[1] YINGJ, ZHOU H Y, LIU P, et al. Aspirin inhibited the
metastasis of colon cancer cells by inhibiting the expression
of toll-like receptor 4 [ J]. Cell Biosci, 2018, 8: 1.

[2] YUAN H, ZHAO J, YANG Y, et al. SHP-2 interacts with
CD81 and regulates the malignant evolution of colorectal
cancer by inhibiting epithelial-mesenchymal transition [ J].
Cancer Manag Res, 2020, 12. 13273-13284.

[3] SHAH S C, ITZKOWITZ S H. Colorectal cancer in
inflammatory bowel disease: mechanisms and management
[J]. Gastroenterology, 2022, 162(3): 715-730.

[ 4] RAJAMAKI K, TAIRA A, KATAINEN R, et al. Genetic
and epigenetic characteristics of inflammatory bowel disease-
associated colorectal cancer [ J]. Gastroenterology, 2021,
161(2) ; 592-607.

[ 5] GENE M, CUATRECASAS M, AMAT I, et al. Alterations
in p53, microsatellite stability and lack of MUCS5AC
expression as molecular features of colorectal carcinoma
associated with inflammatory bowel disease [ J]. Int J Mol
Sci, 2023, 24(10) . 8655.

[6] QUAGLIO A EV, GRILLO T G, DE OLIVEIRA E C S, et

disease and

al. Gut microbiota, inflammatory bowel

colorectal cancer [ J]. World J Gastroenterol, 2022, 28
(30) : 4053-4060.

[ 7] MARTIN E, AGAZIE Y M. SHP2 potentiates the oncogenic
activity of B-catenin to promote triple-negative breast cancer

[J]. Mol Cancer Res, 2021, 19(11); 1946-1956.
[ 8] MAINARDI S, MULERO-SANCHEZ A, PRAHALLAD A,

[9]

[10]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

et al. SHP2 is required for growth of KRAS-mutant non-
small-cell lung cancer in vivo [ J]. Nat Med, 2018, 24(7) .
961-967.

LEE Y J, SONG H, YOON Y J, et al. Ethacrynic acid
inhibits STAT3 activity through the modulation of SHP2 and
PTP1B tyrosine phosphatases in DU145 prostate carcinoma
cells [J]. Biochem Pharmacol, 2020, 175: 113920.
WANG Q, ZHAO W C, FU X Q, et al. Exploring the
distinct binding and activation mechanisms for different CagA
oncoproteins and SHP2 by molecular dynamics simulations
[J]. Molecules, 2021, 26(4) . 837.

SONG Y, ZHAO M, ZHANG H, et al. Double-edged roles
of protein tyrosine phosphatase SHP2 in cancer and its
inhibitors in clinical trials [ J]. Pharmacol Ther, 2022,
230: 107966.

PACCOUD R, SAINT-LAURENT C, PICCOLO E, et al.
SHP2 drives inflammation-triggered insulin resistance by
reshaping tissue macrophage populations [ J]. Sci Transl
Med, 2021, 13(591) : eabe2587.

XIAO P, ZHANG H, ZHANG Y, et al. Phosphatase SHP2
exacerbates intestinal inflammation by disrupting macrophage
responsiveness to interleukin-10 [ J]. J Exp Med, 2019,
216(2) : 337-349.

WU X, GUAN S, LU Y, et al. Macrophage-derived SHP-2
inhibits the metastasis of colorectal cancer via Tie2-PI13K
signals [J]. Oncol Res, 2023, 31(2): 125-139.

CHAN R J, FENG G S. PTPN11 is the first identified proto-
oncogene that encodes a tyrosine phosphatase [ J]. Blood,
2007, 109(3) . 862-867.

KANUMURI R, KUMAR PASUPULETI S, BURNS S S, et
SHP2  phosphatase in
malignancies [ J]. Expert Opin Ther Targets, 2022, 26
(4):319-332.

LL'Y, YUAN Y, ZHANG F, et al. Therapeutic suppression

al.  Targeting hematological

of FAK-AKT signaling overcomes resistance to SHP2
inhibition in colorectal carcinoma [ J]. Front Pharmacol,
2021, 12: 739501.

ZHAO M, GUO W, WU Y, et al. SHP2 inhibition triggers
anti-tumor immunity and synergizes with PD-1 blockade
[J]. Acta Pharm Sin B, 2019, 9(2) . 304-315.

ZHOU B, YUAN Y, ZHANG S, et al. Intestinal flora and
disease mutually shape the regional immune system in the
Front Immunol, 2020, 11 575.
COULOMBE G, LANGLOIS A, DE PALMA G, et al. SHP-

intestinal tract [ J].

2 phosphatase prevents colonic inflammation by controlling
secretory cell differentiation and maintaining host-microbiota
homeostasis [ J]. J Cell Physiol, 2016, 231 (11). 2529
-2540.

COULOMBE G, LEBLANC C, CAGNOL S, et al



170

o B BE R 2 s 2025 4E 1 A5 35 #4255 1] Chin J Comp Med, January 2025,Vol. 35,No. 1

[22]

(23]

[24]

[26]

[27]

[29]

[34]

Epithelial tyrosine phosphatase SHP-2 protects
Mol Cell Biol, 2013,

against
intestinal inflammation in mice [J].
33(11) . 2275-2284.

XU D, QU C K. Protein tyrosine phosphatases in the JAK/
STAT pathway [ J]. Front Biosci, 2008, 13 4925-4932.
ZHANG W, CHAN R J, CHEN H, et al. Negative
regulation of Stat3 by activating PTPN11 mutants contributes
to the pathogenesis of Noonan syndrome and juvenile
myelomonocytic leukemia [ J]. J Biol Chem, 2009, 284
(33) . 22353-22363.

GAGNE-SANSFACON J, LANGLOIS A, LANGLOIS M J,
et al. The tyrosine phosphatase SHP-2 confers resistance to
colonic inflammation by driving goblet cell function and erypt
regeneration [ J]. J Pathol, 2019, 247(1) . 135-146.
CHANG C J, LIN C F, LEE C H, et al. Overcoming
interferon ( IFN )-y resistance ameliorates transforming
growth factor ( TGF )-B-mediated lung fibroblast-to-
myofibroblast transition and bleomycin-induced pulmonary
fibrosis [ J]. Biochem Pharmacol, 2021, 183. 114356.
LIU W, GUO W, SHEN L, et al. T lymphocyte SHP2-
deficiency triggers anti-tumor immunity to inhibit colitis-
associated cancer in mice [ J]. Oncotarget, 2017, 8(5):
7586-7597.

KERR D L, HADERK F, BIVONA T G. Allosteric SHP2
inhibitors in cancer: Targeting the intersection of RAS,
resistance, and the immune microenvironment [ J]. Curr
Opin Chem Biol, 2021, 62 1-12.

ZHANG L, YANG Z, MA A, et al. Growth arrest and DNA
damage 45G down-regulation contributes to Janus kinase/
signal transducer and activator of transcription 3 activation
and cellular senescence evasion in hepatocellular carcinoma
[J]. Hepatology, 2014, 59(1): 178-189.

HUANG Y, WANG J, CAO F, et al. SHP2 associates with
nuclear localization of STAT3. significance in progression
and prognosis of colorectal cancer [ J]. Sci Rep, 2017, 7
(1) 17597.

CHEN X, FU X, ZHAO W, et al. Loss of tyrosine
phosphatase SHP2 activity promotes growth of colorectal
carcinoma HCT-116 cells [ J].
Ther, 2020, 5(1) . 83.
PEGTEL D M, GOULD S J. Exosomes []J].
Biochem, 2019, 88. 487-514.

LI Z, XI'J, LI B, et al. SHP-2-induced M2 polarization of

Signal Transduct Target

Annu Rev

tumor associated macrophages via IL-4 regulate colorectal
cancer progression [ J]. Front Oncol, 2023, 13. 1027575.
XU Z, GUO C, YE Q, et al. Endothelial deletion of SHP2

suppresses tumor angiogenesis and promotes vascular

normalization [ J]. Nat Commun, 2021, 12(1): 6310.

PATEL S A, NILSSON M B, LE X, et al. Molecular

[35]

[36]

[37]

[38]

[40]

[41]

[43]

[45]

[46]

mechanisms and future implications of VEGF/VEGFR in
cancer therapy [J]. Clin Cancer Res, 2023, 29(1): 30
-39.

KROLL J, WALTENBERGER J. The vascular endothelial
growth factor receptor KDR activates multiple signal
transduction pathways in porcine aortic endothelial cells
[J]. J Biol Chem, 1997, 272(51): 32521-32527.
MANNELL H, KROTZ F. SHP-2 regulates growth factor
dependent vascular signalling and function [ J]. Mini Rev
Med Chem, 2014, 14(6) . 471-483.

KIM K, KIM I K, YANG J M, et al. SoxF transcription
factors are positive feedback regulators of VEGF signaling
[J]. Circ Res, 2016, 119(7) : 839-852.

MANNELL H, KAMERITSCH P, BECK H, et al. Cx43
promotes endothelial cell migration and angiogenesis via the
tyrosine phosphatase SHP-2 [J]. Int J Mol Sei, 2021, 23
(1): 294.

HOU Q, HUANG J, AYANSOLA H, et al. Intestinal stem
cells and immune cell relationships: potential therapeutic
targets for inflammatory bowel diseases [ J]. Front Immunol,
2020, 11: 623691.

ZHAO S, MI Y, GUAN B, et al. Tumor-derived exosomal
miR-934 induces macrophage M2 polarization to promote
liver metastasis of colorectal cancer [ J]. J Hematol Oncol,
2020, 13(1): 156.

CAl J, HUANG L, TANG H, et al. Macrophage migration

inhibitory factor of Thelazia callipaeda induces M2-like

macrophage polarization through TLR4-mediated activation of

the PI3K-Akt pathway [ J ]. FASEB J, 2021, 35
(9): €21866.
WANG S, YAO Y, LI H, et al. Tumor-associated

macrophages (TAMs) depend on Shp2 for their anti-tumor
roles in colorectal cancer [ J]. Am J Cancer Res, 2019, 9
(9): 1957-1969.

PAL R, RAKSHIT S, SHANMUGAM G, et al. Involvement
of Xeroderma Pigmentosum Complementation Group G
(XPG) in epigenetic regulation of T-Helper ( TH) cell
differentiation during breast cancer [ J]. Immunobiology,
2022, 227(5): 152259.

LI Y, ZHOU H, LIU P, et al. SHP2 deneddylation

mediates tumor immunosuppression in colon cancer via the

CD47/SIRPa axis [ J]. J Clin Invest, 2023, 133
(4): e162870.
TANG C, LUO H, LUO D, et al. Src homology

phosphotyrosyl phosphatase 2 mediates cisplatin-related drug
resistance by inhibiting apoptosis and activating the Ras/
PI3K/Aktl/survivin pathway in lung cancer cells [ ] ].
Oncol Rep, 2018, 39(2): 611-618.

PRAHALLAD A, HEYNEN G J, GERMANO G, et al.



W AT BE A4 2025 46 1 A28 35 5% 1 9] Chin J Comp Med, January 2025, Vol. 35,No. 1 171

[47]

[48]

[49]

[51]

[52]

[53]

PTPN11 is a central node in intrinsic and acquired resistance
to targeted cancer drugs [ J]. Cell Rep, 2015, 12(12).
1978-1985.

CHEN H, LIBRING S, RUDDRARAJU K V, et al. SHP2
is a multifunctional therapeutic target in drug resistant
metastatic breast cancer [ J]. Oncogene, 2020, 39(49).
7166-7180.

SOROKIN A V, KANIKARLA MARIE P, BITNER L, et
al. Targeting RAS mutant colorectal cancer with dual
inhibition of MEK and CDK4/6 [ J]. Cancer Res, 2022, 82
(18) : 3335-3344.

LAROCHELLE J R, FODOR M, VEMULAPALLI V, et al.
Structural reorganization of SHP2 by oncogenic mutations and
implications for oncoprotein resistance to allosteric inhibition
[J]. Nat Commun, 2018, 9(1): 4508.

PFEIFFER A, FRANCIOSA G, LOCARD-PAULET M, et
al. Phosphorylation of SHP2 at Tyr62 enables acquired
resistance to SHP2 allosteric inhibitors in FLT3-ITD-driven
AML [J]. Cancer Res, 2022, 82(11): 2141-2155.
ZIEMKE E K, DOSCH J S, MAUST J D, et al. Sensitivity
of KRAS-mutant colorectal cancers to combination therapy
that cotargets MEK and CDK4/6 [J]. Clin Cancer Res,
2016, 22(2) . 405-414.

FEDELE C, RAN H, DISKIN B, et al. SHP2 inhibition
prevents adaptive resistance to MEK inhibitors in multiple
cancer models [ J]. Cancer Discov, 2018, 8(10). 1237
—-1249.

SUN Y, MEYERS B A, CZAKO B, et al. Allosteric SHP2

[54]

[55]

[56]

[57]

[58]

inhibitor, TACS-13909, overcomes EGFR-dependent and
EGFR-independent resistance mechanisms toward osimertinib
[J]. Cancer Res, 2020, 80(21) ; 4840-4853.

EBI H, CORCORAN R B, SINGH A, et al. Receptor
tyrosine kinases exert dominant control over PI3K signaling
in human KRAS mutant colorectal cancers [ J]. J Clin
Tnvest, 2011, 121(11) ; 4311-4321.

VITIELLO P P, CARDONE C, MARTINI G, et al.
Receptor tyrosine kinase-dependent PI3K activation is an
escape mechanism to vertical suppression of the EGFR/
RAS/MAPK pathway in KRAS-mutated human colorectal
cancer cell lines [ J]. J Exp Clin Cancer Res, 2019, 38
(1): 41.

DATTA J,
activation mediates acquired resistance to fibroblast growth
factor receptor inhibitor BGJ398 [ J]. Mol Cancer Ther,
2017, 16(4) : 614-624.

CHEN Y N, LAMARCHE M J, CHAN H M, et al.

DAMODARAN S, PARKS H, et al. Akt

Allosteric inhibition of SHP2 phosphatase inhibits cancers
driven by receptor tyrosine kinases [ J]. Nature, 2016, 535
(7610) ; 148-152.

SUN B, JENSEN N R, CHUNG D, et al. Synergistic effects
of SHP2 and PI3K pathway inhibitors in GAB2-
overexpressing ovarian cancer [ J]. Am J Cancer Res,

2019, 9(1): 145-159.

( Yo #5 B #7)2024-06-01



2025 4 1 /4 o P B AR January, 2025
¥35% S CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 35 No. 1

PREEAS, XUSE By, E BN WA MRS A7 B Gl ot P88 40 405 v RO B HE R (). vl P AR B 2 2, 2025, 35(1)
-180.
Sun HJ, Liu XQ, Wang SG. Research developments in macrophage polarization in renal ischemia-reperfusion injury [ J]. Chin J
Comp Med, 2025, 35(1) . 172-180.
doi: 10. 3969/j.issn.1671-7856. 2025. 01. 018

I 240 it # b 7 B B ol PR T i 1 P RO A o R

IEA R, EHNT
(LI v BE 2 R s — RN B EE e M FR APRE KB 450003 5 2,30 1 H B2 2 K324 — Il R BE 24 B, AR M 450003)

[(FE] BRI R b i 2 S A, BT 3 1 R B AR At . 7R a5 Fi A 1
AR PTAR AR S 24 Rl 2 B ( 3222 M1 I M2) |, DT & #4EAS [) 1 4 AN DI BE , 78 B 5t 1P 38 3 52 05 ( renal
ischemia-reperfusion injury, RIRT) A4 AR BRALH i A HEEE AR T . 2o BE A B0 28 2 N A SR 25 R B 439 1, ML
R W20 M2 e S A, 2 S ISR g R s T M2 B E R A A B RER, 25 RIRL R B HZUB R M &
51, BRI R Z 6] BP0 T RIRL RZ5JR AR YT+ B2, RSO B W4l Ak A BE DDA %o
ANMIAE RIRT o 21 A AL RSB ATRYT 5 AT R, BTk — D OF e B AN AR AL 7E RIRT 4
MRS i id ¥ 15 AR AR AR 2438 RIRT 97R Y7 R EIE S

(RER] BB RAE BN ; B Wi T ITBe

[hE452S] R-33 [ xEktRIREE] A [XEHS] 1671-7856 (2025) 01-0172-09

Research developments in macrophage polarization in renal
ischemia-reperfusion injury

SUN Haojie"”, LIU Xiangin'?, WANG Suogang'”
(1. Department of Urology, the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450003, China.
2. the First Clinical Medical College of Henan University of Chinese Medicine, Zhengzhou 450003)

[ Abstract ) Macrophages are important immune cells involved in innate immunity, with significant
heterogeneity and polarization. Macrophages can polarize into different phenotypes ( mainly M1 and M2) under
stimulation by various factors in the microenvironment, leading to different roles and functions. Macrophages play an
important role in the pathophysiological mechanism of renal ischemia-reperfusion injury ( RIRT). An excessive
immune response will inevitably lead to tissue damage. M1 macrophages are pro-inflammatory cells involved in the
clearance of pathogens, while M2-type macrophages have anti-inflammatory effects and participate in the repair and
remodeling of renal tissue after RIRI. The balance between these macrophage phenotypes is thus an important factor

affecting the outcome and treatment of RIRI. This review considers the pathophysiologic mechanism of macrophages in
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RIRI and the latest treatments from the perspective of macrophage polarization, with the aim of supporting further

studies of the function of macrophage polarization in RIRI and adjusting the macrophage polarization process to improve

RIRI treatment strategies.

[ Keywords]

renal ischemia-reperfusion injury; inflammatory response; macrophage; intervention means
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Figure 1 Classification of macrophages
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Figure 2 Renal ischemia-reperfusion injury in the dynamic changes of macrophage
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12 AP AR TR (2.0 F1 3.2 mg/kg) AT
DA e RS 41 A 5% 1 DR 1, AR B /N A i 40
] TLRA , { HICHE 5 R SRAE A 5 S2 AR AR 5G]
“F 6 (tumor necrosis factor receptorassociated factor
6, TRAF6) 2L [f] 1 NF-«B il s, M55 LPS
PR P B CD38 J2& LPS FRIh M1
TR 0 20 i A0 A T 22 ) BB B 11, CD38 A] LT
NF-«B 38, it A CD38 ik, BT LPS
BRI NF-kB {5538 B, ] M1 B fe™ 5
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A TR S R BT A AR IT 25, S A A
T A R AT (B BREERG)  BSIH  EHAT
JNE AR RS RS R, A 3 AL 3% i
PR 00 R S B 5T R Y U AT 2 HE
AT BN AR TS AL, Bl D TNF-oo TL-6 S84 2 A
THIBHT, B W34 NRKS2E 40 i 5 35 7K 5 | ik
B /INE L B AR A, DT T B a6 ol P 3 4
ik 2RI ER . 4, W9 R B, F W = Ak
LG T G5 A4t A T2 Vi) | A4 A PR N AR E A AR
WA, 38 3 43 B B W 20 i (F4/807) FI T 2 i
(CD4") i B i 9 48 L PR (IL-1B ,1L-6, TNF-
o) BRI B0, VR 08 T2 S B9 RAE L AR
A AT S, TAL FE4H /Y F4/80° il CD4" 3%
TG e 40 i /0 F AR AL B4 . RT-gPCR 247 (2
TN, 5 ARIRYT AU L, AL B AR R A0 R T
(IL-1B TNF-o H1 IL 6) mRNA /KF F [, {H[%
IL-10 &b, T4k BE2H Bt R 40 M T ( TGF-B F1 1L-
22) mRNA K TRAN IR, X se 45 L %
W1, BAR IL-10 A3Z52m 5 1w S AL 3 AT ge B
BHHRVER, W LA B IRT 755 19 B 28 hE 1405 .
ZR R RV, RIRAY R — 1B REE, E15
E— IR RIZHE , F RIRT F36T7 48— BRI &
BUPREIT T

4 BEERE

VT AE R | 2 2 BF 7% B2 97 35 R AS W 3k 2 | ]
P SR B ROAT S b B R A A IR U o 5
LT BEHEAT B A LT B TR R WS £, R
i, & A FARBE S ZE MBS E 2 #H
A . P, ASWHRZR RIRI A5 FEA FRAL 6
TR A AR G 3 1 25 ) B # R L, RIRL Y
RIRHLERE —A 220 L B, B A0 i A 4
T AR 0 I 200 R %) AN [ 6 A bR S A I 7Y
FE RIRT &3 1<k A2 Hh 8 2L AR BRI 1 K e e 1 '
e R 3 I R A e (S I i A E A N
2 LM% A AT AT R RIRT A B 4 4R B e 4
IR B /NG b B 2 A A A 52, ol fR 3
His ., UL, #E— 2 E RIRL B &L | E W
1 b P A G R R R L RT R SC F 96 7 8 05, O A
A SERH AR A T I 1) 25 W A & o
RIRI MR R R — S5 R ALy 4, H
B, B RN AL 7E RIRT A B9 /E FHBL R 58 4 3

R R e s 2 1l S | 0 N2 S U EE A N P =
AW ST, BRI T 2 R0 ) 259, (H AR 2D
AN T I PR S B, 4 ) A% 22 08 ) 25 ) e PR 1 )
R B B 4 3 i T IR AT 22 0 R R AR 1 B
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HLUHITF IS AR B R A, 2T 5 05 20 i e k437 BIL
il A L 1) 25 WA SR ICRR YT RIRL A RO 7
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