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[ Abstract] Objective To explore the anti-inflammatory effect of Qingre Jiedu (QRJD) formula on mice with gout
and its effect on gut microbiota. Methods Forty C57BL/6 mice weighing 20 ~22 ¢ were divided into control (CON),
model (MOD) , allopurinol (ALLO), and QRJD formula (QRJD) groups, and i.g. 10 g/0. 1 mL carboxymethyl cellulose
was administered to the CON every morning from 1 to 35 days. A hyperuricemia mouse model was prepared by intragastric
injection of a potassium oxalic acid (500 mg/kg) and yeast extract (10 g/kg) suspension. On day 29, 50 pL sterile
carboxymethyl cellulose was injected into the right ankle of mice in the CON group under isoflurane-induced anesthesia,
and a gouty arthritis model was prepared by injecting the same volume of sodium urate(50 mg/mL) into the right ankle of
mice in the other groups. Each group was treated with corresponding drugs every day. On day 35, samples were collected
from mice that had been fasted for 6 hours without water. Blood indexes, such as uric acid, creatinine, and urea nitrogen,
were assessed. Hematoxylin-eosin and saffranine O-fast green staining was performed on ankle joints. Anti-inflammatory
indexes of interleukin-10 ( IL-10) and transforming growth factor-B1 ( TGF-B1) were detected by ankle joints
immunohistochemical assay. The cecum contents of mice were collected, and changes in gut microbiota were analyzed by
high-throughput sequencing of 16S rDNA. Results (1) After 7 days of treatment, compared with the MOD group, QRJD
formula effectively reduced the blood concentrations of uric acid (P<0.001) , creatinine ( P<0.01) , and urea nitrogen ( P
<0.05), and effectively protected renal functions. (2) Compared with the MOD group, HE staining showed that synovial
hyperplasia and inflammatory cell infiltration were reduced in the QRJD formula group after treatment. The cartilage
arrangement of the compound was more orderly than before, cartilage destruction was less than that in the MOD group, and
no matrix loss was observed. (3)Immunohistochemical analysis of the ankle joint indicated that IL-10 and TGF-B1 were not
significantly increased in CON and MOD groups. Compared with the MOD group, IL-10 and TGF-B1 expression in the
QRJD formula group were increased (P<0.05). (4)In terms of biodiversity, the number of MOD-specific OTUs increased
by 75 compared to the CON group, while the QRJD was able to reduce the number of MOD-specific OTUs to more closely
resemble the CON group;no significant difference was found in a-diversity among the four groups ( P<0.05), whereas -
diversity was more similar to the CON group (P=0.001). (5)Compared with the CON group, the MOD group exhibited
increased abundances (P <0.05) of Ruminococcaceae spp., Dubosiella sp. , Tyzzerella sp., lleibacterium sp., and
Bacteroidales spp. . In contrast to the MOD group, the QRJD formula group showed elevated abundances ( P<0.05) of
Lactobacillus sp. , Ligilactobacillus sp. , and Bacteroides sp.. Furthermore, an interaction network of gut microbiota
indicated mutual interactions among these microorganisms. (6)In the correlation analysis between gut microbiota and renal
functions as well as anti-inflammatory factors, the relative abundances of Dubosiella sp. , Tyzzerella sp. , and Bacteroidales
spp. were significantly positively correlated to SUA and SCR ( P<0.05). However, Lactobacillus sp. , Ligilactobacillus
sp. , and Mitochondria spp. exhibited a positive correlation to anti-inflammatory factors 1L-10 and TGF-B1 with a more
significant association observed for TGF-B1 (P<0.05). (7)COG function prediction suggested that the functions of the

QRJD formula group were concentrated on inorganic ion transport and metabolism, and carbohydrate transport and
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metabolism. Conclusions QRJD effectively modulates immune inflammation and gut microbiota dysbiosis, thereby treating

gout. Its mechanism of gout prevention and treatment may involve regulation of gut microbiota diversity and abundance, as

well as the control of the abundance of differential bacterial species, such as Ruminococcaceae spp. , Dubosiella sp. , and

Lactobacillus sp. , to achieve gout therapy.
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Figure 1 Renal function of mice in each group
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Note. A, Blue arrow shows inflammatory cell infiltration, and the yellow arrow shows synovial hyperplasia. B, Red arrows indicate disordered

cartilage arrangement, green arrows indicate stromal dysstaining, and purple arrows indicate cartilage apoptosis.

Figure 2 Pathological results of HE and safranin O-fast green staining in ankle tissue of each group
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Note. A, Immunohistochemistry of IL-10. B Immunohistochemistry of TGF-B1. C, IL-10 immunohistochemistry relative expression statistics. D, TGF-

B1 immunohistochemistry relative expression statistics. Blue arrow shows the positive expression. Compared with MOD group, * P<0. 05.

Figure 3 Immunohistochemical results of IL-10 and TGF-B1 in ankle tissues of each group
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Note. A, Dilution curve. B, UpSet analysis. C, o diversity analysis. D, PCA analysis.

Figure 4 Interaction and diversity analysis of intestinal flora
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Figure 5 Analysis of intestinal flora structure
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Figure 6 LEfSe analysis of bacteria in each group at genus level
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Figure 7 Analysis of intestinal flora interaction network
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Figure 8 Network heat map of correlation between differential flora and renal function and anti-inflammatory factors

B9 HUEHRE COG JReHi
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Mechanism of Juanxiao decoction regulating type 3 innate lymphoid cells
in treatment of obese asthmatic mice

TIAN Minping', ZHANG Qingyuan', XIANG Shuangdi', CHEN Lingling', SUN Peng’, XUE Hanrong®*
(1. School of Clinical Medicine, Jiangxi University of Traditional Chinese Medicine, Nanchang 330006, China.
2. Affiliated Hospital of Jiangxi University of Traditional Chinese Medicine, Nanchang 330006 )

Abstract]  Objective To explore the mechanism of Juanxiao decoction in regulating type 3 innate lymphoid cells
p < g lyp ymp

(TLC3s) in treating obese asthma. Methods Sixty male BALB/¢ mice were randomly divided into a normal group, model
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group ( high-fat diet+ OVA ), Juanxiao decoction groups (low, middle, and high doses of 8.5, 17, and 34 g/kg,
respectively) , and dexamethasone group (1 mg/kg) with 10 mice in each group. Except for the normal group, the other
groups were fed a high-fat diet for 12 weeks, and OVA sensitization by inhalation of an atomized OVA solution was used to
establish the obese asthma model. From the first inhalation, the low-, medium-, and high-dose groups of Juanxiao
decoction and the dexamethasone group were administered corresponding drugs by gavage, whereas normal and model
groups were administered equal amounts of saline by gavage for 7 days. The state of mice and changes in typical symptoms
of obese asthma were observed. At 24 hours after the last challenge, a fully automated biochemical analyzer was used to
assess four blood lipids and count inflammatory cells in alveolar lavage fluid (BALF). Hematoxylin-eosin staining was used
to observe morphological changes in lung tissue and abdominal fat. Enzyme-linked immunosorbent assays were used to
measure the immunoglobulin E in BALF and serum, and interleukin ( IL)-18, IL-13, and mouse thymus activation
regulating chemokine ( CCL17) in lung tissue. IL-17A" ILC3 and IL-22" ILC3 in lung tissue and peripheral blood were
analyzed by flow cytometry. Western blot was used to detect expression of P-STAT3 protein in lung tissue. Results
Compared with the normal group, model group mice showed infiltration of airway inflammatory cells and thickening of airway
walls. However, compared with the model group, lung inflammation in dexamethasone and Juanxiao decoction groups was
improved, especially in middle- and high-dose groups. Compared with the normal group, IL-18, IL-17A" ILC3, IL-13,
and CCL17 in lung tissue of the model group were significantly increased (P<0.05), whereas the proportion of 11.-22"
ILC3 and expression of P-STAT3 were significantly decreased (P<0.01, P<0.05). Compared with the model group, IL-
18, IL-17A" ILC3, IL-13, and CCL17 in lung tissue were significantly decreased and the proportion of 1L-22" ILC3 and
expression of P-STAT3 were significantly increased in middle- and high-dose Juanxiao decoction groups (P<0.05, P<
0.01, P<0.001). Conclusions Juanxiao decoction improves the inflammatory environment of obese asthmatic mice and
alleviates lung inflammatory and allergic reactions. Its mechanism may be related to regulating secretion of cytokines
by ILC3s.
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Juanxiao decoction; obese asthma; flow cytometry; ILC3s; airway inflammation
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SR JXD VEF T ILC3 3677 HE i 27 i (4 L 1 AN
HE ARSI o A N7 AT P 2 e /N BB AR, R 7E B B
JXD Xt ILC3 (38 55 45 T, 2 el R 0 HH 4 B =
WA

1 #RFnFix

1.1 SRz

SPF ZifdtHe T BALB/c /NEL 60 H {KTE 16~
18 g,4~6 JEli , WK e i3k 5 Sk S sh
RN ] [ SCXK (1)2021-0002 ], #l3: TILPE Hh E 24
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RSB B3 [ SYXK (#5)2022-0002 ], 1HLE 20~
25 °C WS 55% ~60% | H & oK AL 55
P A i S V= i N S (= < A A
(JZ11.SC20230626011) , /> U fr] 3% A1 52 56 5 A vp ™
M A 3R S
1.2 FERLFSNE

SR W, S BT 10 g TP
10 ¢ 12 10 g BREZ 10 g K2/ 10 ¢ FHHIF 15 ¢ K
W10 g AL 10, ALY 1:1:1:1:1:
1501 1 HeIme ], 292 Ak oo vk 4 1l 24
(1.7 g/mL SA 255 AT EE, BT 4 CUKAA
TRAF . 2SR R R VLV s 24 R 2 B s B B L
AR 187 ER VLG v B 2K 2 B I B A rh 2
PRI IEA TS 02, FF A 2020 4F R A N IR E 24
B) RIS 5 T R M ZE K W B K & RV R S
PBS IR & ( DXM, #ir VLA 35 ) 25 e 6y A BR 2> ), it
5.191064) ,

YRR A 1 (Sigma, 525 : A5503) ; HE 4t {7,357
% (Servicebio, 515 :G1003) ; IL-18 \IL-13 .CCL17 fif§
TB6 B 928 IR B30 7 32 ( ELISA) i) &5 (R M 15, 4%
5. RX203063M ,RX203070M ,RX202323M ) ; f 2Bk
B (1g) E 5l & (& 48w, 555 : RK00170) ;
60% = i 1 &L (B[R] A2 9, 5% 5. XT19033) 5 /) R
eFluor 450-Lineage . PE-RORyt, FITC-CD127 ., APC-
IL-22 . PECY7-CD45 . PCY5. 5-IL-17A $i {& . FVD,
Foxp3 /% 5% K 4 (6. 2 & E 1 ( eBioscience , 57
3-.88-7772-72 ,12-6988-80 ,11-1271-81 ,17-7222-80 .
25-0451-81, 45-7177-80. 65-0865-14, 00-5523 ) ;
CD16/CD32 (2.4G2) (FE{i5id , 175 . 882805 ) ; PMA
(MCE, 575 : HY-18739) ; § T8 &R (R KE, 115
112200) ; IR 5 1 (%3¢, 5% 5 :40507ES60) ; STAT3
FUA ( Affinity Biosciences, 5% 5 : AF6294) ; %4 P-
STAT3(Tyr705) Hifk (1B AR, $8°5 . bs-1658R ) 5 B-
actin g H 5 B BT AR, HRP R 12 3 Bt/ IR 1
( Proteintech , 5% 5 : 66009-1-1g , SAO0001-1) ; HRP #5
ICI AR 1eG —4 (Jackson, 525 111-035-003 ) ,
4 A B AL BT AL (Y LWPOCT A w5,
PBC22A Plus) ; fgbr & M 1% ( 3€ [ BioTeK 2\ H],
RS . Epoch) 3 W BT 7 BL (B IOk R AU A PR
A, %5 . RM2016) ; PARI Turbo BOY i 5 %5
Al (T A B A BR 2 A ) 5 O =2 20 A DA (38
[E BD /A ], 145 . LSRF ortessa)

1.3 SLIEH%E
1.3.1 sh¥ord wsi 42

ANEGE R MR ZR 7 d R BERLAY N 6 4 IE
20 AAUZH XD K Hh e R e 2 N SR A A
10 H, BRIEF A, HAU/INFCRH 60% i 5 Ak
MR, IE 2 R R R IRRL, FREE 12 8, FIE AT
JHE /DN BRURSE R ] 8 1 T B s o (3 B 3 4 4R Jo -
IEH ShY ARG ) /IEH sk ) =20%'"™ , 2
Je S HRSCHR 7 10 7 96 O 1 — 2 A ) 4% 12 s A
Y BRIE R A 2 /N R A3 01 745 1 KRGS 8 K
JE ST 50 pg OVA+2 mg AR B 0.2 mL,
5521 KIFURA 1% OVA AL A FR 1K, BIR
30 min, FFEE 7 d, 1E 5 4L/ B RMARFUA: BRER K AR
BN . DAY /)N B B R IR i 2
U A B AR PR AN IR | A I LA
Jif it A 2 LR fi S B A A A A A R 3 A 2 A
PR

PLRAIATE 60 kg THE, G R B H A= 25 H
WO 1.4 g/ke, ARAE N 5 /N R R TR 25 4 59 £ 46
BERBOHE % XD K RN 8.5,
17 34 o/kg, AN FIH BE 250 F FUF K B, THREK
ZALUR T 30 min HEFTHE 4525, Hoh JXD IR A
A HVERR 2 W, M ZERAS A W% A 12 h b
FEKIA 1 mg/kg HE M, HoAv 20 FHAR AR AR B /K AR
B s 7 d,
1.3.2 FEAINAE

TRWREBM LG 24 h WFRE B, % H
20% S F7 HRRIE , BUMLIS AR FE B 1T 51 T 2% -5
LS TS T 3£ e S = W T = 7 VR 1 O O
WO AT VE TR T TgE 25 I 2 A4 43 2K 3T
B, 035 T TgE f i S i B P s i, B
ZIEVERIIMASUH T HE JRELYL A ELISA Kl | i
AN AR 43 M7 K2 Western blot #:0
1.3.3  fabrtail
(1) WERAS AL /N — IS B T Lee” s $R%K

SRR EE /N BRI RES T S3% JE  Ag Js L F
Fiag, W K (NRERBIALT AN I ) 115
Lee’ s 18482 = ( R/ o/ KK /ecmx1000) 7,
(2) ELISA A Jiti 240 21 98 5 PR - 7K -

LSRR T J B AR (UK EaEAT) 4 1 2 9 R
HRFELIMA PBS(1 g iiZHZUMA 9 mL PBS) , &
R AT e sV - T - ) | N = = 1 2
il 77 (2 B SR S A2 EEWELE R 12 100) ,
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K ELISA 3207 85 X6 45 26 /)N Bt 41 23 9 08 [ 1
IL-1B8 \IL-13  CCL17 EAT A, 45 AE i 8 7™ 45 F2c IR
DU 5 B 2D R3S A A
(3) Mt 223 K A1 & i gt Az

JIts £ £ B 240 B ] £ - TRV 1Y PBS g BT
il 25 B BT A E Ca™ \Mg™ 1Y HBSS %
W0 1 (2.5 mg/mL) , & T 37 CHEIKIHAL 6
ho FH 70 wm 4 A0 8 25 WS BRI AL R, 21 41 Jf 24 £
WERLIHAM ., ¥ 3 mL 70% Percoll ARG T
HEIE B0 E L3 mL 30% Percoll B %222 N
TE 70% Percoll I, PRJZWRTHA — I W70 4k . 1
B R LB TE 30% Percoll [-,1100 r/min = iR 5
> 30 min, FRFEHCH B0 I 30% ~ 70% )= 2 [H]
ANEWY)Z BRI Ak 2m e, A0 R I IS &R T 2R AT
B R IMALL A0 M2, = IR F 5 min, QL (AR
JH PMA FIES 5 R AL 4 b, AR ZEILHT 2 h %500
MR IAEEEE A, B MA CD16/32(1 = 100,200
pL/T),4 CHEHE 30 min, ILC3 YL i )7 % . CD45"
Lin"CD127" RORyt", H 1 Lineage 175 LA N HTAA
/NEL CD3 (17A2) . CD45R ( B220) ( RA3-6B2) .
CD11b(M1/70) .TER-119 ( TER-119) Ly-G6( Gr-1)
( RB6-8C5) Hifk

ILC3 By He (o i 72 - 200 L % 1 €0 B 50 0% Lol
#(FVD,0.5~1 pl/T) 5 CD45(0. 125 weg/T) . Lin
(20 wWL/T) .CDI127 (1 pg/T) PLARLE 7 2 YL (6 2%
WHIR G IMAREA gL A KB 100 L, 2 FE 4
CHEGIFF 30 min, 25 0SS GEANAL 2 R, ML PN 4L
@ FEARH A 1 mL Foxp3 [& % /1% 5 T 4E W T ik
MR E, 4 CHROGIFE 60 min, A 2 mL 1X 5
T, 25 900 r/min B0 5 min & B 76 1X BEEIR
W E B UTTE, % B KL 100 wL, il A RORvyi-PE
(0.5 wg/T) . IL-22-APC (0.25 pg/T). IL-17A-
PerCP-Cy5. 5(0. 03 wg/T) , & F#HEHIFE 30 min,
)5 H 2 mL 11X B Z R 900 r/min &0 S
min, 5 B35, R 1K E A T 28 o
Wb FZHREE R 1x10%/mL FALKGIN 45 5%
FlowJo V10 3} F#E47 5047,
(4) % H SR ED I 5 ( Western blot ) A6: ] fili 2H 2R
STAT3 P-STAT3 & H #ik

PRI AL 2B A, ] BCA 3R H ik
J& , Loading buffer 2% i B = i A8 1 | ¥ 25 Ok T
FARRAL DR AT LR UK A A 4 °C—
PUiE & (STAT3 £ P-STAT3 1 : 1000, B-actin 1 :

5000) \TBST &M . —Hi (HRP FRic B9 —Hi Il Fhifa
IgG PN ZH0 1 2 5000) &  TBST V5 45 45
R ECL b2 2Ot 5%, f H Tmage J 3K 1F 2 S8 A
SRR BEAE, SR E A 3 IR,
(5)HE Jeta g2 /)N 5 2 21 32 8 K g s 41 24
P AL

TS0/ B A it 2 200 % L s O W 4L 4, Bk o P A
FER 7K w14 2 T i Y A% T 10% O R
i, e B0 Ud B P B E AT A SUB K B A
WX VIR 58 R KRR ey, i
e E e, 8 AR BT, 7 2 AR T AR 4 4
P 2R T
1.4 Sit=EFHiE

fdi I SPSS 25. 0 A B4l iE 47 43 B AL 3L, %K
s I s PR FR U 22 (s ), 85 2L BTG HO AR
SRR Ry 22 50 8, 4L 18] W 7 HL R g K56
(LSD %) , T AT R HAES BB AR 5, P<0. 05
RZEFEATIEE L,

2 #R

2.1 JXD xtPERERE IR/ NR B — AR E R A E BE R
EE FFEER Lee’s {5520

TERIEE R, 5 IE R LA H, B R AN B B
PRGN TG B R B B OO R NIR
| WE 7Y R A O G R R0/ T 7/b: ) | Ny
% 25— 22 51 AIE PR 4 Wi R DR ACAE | 68 1 37 20 R e B K
A A AR S . 5 IR 4R T, BV /)N
BT B B 7 o 0 S RN, Lee” s 8 4KHH . 34
1 (P<0.01,P<0.001) , Ui B AL REARL RS G T il T 5
BRI AR B, 28 XD & 7 IR 7 Je AE R 02 i /)N LIS
H Lee’ s $5 BRI 6 B 1D 52 2 B 4 R B (P <0. 05,
P<0.01,P<0.001) , W3 1,
2.2 JXD XFAERERE MR/ BRI AS 7K S B9 R0

5 1E H 40 M Eb, BB 2 /N BRI 3 e A A R
(TC) HIH =HR(TG) [K% IR 1 (LDL) &% Ft
B (P<0.05,P<0.01) , =% N5 & 1 (HDL) ik &%
IR (P<0.001) , 158 B B 3 2 v A 138 e afi i S A Q3 25
il SEAIAH L, IXD &4 /N TC TG LDL
AL (P<0.01,P<0.05) , HDL & & Jh & (P<
0.001) , W] IXD HE ek 5 HE b 2 Wi /)N Bt g 7K -
Wik 2,
2.3 JXD XJBERERENG/NER BALF #0007 & IgE &
2, A% T IL-18,.1IL-13,CCL17 7K ER 220

HIE® A, BRI /N BALF FlIALYE H TgE
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R1 S4B E B EE HEE N Lee’ s F8EUHZE K (x+5s,n=10)

Table 1 Changes in body weight, fat weight, liver weight and Lee’ s index in each group of mice

51 pilk R/ g TR B W T g JFE /g Lee’ s 541
Groups Dose Body weight Fat weight Liver weight Lee’ s index
Y
I3 4 / 25.10+0. 38 0.21+0. 60 1.24+0.07 13.84+0.07
Nomal group
A2
PR / 31.00+0.52* 0.58+0. 10 ™ 1. 40+0. 03 15.09£0. 11 ™
Model group
b S A
HRFEA AL 1 mg/kg 27.00+1. 00 0.45+0.06 " 1.31+0. 10 14.25+0. 16
Dexamethasone group
B AR B - o
Low-dose of JXD group 8.5 g/kg 27.60+1. 41 0.51+0.07 1.05+0. 07 14.29+0. 26
e vhR AL #
Middle-dose of JXD group 17 g/kg 27.10£1. 54 0.38+0.05 1. 34+0. 08 14.15£0. 24
I 7 1o 7] 4
i 34 g/kg 26. 10+ 1. 18" 0.320.06 * 1.34+0. 07 13.77£0. 17

High-dose of JXD group

FSIER4ME, *P<0.05, ™ P <0.01, * P<0.001; SERAAH, *P<0.05, #P<0.01, * P<0.001,
Note. Compared with normal group, * P<0.05, ™ P <0.01, ** P<0.001. Compared with model group, *P<0.05, *P<0.01, * P<0.001.

2 A4/ EIE I K (mmol /L, x+s,n=10)
Table 2 Levels of four items of blood lipids in each group of mice

205 FE BEMEFEE (mmol/L)  HIM =TS/ (mmol/L) R EAREA/ (mmol/L) &R/ (mmol/L)
Groups Dose TC LDL HDL
i
w4 / 2.1420. 11 0. 76+0. 09 0. 140. 02 2. 64+0. 13
Nomal group
540
ot / 3.42+0.21" 1.21£0.21°" 0.23+0.02™ 1. 600. 06 “**
Model group
HBFER AL
BEAARAL 1 mg/kg 3.37£0.50* 0.98=0. 17 0.20=+0. 02 3.09+0. 26
Dexamethasone group
S22 V7 AT 4
e G I A 8.5 g/kg 2.96+0.21 1.02+0. 13 0.20=+0. 02 2.42+0.13 ™
Low-dose of JXD group
BRIZ Y rh )
17 g/k 3.11£0. 19 0.91=0. 14 # b
Middle-dose of JXD group gke * * 0.170. 02 2.55+0.16
e
SR o L 34 g/kg 2.80+0. 18 0.63+0.07 * 0.17+0.01* 2.71+0.15 "

High-dose of JXD group

T HIERAMILL, * P<0.05, ™ P <0.01, ** P<0.001; 5EMAAL, *P<0.05, #P<0.01, *P<0.001,
Note. Compared with normal group, * P<0.05, P <0.01, ** P<0.001. Compared with model group, *P<0.05, *P<0.01, * P<0.001.

I 1 (P<0. 05, P<0.001) , S5HERIZH [, 28
HbFERFAFT JXD BRI EIRIT R gk KB E T
[%(P<0.05,P<0.01) , WK 1, HIE#W4 L, A2
/NEUZHZR N TIL-18 \IL-13 .CCL17 & & B3 71 (P
<0.05,P<0.01,P<0.001) ; SHIRIZ L, 28 JXD Hr |
o 30 A R FE R AR YT I, /D B 2L TL-18
IL-13 ,CCL17 % &t B & F% K (P <0.05, P<0.01, P<
0.001) , 2B e 771 £ S 127 V7 BE A5 A554T0 ofl ES J 2 iy
SEI AR FAE T KT A O N, WL 3
2.4 JXD XAERERE R /NRATALR R INE M A IL-
17AILC3 IL-22*ILC3 40 i1 7k T B 54 i

5IE 41/ R HE AR 2 /N U 4 90 2% S0
ML TL-17ATTLC3 40 A9 E 451 & 3 48 i ( P<0. 001 ),
1L-22" ILC3 4 ffg bk 7] i 25 9 > (P < 0.01, P <
0.001) ; SHLFEILZHAH LL, IXD 55 71 5 28 /) Bl 28

AU ANE M TL-17A TLC3 20 ffd b4 8 28 020 ( P<
0.01,P<0.001) ,1L-22"TLC3 4 Jifd b ] 5 35 5 i ( P
<0.05,P<0.01,P<0.001) , WL/ 2 4 3,
2.5 JXD X7 B B¥ ¥ I /N BR Al 48 22 STAT3, P-
STAT3 & B FRIEKTEHFNT

5 IEH 2/N BRAE B, 5D 2] /) BRI 2 4
STAT3 & FBE R LKV B3 FFE(P<0.01) ; 515 A!
AR L, 223 ZER AN AN JXD 697 )5, /N B 4128
STAT3 #E IR RR T /K V- 241 15 w5, Horb XD (7
HBETHE (P<0.05) , W] w0 & ileE 7 T HiRE
AR b R A PP R /DN BB ZEL 2 P 1L-227 ILC3 7K P, 34
58 STAT3 5 H#FMRILRL, WK 4,
2.6 JXD XfBERERZRR/NR BALF F04b & o 5 i
4 B 7K < B 52 i

HIEFAM I, BRI /NS BALF i 400 h
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S IERAMIE, ©P<0.05, ™ P<0.001; S, "P<0.05, ¥ P<0.01,
B 1 4/ BALF FLIE & IE /K (x+s,n=10)
Note. Compared with normal group, * P<0.05, ™ P<0.001. Compared with model group, *P<0.05, *P<0.01.

Figure 1 BALF and serum total IgE levels of mice in each group

£33 HU/NBRUBHL T IL-1B IL-13 F1 CCL17 /K- (%s,n=10)
Table 3 Levels of IL-13, IL-13, and CCL17 in lung tissues of mice in each group

4151 it
IL-1B/ ( pg/mL) IL-13 /(pg/mL) CCL17 /(pg/mL)
Groups Dose
g
Ewd / 52.80+8. 74 2.80+0. 26 31.67£2. 19
Nomal group
i
e / 113.90+13. 80 ** 4.90+0. 33 ™ 42.33£3. 42"
Model group
HbFERANH
Kt 1 mg/kg 51. 1419. 66" 2.10+0. 20" 28.05+2. 63"
Dexamethasone group
BRI xl p=n
B R kL 8.5 g/kg 102. 6916. 50 3.1620.22 32.4242. 59"

Low-dose of JXD group
R R
Middle-dose of JXD group
B 1 i 1) e 2L
High-dose of JXD group

17 g/kg

34 g/kg

46.59+14. 70*

61.71+8.31%

2. 65+0. 24" 29.76+2. 53"

2.95+0. 17" 26.75+2. 92"

HESEHEMLIL, " P<0.05, ™ P <0.01, ™ P<0.001; SHMAMLL, *P<0.05, #P<0.01, **P<0.001,
Note. Compared with normal group, * P<0.05, ™ P<0.01, ** P<0.001. Compared with model group *P<0.05, *P<0.01, **P<0.001.

PR A4 R 9K O 40 Al AR i 0 S £ (P <0.05, P<
0.01), #1 J& 1L 7 w8 PR 4 7 20 i G & 8 £ (P <
0.001) ; SHEEEIZHAH 1, JXD & 7 & 20 BALF
FA AT H P A 0 0 I L i, A ) i e R P
iz 40 AR i B 35 BRI ( P<0. 001, P<0. 01, P<0.05) ,
W 4,
2.7 JXD XfRERERER/NR Z S EMA LR KRR
R IR T 4K B R M

SIEH A E , AR 4 /N U 2 29 H B L R
Wi J i PR, S A M I 5 ) Bl v 40 e 3= i P

A RIEP I LG AR A Tl A M 45 R S 5 5
TUZH AT EE | Hu ZEK A 20 168 2 37 76 22 V' 20 B 35 T
B AR B s e M SR A2 A JXD
A G M, IR LA L, BT A/ B
T 15 00 M AR A | A D S A 0 i 30 5
AN HESAS BLIN, 158 B i i £ IR SR il A5/ I
JEENR A s SR RL AL AR L, XD A | g 7 21 /N B
g NI A T AN N sp L 1 N
1y 71 3 97 AT 8 R IS PR 2 i /) il i 2 24
HAE LML | DB It v B AR A . i 5
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T A TR AR AN /S BRI 24T TL-17 AT TLC3 \IL-227TLC3 FE Al B« 3 3 A0 M AR AS: 900 45 2 /DN BBt L 21 TL-17A T TLC3 \TL-227 ILC3 e fA
J P CLIL-17ATILC3 TL-227TLC3 Fufl iy s B A AT e iH I, S IER AIMIE, ™ P<0.01, ™ P<0.001; 5 M4HIH, *P<0.05, ¥P<
0.01, ™ P<0.001,
B2 #A54/DERITHL IL-17ATILC3 FI IL-22"ILC3 A (x5 ,n=4)
Note. A, Proportion of IL-17A*ILC3 and IL-22*ILC3 in lung tissue of mice were detected by flow cytometry. B, Proportion histograms of 17A*
ILC3 and TL-22"ILC3 in lung tissue of mice in each group were detected by flow cytometry. C, Statistical chart of quantitative analysis of the
proportion of TL-17A*TLC3 and T1-22*TL.C3. Compared with normal group, ** P<0.01, ** P<0.001. Compared with model group, *P<0.05,
#p<0.01, " P<0.001.
Figure 2 Frequency of 1L-17A"ILC3 and IL-22"ILC3 cells in the lung tissues of mice in each group
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TE A TSN ARAR I /N AN EIAL TL-17A T TLC3 TL-227TLC3 Foil s D 3 040 MO AAG I 25 26 /N RN Il TL-17A % TLC3  TL-227 113 e il B
FCLIL-17TAYILC3 TL-227 TLC3 WA E Wi S I, SIEW A AL, ™ P<0.001; SHRAM L, *P<0.05, *P<0.01, *P
<0. 001,
B3 SR L-17A TLC3 Fl TL-22"TLC3 4 Al (5+s,n=4)
Note. A, Proportion of IL-17A*ILC3 and IL-227ILC3 in peripheral blood of mice were detected by flow cytometry. B, Proportion histograms of
17A*ILC3 and IL-227ILC3 in peripheral blood of mice in each group were detected by flow cytometry. C, Statistical chart of quantitative analysis
of the proportion of IL-17A*ILC3 and IL-22*ILC3. Compared with normal group, *** P<0.001. Compared with model group, *P<0.05, *P<
0.01, " P<0.001.
Figure 3 Frequency of 1L-17A"ILC3 and IL-22"ILC3 cells in the blood of mice in each group
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0 SIERAM, * P<0.05, ™ P<0.01; SHEAEIZAAELL, *P<0.05,

B4 KH/PNBRIFLEHL STAT3 P-STAT3 & 1335 K T (#+s,n=3)

Note. Compared with normal group, * P<0.05, ™ P<0.01. Compared with model group, *P<0. 05.
Figure 4 STAT3 and P-STAT3 protein expression levels in lung tissues of mice in each group

R4 AH/NE BALF KAMNE LA AE A2 50 (10° /L, x+5,n=10)

Table 4 Classified counts of inflammatory cells in BALF and peripheral blood of mice in each group

AN I it T TR
ZH 5 =7 Peripheral blood BALF
Groups Dose W R A 4 L [SEiliioh rhPR A T 4
Eosinophilic granulocyte White blood cell Neutrophil Lymphocyte
Y
w4 / 4.33+0.95 2.42+0.31 0. 04+0.03 2.35+0.28
Normal group
Ltk - . - .
/ 19.83+1.90 10. 47+2. 31 0. 50+0. 06 7.17£1.20
Model group
i KNS
bE A 1 mg/kg 11.33+1. 80" 3.50+0. 59 0. 14£0. 02 5.76+0. 72
Dexamethasone group
BRIVE 1 A k2] .
I 8.5 g/kg 16.17+1. 67 ™ 8.73x1. 147 0.46+0.12™ 5.22+0. 81
Low-dose of JXD group
B rhR R
17 g/k it # 0.20+0. 05 #
Middle-dose of JXD group ¢'kg 10. 67+0. 80 2.39+0. 56 * 2.24+0.49
BRIV e 1) ek 2
iy 34 g/kg 7. 50+0. 99 2.79=+0. 48" 0.06=0. 02" 2.18+0. 54"

High-dose of JXD group

T SERHAMIL, * P<0.05, ™ P<0.01, ** P<0.001; 5L, *P<0.05, #P<0.01, ™ P<0.001,

Note. Compared with normal group, * P<0.05, ™ P<0.01,

&5

BN S SR I 20 HE Yo i B4 ) F

Figure 5 HE stained pathological sections of lung and adipose tissues of mice in each group

P<0.001. Compared with model group, *P<0.05, ™ P<0.01, * P<0.001.
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3 Wit

W R/ S —Fp &2 4% 04 53 S PE e s, L LA AN []
A IR 2 780 2 O D il 1 32 2 IR IS e 7 g
Wit I PRAE IR B, 3R VR YT RO 25 H R LT i o 52
e UL IS R e i N A N WS & S AW
JEICHEY o 2 A e e D SR AR R R B TA
R PEARAR M S W Wiy 9 A AR A AT 5T T
S 7 oA FE B KU | A O A St < AR il g 12
WES S AR AR, AR IR P 28 ) < it vy < B3, 2
LIS 227 BRI Ry SR A0 i, AR T
P HE B WR B AR IR K A 22 Nk
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Effect of radiation on damage of mouse salivary gland tissue based on NLRP3

WU Yugi'?, HUANG Guilin®, XIAO Lijun', ZHANG Min', ZHANG Nini'"
(1. Affiliated Stomatological Hospital of Zunyi Medical University, Zunyi 563000, China.
2. Department of Stomatology, the Central Hospital of Shaoyang, Shaoyang 422000.
3. the Fifth Affiliated Hospital of Zunyi Medical University, Zhuhai 519000)

[ Abstract]  Objective To study the effects of radiation on the morphology, function, and NLRP3 expression of
mouse salivary gland tissue, and provide new ideas to repair radiation-induced damage to salivary gland tissue. Methods
We established a mouse model of radiation-induced submandibular gland injury and Recorded the weight of drinking water.
The salivary flow rate was assessed, and HE staining was used to observe submandibular gland injury.
Immunohistochemistry and Real-time PCR were used to assess expression of NLRP3 and Caspase-1 in the radiation-injured
submandibular gland of mice at 1, 3, 7 and 14 days after radiation exposure. Results Over time, the amount of water
consumed by radiation group mice was gradually increased, the salivary flow rate was decreased, and inflammatory cells in
the submandibular gland continued to increase. Acinar cells gradually showed lesions, such as nuclear pyknosis and
vacuolization. At 7 and 14 days after radiation exposure, expression levels of NLRP3 and Caspase-1 proteins and genes in
the radiation group were significantly higher than those in the normal group (P<0.05). Conclusions Radiation damages
mouse submandibular gland tissue and activates the NLRP3 inflammasome to increase its expression level.

[ Keywords] NLRP3 inflammasome; radiation; salivary gland injury
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R 4% 2 B I (P E Biosharp A #l, it
71060900) ; #hiR B2 AE W (P E S BA A S
RH116485, 4l & 99% ) ; PrimeScript™ RT Reagent Kit
F1TB Green® Premix Ex Taq™ II( TaKaRa 23 ], 41t
S35k AJG2300A AKET151A) ;38 fH SP it 7] &
(kv EemEwHEREGRAA, #t 5.
2131C0615) ; DAB i 450 & (At mt h A2 & AW
FeAR A BRZ A, 5. 2111A0608 ) ; Rabbit anti-
NLRP3 $ii{&  Caspase-1 Hi1A& ( S Novus A F], 785
43511 NBP1-77080SS .NB100-566564SS) .

XA L I A (i R R A A E] A
51 Synergy ) ; Y& R ML (£ [ 3 R A A, B,
AUTOSTAINER ) ; ¢ & PCR Rzl {¥ ( 22 [E BIO-

RAD ], #%5 . CFX96) ,
1.3 EWHE
131 /NBUR AT Bl i Ot Bk e 21

/NERBEHLAT I F LR A, 25 24 H ., BRGY
FI/NRGE—2E 8 12 h R 4/ BURRBE 5 LU R
PSEHER—HE, BN 8% — R PR 25 7 IR 57 2y
18 Gy MLk Joy i T Al X HRGH> | A Az £
AR, TR AN BRI BT, HeAar i 25
) 5 R — 2
1.3.2 PROKE B MRV A AR

WAL, B K 4T 828/ BUR S5 R OK AR
Wy, IR RIC K P BT A /N B POK R T IR
JA 1.3.7 14 d A ZHBEHLIHI 6 /)N B 2 e
TR M HG/RER R AR 7 REC D A RN B T
B EE T 0. 2% TR Z A0 (2 mg/kg) WA
¥ 30 min, BEIPRE AR BRI A AR IC N B, MR
R=B-A, MER LRI 1 g/mL PSR, Bl 5
UM U T BRI T R 22505
1.3.3 HE 18

e AR LY e, R
W5 BBRE CREKAL Pk R AR R e Al B g
0 HERUBOK GER B R RO AR P TR
T BRI O
1.3.4 fSdifeiee

DI LB KA, PURE & A I
SAACPIEE L E I, —PUE R, R R bR
it HRP ARiCHEE B (1 %, DAB B @5 Z A XK,
WRUBEAE G B R ge . B PR AR BEHLIEE I 400
s 5 AT N Image T ASIISF-3400% 14
PEAT A T
1.3.5 Real-time PCR

AN [ o[]S 4R R A 4R RO T IR 2H 2R
RNA, $R)5 F PrimeScript™ RT Reagent Kit ¥E17 i
ek, WE AN B-actin, 514 7 51) i 22 ik 4 5
(i) 52 5 A BRA w5 i FE i 519 7 51
NLRP3 Forward:5’ -CTTTATCCACTGCCGAGAG-3"
Reverse:5’ -AGCTCATCAAAGCCATCC-3’ ; Caspase-1
Forward ; 5 ’-GCTCTGCGGTGTAGAAAAG-3
Reverse: 5 ’-ATAGGTCCCGTGCCTTG-3 ’; P-actin
Forward; 5’ -CGACAGCAGTTGGTTGG-3’ , Reverse:
5’ -GGGAGGGTGAGGGACTT-3" , ™45 4% PCR 5
%\E%ﬁﬁ?ﬁ%’ﬁf,TB Green® Premix Ex TaqTM I 3
Fraem oyt e it PCR,
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1.4 Sit=EA*

ARSI R SPSS 18. 0 #4788 11434, 45 R LU
B AR 2E (s ) RO, UL Z (8] 1 25 SR FH
PhSTREARS ¢ K3 P<0. 05 TN N 2% 5 B Gi it o7

2 &R

2.1 FSTX/ANR TS 6T BR 53 b Th BE B 2 i
WLEEROK 1 % B, BE A I [A] O 4R 7% | T30S 4/

B TR 1 28 TROK R L IE H 2 AT HE o e (1

TA) s U AL/ R 14 d 248 K OK & (5,307 +

W SEWRHMIL, * P<0.05, ** P<0.001,

0.210) mL #H G 1E # 40 (6. 443+0. 488 ) mL B i 384 i1
(P<0.05) ;5 MV i R 45 R R (D 1B) A EGIE
L /N, FE A2 0k R /)N BRIV U R A IR S 3
7 14 d B 30 (P<0. 05, P<0. 001, P<0. 001) .
2.2 WMEHENMNRTHRTRREZNET

HE Je @255 s (E 2) | IEF 4T A5 R N i
TR B A MR A K/ INBe X &) HE B % %
SEAN LA D T A B A e ] SRR, S8 E 20 AN
S0 20 1) A BT 4 R 20 L B A OB
PR 81400 Ko 25 WA S5 B | 76 BB 26 14 KX
SRR IC R W

B R /NP oK R R A

Note. Compared with the normal group, * P<0.05, ™ P<0.001.

Figure 1 Changes in average water intake and saliva flow rate in mice after radiation

B2 P/ BRI AT - @

Figure 2 HE staining of submandibular gland in two groups of mice
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2.3 IR TR T AR A NLRP3 #1 Caspase-1
FARIEHIT

G AR R (B 3 KBl 4)  IEFH TR
ARZH 2% NLRP3 Fll Caspase-1 5 H&R A m />, 4
RS A BRI 19 T80 20 /0N B, T A T A A 2450 40
i, H AT ARZH 4N NLRP3 il Caspase-1 25 14
ik IR A BTN, 72265 7 A 14 K, P2 ]

2R HE(P<0.01),
2.4 FRGt¥H/INER T & T BRH NLRP3 #1 Caspase-1
mRNA R ik B0

Real-time PCR 53 B~ (& 5) , 40t FE S Ab 2
J&i T 4H NLRP3 Fll Caspase-1 mRNA AH X 36 ik
PIRCIE H 3G , 56 7 RN 14 R B 7 2H RGN 2 BH I 2%
H(P<0.01),

3 NLRP3 Fl Caspase-1 7EP /N T 4 R R 9335

Figure 3 Expression of NLRP3 and Caspase-1 in submandibular gland of two groups of mice
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W SIEF4ME, ™ P<0.01, ™ P<0.001,

4 SRR I/ UCR AT BRZHZUH NLRP3 Al Caspase-1 3 FH HYZZ 1L
Note. Compared with the normal group, ™ P<0.01, ™ P<0.001.

Figure 4 Changes of NLRP3 and Caspase-1 protein in submandibular gland tissues of two groups of

mice were detected by immunohistochemistry

W SIEF4MEL, ™ P<0.01, ** P<0.001,

B 5 Real-time PCR £l NLRP3 il Caspase-1 mRNA BYAHXS ik 5
Note. Compared with the normal group, “* P<0.01, ** P<0. 001.

Figure 5 Relative expression of NLRP3 and Caspase-1 mRNA was detected by Real-time PCR

3 itig

S S50 W e B DR A O T R UK
SEPEVE AR LB e YR ik /L 4 B
FITRE MR RORS AR | 11 B 0T | ML R WA R e 25— R
FUSER , = R AR A S R X ik H R
AR 0T B b AT B IR . BEE 2 AW
R NATTTFR TR 4 T4 5 AR R B VA B 1 U A
AU IS B R ST AT B P R 41
HH NLRP3 25 RAE A, S8 AE (R Caspase-1 I £k 1M B¢
AR A 7, TS S i e =t | o5 — i A A
G R BN TG AL v] BE SRR SR X R
B i S R AL T KL ) NLRP3 78 M Vi i
MRS A i, AR S M /N BUTRAT
FR TSGR AR A 5% RS T /0N BRUTAE iR 20 2 45 45 B
NLRP3 [R5 00 , b -3 87 1A 55 P T B 2 5 7
AR

W Y0 23R A 73 2 R U 1) 5 DL Ay v gk
S 22— A S B i T e A O AT

AR SIZ 56 3 1k BRI B OK B s M RS 1.3,
714 d MERHRAGI A HE G (0306 255 WL 82 3 B 1
o AL ZE IR WO BEE MG S IR ARG, 5
IEF A, BT A OK R Wi &2 526 3.7 .14
R A 00 380 3 S5 2 e 9RO A L T R 2 I Sl B AR, X
AR PR A O 5 B0/ MR VI BRI S
5, 5 RS M 8 ek 2D B 1T T 48 R AR K o ) 45
B, X S HABR S 45 R —20Y 5 b R R EEY)
Rz R BN, R /N BUT AT B2 8 B4
M ZE45  Zs i dk, 2R E 4 M3 22 250 Bk | Ui B AR
SRR AT B T — R B R, S SO R R
L L P A I 25 4 e A O T S e 380 B A 7 43 0
e, X 5 HADSCRR R E S AR — 2 Mg s —
PR LR L) R 45 SR T DIA R AR S B i A

FERE AR BT SRl b FRATT /N BT AR AR
HUHAT T e 2H Ak M2 Real-time PCR 52560, M J3F-7K
A3 AT NLRP3 RIS M TE i 28 2451403 1) O 3R e iR
$1)G NLRP3 RIEARMIBIH GO, AR SLIREE R AN,
AR T IE % 40, Bt 0O 4 /0N BT 600 R 20 8L 41405
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AOINEE , 76 JE S5 7 A 14 d AT W2 E] NLRP3 #Y)
mRNA S8 [ 3R3R ) W g, 1 A R St 3G n el
REJETEN NLRP3 ARAE (R 41 R 0E L AT I . A
JITJE 41 NLRP3 48 i 1R 3806 5k & {2 fiff Caspase-1 1
{12 —H Caspase-1 33 % fb 3 25 5 B0H 56 2 0
Yy R BT 0% ™ . B SEE X Caspase-1
HEAT T KGN, 25 5 & BT 4 Caspase-1 ) mRNA
R I RIB W] A0, HZ5 R 5 NLRP3 1R iA48
e e — B, U0 R S /N BUT AT R 4 4
NLRP3 RAEARBLFE T, Mi3% JAE 1 16 T HEXT 5T
PR TE R ZH 205 1) & A — i 52

25 L RTIR RRES A S /N BT AR A543 0
i NLRP3 ST (i (ol H e ik 1y i, i g o 9 422
NLRP3 215 ] LA 36 PR A 175 5 1) B 4 40 e JE
WANTE R (EAF PP S HRVT .
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P b JET B A~ M 55 B BT 2 A /) BRASE Y
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ElE, XAW ,E LW &7, EHE, e xmE Y WY

(1. b A BE 25 R B BB G B B P AR ST BT, B 2012032, i R EIG R S S22, B 201203
3B PRRIEA B E A=, 1 201203)

[HBE] HE Uik (Cccl,) M 3,5- LRI -1 ,4- AR 17T (DDC) BFiFh st b 2295 5
FIFEF Al NS B (5 SR 22 25 1 O il IR i BRI B SR SR SR8 . 3% MR A 10% CCl,
(2 ml/kg) IR SRS 0. 1% DDC AR B MR /NFUFEF 4L Ry 354 4 85, K0 3 ALT,AST [ TBil 7K
HE Je (0 S T P9 S AE 12 R O 5 RARSRLT G 0 AR T I SR TR 0 s Jamall” s 3302 FFZH U2 I 208 (Hyp) & &
ELISA ¥ AT4H47 |- 1 TNF-o IL-6 T IL-1B 4k, $2HUNBUE RNA #4700 (RNA-Seq) , {81 R #2047 2 R T
YA 1Y) 22 S BRI JR AT GO I KEGG & &R 70T IR 25 e W B, 5 R SRR /DEUHLE, cCl, 3
FH/NEA DDC B /N BUALTE ALT , AST  TBil 7KEFIHFLH 4L TNF-o IL-6 FI IL-18 & 2 & T+, i Alb /K F
. B diR CCL, Yedi/ N RIS MBE IR, i Je e ik & R K 2t JH 40 B 3 B A8 T R4 ; DDC AR /N RF Y
NNBRRITTAR, KA S AE AN A 7 A8 DX R ) RT3 5 ARS8/ SRURF P 405 S () B I DT A 3 ol i s 41 |
logFC | >2 fif H P<0.05) 344 CCl, Y BAA] DDC IR S A 1% 25 5 3L 43 51 R 1820,2373 A4, Hih i3k 6 4331
h 13021978 4, FIZERHE 4308 518,395 4>, GO FER LB 2 M AI7E A FINRE (MF) A9~ 72 (BP) 40 A A%
41 (CC) S5 T HEA HEIIRE , KEGG 74T LI CCl, Y M7 DDC TR AL 3 TG 22,29 4517 538 %, Horh 4
i 40 22 5 32 A B A A T A R 30 B T A S W AR SR BT PIBK-Akt A 16 4515 538 BEAE 2 R A vh 34 i
FEHE(P<0.05), I H R IMAE 2 PR 34 1] T 8 L R 46 Mupll Mupl5 Mupl7 Mupl 55, % F RT-
qPCR B RIIESZ(P<0.05) . 4518 AWFITHRIE T CCl, Y55 A DDC IR & B FIIT£F i A A7 () RNA-Seq 4 5k 412445
SOFHEAT LA SRR Fe 3k 137 BT | 25k DR 32 32K JIT 9811 11 38 B S5 1, Ry Ja S AR A Ak 19 R S LRI R R 7 R 5 19 Bl
YIRS R R S Y .
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[ Abstract]  Objective

To assess transcriptomic differences between carbon tetrachloride ( CCl, )-induced and

diethyl 1,4-dihydro-2, 4, 6-trimethyl-3, 5-pyridinedicarboxylate ( DDC) diet-induced mouse models of liver fibrosis to

provide a framework for future research using mouse liver fibrosis models. Methods Mouse models of liver fibrosis were

induced by a 10% CCl,(2 mL/kg) injection or a 0. 1% DDC diet. After 4 weeks of induction, serum levels of ALT, AST,

and TBil were measured. HE and Sirius red staining were used to observe hepatic inflammation and collagen deposition.

Jamall’ s method was used to evaluate hydroxyproline ( Hyp) content in liver tissues. Hepatic tumor necrosis factor-o

(TNF-a) , interleukin (IL)-6, and IL-1B were measured by ELISA. Total RNA was extracted from murine liver tissues for

RNA-sequencing (RNA-seq). Differentially expressed genes of the two models were analyzed by R software and then GO

and KEGG enrichment was performed. Then, genes with significant differences were verified. Results

Compared with

normal mice, serum levels of ALT, AST, and TBil and hepatic expression of TNF-a, 1L-6, and IL-1B were significantly

increased in mice that received CCl, and DDC, while the Alb serum level was decreased. Pathological staining showed that

the structures of liver tissues were destroyed and a large number of hepatocytes around the central vein were hyalinized and

necrotic in CCl,-treated mice. In DDC diet-treated mice, a large amount of porphyrins had been deposited in the liver and

a large number of inflammatory cells had infiltrated into the portal area and bile duct. Different degrees of collagen

deposition were observed in the liver tissues of the two model mice. Different genes ( DEGs) of CCl,- and DDC diet-treated

mice were screened using a filter ( | logFC | > 2-fold and P<0.05). As a result , 1820 and 2373 DEGs in CCl,- and

DDC diet-treated mice were analyzed, including 1302 and 1978 upregulated genes, and 518 and 395 downregulated genes,

respectively. GO annotation showed that the two models had important functions in molecular function, biological process,

and cell component. KEGG analysis showed that 22 and 29 signaling pathways were activated in CCl,- and DDC diet-

induced models, respectively. Among them, 16 signaling pathways, such as extracellular matrix receptor interaction, cell

cycle, protein digestion and absorption, focal adhesion, and PI3K-Akt, were significantly enriched in the two models ( P<

0.05). Cluster analysis showed that Mup11, Mupl5, Mup17, and Mupl were significantly down-regulated in both models,

which were identified by RT-qPCR (P<0.05). Conclusions

This study conducted a comparative analysis of the RNA-

Seq transcriptomic features of liver fibrosis models induced by exposure to CCl, and a DDC diet. It examined the gene

expression patterns and the pathways influenced by gene expression. The findings serve as a valuable resource for selecting

appropriate animal models for future research on the pathogenesis and treatment of liver fibrosis.

[ Keywords]

liver fibrosis; experimental animal models; carbon tetrachloride; diethyl 1,4-dihydro-2,4,6-trimethyl-

3,5-pyridinedicarboxylate ; RNA-sequencing
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JHF2F 4 Ak 2ty F T P9 5k i P A0 i A0 35 5 ot B
DU IR A FBR AR DL A% ST 2F e AL A A 3
BAFEE R AACEHS S AT B R, B
IR A P E ALk (carbon tetrachloride, CCI,) |
BAC W AHAFZE L 3,5- LRI IL-1,4-
AR f1T (diethyl 1,4-dihydro-2, 4, 6-trimethyl-3, 5-
pyridinedicarboxylate , DDC ) A1 155 i I ik B 55 & 51 &
12, CCl, BRI 22 B JIF 25 30 5 I I £ 4k 4k
B FER I /N ot AR IR SE g i ik
JA 2R 4 Ak ; DDC A5 AU J2 TR 5 5 1B T IR B A AR
BY, FEARBUN T KA B2 AE B A S 5 (PR
JIBAE ST ) FRET TR R 44k ARBIF 93 R FH % 5%

L2 RE RN B 7 ¥ , LG5 7 Ao 2 1L 355 1 6E
o B P22 S B I ) 20, LA R TR AR ST T
LR AR AL Al PRYA Y7 4R BB A 3l

1 #E7EE

1.1 SEIezh4

C57BL/6 /MR, MENE, 32 2 SPF 9%, 8 JEis, 1Ak
H(23+2) g, W T 438 F 42 5255 S W) B AR A R 2
[SCXK(5)2021-0006] . Frf /AR FE T L
BE 2 R s Se B ot [ SYXK (97) 2020-0009 ],
KK REARZBR, 4645 12 h /12 h SEHE/ BRI E
WL, =i 22~23 C, AREIZ iR RE



34 rp [ L BE 2 A 2024 4FE 5 A5 34 555 5 ) Chin J Comp Med, May 2024, Vol. 34,No. 5

S a7/ B LR (Ol L S e (R R
(SZY201710014,SZY201804009 ) , I 52 5 4y {i
F 3R BREIZS T NGB AR,
1.2 FERFSMNEE

DDC (#L45:102579026) & 20— 4 -2 H - L-Jifi
% T ( Trans-4-Hydroxy-L-prolin, Hyp, #t 5.
20230621) g T Sigma-Aldrich 2 #]; CCl, (#it 5
20161116) 14 [ 24 48 A4k 27 1250 A FR 23 7 5 Mouse
IL-6 Uncoated ELISA Kit (#t*5:279559-008) . Mouse
IL-1 beta (IL-1B) Uncoated Elisa Kit (#t5.267273-
010) .Mouse TNF alpha ( TNF-a) Uncoated ELISA Kit
(#it 5. 297764-002 ) 4 1 T 3£ B Thermo Fisher
Scientific A H], DP71 Wi EUE 531 (OLYMPUS,
H 7% ); NanoDrop 2000 43 Y% % & it ( Thermo
Scientific, 3¢ [§ ) ; Agilent 2100 Bioanalyzer ( Agilent
Technologies, 3¢ [ ); Novaseq 6000 il ¥ *F 5
(Llumina, 5¢H) .
1.3 EWH*E
13,1 hisrdl s/ R R il 4

CCl, Ykl . 16 H SPF 2% C57BL/6 /MR, i
FYERFR 2 G  HR B0 2 BENL S by 2 4. 1EF X
HEZH 1 (CCl,-N,n=8) BIRIXF A4 1 (CCl,-M,n=
8), CClL,-M H MRS 10% CCl, i T 4E4k
B FEER 2 mL/ke'™ 2 d 1 W B REESE 3 kA
Rz 4 J8, CCL-N 21 /0N B R [ i ) 1 M 3
SERFMIRS T

DDC TR AR . 16 2 SPF 4% C57BL/6 /ML, i
FAMERSR 2 J G R E Ay 2 BENL A 2 41 . 1 6
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8). DDC-M 41T 0.1% DDC %%} m2 32 DDC-N
HFPAF DDC Y E a2 SE 4 A,
1.3.2 FEACREE

AR 4 JE S, 45 20 /0N BUH 4 o 1 A T 2 39% 1%
UL LU AN WA T BRI, R0 52 30 me/kg, T IS
JREC L, AC I 3 5 0 BBUTF ML, AR D Sk, B IR
0.5 emx0. 5 ¢mx0. 3 em K/NTFLHZ, 10% F A K
[ 7
1.3.3  ILiE - Ress

PR G UL AR R A /N BRI 7 ALT (AST
TBil & Alb /KF-,
1.3.4 JF4HZ! Hyp & &AM

TEVKAKIRA Y EARICZE AT 50 mg, 2 Jamall
ERFR K AR ORI ZH 20 Hyp & i, 5 R DL ne/g

JHHZ” £
1.3.5 JFHZURIY 0

BT emx1 emx0. 3 em K/NFHLUE E T 10%
PR RS, [E5E 24 h I BRIE BB AR K
ZHZREY AW YT . HE BT
RIETG SN B, IR Scheuer P13 58 58 X 4 4E 12
FESAT AT RARIRLT Yt UL 5% 21 2L TR UL
BUG B0, R H Ishak ¥ 73 28 58 X I 21 48 4k 3 17
. R
1.3.6 ELISA &

FREC 50 mg B FALZUE T4% 0. 5 mL RIPA 24
WHYELOE T B AL h 2R 1,4 C L
12 000 r/min B.L> 10 min, ERZHA VW, 60 &
VBRI ATLHLY 3 TNF-o JI1-6 1 TL-18 &5,
1.3.7  RNA $2I SCZER R P

SRHT TRIzol 2 fif ¥ 42 U/ BURY B RNA, A6
RNA 4012 Je /0 Hr RNA (5880 TR 454 ) A
W 2] SO, ITFE llumina Novaseq 6000 I 7 5 %
SCIESEAT I e, R A e By e 90 4R 2. AT
Fastp P40 SR BAIE HEAT BT 08, BRI BT i
FICRIFHN
1.3.8  Z2AaRIRHEIN vt

K R4.2.1 B 19 “ DESeq2 43" X & 4R
Counts P THEA THRUECLAL B K 22 S 40 i 07
T BN | LogFC | >2 il p. adj<0. 05, 3R HL |-
PR A 22 556, FIH“ ggplot2[ 3.3. 6 ] 41" il
“VennDiagram[ 1. 7.3 ] 47 2 il kil & =5 B & A
UpSet &M
1.3.9 HHAKE S & A JE G 1E ( protein-protein
interaction , PPI) /37

K H STRING % ¥ J% ( https://string-db. org/,
BRI A 2023 4F 8 A 13 H), K R FE AN Multiple
Proteins by Names/Identifiers , & K 2S£ 7 4 /N B, ( mus
musculus ) ; X X 4% 52 B 22 B 40 $503%E £ S5 0 {5 E
0. 7 ; [m] I B g IR A7 19 2 1, 4R A5 22 S 3R GA BRI 1Y
PPI W44 4],

1.3.10 GO M KEGG &H4H7

FIH R4. 2.1 BKAFH)“org. Mm. eg. db £ 4 25
SR (| LogkC | >2 H p. adj <0.05) ¥ # 5
EntrezID , Fifi 15 “ clusterProfiler[ 4. 4. 4 1463” #47 GO
M KEGG &84 #Hr, W&V cut-off (HIXE R p. adj<
0. 05, 3R15 4= W) 2% 13 #2 ( biologicalprocess , BP) | 4 fifd
4 41 ( cellularcomponent, CC ) I 4r F Ij fE
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( molecularfunction, MF ) |- Y & B & 48 %4, FF 2 1l
GO M KEGG Tk,
13,11 SCHEHE P A SIS 5O E B PCR ( real-time
fluorescence quantitative PCR, RT-qPCR) % 1iE

it RT-qPCR A6 5C 58 BE PR A 2 38 /K-, it —
ARGUERE SV B R TS . S 15 mg T
(5 RNA 3% 5% cDNA BEAR , JF 2 IR U6 W] 5
17 PCR 48, ARG Ci fH, EH] GAPDH 1£
WSHER i 279 B4 AR A mRNA FAH
XFRE, SIIPSITEILE 1,
1.4 ZIUHEFRE

KT SPSS 20. 0 A AT S Eo0 M, TR
B YRR IEZE (24s) RN 5 4 1 B IR 5040 I
RIS ¢ K30 70 AT 5 7 AN AT 5 IE 2570 A1 2R
MAESEUGS , BIUA 32 BEORER T Ridit 2347 ;

PI P<0.05 NESAHSITHE XL,
2 #R

2.1 PARMEEUNR—RER L
IER/NR M BH R, GRS, A IR
KAZIR, SIEH /N, CCl, Y73/ %
RRCRSF[] 9 JE 4 1 AR B T B B AR L 1T 3R
%, /R b 5 R84 LG B B3 i (P<0.01) , DDC
AR/ IR | NGRS TG S TG
B RE AN BN 379X e R T e T
N (P<0.05), W2 %3,
2.2 PFEE M ERTThEEE R b B
2 CCl, Y3 DDC KB )5, /NG ALT,
AST [ TBil 7KF-#4 5 2 T+ (P<0. 01) , Alb 7K-F-347 B
BREAK(P<0.01), WK 4 K5,

&1 51975

Table 1 Primer sequence

FEH 44 LSS (5°—37) TFHESIHIFSI(5° —37)
Gene name Upstream primer sequence(5’ —3") Downstream primer sequence(5’ —3’ )
Mup15 TGAAGATGCTGTTGCTGCTGTG GTCAGAGGCCAGGATAATAGTATGC
Mup-ps16 TGCGCAGGTAGTAGCAAAGAAAGTG AATCTCATTCATTCTCGGTCCACAC
Mup12 TGTGAGAAGCATGGAATCCTTAGAG TGGAGGCAGCGATCTGTAGTG
Mup7 GTTCAGACATCAAGGAAAGGTTTGC GAGGCAGCGATTGGCATTGG
Mup19 GTTCAGACATCAAGGAAAGGTTTGC GAGGCAGCGATTGGCATTGG
Mupl7 GTTCAGACATCAAGGAAAGGTTTGC GGAGGCAGCGATTGGCATTG
Mupl GTTCAGACATCAAGGAAAGGTTTGC GAGGCAGCGATTGGCATTGG
Mup5 TCGAGAACCAGATTTGAGTTCAGAC GGAGGCAGCGATTGGCATTG
Mup11 GTTCAGACATCAAGGAAAGGTTTGC GAGGCAGCGATTGGCATTGG
Hsd3b5 AGCCAAGGTGACGGTACTGAG GCAGCGGTGTGGATGATGAC
Mup13 GTTCAGACATCAAGGAAAGGTTTGC GAGGCAGCGATTGGCATTGG
Moxd1 GCCTGCCAGTGAATGTGAGATG ACACCAAAGGTTCTGCTTTATAGGG
S100g CCGGACCAGCTCTCCAAGG AACTTCTCCATCGCCATTCTTATCC
Sprrla GCCAGCCTAAGGTGCCAGAG GTATGGTGATGGAGTGACAGTTGAG
Gpnmb AGATGCCAGAAGGAAGATGCTAATG CAGGTCAGATGTCAGTCCCAAATC
Vmn2r3 AACTGTTTCTCCACCACCAAAGC CTCCAGCAAGTGACATAGTTGATCC
Atf3 GGAAGAGCTGAGATTCGCCATC TCTGTTGTTGACGGTAACTGACTC
Egr2 CCTGAACTGGACCACCTCTACTC GGCGGCGATAAGAATGCTGAAG
Dmkn AACAGCGGCAACAGCAACAG ACCACCACTTCCACCACTTCC
Cyp2b9 AGCGGAGTGTGGAGGAGAGG AAGACAATGGAGCAGATGATGTTGG
Cdc25¢ TGACAATGGAAACTTGGTGGACAG ATCTCTTCTGCCTGGTCTTCTCC
Tinag CACCTCTGATTGCTGTCCTGATTAC TCTGGGTCTGAAGGCTGTTGG
SlcTall GTTCGCTGTCTCCAGGTTATTCTAC AGAGCATCACCATCGTCAGAGG
Fmo3 TGCCTTCTGTAAACGACATGATGG GTCTGGATGGTGGTGCTATTGC
Cfir AATAGTCGTCTCGGCATTACAACC GCTGTGCTGTATGAAGGAAGTAGG
Aszl GGCTGGTGGAGGCGAGAG GGTGGTCAGTGCTTTCTTAAATGTC
Mmpl12 GGACAACTCAACTCTGGCAATAATG CGCTTCATCCATCTTGACCTCTG
Clca3a2 GCAGAGACAGGTACTTGGACTTAC ATGTGAGCGGTAGCCAGGAG
Fbn2 TCTGAATGCTGCTGTGCTAATCC GATGCCGATGCCACTGCTAC

Gapdh GACTCCACTCACGGCAAATTCAAC

GACACCAGTAGACTCCACGACATAC
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®2CCL GegXE/NBURE/ A LR R LRSS (n =8 xxs)
Table 2 Effect of CCl, toxicity on liver/body and spleen/body ratios in mice

4151 AR % L/ 1A L/ %eo

Groups Liver/body ratio Spleen/body ratio

EE X R 1

CCl,4-N group 4.21+0. 08

3.70+0. 35

FEAIRS A2 1

CCl,-M group 6.10+0. 35

5.32+0.08 ™

T HIER AL 1 I, ™ P<0.01,
Note. Compared with CCl,-N group, ™ P<0.0l.

3 DDC KRBT AR LRI (n =8, x+5)
Table 3 Effect of DDC diet on liver/body and spleen/body ratios in mice

215 T/ R % Ji/ 1A L/ %0

Groups Liver/body ratio Spleen/body ratio
IR Y
IERXIHRAL 2 3.85+0.26 4.48+1.44
DDC-N group
FEALXS R 2 - .
DDC-M group 9.01+0.77 6.14+0.74
T HIER AL 2 MK, © P<0.05, ™ P<0.01,
Note. Compared with DDC-N group, * P<0.05, ™ P<0.01.
x4 CCl /MU FIIRERY M (n =8, x4s)
Table 4 Effects of CCl, toxicity on serum liver function in mice
5] NREBRELFLBE (1U/L)  RINZEEFEBE/ (1U/L)  BIRL/ (pmol /L) HEM/(g/L)
Groups ALT AST TBIL Alb
IEHER IR 1
23.94+1.56 32.56+3.90 4.02+0. 19 29.95+0. 69
CCl,-N group
RIS R 1 :
162.49+2.13 ™ 131.45+6.19 ™ 9.55+0. 44 ™ 21.90+0. 18 ™
CCL,-M group
i HIEEXTAEMLIL, ™ P<0.01,

Note. Compared with CCl,-N group, * P<0.0l.

F 5 DDC MRFEXS/INERIMLE F DI RERYSZ A (n =8, x+s)
Table 5 Effects of DDC diet on serum liver function in mice

415 WRRAS M/ (IU/L)  RIZZEERFM/(IU/L)  SUHZL/ (pumol/L) HER/(g/L)
Groups ALT AST TBIL Alb
%t R4
IEH A 2 22.92+6. 66 21.54+8. 86 2.65+0.59 32.56+0.73
DDC-N group
IR IRAL 2
DDC-M group 153.18+12.20 118.15+17. 02 11. 88+0. 90 26.26+1. 61
T HIEE XA 2 MLk, ™ P<0.01,

Note. Compared with DDC-N group, ™ P<0. 01.

2.3 TIFERIBTHL HE FIRIRIBLA LB LR
TEH /N B AL 2 /N 5 48] 5 3% JHF 552 36
JF 440 2 A5 Z R HE N B 5%, 7 vh e Ik S T 22 s 5
ARAT A I A8 X TC B i 98 0 4 BRI, RRE 3 9 3
H GO, LAk 43 A R S0, CCl, B35/ BT M &%
FMEIR | I 20 M HE 51 250 S AR AR VA4S X
AT ULVE 2 S PEANIIR T, RAE SR EZELL G3 i &,
LA I EELLL S3 S F ., DDC MEFE/IN U 40
JHES ZEEL 45 DX R IR AE ] 1Bl m L o 4 i 400 i

2, RAEATHRFELL G3 3, eF Ak s %D
2 hE, WK1 EK6~F9,
2.4 WFHIEEIFFAL Hyp K FELE

2 CCl, Y355k DDC IR &5, /U414 Hyp
SEHBETE(P<0.01), WHEK10 F 11,
2.5 WAEE BT ALK E R TFKFELLE

2 CCl, Y3k DDC KRB, /N U A 8L 0E
¥ IL-1B, TNF-o, TL-6 & 4 8 F JF & (P <
0.01), W12 %13,
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A CCl, A1 B.DDC #57,
1 PIFMBRLF4120 HE R AR PRLT Yo (i
Note. A, CCl, model. B, DDC model.
Figure 1 HE and Sirius red staining of liver tissue in two models

R 6 CCl G /DU RAE ST AN (n =8, xts)
Table 6 Effects of CCl, toxicity on the grades of liver inflammation in mice

HFRAE T2 Ridit 43#T
21 ) Grades of liver inflammation Ridit analysis
Groups 0% 1% 2% 3% 44 R {f
GO Gl G2 G3 G4 R value
TR IR 1
CCL,-N group 8 0 0 0 0 0.25
BB AR 1 B
CCl,-M group 0 1 2 4 1 0.75
T HIERM AL LA, " P<0.01,
Note. Compared with CCl,-N group, * P<0.0l.
RT CClL Qeand/NEUTEF e IR0 (n =8  x2s)
Table 7 Effects of CCl, toxicity on the stages of liver fibrosis in mice
HFET 4k 70 3 Ridit 43 #7
2H 5 Stages of liver fibrosis Ridit analysis
Groups 0 1 4] 2 41 3 41 44 R {8
S0 S1 S2 S3 S4 R value
TEH X R 1 g 0 0 0 0 0.25
CCL,-N group ’
AT R ZH 1
i 0 0 3 5 0 0.75™

CCl,-M group

Ve HIER AL 1 ML, ™ P<0.01,
Note. Compared with CCl,-N group, ™ P<0.01.

&8 DDC IREX/NEHTFIAE T A (n =8, x5)
Table 8 Effects of DDC diet on the grading of liver inflammation in mice

JFRAE 73 2% Ridit 43Hr
2053 Grades of liver inflammation Ridit analysis
Groups 0 1% 2% 3% 4 %% R {8
GO Gl G2 G3 G4 R value
IEH X IR 2
8 0 0 0 0 0.25
DDC-N group
FLRIRT R4 2
- 0 0 2 5 1 0.75™"

DDC-M group

T SIERA AL 2 ML, ™ P<0.01,
Note. Compared with DDC-N group, ™ P<0.

01.
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R9  DDC IRERX/N IR WHI I (n =8, x5)
Table 9 Effects of DDC diet on the staging of liver fibrosis in mice

JFET 44k 53 39) Ridit 4347
21 571 Stages of liver fibrosis Ridit analysis
Groups 03 13 24 3 4 4 R1{A
S0 S1 S2 S3 S4 R value
IEHRA IR 2
8 0 0 0 0 0.25
DDC-N group
GBI IR 2 2
BRBlx 0 4 4 0 0 0.75*
DDC-M group
T HIEFE A 2 41, T P<0.01,

Note. Compared with DDC-N group, ™ P<0. 01.

£ 10 CCl, YN/ D EATHS Hyp K FHIFEI (n=8,%+s)
Table 10 Effects of CCl, toxicity on Hyp levels in

mouse liver tissue

£ 11 DDC REXT/NEUTHL Hyp KRN (n=8  x4s)
Table 11 Effects of DDC diet on Hyp levels in mouse

liver tissue

215 Hyp (pe/g 4T 21 51 Hyp (pe/g IFAET
Groups Hyp( pg/g liver tissue) Groups Hyp( pg/g liver tissue)
TR XML 1 X HEA 2
o 45.10%6.29 X IR A 44.70+10. 17
CCl,-N group DDC-N group
REALXT HRZH 1 - REH X HE 2 2 .
CCl,-M group 202.37+54.32 DDC-M group 149.94+7. 69
TE: SIEE R 1AL, ™ P<0.01, I SIE®EXRA 2 MLk, ™ P<0.01,

Note. Compared with CCl,-N group, “ P<0.01.

Note. Compared with DDC-N group, ™ P<0.0l.

F 12 CCl, Y/ NG RAE H 77K F 895200 (n =8, %+s , pg/mL)
Table 12  Effects of CCl, toxicity on serum inflammatory factor levels in mice

415 HAE-1B RS BEIA -~ HAr % -6
Groups IL-1B TNF-a 1L-6
IEH X IR 1
CCL,-N group 4.27+2.16 3.45+1.09 2.68+0.53
B 4 1 -
44.31+6.23™ 12.28+2.25™ 5.04£0.62™

CCl,-M group

T HIER AL L ARG, " P<0.01,
Note. Compared with CCl,-N group, ™ P<0.0l.

R 13 DDC PREXE/INEUILIE JAE 57K - I SE 0 (n =8, x:£5, pg/mL)
Table 13  Effects of DDC diet on serum inflammatory factor levels in mice

2651 FAiiNR-18 R IRSEH T ~a I &E-6

Groups IL-1B TNF-a 1L.-6
TEHOU IR 2

3.38+0.35 1. 86+0.79 2.20+0. 89
DDC-N group
AN B2 2
1392.36+227. 64 ™ 350. 66+123.90 ™ 16.36+1.45™

DDC-M group * * *

TE: SIE® M IRA 2 MLk, ™ P<0.01,
Note. Compared with DDC-N group, ** P<0. 01.
2.6 AMRBENRNERREER

e 2R IR HE I AR L s T P R AR B
INEUIT 22 S B D B 20 A 1 DL, 5 IEH /N L,
CCl, 4 7 /N B 4 4 S100g. Sprrla. Gpnmb .
Vmn2r3 (Atf3 | Egr2 . Dmkn , Cyp2b9 | Cdc25¢ . Bhlhal5
1302 AR R GA W E B, Mupl5 | Mup-ps16
Mup12  Mup7 . Mup19 . Mup17 . Mup1 . Mup5 . Mup11 |
Hsd3b5 55 518 2 KA 3% TR DDC /M
HH4L Sprrla . Cacnalb | Tinag . Slc7all  Fmo3  Cfir .

Aszl Mmp12  Clea3a2  Fbn2 %5 1978 RN ik B
= W, Mup13 Mupl Mupll Mup7 Mupl5 Mup19 .
Moxd1 Mup17 Mupl2  Hsd3b5 % 395 >3 K ik ik
T,

1 CCl, Pl 25 5 5L 5 DDC IR i Al
(22 S B D ROSE 4R 45 R R AL AT 1055 S22 4R 2k
JH A FEIEFE CClL, 43 5 DDC iR &/ ZH 4
R A A 880 A Sprrla., Gpnmb ., Aif3 | Egr2 .
Cyp2b9 .Cdc25¢ , Fosl1  Akrlcl8 . Tinag 55 ; [ B T 1
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FHAF 103 /l\:Mup7 Mupl Mup16  Hsd3b5 ,Mup19 |
Mup17 Mup11 Mup14 Mup18 %5 (& 2)

i — T AUFE CCL, YLl hRIA I 25 55
LA 792 A, Hoh BRI AT 415 4> S100 g
Vmn2r3 . Dmkn . Bhlhal5 | Areg %5 ; T V8 2L A 377
A Irxl | Fitm] | Sle22a3 . Vwa5b2 . Dmrt2 55 5 AL TE
DDC IR EAE R R IA 1Y 28 S FE AT 1345 4>, o
LB A 1060 4: Cacnalb, Fmo3 | Aszl | Krt20
Gjb3 é’;i'f:; T 1 3 A 285 I~ Pix3. Serpina9 |
Serpinale Trhde Mup10 &

2.7 WHMERFFEAZERERE PPI ST

i3 String KU 2R 22 S AR L JH2H 21

SRR A M4 AR R, CCL, YL #EsE A i) 22 S i

D2H g B A M 2% 352 5 Bublb , Kif11  Plk1, Cdk1
Cdc20 ., Cenpe . Bubl . Cena2 . Cdca8 . Cenpf %5 75 1
K, s T PPL 2% g O 2 B DDC PR AR A
(14 22 57 FE R 2 AR 45 32 %8 5 Bublb Cdk1 (PlE1
Cenpe .Ccna2 Cenpf .Bubl Kif20a ,Cdc20 , Cdca8 e
ARG, 4 T PPT R4 (% Hho0 7 & 5 8% CCl, 3t
BRI 22 LR 5 DDC AR BB A 1) 25 57 5L TR
S AR IR 1) S8 A e D A ) AR R 4
5 Kifll, Bublb . Plk1 ., Cdkl , Cenpe , Bubl . Cdc20 .
Ccna2 ,Cdca8 Cenpf S5 FE MR, 4 T H PPI P 2%
By E (1 3) .
2.8 FWMEERFAR[ERRIEEEMN GO 55
CCl, Jerp iRl rp /NI 22 5 R IR FE N AE 1853

A IEH /N CCl, Yt/ BUF 22 5 3L AL B IEH /U CCL, e/ BUF 22 57 38 KL C 2 E /N BURI DDC AR /N BRI 28 5 35 1K
D AEH/NRA DDC AR E/NRUF 22 23 1 k1L E B CCL, #E7A1 DDC #5575 22 55 L R A =5 BUEL F2 CCL, SRS fI DDC #8570 22 S L R Y

Upset .

2 PRI 0 25 S R I AT 0

Note. A, Heat map for hepatic differential genes between normal mice and CCly toxicity mice. B, Volcano map for hepatic differential genes between

normal mice and CCl, toxicity mice. C, Heat map for hepatic differential genes between normal mice and DDC diet mice. D, Volcano map for hepatic

differential genes between normal mice and DDC diet mice. E, Venn diagram for differential genes between CCl, and DDC models. F, Upset diagram for

differential genes between CCl, and DDC models.

Figure 2 Comparisons of differential genes between two models in liver tissue
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A IEH /DR CCL, Yeai/NRUIF 22 F2EK PPT IS I B PR 15 # /N CCL, Heai/N RIT 22 25 9 PPT W45 HE4 T 30 45 i3t
B C 1B /NN DDC AR &/ U2 5 38 B PPL IZ6 IR 5 D 45 1E 5 /I BRURT DDC AR B/ U 25 5 56 19 PP I 4% HE 44 11T 30 44 S i3
M E. CCl, BEIF DDC AR/ FUT 22 S 3L PPT M4 18] F .l 45 CCl, BERA DDC BRI BUIF 22 5335 K PPT 45 HE 4% /i 30 4% e 4

HH,

B3 PRS0 S AR R Y PPT 45 5]

Note. A, PPI network map of liver differential genes in normal mice and CCl, toxicity mice. B, Top 30 genes in the PPI network that regulate the

differential expression of liver genes in normal mice and CCl, toxicity mice. C, PPI network map of liver differential genes in normal mice and

DDC diet mice. D, Top 30 genes in the PPI network that regulate the differential expression of liver genes in normal mice and DDC diet mice. E,

PPI network map of liver differential genes in CCl, toxicity mice and DDC diet mice. F, Top 30 genes in the PPI network that regulate the

differential expression of liver genes in CCl, toxicity mice and DDC diet mice.

Figure 3 PPI network for differential genes of the two models in liver tissue

MY B (biological process, BP) 204 /1~ 4ff ffd 2H
4% (cell component, CC) Fl 257 4~ 4r ¥ I fig
(molecular function, MF) & 4 . BP A $5 YL Ok 43
B SR G SN M R R o A i Y
SE R AR T SR R 5 CC LA 5 I D AR A 4
MIAMEET B A E MR RS WA g R BT
WIS YL 57 MF A5 20 MRS i 53 256 88
T TE PO AN AP o A A A R RS S
GTP 15 4% OB S5 DI RE (B 4A) o

DDC TR RL /N 22 5 e R A 7 2184
/> BP 180 1~ CC #1242 4~ MF & 4. BP 45 4H
JHLAS B % T 1] 981 5, 240 i A1 5 5 20 ZUIE B 40 i
o Hh TR T T A | S AR G Y B I Y A
T CC A48 6 5 I A A AR o B e (R IX.

B JRICHR B R s B 1 2 G AR 4y s MF AL T 4
HURLBRE 45 A DB E AL A S E s A bk
RIESE G G EOMBIZ AL G5 DIRE (K 4B)

CCl, Yerpfi Al ) 22 7 2 5 DDC IR LAY
P SEILPIBUC A | S5 R L B 4 A 2 5L AR 1355
A~ BP 128 > CC Fl 146 4~ MF a4, BP 4541
AR S TR 1 A A3 5 S M A S T o
ARG BT DB MR (| 4C) sCC ALHE
JE TR L ) I BT e (0 R 2200 X e (0 R X5
ZEflAT R = R AR5 (B 4D) s MF R
YT L4 0 235 4 2R A0 LR B A3 T 45 L R Ak
FER AR PR E B R RS A R 64
Ife(K4E) .

HE— 2 A AT R A E sS SR R E BP  CC
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FIMF g E RO, 25 R & . AUAE CCl, YL i
RIFE IR 22 53 3L K AE 984 4~ BP (151 > CC #1190
A MF g4, BP AR R A4 2 R s
ICAC AR s CC ARG A Ml 2 Al | b 2870 28 figh 45
TR s MF 8 8l 5 B i s AR P 3B T TR M L B Tl
IR AUAE DDC AR A 7 Fe 3R 10 25 S 4t
AITE 1421 /> BP 159 4~ CC F1 234 4~ MF & £,
BP i HG 2 A iR AR R AR SR CC
FEIEMTT A2 ARG A AR 53 ful B2 55 3k 7 5 MF 446 4
a5 2 a AT P N P | 1D A 38 T T
2.9 WHIEBEARERRIEERMN KEGG 51

CCl, Jergpa Al vp /NRRUIT 22 57 K3k FE R KEGG
SRR AT 22 &ME S, HEAET 5 A AE
S RIS . PI3K-Akt . MAPK | £5 OB B 40 i R
(A EAE 4t SR I 45 (18l 5A) . DDC AR £ 55 Al

L NEUF 22 S Rk B KEGG 45 51 o, IR 30G
20 ZA5 S s, HEA TG 5 L5 o A 45 . 40
PR 1) A EL AR L PISK-Ake 5 UK B B A6 A -
MAPK S5 5l % (8 5B) . K PIFRELAL ) KEGG
PR AR 16 4515 5l BR A 5S4, 4 il 2 4
AN T A B A AR L A0 R A e S
WS B SUORGBE PI3K-Akt 255 S (18 5C) .

2 o3 A PR RO A Y Sl 58 4 BE I FE KEGG
H R AR O, 45 R Z . AUHE CCl, YL R AL %A
122 S EENTE 19 4~ KEGG i % & 4 |, f s ph 406
PEBC AR —Z AR B A MAPK {55 8 % 455 715
S cAMP {5538 5, {UAE DDC IR REAIER
K22 LN AE 22 4> KEGG 3 B b 5 42 | A0 4% 41 iy
PR 5 40 B X 32 Ok B A AR A {5 5l
% Rapl {55 #IbH 715 5@ %  PPAR {55
KA,

A EE /MR CCl, Jer/ Nl 28 R RBEEH Y GO 43Tl B 1E % /N U DDC R /B 25 5 551 GO 43#T 815 € . CCl, BERUFT DDC
RN 22 721 GO 434 BP 1935 Bl D CCl, ALAUAT DDC AR/ RIF 22 23 1Y GO AW CC T B E. CCl, BAFn

DDC R/ U225 B 19 GO 234 MF )35 R

4 PIRIEEIYIF 22 e RIS 1 GO 7 #r

Note. A, GO analysis of differentially expressed genes between normal mice and CCl, toxicity mice. B, GO analysis of liver differential genes in

normal mice and DDC diet mice. C, Venn diagram of BP in GO analysis of liver differential genes in CCl, and DDC models. D, Venn diagram

of CC in GO analysis of liver differential genes in CCl, and DDC models. E, Venn diagram of MF in GO analysis of liver differential genes in CCl,

and DDC models.

Figure 4 GO analysis of differentially expressed genes of the two models in liver tissues
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2.10 FMERFARESREEEL RT-qPCR P 4 PIAUINGUIF 2 57 905 5L OCHEAE R HEAT RT-
I8 qPCR B3E, 7£ CCl, AL | 145 B 3% 1) top10
e AL 2 IR R DK HEBRBAIhalS  Cde2Se  Cyp2b9 Dmbn Egr2 Aif3 |

TE: A EH/NEA CCl, Jedg/ Nl 28 S RIA L 1 KEGG 23 M7 1] 5 B : 1E# /)N BUFT DDC AR &/ RUIT 22 5 5E B KEGG 23-# 185 €. CCl,
HEALH DDC AL/ U 22 573 B2 R Y KEGG 43 BT 5 RELE

5 PIRMEERITA A 22 R IR BRI KEGG 43 it
Note. A, KEGG analysis of differentially expressed genes between normal mice and CCl, toxicity mice. B, KEGG analysis of liver

differentially genes between normal mice and DDC diet mice. C, Venn diagram of KEGG analysis of liver differential genes between CCl,

and DDC models.
Figure 5 KEGG analysis of differentially expressed genes of the two models in liver tissues

T AERE/DNRE CCl, Yeig/ D BUITH 2 22 S R R R A X m HUR 18T 5 B IE /B DDC 3R/ BUIT 2H 242 S 31k PR 3R R 3L
BEERNEN

6 PR ITEH 2L B IRAN T I 25 S Bk R i ek ok
Note. A, Two-way histogram of differential genes expression between normal mice and CCl, toxicity mice. B, Two-way histogram of
differential genes expression between normal mice and DDC diet mice.

Figure 6 Expression levels of liver up-regulated and down-regulated differentially expressed genes in two models
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Vmn2r3  Gpnmb Sprrla S100 g; T I & 2.3 1 top10 Sprrla,S100 g %A mRNA RiKE B FH L (P<
FLH 2 Hsd3b5 Mupll  Mup5 Mupl7 Mupl9 Mup7 . 0.05); Hsd3b5, Mupll, AMup5,. Mupl., Mupl7.
Mup12 Mup-ps16 . Mup15 (&l 6A) , 7£ DDC IR EBL  Mupl9 Mup7  Mup12  Mup-ps16  Mup15 FEH mRNA
B YRR W2 1 topl0 FEH 2 Sprrla  Cacnalb . TR B ET M (P<0.05) , 55 40 7k #—2
Tinag . SlcTall | Fmo3 | Cfir, Asz1 . Mmp12 ., Clca3a2 . (E 7A), S5 IE®/NRA K, DDC R & /N R Y
Fbn2; T P8 5 0. 3 19 topl0 & K J& Mup13 , Mupl | Sprrla . Cacnalb | Tinag ., Slc7all, Fmo3 ., Cfir, Aszl |
Mup11 MupT Mupl5 Mupl9 Moxdl Mupl7 Mupl2,  Mmpl2 Clca3a2 Fbn2 FEK mRNA ik B2 (P
Hsd3b5( K 6B) <0.05) ; Mup13 Mupl Mupll Mup7 Mupl5 Mupl9
HIE® /N, CCl, Y23 /N B Bhlhal5,  Moxdl Mupl7 Mup12 Hsd3b5 3N mRNA ik i %
Cdc25c ., Cyp2b9 . Dmkn | Egr2 . Agf3 , Vmn2r3 | Gpnmb | TH(P<0.05) , 5 Fat— (K 7B)

A CCl, Yeii/N R 22 52 3883 K HF R TOP 5 A1 TOP 5 2K RT-qPCR 43473 B DDC IR & /INRURF 22 7 2k S R i TOP 5 Fn
E3 TOP 5 2 RT-qPCR, N IR AL MoARAUG IRA . SHERXT LML, © P<0.05, ™ P<0.01, ™ P<0.001,
B 7 CCl, Y35 DDC KRR U 25 5 238 B K RT-qPCR 4347
Note. A, RT-qPCR analysis of liver down-regulated TOP 5 and up-regulated TOP 5 differentially expressed genes in CCl, toxicity mice. B, RT-gPCR
analysis of liver down-regulated TOP 5 and up-regulated TOP 5 differentially expressed genes in DDC diet mice. N, Normal control group. M, Model
control group. Compareed with model control group, * P<0.05, * P<0.01, ** P<0.001.
Figure 7 RT-qPCR analysis of liver differentially expressed genes in CCl, toxicity and DDC diet mice
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Effects of Shaoyao Gancao granule on hair growth, behavior, and the
hypothalamic pituitary adrenal axis in mice with alopecia areata

QU Baoquan', LYU Shuying®, LIN Wenjun', YANG Dingquan®”*
(1. Beijing University of Chinese Medicine, Beijing 100029, China.
2. Beijing Hospital of Traditional Chinese Medicine, Capital Medical University, Beijing 100010.
3. China-Japan Friendship Hospital, Beijing 100029)

[ Abstract ] Objective  To explore the effects of Shaoyao Gancao granule on hair growth, behavior, and the
hypothalamic pituitary adrenal (HPA) axis in mice with alopecia areata (AA). Methods Forty-two C3H/HeJ mice were
randomly divided into control, model, Shaoyao Gancao granule high-, middle-, low-dose, corticotropin-releasing hormone
receptor | (CRHR1) antagonist, and compound glycyrrhizin tablet ( CGT) groups. Photography, dermoscopy, weight

analysis, and behavioral measurement were performed. Corticotropin-releasing hormone ( CRH ), adrenocorticotropic
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hormone (ACTH), cortisol, glucocorticoid receptor ( GR), and brain-derived neurotrophic factor ( BDNF) were also

assessed. Results Compared with the model group, high-dose Shaoyao Gancao granules improve hair regeneration and

weight gain (P<0.05), increased the percentage of total exercise distance and central area exercise distance in an open

field test (P<0.05), reduced the immobility time in the forced swimming and tail suspension experiments ( P<0.05),
reduced peripheral blood levels of CRH, ACTH, and cortisol ( P<0.05), and increased expression of GR and BDNF in the

hippocampus ( P < 0.05). Conclusions

Shaoyao Gancao granule promotes hair growth and improves behavioral

performance in mice with AA. These effects may be related to downregulating CRH, ACTH, and cortisol expression,

upregulating GR and BDNF expression, and inhibiting excessive activation of the HPA axis.

[ Keywords)

Shaoyao Gancao granule; alopecia areata; hypothalamic pituitary adrenal axis
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1.3.3 SR Febn s S E 75 i
(1) —fBetg il

RSN B LG E AR 16 3h
0L BB O KAEAF O, A3 ITE S S 26 1,26
KX /N TFRE
(2) BRERKIE

SIANTESERES 111,26 KA/ AT AR IR )
LI 6 A& B MR 4%, Lid sk B R T AR K
T
(3) 1R e

35256 (open field test, OFT) ; fESZHG %S 26
K#EAT OFT KB HU/NEUE T A il 50 emx50 emx25
em WA BRI R/N B 5 min I )L
IR AT RRITE AL 4B, 3 B AL A 32 B /)y
iz ol BB AR | e X2 B B R A A

30 i PK 52861 (forced swimming test, FST)
TESLIOS 26 REAT FST, K /N BUBA K i 23 ~ 25
C K15 em BYZKIED L5 E 6 min, L5 /5 4 min

S0 L (51727 R T

%%igﬁ“”(taﬂ suspension test, TST) . 7E 5255
5526 KiFEAT TST, [/ EUR BB+, o) H L #f s
T, HEHEAE 6 min, id 55 4 min B SR
(4) e A Y RN B2 JIRZHZX CD4™ [ CD8™ T 4l ifd
) Zik

SEEREE 11 K, Nas I IRZEpk e 1 H/NEL A
Hay 36 HiE BN BEPLPRE 3 H/NR, 75008
BB DX B Jbk 4 SV pA , B e AT K
PR s gt AR T %R CD4"  CD8”
T YR IB I,
(5)ELISA #: 1fi.3#% CRH ,ACTH . Cortisol /KF

SR FH I IE # Fik A\ LI 725 R 46 /N BRUAM A o, T
BRI B OB N, EIRERE 4 C&MFF 3000
v/min #5015 min, W FE M, %8 ELISA i
) A U6 B A6 I L3 CRH  ACTH |, Cortisol 7K,
(6) Western blot £l 5 {& GR .BDNF ik

G35 /N BROBUIN T S 44 fiff T RIPA 2 fifk v 4 B
EA L, MEEHWE UL GAPDH g NS AT BEIG
Tk, G IS 8 FH GRS 5 8 4 FAT, M — BT GR (1 ¢
2000) .BDNF(0.2 pwg/mL) .GAPDH(1 : 5000)4 °C
JEE LA, K H A TBST YEAR 3 Ik, —HiEE 1 h,
ECL B, HAE 5 GAPDH JKE{H I (H £ R E
EEEROE STy
1.4 SFitFEAHZE

fii 1 SPSS 20. 0 #4740 Hr b B, s LIF- 24085 +
PRfEZE (xxs) Ko, ZARITHE TR LA, A7 5
ER A B 7 2255, WER IR R 5 200 s 45 2
A LA 22 5, R FH LSD 3EHEAT P LU 48 5 AN
FFE IE A A 8 22855, TR TR AR: 355 P <
0.05 #-A BEEESR,

2 #R

2.1 —REAREETL

SEEHII B /N R AR AR I B TG s R
T, B RWBEAOGEE, SRR SEAT N
PEEREN F LA W, BEE SEI AT, AT A X
WA ARCAUZH /)N BRI T RS P 25 B L T shii /D | B
WEAE T VK A I AS BOE 46 e B, FE 47 I 5 B 45
FLIRBUIE A s M TR, 5 A 265 B4/ BURS
PIOIRZS 1 AT VG BN AL 22 | (PR LA TE 8, XoF Iy 38
U5 B R ZU TR

SEERES 1 R (GERIHT LI AR T ) , 45 4/ ER
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R A RG22 L (P>0.05) , SE50E 26
K (EREE ) , AT 45 FO R, SR 2 (R
AR (P<0.05) ; S RIZH oA, AT 2 H s 5ok & 571
HARERE N (P<0.05) , HATUL/N R E R N, (1
TGN (P>0.05), WE 1,

2.2 EREKER

SEYRES 1 R (GERERT B IR TR AT , A /R
IR, K BOL AL, 2 B0, £
KT B R, B TR, B A6 2 KiE
o, B R .

SEERES 11 K (25T WET) |, 28 FO R4/ B
BRES | RIWIRA, 155 6 /MR, B
TR PRIRWE SRR L X8, S B2 AA BRI,
I T DX el i RO, SR o, BB DR
iz IR B A, BB T A IR
FOGH R Bk, DR GER B W R RIS A
KBS, FIRERSG AA RR A B REER+
IYARL, BN AA BRI,

SEERES 26 K (SLERASET) , A5 U 2 /N B
ELREAILH B, 556 AN E X EE AL
TR R BN KRBT . A7 25 H 2 0kL s | 7l
T2 e COT A >~7 25 H R BRI R i 41 . CRHR1 4
PURA S, VLR 1 B 2,

2.3 RRK4HZ CD4" .CDS'T HfRaHIRIE

511 R (259 T10RT ) Bz kA R e 2 Ak e £
AT LZS P BE 2 /)N R0 3 50 B 1k 6 2 W] 6] B i
CD4" .CD8"T 4 ffu, 1M 7E 18 452 /)N BRI 35 &8 B 6 Xz
Jik B4 J5 [/ 7E CD4" .CD8' T 4 ffI3R%%, IR AE
P LR A AA LEUR PSRRI 28 AA R AR
3o LA 3,

2.4 1THZENZE

1€ OFT iz 3l B R DA R o X2 ) R o A
P& 0 by T, BEA A B F s O IR AL (P <
0.05) ; MAHE THIRA | 5 A2 2 (P
<0.05) , Ho oAy 24 H 0K = 50 52 4 5 0 el
T

FE FST J& TST ANt a] 5, 25 O B A3
At el e, AH LU T &, BB Bl s E] #E CUMS 6
Ik s BT FUS B I (P <0.05) . SHRILIA L, S
A HZTH A ) B4 T [ (R AT 24 H B B0k AR
FIT LAY FST ANBEf ], HAR ) P<0.05) . W% 2,
2.5 INi&F CRH . ACTH,. Cortisol & E

AT 25 O B4, B A 240 CRH, ACTH |
Cortisol 7K ¥4 T+ 5 (P<0.05) ., % CRHRI #5¥t
FIAR , A4 A 25 A S BRI AH FL, CRH MR EE S
A AR R BE 0 T B, b i AAT 24 H B S0 5 7
UM CGT 4 fie A i (P<0.05) , MIEE TR
B PIH ACTH YR FE A R R RR BE 1Y T 1%, Hrp ot
DAY 25 H R 3 57 e 4 f CRHR 1 45U 4 e
P (P<0.05) . A3 TR | 4545 25 40 Cortisol
W BE TR AN TR R BE T [, b e DAAT 25 1 5 380K =
K40  CRHRI #5907 41 . COT 4 MW i (P<
0.05), W#E3,

2.6 #B5{K GR.BDNF &%

5235 X A AH L, BEAY 4] GR J¢ BDNF ik
BIFEAIE (P<0.05) , AHERFARAILL , BRAT 25 H 5 0kL
2, HoAy 4 S 2540 GR K BDNF kTt
e, H AT R URL R R4 & CGT 411% GR
FEIRFNAT LG H FFORL S R 14 ) BDNF Rk B A4S0
T X (P<0.05), WLk 4 K4,

R AA/NRURTE LEL
Table 1 Comparison of body weight in each group

415 51 KEE/n %1 KikE/g 55 26 KA /n 5526 RIKH /g
Groups Day 1 Day 1 weight Day 26 Day 26 weight
23 % IR
=2 FIXTARAL 6 19.53+1. 14 5 23.25+0.50
Control group
Y 4
Rl 6 19.79+1. 68 4 20.59+0. 384
Model group
AT H R RGORE e ) 14 s
SYGC-H group 6 19.45+1.20 4 22.38+1.24
AT H B ORL 3 1 2H
SYGC-M group 6 19. 49+0. 68 5 22.00+0. 66
AT H ORI 1 2
SYGC-L group 6 19. 74£1. 59 4 21.93+0.97
CRHR1 f547075 20
CRHRI group 6 19.35+1. 89 4 21.92+1.47
CGT 4
CGT group 6 19.73+1. 01 4 21.95+1.41

T 525 (% HRLL AR, A P<0. 05 SRR [, *P<0. 05,

Note. Compared with Control group, * P<0.05. Compared with Model group, *P<0. 05.
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B A4UNREBREREI

Figure 1 Comparison of hair growth in each group

2 HH/PRERBERA N

Figure 2 Comparison of dermoscopy photography in each group
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B3 RS CD4" A CD8'T A IA T L
Figure 3 Expression of CD4"and CD8'T cells in skin
K2 KA/NRATAEIE

Table 2 Comparison of behavioral measurements in each group

il OFT iz 3 & f# 2/ cm OFT H 3 X 38 BB R 71 43 1L/ % FST R/
Groups " Total distance of OFT Percentage of distance in central district of OFT  Immobility time of FST
25 I IR
HX AL 5 1499. 29+162. 09 8.04+1.51 36. 60+6. 92
Control group
RERIA
4 835.47£137.234 3.1420.594 73.19x10. 854
Model group
T2 T RURL i ) e 2
AP H LR B 4 1305. 85+200. 68* 6.55x1. 53" 49.22+6. 79
SYGC-H group
T2 R O 5 2
A TR A i 5 1270. 87210, 74* 5.89x1. 04* 58.74x7.29*
SYGC-M group
AT 2y H USR] 21
e fim 4 1165. 28+142. 88* 5.45+0. 86" 63.94+9. 15
SYGC-L group
CRHR1 #5054
4 # # #
CRHR1 group 1220. 08+112. 13 6.18+0.55 54.94+5. 64
CeT 4l . . .
4 1205. 10+£171. 49 6.39+0.78 56. 18+9. 56
CGT group

e 52 O R R, A P<0. 055 SRR B, ¥P<0. 05,
Note. Compared with Control group, * P<0.05. Compared with Model group, *P<0. 05.

Bl 4 &4/ Western blot #:1]F h{& GR F1 BDNF ik

Figure 4 Western blot detection of GR and BDNF expression in the hippocampus in each group
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R3 KAH/PMEIMEE CRH ACTH Fl Cortisol ¢ B FLi
Table 3 Comparison of serum CRH, ACTH, and Cortisol levels in each group

20531 CRH %%/ (pg/mL) ACTH ¥/ ( pg/mL) Cortisol ¢/ (ng/mL)
Groups " CRH level ACTH level Cortisol level
73 i HE 4]
=2 POV AL 5 51.35+8.08 29.57+11. 00 3.99+1. 86
Control group
LR
s 4 66. 10+11. 344 52.44+6. 064 8.40+1.944
Model group
S5 24 H U i 7
ﬁﬂjﬁﬁf%ﬁ*‘ i 4 51.73x4. 65" 38. 85+5. 33" 4.87+0.23"
SYGC-H group
2 R R
ﬁﬁﬁﬁ?iﬁ*ﬁ*“@’ﬂ 5 58. 68+6. 08 48.34+6. 42 6.72+0.28
SYGC-M group
S R
ﬁﬁﬁﬁfﬁﬂﬁ“@’ﬂ 4 58.28=4. 85 45.49+4. 46 7.85+0. 59
SYGC-L group
CRHRI #EH54 # #
CRHRI group 4 66. 65+7. 69 39.62+1.53 5.00+0. 36
~ 4
ceT4 4 45.89+2. 23 43. 466. 82 5.36+2. 15*
CGT group

VE. 528 IR IRLL LS, A P<0. 055 SEIIL] S *P<0. 05,

Note. Compared with Control group, * P<0.05. Compared with Model group, *P<0. 05.

R4 BA/NEIEDIK GR BDNF £k (n=3)
Table 4 Comparison of GR and BDNF expression in each group

413 GRARX} Kkt BDNF M ik
(5 ! . GR relative BDNF relative
Toups expression level expression level
s ol
Cloniz;fgm’uﬂp 0.8720. 16 0.830. 21
R 2]
M(Ti:l group 0.390.06* 0.36+0. 144
SESREE R UE e pilk il
%ifg”gﬁﬂf 0.74x0. 11" 0. 700. 15"
A 24T B AGURL R e 2
ﬁwgffnf,;:ﬁ 0. 58+0. 09" 0.49=+0. 19
A2l H AT ORI 4
%Eﬁf f’gﬁ;‘: A 0. 340. 02 0.3220. 14
L4 H 4
Ciﬁﬁ”zﬁiﬂ 0.500. 03 0.4620. 11
CGT 41
CGT group 0. 590. 05" 0.53+0. 14

T 528 O RGO, A P<0. 055 SRR L, ¥P<0. 05,
Note. Compared with Control group, A P<0.05. Compared with Model
group, *P<0. 05.

3 i

FATHFTEIAY AA JE—Fl T 40/ S 1) B3R
FARPERAR ) B B R B, o DAL 5 15 4% |
G NEMNL i AR D FEHRTY ) BEE A
ATA 3 J7 SR AR | 2~ A 0 38 o b
WIRZAE AA R POPE B W2 B AL

HIBE2EFR AA 3l Ak, DR B Xt
AA R ERALEL R A M, R Z B AR 2 K
[ S E S (B 3% 3 E AL & SEy |
XFAA WEZVEH A R AL AFAR AL, T
SHBLE NS M ETT A, AR NG, A Z Wk 2k iz
WA AR A A2, DT & 2R 1 55 T 7, ¥ LA B T fie
R ie 1| ROV - = 702 R 2N B Lo . |
G, 7 HRAT 2GR SN 2 BRI, R H IR A 25 A A
Xf AR TR E BRI, P LR SOR k2 5k,

MBI ST 20, Fp 2t BE (0 38 mT 380 HPA b
iR, CRH  ACTH W B2 Ji i K - 5 1 v
ANMAZ 6 2 i X GR Z2 ik A1 (%) ThRE 4,
HPA il f S AL D e Z 5, HP A Silir2e4b 115 1k
REPY, W BB % KK BDNF £ 38 B F
P82 BDNF AMUEA (R 2ok sl & 75 e,
W FT LR A ARTE 45 AT I HPA SR 1 5
FakEG AN KA S AT R R N R
Al REE I HPA BhIhBES S AA A G .

SARFORE MR R X HPA S REREASAE AA
AR HIAE R, A5 fff DK s BEARER A CUMS il
% AA BE/NRAR AL 523 (o AL He AN R
HELAIRIE R, B A B T ol WK F i j ik, cp4™ |
CD8'T HiffI AL IR AL E X BHE, #278 AA K/
BUBLRIH 4 ), 7 CUMS #54: T Hi R, A1 41 /1
B & AR BRI K 18, OFT 32 Bl i s it K
PGB R AR 4 LRI, FST J2 TST A
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S EIBE N, $ 7R CUMS B8 T/NERAT M40, &
SO AMARIR A ) IR T B A FE, BRI
/NEAMNE L CRH, ACTH | Cortisol /KT, ¥ ik
GR Jz BDNF Kk AR, W4 7 4 3018 P 10 i 3
HPA it BETE AL | B 5 5t D R e 4, I35 03 /70N B
LiEZ ST

ARMFFEH AT 2 H FEUR T AR E AA BE/NRE
KA RGN, IF s AT R 2
ARARAS , Hor DA vas 70 o AT 245 H R RS R e A
M d AT 25w FORL IR 9T JE, /0 BRUAM FE i CRH
ACTH | Cortisol 7K V- ¥4 ir T I, i 5 & GR K&
BDNF Rk ¥4 iy L, 38 AT 245 1 FE 00k 7T 6 3d
] HPA Sl BE IS A ORAP I 80T, DL G2 iR AA
FE/NEAMARIR S MR B A A, M Antalarmin
fE2 HPA %l CRHR1 W35, IRBEAE AR F B & B
Az iR AfAE T HPA Bl EEVE AR AE AA Kb iy
FEEAEH, W HPA FiTi e 2170 AA TR
7R 22—

ZE LR AWFSE & B CUMS BB A bk s s 3
BRI AA BN R B RLAT G B
ARG IER I, AA B AH 5 HPA Rl B2V AL )
FHSG, THIAT 24 H 0 RE A2 E /N BB kAR K s
TR FAPARIRAS AR I R T 85 F 8 CRH
ACTH , Cortisol 7K ¥, 78 GR,BDNF % ik, 411 il
HPA it BTG AL, SR Bk e AH ¢
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AN [i) Fsf ] 2P e R o) < 6 R AT Ol = B R i A
P iR ) 3K 152 i)

KE®EL,E B LI 6, HBE EENER AR,
FHE", TR

(LASEEPHO RSk B EBE R 5 27 B, N5l 1k 014040,
2. NS BHE R ALK B B N 2 T 2, Sty 23k 014040)

(WZE] BH  IRIORNFE 2 PE IR RS0 K BRAT 2 R i U RA R, ik (@ REMENE Wistar
KEL70 HEEHLI N 7 1, B2 X HEE (Control ) (BEMRRIST 24 h 4 48 h .72 h .96 h 41,120 h 41 144 h 41, %
FHB R 227 5 7K Pt B 34 2 32 7 7 R SR R ) SR A28 3 3o Mlorris 7K 2K B AGH U 28 (W] 2% > 1042 R 0, W7 35 S 4k
IR B AR IR, Nissl Y 0 LS BRI DD 2 eI S B0 IO EAE , Western blot , Real-time PCR 3256 435130 %2 K i,
Gl AE G A3 TR i W) 2 il R (synaptophysin, SYN) |2 fil 5 BREU% ) it 95 ( post-synaptic density protein-95,PSD-95) |
g P o 2275 % A 7 (brain-derived neurotrophic factor, BDNF) Y381k, £58 5 Control ZH Hb4 , B 25 B AR 25 Fisf ]
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Effects of acute sleep deprivation on behavior and synaptic biomarker
expression in rats
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[ Abstract] Objective To investigate the effects of acute sleep deprivation on the behavior and synaptic protein

expression of rats. Methods Seventy healthy male Wistar rats were randomly divided into seven groups, a Control group
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and sleep deprivation groups (24, 48, 72, 96, 120 and 144 hours). The sleep deprivation rat model was established by
the modified multiplatform water environment sleep deprivation method. Spatial learning and memory were assessed by the
Morris water maze. Anxiety was assessed by the open field test. The morphology and quantity of hippocampal neurons were
observed by Nissl staining. Western blot and Real-time PCR were used to determine the expression of synaptophysin
(SYN), post-synaptic density protein-95 ( PSD-95), and brain-derived neurotrophic factor ( BDNF) in rats. Results
Compared with the Control group, the numbers of standing and modification were significantly increased by prolongation of
the sleep deprivation time (P<0.05). The escape latency and path length were significantly increased in 120 and 144 h
groups (P <0.05), whereas the number of platform crossings and the percentage of the target quadrant time were
significantly decreased (P<0.01) and negatively correlated to the sleep deprivation time. The expression levels of BDNF,
SYN, and PSD-95 were significantly decreased with the prolongation of sleep deprivation time (P<0.01). Conclusions
With the increase in sleep deprivation time, cognitive dysfunction and anxiety gradually deteriorated, which may be related
to decreases in the expression of synaptic biomarkers.

[ Keywords] rat; sleep deprivation; learning cognition; hippocampus; synaptic plasticity
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EILZERS

Primer name

SIIFHI(5°-37)

Primer sequences (5’ =3")

i F. GCACCGTCAAGGCTGAGAAC
-actin R: TGGTGAAGACGCCAGTGGA
BONF F: AGGTCTGACGACGACATCACT
R: CTTCGTTGGGCCGAACCTT
. F. AGTGCCCTCAACATCGAAGTC
SYN R: CGAGGAGGAGTAGTCACCAAC
F. ACCAGAAGAGTATAGCCGATTCG
PSD-95 R. GGTCTTGTCGTAGTCAAACAGG

1 A [ s [ M <A A UM A
Figure 1 Weight changes in rats at different times

after sleep deprivation

B 2 Morris /K& E E AT I H L5 5

Figure 2 Results of Morris water maze navigation test
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TE: A 55 HHRR SE B0 20T 6 URB; B 28 IR R 250 H ARG BRI 6] 15 43 LU 5 C - BN 25 sf 5] 45 5 1 15 UCBSOR S 43 A 5 D - e IR S 5 it ] 5
H bR 4 BB 18] 43 HUAHSCHE 43 BT, 55 Control 4114, ™ P<0.05, ™ P<0.01,

B 3 Morris /KK E 25 AR R LI L5
Note. A, Number of platform crossing. B, Percentage time in target quadrant. C, Correlation analysis between sleep deprivation time and number of platform
crossings. D, Correlation analysis between sleep deprivation time and target quadrant time percentage. Compared with Control group, * P<0.05, ™ P<0.0l.

Figure 3 Results of Morris water maze space exploration test

B4 SRR IS AR Rk Pk A

Figure 4 Swimming trajectory heat map of rats in each group of space exploration test
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TE: 45 Control 41IL#L, * P<0.05, ™ P<0.01,
B S5 Wt
Note. Compared with Control group, * P<0.05, ™ P<0.0l.
Figure 5 Open field test results

Bl 6 Nissl B (0 WLEEA [ sf (5] B IR 3060 K BRUAE B CAT XM TIE S B A2
Figure 6 Effects of sleep deprivation at different times on the morphology and number of

neurons in the CA1 region of the hippocampus in rats observed by Nissl staining

B 7 SR Uk G LA [a] A ] B R 34 25 %o R B 5 CAL X 52 iR O 26 1 BDNF (SYN FlT PSD-95 FHPH 44 i 3% 35 114 52 i
Figure 7 Effects of sleep deprivation at different times on the expression of synaptic related proteins BDNF, SYN and

PSD-95 positive cells in the CA1 region of the hippocampus in rats observed by immunohistochemica staining
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TE: A5 )7 B BDNF 2 133K ;C: SYN 8 [1383% ;D PSD-95 4 3R 1 s E - AR 28 o 5] 15 58 fil A OG 2 1 338 1k A AH R 40T, 5
Control #IL4%, " P<0.05, ™ P<0.01,
Bl 8 Western blot Al A [m] Bk 1] e M 51 S5 A% 0 A BRI B 4 21 S filAF DG 2 H R 5K
Note. A, Strip picture. B, Expression of BDNF. C, Expression of SYN. D, Expression of PSD-95. E, Correlation analysis between sleep
deprivation time and synaptic related protein expression. Compared with Control group, * P<0.05, ™ P<0.0l.
Figure 8 Western blot detects the expression of synaptic related proteins of hippocampus with sleep deprivation models at

different times in rats

74 : A:BDNF mRNA HJZE57KF;B:SYN mRNA (357K ; C. PSD-95 mRNA (I EK ;D 2 /il % 11 mRNA BIZ2A7KE, 5 Control 411t
B, " P<0.05, ™ P<0.01,
B9 RT-PCR A [v] i (5] i M) 25 A5 1Y S Bt 1 2H 4R 58 ok DG 2 1 i PR Y s
Note. A, Expression level of BDNF mRNA. B, Expression level of SYN mRNA. C, Expression level of PSD-95 mRNA. D, Expression level of
synaptophysin mRNA. Compared with Control group, * P<0.05, ™ P<0.01.
Figure 9 RT-PCR detects the expression of synaptic related protein genes of hippocampus with sleep deprivation models at

different times in rats
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Establishment of a WHBE rabbit knee osteoarthritis model and therapeutic
effect of platelet-rich fibrin releasates

HUANG Junjie', CHEN Minli', ZHU Keyan', JIANG Jingao®, ZHANG Jinghui’®, JIANG Chao', PAN Yongming'*
(1. Laboratory Animal Research Center/Comparative Medical Research Institute, Zhejiang Chinese Medical University,
Hangzhou 310053, China. 2. the Second Affiliated College of Zhejiang Chinese Medical University, Hangzhou 310053.

3. School of Life Science, Zhejiang Chinese Medical University, Hangzhou 310053 )

[ Abstract]  Objective To investigate the mechanism of cartilage injury and inflammation in the WHBE rabbit
KOA model and the effect of platelet-rich fibrin releasates (PRFr) treatment on the KOA process, we established a WHBE
rabbit KOA model by excision of medial collateral and partial patellar ligaments and administered a PRFr solution.
Methods Twenty-four WHBE rabbits were randomly divided into three groups: normal control (NC) group(n=6),
model (KOA) group(n=12), and cure(PRFr) group (n=6). KOA and PRFr groups were injected with 0.5 mL saline
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and PRFr into both joint cavities on 7 and 14 postoperative days, respectively. At 4 and 8 weeks of modeling, the knee
joint grade scoring, X-ray imaging, and gross scoring were performed. Serum levels of IL-13, TNF-a, and MMP-13 were
measured by ELISA. At 4 weeks, 6 animals in the KOA group were euthanized, and at 8 weeks, the remaining animals in
each group were euthanized. Pathological sections were prepared after decalcification, and then HE, toluidine blue, and
safranin O-fast green staining and immunohistochemical analysis of TGF-B, BMP3 | and NF-kB were conducted. Results
The Lequesne MG behavioral score, Mankin’ s score, and Pelletier score of WHBE rabbits after the operation were
significantly increased compared with the NC group (P<0.01). Pathological observations revealed surface defects of the
cartilage and partial loss of chondrocytes. These result indicated that the KOA model was established successfully. In KOA
rabbits, knee joint swelling, joint pain stimulation, and movement limitation were obvious. X-rays showed a high-density
soft tissue shadow, indicating more joint effusion and a rough articular surface in general. After PRFr treatment, the serum
levels of proinflammatory factors IL-1B, TNF-a, and MMP-13 in KOA model rabbits were significantly reversed ( P<0. 05,
P<0.01). Additionally, the cartilage surface became smooth, and most chondrocytes were neatly distributed. Expression
levels of TGF-B, BMP3, and NF-«kB induced by KOA were also significantly decreased (P<0.01). Conclusions We
successfully established a KOA model in WHBE rabbits, and PRFr improved the cartilage injury and inflammation of the
WHBE rabbit KOA model through TGF-B/BMP and NF-kB pathways.

[ Keywords] WHBE rabbit; knee osteoarthritis; platelet-rich fibrin releasates; NF-kB
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Figure 1 Results of Lequesne MG behavioral scores in each group
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Figure 2 Changes of X-ray lateral film
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Figure 3 General observation of knee joint and Pelletier score of animals in each group
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Figure 4 Pathological observation and Mankin’ s score of knee joint in each group
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Vo o, BEARVZ A0 70 W 3 | T R (P <
0.01),WLIEl 3B, HE Yt HI AWk Yo o S 41 O-
[ e O 25 T UL ] 4 A X HRA 8 RN S B K
JEUE A2 0 R A0 TR A 52 e 2 UK 3 B, HE 5
FA T, O R RNZS o fh ; ik 2H 4 JE i) DR
MY A BA 2R AEAE, 50H 20 i PR AR R K
MR AR 3 TCT, o s i &2k B 1 20k
FIR WA SY |8 JE IR e w2 B
Ly Q1) DPSR LN AR NI =Y W N2 o1 T WY O 1 1
U E R 2 B A SR A1, s R R B B AR
2T AR BRI R AR K 5 32— 2P Mankin” s W43
5 WoR, BAVA B3 B 0 2 T IR (P<
0.01), LK 4B, DL E&45RULH T AR5 WHBE

SR I, P<0.01; SRR W 4 LhE, ¥ P<0.01,

KOA AT Ty,
2.6 RBANNE

K SA s, S50 IR e, A A 7E 8 SRl
BN BMP3 NF-«B , TGF-B 1 FH 40 il ¢ ik 44 i 3%
BN (P<0.01) ; SERIA L8R, R)7 4 TG )R
E N BMP3 NF-kB  TGF-B (1) FH % 41 il %6 3k 15 5.
F R (P<0.01), WK 5SB~5D,
2.7 MiF IL-1B, TNF-a, MMP-13 7K Il &

ARJG 4 JEFN 8 Jal b, 455 7 4 A5 70 4 ) I 1L-
18 . TNF-o. \ MMP-13 7K - 3 I 25 &5 F X% B 41 (P <
0.01), MARIFHAEARG 4 JAF 8 JE B 1M 3 v IL-
1B TNF-oc, MMP-13 /K V- 34 i Z K TR AL 4H (P <
0.05,P<0.01) , WLIK 6,

5 SR B B
Note. Compared with NC group, ** P<0.01. Compared with KOA group 8W, *P<0.01.

Figure 5 Histochemical observation of animal epidemics in each group
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T SX IR A, ™ P<0. 01 ; ST AL, *P<0.05,% P<0. 01,

B6 &AM IL-18 . TNF-a MMP-13 7K 07254k (n=6)
Note. Compared with NC group, ** P<0.01. Compared with KOA group, *P<0. 05, P<0.01.
Figure 6 Changes of serum levels of 1L-18, TNF-a and MMP-13 in each group
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[fBE] BH  HEITAERER(UA) X I BB FRI% (TIDM) K B TLR4/NF-«B {5518 #% & Th17/Treg #i It (1) %
W, ik IRESESEEIRAL R R (STZ) #il & TIDM K ERAERY, FEAL 7 R 25 [ 4L ( Control 2H) AEFILH (Model 2H) \ —
FHOSUIZE (MET 4H) FRAESRIRZH (UA ), IC R BUATE S — g o 6 J8J5 R A K BUAIE il | JBR iR 4 21
PTG RS T TIEOL, Ser 4 AWLSR I M 4 25 B AR b 5 2 X500 460 0 1 ¥75 S 220 ( LPS) & & 48 1k ; qRT-PCR k&
AR TLR4 ,MyD88  IkBa \NF-kB p65 mRNA 335, DL K% 5 RORyt Foxp3 mRNA 3%k ; Western blot Ky
TERAE TLR4 MyD88 IkBo NF-kB p65 & [ 3Rk, UL K% 5 F RORyt, Foxp3 2 1K ; I =40 AR AU A1 ]
1M Th17 Treg 4 Fo A28 4k s ELISA BRI I3 TNF-o IL-6 IL-1B Zr& 54k, R % STZ ESIM RS KR &
6 JEIVE 5 A B SR AIATAR b, - OUNCAE K BRI AE SRR 4 K B2 MUK ( FBG ) ¥4 9H & e, WEﬁJHﬁEﬂ@;uﬁ%
B 44 M= T8 L s TLR4 \MyD88 . IkBa . NF-kB p65 . RORyt mRNA FIE 71 (4 2% 3% B B FRA%; LPS & i I BT F%;
IkBa ,Foxp3 mRNA F#E H &K EH BT 5 Thl17/ Treg AR B T B TNF-a IL-6 IL-18 F it B TR, 4it UA
Al @ b LPS B4, k| TLR4/NF-kB 8 % , T 1% RORyt 3-_E 34 Foxp3 BIFIKAIE TIDM K Th17/Treg ZHif b
ER B U YN eI

[ 548iA) 1 BUBEIRMN ; REILAR ; TLRA/NF-«B 38 I ; Th17/ Treg 4l il
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Ursolic acid ameliorates pancreatic [3-cell injury in type I diabetic rats via
the TLR4/NF-kB pathway and Th17/Treg cell homeostasis

SONG Yu, ZHANG Xiaoli* , CHEN Huanhuan, TANG Cong
(Medicine College, Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Objective To investigate the effects of ursolic acid (UA) on the TLR4/NF-kB signaling pathway and
Th17/Treg cells in type 1 diabetes mellitus( TIDM) rats. Methods TI1DM rat models were established by intraperitoneal
injection of streptozotocin ( STZ) and randomly divided into blank ( Control) , Model, metformin (MET) , and UA groups.
General conditions, such as body weight and blood glucose, were recorded, and peripheral blood and pancreatic tissues
were collected after 6 weeks of gavage to assess insulin treatment. Immunohistochemistry was used to observe pathological

changes in pancreatic tissues. Horseshoe crab reagent was used to assess changes in serum lipopolysaccharide ( LPS)

[E&TH A RHE B H (212102311081) 5 70 /g H E& 24 K28 58 AL B3 2 4 (2022KYCX082)
[MEERN RN (1993—) , 5 it W57 1) « S AH S 5 R MBI LB A H B2 2458537 . E-mail :740708970@ qq. com
[BIS1EE 9K/ AT (1963—) , Lo i #0428 S0 BF 5805 ] . o 25 5 G @ PESSR AR S PERF S . E-mail ; 2x17666@ 163. com
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content. qRT-PCR was used to measure expression of pancreatic TLR4, MyD88, IkBo, and NF-kB p65 mRNAs, and

mRNA expression of transcription factors RORyt and Foxp3. Western blot was used to assess pancreatic TLR4, MyD88,

IkBa, NF-kB p65, RORyt, and Foxp3. Flow cytometry was used to assess changes Th17/Treg cell ratio in peripheral
blood. ELISA were used to measure serum contents of TNF-a, IL-6, and IL-13. Results After STZ-induced diabetic rats
were treated by gavage for 6 weeks, compared with the Model group, the fasting blood glucose of rats in MET and UA

groups was significantly decreased and their body weights were increased. Inflammatory infiltration of pancreatic islet 3-
cells was reduced. Expression of TLR4, MyD88, IkBa, NF-kB p65, and RORyt mRNAs and proteins was significantly

decreased. LPS content was significantly decreased. IkBa and Foxp3 mRNA and protein expression was significantly

increased. The Th17/Treg ratio was significantly decreased,

decreased. Conclusions

and TNF-a, IL-6, and IL-1( contents were significantly
UA improves the symptoms of rats by reducing the LPS shift, inhibiting the TLR4/NF-kB

pathway, down-regulating RORyt expression, and up-regulating Foxp3 expression to correct the imbalance in the Th17/

Treg cell ratio in T1DM rats.
[ Keywords)

type 1 diabetes mellitus; ursolic acid; TLR4/NF-kB pathway; Th17/Treg cells
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I BB JRI% (type 1 diabetes mellitus, TIDM ) J&
JE S B AN BE B B s R G AT R ROR BT S B
BBy ZR WA SR A B S BE VRS . TIDM f&
A MW e 4% 1 M RE 5 By ) BB AE PR PR L
O ARG F I AAE ™ . AT, TIDM BIRI7 AL
JE R G o DB IR T O sUALEE T A T
W BUARIARYT A R T M B B HOR R
e, HRTAT AR B R o 2R r L B = A
RIRYY T-Bro 4 T U8 BROw IR B fe i 4t 1, 2021
AEHITE TIDM 00 3 J 1 588 T4, TIDM A %K
PR AL DU L TIDM % #i% 12 0 1T
RUBEVRIE , TIDM 9 1 F PR ™ B A Al . R #R 5%
AR AE RIBTE S TF KB 25 % 16097 TIDM
HAFEZEEX

Toll ﬁ’i’ﬁi(Toﬂ like receptors, TLR) 2553k
SRR — K E T E A, PR TIR
Z: 5 A B RN RAE W KA K TEIRYT H &
et h B B ORI 1Y), TLR 555 Kb g
SZARTETE E BRI S AE S A 6 AR, AT A
BARIF 45 G R I AR O 7 T2 B R BORAE
TR F R R, AT A i ke 1 AMIRE Bk
A=A R O A fi i 6 TR SR SO, M T 15 5 346 1
Mtz ZER AR YL Ty 1 & 4 G E Y . A BRSE
R, TLR4 J2 B 4 i 2520k 70 [ B S ek
BRI 2 el v TLR4 {5538 e PR v s g5 47
B 4N HEBhME T 40 M 17 (T helper cell 17,
Th17) ZHE AT T 400 (regulatory T cell, Treg)
J& CD4™T A0 W5 A~ DI REAR S A . Th17 4 i
RERE S T RNE SN, Treg ZHMIFE TIDM 1Y % 1o 2
A RER S BB FsE R, TLR4 7 CD4”

T A b YRR 5 3w, 5 5 CD4™ T 4 MiAH LE,
Treg 4 M IA AR P TLR 235 A1 "' TLR4/
NF-kB 38 % 7] 58 1 45 Th17 4002072 Th17/ Treg
Y M-, Th17/ Treg 24 i 2K iyt v] 38 2 645 TLR4/
MyD88/NF-«kB 421475 Th17 4l i Fl Treg 40 il )
SR T RORyt Al Foxp3' "/ 7E TIDM &
CD4™T 4L TL-6 114 5 0y 14 3 5, FL3 o 4 S R
BB S W LA #E Th17 28 L -4 ) Treg 4,
I, IL-6 S B P 48 s AT 0T BE i O RO R A B
gt

RERMR (ursolic acid, UA) B—F RIKAY AL IR =
ik G, BERE A I | S A, L AAT i 4 7K SR A
BT aE Y GRS A C 7 N 3 N . [ 1 R A
FHUS0T LR 4 4T HIL ] o

A 38 o 55 IR A% TR R (streptozotocin, STZ) i
S TIDM KR EABEIRY UA BEH 6 FS B & 5k
PREALT, K UA %F TLR4/NF-xB 38 % A0 5 48 b5 &
Th17/Treg AHHL LIS A4k, LLHERSE UA XF TIDM
HIEVE R, HIRAWFSE UA X TIDM B3G9 4 H
PRITIAYT TIDM BB 5 S UA MG R FH A4 T
B,

1 #RFFE

1.1 SR
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SIYME MG (DWLL201903001 ) |, #4 IR S350 oy fdi
FH 3R JEI 25T NGB SR,
1.2 FERLFSE

UA(ZEJE 95% , 5eig e 25 it 5 . ALT428) ; HE fik
ffe W % (4 BE 98%, SIGMA-ALDRICH, 4t 5.
WXBD1402V) ; —HBUK( & F 0. 25 g, BE{EE XK
25V A FRA L 5. 67180806) ;0. 1 mol/L #1745
PR EH 2% /U ( Solarbio 23 F, #it5: 20190917 ) ; 3 H
ZH AU E W (A5 HP193504) A7 EERR (pH=6.0)
PR B E W (5 G1202) 3% WA K (5.
GO115) . BSA (1t 5 : G5001) | JBE & R Hidk (it 5.
GB11334) . HRP #ric B9 1l - 1 = Pi K (Hit 5.
GB23303) \DAB @5 (L5 . G1211) (RIPA Z4fi#
W (5. G2002) | BCA £ H 7€ f 4 i 12 57) & (it
5.:62026) Fi Kl B-actin (L5 . 15203204 ) . Hi K
L TLR4 (#it 5. 1.5203045) . 1 K B MyD88 (4t 5.
00077168) BT K IkB-a (L5 :542619112702) ¢
KB NF-kB p65 (#t5: 1.5203564 ) ¥ [ 373 28 4k
IRAEYIRME A BR A A 5 0] (B 1] R A R
A R AL it 5. 20100154 ) ; JC i JC & K
(Solarbio, it 5;20210315) ; RNA wait ( Solarbio, #t
45:20210205) ; oK LB (B IRELUAE Y H R A B
3] 5 : 20200220 ) ; TRIpure Reagent (3£ 13§ 4=
YR A BR A |, 5 312326AX) 5 HiSeript 1T Q
RT SuperMix for qPCR ( Vazyme, it 5 ; 7E452K0) ;
SYBR™ Green Master Mix ( Thermo Fisher Scientific,
fIt5-:01000432) ., IMUHA (2 B8 0K BRI A R A
A, B 5, G-425-3); IE B KOG B M (HA
OLYMPUS 2y &), 5. DP73) ; 52 %6 ) %€ i PCR
X (ABL A 7], #-45-:7500) 5 £ 1 HL UK AX (36 [ BIO-
RAD A&, 5. POWER PAC 1000) ; A 315 i ik
184 ( 3£ Bio-Rad A ], BY*5 . ChemiDoc ) ; 1K I &5
AL SEE SCILOGEX A ], #l45.9013121121)
1.3 XWHiE
1.3.1 sh¥yordd rsEi 42

50 H SPF M E Wistar KRR, & M PEMR IR 7 d
Ji , SRS — U P I s TR ) 1% 5 IR T 2 60 mg/
kg, 25 F14H ( Control 2H ) 73 4t S5 AR BUF 5 TR — #7152 TR
BN MR, T d JE, 3 SE 3 R 2SI LB ( fasting blood
glucose , FBG) =16. 7 mmol/L A& B s L br e, B¢
AR B T 9 K BR Bl ML 43 A 55 8 2 (Model 4, n =
12) . ZHXAIRA ( metformin , MET 4 ,n=12) FIRER
FRZL(UA 4, n=12), RIEHEA AT L, 2

HEFR L2 100 mg/kg, 25 H A MR 4 25 T S5 1K
BURH LT 4ERAE R , K 9.00 & M#EE 11K,
T AR Y AR R
1.3.2 —BiEH

B KA R AR EE B & HEE NS O ; 55 5 $2 11
12 h B8 ANERIK A — B EI K B FBG
1.3.3 REAA

ARUKHE B G AR 12 h, SRR R YR i i 41
LT RS,
1.3.4 SIS K BB IR 412U 38 A8k

PR BUBRIRH L E T 4% Z R P R E 24 h
J& AT K R YD R I E S ST
B PRy (o BN B SUR PR S L R MR
O, I HAEE I A,
1.3.5 #RAFIEIM NGRS

K FH PN 35 2 o A I 2 0 7] 6 A DU B 2
(lipopolysaccharide , LPS ) , f#l fix %2 & . {4 %& i %,
J R e BN G U P A TR BEAR T 450 nm
WA TR G FEA
1.3.6 qRT-PCR ¥4 K BB MR TLR4 , MyD88
IkBa \NF-kB p65 mRNA ik

FH PCR 20 & 2 BUBRAR 4140 RNA | 8 535001
FETHHLI A260/4280 AR, 10354 555 B cDNA, {fi
15 WL & R 17 qRT-PCR KW F25:50 °C,2 min;
95 °C,2 min;95 °C,15 5,60 °C, 1 min,40 PMEH,
T AR IR 272 2T YRS IR P A ARG ik
SERBI T HNFE 1,

&1 PCREHTIYTFH
Table 1 PCR gene primer sequences

s 514
Name Primer
GAPDH-F 5’ -ACAGCAACAGGGTGGTGGAC-3’
GAPDH-R 5’ -TTTGAGGGTGCAGCGAACTT-3’
TLR4-F 57 -TCCACAAGAGCCGGAAAGTT-3’
TLR4-R 57 -TGAAGATGATGCCAGAGCGG-3’
MyD88-F 5’ -GAGCAGTGTCCCACAGACAA-3’
MyD88-R 5’ -AGTAGCAGATGAAGGCGTCG-3’
IkBa-F 5’ -CCACTCCACTTGGCTGTGAT-3’
IkBa-R 5’ -TTCCTCGAAAGTCTCGGAGC-3’
NF-kB p65-F 5’ -TGTATTTCACGGGACCTGGC-3’
NF-kB p65-R 5’ -CAGGCTAGGGTCAGCGTATG-3’
RORyt-F 5’ -TGGAAGACGTGGACTTCAGC-3’
RORvyt-R 5’ -CGTCTCTCGGTAGGACTTGC-3’
Foxp3-F 5’ -CCATAATATGCGGCCCCCTT-3’
Foxp3-R 57 -GCGGGGTGGTTTCTGAAGTA-3’
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1.3.7 Western blot {4 K U IE TLR4 MyD88 .
IkBa \NF-kB p65 } %% 53 K F RORyt, Foxp3 £ H#
kK

HBUOR BB AR 4120, &) SR P B 1, Uk e e
HH WFE—P(1 2 1000 #BE) . P ELC fb2¥ %
SR, i ] Alpha ZXPFALER B AR S 6% BE(E,
A X R A&
1.4 FitEHZE

SKHISPSS 21. 0 #AT B GE 1153 Hr , 22 21 [A1 4K
It R FH R R J7 2243 BT ( One-way ANOVA) , 41
(B R LR FH LSD A 56, 235 2 AT 340 50+ b o 2
(x+s) Fn , KEKHE a=0.05,P<0.05 AN 2ZEHH
gt XL,

2 &R

2.1 —fRIER

25 IR PO AS R AT, | /K OE % 4 1E
W, BRI B . = 2 — /b7 R, FBG T,
IR A MRS AN A, KAE R 8, — H U4
FIAE SR 4 bt 45 FH 25 B [B) < A R4 FBG BH &
TFE(P<0.01) AR P<0.05) K5 #iR A B

Ui Bz B, RAEBOE  /IMEERD . WK 2 3 3,
2.2 FRIRALRIENE

2 AR EIARE R R B 4 A A K 2
o MA% S W 0, HES & 5, 55 ] Bl 20 U5 BR 335 ol
BRI 525 U2 AH BL, I S JE IR AN I e 5% B 2
AT R o S PRI A LR /N HESR R, 5
JARIHZ R BRANE . — FOBUICZ i RE SR g 2 5 B
RIGIAR LY, JBE 5 T IR B R 0], e 5% B 4 A /D ik 48
PERE , AR FR AR I, HEF BRI, 5 J) [ 4 21
PG, DL 1,
2.3 I7F LPS /KFEIL

B2 523 A AR LG, R RN LPS & it W i
THE (P<0. 01) , — F XUIRZH 1 AE S5 1R 2 5 4 150 20 A
e, KBRS LPS & & L (P<0.01), W
’l2,
2.4 TLR4, MyDS88, IkBa, NF-kB p65, RORyt,
Foxp3 mRNA FTixT

% 4 G NIR BRI 525 AR L, K RUBEAR
TLR4 MyD88  NF-«kB p65,RORyt mRNA & ik 7K F
W@ T} (P<0.01) , IkBa , Foxp3 mRNA ik 7k F-
W A, U P AR SR PR 4l S A AU A L

R2 AR FBG ZE 4L (mmol/L, x+s)
Table 2 Changes in FBG in rats in each group

415 Bt 0 J& 3 )4 6 Ji
Groups n 0 week 3 weeks 6 weeks
2= HY
L H4 10 4.63+0.54 4.90+0. 90 5.15+0. 41
Control group
FEARIZH
12 22.90+2.31 " 23.73+5.04 ™ 25.38+5.30 ™
Model group
ZHIRUIZ
AU 12 22.20+2. 84 17.10+5. 06 9.82+3. 78"
MET group
BE FLRY
AR 12 22.17£3.53 16. 802, 33% 9.53+2. 03"
UA group
T 52 AL, ™ P<0.01; SEBIALL, ¥ P<0.01,
Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.01.
R3 FUARBMAEELRL(g, x4s)
Table 3 Changes in body weight of rats in each group
Crouns Bt 0JA 3 A 6 &
roups n 0 week 3 weeks 6 weeks
22 Y
=h4 10 218.75+10. 81 319.25+14. 86 373.50+21. 61
Control group
FiRIZH . . .
12 189.67+14.40™ 197.83+6.91 ™ 199.83+11.41™
Model group
IR
AU 12 190. 83+11. 03 220.00+17. 04" 244.17+19. 19"
MET group
RERIRA
12 185. 17+17. 61 215.33=12. 23 236.17+14. 15"
UA group

T2 AL, ™ P<0.01; SEERIAAILL, *P<0.05, " P<0.01,
Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.05, *P<0.01.
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B1 HHKBBERHES R (THC)

Figure 1

Immunohistochemistry of rat pancreatic tissue in various groups ( THC)

R4 HHAKRFEBNFE TLR4 MyD88 IkBa NF-kB p65 RORvyt Foxp3 mRNA FiEZAEAk (x+s,n=6)
Table 4 Changes in pancreatic TLR4, MyD88, IkBa, NF-kB p65, ROR+yt, Foxp3 mRNA expression in rats in each group

215

. TLR4 MyD88
Groups

IkBa NF-kB p65

ROR~yt Foxp3

ESeL
Control group
b
Model group
ZHUUIER
MET group
FERIRA
UA group

1 1
2.15£0.30 2.06+0. 60 ™
1. 26+0. 25" 1.28+0. 19*

1.37+0. 27" 1. 14+0. 13"

0.72+0.13™

1.34£0. 22"

1. 1420. 09"

1 1 1 1

1.35+0.24 ™ 2.53+0.58 ™ 0. 660. 09 ™

1. 09+0. 12* 1.42+0. 35" 1. 39+0. 20"

1. 06+0. 18™ 1.26+0. 18" 1.50+0. 31"

TS AME, T P<0.01; SETIAM T, *P<0.05,%P<0.01,

Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.05, *P<0.01.

5 ML, ™ P<0. 01 SHAI4HI ., ¥ P<0. 01,

2 FHAKRMEG LPS /K FA1L
Note. Compared with Control group, ** P<0.01. Compared
with Model group, *P<0.01.

Figure 2 Changes in serum LPS levels in various

groups of rats

BB IR TLR4  MyD88 . RORrt mRNA ik 7K “F- Bf
AR (P<0.01) ,NF-kB p65 mRNA ik /KA

(P<0.05,P<0.01) ,IkBa Foxp3 mRNA 3k 7KF-H
BT R (P<0.01)
2.5 TLR4 MyD88 IxBa NF-kB p65 B i 3 EF
ROR~t Foxp3 EARIET

RERIZH 525 AL A B, K RUBEIR TLR4 \MyD8S |
NF-«kB p65 #1335 7KW F+-5 (P<0.01) , IkBa
A FRIEIKOT W] B, — FHOBUIICZE A AE 2R R 21
LRI A B, TLR4 R A #3k /K7 B B RE AL (P<
0.01), MyD88 Z& 1 & ik /K F-FEAK (P <0.05, P<
0.01) ,IkBo 2 [F1FRIA7KF-BH b 7+ 55 ( P<0.01) , g
IR K B NF-kB p65 25 13577 I W FEAIK (P<
0.01), LA 3,
2.6 4MEM Th17, Treg {AAELL FI 254k

mE 4~ &l 6 s, B2 E 6 i  BRHY
25 AR AR LG, ANE I D4 TL-17A Th17 41 Lt
BIRA . TH 5 (P<0. 01) ,CD4" CD25" Foxp3™ Treg 4 fits
F A5 I (G B AR ( P<0. 01) , Th17/Treg Lt {H B 5 TH 5
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. HAEYIHIEL, T P<0. 01; SERI4IMI L, * P<0. 05,7 P<0. 01,

B3 KRB TLR4 MyD88 IkBa NF-kB p65 RORyt Foxp3 & H £k 1F N
Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.05, *P<0.01.

Figure 3 Protein expression of TLR4, MyD88, IkBa, NF-kB p65, ROR+yt, Foxp3 in pancreas of rats in each group

TP EL 40, P2 174 CD4T kL 41 .

4 HIMEE

Note. Gate P1 for lymphocytes, gate P2 for CD4" lymphocytes.

Figure 4 Gate information

(P<0.01) . —H XU F1RE S 2 2H 43 391 5 4 A0 44
A, K EAMNE ML CD4™IL-17A" Th17 48 1 L 5] B &
[ (P<0.01) ,CD4* CD25" Foxp3* Treg 4 fifd Lt 5] B
BIE (P<0.01), Th17/Treg [t W] B &K (P <
0.01),

2.7 Mi% TNF-oaIL-6 IL-13 7K FZ54k

HEVEE 6 G, 575 A4 E B K R
5 TNF-a IL-6 IL-18 & F & (P<0.01) , 5
FERVZHAH FE, — HOBUDRA | A8 SR 2 2H K BRI TNF-
o IL-6 IL-1B # B W R#AK (P<0. 01,8 7) ,
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B 5 £40KFBAMNAIL CD4 IL-17A"Th17 .CD4" CD25" Foxp3* Treg £ s K11
Figure 5 Percentage of peripheral blood CD4*1L-17A"Th17, CD4"CD25" Foxp3 ' Treg cells in each group of rats

T A AL, T P<0.01; SETRIAMILL, ™ P<0. 01,
B 6 UIRRSMAEIM Th17 Treg 4fi il L B
Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.01.
Figure 6 Percentage of peripheral blood Th17 and Treg cells in each group of rats

T A AL, T P<0. 015 SEURAMIEL, ¥ P<0. 01,
B 7 &AKFUMLTE TNF-o IL-6 Fl IL-18 Fiki254k
Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.01.
Figure 7 Changes in the expression of serum TNF-a, [L-6 and IL-1f in rats of all groups
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3 itig

T1DM & —Ff LAJBR &% 28 43 WA 52 403 FF 227 e
WERREAE Y 5 BTk A B S e k9 . H T, TIDM
FR RS HIL TR AN 58 42 0 28, E2EIA 2 B A EE st
RERELG RN —K A SR tE%m, TIDM &
REFAE LTS, BE S b e iR b 8
RN | e TS I AR 1) 156 S5 N <k 3
ISR e RS 5 T TIDM By R A2, W5t R
B, UA B —Fi 2 A2 TAE Y T (0 2R RE M 8 =
WRA Y, BA R iR RS R,
R LREMEBIL 75 AN B

TLR4/NF-kB i % 5 Th17/Treg 2 it V-4 it il
e A Bt R B EEAE M, Pk,
TLR4/NF-kB 15538 i 7] G 2 18 50 KSR o 128 FgR 15
PEGPERIVEZENLEI Y . TLR4 23 2 [ 1 A i
B 584> LPS BYSZ K, TLR4 R e M5 A &
G REPE Y5 6T P IR A T AR A B RN A G Y
MG I 5 R, TLR4 5 LPS 454 1l ik 9 B
S ik 238 P PR G B g 2 TLR4 3l &2 1k
BALE TR NF-«B B &, NF-«B #3065, 6 i
FRALAM IR 1B Bl R Ak T B i, NF-xB —JRIK B
T RS B 20 A I 9 S R 2R3, AR e i &
VERUER . B0, TLR4 B UESEAE TIDM & JE L 72
W Rk S RE RS TR & B 40 ML 19 B B e 52 1
R ST R, RO fil & N F A] B8 3E a2 TLR4
KRGS, PR B ANAR"Y 5 AR B PR A
Lt , TIDM f TLR4 mRNA HH 380111, TLR4 BHWT ] %
ik CDA™T YA TG AL AN A B P e S M3 1A, PR AIRIR
TR B R R B kB R B AR R ThT
1 Treg 4 V-1 65 CRA7 14 G0 2 1 L B G 98 5055 11
KIEHE K EE, Duan F'' LB MET L5 & 4K
(7 A T 4R A 36 (8, 8 L P01 Th17 40 HE 43
b A2t Treg B 7= Az, 1T 4 35 SR it 11 B S 8 1 e 5%
F R, Th17 AR5 PE RIS RORy 7= A {2 4 21 ffd
HF - FRAE N, Treg ZMITE Foxp3 AOTRTEE T fiE
BH. Lk Th17 20 A 35 S R ), WK R G e Al 0
A1) RORyt HY/Nor 38 a3 9] Th17 40551k fg
A B B Th17 40 BERS AR 40 &
Ji& , Treg 4 ML BE G5 70 il [ 5 %%, K, Th17/Treg
A Xt T RE R R E R E D R,
Th17/Treg 401 F1 TLR4/NF-xB il i % 5 44 41

j’ﬁ{ﬁ*ﬂﬁ'ﬂﬁ@%{,ThU/Treg 41 B Eb 1) 2k 5t m] LA
WAt P AT Th17 F1 Treg 40 M 19 5% 5% 7 RoRyt 1
Foxp3, 184 TLR4/NF-kB 15 54 S ik f2 sk Az
FHWFFEIER, 24/ P B TLR4 8% @il 2 )5, NF-xB
WRE Z g 906, WA, % ) TL-18 S84 3
REAL

ARSI R STZ 524 TIDM K BB AY | 3 5 2
KTEST STZ(50~65 mg/kg) i % B 40 & Ak 4%
FRCAE ST DL MET A Ry B 2459, WL e SR ik 41
TIDM ¥ 38 %R, W 58 £ W, MET A 3@ i #0 fi
Th17, J-EE Treg Bl H Br o e tEE S R, nl Bk
# TIDM SE R JB S AT, % B O AT % IR
PHERST . ARSZE L UA VERIRIT 25, IR R4 i
38 X% TIDM K B 5 A F T-bet/ GATA-3 ik
MBS A, UA Y AEIE T I8 T-bet, 174 GATA-
3 BYFIAGIIE Thl/Th2 4 R 12 i, Wil & 7 [
BEVEFH 3308 7T 38 23 9% 15 38 2 B O 4 OF Th7/
Treg A2 AEkcaE TIDM KRB B A0 i1, B
fiX FBG /KPP0 Wang 55 WF5% K #L, UA BEGE
i34 TLR4/NF-kB F-#4070 Nef2/HO-1 B35/ il
Y B2 SRR

ARWFFIEH , TIDM K BAFETE LPS AL, BE
TLR4/NF-«B i, fiff Th17/Treg 4f il L 51 25 fiy , 4%
TG PEANMI P 14 433 . 383t UA T3 TIDM KR
6 JiJ5 , MBI /D> LPS #243 , # | TLR4/NF-kB i
%, I BELY 1 Th17/ Treg 40l L 451 2 Al | 921> 5 14 41
Ji DR B 43 00, R BR 3% T1DM K BUREIR , D2 e 1
B AN AT IEREIR

i Lk, AWF 5T R B UA BE W% 3 o 4 45
TLR4/NF-kB 3l #% } Th17/Treg 4 it - 7 F& A% A B
FBG, il o B & R i 7K -, W2 5 B 200 it 9
P, Ak TIDM SEAR . AWF5EH UA B8 H]
PRALT SIS LA, Wik — 20 UA S5 2 Bk sl o
FERE DRI A5 1 B G 8 P 95 v %) o P 4 L T BHe
A
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Adrala 1875 LPS %S W) Lop™~ /INEJEAR T 41 i
RAE TN

KR AT W, B R, AR BTN

(LINARE —ER R (LR EFR2ER ) SCI0 s B (44 SEge sy ) 55 250117,
2.5 M NS S BB A R AR, TR 250000)

[HE] BB 55 Adrala 1875 LPS S LBP @ili/NR (Lop™ ) JRARIF AR AE R N, ik FIFH =2
TEFEEARE WT 2 Lbp™~ /N RUSACHT AR, W @y LPS 5 % 140 JELA QT 40 i Ji 2 ¢ e AR 280 5 SR M A 300 ) 3] G e
B FEYUL SIRNA KT LBP /N URACAT A Adrala [R)3€ 2K ; 00050 B0k JEAC AT 40 I8 43 3 2043 Bl 2 % PR 4
A LPS ZH A S50 R IR 20 B G siRNA 3 2220 S AR 20 Mg 547 53 21, (45 %) #R4H B LPS 2H B (si-NC 41 ,si-
Adrala 4 6 WT LN AR AR 434 B4 43 1A X BRZH (25 LR ) JLPS 4 (LPS #illi# 12 h) . ARHF5ELL WT
T Lhp™ ™ B/INERUEAC AT A0 A AF 5T 5 420 il Western blot J5 38 31F Adrala 7E LPS FI¥ T 92 fL 50, SR A CCK-8
qRT-PCR Western blot 55258 75 1 B0 R M8 & % si-Adrala XF Lop™ ™ /N U B JF 200 M9 A4 48 RE B2 AT 106 3R A0 05 15
M., R 1ELPS HIBT Lop™ /N IRACHT A0 Adrala 85 (1355 B THE (P<0. 01) , T B A4 BV A B 35784k
08 0 R s B 2 K 40 2 04 20 MDA 2 B 3 TR (P<0. 01, P<0. 05) 5 M1 3 R M B2 2H % si-Adrala 2019 TNF-o IL-
1B A Bl FRIB T 0 10 2 FRAI (P<0. O1) , 5 20 M 43 95 B 4 i AH DG (19 2 11 p-p38 . p-ERK , p-INK 11938 ik i 1 Wb 25 %
R (P<0.01), i LPS 43 Lbp™ /NRUFEACT ARG Adrala Fik F3  RAES S N7 LA, @ IRMEEE 5 si-
Adrala $5 5 PEFRAL Adrala F3K)5 M LPS AHICH Lop™ ™ /N BRUFAR 40 93 58 PR 7 B 2 T F, T S8 TE AR LBP -3
Adrala 7£ LPS W5 RIE AT Th 2 5 [0,

[R@E] B EREZR ol A BISZ U Lop™ /NG BRI  URIKI ; T3 RNA ; MAPK {553 %
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[ Abstract )
primary hepatocytes of lipopolysaccharide-binding protein knockout ( Lbp”~) mice. Methods

Objective To explore the role of Adrala in regulating the LPS-induced inflammation response in
Primary hepatocytes were
extracted from WT and Lbp™~ mice using a two-step perfusion method, and an inflammation model was established using
LPS induction. Expression of Adrala in primary hepatocytes of Lbp~~ mice was suppressed by administering the inhibitor
prazosin and transfection with si-Adrala. The cells were divided into three groups under inhibitor conditions: control group
A, LPS group A, and prazosin group. For siRNA transfection, cells were also divided into groups: control group B, LPS
group B, si-NC group, and si-Adrala group. WT primary hepatocytes were divided into two groups: control group ( blank)
and LPS group (12 h stimulation). Changes in the Adrala response to LPS stimulation were verified by Western blot.
Other method ologies, such as CCK-8, qRT-PCR, and Western blot assays, were used to confirm improvements in cell
inflammation and the survival rate by prazosin and si-Adrala. Results Significant elevation in Adrala protein expression
in Lbp™'~ primary hepatocytes was observed post-LPS stimulation ( P<0.01) , whereas no notable change was found in the
wildtype. A remarkable increase in the cell survival rate was noted in prazosin and si-Adrala groups ( P<0.01, P<0.05).
Furthermore, prazosin and si-Adrala groups exhibited significantly reduced expression of proinflammatory factors TNF-o
and IL-1B (P<0.01), p-p38, p-ERK, and p-JNK (P<0.01), which are associated with cell damage and inflammation.
Conclusions Following LPS stimulation, upregulation of Adrala and proinflammatory cytokine expression was observed in
Lbp™~ primary hepatocytes. Specific downregulation of Adrala expression using prazosin and si-Adrala significantly
decreased LPS-induced proinflammatory cytokines in Lbp™~ primary hepatocytes. Adrala is implicated in the regulation of
the LPS-induced inflammation response in primary hepatocytes of Lbp™~ mice.

[ Keywords] Adrala; Lbp™™ mice; primary hepatocytes; prazosin; RNAi; MAPK signaling pathway
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Jig 2 M (lipopolysaccharide , LPS ) J& &% % [ B 4
RN I 35 B2 AR Ry I AR £ B A S
(lipopolysaccharide-binding protein, LBP ) J& 7E JIf- 4l
I A= R 58 kDa HOBEREALEE 1, FORC7E 2
FUBCIRAS R 24 LPS #E A EJ5 , 1 56bk LBP i1
ST 5 LBP-LPS™ S & WiHs LPS 4 44
CD14 3% T >k 5 41 M 22 1 Toll M52 4K 15 8 731k K]
F 2 (myeloid differentiation protein-2, MD2) ol
BESES RN, AUTFIER LBP #9 i k a]
DA R0 Hy LPS 03805 RS 8T 4 M e 458 43 , A1
RIEHFHIRIED, SeniwrsE R W, 76 Lbp™™ /MR
VEST LPS Ji A8 58 AE 7245 B AT R0 2% fifk 1 [ I L
S S EN BT W AR B i s LA
Lbp™ /N BUGACH 200 B R BF 5 06 SR e S0 0iE 7 145 55
K I 21K 1a &I (Agtrla angiotensin Il receptor,
type la, Agtrla)%%T LPS %%E‘J%‘Iﬁf?@,f@ﬁﬁ
P si-Agtrla R PEFEAG Agtrla A9 F IR IT
AR5E AW LPS 355 A S8 AE S, H AT K 40 495 Y
REARAR B Red e R FRAT T4 I LPS %1%
SAE Lbp™ R TSR LB AR R AR, H e, AR
WHFE AR Lop™ /I BUSAUIT4i g v HA LPS {55
1A, A AR M Im K EIRYT 22 IR R 51 &
RPLIR B i i fe t—E 2%

B R R Z AR ol A B 3Z{K (adrenoceptor alpha

1A, Adrala) g Hrh—Fh G 8 FEERSZ K, B080E 5
M Gq & AR RN, BE IS 5 |8 AR OC 240 i
O™ ol A1 IR R B2 AR AL DL RE G5 4 4l
it 5 2H 20 B 1 1 22 24 D 0 4B 2R I (mitogen activated
protein kinases, MAPK) J# a5 72 S , (W) BF X 24 fi
PR SIS R MAPK {55 55 C-Jun N-
A Vi i B ( c-Jun N-terminal kinase, JNK) | 4 fifd 4
8K H B (extracellular regulated protein kinases,
ERK) 55 p38 22 %4 J5i 1% {5 111 ( p38 MAP kinase,
p38MAPK ) I % , %F 24 ML (4 L 245 5, SR |
SRR KT R T AT S E DY A R
SEWFICUESCAE S SC B0, ol B R EE SZ AR 3 4]
FR R ek g EL A 410 S 1 A A | 40 PR A R B DT AR L A
PO REAE N . Si-Adrala £EH T4 RNA
S I R A I R R AT P 3R 3k SR 34 AR A
FH o PRURCAS S 3 400 7] 50 DR 2 75 si-RINA {45 57
PEREAR Adrala 63K, 28 T H LPS F8UW Lop™ /)
Bl i A 4 L 8 0 S

1 #EFFE
1.1 SISz

PEHUE B 5 I SE 5 sh ) B/ A R A Al 1Y
10 HEE4% )y SPF 1) Lbp ™~ Mt 6 R E A 20 ~22
g M/NERL,5 HZE 0k SPF 1Y CSTBL/6J MM 6 JH i
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TR 20~22 ¢ /N[ SCXK (£)2019-0003 ], 5%
5 B TE L AR AR 29 s W vh ot O B PR 916 20
12 h/12 h JRBE(22~25 C) JBEE(55% ~60% ) BIFR
WS AR FR [ SYXK (£)2019-0007 |, Mk BF5E7E
IR 52 5 s 1 vb o0 A8 B A7 5 a5 B0 R kAT
(SYDW20220403-1) , 525 /N FUAR 5 3R JE ] 25 T
NIBEXAR,

1.2 FERLFSNE

LPS ( % [® Sigma-Aldrich 2% &), 15418) ; T4k
RNA (TR BB A W 20 w6 A ) 5 R e e (35 [
Selleck 73wl , S1424 ) ; i % 550 & ( H A% TaKaRa
Z3H], RRO47A ) ; RNA 42 BUR 5 & (35 Omega A
A],R6934-02) ; BCA & ki i 0 & ( g
TAY TRA R A, €503041) ; Lipofectamine ™
RNAIMAX % 4% 35 ( 32 [# Invitrogen 723 Al , 13778 -
150) ;B-WL3h 8 H ( B-actin) . ERK1/2  p-ERK . p38 .
p-p38 . Adrala  [LI=FEHi % —PT( F[E Cohension 23],
CPA9100 ,CPA1944  CPA4924 .CPA7126 . CPA5055 .
CPA7096 ,CSA1036) ; JNK  p-JNK ( 3£ [E CST 2], #
9252 #9251) ,

o 38 T — 38 1 AR (32 B SpectraMax /A A,
RS i3x) 18] B WU (18 ZEISS A W], Bl
382011386) ; Hifm R L RO R 5 (£ H
Bio-Rad /A 7, % 5. BR17952) ; 40 Mg % 37 46 (1 [
Thermo 23 A, B 5. 1160) ; LightCycle 480 I 52 B} %¢
Y62 PCR X (5 Thermo 23 ), %15 ; Light Cycle
48011 ) ; A H AL UK ER i R 48 ( L 18 Bio-Rad 24 ], Al
5 :Mini protean) ,

1.3 ZWHE
131 DV B 85 % /N BRI 41 i 2 41
il 0878

Xt /N BRSEHRR R, o8 759% £ s o B 1A 31
BEIPTEIRAE G L IEE B IR AT IF 4% B8 & A6 A
T HEERK OB 15 mL JCESHE IR R LA 20 mL/min 3
A/ NEUARN , Z 5 0.5 o/L Y& 55 e J5 i IV
BRI, Y I A B R ) 22 Ak BR R D45 1k 7
RS54y B FIE AR F5 L PBS U134,
JA 15 mL #rfit HDMEM 58 @85 35 3 FHE /N0
PR EL I, 20 18 4R U HE R 0T 40 TR R
FH 200 H 20 1t ) 5 ok, W SR DB, FH 4 °C 50 v/
min % 3B AN VR B 3 min, 3 L, A 3
W BEE H 40% percoll #4755 BERRE B0, 4 C 550
r/min Z.0 10 min LIRS AN, Fobi B INA

e A 57 TR 5T, & W W e €5 75 20 MR, i
ANMATIE RAKT 80% )5 , HEAT G S5 8, ) FH IR me
WREE A 43 S % FRZH A (2SI XFIE) (LPS 4H A
(LPS HJ#% 12 h) WRPEIZEZ (DRIEIZE T 1 h J5 A
LPS B3 12 h) 554 siRNA BolE 40 41, 45 Xt
WAL B( 25 AN IR) L si-NC 4 (si-NC T3 12 h J5 1
HnA LPS 43 12 h) \LPS 20 B(LPS #li# 12 h) si-
Adrala # (si-Adrala T4 12 h J5#EMA LPS J#
12 h) ; WT /N S A 200 Jit 0 4 Ay 79 2 435310 A %o
WAL (2 FAXTIE) (LPS 41 (LPS HI3 12 h) , /4l 7
i =2 G

1.3.2  LPS HilJH0ke) A S A A

X /IS B AR 4 M 9 #5 LPS 2 WRME R AT | si-
NC 4 si-Adrala 4 H A LPS fifi Ak B4 10
we/mL, Bl 12 h 5 PSS 22555
1.3.3  WRMEIE b B AR 4t i

BN BUEAR 40, 72 70% 20 i3 48 T 7~ fL
A, X 0 ] ) R e i 2 v Jn A R s R ol L 2 ok B
0.05 wmol/L, 1 h J5 ¥ LPS fil A, fdfi ¢ Ji&F B 2% 3k 5|
10 wg/mL, 285t 12 h fil3)E W= H .

1.3.4 40kt

TEJFACHT 40 M Y si-NC 41 si-Adrala 2H 0 A
TP RNA i L B A 50 nmol/L, £84 12 h #5Y%
Ja B LPS I A H i HGE R 10 pg/mL B2
BE X AR T IS, £, si-Adrala (¥R ) 751 K
CCTTCAAGATCAGCTACTA, iF [i] . 5’ -CCUUCA
AGAUCAGCUACUA-3 ; JZ 1]} 5’ -UAGUAGCU
GAUCUUGAAGG-3’ .

1.3.5  SERZOEE 5 R A BEE RN (qRT-PCR) £
WA & mRNA 357K F

S 5 Ot i A Bl A N (qRT-PCR) X
Adrala . B-actin,IL-1B ., TNF-a mRNA e KT
K, A TRIzol 75 $2 OB 41 i & RNA 442 e
W SR B, Al cDNA SR 5 LA cDNA SH AR
it H AR LR 0 3 DR 4 A B, S 0L 4 AR 43 AT A il
A TCARRE AR 1S B B-actin fEN NS,
A A 270 IR T A R R IR BT
W#E 1,

1.3.6 CCK-8 Kl 4n a7 i %

15 96 FLAR 42 Fh 41 i (B AL 1x10° S4Hif) |
BHBEASL 44, BETH 5% CO, MUMR;F= 46+
T8 37 CHAMFTF RS, M7 S T4 RNA AL 358 241
W) 48 F) 10 weg/mL (9 LPS % LPS 25  WR Wk R4 |
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%1 qRT-PCR 5¥F%
Table 1 qRT-PCR primer sequences

H Wl ERFH(S-3") JIEFI(5°-3")

Gene Specie Forward primer (5’ -3") Reverse primer (5’ -3")
Adrala Mice CTAAGGCCATTCTACTTGGGGT CGAGTGCAGATGCCGATGA
B-actin Mice GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT

IL-1B Mice GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
TNF-« Mice CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG

THAMMITT 12 h BRI, M AfLImA 10 pL
Cell Counting Kit-8, B/ A, 4L FREFRAE P R 57
1 ~4 h, B B AR AR OO BE | 1 B A i il 2,
TR MA7 G %
1.3.7 Western blot f:AH G H 1) 23K 1
PEPURACHT AN S A 1, BCA B e AR
BRI PR AR, WY 25 ng A
mn AT SDS-PAGE HLYk , FI) 2 5% 15 & HL it 0. 2
AR 15V 56 B5ERF 8] 9 min, FHEHMAIRAE 37 C
£}P PVDF J 2 h;—4 B-actin(1 : 500~1 : 1000) .
Adrala ERK | p-ERK p38 ., p-p38. JNK, p-JNK (1 :
500) & T 4 CHM FIEE R, IXTBST 47 3 i i
PE, 1 W 15 ming MR HT ZHT (1 2 3000 ~ 1 :
5000) , & F 37 C %M Filf4T 2 h #EE, IXTBST
PE 33,1 YK 15 min; i i ECL &G A g | LA
B-actin fE A N Z 8 H, FIH Imagelab 43 #7285 H 5%
i TR R R AR R A

1.4 SiFEFRE

SRS B B R 22 (w25 ) 3R, TR H]
Graphpad 8. 4. 2 AT 4 it 22 007, Bl e 14
[E] 9 79 LR« A3 795 IAl P<0. 05 257 A 50
R
2 #R

2.1 LBP ZEAKRRIER

Western blot S5 255 W oR , Lop™ ™ /I BRURAC T
YL LBP 2R A A RIB(E 1),
2.2 Adrala EARIETHER

e 2A , FE B AR /N U240 i v 55 0] BR 4

B ST AniE T LBP & ikt

Figure 1 Expression of LBP protein in primary hepatocytes

TSR A FHR, ™ P<0. 01; SURMRIERZ Fi, # P<0.01; SXFIRZL B HedE, “P<0.01; 5 si-Adrala 41 10#, ¥ P<0. 001,
2 LPS HBAMGI A TG Adrala B HIFRIA (L

Note. Compared with the control group A, “ P<0.01. Compared with the prazosin group, *P<0.01. Compared with the control group B, ~P<0. 01.

Compared with the si-Adrala group, ¥*¥P<0.001.

Figure 2 Changes in the expression of Adrala protein after LPS stimulation and inhibition and interference
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FHLE,LPS 21 Adrala #513RiA 8 0 0 & 25 5 (P>
0.05) ;M AE Lbp™ ™ /I BRUE AR 40 i b 5 %5 BE 20 AH
o, LPS IR R A= B 3% F+ i (P<0.01) , AR
W R i L 1 858 i il & PR IR ( P<0. 01) , L&l 2B;
JNA si-Adrala J&5 8 F Rk & 2 & FFER(P<0.001) ,
m§l 2c,
2.3 T8 Adrala RiEXT 4 AETE R Z A R0

H CCK-8 253 Al i1, X bb LPS 21, Wik s 1 25 44
MIAFTE R B3 T (P<0.01) , Kl 3A ;si-Adrala 20
i AF I R A B A (P<0. 05) , 4Nkl 3B,
2.4 T Adrala RiAEXf &K E EF TNF-o, IL-1B
Eap=Al

16 LPS (3R, Lbp™ ™ /5 BUFAC T 40 i 58 5iE

. SURPRIEA LR, #P<0.01; 5 si-Adrala 2H 3, $P<0.05,

R 72 R 1 T T AR R IER )5 TNF-o IL-1B A
FIREWA R E TR (P<0.01,P<0.001),
4A 4B, X Adrala #1475, TNF-o  IL-1B &3k
B E PR (P<0. 001, P<0.01) , 41 4C 4D,
2.5 T Adrala ®iZ3 MAPK S EKHEXE
B RIZRIF N

7 LPS HF4F , ERK \JNK p38 & IR L&
T+ (P<0. 01, P<0.001, P<0.001) , I A WR W 12
4 Adrala F35)5 INK ERK p38 25 FABEAR 1L o &
PR (P<0.01,P<0.001,P<0.001), {1 [& 5A ~
5C, Mi%E Y si-Adrala T 1% Adrala k)5, INK |
ERK ,p38 £& FIBEIR 1k 2 3 M F#AIK ( P<0. 001) , W[
5D~5F,

B3 il Adrala F3EXF Lop™ /N RUSACTFAHRAE TG F2 10 52 00

Note. Compared with the prazosin group, ™ P<0.01. Compared with the si-Adrala group, ¥ P<0. 05.

Figure 3 Effect of inhibition of Adrala expression on primary hepatocytes viability in Lbp™~ mice

L S URMERZ AT, * P<0.01, #¥P<0.001; 5 si-Adrala 2 AT, $8P<0.01, ¥ P<0. 001,
B4 #H Adrala k04540 RIFEACIF AN TNF-o F1 TL-18 195210

Note. Compared with the prazosin group, " P<0.01, " P<0.001. Compared with the si-Adrala group, ¥¥P<0.01, ¥**P<0.001.

Figure 4 Inhibition of Adrala expression on TNF-a and IL-1f in primary hepatocytes of mice
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. SRR A AR, ™ P<0.01, ™ P<0.001; 50RMEZ 5, ™ P<0.01, ™ P<0.001; 5% 40 B L4, ~P<0.001, ~ P<0.0001; 5

si-Adrala 40 2, “**P<0. 001,

B 5 40 Adrala Fkx 441N EUSHTAME p-ERK  p-P38  p-JNK £ I 23k 1 521
Note. A, Compared with the control group A, ™ P<0.01, “*P<0.001. Compared with the prazosin group, *P<0.01, * P<0.001. Compared

with the control group B, 7 P<0.001, "~ P<0.0001. Compared with the si-Adrala group, **¥P<0.001.

Figure 5 Inhibition of Adrala expression on the protein expression of p-ERK, p-P38, p-JNK in primary hepatocytes of

3 itig

LPS JE7E R ZH0E == [CH I R A S AN
R IRO)—FPREIE BB 09 AR 2 1, BT L5 ] ko
FUI G B I, FF VB A i T R e Y R
S LBP AR AR B 1 KAk E A,
LPS Hl3 {55t LBP Ml CD14 & &% 5 % 3| TLR4-
MD-2 DA fish % 46 PR 40 M IR F- i B, e E A T
FOMFRAE . 7R M5 K A s e P BURAE T, 3 et
Sy SR AR T HL S Oy 2 14

(EFAERREAE K A I 52 5085 O 7™ B, B9 e L AR
TP BB EANEIT 5 | 25 W) 8 o™ B AR AE T BN
JFFAR AR 50 7E — TG R 46 Pt LBP AR S B
IR ICYIRE X o fE T A L LB A ARG P 4
B P JRE R EEAE , ] LBP 7] LIVE Ry —Fp A Wb
AEWIRSIWT RII REERE S, I PR L i
THIERNIRTT RZHCR YT R )7k 8 A arE
FrIUR T s R iy T T A 3R AR T 24
P, F A PR b R REAE i G % 4 RUR T F B, 8
Festgestt T LBP VRN EE —MMEH LPS 55
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HIFE 1, Song SIS T LBP R o R R Y | 3 o
5IEH KX, LPS 45254 LBP @R KB, HAH
KRAE T B FEAL, I HF R 5%, A
BT R, LBP F IR /I B IV 5k = 88 N
LBP  EEA | ik fE RS LPS % #8 5) CD14, JF H.
AR TR LPS M RAVE RN, AR N ST LPS
(R AR R LBP (5 b /N BRI 2R R TNF -0 7KSF- %A
BEZES  RWNGEE—FS LBP A G 20N &
PURIHEAT T RIAEMH S ML 50 Ik, LBP @Bk /I
FUATAERSE LPS A AR M AR 5 ni 2 HL i 42 AL A
FEIEA

Adrala & G # HBELZ A (GPCR) Z—"" | [A]
B SCAE g IF At e b R IR R 2k, B R R
BT Gq/11, NIRRT, MR M3 4 R 58
L5 R R 13 20 5 R A S B, % nT (R A5 AT
MM A o -AR TR, o, -AR B AT F
ERK/ MAPK 52 £k 1) 800 , M5 040 i H 4%
P& A ARERUN % . W, o, -AR $5 441 PC12
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(PHEBERIR2EE M E B TR, AFK)E 050011)

[{BE] HH T LIMKIL X E 5 (cervical cancer) BER M, F7iE M LIMK1 i3 %35 N E i
HeLa ZMfid 52 C-33A 400, % HeLa 404 Fh T2 BUL T, WM IRE AR LI L Western blot S5 5646 I 279 44 40 fifg A
NOX2 ,NOX4 ,p-Src ,p-RUNX3 RUNX3 L) K MMP-9 #5 1 3R IAH AL ;4% LIMK1 i 323k HeLa 4 ffl % LIMK1 #3335 C-
3BA LRGSR T 5% O, 40 F, FHMABLEALH], UL Western blot SZEG A 4 il Py LIMK1 . NOX4 p-Src . p-RUNX3 |
RUNX3 L} MMP-9 & £ X150, LIRIIR SL50 A AN TR BE J1 , LA Transwell SC 564G 241 i B A2 Z2 58 1, LA
P TT AT SEIG A AR NI ST, R RN LIMKI it 3535 HeLa 20 0 A9 20 B9 (A AR W] B 4% K, 3L NOX2
NOX4 p-Src .p-RUNX3 DA Jz MMP-9 25 4 7155, i RUNX3 25 A 25 AR ; LIMK1 5 #3589 HeLa 4iiff] LIMK1 \NOX4
p-Sre .p-RUNX3 LA K MMP-9 & (%5 TH R, RUNX3 IR B, R LIMK1 3333519 HeLa 408 & LIMK1 333
ik C-33A 4UARAYTER A4 ZE RE 1 DL K 40 i 348 58 BE ) 384 9, W A B AL R, 40 i) NOX4 | p-Sre, p-RUNX3,
RUNX3 DL K MMP-9 2 [ 357K - DL K AL B (228 FIMGFERE 1 5 LIMKL IEH R AM TR EE R, &L
LIMK]1 3#33 {2 i ROS/Sre i J 375 1 {2 5 B S0 A0 191558 (R 22 RSFERE ) (R ik T B BUs ny ik &

[£4#i8] LIMKI1;ROS;Src; B i ; RUNX3
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LIMKI1 promotes the progression of cervical cancer by up-regulating
the ROS/Src pathway

JIA Yajing, DU Naiyi, ZHAO Wei, LI Yongping, LIU Yakun”
( Department of Gynecology, the Fourth Hospital of Hebei Medical University, Shijiazhuang 050011, China)

[ Abstract]  Objective To explore the effect of LIMK1 on the progression of cervical cancer ( CC). Methods
Hel.a and C-33A human cervical cancer cells overexpressing LIMK1 were established and injected subcutaneously into nude
mice. The tumor volume was measured and expression of NOX2, NOX4, p-Src, p-RUNX3, RUNX3, and MMP-9 proteins
in tumor cells was detected by Western blot assays. LIMK1-overexpressing HelLa and C-33A cells were cultured in 5% O,
with antioxidants. The protein expression of LIMK1, NOX4, p-Src, p-RUNX3, RUNX3 and MMP-9 in the cells was
detected by Western blot assays. Cell migration was assessed by a scratch assay. Transwell assays were used to assess cell

migration and invasion. A monoclonal proliferation assay was used to assess cell proliferation. Results The tumor volume

[EERINT ] BT (1989—) , L, Wi+ W5 7 1) 1B, E-mail : 15200033060@ 163. com
[EE1ES XA (1981—) , 2, Bt BF 5507 1) . IERHIRE . E-mail : liuyk_syky@ 163. com



o P A PR 275 2024 4E 5 A5 34 #4555 ] Chin J Comp Med, May 2024, Vol. 34,No. 5 93

in nude mice injected with LIMK1-overexpressing Hela cells was increased significantly, and NOX2, NOX4, p-Src, p-
RUNX3 and MMP-9 protein levels were increased, while RUNX3 protein expression was decreased. In LIMKI-
overexpressing Hel.a and C-33A cells, the protein expression of LIMK1, NOX4, p-Src, p-RUNX3, and MMP-9 was

increased, RUNX3 protein expression was decreased, and cell migration, invasion, and proliferation were increased.

However, after adding antioxidants, the expression levels of NOX4, p-Src, p-RUNX3, RUNX3 and MMP-9 proteins, and

cell migration, invasion, and proliferation were not different from those of control cells. Conclusions LIMK1 promotes the

progression of cervical cancer by enhancing the ROS/Src pathway, thereby promoting the migration, invasion, and

proliferation of cervical cancer cells.
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LIMK1; ROS; Src; cervical cancer; RUNX3
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"B T (cervical cancer, CC)YE RS =
KH WLARAE | B8N & e v E R A e ST i
BRENY ) kAR BT 27 7 A CC i 56
7= FEHE BB A KRR IPET R
FHEaH X — SR R e R B R cC
(0 T G A AE HPV e BRI AR R 43
W) K3k 2 25 1 i A S FARFBOT AR 2 A
7 CC M EE 7k, (H i BT i B 55 B8 Fn & & AT
JEIGRIAYT RO ME ) IR ST cC A& SR ML
YHAYF CC HA AR HEMIEM,

T CC W) KA & it A vh, 4t v i ROS 227+
50 ROS 2 41 A I I A I =9, ROS 38 N Bl
FAEsE IR gt " . AT & B, i P9 B ROS
2ok Sre FYIE AL T Sre 207 T 40 A v i Ji g
AN HS 5 TR ER T8 T
ARERFHJLAME SR AR ERY, Sre B9
BAEHET ce KRN

LIM Z5 #3808 1 ( LIMK1 ) & —#J& T LIM
it AR R B R AR LIMKL 2524
Y R, 5] 4 40 6 R 4 4 T A N i 22 o0 b
AEUST L LIMK BB R Ak 2 412 2R 9 40 M %) 3 5 R 3
BT A RFSE & B, LIMKL 78 CC b i 3 b,
HEBEWNBG A RA KL HILHLH A 5E 2
% ARBFIEETHBFSE LIMK1 % CC B9/E RIMLE

1 #FRFFxE

1.1 SEIHM
L1183y

12 B SPF % BALB/c¢ A-nu MEM#EER,6~8 &
W% AR (20+2) g, W [ 1] R 7 5 DU A= R 4y
F PR FI[ SCXK () 2020-0005 ], 4735 Tl db 4
NEEREshHrha0 [ SYXK (3E)2020-005 ], FFA 3h
Yy S0 347 38 2ok YT b B R R 2 5 DU = B S o 2 ) il

FH 545 2% 51 234 1E ( Approval No. TACUC-4th Hos
Hebmu-2023061022) , J1-4% 5256 sh 4 i F 9 3R 50
BT NERIF,
1.1.2  4Hff

N E % HeLa 401 5 (CL-0101) S C-33A 4
M Z (CL-0045) W [ &0 3 98 A& i B H A R
NI
1.2 FEKFSUEE
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(50303ES05) W F 22 2 A Wk (1) Iy A FR 2
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YL 38 = KA YR A R 2 Al NOX2 Bt &
(abh310337) . NOX4 #i1A& (ab154244) | p-Sre Hi 1A
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A (ah224641) MMP-9 $ifA (ab76003) \LIMKI1 Hiik
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B ] 18 255 B (NW2000) 1 3 |15 28 58K
TR BHE A A b2 BB U A (E1600) 1 [ 1 i
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JKZ S5 (Z1Q7000TOC) 1 [ Millipore FH 23]
1.3 EWHE
1.3, 1 RREUMR R

¥ HeLa 4MIE LA 10% 545 117 . 100 U/L
HER RN DEME ¥ 3R KR 9% 24 h )5, 6l 3 6 FLAR
R R K E 2 x10°/4L, % 8.0 pg JFORL
PIRES2-EG-FP-LIMK1 X Opti-MEM B¢ % 250 plL,
FHL 10 wL Lipofectamine 3000 DA Opti-MEM Fi B &
250 pL, W FHIRA  IFRIRA R IE 6 h 5 ik
FEWH & 10% I35 H9 Opti-MEM , 48 h J K 41 it 1%
R, Bifi 5 975 16 BH 1k 92 5 HeLa 20 M0 % 7 [ BH 1 19
HeLa 4 DA N 158 07 XS AR B I RTE
B EEAR B T B 1 B0, -0t g AR R, 7 d
JE AL FE /N BRI BUHE i R 21 2 D) R AT S 2 S
LIMK1 5 %3k HeLa 40 il 1 #R B 0 A 58 21, 42 Fh
LIMK1 1F% %35 HeLa 20045 BOMAR UL
1.3.2 LIMKI jd %k Ak
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GGGGCATCATCAAGAGCA-3 7, R 5 -
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I IF G 2 IM109 JBAZ 540, AL Belll Fl Sall ¢
TA STl FRL LA M2 pIRES2-EGFP 347 VI, Fifi J5 Ha,
VKIE WIS LIMKT F Bz, 3K FH T4 DNA ligase #4 1l
Wi B S AR
1.3.3 Hela 405 C-33A 452 5 ik

¥ HelLa 4L S C-33A 41T 5% 0, &A% T 55
FT & 10% 064 13% 100 U/L /4% % i) DEME
Regawoh  fE LA 1. 3.1 o 0 ST LIMK 5 ik
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FEH 2 MIAR HE AL BT 0 a 4 (IR K35 LIMKI,
LIMK1 NC) .b 20 (i3 %35 LIMK1,LIMKI OE) ¢ 4
(FEF & i A NAC, LIMK1 NC+NAC) A K d 41
(i Fik LIMK1 HE: 3239 A NAC, LIMK1 OE+
NAC) .
1.3.4 Western blot 35

R UM R AT OIS e B S &4
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SDS-AGE ¥4 e X 85 [T 43 85, 4y B 45 ol )5
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GAPDH Fil& i A X PVDF % b 7F 4 °C &4 F it
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H Hela 20 S C-33A AffIL) 5. 0x10° /FLZFP
F 6 FLAIT B TR FR 40 B 5%, FR AR AR, DL 10
L AR Sk 7 55 0 RS- 1 A L 5 R AT A TR
L PBS XKL S5 0 4 LA T3 Uk, B 3 T A 4 B ik
AT BRIE AT ML 15 5% 5, 1 e F FLiA 55 246
i 3E 76 0 h UK 48 h IHURE A R AEAY
1.3.6 Transwell Z£56

RIHREAE-20 C Z5F T IRFEHY Matrigel i
T4 COKFA PR AL, IFAE SC B ER 5 e il v
Ko 32 3 3t 17 %5 B, 7E Transwell /NZE F 4 80 pL
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K% 24 h )5 BRALINA B AR A 2 30 min, [E5E
J& LA PBS 1538, T VRS B ALINA 1 mL 0. 5%%5 i %
VWYL A5 ,30 min J5 L PBS W VEIFBR T, WEIFT
5 H ) R 0 ) AT g
1.3.7 BLogREsfsE L

24 HeLa 20l K2 C-33A 40ME7E 6 FLAR HPIC A
IKF] 90% I, X HAEA TR B A6 LA 1200 1/min 4%
PRI T B L B OB R S min, SEEANIEYITE
JE VB K LA M Tk FE PR 2L 1. 0% 10° /4L, R 200
WL A VR T L R 40 i 15 F2 W 2 6 mL,
SN AR A UG A G IR 2 B, BRI AR AT
W sEREZ T 50 A0, 35 L85 3R B 91 DL PBS X 3L
AT 3 IEVE, 5 BFLIMA 5 mL H Bl L
15 min JGF- 2 @B PBS XF Hitk A7 3 Uid k.
FEFLINA 5 0 5% Y Vi e £5, 20 min Ji5 LAK T 2 5F
T4
1.4 SHitEHE

ARWFSE A LR ¥ E A 3 K, T S it
SPSS 23.0 #4773 Hr, 111 Bk DLV 4 B bk o 2
(x£s) R R ¢ K80 73 Hr i [H] 22 5%, P<0. 05
INHZERBEAGIEE XL,

2 #R

2.1 BERMEEKER
BRh LIMK1 353 3515 HeLa 40 i 2R B33 {4 F1
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KFHF LIMKL 1E % % ik Hela 41 A HE R (P<
0.05), WIE 1,1688 LIMKI f£¥E T CC iR R,
2.2 BEMEELELKRNER

Western blot 53 /R, #2 LIMK1 1233k Hela
20 A ) B B R 4 20 NOX2, NOX4., p-Sre, p-
RUNX3 f MMP-9 # [ 3Rk 5 THF LIMKL 1F# &
ik Hela AR BL(P<0.05) , 1fif RUNX3 & %35

T 4% LIMKI 1E % 35 HeLa 401 B9 #R BL (P <
0.035), VL&l 2, P8 LIMK1 5# 3237 ROS/ Sre i f& i
e T RUNX3 AR AL7KT-LA S MMP-9 3Rk
2.3 HeLa flEHKNER

Western blot S5 455 g 78, b 4 Hela 4 L1
LIMK1 NOX4 . p-Src .p-RUNX3 LA}z MMP-9 & 4%
K Tatl(P<0.05), M RUNX3EE £k K Ta

TE A BRI B0 s B AR UMM R TR GE 18 . SHFSC4EAA L, ™ P<0. 01,
B BREE R O

Note. A. Tumor growth in nude mice. B. Statistical diagram of tumor volume in nude mice. Compared with study group , ™ P<0.01.

Figure 1 Tumor growth in nude mice

AR Western blot SZE G Il NOX2 NOX4 ,p-Src . p-RUNX3 . RUNX3 LA K& MMP-9 25 [ 45 5 ; B 4541 # fl Western blot S5
Kl NOX2 NOX4 ,p-Sre ,p-RUNX3 . RUNX3 LI K MMP-9 & H3RIE 4R G0, SHFE4AMHL, ™ P<0.01,

B2 #EE AU AR A5 R
Note. A, Western blot assay results of NOX2, NOX4, p-Src, p-RUNX3, RUNX3, and MMP-9 protein in each group of nude mice. B,
Statistical diagrams of Western blot analysis of NOX2, NOX4, p-Src, p-RUNX3, RUNX3, and MMP-9 protein expression results in each

group of nude mice. Compared with study group, ™ P<0.01.

Figure 2 Tumor tissue protein detection results in nude mice
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41 (P<0.05) ;c 41 HeLa 4l LIMK1 F R IALT  #Ff 42 #F T RUNX3 /9 8 #2 1k K 7 & MMP-9 1)
d 4 (P<0.05),1H ¢ 41 HeLa 40 NOX4 p-Src.p-  £ik,

RUNX3 A}z MMP-9 HE 1Rk 5 d 4L E % (P> 2.4 HeLa 4H8F C-33A fAREXIRLEER
0.05), WIK 3, UM LIMKI1 i# it {2 #F ROS/Sre 18 1% ULIE 4 IR SCIR A5 SR B 76 0 h B, 454

1 : A 4540 HeLa #l il Western blot SZ8646 I LIMK1 NOX4 p-Src . p-RUNX3 ,RUNX3 Ll K MMP-9 25 45 5 B 454 HeLa ZH
Western blot SZE 5] LIMK1 NOX4 ,p-Src .p-RUNX3 RUNX3 L) Kz MMP-9 25 H R AZE R G HE , 5 a A, ™ P<0.01;5 ¢
AL, " P<0.01,

B 3 HeLa 4ilfifd #5 FHAG I 245 S
Note. A, Results of LIMK1, NOX4, p-Src, p-RUNX3, RUNX3, and MMP-9 protein detected by Western blot assay in HeLa cells in
each group. B, Statistical diagrams of the protein expression results of LIMK1, NOX4, p-Src, p-RUNX3, RUNX3, and MMP-9
detected by Western blot assay in HeLa cells in each group. Compared with group a, ** P<0.01. Compared with group ¢, *P<0.01.

Figure 3 Hela cells protein detection results

A 452 HeLa 401 &% C-33A ZRMIRIRSZHGEE M B 44 HeLa 41 & C-33A AARIIE RIPESE 1115, HeLa 435 a 41AHIL, ™ P<
0.01;C-33A 4L 5 a 414 L, ““P<0.01,
4 Hela #ififi & C-33A 40 RIIR L5045
Note. A, Results of cell scratch assay of HeLa cells and C-33A cells in each group. B, Statistical diagrams of scratch spacing of HeLa cells and
C-33A cells in each group. Hela cell compared with group a, ** P<0.05. C-33A cell compared with group a, “P<0. 05.
Figure 4 Cell scratch assay results of Hel.a cells and C-33A cells
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A d AR R R B I 5, WK 5, Ui

LIMK1 {23 T HeLa 409}z C-33A 4ii i i) 1L 5% iz

ZEHe T,
2.6 HeLa B K C-33A 40P 24 55 P 1 78 SC 16
#£R

AT SIS 45 R B R a 2H HeLa 4 % C-
33A A A IGFEEC HARF b 41, 100 ¢ 1R d 4140
o s K H E 22 5, W 6, Ui LIMK1 {2 #F T
HeLa 20 % C-33A ZHIIEHEHE )T .

A4 Hela 4 22 C-33A 400 Transwell SE5 45 B 454H HeLa 0 52 C-33A 40 F5 A 2280 H Gt i1 Bl . Hela 4Hffl 5 a 4H4H

e, ™ P<0.01;C-33A 4ilfl 5 a AL, ““P<0.01,

B 5 Hela 4fff )2 C-33A ZHiI Transwell SZH4% 5

Note. A, Transwell experiment results of Hela cells and C-33A cells in each group. B, Statistical diagrams of migration and invasion number of

Hel.a cells and C-33A cells in each group. HeLa cell compared with group a, ** P<0.01. C-33A cell compared with group a, ¥P<0.01.

Figure 5 Transwell experiment results of Hel.a cells and C-33A cells

TE: A %4 HeLa 2150 o BERY 5 2R 25 R BB SE T IE] B 4520 C-33A 4H MY B4 se B3 FH S IR 25 R B B 4811, Hela 0/ 5

a fHAAL, * P<0.01;C-33A 415 a ZHAHLL, Y“P<0.01,

B 6 Hela UM% C-33A 21 7 B 1058 SLH6 45

Note. A, Results of monoclonal proliferation assay of HeLa cells and statistical diagram of HeLa cell proliferation in each group. B,

Results of monoclonal proliferation assay of C-33A cells and statistical diagram of C-33A cell proliferation in each group. HeLa cell

compared with group a, ** P<0.01. C-33A cell compared with group a, ¥P<0.01.
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Characteristics and innovations in education of laboratory animal science
in Traditional Chinese Medicine Colleges and Universities

ZHANG Min'* , LIU Yanyun®, GU Xin®, TIAN Daizhi', YANG Yang'
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2. School of Basic Medical Sciences, Hubei University of Chinese Medicine, Wuhan 430065.
3. School of Pharmacy, Hubei University of Chinese Medicine, Wuhan 430065 )

[ Abstract]  Laboratory animal science plays a crucial role in the education and training of medical students. To
ensure effective teaching of laboratory animal science in Chinese medicine institutions, the principles of Chinese medicine
characteristics and innovation should be incorporated. This pedagogical approach aims to enrich traditional cultural literacy
in Chinese medicine and foster the students’ capacities for innovation and ecritical thinking. Daily teaching of laboratory
animal science should encompass various educational aspects, including inheritance, ethics, migration, exploration,
inspiration, and extension education. By integrating these components and emphasizing the intersections of Chinese
medicine with laboratory animal science, important areas, such as animal welfare in Chinese medicine research, the
application of Chinese medicine theories in animal experiments, considerations for animal models in Chinese medicine, and
the selection of experimental animal species, can be addressed. Additionally, this approach guides new research directions
and effectively cultivates the students’ scientific research, innovation, and practical abilities. The primary objective of this

program is to nurture scientific innovation and practical competence among students while prioritizing the superior quality of
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innovative education in the context of Chinese medicine. Such efforts offer a solid foundation to advance traditional medical

practices and nurture a new generation of professionals dedicated to preserving traditional medicine.
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laboratory animal science; Chinese medicine; characteristic education; innovative education
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Extreme animal protectionism and experimental animal welfare ethics

TIAN Xuemei', SACHIKO Kubo®, WU Yingjie*, SU Tao>*
(1. Department of Education, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan 250021, China.
2. Model Animal Institute, Shandong Provincial Hospital Affiliated to Shandong First Medical University, Jinan 250021)

[ Abstract]  Experimental animals as living reagents promote the development of life science and medicine, and
draw public attention to the welfare ethics of experimental animals. Experimental animal welfare ethics is important for
animal protection and plays an important role in protecting the rights and interests of experimental animals and promoting
the rationality and morality of scientific research. However, during the evolution of animal protectionism, some extreme
theories, such as extreme animal protectionism, have also emerged. This article summarizes the main theories of animal
protectionism and the development of animal welfare ethics, and analyzes the main problems of extreme animal
protectionism. This article expounds on the present situation and problems of experimental animal welfare ethics and puts
forward some suggestions to promote the practice of experimental animal welfare ethics to provide references for our
country’ s experimental animal welfare ethics practice and system construction.

[ Keywords] experimental animal welfare; ethical review; animal protectionism; institutional construction
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Table 1 Main viewpoints of animal protectionism theory
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Theory Start Ethical status Attitudes to animals Human and animal relationships
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Animal

compassion theory

ShPEFIE
Animal
welfare theory

e
Animal

liberation theory

SIL LGN
Animal

rights theory

Human ethics
and morality

B/ B
MAFKER

Animals have

complex nerves and
self-awareness

LLghr R & i
Take the animal as
the start

LBl R &
Take the animal as
the start

T H LA

No ethical status

HE —Emm
H L
A certain

ethical status

FA e

A certain

ethical status

5 AN R B 16 3
Hifr

Same ethical

status as humans

EEILY)]
Treat animals with kindness and

oppose wanton cruelty to animals

EHLEL T 3 W, R Bl A
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Rational use of animals and protect

the basic rights of animals
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Oppose any behavior that

harms animals
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Oppose all use of animals

Humans and animals coexist

in harmony
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Protect the reasonable interests of
human and ensure the moral and

emotional appeal to animals
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Mandatory restrictions on human use of
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MIEEF R N5 3 ) 2 R T
TE—ik

Animals and human are regarded as

the same in moral terms
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Table 2 Comparison between experimental animal welfare ethics and extreme animal protectionism

B2 by X1 S M S AR BT PRARIEZ RET PRI S 3 Y
Theory Attitudes to animals Attitudes to human Whether accepted by people Whether protect experimental animals
S % B A oY, RS ) _ - NP
AR DS B o ok pmam AR BE, AT 900
. . . PIALF BHPRARIER SYFEA R
Experimental Rational use animals and . .
. L. Protect human rights to  Accepted by people Laws protect the basic rights and
animal protect the basic rights . o K ) ) .
. K rational use of animals interests of experimental animals
welfare ethics of animals
e s 5 4 £ B PR EZ, I BE R N ;
. _ Vi 1 SHeqr 3 o ’ BARRA VRO BRI, Tk
X A G S A i PR SRR R, Tk
s . o iR eIk
Extreme TH Disregard for Accepted by a minority of o
. . . No scientific and operable, and
animal Oppose all use of animals  human rights people and cause

protectionism

great controversy

cannot protect experimental animals
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Table 3 Regulations on experimental animal welfare ethics

EN WAL MRS HEMAER
Regulations Promulgating agency Numbers Grade of regulation
SEG B LR EZ B ROR T b &

Regulations on the management of
experimental animals

KTERFLE S YR8 R
Guidance on the treatment of

experimental animals

SEER S PR 5T A BE ) 18
Laboratory

animal institutions—

General requirements for quality

and competence

ST AR I A
Laboratory  animal—Guideline  for

ethical review of animal welfare

SLEG B PR K Bt
Laboratory animal— Environment and

housing facilities

S S NTE L TR A8 R
Guideline of assessment for humane

endpoints in animal experiment

SEUG B W) W S8 U7 R A
Ik

Laboratory animal—Methodology for
the review of animal

experimental protocols

e EhY) 2 ARAER
Laboratory animal—Guidelines

for euthanasia

State Scientific and
Technological Commission
State Scientific and

Technological Commission

| 5% o 2 M B A e A 2 )

B RbAELE P 2

General Administration of Quality
Supervision, Inspection and Quarantine
Standardization Administration

FE KO RO A4

I AR AL 2 51 4%

General Administration of Quality
Supervision, Inspection and Quarantine
Standardization Administration

R W B A B A R

B bR PR

General Administration of Quality
Supervision, Inspection and Quarantine
Standardization Administration

FE ZOATE N AT B 4 B D12
National Certification and

Accreditation Administration

EE S TIEIN
Chinese Association for Laboratory

Animal Sciences

EFE SRR Z R &
National Technical Committee for
Standardization of Laboratory Animals

Gkfez [ 1988] No.2

Gkfez [2006] No. 398

GB/T 27416-2014

GB/T 35892-2018

GB-14925-2010

RB/T 173-2018

T/CALAS 52-2018

GB/T 39760-2021

B AT BOE A

State administrative regulations

[ FATBOE M

State administrative regulations

I R b fe

National standards

[ i
National standards

I SR b e

National standards

PR
National standards

Tl A

Industry standards

PN

National standards

SHYPEHAE B A ALE . (3) Shi (e B A il B2
PAT A=A, HATVF 2 M B2 e BB AL 2 i
LT BSR4 2 DR e M Bl ) S A8 B E A
JEE AR B T ] S 56 sl A A A B S B A TR
REGHEA . (It A7 7048 PR Ax 1 B2 SRAT A ™ 4%
(TR EE, VF Z2RHIF N 51068 3l 4y 572 3648 BILHT 25 f) AR
ANBIRL, 20 B TS, J5 R A BRI fd
YA B AR TR, (4) S e L A b
AR, HETR S e e A R IR TS
BT BRI, X T 9256 BEAT A S IR 8 U A9 B AR
AR RIS R 2 B4 AR ST , TG 1B Ml
N GUARFEIRRE RT3 9280, (5) XA E
e, HATER AT S 37 3 SCH g B, A6
MTHEWRTE H 4338 2 B 5256 3 W) 6 12 3
T, 5T S 56 5l ) 4 R A BEAY OF JE R0 A S0 Y

B, HA AR R AT B It 2 R s A
REHESD AR B A= i Bl 2y MR 22 B R0 H H A S
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Research progress on the relationship between regulatory cell death
and dilated cardiomyopathy

QIU Yueqing', WANG Zhentao'>* | CHEN Zhenyi'** |, CHANG Hongbo', YU Xiaoyang', XUE Yikun'
(1. the Second Clinical School of Henan University of Chinese Medicine, Zhengzhou 450053, China.
2. Henan Provincial Hospital of Traditional Chinese Medicine, Zhengzhou 450053 )

[ Abstract]  Dilated cardiomyopathy (DCM) has a concealed onset with left or even whole heart enlargement as the
main imaging manifestation. It is a common primary disease of heart failure and arrhythmia. With the continuous deepening
of research in recent years, the intrinsic molecular mechanism of regulatory cell death (RCD) has gradually become clear.
Researchers have found that the RCD mode plays a very important role in the occurrence and development of DCM. At
present, the RCD modes involved in DCM mainly include apoptosis, necrotic apoptosis, pyroptosis, iron death, autophagy,
and cuproptosis, and a certain correlation exists among them, which interact and regulate each other. This article provides
an overview of the current research status on the mechanisms of the six RCD modes involved in DCM to provide a reference
for future basic research and clinical applications.

[ Keywords ] dilated cardiomyopathy; regulatory cell death; apoptosis; necroptosis; pyroptosis; autophagy;

ferroptosis; cuproptosis
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P kAL AL (dilated cardiomyopathy , DCM ) J2&
— PSR B WU |, 7RG s | 3845 S5 DA 2R A )
BT ONEZ T, O WL 2138 B0 AN [ # FE 1Y
B A S LT AL 0 F RE AR, PR RS A ek
A5 OIIREBWT T K, JF AT ARl AL S AT i R 3R
B0 ) 8 SR L 5 AR AR SE RN T
Je YT IR

MRIGAMIIET f5 41 % B2 T 2018 4 XS 4 st
T 5328, A0 M T2 W] 23S 2 A 40 i A
T-(accidental cell death, ACD) 5 1 15 M 4fl fifd 5E T
(regulatory cell death,RCD) Wi RKZH], ACD J&AA]
P R AnMISE T, H AR B Al SR R B
SO PP T A0 L Y L e — Fh s i A
T T RCD HAT MR A AR AT JE S HRAE
DL RS ie sz e R ORI AMEAE R 13 J5 W &+ 4r
=R/ 0 15 W N I R T 1 B 1 2
FET-HERR I T WU I R Rl A

Narula %5 % DCM & 090 LA ZUEAT T
AU = M G2 o3 By, SR B A0 12 02 S 2K
DCM & e AR ) e85, Bl
BT T AR T A M FE TR R TR A Y
FHATZI, BRA 40, Jifl RCD J7 X5 DCM
%A KRR G, Ho 7R 3 F L B 2 5 440,
RCD R J2 1 BR 22 4 19 4, {5 78 i | R e B

B AER R T ,RCD 1Y 242 AT R E0C LA A ik
JEZ IS L LR E A& D DCM, BUAT fF 5Tk
PEUN AT (apoptosis) IRFEM: P T (necroptosis )
££ 12 ( pyroptosis ) . Bk FE T= ( ferroptosis ) . H W
(autophagy ) A %L T~ ( cuproptosis ) 6 Fit RCD 77 20 /&
DCM i #l i F py 0 385, JF H, L E RCD Z [
FEEAH LI AR, A48 2 m] (9 fk e PRUZR L 93 140
PRAPBL . AER, oAt R A0 B A6 T 07 a4 2243
L% T° ( mitotic  death ) . 2 % M 4 M SE T
(immunogenic cell death) LA & PARP1 {48 4 581~
( parthanatos ) %5 /&£ 752 5 DCM Y & A= & AR &
B, A SO T RS T AT R BR
FET-SHBET: 6 Fft RCD J7 U7 DCM R R WFSE i
HEFT R, LU G R 5 Bl e i 2% (R 1) .

1 ZAATS DCM

240 A TR — ol ply 2 DR A A 40 M
At AR R BT i, U4 T A 40 T 2R B
Ohy 240 M A8 2 5 R T 4 AR 2 D A A R R Y
P/ (— B P S5 H8 ) LA 8 T/ ARl
AR EAR T AN M A AT TR A T AN i e
LA g [ I8 72 240 B R e o 22 AL ) 3 Sl 4
PRI, T LA T AN 5 | A SAE O

TEFEOL T HLAR A2 I T AL -5 B0 T L

R 1 A RCD WL AL GBIk

Table 1 Morphological characteristics, effector molecules, and immune characteristics of different RCD

RCD 2% AR R o35 FPERFIE
RCD types Morphological features Effector molecule Immune characteristics
20 2 4 - A A A B B R T
BT g:l[ﬁlar shrinkage  and  nuclear enesis BCL-2, Caspase, IR RAE
Apoptosis S ° . . Pyogenesis, BIM, BCL-XL, etc. Not related to inflammation
forming apoptotic bodies containing
cellular components
JUSISN AR K, A A 5 D TR %
ﬂ:%&ﬁr Cell swelling, dissolution, and release of PIPK1, PIPK3, MLKL, etc. 133)(
Necroptosis . Pro-inflammatory
pro-inflammatory factors
i s W A e
. PRI I AT S
Formation of phagosomes, autophagosomes, LC3-1I, ATG9, ROS, etc. . .
Autophagy Not related to inflammation
and autophagosomes
o 20 ST 284, 200 L P S A R %
s c e
o . ell membrane rupture and release of Caspase, GSDMD, etc. )
Pyroptosis Pro-inflammatory
cell contents
Sokr A U 8D (9 %), 2ROk A A I A A
BRAET: Reduction ( disappearance ) of mitochondrial 2 e 4
Ferroptosis cristae and  contraction  of  mitochondrial e”, GSH, GPX4, ROS, etc. Pro-inflammatory
outer membrane
N 2R 45, 2 2 P s
st DRLEBG, DABRER Ca®, FDX1, IRBEILEE T, 4. 2
. Mitochondrial wrinkling, mitochondrial membrane . . .
Cuproptosis Cu",FDX1, Acylated protein, etc. Pro-inflammatory

rupture
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FHE P M L B R & 8 B SRR E (S
ST A KA FSET., MR HAET 2
A ZRLAR | PR T I A S, TR~ IR R A i AR
WG ( Caspases ) BY TG . 2 —, MR IR 3E A T
(tumor necrosis factor, TNF) #8 Z it O FET- 24K 5
FARECAARZS & B P & 5% 1 (Compex 1)
S EAE S 1 (Compex 1), B J5 31 F iiF
Caspases, filt & M T 55—, 7F B Ik 2 40 9% - 2
(BCL-2) A1 5& X Z 1 (BAX) 5 BCL-2 4% ¥t 7|
(BAK) WL [R5 F, 4 il 2 & C ( cytochromec,
CYCS) A i, 3245 18 1k S A S0t A5, G A T
HEHEBELHE T 1(Apaf-1) 155 Caspases 305 ; 26
=L TER TS B e A e LA R R RN, R A
PRI P 7 38, 5 355 R T R S R AR IT R 5 pro-
Caspase-12 , FLHEIATE R Caspases, 51 & T8 |

K21 1/3 1) DCM 5 R A5G 3¢, HRTE Fm)
Al 50 A FH 5L DCM H2E,35% ~40% 11
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PRIGIT A SRFEPE T T4 DCM. A A4 AL 3 D
K2,

3 AmEETS DCM

240 A8 T — b AR E /R BT O R AR Y
RCD, 7E 53 B 25 5 4 S vp & 4 T AR 2
R R B A5 2 R BUAE T A0 M L A9 i 4 i
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Figure 1 Mechanism diagram of apoptosis in DCM cardiomyocytes and its crosstalk with autophagy and ferroptosis
(by Figdraw)
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2 DCM "o LA IR AE M T MU R S 8T TR B8 ( A Figdraw 2:)

Figure 2 Mechanism of necrotic apoptosis in DCM cardiomyocytes and its crosstalk with pyroptosis and apoptosis

(by Figdraw)
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B3 DCM PO TPl B R ST 2P0 AR H P (A1 Figdraw 231l )

Figure 3 Mechanism diagram of pyroptosis in DCM cardiomyocytes and its crosstalk with apoptosis, ferroptosis,

and autophagy ( by Figdraw)



o P A PR 275 2024 4E 5 A5 34 #4555 ] Chin J Comp Med, May 2024, Vol. 34,No. 5 119

JIE, A B TG DCM /N ELGIIEE . $#27 Ei A mgn]
fBJe — A HI 5L DCM IR Y7 SR I, v] I DA ek 3%
DCM Ay B3 & . mTOR {5 % 38 #% i 005 J5 A Wi
A AR 1% (autophagy lysosomal pathway , ALP ) B4l
i, T ALP BEAE AT 2% 22 B Th RE 2% U 1Y 4 Jfd 2% A 2 1
B, S 85 W T & W H e DM E O LR
Ll S T EB-tfeb - (W B E W) K&
A B ) A% g 79820, mTOR B 4 52
HE 2 LR (BCAAs) BB, PP2Cm (715 BCAAs XG4
SR BRI BE IR B ) KT FE A, miR-22 ( fil & 3
ZH PP2Cm KR N ) KT, T
miR-22 J& 8 % 15 24 0 B 1 o BB
Kanamori 25" YEE F] §- LR BE 5% A /1N B B
TR L EY KO0 REREITE DCM FHE L AL
L WS YN TR 40, FLAERE AMP 15 4k
EABEE I, OIS 255 fie ik AMPK/mTOR
R I EKIE R T AWK REAE S DCM L IIRE .,
EXF Bedouin ZIEMIBTFE R, LEKHM2 F7EH
FEE AL DCM IFAEBE 2 O % 0 ILBUE A
4 ( non-compaction of left ventricular myocardium,
LVNC) , Hoor5- Bl o5 K i iR 2 RE B A5 A Wk i)
Y., LEKHM2 5 LAMP2 BAG3 %5 3EIN (R 2 57
DAL A BAG3 A R EUF QA
A& B35 % 1 DM *™*) Enomoto 45 &3,
e DCM B #7E HSPD1 3E N TR 45 A7 A — 1

FUEAS (Thr320Ala) I 548 1 5 nbl 5378 B Hy £h1 (1)
Z7AF 45, (Val324Glu) {UAHEE 4 M FERR , nbl Z7AEBE
2 A fe 8 AN R B By %= 4% S B S5 15 48 30
B AR WY Be B R MR DCM 26 Y (00 55 B JEEJF [
RO 5K DML A5 ) o HUO IE A 254
R ROS K THE , ok (A 45 A E A s i, A
W AH G HE ) mRNA AR [ 0T 3R 3k & 1, e
HSPD1 5 nbl 875 1) HEK293 41 it 2 2 2 Pl 28k
T E WA S, ROS e B T v S S8 Ak 1y 0m gl
PR HEIN , HSPD1 ot 236 #4) 38 149 55 28 2% 38 358 ROS
B ZRRL A F W I S B AR T RE B A, kR
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Figure 4 Mechanism diagram of autophagy in DCM cardiomyocytes and its crosstalk with apoptosis( by Figdraw)
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Figure 5 Mechanism diagram of ferroptosis and its crosstalk with cuproptosis, autophagy and apoptosis( by Figdraw)
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Figure 6 Mechanism diagram of cuproptosis( by Figdraw)
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Advances in the study of epigenetic regulatory mechanisms of astrocytes
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[ Abstract)

Astrocytes (AS) are the most abundant glial cells in the central nervous system and are involved in

many physiological and pathological processes in the nervous system. Alterations in their phenotype are particularly

important for the health of the CNS. Epigenetic mechanisms, including DNA methylation, histone modification, non-coding

RNA regulation,

and chromatin remodeling, are closely linked to alterations in AS proliferation,

differentiation,,

inflammation, and other phenotypic features, but how these mechanisms function needs to be explored and summarized. By

reviewing the recent advances in the role of epigenetic mechanisms in AS under various physiological and pathological

states, we aim to provide new ideas for the understanding and treatment of related diseases.
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ST ani (— M B A 8 38R A 2 B8 1 Y 4n i 2k
) ] Z B 20 AS AT AN T R
JLER I SIRTT 3 H B9 iR ka5 1T TET2 /Y
TGP R T 4T 4 R M &R 11 (glial fibrillary acidic
protein, GFAP) [ )3 8 T X 3k i) DNA 2% FF Ak 1
55 SN GFAP [R5k, (e dE R 2 BT (R 40 ML 1) AS 19
A

5% AS HAN [F] DNA S 54 B8 fifg Xt F e 4k iy
PN EWIX AS FLIE 2R BEAT A (LI 1A)
ARIT X AS 25 09505 LA K F 28 0038t 4% 742 1k 1Y

N
2 HEREM

W ULZH AR ) H2A (H2B (H3 Fl H4 7351 DL — 5
PRATE 2 A AR 20 25 1 /A SR A DT 248 B0 35 TR 401 1
FEFFJRTT DNA Rk, MPRAEABMS AS 1Y
K F (WL 1B) XFHF5E CNS ThBERL RS Al ND 256
HE,

B 1 DNA HEALMAE BT AS FVEH (AR TR Z MK ET Figdraw)

Note. A, DNA methylation. B, Histone modifications.

Figure 1 Role of DNA methylation and histone modifications in AS (some of the material in this image is from Figdraw)
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2.1 AEBREL

Z 35 AL T AR SR 4L 2R 1 WY L RS il
(histone methyl transferase, HMT) , HMT 45 T 45
AW R B ( protein  arginine methyl
transferases , PRMT ) F1 i 2 FR ' 3 5% % Wit ( lysine
methyl transferase , KMT) 200 KR R T R ST
g i TSR 20 P A PRI Y A S 5 1 AR D T 38T
T S

40 PRMT1 fili STAT3 ()45 2 R 4% 5 HY AL 1L,
R 22 = 40 B R A 26 TR 40 1) AS AR AR
zeste F& K 1955 F 19 N ZE[E YRS 2 (enhancer of zeste
homolog2 , Ezh2) J& AL 41 26 11 3 5F 27 o 451 &= R 1Y)
= H AR —Ff HMT, Ezh2 6888400 il #5125 T 20 i [r)
AS SMERI IR F OLIG2 )1k I Z LB Ezh2
il OLIG2 By IKIG NN, #h 2 T4 1k AS HHE
P A A H3 R 25 R T 5
M A3 2 240 L A Ak A T 52 ) AS 8 A RN BS o, 45
STAT3 Z5G (i i AR 11 3 BRSS9 it iR P Ak
o, Wi 22 - 40 i 32 Ok o R BE 5 e T R A R 2R
TEHE I 3 FAYES 4 DBUETR b e i sl 240 40
] AS s WA B B 1 3 L2 4 DR
) =B TE N AS I RS A T e s 4 F
DNA 45453 52 R b ek iy hin >, %5 AS 41 2 1
Bl A b AN [ B 8 A A T PR A ) T 445 AS
A PRI BE AR AR E
2.2 AEBZEHNL

HEH L WA R TE C BE % (histone
acetyltransferase , HAT) FUHEAL T | F 2 BEHE A4 7% H.
ZUSINE 3 288 OB s TR AR AL 5 11 N I B
P, HAT 6 1k 35 K % 5, 2H 28 11 I & T 8 ( histone
deacetylase , HDAC ) 1)1 il 5& A % 5% . HDAC W] fie i
PRZET 4K FD NPC 3 Ak S Pt 28 50 B8 pl 28 15 5t 400
ft, 4 HDAC wp s/ A b JEAG AS LR TE
AR AN T GFAP YL AS Rtk 1
AR I /D 2 T 3 CNS ARAE S Ly 35 I i ML 2
— 3% CNS #5408 AR O B [H AT s BN
WL M S BEALXT CNS B AS ML i3t 1% 2 1
Wz,

HAEH CWEAL AT LLISES AS B9 285 AT PR 4 41
27 TEMEARIREEARE T HDAC M50 B 42 &
HIE H CBEALK T, IR R P 208 FR A A AS
B E RN T R R Rk B 2 PR3 2
EUERERI LT B R T R AT DR AE A,

4 AS T {ff HDAC1 . HDAC2 Fil HDAC4 Hy 3 [H 35
FEAR, IS 2T 2 5 R 7, 36 AS A9 RE
SR, K ERTT 2 & R AL B AR, eAh,
AS I EIZR IR B A E( ApoE ) 18 1<t 31 il ##h 28 o0 240 g
PAEL T2 ) 5 1ok SRR AR S e A 3900 AS
SR S WAL o X ¢ V] o i i VA UK
AP Bz AE A LA BT LI AS R
i S AR, IS B 2 AR AR A >,
2.3 AFRZEAMEZEL

2 RAE—FE ARSI, R E A
2Rl MR 52 ZB0EE E1 221
WCHE B2 FINZ R EHE B3 4546, M S E AWM,
RS —FEIR S B, S5 AR e R
SETEN R Z R AE BT RE B2 AR AR BAE AR O 1
(receptor-interacting protein kinasel ,RIP1 ) FE A [ g
WM IR 377 s ATz R AL, 4k M ] NF-«B i@
B, N BCA AT, H I, #46] RIP1 (932 E 1k
TR AS B FR T PEIRFE , B MOHR U5 L sl 5 A
SR, A B 7 5 1 A 5% F A S P
B, AS 7E ND H B JeE I AT R 43K T
H2B 57 24k, BABLRIREF 5T BlR 5% i
BN R AR AS JUE M AT ER, R REA
SUMO-1 RE 4t £ AS JE 7% fb IR &, R FE & T
fae™

3 JE4RA0 RNA fiE

Ak 4 5% RNA 1 #8437 /N RNA ( microRNA,
miRNA ) A 5 9FE i A% RNA (long non-coding RNA ,
IncRNA) FZIREXT AS 14 % A1 K ) 5 1) i 28 %% VI A
KA 2),

3.1 miRNA 5 AS

miRNA REA il & R S5 A B L R
S miRNA 76 AS R B A mEEMERD, —
25 miRNA fE5E7E AS Hr 36381 5l miR-324-5p .
miR-137 Al miR-223 GBI TT AS FELA M T 40 i)
A AR RE R 53, fE T VOIuT2 545 & ki iz
T, MR 28 T 1) 24 1 R 2 fh w98 P E I 52
M) 38 441 260 P 4 P 0 5 M ] 9 1 | e 22 5T i T
fig =R e

miRNA £ R —HEXIT 61, — Ty 1 X F 3 R 2
T AS Ty RE YU B B, 5 — 5 1 A
miRNA JE#E AS FRAVERAE ML K] A 554G Bh T ol 3%
e BE .,
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7E:A:miRNA ;B :IncRNA

2 miRNA Fl IncRNA X} AS (FEH (AR EI# T E M KIET Figdraw)

Note. A, miRNA. B, IncRNA,

Figure 2 Role of miRNA and in IncRNA in AS (some of the material in this image is from Figdraw)

miRNA i i 2 5 4E+F CNS Bh5 Y AS &
iE SRR B 457, — 285 TNF-o {5530 i %
BOCHE ) miRNA 7 R AE JI U5 1 K/ BUE I AS
HRE SRR, AR AN L B F TNF-o AT TL-18 3
TLR {5515 5 B b M BEwE s | 22 24 J50f [ 3
BE NF-kB {5515 5, 0 T iF R AE B 2 i AS Y
miR-146a 38, 5 S50k B 5 440 i 52 4, DA
AR CNS RE, INEE AS RIE,

miRNA eI AS YRR R AV FLR P /E FH A
A& ND a7 ok 4545, miR-132 3 i # [i] 37 il
IRAK4 YFRIE , #F— 254 IL-18 F1IL-6 AYKIE , A
s AR AS 1Y 4 A S Y, miR-873 76 TL-17 il i#%
B AS I I A20/NF-kB A28 3E 5 1M 40 Bt R 1)
FEAE IR SE I B G g 1 I A A /)N BRAY
PR miR-21 NG Als F25 8 A2s, Al /b
BRE G 9 0E R, 8 2 D) K A 5 A RE R
)5 miR-124-3p #0i% NF-«B i@ #, /2 F AS M35
17 WA RS KR IR, miR-335-3p 3l it 30 7H] AS
JE A B G O B HMGCS1 AT HMGCR (1) £ 3K
S ok 2 L T e 4 A B

IAM ,miRNA i85 AS 1953k Fl 5 4 72 % U AR
X, Bl miR-184 /85 Bel2ll (—FP7E AS W
FORIFED) USRI ST 0 8 BARAL S L5 4, Mh] AS
501k ;s miR-1183 5 EAZ B AL 4R 1 7 2B W3 Se
) mRNA 3° UTR 254, e iF AS 346", miRNA
AT DWER T AS A, £ KR AS 1, miR-124 B 5
SB203580 . ruxolitinib 1 forskolin =F /N3 T 1b& 40
il RAS 394 IRl RAS F b hpizeoc' ™,
3.2 IncRNA 5 AS

IncRNA £ 53 Mt (% | 5 BBt st I K- 1) 8

P IncRNA AL AS B934k, T 45 72
IncRNA 7] L3 /> AS #9754k, %1 41, IncRNA-UCA1
1 FETRE AT JAK/STAT {5558 B% , WA sk 20 35
R T AS BOE AL (H LA IR SR R R 5T
IncRNA NKILA REBSFHINT NF-«B f938 , IF40 ] AS
W

IncRNA W 1] L 25 AS (¥ R %E ) ), IncRNA
SNHG14 fig 2 5 il SNHG14/miR-223-3p/NLRP3
ORI AS A SR RAE L FAE IncRNA
MALAT1 BEfff miR-145 7K F |33, 5 1fij B A% AQP4
HHRFRIE WD IGO0 A N R K 2 & AS TS
A . IncRNA MEG3 A 5 #% p65/p50 45
& AEHE NF-xB 5% IL-6 Fil TNF-a J53 8 F45 4,
PR A LPS AbFRIE 4 AS P2 A RGN IR T

BEAR, IncRNA X5 AS 3458 A4 )5 18 &k &
PR, R IncRNA SNHG14 BEfEHE OGD/R S
B AS B3G5, B0 40 A 9R TR {48 5E 7 TNF-
o TL-10 f 35 B, TR AS F Y, Bz,
IncRNA 7E AS AEY)2eh A & Z R 3 AVE T, X T
AS WA T oAb BORE SCB s i B AR AR T A
B I RV FH AT

4 FBEFREH

et i IR E A VIR ATP KA 19 RE i 3R
DNA SZE A BIE5 A, I A B/ IV, il §5
e T BEHE A KR SE 19 DNA X8 3 50 58 A 1
P B H3K9me3 S 5 Y (0 R S TR Y
—ANbR R, Y0 R I X AS 1AL R BE 1 B i
K AR BRI 8K SN B = Yk 1 34
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AE 220 ML ) B 20001, G 0 A% A R e € o A A
I XAl AS SR 1A I T P AR AL T AT 4
TERIIT ]

5 BEERE

VPPN 32 i A% N 3 15 R A% A R g 3L A
SR, Z2 MRS B B AE A RDRZES T Y AS
HRIEEAFRIIEN ., WG AS AN TR DNA HT 2k
FA% Tt R A 1) 98 1 AL A B H A o 1) R WL i A%
SEUUEXE AS BURENE A A TR R X AS HHOCPOR Y
AR, i, AT DL i sEREH ACK: DNA HUIEEE AL 1
ABE NI AR B, I A RIB AR G 3] AS
R PEAE R AS R 3 [F) s D AH 5G9
JRAIE ST I R v S e A R 4 Al R R TR, Y AR,
Ay 5 e B SR w01,

HAEFMBMRTE AS (145 BRIy RE AR AU R E e
HHEEAEM, X AS (A RAESY BRI T
LSRR DNA 45340 i A el s e, A

W20 2R BB ZE AS HAOFE AL S HAE CNS ¥
s T RV E AT SR A e 52, R 4 2 A8 A il
) R 790 B3 0 A 3R D RIS PT LR AR L R B
M HE T ST Qnalya 7 AS AHOCHN .

it miRNA F1 IncRNA 7 AS & & M4k iy
fa o A BT A PR A AS B0 1E % S AE AR B o
IERE R HIAYTT AS MHOCBR s R IR
BEEr R, BFFTAE SRS RNA 76 AS YA B4R
FHNA B T4 10 T EATHE AS F iy Ia 4 P 2% | i
W RAKM RN E LI M Z—, FETIEHIS RNA
RITRFEALE] , TR RIRTT Ik s i W, Lk AS
ARSI I I6 T SOR R s 2 H A,
2RO TR UL AL ML AS B AR
FAER (IR 1), RWBAL 22520 AS (1 2ARAL ]
I HAT A= RNEATS AT AR K A I 9 25 1], A ok DA W isk
FE2E ALy T 6 A B EDIR S R AS IEAS (DikE
U TR A ST, LA ND S8 9000 AR S
Biia e e

R BIVKBAN RS P LT

Table 1 Mechanisms of epigenetic regulation of astrocytes

YD

Functioning mechanisms

FWE AL E AL p o
: By
Epigenetic F ,ﬁ:ﬁﬁﬁﬁ les F jJ.Hb, I
mechanisms unctioning molecules unctionality
DNA Hi3& 3 DNA .
DN RIS DNA AR gy o
methyltransferase DNMT1 Inhibition of AS proliferation
S T . -
N ey CEEMETANGM AS S
methylation DNA 2 B A6 R TETI P.romourfg . neural stem cell
i differentiation to AS
DNA S o
demethyltransferase DRIEFZETT A ) AS 534
’ TET 24 2 Promotes  differentiation  of neural
TET2 precursors to AS
2 A ) S 2 0 i 2 4
%ﬂ?‘k‘?%ﬂih %%Mq}gﬂ? ﬁlgj}.f/‘fth: EHH@*H'fEF IHUML JH i 1)
W EmI e
rotein arginine b\ in Promoting differentiation of neural stem
methyltransferases cells and neural precursor cells to AS
AR P IR F  zeste JE P 1 58 i . .
0k sk o DEUERIZETANAEE AS Sk
e ?ﬁ thyl ;EZJ AT Promoting neural stem cell
R B ysme methy differentiation to AS
Histone transferase Ezh2
modifications
HAHEALCHN  HDACI 0 AS B SR
Histone deacetylase ~ HDAC2 Suppression  of the  inflammatory
(HDAC) HDAC4 response to AS
ZHEMEAEN S AS BT
ZEREN G 1 Leads to AS programmed necrosis
Ubiquitin protein RIP1

fRAE AS I EAR ) DNA FESEqE
Methylated hemimethylated DNA in AS

HIR AS PR EER 5-hmC B4R X BT NFI
Fil STAT3 fry3sE! 71

Enhanced recruitment of NFI and STAT3 in the
5-hmC-enriched region of AS-specific genes

WA GFAP Ji B 7 X Ay TP 34K 1)
Reduced methylation levels in the GFAP

promoter region

1 STAT3 fRs AR 1 P S AL
Methylates the arginine residue of STAT3

IS T OLIG2 [y 23k
Inhibition of the expression of the transcription

factor OLIG2

AR 3K T S 20 2 5 TR TR A
5E [29]

Low expression reduces inflammation by
activating nuclear factor erythroid 2

A NF-wB 3 e, AT 2 i 40 g T
Inhibition of the NF-kB pathway, thereby
controlling cell death
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&Rl
Wit {2 L .
FAUB 2 L {EHI T i EFEHL
P8 ) Functioning molecules Functionality Functioning mechanisms

mechanisms

YEFT VCIuT2 4545 S W e i 26 1, 5% Wi df

miR-3245p I AS IR T RGO iy b A T
miR-137 Regulation of glutamatergic transmission  Acts on glutamate transporter proteins such as
miR-223 in AS pathology VGIuT2 and affects neuronal excitability and
synaptic plasticity
miR-132 ﬁﬁoﬁfgﬂghﬁffiéﬁmmry response to HL1E IRAK4, A IL-18 A1 1161
AS Targets IRAK4, inhibits IL-18 and IL-6
i/ RNA
miRNA : 23 AS BOHE AL WiE NF-B i
miR-124-3p . T . S
Promoting AS activation Promoting AS activation
- o g [ 2
miR-184 ] AS FO44E gi}g“ﬁﬂ [a] 4 58 F Bel2ll F 58 L& 5F Smer
miR-184 miR-184 inhibited the differentiation of ~ 7121 75 .
JE4i S RNA AS miR-184 targets the strong conservation of
ok the enhancer Bel2l1 guard 8mer binding site
Non-coding )
RNA LiR1183 miR-1183 23 AS 19431k miR-1183 #{1Ji] Eif2b5 ) mRNA 3’ UTR!*!
regulation miR-1183 promoted AS differentiation miR-1183 targets the mRNA 3’ UTR of Eif2b5
UCAL M AS 193 AL Al JAK/STAT 75 i e
Inhibition of AS activation Inhibition of JAK/STAT signaling pathway
NKILA A AS K5 BHLIT NF-B i/ 7%
Inhibition of AS proliferation Blocking activation of the NF-kB pathway
MALATI FHAS B H1) miR-145, 80 AQP4 1y ik )
KAEIEHH S RNA Causes AS damage Targeting miR-145 to increase AQP4 expression
IncRNA
AT E sk A (S NFokB E
505 A8 P REANR T D) pO5/p0 BT B Nk Sy
. . 1L-6 Fl TNF-o J5 2 F45 45
MEG3 Involved in  the production  of ;
inflammatory cytokines by AS Binds to nuclear p65/p50, promotes NF-«kB
binding to nuclear IL-6 and TNF-a promoters
NHCL 1 AS SRS A TNF-cc 1110
Inhibition of AS proliferation and repair ~ Reduces TNF-a, IL-10
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Progress on the use of gene editing technologies in the research
of immunodeficient animal models

MA Yunhui, WANG Xiaotang, GAO Jiping, SONG Guohua”
(Laboratory Animal Center, Shanxi Medical University, Shanxi Key Laboratory of Experimental Animal Science and Human
Disease Animal Model, Taiyuan 030001, China)

[ Abstract ] Immunodeficient animal models play an important role in preclinical research and are important
experimental tools in modern biomedical research that are widely used in immunology, genetics, oncology, microbiology,
and other research fields. Gene editing is a technology for targeted modification of biological genomes. From emergence to
application, it has greatly promoted the development of biomedical research. Gene editing technology mainly includes
homing endonucleases, zinc finger nucleases, transcription activator-like effector nucleases, and the CRISPR/Cas9 system.
Researchers have used these technologies to establish various types of immunodeficient animal models, each with advantages
and limitations. In recent years, a large number of studies have confirmed that the human immunodeficient animal model

accurately simulates the functions of cancer cells, drugs, and the human immune system, better simulates human diseases,
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and is widely used to study human immunobiology and the potential mechanisms of complex diseases. In this article, we

review the progress in the research and application of gene editing technology to the establishment of immunodeficient

animal models, discuss in depth the problems and optimization strategies of gene editing technology in the preparation of

immunodeficient animal models, and present its future development prospects to provide references for researchers to select

and establish immunodeficient animal models.

[ Keywords ]

immunodeficient animal models; gene editing technology; zinc finger nucleases; transcription

activator-like effector nucleases; CRISPR/Cas9
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S B Wk AT AR W B S T T Y T S A
B, A CHIETE A IUR] T Ji 52 B A S2 5 sh ) < &
S S BB ST (HHH T 2800 BB 5EAT)
FA R BRAE 491 0 T 2 58 BN N S0 , kb B
X A2 S B SIS S ), M T S5 E0M) P 52 56 5 )
il RS 1 25 2R 5 U AH 22 00, R, 38 VI
) RS 2 5 R R T BT S 56 20 ) o DA A ik
T FE X NSRBI T 5 R, T 6 DR s B3 AR 1 ¢
PRI S L S T 2

B R i o A R SR A 0 S A TR il ) L S PR AT
S RGE , SRR E DNA (98 SRR R DL S8
ARSE DA Sl A | 240 i A R A5 2 R A — T 2
PR WIS T SRS W s R AR BRI g
ORI AL MR N U ( homing
endonuclease, HEs ) | #F ¥§ #% B2 M ( zinc finger
nucleases , ZFNs ) | % 5% 3016 A+ FF 20 N 4% R g
(' transcription
TALENSs ) 55 AU i 8] Bl 4 0] SC 52 J¥ 51/ CRISPR
& H 9 ( clustered regularly interspaced short
palindromic  repeats/ CRISPR-associated
CRISPR/Cas9) 45 JRUAE L A 4 5 0 114 11 B9
J'& TR ST , AH Hy T NS0 A S o B A S
G S HE T S A5 1 Jmy B, B R BR ] 1 FEAEAH DG
9o H R T SR8 Sk o Sl AR e b A D 1 3K — [

o PE BRI B W) = 45 T e R gt 4% o8 8w
NT R E S e e ki iy sh, 5 A\ 264
PEZR G B AR AL, BIF ST IR L I AL S A B
eI FI RS A W) BT 1 £ 9% ( graft versus host disease,
GVHD) &5l (1 PPl H 45 4 T8 ] 56922 5k e 3 900
BRI, JLF AT 2SR TR R 35 B 7E
PEGRRE S A N ST T RS MR AR O iR e A K
J& R BEREAILTIWT I A0 IR 24 W i 1k K3y 5 137
FERAE T 404K, BL1E 1966 4F  Flanagan'> B R B&1IF
T Nude /J\ﬁ'u%ﬁaf?éﬁfﬁ’é@, T Foxnl F:HAR5H
BOL T A0k, PERE TR A9 S ) B3 TR E

activator-like  effector  nucleases,

proteins,

NK G035 PR M 38 T, 1E 5 RV e e R 32 5
N AR A G TCTR A7 , TF A T G Bk
SIS ST, B B, 5T RS A T R T
B LUK NK 20 i file 2% 14 S e e s 4, I 4tk AR
a2 G g8 2 S U A 5 1 0, G LR D A g
R B4 R BE A T & B N R AL Bl AR R Ay 245 F
R TSR A

LR 4 i B AR AN AN A 2 55 AH 6 35 TR T e F 5
PRALEFE IR A AT B T G RE 6 Sl P A L A 2t
PR HE A 1 R0 B 25 45 FH DG S0 K e, TR, R S
ST T ZFNs . TALENs . CRISPR/ Cas9 4% R A1
R ZRIR T AT 1)k DR 4 B R T G 2 S B B )
AT (14 o7 FH R CAE U8 Ak 3 S L S i A 5, D
WA Z RPN ZEP0 I o B AT T

1 EFEHERARBEL

e DN 25 AR 4 T A A LI DGR Y HEs \ZFNs
1 TALENs 250K, DL 4R K L) CRISPR/Cas9 i
REAB BRI AR, WFFE# C R BB BRI
HET 2R g s AR A R AR SO
B AN [i] ) A DR G AR ) = 2 B R AT MR O
XA B HEAT BT, InER 1 TR
1.1 HEs

HEs J& T BN , A5 T AR AN AL W)
R Ao I EAT R R S RETE 14~40 bp
HYAREE A IR BT EIAUE DNA, H H 5% DNA
FEAER] . HEs S 1 381 Bure A= A4 o (4 4 1)
Rl iz B AR g < H L AR A S R i
DNA 4 36 X5 DNA Wi 24 ( double strand breaks,
DSBs) i hiie i . TEEZAY B SRR B [ I B
2H (homologous recombination , HR) %}, 3% A 4k [] Y&
A ity 3% # ( non-homologous end joining, NHEJ) , $&
T, PR B G 80 1) R L 8P 41 19 HEs (9 B 2R 1)
I, SETtidE R AEINFE ST . A HEs 193 55— A
HEZ I DNA 455 S5HIFT DNA 2k 25 K AR X 53
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B AR BRIz
1.2 ZFNs

ZFNs X ABEARAZTR M , R IR T AL R W), 4%
5 AR, B WAL S A R 46 ) 4l
(‘bt;é;flaﬁ%lél (zinc finger protein, ZFP) LA AL DNA
5550 A1 1A Fokl WYIREASH 5 (Fok1 JE2K A BT
FERE R A0 T A BRI TR N VTR ) o B> ZFP U1
9~18 bp BIRFE AL, PIADBA ZFN A1 EAE ™ 2R
BEUI DI RE , AT 35 B4 5] DNA 599789 FH B9, ZFNs
i I R4 E AL 55 S DNA H Y DSBs SR AE 1 [F] I8
FE 148 42 (homologous directed recombination, HDR)
FINHEJ™ . [ 1996 4F Kim % 418 ZFNs LIg,
FER S A S R B N TS, HAT, A HZEE C 22
JCE Ml TE S A% A Wy A0 LA A W b AT T PR
BV TR EARYEEE DNA P S A A A
HH WITE R E O -5 ASMEEE A, HoRe A
IR T HAR P90 A B ik e 3 1 R 40 P AR AR 1Y
F 3 BRITTRH BE 3 At DR G B R ZFNs A )
AL VIR S RIIE A

1.3 TALENs

TALENs 5 ZFNs fH1, /2 i1 DNA 454 3 il
DNA 5740 40 i, TALENs %55 ¥EiH 5% DNA 5
HIAK i T 5 52 1] AR 5 FE (repeat variable diresidues,
RVDs), 1 A~ 845 8 ] DLiR B 3 A 56 x5, 1
TALENs MHEHAET 1 MBEE HRBHRE S U5 H DNA
SEA LA R , B AR 2 A HGE R0 1
SR WAS K AVUNTIN R G, X —fetE (gt
T TALENs RS0 %, i H ] DI T 2 09 B b5
F5, BT HERTFIE I ZFNs B AR5
P, B LATE I FAT ] A 93 R AL AT AT DNA JP 41,
I Ah  TALENs /238 i3 76 4 5 £ 2 15 5 DSBs KA
#F HDR 1 NHEJ,{H TALENs £ %5 754 21 il F1 22 fig
FAnfa =4 DSBs HA R, H R, 3 g 40
I I v 4 25 PR 2 P A R LA PR R BR T
—UE (RNA FJ DL AR ARl 2 i RNA 73 F
SAZS MR A BOMERE AR, (545 — 4R A2, B
WA WK TALENs B3 FH T 41 B 2% 10 35 [R] G
RIS WS YA v N 1 Y e N S I E S e e
#2718 fHJE TALENs 7E76 7 T B R A 8

% 1 HEs ZFNs TALENs CRISPR/Cas9 HL#
Table 1 Comparison of HEs,ZFNs, TALENs and CRISPR/Cas9

ek

. HEs ZFNs TALENs CRISPR/Cas9
Comparison
KU W B HA%EY) gl T
Source Bacteria, animals and plants Eucaryon Bacteria Bacteria, archaea
4l Rk Rk ZRIKk ik
Structure Dimer Dimer Dimer Monomer
BTl ) B2 I 3 o w2 2 i £
Simplicity of design Hard Medium Slightly complicated Easy
A5 DNA JF1 i 3530 X 32 54 s . . :

%E[RP(‘O nitioi r(J) 1J0; :fjtheﬁ RN VIR PRSI ENCRIEY 2 erRNA 8§ sgRNA
C08 8 ’ Homing endonuclease Zinc finger domain Repeat variable diresidues crRNA or sgRNA
target DNA sequence

DNA [y 8§ 4544 U SRR A VTl Fok 1 H R Fok 1 1 i Cas9 [
Shear structure of DNA Homing endonuclease Fok1 nuclease Fok1 nuclease Cas9 protein
PO 25 R/ B[R 9~18 bp K 14~20 bp
12~40 L Cas9 22 b
Identify the target size P Monomer 9~ 18 bp Monomer 14~20 bp s P
s S Bk HE S RO
Advantages High specificity Efficient High specificity Precise targeting
RS AL AL » , " .
= & 4 @
Extrd(,elluldr'glien()}rne targeted Camnot Cannot Can Camnot
modification
Jhi g % [} B ik Fif =i
Off-target High Higher Low A little high
W R {(iS =] B o=
Shear efficiency Low High Higher A little high
A (= {[iS L ik
Cost High Low Higher Low
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) JRy R
1.4 CRISPR/Cas9

CRISPR/Cas9 & 48T 2012 4F 1 B4R iE"
FLAE (] b B 0] SC 5 )T 4 (clustered regularly
interspaced short palindromic repeats, CRISPR) , A i}
PR RRLI ) PR L B 52 7 20 22 80 4Rk
T RWAFFE T, ZFNs il TALENs AR X DNA {i
STUIE R TR 2 DNA-F A A BEAE R AT
H XSRS, 5 ZFNs Fil TALENs AR AR
[i], CRISPR/Cas & 5t ) DNA P51 J& RNA-DNA A
HAEM, HoR i Cas9 %2 B FIEA B 5] 5 RNA
(single guide, sgRNA ) 41 A, H 1 sgRNA & H
crisprRNA ( crRNA ) 1 tracrRNA 20 i i 855 RNA 43
T, AT LI5S Cas9 /€N H A DNA JH-U0#1E, 765 A
R ISR X N ( protospacer adjacent motif, PAM) [X 35
74 DSBs ™ Cas9 % R WA 4 R — K A Tk e -
2H %R ( histidine-asparagine-histidine , HNH ) 1 RuvC
PIATIRESS 5, HNH S5 5055 U] 5 sgRNA oAb
I H PR DNA, RuvC &5t 559 U1 9F H ek, 1o,
CRISPR/Cas9 b1 7] j# i HDR #1 NHEJ #L il & &
DSBs, fH'5 TALENs #H b, fE6kZ sgRNA [#1%5 J5
EMTEBL T, CRISPR/ Cas9 F 40 H A AR AE E 4% 0
1 2 S5 D] 2 ) A

2 GEERFENMEE

B B 3 /N BT B 5 I 1Y) B 2 ik B 30 ) A
B ORI FHA T LU T JLIRE E5, 1966 4F
T A E = 1) T M 7 AR B ( Nude mouse ) J= 4, 124
oA 1B A DA TR B T T b 88 200 e iR AT A AR v 1
B 51983 4F /A4 T T 40 B 40 i 35 5k = 11y ™
T AUPE BRI 1 EERE B A T P B (severe combined
immunodeficiency, SCID ) /]y FRLL1e ;1991 4EF R E
UCHIF 4 1A P9 8% RN A0 A I 26 i /9 Hu-SCID /s
BT 1992 AE B 5T #F R BT E AL e
(recombination activating genes, Rags ) Ragl . Rag2 %
DRI 5 B 28 5t B /DN BT 2002 4R BIF 52 K AT HE
NOD/SCID /I Bl i R 51 A FI A 3R 2 24K v B
(interleukin 2 receptor subunit gamma chain, IL2rg) Y
RAL  1L2rg &K i A R VFL U RS2 AR
BRSO, A HAY R -2.4.7 A 21, AR
SEIR] y B, BEIT™ A2 T H AR U G5 Bk I A fe i
(¥ NSG /MR NOG /L™ o BRI Z A, oAt 4y ol
4 SR R Sl A AR B, B e R B R R K

. BT, e B sh )z W AE A R A it
FE RPEFIITE T AT ST IR S A8 B A DT T
3 ERRERAEREREIMEEARHY
R

TEIRE 2 F 5T b, ) fo 52 ke e s A B ik A 7
I PRETAF 5E 22 G dE B, 5 IR G i B A o7 ) e o 38
R SRR v e A T AR | Bl R g B R
PR B, 45l S BE R B B 2 R 55 AR,
H & 537% Ho3k F T A Ta) i g fF 9 i) 5 R gk o 0 e
PEGRBASI RIS D 2 > AR S8 R G T 40 AT 4
R FEMS 2% ) A i B R R T B
FRBRIPE, H3E FH /N B, 1 CRISPR/Cas9 B A 5
R T A i R R ) I A R
PESERIIEAY | B SR g AR B R R BRI AS
SR AT IR 8T Ak T G i fl s B0 A5 AR 1Y) T
T (AT TR | G e o R R T i 1 3 A A A
BEL G R AT ST .
3.1 ERRERAERRRE/NRELHARPH
R
3011 AR BN

H AT, JC M R A BRFE 25 A 5 40 S o il 2 i e
2 TRPERE 2 R Y PPN B AL
2 i B T 5 A5 T B B R B (L, &R R 2
AW I 5 A0 B S AT 2 B S 56 S R R )
EEHMT 11 S5k L ERMEIL R Foxnl H
R GEAR T, SR 0 AR AR T LT U 1 T
IREHE TS, 24 A% A 1 AT LA e iR 9 % B AN
A U8 ALY o34k, 72 5 S BU™ E R JE A E T
M SRR BB A e RV &, R BR BT A B 48
JROFIS SR A NK 20 L0 25, i AAS 38 A FH A 94 2 97
FE I RFSE, BECRIE TIER R, RO EH
ReTukEs I A BA R, BKEASE A, it
PR USRI DA A5, b TER BRI E AR B
o FEBRIE ( severe combined immunodeficiency , SCID )
/N B AR Hhou N2 i geg 16 AT S P RS A 1 F 5T 2 3
T MR AR B DL S qE FE R AR ) Sy PR R PR
AR T iR b R R AR B
3.1.2 PR GBI R B 1Y S B /N B

2 5 DK R 0 1 7™ S 2 B Y NOD-
SCID F#EHF 1L2rg™" 587% (¥ NODRag™" /N (NSG
FINRG ) A5 A2 & 1 g 79 26 4 5 DR AR B
PETE 12 2002 4E Tto 250 1L2rg™" /N LA 2
| NOD/Shilic-Prkdc*™ /NS T e Ty fig ™ H A
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41 NOD/SCID/y, ™" (NOG) /INRL, 7E RS A A 3 1fi. 41
JHL B A A o AL S A7 T R, 2005 4F Jakson SC5%
ZE R 1L2rg™" /NEURIZZ E] NOD/ ShiliSz-Prkdc*™
/NI 2] NSG /R, IZ B T B ik EL 4 i NK 21
JL AR 2 1R 440 N I 0 R R B A0 B T R AR
iK'®', 7£ CRISPR/Cas9 JE A 4 2 45 th B, X
Wz % ] CRISPR/Cas9 % %5 3K7% T NOD %8
A7 B BT AT NK 20 A 58 4= 8 25 1) eNSG (H [
NSG) /NGB &, 592 Jakson SCHE T & 1) NSG
/N EA IR S K OF HAR T Sy B 3
R g A I ) . M-NSG 8 R 4 58 Bl [ /N BLIR]
FEANI , FoE A CRISPR/ Cas9 4% R7E NOD/SCID
(SR b R T2rg FEDH 3502 FUBR S B T B NK
L, A T i il o AR R A v 1 /N Bz — [ B
TN G e R B A 3 A vy, B0 & AN TR 4 i s 2 21
ey T H/NR

NOD Rag2 gamma ( NRG) /N B, NOD. Cg-
Rag""™"™ [L2rg™"™" /N5 NSG /NERAEH 5L, &
1 Rag R B Privde ZENBRIGE . 1 Pride
BRBE S E AT SCID i Bl /N BRUE B35 A0 A 1 S
44 ( patient-derived tumor xenograft, PDX) X[ FrfELL
I7 SN A9 Hf A8 70 S | AR A5 T AE AE Ry BR M
AIRESE T Pride it 275 530 DNA & 52 Bl 1
e it B T S BEURRME | T Rag FEIBERE SR AL Pride 58
RO HUREA L, AR S AR L N i 4
AR K J , AL 4k id 2k 23w AL H CRISPR/ Cas9 £
R3S Rag2 (recombination activating gene 2) i 5 A%
C57BL/6 /NRUAH 5, SR 5 NPG/ Vst /NR A58, 7
JEAR R IR 1k Rag2 RER IL2rg # % .NOD %Y Sirpa L)
K scid FERARSEG AR, P 24 6 B 7 =X
PATAEA NRG /N FEPH 28 R B % 5 i p
| RETI 20 R S G 8 Dl o s A A Y | - BE R R
DAFE G 2 0 o Sl A B (R BB . R NRG /N B
R TR A B T NK 2 58 2 Bk | 28
P e PR G 20 A el 198 66 PR R 57 /)N B A 78 Ay e
)%, I H S d8 Al BLA%E
3.2 EEFREFRAEREHRERXBREEHARFH
N A
3.2.1 SCID K

KBRS 2K 1 A B AR LA AR v 4 A A
P, AR BRI T A PR BEXT 22 A K R
(A2 A /N BT 10 A5 22T SR (A AT o AR
FARMHAME PR, KERFREEERS,

FARE LI E T D I B R R /N B
PR E RN RBAEY . 5o, RS & 2
ASCEE | FE AN R 1M 55 48 A, R B Sl B S5 A T 512
Sy e AR, U D B B W ek AR AR AT 2 8
FIR RS EdE . N E A, KRR 2 B R
SEBGAFE T A A )1z N, 0T DA R I R AT
MR /INERTE G B B s A 0 % R R TR,
{EAE LR SR AR IS, KR A S8 Bl s 2y 4y A 78
WAETVIE & . Rag & R IR MY e 45 2 T 5L
T.B 4% & 5, S 80™ E A BCA g s
2012 4f, Zschemisch 25" F| FH ZFNs $3% A ] 5 %
Rag 1 FeJ R DR R R R R, SR IUAFAE Sy i i ™ i &
AAR,T. B 4HH L) 20870 (5 NK 4 G R
wahn, SN LAy B B T 48 MRE B R D4t/
CD3*/TCRaB* Hl CD8*/CD3*/TCRaB" T 4 il £H 1.,
1E 2012 4F, Mashimo %513 F] 1 ZFNs # AR #if 5
Prkde FEPR S T SCID KL, SCID K H
SRR R AT A 240 1 184 B a5 A 1) o
Fa i, HMpR ™ E R B AR, IRAARFE/N, T, B 4l
MUBBfE . 2014 4F | Tsuchida 2573 F| ] ZFNs @R K
R Ragl R 7 T NUE R R 32 BRU7E VD BR
i i J ] 4R AR AP RO A 2015 4F, Liu 455
FIH TALENs £ AR SFR K B Rag2 FEMH, Ny T 95
BREAFAIE S Ragl iR R B — B, BEAE 2 ROR 7 %
YeR AL A T AP B FR R RUBE AL, 2018 4F, Noto
45 I TALENs 44 AR #BR SD KBl Rag2 3643 T
SDR K, 5 Ragl FEH @R R B —3, % R T
YA TS B A0 E A G 2 A AIG, 1H NK 4 A
FEPEE N, [ERE Pride SER B BUS Rag 5693
B R 5 NK 20 5 B0 A A 2R 4i i 75 4 ATy
AEA B, BHLAT A0 0 SR RS A
3.2.2  IL2rg FEFERE AR

2010 4 Mashimo %" F| Ffl ZFNs #1 ] i B A
B IL2rg FEIR 3RAS T G e b R B X 3% 801 i B
B PEGR A ( X-severe combined immunodeficiency , X-
SCID) #i#), X-SCID KM it R B AR, %
g/, AR ER AR, JLTF R Z T 41
B 40 RN NK 40, {040 i B 56 AL A 585 T
AMuA7AE , Hrh CD4"CD8" T 41 i A1 CD4*CD8™ T 4
MUSAA ek /b, A1 8] i A E E H CD3” CD45RA™ B 4H
JgF1 CD3"CD161a” NK 4 f %0 I B, WF5 &
M X-SCID K FRTEREAE NS B S35 b g 4 A S 14 d
PR A P gge R Bsf ) ) X-SCID sh A5 oy
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YIRTT FEFIRYT DL S A S5 Fh R A MR TR
SRR T A M E AR P T H . Mashimo 51
TERUER KB Pride FEA 0 il B bR 1L2rg B2 5
FEE T FSG KB, 76 FSG K B J6 NK 40 it 3 1
1 2020 4EI, Ménoret 257! F| Fi| HEs 1 TALENs
ARt Ragl F1 1L2rg FER @R G M A NAG 5 98 15 &
H o (human signal regulatory protein o, hSIRPa)
JE#ST T RRGS KE, H1T RRGS Kk = mi
() T B A1 NK 40, 47 RRGS K fLE 5 A SN E i 5
™ ¥ 40 B9 ( peripheral blood mononuclear cells,
PBMCs ) REA R % RRGS Sk 17 s A4k, If
RGN 2] Bt g fe g S I, ) FH 32 R 4 4 R T
DU me il NK 4 ) A AR 3 s 2 B A 25 40
UL S5 % AL 1) TR X, (5 4 & PDIX 4 i 5 ol 3% A
(cell derived xenograft, CDX ) #5 % T Jii fiij fd
hSIRPa B 1] LIMASE 5 A\ 26 CD47 W45 4, il ad
CD47-SIRPo AH B AEFH X K BR A W3 41 e 4 (1641 <1 o1
W CRENZIRTAF ), DA S i A i T 40 i
(human hemopoietic stem cell, hHSCs ) 7£ K 5 & #&
(bone marrow , BM) H % 5 FEL R 2 45 | 33t Ay IfiL W 95
WAL T 52 SR A SR R G UR Y
3.2.3 HEARZERGE KR

Bfi % CRISPR/Cas9 $7 AR AE KB H N A, 2018
4E Yang 25 FI| ] CRISPR/Cas9 H AR T Prkde
H1 12rg F P WU B 2235 hSIRPa 1) NSG # ( NSG-
like ,NSGL) K, NSGL K@= T B ik EL 4 i Fn
NK 4, A= 3R 4% , {H 35 hSIRPa, NSGL K H
SG K BUHE A R A NI 4, IF H NSGL K Fn] LA
FE A hHSCs SR HH# AR GRE RS,

2019 4F He %" 3@ i CRISPR/ Cas9 % A4 i)
B T KREUAY Ragl \Rag2 Fl IL2rg KA, 345 T SD-
RG KR, SD-RG K15 FSG fil NSGL K 21,
5= T B REAHM A NK 4088, SD-RG K FUMAR &
J4E /N NG5 A RUAR Y AT NSG /N, #E SD-
RG K EMIg A G 20 d A= KARFE NSG /) i
(4 10 A%, 38 FH T @ 40 CDX AR 3 B s 4=
K BEE T NSG /N, 5% 34 38 4o 12 e 928 Bl o A
RUIEEST T 15 BT i PDX K R A | B Al b
o A R TG I ELA TR g e B R AE 0
3.3 EERERAEREHREREEEARFH
K7 FA

FRNE R B 1) 5255 sh ¥, 55 N2 5L I [R) 6 1
B AR B A Sy, HOJGHR NG T 40 Ak 4n

T R B AR SR AR A B AR 4 PRk S R PR 4 3
T R B s A5 et | 4 418 2 LA AR g s 2 A A rh
Tz, 2021 4F | Song % i it CRISPR/Cas9
RGEHIBR Foxnl JEHTFE THGARA iR GE T
W, B AR S IR R, T R 0
H AT, 4 U2 CDX/PDX #F5E 1) 32 ZA R b | 4550
BEfB Y R HI/E CDX 1 PDX BFSE 1) v ) gh g s 75 |
MR TRIEM S T &, e R ES TR
ZIRH . SCID RAVEH T Pride L BFE G,
2018 4, Song 21 i@ jF CRISPR/Cas9 £ 4t it b
Prkdc #4787 SCID f, H T B Ik L 20 A B G | ax g
SCID HA A Bl A 5 40 B R i 76 e g ge | £ it
Yo BE BB B RS W AR YT & R MY,
FIIFH ZFNs @B 1L2rg ##E 1) X-SCID KR, iz A
o[ B BE B H 7E K % 1, Hashikawa 5% 3 5
CRISPR/Cas9 % 4w 4% IL2rg H& IR F4 # f X-SCID
WAEHE IE R R BIFE AN R 8L, Bk = BT Al
NK ZHfd, 3 H X-SCID # ] AFSHE 5 AN FEAH T B AH
IR A4, T X-SCID % NK 4k | di45
IR TR RS AN s 20 L EL A B R
34 EEGRERAEREREEEEARHPY
A7 FH

WEAEfR A AR B E R R RERUTA
J5 AFABATT B I R P A B 2 R RE T 5 1) 5 5%
THN B RFSE E A 2 R A R R g
ARAHE Y SCID & 8BS 4 4§ ARTEMIS | IL2rg Y
Rag1/2 JEHZEAE  SCID J H A HLZ NK 415 T 41
M B B 40 64 e pE BT 2016 4F, POWELL
S8R I Artemis Btk 28728 5 SCID Bk =
T.B 4if, A3 NK 408, 9F HUuEB 17 A8 9m 4i i
A LLTEAR SR [ JE SCID H1 Artemis SCID %% 197
b NK AR50 AR GE , T 307E SCID & A 2840 i
MAHRR 22, 2014 4E, Huang %5 3 ] TALENs $%
REBRIE Ragl/2 HEATICHUA T B Ik EL 40 LAY SCID
WAL DL I Tee %7 | F§ TALENs # AR i bx 5%
Rag2 FEE ) SCID FEA T | SR 11T A6 # i A 5 20 i
IRCRATI R A4, Watanabe 255 BF5E & A% X
Pk B 1L2rg R ZFNs $ AR @ B S5 #4 8 X-
SCID %', LA Jz Kang %5 F| I CRISPR/Cas9
B DU e (0 55 3 08 ) BB IL2rg HE) R MEE SCID
o AN 2 DR G 4 B AR 2 1 1 SCID 4 B A
IR B = T 40 H NK 40017 2016 4, Lei
Y3 It CRISPR/ Cas9 22 484 1] # Bk Rag2/I12rg
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RN ML T B AR AN NK 40 SCID 5%
B, fg 6% R A N 15 5 £ B T 4l i (induced
pluripotent stem cells, iPS cells) , Boettcher 25> F]
FH CRISPR/Cas9 #1145 ART™™ Jify JL BUEF 4 41 e
YA ZR P Y TL2rg FEDIRIEE ART ™ IL2rg™"SCID ¥4 .
PR T B NK ZHiE#RER =, 765 AN CD34" iy
MTAnAE Sy T AR I PR 4 58 B R B
IL2rg LAY SCID 4 6= T 4 AL F1 NK 40l , 76
oAt N it LA RAFRIOCR Y . 5K R
BRBARIRIZEAL, 1o FH 5 [R]85 R 5 W B 1L2rg
RS BRI &t A X 45 2 0 905 11 0 328 B 4,
Rag2 /IL2rg /YFAH'~( RGFKO ) ¥ , RE %5 Iif- $th #% A
PN 1]

2 MG T AR SR B 1 S R A
N BN 1
4 ERRERARERRREDNYERIFRDH
Kz FA
4.1 REHEHMEANFRELNYER T FHHE
ENE

NUEAL Bl P BT J2 7 S 28 Bl o 0y ) 5 TR )
T RE AN b SIS R PN IR R A s W E o2
BRBE SR P9 AE) g R e N IR AL S A T T N
VRAE S B R B R | R F g R GG, kIR T A

MR A R FE S B BB sh IR N AETE Y, SEF
CA TR, AL Sl P A58 B AR T35l sh
RURES TR B0 ASE 10060, 45 988 7 N 19 22 b e i 1
AR et R R R R Ryl A T i A 110 B
SR,
4.2 ERFREBRAENBELIWERE EHE
W A

UTAER Bl A Y 9 H R A PR R e )iz
BT NIEAL S Rl & iR HESD T AL 3)
WSS RS R HE 55 0, OR BE Z2 1 B N JEAL 3 )
BORURWOREL ™ BT, SR F DR iR AR A 1Y
NIEAL S Y E B 4G d N R AL A
WAL S i & A N IEAL Sh e, NI AL S0 R 50
IR 53 Ry N AR SN A il A% 48 L (huPBMCs ) 3§
NIEAR S B b AT (huPBLs ) A VR Ak 1L T2
M (huHSCs) 1A WAL 5 %6 MR (huBLT) 3h4)
58 H huPBMCs ( 5% huPBLs) , huHSCs Fl huBLT
AN IE R GA AR R TR
Sl WA A P Ak PR ) 5 e 2 R R N IR A
PRI Al R A, DT 2 35 N 25 DL T A 2 3l )
H 53K, Huang %5l B R AH 26 9% 7 (adeno-
associated virus, AAV) ZARTE R A A28 H 41 e b it
A2(human leukocyte antigen A2, HLA-A2)/HDD %2

|2 TR GPEGREE S PR

Table 2 Animal models of immune deficiency in recent years

BIL/IES RAE KA AR A 27 3CHk
Animal species Mutations Mutation methods Cell phenotypes References

N JE— 20, 25

Pridc, IL2rg %ﬁlﬁﬁ? T B NK [ :

/MR Hybridization
Mouse Pride, 1L2rg CRISPR/ Cas9 T B NK" [26]
1L2rg ,Ragl/Rag2

CRISPR/Cas9 T B NK~ (7]

Rag] HEs, ZFNs T"BNK” e

Rag2 TALENs T"B™NK” S
Ragl, l[2rg, hSIRPa HEs, TALENSs T B"NK~ 7
KE Prkde ZFNs T"B NK' (2]
Rats Prkdc, 1L2rg 7ZFNs T B™NK~ [32]
ILng ZFNs T B NK~ [36]
Prkdc, 112rg, hSIRPa CRISPR/Cas9 T B~NK~ [39]
Ragl, Rag2, IL2rg CRISPR/Cas9 T B-NK- [40]
- Foxnl CRISPR/ Cas9 T"B'NK* e
Rihits Prkde CRISPR/ Cas9 T B NK* [44]
IL2rg CRISPR/Cas9 T B NK~ [4s]
I2rg ZFNs T"B'NK~ o
IL2rg CRISPR/Cas9 T"B'NK” 33
b4 Ragl/2 TALENs T B™ 149
Pigs Rag2 TALENs T B~ [50]
Rag2, I12rg CRISPR/ Cas9 T B-NK- [54]
ARTEMIS, IL2rg CRISPR/Cas9 T B NK~ [55)
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NSG /IR, 75§ & 35 A HLA-A2, It b, Sharma
AR AAV BAR B ML HLA-DR A NSG /)
FLr, 35 A HLA- 125 (DR1 5 DR4) , 7E /& YL 1),
184 M9 7% (respiratory syncytial virus, RSV) &, %
TRV BREUEE L NSG /NRUBR . e 3K T B4 U Ak
52 A K-1( major histocompatibility complex 1, MHC-I)
25 (HLA-A2) fil MHC- 1T 2% ( HLA-DR4) 5 3 [ A9 A
e R G i/ NRTE RIE R G E )G CD8' T
20 M P 200 T, O TR S MR LR L T AR
5 MHC-T 26 (HLA-A2) (/)8 B A i s 4
NUEAC S A NP0 75 T AT )32 v AN A, 14
A N RAL B PR R X T 58 N kA K
JiE J6TT T BRI BRIt AL

5 RESRE

FESCR A SR & 0 ) AR/ BRUEI B 4> B A% 3 o S
PA] 2 7 A A o) 46 5 DR A 3 4 9% s B s
PIE T NV AV s S NS TS TRV S S S -3 NG i S £
(ERE L) IN= SRR G 7 N vy vk - S ks
K CRISPR/Cas9 #%%F HEs,ZFNs, TALENs, DX
FLVRETTfRT A ) BRI B A A S A A, X
JESRFA SR A R B T E RERM. MBS
SRR M HY 2L LA G 3 il [ s s A ) 31 0 56
PRI 2 L AR B AR ) i e o S DR R A T A8, 50 e
PEBRIE SR N B T A= e RE SR A R B A T o
IFETE R 27 IR o | B BE A ) SR S
GIRA 45, T BR SRS BB A i 2 | e
PERGAENENER, FRERERAE AW
S H A R s Y R A S .

DR il g 3 ) 455 10 kg B At %) N U Ak 3 ) A
TR 2 A A B AR g B Y
PEBREA /N R 28 B0 1 T 25 Bk B Sl A A R e
o RRZE Wz, BTN, RERATR
ZARH M AT DUAE K BN AR 10 f5 AR,
SR I 2 P A ILIER YT O I R B A AT A 24X
SJ1eE s A, IR KBRS A AT ] B DA AT
ST BN g 2 DL R ) A0 D g B 2 R R s>
Pl KRR B R L, W TE
FE T AE R S A 3 e RE R 5 NS A, U
AT g N U AR R AR B R K AR 7 N TR 2 v BE L
RS HRT, MARAE NI P BR 52 AR 2
o R GE , Hk DRl G i AR R R TR v A T T B R
g, HETC A th 2 Fh A G sie A0 G L R A 3

A A BT N IRk G 5 e o )y A R ) A 2 B
NGB A W K i A R P BN
PRI 2 S8 89 S PR R | Sy Bk 5 95 0 4 s L
BB PIE L e 25 W) T S AT B2 44t 5 D g A 9
TSR

S 30k

[ 1] JIANG C, MENG L, YANG B, et al. Application of CRISPR/
Cas9 gene editing technique in the study of cancer treatment
[J]. Clin Genet, 2020, 97(1) . 73-88.

[ 2] FUJIWARA S. Humanized mice; a brief overview on their
diverse applications in biomedical research [ J]. J Cell Physiol,
2018, 233(4) . 2889-2901.

[ 3] FLANAGAN S P. “Nude”, a new hairless gene with pleiotropic
effects in the mouse [ J]. Genet Res, 1966, 8(3): 295-309.

[4] HUDSON W A, LI Q, LE C, et al. Xenotransplantation of
human lymphoid malignancies is optimized in mice with multiple
immunologic defects [ J]. Leukemia, 1998, 12 (12). 2029
-2033.

[5] XIERE, BRiE, #2%Jk, 4. FH CRISPR/Cas9 £ A #51

NOD/SCID/IL2Ry ™~ # s BRIG /N [J]. REJTEE B K22
i, 2018, 38(6) : 639-646.
LIUY C, CHEN Q, YANG X L, et al. Generation of a new
strain of NOD/SCID/IL2Ry™ ™ mice with targeted disruption of
Prkde and IL2R7y genes using CRISPR/Cas9 system [J]. J
South Med Univ, 2018, 38(6) : 639-646.

[ 6] ZSCHEMISCH N H, GLAGE S, WEDEKIND D, et al. Zinc-
finger nuclease mediated disruption of Ragl in the LEW/Ztm rat
[J]. BMC Immunol, 2012, 13; 60.

[ 7] BABARYKA A, KUHN E, KOSTER R W. In wivo synthesis of
meganuclease for generating transgenic zebrafish Danio rerio [ J].
J Fish Biol, 2009, 74(2) ; 452-457.

[ 8] SHALTZ S, JINKS-ROBERTSON S. Mutagenic repair of a ZFN-
induced double-strand break in yeast: effects of cleavage site
sequence and spacer size [ J ]. DNA Repair, 2021,
108 103228.

[9] KIMY G, CHA J, CHANDRASEGARAN S. Hybrid restriction
enzymes: zinc finger fusions to Fok I cleavage domain [ J]. Proc
Natl Acad Sci U S A, 1996, 93(3): 1156-1160.

[10] JAISWAL S, SINGH D K, SHUKLA P. Gene editing and
systems biology tools for pesticide bioremediation: a review [ J].
Front Microbiol, 2019, 10. 87.

[11] JONLIN E C. Informed consent for human embryo genome editing
[J]. Stem Cell Reports, 2020, 14(4) . 530-537.

[12] TAN J, FORNER J, KARCHER D, et al. DNA base editing in
nuclear and organellar genomes [ J]. Trends Genet, 2022, 38
(11): 1147-1169.

[13] BHARDWAJ A, NAIN V. TALENs-an indispensable tool in the
era of CRISPR: a mini review [ J]. J Genet Eng Biotechnol,
2021, 19(1) . 125.



142

P R ARk

2024 45 A% 34 5% 5 Chin ] Comp Med, May 2024,Vol. 34,No. 5

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[27]

WANG H, YANG H, SHIVALILA C S,
generation of mice carrying mutations in multiple genes by
CRISPR/Cas-mediated genome engineering [ J]. Cell, 2013,
153(4) : 910-918.

LI C, BRANT E, BUDAK H, et al. CRISPR/Cas: a Nobel

et al. One-step

Prize award-winning precise genome editing technology for gene
therapy and crop improvement [ J]. J Zhejiang Univ Sci B,
2021, 22(4) . 253-284.

BOSMA G C, CUSTER R P, BOSMA M J. A severe combined
immunodeficiency mutation in the mouse [ J]. Nature, 1983,
301(5900) : 527-530.

ROWE M, YOUNG L S, CROCKER ], et al. Epstein-Barr virus
(EBV) -associated lymphoproliferative disease in the SCID mouse
model; implications for the pathogenesis
lymphomas in man [ J]. J Exp Med, 1991, 173(1) : 147-158.
SHINKAI Y, RATHBUN G, LAM K P, et al. RAG-2-deficient

of EBV-positive

mice lack mature lymphocytes owing to inability to initiate V(D)
J rearrangement [J]. Cell, 1992, 68(5): 855-867.
MOMBAERTS P, TACOMINI J, JOHNSON R S, et al. RAG-1-
deficient mice have no mature B and T lymphocytes [ J]. Cell,
1992, 68(5) . 869-877.

ITO M, HIRAMATSU H, KOBAYASHI K, et al. NOD/SCID/
gamma( c) (null) mouse; an excellent recipient mouse model for
engraftment of human cells [ J]. Blood, 2002, 100(9): 3175
-3182.

SRR, XVEZ, L. FERATHEOR BT HERE [1]. A4
YA EIR, 2010, 36(9) : 51-55.

ZHANG LN, LIU G A, YANG H. The research progress of gene
targeting [ J]. Biotechnol Bull, 2010, 36(9) : 51-55.

FOGH J, FOGH JM, ORFEO T. One hundred and twenty-seven
cultured human tumor cell lines producing tumors in nude mice
[J]. J Natl Cancer Inst, 1977, 59(1) : 221-226.

TYAGIR K, LIJ, JACOBSE J, et al. Humanized mouse models
of genetic immune disorders and hematological malignancies [ J].
Biochem Pharmacol, 2020, 174 113671.

MAYKEL J, LIU J H, LI H, et al. NOD-scidll2rg (tm1Wjl)
and NOD-Ragl (null) I12rg (tm1Wjl) : a model for stromal cell-
tumor cell interaction for human colon cancer [ J]. Dig Dis Seci,
2014, 59(6) : 1169-1179.

SHULTZ L. D, LYONS B L, BURZENSKI L M, et al. Human
lymphoid and myeloid cell development in NOD/LtSz-scid IL2R
gamma null mice engrafted with mobilized human hemopoietic
stem cells [ J]. J Immunol, 2005, 174(10) ; 6477-6489.
ZHANG H, LI F, CAO ], et al. A chimeric antigen receptor
with antigen-independent 0X40
antitumor activity [ J]. Sci Transl Med, 2021, 13 (578):
eaba7308.

PEARSON T, SHULTZ L D, MILLER D, et al.
( NOD-Ragl

signaling mediates potent

Non-obese

null )

diabetic-recombination activating gene-1
interleukin (IL)-2 receptor common gamma chain ( IL2r gamma

null )  null mice; a radioresistant model for human

lymphohaematopoietic engraftment [ J]. Clin Exp Immunol,

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

2008, 154(2): 270-284.

BARVE A, CASSON L, KREM M, Et al. Comparative utility of
NRG and NRGS mice for the study of normal hematopoiesis,
leukemogenesis, and therapeutic response [ J]. Exp Hematol,
2018, 67. 18-31.

HE X, LIU Y, USA K, et al. Ultrastructure of mitochondria and
the endoplasmic reticulum in renal tubules of Dahl salt-sensitive
rats [J]. Am J Physiol Renal Physiol, 2014, 306(10) : F1190
-F1197.

AAJCIG, ZEEAM, BB, & w YU RO I AT RIS
PR (1], PEbEEERE, 2021, 31(4) ; 123-128.
DIAOY Y, LIY M, LI X W, et al. Review of Astragali radix
for treating diabetic complications [ J]. Chin J Comp Med,
2021, 31(4) . 123-128.

YOSHIKAWA G, MIYAZAKI K, OGATA H, et al. The
evolution of rag gene enhancers and transcription factor E and id
proteins in the adaptive immune system [ J]. Int J Mol Sci,
2021, 22(11) : 5888.

MASHIMO T, TAKIZAWA A, KOBAYASHI J, et al
Generation of
immunodeficiency rats [ J]. Cell Rep, 2012, 2(3) . 685-694.

TSUCHIDA T, ZHENG Y W, ZHANG R R, The

and  characterization severe  combined
et al.
development of humanized liver with Ragl knockout rats [ J].
Transplant Proc, 2014, 46(4) . 1191-1193.

LIU Q, FAN C, ZHOU S, et al. Bioluminescent imaging of
vaccinia virus infection in immunocompetent and immunodeficient
rats as a model for human smallpox [ J]. Sci Rep, 2015,
5. 11397.

NOTO F K, ADJAN-STEFFEY V, TONG M, et al. Sprague
dawley Rag2-null rats created from engineered spermatogonial
stem cells immunodeficient and permissive to human
xenografts [ J]. Mol Cancer Ther, 2018, 17(11) ; 2481-2489.

MASHIMO T, TAKIZAWA A, VOIGT B, et al. Generation of

are

knockout rats with X-linked severe combined immunodeficiency
(X-SCID) using zinc-finger nucleases [ J]. PLoS One, 2010, 5
(1): e8870.

MENORET S, OUISSE LH, TESSON L, et al. In vivo analysis
of human immune responses in immunodeficient rats [ J].
Transplantation, 2020, 104(4) . 715-723.

MURATA Y, TANAKA D, HAZAMA D, et al. Anti-human
SIRPa antibody is a new tool for cancer immunotherapy [ J].
Cancer Sci, 2018, 109(5) : 1300-1308.

YANG X, ZHOU J, HE J, et al. An immune system-modified
rat model for human stem cell transplantation research [ J]. Stem
Cell Reports, 2018, 11(2) . 514-521.

HE D, ZHANG J, WU W, et al. A novel immunodeficient rat
model supports human lung cancer xenografts [ J]. FASEB J,
2019, 33(1) . 140-150.

FERE ) JEVLAR, X, FERBM R ATt [1].
S5 RS, 2019, 39(3) ; 169-177.

XUE Y, FAN J L, LIU E Q. Genetically modified rabbit models
Lab Anim Comp Med, 2019, 39(3) .

for medical sciences [ J].



o P A PR A 275 2024 4E 5 A5 34 #4555 ] Chin J Comp Med, May 2024, Vol. 34,No. 5

143

[44]

[45]

[46]

[47]

[48]

[52]

[53]

[54]

169-177.

SONG J, HOENERHOFF M, YANG D, et al. Development of
the nude rabbit model [J]. Stem Cell Reports, 2021, 16(3) :
656—-665.

ROLSTAD B. The athymic nude rat: an animal experimental
model to reveal novel aspects of innate immune responses? [ J].
Immunol Rev, 2001, 184. 136-144.

SONG J, WANG G, HOENERHOFF M J, et al. Bacterial and
Pneumocystis infections in the lungs of gene-knockout rabbits with
severe combined immunodeficiency [ J]. Front Immunol, 2018,
9. 429.

HASHIKAWA Y, HAYASHI R, TAJIMA M, et al. Generation
of  knockout X-linked
immunodeficiency ( X-SCID ) using CRISPR/Cas9 [J]. Sci
Rep, 2020, 10(1): 9957.

YAN S, TU Z, LIU Z, et al. A huntingtin knockin pig model

rabbits  with severe  combined

recapitulates  features of  selective

Huntington’ s disease [J]. Cell, 2018, 173(4) : 989-1002.
BOETTCHER A N, LOVING C L, CUNNICK J E, et al.

neurodegeneration  in

Development of severe combined immunodeficient ( SCID) pig
models for translational cancer modeling: future insights on how
humanized SCID pigs can improve preclinical cancer research
[J]. Front Oncol, 2018, 8. 559.

POWELL E J, CUNNICK J E, KNETTER S M, et al. NK cells
are intrinsically functional in pigs with Severe Combined
Immunodeficiency (SCID) caused by spontaneous mutations in
the Artemis gene [ J]. Vet Immunol Immunopathol, 2016, 175;
1-6.

HUANG J, GUO X, FAN N, et al. RAG1/2 knockout pigs with
severe combined immunodeficiency [ J]. J Immunol, 2014, 193
(3): 1496-1503.

LEE K, KWON DN, EZASHI T, et al. Engraftment of human
iPS cells and allogeneic porcine cells into pigs with inactivated
RAG2 and accompanying severe combined immunodeficiency
[J]. Proc Natl Acad Sci U S A, 2014, 111(20) : 7260-7265.
WATANABE M, NAKANO K, MATSUNARI H, et al
Generation of interleukin-2 receptor gamma gene knockout pigs
from somatic cells genetically modified by zinc finger nuclease-
encoding mRNA [J]. PLoS One, 2013, 8(10) : €76478.
HARA H, SHIBATA H, NAKANO K, et al. Production and
rearing of germ-free X-SCID pigs [ J]. Exp Anim, 2018, 67
(2): 139-146.

KANG J T, CHO B, RYU J, et al. Biallelic modification of
IL2RG leads to severe combined immunodeficiency in pigs [ J].
Reprod Biol Endocrinol, 2016, 14(1) . 74.

LEI S, RYU J, WEN K, et al. Increased and prolonged human

norovirus infection in RAG2/IL2RG deficient gnotobiotic pigs

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

with severe combined immunodeficiency [ J]. Sci Rep, 2016, 6.
25222.

BOETTCHER A N, LI Y, AHRENS A P,
engraftment and T cell differentiation of human hematopoietic
cells in ART™™IL2RG™" SCID pigs [J]. Front Immunol, 2020,
11. 100.

SUZUKI S, IWAMOTO M, SAITO Y, et al. I12rg gene-targeted

et al. Novel

severe combined immunodeficiency pigs [J]. Cell Stem Cell,
2012, 10(6) . 753-758.

ZHAO H, YE W, GUO J, et al. Development of RAG2™~
IL2Ry™" immune deficient FAH-knockout miniature pig [ J].
Front Immunol, 2022, 13 950194.

AR, THE, #EE, % 2ERENEA/N R
fgeEfE (1], P BB AR, 2017, 27(10): 113
—-119.

LIAN J Y, DING M H, QIN G H, et al. Research progress of
humanized mouse models in immune system [ J]. Chin J Comp
Med, 2017, 27(10) . 113-119.
KA Y, ITO R, NOZU R, et al. Establishment of a human
microbiome-and immune system-reconstituted ~dual-humanized
mouse model [J]. Exp Anim, 2023, 72(3) . 402-412.

CHEN J, LIAO S, XIAO Z, et al. The development and
improvement of immunodeficient mice and humanized immune
system mouse models [ J]. Front Immunol, 2022, 13, 1007579.
HUANG J, LI X, COELHO-DOS-REIS J G, et al. An AAV
vector-mediated gene delivery approach facilitates reconstitution of
functional human CD8" T cells in mice [ J]. PLoS One, 2014, 9
(2): e88205.

SHARMA A, WU W, SUNG B, et al. Respiratory syncytial
virus ( RSV) pulmonary infection in humanized mice induces
human anti-RSV immune responses and pathology [ J]. J Virol,
2016, 90(10) : 5068-5074.

MENDOZA M, BALLESTEROS A, QIU Q, et al. Generation
and testing anti-influenza human monoclonal antibodies in a new
humanized mouse model (DRAGA: HLA-A2. HLA-DR4. Ragl
KO. IL-2Ryc KO. NOD) [J]. Hum Vaccin Immunother,
2018, 14(2) . 345-360.

ADIGBLI G, MENORET S, CROSS A R, et al. Humanization of
immunodeficient animals for the modeling of transplantation, graft
versus host disease, and medicine [ J ].
Transplantation, 2020, 104(11) . 2290-2306.

CHEN F, WANG Y, YUAN Y, et al. Generation of B cell-
deficient pigs by highly efficient CRISPR/Cas9-mediated gene

targeting [ J]. J Genet Genomics, 2015, 42(8) ; 437-444.

regenerative

(YeFs HH#A)2022-11-07



2024 4F 5 H o L B 2 2 May, 2024
$34% HSM CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 34 No. 5

ZEME, N, 5, & IR R ARSI AORE ST HE R (1], P E LRI, 2024, 34(5) : 144-151.
i YM, Yang Y, Yi J, et al. Research progress on complications after snakebite [ J]. Chin J Comp Med, 2024, 34(5) . 144-151.
doi; 10. 3969/j.issn.1671-7856. 2024. 05. 016

T3 0 A3 I A S5 I A E 1 WF 5 o
X4 0,8 FLFRCLEFET EENT

(LT P EZ IR A b R B 330004 2. 7005 P EZ K h ES B R B 330004
3JLVEH R 2y KM E BERe R EAMEE  r & 330006)

[WE] FRROE—FE LMK EIE, BA 22 a2 R E BURR KT R & SR, i
FEBR I IUH UL 2 B PR RS U 351, iR 25 | 10 2 A B e W I R, A4S RO P AR 1, 3X 2B I R R
R R B I A Bk AT R R R 0 R Y TS BTG B I SCEE A TR ST R,
HER MK RGE ARG JZENRG NGRS AT R S8R HAR T TN BRI R I ARE B RE IR 12 W Kby i
Trggad , DTG IR o B ie WA A 3 SR T IR LS5

(k@A) Fplenets; JJFRIE; Z REME

[HE5Z%ES] R-33 [ XEkFRIZAG] A [XEHS] 1671-7856 (2024) 05-0144-08

Research progress on complications after snakebite
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[ Abstract]  Snakebite is a common clinical emergency with the characteristics of acute onset, rapid changes in
condition, and high disability and mortality rates. In addition to the common systemic and local tissue damage, snake
envenomation can cause significant complications, including immediate and delayed effects. These complications are the
main causes of disability and even death caused by snakebites, which seriously affect the long-term prognosis and quality of
life. This article summarizes the symptoms, diagnosis, and treatment of snakebite complications from the aspects of blood,
nervous, motor, endocrine, and reproductive systems and other aspects to provide references for effective and precise
treatment of snakebite in clinical practice.
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Figure 1 Related systemic complications after snakebite
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[ Abstract] CRISPR/Cas9 technology has driven the development of various fields in life science. With continuous
deepening of its understanding, researchers have made multiple improvements and optimizations to adapt to various
application scenarios. The optimization of CRISPR/Cas9 technology has also provided breakthroughs in the establishment of
genetically modified mouse models. This article briefly reviews the development process of CRISPR/Cas9 technology and
summarizes optimization strategies of CRISPR/Cas9, establishment of conditional knockout/knockin gene-modified mouse
models, and delivery systems for CRISPR/Cas9 elements and HDR templates.

[ Keywords] CRISPR/Cas9; mouse model; conditional knockout/knockin; delivery

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

INEUFIAZEAE B AW AL T 5, &Y WY 5 ASHAM R VR 56 R B80T (R L KPR 45 5)
90% W) FE IR 2H Ry P2 =1 FE 28 % ( conserved synteny ) [X. YA, /N BURS PR B /)N | 250 RE g 5, ) 5% AAS 488

[E£TH ] HEE SRR (2021YFC2301700)
[1EEE N ] TR (2000—) , 2 WiEWEE A, WH5E 05 1]« AL 4 sh R A B S PPN DF5E . E-mail : wangyu09075@ 163. com
[BEMEE]EE R (1970—) 5 ,T@i SR B A O BFSE T ) R sh R U SE . E-mail ; fancf@ nifde. org. cn



o M A PR 2R 75 2024 4E 5 A4S 34 #4555 ] Chin J Comp Med, May 2024, Vol. 34,No. 5 153

%, AT A& L sh e Bk, Ik, /N BB A
S AN B A S 5 il FH )2 AR sh
JUEHIER 4 5 NI R 2 A 5 5 n9 R I, 5
TSNS i, N R K
ERIERG LT I A S bi S i R 245 A7
R EZES  FETCE /N BUR G H A 8L Jir {4 5%
Y NRAGS RS, IEH /N RS AR 400 A 09 4
T fRE TR R R AR 2R
ECT GARRS A O 0 AE R AR /N R g
FHEART S W58 N80 & AR /2 R B
20 B AR NP R L BRI K I R IR A T R T, AR L
BAE ) S YRR DLEE BN 2 I R IR
I AT N B 2o o el 5 S e S R i A TR 3 A
I A EI /N BRI R A 1% 7 1 A o sh AR 7R B4
NPT R A A EE ST CRISPR/ Cas
AR A S R B N OB R T T
HO REE R AR B R WA B R AR
W52 0BT IR AR T B, SR HUA [R] 56 W& P01k 122 25 R 4
BEARRR, DA 4 b 5 %A CRISPR/
Cas Z G0 A 56 A& i 2 Py 100 3 2 SR Al F 5 A
Il RIS A 75 25, A SCHEAH CRISPR/ Cas9 H0R
A 3 TR A& M sl 4 55 Y 1) 2 R 0 £k 0 JR A i 222
[m]JEs

1 CRISPR/Cas RZHIEREHE

2007 4 1L ERE R kT —Fh A0 B B R A5
B 72 5i—CRISPR/Cas R4, 4 & 7] DL FRE 5 U5
NIZ B AN DNA, FIl ] Cas 85 (A 6 H k47 85 ) ak
IR LIS BRANE DNA (ORI, 2011 ~2012 4F, 36
E R R AL E R R E TR T K muss, JF T
2012 4E4E 7R T 40 A i 2 CRISPR/ Cas R4E
PATRIEST B F ALK ZE, A ERL
It # T CRISPR/Cas9 % %!, 2013 4E,
CRISPR/ Cas9 A I FH T /1N B A 15 55 PR A9 3 2
8™ 7E CRISPR/Cas9 2 4% # 7 2 H, 4 [ 4
W|ERC A T P48 8 H (zine finger protein, ZFP )
BTN 55 BT PR RN W) A% B2 I ( transcription
activator-like effector nucleases, TALEN ) 5§ $f
AR s R [N G R A L, CRISPR/
Cas9 H AT ke fEHEER R,
2 CRISPR/Cas9 BEARMEU R EEERmE/NRH
B Rz A

CRISPR/Cas9 % 4t i P &8 70 44 78, Bl sgRNA

(small guide RNA) fl Cas9 ( Cas9 nuclease ) & .
sgRNA REG% I 18§ i B 4D IC X % 38 77 37 1) i 47387
A, 7E sgRNA (U513 T, Cas9 1% R il RE 15 15 1] ¥ 7
B HTH) PAM ( protospacer adjacent motif) J3+ %1 , Ff-7£
PAM J741 3l 3 ~ 8 bp Ab X $0 43 50KS o 95 4124
25 Cas9 5T Y] 19 40 7 51 JE 1 DSB ( double strand
breaks ) fift I, 755 P41 AR B 7775 B 22 5 1] 18 2 4L
HIPERT  SE P 51 77 A 1 BT, B AR T R
A5 P BOZHEFGERER . A RALEHAES MR DNA 7]
PR A HDR ( Homology directed repair) , 523 A&
A FVRE B E B DNA FFH st S AE S —7 5 %
A SEF CRISPR/Cas9 $ A JH, B2 %
2R sgRNA Fll Cas9 WIS ToiE AT o B, DAY 9
IR AL e | 48 e R 5 DR i A R0 o 5 0
T D] 2 6 /0BRSS 7R 7 g S O TR AR 13 TR £
E
2.1 Cas9 EEHIMIEMHREEEME/NRRE D
B Rz

Cas9 %R f: CRISPR/ Cas9 FE K 4 4 £ A vh
W R , B ] DA R R PR e 67 5 |2 DNA XYL
HETAR, Ll SR T RES R A 0 2L DNA XUHE B
24,5 BUAE RE S 0k G R, BB BE RSN (off-target
effect) , PRI, BH2E 5K 24AX) Cas9 #Z TR B ATk 1
o R, LS B TR o 1 35 DR g A A AT B
RO
2.1.1 Cas9n 5

Cas9n( Cas9 nickase) =7 Cas9 & H oY EAE -,
TN R Cas9 PP E5H43 RuvC FI HNH
) — > R | TR B —Fh HBE S | DNA Fidik
Wi iR, EAT, %A CasOn & 1A PR, —Fh 2
i i TN = AU 10 LAY KA IR RuvC 45
I 16 I B D10A 28 7% N ) i ( D1I0OA mutant
nickase ) , 73— ii i N 2R LA 840 12y 2H
PRI HNH 254380 % 15 JE i H840A 58718 PN U] il
( H840A mutant nickase) , DNA FL% W24 42 538 i
TR PRI B8 56 D 5518 & ( base-excision repair, BER)
WA I, Cas9n ARMES | AR 45 S v 4 4
BT CasOn IR, B2 582 1280R X 7 9 2% EL 4B
DNA BEfPIA sgRNA 4T, I Cas9On B HAEAH I
VAL RZ)E IO 0 GV T A N L A ¢ S B M
o VEE )i D10A Z8 A48 4% /)N B 320K B i
A7 7 MBS 2 AR R 7K P 1 A6 0 68 PR 24 %8 3%
ROREE Cas9 AAHF, BEHERUN A T2 H



154 rp [ A BE 2 A 2024 4FE 5 A5 34 555 5 Chin J Comp Med, May 2024, Vol. 34,No. 5

FrE A 1S BB, 1 B8 2 5 250 103 DA
N PN A TR R 242 Cas9n A BEAYZ K
bR B MR/, AR WA TE H AR FE I AT # 18
TR O, {H ECHE S R 2 A %) 35 D] A DX 388 A SR 1)
REARHAG PRI, 33K S oA A i PR i 1 /0N R ARG 2
SRR A AT DL I W R L 80 T SE R s )
M, TN & S g s e B

2.1.2 fCas9 M

fCas9( FokI-dCas 9) & 73 — Mol it (A% IR 8 , &
JH Fokl XU V) EI il A1 AR AE Cas9 25 1 ( dCas9)
IR, o dCas9 (dead Cas9) & H & H Cas9 1)
RuvC il HNH P 4% 2 il 176 7 DX 3l [m] Bsf 2 2 A8 7
A, HEBTE sgRNA 5| 3 T # T @ 456, NaEk
FESTYITHAE™ | T Fokl XUAEY) #I 8 LA 7RI 8 —
RARE A B & FEAE . G, CRISPR/fCas9 5
G (0 A AL sgRNA PesE | T H. FokI 14t 5E
MABTERIEVEAL, BT ARt R K ey . — Tt 5%
L0, LUK Cas9 mRNA Fl sgRNA 13 5 3] 52 K5 B )
Ty ) g B R A/ B, 8 £Cas9 5 {#i ] Cas9n
FA G R AT B T 0 i oy — TR AT R
11K CRISPR/Cas9 DNA # 44 b i3 5 1 A 285 b
(7 A L B A /N R, fCas9 1AL B4R
B ETF Cas9 1 Casn'*! 5
2.1.3  Cas9 5 S ARE 45 1Al &

A, ATE X} Cas9 A BINT. 56711,
LR — AR T A RO = TR P g RO
FIKE M B, B 28 S0 BB X 5 LA 5 2 Bk 2 2E 17 G
B, pn 7E— IO TR R R A S R T —
ANTEFLIR AR IA I 2 i 2% BE3 1/ BB 7Y
BE3 #i#i 3 4 55 #% ( cytosine base editor, CEB) J&—Fl
ZAEN, WA S5 BR A Cas9n (SpCas9”'™ ) 5
KEL APOBEC L 5% 22 i 11 b 1 W A 5k Jf 41 )
FI(UGT) &5tk 7E# 7% sgRNA J&5 , BE3 1Y Cas9 7
oy SRR A AL RS S IR A E LR 57
Ui, FE 4~ 5 D AFER /NG D= A C-T B3
TE T3 — WO TR 22 AE P o8 b AR i 17—
Fi CasOn Fll Jiz % S il 1) il & 26 11, #X 4 PE ( Prime
editor) . fBAERENG seRNA L1721 {5 B & il 2 H
bR DNA 55, 7SR 2040 i/ R BL B v | PE B
SERLT B A R BAE A, DT 3k 3 A 2 1E Y H
9, BESR PE AE % 2 1E 3 AR 21 40 i 1 2 (X
RAR ABAATT LLFE /N BRAA P A i 356 R R AR
K, Joie /& BE3 CBE ifJ& PE #B A iy g e [H 58 A8

PRI /N BB AR B A4 T 2 4L,
2.2 Cas9 B3 Casl2a 7 /N RIE B 32 b
Y Nz FH

Casl2a J& —Ff' Cas9 AR ACHA T T A,
5 Cas9 AL, A LA LS B, Cas12a
B A AR 5, FEVIE] DNA RUE I TE % 1
ANSZEE T AN DSB B PR, i BE A S
HDR #EAE R, A FI TR A TAER 1T ok, 78
WEATEE D Gt Cas12a FEF HFRE 1 4~ erRNA, R
T2 trancerRNA | [A I il F Cas9 [ 5 ¥4 B8 i i
B d e, A B 55 4 X s A ] 36 45 5 9 HOW
SO S AT A% X 4, 55 SpCas9 A EL, Cas12a i #
R BB AT Cas12a & FIIANIO A
TR, CRISPR/ Cas12a 1F 7£ 3% ¥ v F 21 Wil L. 3l 4 4
JL DA BB A T, AE— BRI S AR
TR 5o A B i R R A Cas12a( Mb3Cas12a) |, 15 %)
A8 1o AR 1 2 PR 8 /N R [ R & A A
IO BREE S A E (mSA ) BY Mb3Cas12a REWE 41
FFE R A RRCR DT A oy — I g 1R
I EATHE R VEAY Cas12a 7 1 (MAD7) 7E /) fL 3t
4] Rosa26 7 & SCBL T K /N A B fr AP
CRISPR/ Cas12a JE K Jri 4 5 W A S s A A 7 1T
HRFEAEAR R ATR IR E RIS 1,
2.3 sgRNA HIfitfk

B E I, TE sgRNA 1) 5° 5 Fil 37 s i 474k
2B, Bl 5 &3 -sgRNA, BE#S 2 5 CRISPR/ Cas9
FEANAR P S R gl o™ RS — Tk, &
PKF sgRNA [ARZEIX (Cas9 Z5AIXFIEIX) H 2° 2
LRIV R TR T 12 1, A 0% 1 5o 200 i v i L
PR IR 280 %, VE BB i FIVE i 1 sgRNA FR R e-
sgRNA,  FHHE ] JFF 41 B 09 i 0 449 K b AL 3 sgRNA
DL R 5600 7 X 26 3 4 B 658 Cas9 ISR (D
KHCE M GFP BY/NEAR I, X L ARAB M 1Y sgRNA |
5 &3’ -sgRNA DL J e-sgRNA = 2H 5256 | 45 1 WK
e-sgRNA /-5 (1 55 A gt B A0 W 10 8 TR B 1 1)
sgRNA 1 5° &3’ -sgRNA™ | (H A SZHFK W | e-
sgRINA 13 5 P 4B AR I A 2 — BUR AR (1), St s
TEOL T RIEGER) sgRNA Fl1 57 &3 -sgRNA /A8 3
K R . e-sgRNA 5514
3 7 A CRISPR/Cas9 ¥ R#J & &SRB/ MmN
INER

Cre-LoxP i 21 il 22 4 /& H 11l 5 # FH 19 4 2 4%
PR/ AN R GE ., M Cre-LoxP H 4H iff 2
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B b S PP A RS /I BRUP) D B < 4 1> LoxP
HE DA B A ALK 81 B WA, DL AR flox /N ER, flox
/N Cre /NRZ4 2, LoxP FRiC A DNA 551 4
BB, AN [R5 813K 3l Cre ZEAS[A] ) 40 2L AT
MM IR Cre TE4H A& AR BRGS0 R
37 C, s AL sh Wy i ], 75 5E R B A
N U R s ) T A e — e PR B A
—HHASFEUNRIEIG & B A IER , N3 308 =
B # i 5 P R R/ A /N B, BB 18 5 2]
ARGl 28 A2 35 | R BT (1) i R/ A DA S 21 4R
SeERIBER
3.1 HMEREEENER/ AN/ RER

RS B2 A 15t 1% 1) 25 18] 2 /) BRU AR 87 52 05 O
TP b 5 Al R AT st A s i, A R 7R )
SR A SRR A NS Cre T HBUAZ
Jic BRI AT ARAS S vTOUL Y bR B, KRR T M e
AU AR
3011 YRR B B SRR /N B

FIF Cre-LoxP 7 4t 4 it A2 5 35 4% 19 S 7 i B
INEREAE G 7 R AN — 24
AR T PG A LoxP JEN B, 7F—S6pfioerh fE#H
BT TR XTHE 7 51 A0 57 A5 A PR AP sgRNA |, 78 i 2
DRI AN 23 DB B DSB8k 115 [ B i1t T — AN A
P LoxP & PRI A2 FH g B 55 DX 91 /) DNA BB 3X
A~ DNA {25 ik 5] 5 8 20 19 77 =0 7> LoxP 3
DR A& A A SRR S0 A A %R vk o HDR A5
MK, ik HDR it A& 5 CRISPR/Cas9 % 4t i%
TR AT A S Y O i R A R RN
B ARBK . 1 Nishizono 28 Fl Horii 251 R}
ERESHEILEA, I CRISPR/ Cas9 FA K .
A~ LoxP A JA£ %) HDR 4 A 250550 (9 I, B
KRR BRI B E A MERE
3.1.2  HHARE BRI AR/ B
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B e — ML AR B TTHE, YAFEAE Cre EEA
MR 2 11 2 IR W 3K, B LSL bR i 1Y 4 KA g
FiB ; MAEAE Cre FAHFHT, H% LoxP ARic A2 LR
P 35 R B M 5, DT e A5 % LS A i 9 56 PR B 8 1
WK, MERE BT AR DN BT 2R LSL
TS B R RE AR R — > HDR iR I SR 5
NG 4 Ar s, T ek HDR BAR
2R B 2 5 DR R A B ) B DG 3 AU
DNA fE LA 7 S m A /N R 80l HA

1% ~10% . 14K & A A Easi-CRISPR £ AR
i DNA BUBE 44 i A 850% 0] LIk 3 30% ~
60% 57 | R Easi-CRISPR $ AR KK & T 3L
FEA R AR AT SR BEAR 5 3 5 1 O =
e, & E MmN K SR N R T — B i
CRISPR-READI fH A, #5 BRAHEHE 5 (AAV) 4+ 5
f) HDR fE4K 18 1% 55 Cas9/sgRNA RNP Hi %7 FLAH 4%
A, VhReR f sl a7 /D RS R4 b TRE R Y
PSR SR, IE RSB 14> 774 bp 2SR
L 14> 2.1 kb ) CreERT2 BRZhJLH A1 1 4
3.3 kb AR £ 3 A SR BG S A BRI P IR R
JE R MRS R AN 4.9 kb, L, R
AT DA O SE R RN LoxP JE A A2 | iR BERF Cre JEA
BAARAENRAFE R A, RRGR% T & A
/N EE B,
3.2 HMEIGEIEEERIBR/ BNNR

FERE 2% 1 i B A /DN BT 0 7 A
LSL-Cas9 /MR, BB LSL 7 51) |, Cas9 JE K 2 51 46 A
Fl| Rosa26 LW 1, 44T sgRNA 5 Cre I,
Cas9 %Eﬁﬁ%ﬂiﬁ'%@ﬂj, ik sgRNA 5|5 EZ {5 ,
PEATIEDRI R . AN SR HEAT BE DR R | A 3k R B 1
FLhh PR —> HDR B, 76 R FIZ A/ U
RIS A A2 i BRI | sgRNA il Cre T2 2H i L J2
HDR A5 A 1) 338 12 38 7 FH 02 05 B a0 R AH OG0 25 2%
i, Bihn 78 — TR 58 AR 1l — Rl R A5 5 55
PR ZETTI AAV, BT 14> AAV-U6-sgRNA-
Cre 244, Horp sgRNA BEAEHE 0] =5 A M & T e 57
£ RNA 874% KT NeuN ( RbFox3 ) , 4R i 5 fu 2 4 1)
95 B 1 R E W VE BT IR Cre ARSI Cas9 /MR
B RITAR I 7 )2 | A S5 & B Cas9 25 (AL D) 7E ¥E P
GBI B3 H 28 28, 9 HL 5 % BB 41 A Lb , 78 1 5
AAV-U6-sgRNA-Cre ZRAK Y X I NeuN 2 FH 425U
T 80% Y TES—IRF ST Ve B —FhEES
R SRR R 28T | BTV R I 240 i R/ 5 g o 4
) AAVO AR PR 3% Cre FZ B AT sgRNA, 774 T &2
TEI AN S Actl BRIV . AR
FUSIN A SRl AAVO 25 PR 2678 sgRNA | Cre DA K
ZEAR LA Y HDR AR A 735 PR R | B T4 2 s
NERBE R0

4 CRISPR/Cas9 ZGHIBER AR ML

4.1 ZREINKFRBERARMLEL
QR SR A B DB M /) B AR RE 8 1 i R,
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BN AZHKG B sl G T 20 i %) K P AT R PR G B
H FHEK: CRISPR/ Cas9 TG 5 A 2 4% P 5k IR G T
Y DN OPING S TR - S B e e v 4 G R (S
i 1o R A S i % Cas9 mRNA Fll sgRNA B %5
Gyt AR — T e VR i i R A
HESTE T 20K & Cas9 Fl sgRNA 1Y Jikr i 16 21| 52
K B0 R = A B R /N R ROy SRR AR e
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W AHHAE RS R R S TR — R A
FrifE— 2R3, fEIEAT I ARAE R, T3 226 H
()3 A HDR A i ik 2= 26500, i H 9 SE RS
AN, B, M AR S T R S, A
WEFE BN, 78 S WIHEAT A% 1 O B A8 18 /=y S R ft A
R T A, TS 32 O 00 55 75 B i) AR
X ASCRAAT R

SO S 3 2% CRISPR/ Cas9 % %5 L & HDR
REAR B 7 i, BRAE B 2%, WP B AE N B R Bk,
AT T 2 11 L 2 LA AR A SRR AR 0 S e S 1
JrikY R H T LR AR 6N A B
To B R Bad ik ik ASZRG O, itk L ZR AL R
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PER A/ RS /0N BB, R 98 N 03 38 55 23 LA R AH DG 95
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5 RESRE
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(LyTdbdb 2z B, il sk E 10 07500052 300 db A6 7 24 Be b e 25 — B B i@ AR il b 3k 10 075000,
3.9 b6 T 2 B B 55— R B R AT 52 0T AL SRR 0 075000)

(HWE]  HECGEME T 280 B A S @R £ 2R 2 — 8Ok BOLRIEZAE [T, Sre [
P 2 B IS R BB T 2 (sre homology 2 domain-containing protein tyrosine phosphatase 2, SHP2) 42 2 [ 1% 2 FR
Fi% 7 ( proteintyrosine phosphatase , PTP) 1% H B B 1Y) — 51 JE—Fh DI RE )12 1Y) 1 0 R ol PR T, HL 7 22 b S AR B ged op
HOFRIK BT TEAR 28 B R SGFH R T M 2GRS Ty A EEOREAE R, A R EITSER W], SHP2 1R 25
AT 1) S A A v 6 I e EE AR T (LR 1 T R e i I8 SHP2 7RI AL R SR T AR . Bk 7 1 1% 5
L3R T SHP2 18 7 FH AL 22 58 A [R] e 14 A= ) 2 D BE Kl R 38 5L R HAEAS Rl E & SR W B VR I S L], O
S5 R SHP2 MY & & #F—20 F A 20 RIS WO BE IR T 0 T A0 A5 SO R A AR AR iR
AT EENE L,

[k88iR] SHP2;IHALIE N ; 1EFABLH ; I RIS

[FESHES] R-33 [ XEktRIREE] A [XEHS] 1671-7856 (2024) 05-0159-10

Research progress of SHP2 in digestive system tumors

WANG Peng', FAN Jianchun ', JIA Juming', DIAO Qingfei', XUE Jun*’, 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]  Malignant tumors are a major disease threatening human health with disability and mortality rates
increasing yearly. Protein tyrosine phosphatase 2 (SHP2) of Src homology 2, an important member of the protein tyrosine
phosphatase family, has a wide range of functions, and its expression is elevated in a wide range of solid tumors. SHP2
plays an important regulatory role in invasion, metastasis, proliferation, apoptosis, and drug resistance. A large number of
studies have shown that SHP2 plays a very important role in the genesis and development of many solid tumors, but no
systematic studies have reported on the role of SHP2 in digestive system tumors. Here, we reviewed the biological functions
and clinical significance of SHP2 in seven tumor types of the digestive system, explored its roles and mechanisms in cancer
development stages, and summarized the development of SHP2 inhibitors to further search for potential targets for effective
early diagnosis and gene therapy, which is of great significance to improvement the cancer patient survival rate.

[ Keywords] SHP2; digestive tract tumor; mechanism of action; clinical study
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Pt BT AR 2T, 3 2030 48 M R R
FEAIR 80%MFET, 1E 2030 42, VLR A
JA TSR i BT SRR T AT T
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B DRSS B . 2020 ARREAE 73 B4R
S5 E M B TR R R B O R ) R o
=N O\ S I RS B R E T
RO = W N T AE A bR
M IR A G E T NBY 459% Y, SR A
AL T AR e X A e BT O gt 2D
SR

1 PTPN11 4fidf) SHP2 j& PTP Kb o —4
W 0 e AR 1 T T A, SHP2 &
5 KA JE (rat sarcoma, RAS) — 33 i 33 2F 4 (A 984
(rapidly accelerated fibrosarcoma, RAF) —22 %4 JF i 1k,
AN AME 5 P8 15 B4 ( mitogen-activated extracellular
signal-regulated kinase , MEK) —4il il 7 75 85 1 34 i
(extracellular regulated protein kinases, ERK) | i g
PoE LA — 3 -4/ ( phosphatidylinositol 3-kinase , PI3K)
— 22 R/ 75 B R B 11 VU ( serine/threonine kinase,
AKT) Janus 3 ( janus kinase, JAK) —{5 5 %% 5 Al
B 5% WO LT (signal transducer and  activator of
transcription, STAT ) Al & & 4 %6 15 %2 1K 1
( programmed death-1,PD-1)/F2FPESET 2 K- fid {4
1 ( programmed cell death-ligand 1,PD-L1) 5 Z 4~k
efr Fam g " SHP2 7EE MR 4 U ) 3%
ik, HAE R A M A I 58 or Ak R8T A
I 45 22 240 i 3 R 1 A AR AR v R 4R DG AR
FIT . SHP2 By Z A8 Al Feik S st v & B M
HUEIEA G, B UM S M LEa Ik SRR
M HTAAS B0 2 I L2 40 e P I 55 22 5 s
(K 5 R SHP2 78 Z AR ey bk
FAL ERELEIE I 1S5 1R 28 VB AR Y
2L S AR SHP2 Sl Bl s i 1, (2
JE—SEHF ST SHP2 2 754 g A 1< Ik 720
Ji1 2 YA 20 SUB R B, ) N, SHP2 7 T 40 i Ja
(‘hepatocellular carcinoma, HCC) 25 & P& 878 LA 2
BB AR IR I AR KA
AR, SHP2 5 i g3 1Y & A= F0 E Jie %5 U0 AH OC,
SHP2 FEAN )% 95 v BE W] DAAE S 3500 IR 5, o /T L)
P g s PR, HLOR 1 i i 25 R AL AL ) 11
TR ARG T EEHLE S SHP2 F0 1) 254 1 & #2446 T
LA I, T SHP2 75 TH Ak 2 G0 o Hh i 3

B BAE ML, % F87F 52 H RS Wy e RS L K
JEWRATTARRA T BB S, ARSCH X SHP2 1
7 FIE AL R G S A R R AR T B AR S AL A
PEATERA 2 WG 7 T Ak 2 e R 42 (18 1 07
1] FUE B

1 SHP2 HI#EiA

1.1 SHP2 WEEKEBWEN

SHP2 J&H PTPN11 & [K g 6% it 9F 52 A 50 2 1
Ji% R BEIR N , SHP2 K &4 593 MR, /- T
1A 68 kDa, H A~ HBKAY Sre [ATE 2 (sre homology
2, SH2) £5 ¥ 38, ( N-SH2 Hl C-SH2) . — M SF 1Y
PTP Ak 25 #4358 115 P Al 2 1k 67 A5, ( Tyr542 Fil
Tyr580) HY & & Il 2 R 1Y JCJF C oA it R 3B 4L g™
(B 1), NIRRT SH2 G5 306 T SHP2 45
TR RERE S0k 2 OCH 2, PTP Ak 45 4 7 i
b B EARSE, P 3R pTyr iRBIFR \WPD 3£ E ¥R
QR N, AKX P I pTyr BH WPD HAE
TR R (pTyr) KW & MM G 7 A8 vh &
VEREEIEH, MBI X E A Q M S E MR
A R B EREE A7 BY T 1458 I W 45 & 1 3 A0 1 A
FesE Ak 2 v SHP2 AYad PR SHP2 7£ 4% Fl
A Sh ) o ek SHP2 J&— 4 1 41 i
PN I B S PR, L 0 T A Y %
R ATTER N 5 8 BT R A IR i BT A E , 2
MG e =, TR A0 ML 5 376 5 00 T Uil R %

YEH,
1.2 SHP2 EEHHERANHRHOTHERAT
HLE

SHP2 9 73 FJF " AR IR P ML E PTP K%
HE A —JC T, SHP2 25 FH G 5 il 36 & 10T
PESM G AERIRAR A T, SHP2 5 I AY N-SH2 45 #4) 45,
5 PTP #5# 454, SHP2 & F gk PTP 25 f f0 N-
SH2 45 e s Ak Ak 3R 1T 1) % 35K A Sl i, Ak 8 P 1
AR5, AN B & L oAk D g, il T
SHP2 & FI 6P BRI TR iE A AR A5, X2
PKI 2R N-SH2 2544 38 1) 8 T 8 B — 4> 2R I A PTP
SEFIR , T ST s B BELIT , M FAAER T 36 S
TE S R % 4 IR A BE 5 PTPNTL RS AU 35 T,
SHP2 A i (A A A 36 PR A 2 U146 B s M 4
SHP2 jfi i He SH2 2545 3al 55 B2 1% 2R 1o s 4 &
SR TEWE RN AR AR I S SH2 S5 A,
NIRRT X R0 [ A0 VE i ™ 2R R 4 A2 4k
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g TR, Tl & JF 0% T SHP2 #Y B R
fit ) B, M SCEE T X SHP2 19 RS 0 4 1 76 1k,
SHP2 ) C ¥ 1 Tyr542 F Tyr580 £ AY, H 5%
TR 5 WETR IS M i W 59 A G, A3 HOIR )
FESIERIMUL . SHP2 () N-SH2 £5 F S 7E A AL 1 1k
AR St R EEZAAER (K 2) . SHP2 1
SIS 2 A pTyr BB H BT, & A pTyr MR
FUBTEBAAG 3 28 (1) el 24K (2) SCRE
H (KN T2 6555 8 H 2( growth factor receptor-
bound protein 2, Grb2) #H ¢ #Y 45 & & H ( Grh2-
assosiated binders,Gabs) ) . il £F 4 41 fifg A= K R F 32
&)X W ( fibroblast growth factor receptor substrate,
FRS) i 5 E Z R JIK W (insulin receptor substrate,
IRS) 1 32 1A 1% 2 W2 18 ¥ ( receptor tyrosine kinase,

RTKs); (3) 40 I8 [ F 32 1K ( cytokine receptor,
CKR) ",
1.3 SHP2 {R<FHYEL EXRBERRLHLH

PTP 15 18 G AT e B D~ 19 i 1k K IR 1k
BLARL, AT DA 3k PR A Ak 2 25 B8 0P A 3o 3 25 0K
SCLALE S (K1) FIA# S (K2) IS RT3 3R LA K
TR D2 R (K3) IR ORI B AR £ (K4 ) 17K
FEPAS LAY L e, P IR R 1Y SR A%
Vet S BOwE R T T 1 D 2Rl R R A ORIk
(1] () A5 DA Sy WPD A Hh R A 2 R T TR P 2 7 42
PR BT ¥ BT BER e 22 b Rl B 8 A 2
BRI R . SRJ5 , WPD PR H (1% 2K 4 IR Al
Q My @k A oK o3 I A 1k, A R
FOER Y TR B R S 0 B, B S B A R

1 SHP2 W24t
Figure 1 Secondary structure of SHP2

B2 SHP2 MEMFFI KHGS

Figure 2 Protein sequence and conformation of SHP2
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fitg it 2 TCHUAE IR 1) 7= A i A (/1 3)
1.4 SHP2 735 L8 A P R Th BE R AE AL
VT4, SHP2 78 2 Fh 1M A 18 iV 19 & Ak % e
HfEE AL WIER . SHP2 $iA Sk 2 8o (5 58 i
F18) DG R R 1 T 2 ol 2 it , HL 9 428 £ 3 s 11 U7 =X
BHLIT LR, (1) 78 0 I BEIR 40 e 9 (oral squamous
cell carcinoma, OSCC) 1, ##/]> RNA-186 ( miR-186)
i o B ) P 5 SHP2 Y 3 35 30 il SHP2/ERK Al
SHP2/AKT jl %, 7£ OSCC Hh R H#MIEIEM . (2) 18
28 B R 40 MY 9% ( esophageal squamous cell
carcinoma, ESCC) H', SHP2 % &3 i p-STAT3 AY
LR AL ESCC MIEFE ., (3) 7E B i ( gastric
carcinoma, GC ) H1, 4 ffid 7 A 5¢ & A A 4t
( cytotoxin-associated gene A, CAGA ) il i ¥ %
SHP2,51% RAS Sk, fREHE GC B3, (4) 7ERF
41 19 ( hepatocellular carcinoma, HCC) H', SHP2 fi¢
HE1L-6 XF ERK M 347 , [RI 2 E 3F 1L-6/STAT3 {5
S, WM §] HCC 1 BEE ; SHP2 3 i3 B i
RAS/RAF/ERK . PI3K/AKT/mTOR %% Bk 3k {¢ #f
HCC Wy A4 K A Ee ¥, (5) 78 B IR i ( pancreatic
cancer, PC) H1, SHP2 1] LIfE# PC [ Kirsten K,
PRVIRE i 43 B0 2 X [) 5 6 A (Kkirsten-RAS, KRAS)

KRAS 2848, T {2 PC ik, (6) 76 IR4E J
( cholangiocellular carcinoma, CCA) ', SHP2 1] DL B
BT YES A5G 1 ( Yes-associated protein, YAP)
Wk, NIFE CCA AR, (7) 45 M
J& (colorectal cancer, CRC) 1, SHP2 o] DAt [m] 8 5
STAT3 FYUE , T4l g G 1< (18 4)

2 SHP2 EAREKEMERETER

2.1 SHP2 5 0sccC

SHP2 £ 1 7E OSCC H 2 5E i T4 B, 78
OSCC LU P yRIL & T AR AR B AR i 41 HL 3k ik b
5 IR I R 3 S Sk L g e R A G, RS R B,
SHP2 31k 0SCC HEJEAT 5%, i 0SCC 41
SHP2 143 1K AT i 25 [ IR b 33 4 M 1) 12 28 e 0 7
OSCC 4, B SHP2 1 ikt m] LA #E iy
£ 1 ( recombinant tumor protein p53, P53) , BCL2-
Associated X [ £ H Jit ( bel2-asociated x, Bax ) 1 B
IR EL 41 Bfe g -2 & A ( B-cell lymphoma-2, Ble-2) 5 H
feik, SHP2 X OSCC 40 i B4 HITT LLIH 25 S 7
AN, — 7 T L 3 SHP2 2K 1R 2238 0T LU 40
ML T N D AR AE T ; o5 — T3 T SHP2 A] g
JEELE A ORGSR 235 #9205, DT 55 40 M G 7%

3 PTP ZEHRH RS HEAL L WA AL T A A A A 2L o

Figure 3 Conserved catalytic dephosphorylation process and catalytic regulatory mechanism of the PTP family
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4 SHP2 7i1H Al e 20 i b 9 4 P AL

Figure 4 Mechanism of action of SHP2 in digestive tract tumor cells

122800 R ARaE , Kk R 0 i PR T AR A 3 PR 7
0SCC H3Z71%/IN RNA-186( miR-186) #4754l 1 & B
miR-186 7£ OSCC ZH 2N M4 ity &2 1k B 3% T M,
1£ 0SCC 41417, miR-186 5 SHP2 £ i 43¢, miR-
186 3 2 171 1] I 7 2 11 1 PR W IR il SHP2 (1) 3R3k
7£ OSCC & 48 4 FH , miR-186 41 i 1 2 ik 4=
K#Yy SHP2/ERK F1 SHP2/AKT j# % , M 1fii 175 5 41 Jfd
T sk ki, SHP2 7E OSCC 40 s b i 3%
Ik HAR i g 4 B 1Y) 4= 22 A RS B AT DLS &
i) DR RT = N o 2 = 1797 N B S B NS 2 <]
5, miR-186 3 1t 17 i) P55 SHP2 fY 2 1k M i 2 4% 410
FEfER
2.2 SHP2 5 ESCC

FATTAE 1 B A D SR S S5 ] 1 SHP2
FEHTE ESCC HPIRE L, BLAh, X ESCC £ 1Y J e
LR E 3% (TCGA ) £7 1% £ 4is ) KAPLAN-MEIER
TR, 5 SHP2 Rk B E A I, SHP2 L3Rk
SR N T 22 B AETE R, X R SHP2 ALK 5
5 ESCC &R BV G, it X SHP2 iy %
DAL B o T L2 X0 38 A 0 ) B 9 440 B 7 o i
VI RE ST, P S R R AR TS A —
APEAL T R SHP2 JE A (1 ESCC 41 e 1 Y A9 1

H, 5 %5 BR R bR ESCC 40 HaAH HE , SHP2 Bl 1Y iz
TR MR 2 RRK, X B SHP2 X
RN ESCC 21345 AT I i/ H . SHP2 %2
it p-STAT3 By ZBERR LA H ESCC UG FH, T2
W] SHP2 784 STAT3 {55 1% 3 1 f ) 9 15 7], #E
ESCC 4, p-STAT3 /K15 SHP2 Kk i AH
Ko SHP2 b 5 g iy it 2504 4 ¢, SHP2 2k B AIG
T ESCC XML A i) O T PRS2 SHP2 il 2k S 3
ABCG2 Hl NANOG 3 FE 33k 1>
2.3 SHP2 5 GC

14 " THR AT T8 ( Helicobacter pylori ,HP) f& GC o=
fERE, KRRV, HP RG] 5 S H 2 4650
FETRT AR RS & B SHP2 76 HP LY GC
AT MR A LB B, HP 3l
CAGA FHEHIEAE L 41fl, CAGA 4> T Ri B 76 B
R ) AN R P T A I T R TR AL
CAGA AL MAMRWIRILE, 55 L4
SHP2 H H 5 AW A &Y. s & R o R 1k 1)
CAGA Sk SHP2 B R M A0 BLAEH , H B A {2
Pk SHP2 TRERUAE J1. CAGA 5 SHP2 & 14 (1) SH2
SEF I B AN HAE 25 S SHP2 BRI 2481k, T
W5 PTP 5 N-SH2 4543802 (8] 3 A0 EAE T, DA
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MG SHP2 AL TG, 51 & RAS F1ZH i 4k
{55 T R PR PR A5 5 R R g, 55 E
SR B AT RS, P EUE 4R G BR
2 ANA % B GC v SHP2 Y2 15 5 i 43401 ke
SRR BOm A RS L
2.4 SHP2 5 HCC

SHP2 £ 7 HCC Hr 1 & XU 1Y, BE 3 4l
MARHE HCC B & 8, iX i ] SHP2 78 M b9 i /)
VERRA U S SHP2 Ml T HCC i
HERE B ST R W] SHP2 78 Iis 41 4 b il 23k 5 40
T AR R 4 2R b R AL, I 40 B e S vk Bk SHP2
T IL-6 X7 ERK B9 , B AE 1L-6/STAT3
155 0 5 2 RN, P2 4 A5 5 A% TR 9 4 A
INAE, G 045 5 M0 A A R G & DO ik Ah,
SHP2 &t & I #FH ¥ o = & H W O %
(diethylnitrosamine , DEN) 75 5 ) HCC 19 % )&, [A] A
W2 A KM MR R 3G K 40 R SHP2
STAT3 ([R5 A) LATH BR HCC B9 & e, BRILZ
Ab 6 WF 58 2 B SHP2 JH f@ill 78 12 F 10-6 1 ¥
STAT3 #3% Y [R] B, % K 3% 5 25 & % A ( nuclear
factor-k-gene binding, NF-KB ) ¥ A 5 W, iX % B
SHP2 FEV T STAT3 1% P i & 78 NF-KB 1) T il 5
ATYERI Y, TR B AR 58 38 & B SHP2 36 3K R AR 2
HCC A 7 W5 #5457 SHP2 78 HCC ik F
J—AER, SHP2 Byad Fik vl M #E HCC ByiERE T
Pt SHP2 FIATEARAMME] HCC AY3EFE | 267K P 3 1
HCC SRR Y 09 4 K, T I SHP2 1] k55 /1y B
HCC 1Y Kl B A1AE 7%, il 2D 5% B PE HCC 198 1
SHP2 i@ 1 Br 8 i85 RAS/RAF/ERK i #% f1 PI3K/
AKT/mTOR ZIA AR HE HCC (1 4 K i # | [\ it
SHP2 {9 F 8458 T HCC %R FrdE 8167 1 f5U%
V£, SHP2 I 6 3k 19 B % % & hr k8 1 B v 384k
BRI 2 Ah WF5E 30 & B SHP2 W] fEAE Jy B 2 TS Y
YRR EY YRR HCC B iR A R IE R 414
HHEL, SHP2 7856 #5 kb o 1 1k 1 3 T, X R W
SHP2 7£ HCC 568 P i re /e
2.5 SHP2 5 PpC

90% VA 11y PC J& 348 T B8 B g i 48
JiR9E ( pancreatic ductal adenocarcinoma, PDAC) | T
HH A KRAS ZRAE M Rk W58 &3, 4 1
SHP2 Z 1 A9 PTPN11 & [N A9 ke 25 8 40 i /b
KRASG12D 3Kzl PDAC ) &4, WF5EUES: SHP2
£ KRAS K31 PDAC HA A a] sl it i A% O AE

RAF KRAS 1EIEAS i R ot SHP2 HLAT & B A4 i
PE, AN BFFE N UL R B SHP2 1 Bk 25 23 s, 2% i
SRR R JR | AEAS T LA S B I 98 1 A, 38 2 184 o b 9
AL X MEK #0150 A9 RUEE . 6T PDAC ik
7, RZH KRAS 2878 W AU BE ELHEAE [m) 45 , ¥ [n)
AN RAS IR0 9 55 & N BT rEALE] , Bk
B T —Fh§E 1] KRAS 275 i Jge i) 5 s, 12 5K k-
5 A B BEL T RAS R U800 9 MEK F1_E 3 34005 )
SHP2, 43 5| fifi I A28 5K # l 5 RMMC4550 #i
1.Y3214996, A] LIEZ 2 P [R14E F , 33 Ff 55 sk ik 52
JEAA R, —TRFSE & B, SHP2 £ PC 4141
MR LI (55. 7% ) W & TR 4141(10. 1%) o
AR WF9E K B SHP2 1 35 1) 834 HL SHP2 fik %
R ERE SR A A (B S, R, SHP2 11 3%
IKFTRES PC MR KA I, Xt SHP2 1] fEE
— ANV R BRI T35 b AR ) R T
2.6 SHP2 5 CCA

HIPPO J#FRAN Y YAP 5 CCA 4 & Lk Fi ik Ji2
A HIPPO 3 B 3LV W) YAP, & 0 T 41 i
¥ AEVEZ I 2 T v ELUA i ST vk 46 K 28K
CCA, SHP2 FTLAEL#H75 YAP i, NI #E CCA
TR FEMEAE N SHP2 fif YAP 1y Y357 SRk
LWk, B T7E RAS/RAF 45 (LT, E4EH
5 YAP BTG, NI AE CCA 2 38498 1 177
CCA 4 R FLMEE I SHP2 /K5 pYAP™ &
RHKFR, SHP2 F1 YAP AHEAE A A #8745 CCA
)2 SR VIR TRD G 1 T AR X A7 O U . YAP
TSP 254 5%, 4 SHP2 K48 =5 i CCA 41
Jarp, 2B ) sl 3 R B2k 1) SHP2 238 YAPYY
WEIR 1L 1 YAP L PR (S PUME TE  H F
MCL1) A3k | M8 A0 %o 5 76 At 52 AR 1) it 2
V£ SHP2 Ik 2235 F1 pYAP ™ 125 28 3K AY 400 Jifd 28 %)
G Aty AIITAA S B i 24
2.7 SHP2 5 CRC

WF5E 28 SHP2 78 CRC " & HE AR AEFH , SHP2
AL CRC Y34 58 FE RS, FLHLHI 2 7 CRC
R A STAT3 BB R L', SHP2 93K ik 5
Je Ak TNM 4339 Rk B 45 56 A6 0 38 A O 1k, F
FEFR W] SHP2 1Y 3R 3K 15 e 1) 431 F ik i 52 1 A
S0 K CRC H IR SHP2 Fik/KF- R i
TG Hh Y SHP2 A5 i i 12 28 25 DT A
5%, SHP2 1] LI CRC #4228 M, ] st 67 1) 3 45
STAT3 3 , bt % b e 1) o i R fik . CRC 2
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— Rl ARAERH IR ) 38 % A T A B, PTPNT L S
514 SHP2 J& — Fh % AE 14 1 9 (inflammatory bowel
disease , IBDs) 5y JB&F& [K] | 1] SHP2 55t 37 P 45 W% %
(ulcerative colitis, UC) A& BN & F 2 A8MEHC,
I Kz 4 (intestinal epithelial cells,IECs) H* SHP2 A9
AT 3 UC A R R R FE CRC g
AHOE E A (tumor associated macrophage , TAM )
A LU LR AL RT3 CCL 2, CCL 5, VEGF #il
CSF-1 S B R A A2, TAM 75 % SHP2 A fiE
RAEHBUMRE DAL, TAM I SHP 2 B 2% 5 i i#%
% p-STAT 3 FHMH] p-NF-kB p65 i 5 Hifi) M2 Al
Wk, M2 g 40 i AR K CSF B E Y R O10
(interleukin-10,1L-10) K52 FREF 1 (arginase-1, ARG
1) JLT Bl 3 #£ 85 H 3 ( chitinase-3-like protein,
3CHI 313 )., Ml 4k #1 ] B A ( resistin-like,
ARETNLA) , 3547 B e 46 52 07 03 11 4 A2
T

3 SHP2 #HiFIFIHERERE

SHP2 HHfI 28 5 1 DA AR s 410 1) 551 58] 22
A IR, P2 SHP2 [ A 0] O F & D e, - 40
/NGYF SHP2 JH 351 19 2 3k 32 4 v e 3 P 7 o5 310
I &, 0 a5 i R L A K B R Y — 2R ik &
Py e IR T R R BT L AR A
SHP2 $3fil3 , (H 2 B T PTP 25 Hh il 1 il 315 2 3k
[EEa 7S A 2 v 4 I | < o S/ G =
PTP1B SHP1 SHP2 Hi ik = Be Pk, H&5M b k£
AR R AL B 5 Ak 0 AE ELVE FH B AP
FIESFUIRESE AR , 5 BUME A A0 A5 470 o1 551 1) 4
AR ERB BN 2, T8 B 5= B
2T T2 Rk, DL RS HoA PTPs 1 B4 S5
54 A5 5 ) SHP2 A Ak 457 85 A 910 1] ) XfE A AR
25109 S SRESE R, SHP2 1Y /NG Tk AR
A SR I 2 PR 45 A A AR ELAE i v DL 5 46
PTPs $5 4 (9 B 3 A0 7 A0 AR, 2016 45, i
AP NAESE T SHP2 10 il AL ] i) o 7 il D0 fF 5
HE YK & B SHP2 AR R4 57 SHP099 , SHP099 1]
PLIEIA 25 A %) SHP2 Y N-SH2 ,C-SH2 Fil PTP %544
B RE b IR SHP2 1 H AR %, ARk
HIFIAEA BATR SHP2 MG, B e stk
B2 AT R A 0 R b A o7 e A0
R, TF A THBEsE I 10, 2844 SHP2 ) il
FIBASE A SR PR | 3 26 245 1) — A S 5 Jeg Rk

ARG B SHP2 2845k, K, FF & X
SHP?2 J A8 A R ik 57 J2 5 SET S Y R, 1
T SHP2 il 5 AN GEAT 25 11 I SHP2 82844, I itk
ik A R A T 1 A I (proteolysis  targeting
chimera, PROTAC) % g [1] % fi# SHP2 Bk SHP2
IS¢ BYIREAE IR T AR AUSR G, I 4] SHP2 36 1k
Pt T — MR A SO T R UK R RS
& PROTAC J&— P8 Y |3 2o e A B A DG 2
TR FERYT FE R SR Mg Y . PROTAC 43 ¥ 81 4F E3
RS POUE =t &Y, AR EAREZ R
TEFBESS 19 POT B, HARFAE T AT LUK & A
el POL, TR B FNE IR, $2 it T —Fhim 42
PE U 25V A2 0 R SR BRI

4 BEHRE

FATELGEAN T SHP2 73 AL g v il 26 3k
FITUG . SHP2 FETEALE I8 (1) 22 35 1 2o 48Uk
Sk, SHP2 £ 0SCC ., GC ., PC & £ ik, SHP2 7
ESCC HCC ,CCA ,CRC H{IikFik, SHP2 7EiHfkiA
Jiseg i A FH W) B A E A 2 2% S, SHP2 FE
0SCC.GC, PC " & # f/& 5 1E F, SHP2 £ ESCC,
CCA \CRC " & 45 M

SHP?2 BT AE Ay 850988 PR -t w4 Sy 410988 TR -
FEANIR) S AL TE ik og i A AL DR AS R, SHP2
iR R, 78 ESCC W E Rt p-STAT3 1%
WERR AL I ESCC 1 34 78 ik 7 DA T & 44 41 g A
H157E CCA i i 9845 HIPPO 18 B& 50N 4 YAP M
M & A g8 A 5 76 CRC o i 47 1] 8 15 STAT3
TG T & 4B 4 AR . SHP2 PR M 2 X+,
16 OSCC H AT GE ik SHP2 411 5 26 20 kG FF 43 1
MZRIk 15 AT RS AR 28, T R R
16 HP JE&YL () GC 1,33t GAGA EH 5 SHP2 454
KW SHP2 WAL M, T 51 & RAS F4H i sk
EREa RN R T L e R A A V7 A o = 4
Y S A AR RS | T & HEAR S5 A FH 5 7E PDAC
Hh,SHP2 il i fiE i KRAS 272 fE #E PDAC 19 & 4=,
TG e A AR A H

SHP2 7& HCC H/E H & R 1, BE & 3198 I+
MR -, SHP2 AE S A 98 R ¥, i 5 i T
RAS/RAF/ERK 3# il PI3K/AKT/mTOR 25 A2
i HCC By AE KGR, T A 4502 feVE . SHP2
YRS R, 78 20 M S M e G SHP2 4 1
IL-6 %I ERK P ¥LTE , T BURAE 1L-6/STAT3 155 5
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JE 0 N, £ HE R T AR T L 5 R R E FLRSE,
BT P A D AR Y R

ARSCRGE T SHP2 76T A0 e v i) — Stk A
FHELAE, 7634 AL T8 B b, SHP2 A A4 K7 3
38 5 40 ) 58 H5 50 RAS-ERK  PI3K-AKT-mTOR |
AK-STAT 3 4 5 A0 M 34 78 oAb FaE 785 bR b 2
A SHP2 3] LA 3E 28 5 Iiigd #H 5G4 Aty o3 & 2B A
MZ 5 4GS ok G2, I 0SCC Y miR-
186 .CCA W1l YAP, SHP2 YE MR H 7 % 2
it RAS-ERK i i rp & #4402 1F 41 B 184 5 | 70 A 0 i
% BRitz A SHP2 55 HAH SCii % | %) KRAS %78
KD RAEH 25 40 M i 3 58 o 4k i 8%, W
PDAC ) KRAS 2875

SHP2 {1k —F 85 22 (1) B R AL 1 5 22 Fh i 1k
Jirges (%) e A= B VAR G . AR FEAE FHIR P AR TR, SHP2
FEANIR) I AL TE s v & #5345 AN R AE T, B mT DA AR
EAL AT LA ogd (9 & A4E . PTPNIL A SHP2 (1)
UMD ILIN | R4 PTPNIL BSOS FAS G R &5
HOR RN AT b8 AS TR AVE FATS 98 4 N 2 il , iX AT R
T B — L LR

SHP2 24 () W J A 78 40 ok 5% iy i A7 v, 4
T ECGHE SHP2 R M iE ia T #4782, HLARSY
(R4 Tk 2 i 1R £k ML T R 8 1 72 ) 38 455 AL 1 R
SHP2 a1 25 FF K $E 4t T ML &, ¥24 K 1k, SHP2
(RS ) 25 R S B2 AR TR A /N3 A R 4K, O
He#k AIG RIS BB, SHP2 J30E 7 F e T8 H
KR )% G 4 (PROTAC) (1 SHP2 [fi A il 7
R AT IR T H S, (HUR AR S A AL T A5 By
Br, UL AR SHP2 il 7] 5 2 At #0540 o) 7] 36
BIRTT T 25 1 B 0E S — PR A T SR M, B
SR VLI AT SHP2 435590 A9 78 B B 14 A2 Bk
X HETC ST & T 24 SHP2 B3/ 15
IR, I FLE A 24 SHP2 4111 577 KL i R
R — S 2 i A RIS B B: SHP2 il 5 B
B 25 Bl ) 2 2 s e, T e — P &
W55, [, BT SHP2 7EIE# 0L F 2 51875 4%
Ff A G R, PR SHP2 3006 i 51 A2 1 8 7 s
HAR )z Ry, |ATA 78 2 Ml A, Kok
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Research progress on the interaction between gut microbiota and
microRNA in inflammatory bowel disease

KONG Binghui', BAI Longzhou', YANG Li**
(1. the Fifth Clinical Medical College of Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. Department of Gastroenterology, Zhengzhou People’ s Hospital, Zhengzhou 450053 )

[ Abstract]  Inflammatory bowel disease (IBD) is a chronic intestinal disorder characterized by an immune response
to factors in the intestinal environment. Dysregulation of the gut microflora (GM) may lead to inflammation. Studies
suggest that fecal microbiota transplantation, probiotics, prebiotics, and dietary treatments may reshape the GM and treat
the disease. MicroRNAs (miRNAs) participate in physiological processes, including cell development, proliferation, and
apoptosis. Additionally, miRNAs are important for inflammatory processes and play a role in regulating pro- and anti-
inflammatory pathways. MiRNA profiles may serve as diagnostic and prognostic markers for IBD. The relationship between
miRNAs and GM has not been fully elucidated, and recent studies have demonstrated their roles in regulating GM and
inducing ecological dysbiosis. In turn, GM regulates miRNA expression and improves intestinal homeostasis. It is important
to continue exploring this relationship. Therefore, the purpose of this review is to analyze the relationship between gut

microbiota and miRNAs in IBD and identify possible precision-targeted therapies for IBD.
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RAEME IR (inflammatory bowel disease, IBD)
S PP AR S0 1 52 R P 1 W 3 S E MR , £
57L% B (Crohn’ s disease, CD) A5 Jz 4 45 i
(ulcerative colitis, UC) " | FoBr it Wos , WM AL
£ 130 J7 NSBA IBD, HTY FROM AT 0. 2%
H A, X5 T IBD 3697 B AR T M ERAIE 7 e R A5 5
e AR 2 it i 300 S ™A 1) 45 Ry, B 48 A 4 TG 2K [ it
DAtk D3 AT: B URBURIA BIOKG BRI ZH 2L i Lok
HRFE AN A, DRSS 45 W (colorectal
cancer, CRC) & JEMHCHIfER N ZER . CRC & XU
5 RRAE TG 2y 10 455 22 I 1) YRR R R A
FP AT CRC S5 IBD B H ST LB
510%™,

H1 T IBD A3 RIBIL ] 1 AS 58 42 T 48 | 3 1Ay
38 e, S BE FNER B R g OE BB (et
microflora, GM ) 2% i 55 AH ¢, 5% & 3K, 78 IBD &
e AR AR T I IR 2 AR S T T % 1 o
FEH R E B, T3 GM KA, GM AT HE/E N 1BD
Rl A P pr & A, IR T 2 R A
(fecal microbiota transplantation, FMT) | #5425 | %5 4=
TSP AR ZE P, B/ RNA (microRNA,
miRNA ) 2T AR 58 IS AE SR i . DF9E 3R
Bl miRNA 25 1 IBD HYRFHLE] , CAE ALY
PRAYIAIAYT H A, miRNA FJAE/Z X 43 UC F1 CD
AT TR BR T Bl AR B0 16 sh 1 3R 9 B Y
A WIARAE) Z A 38 TT RE R AR B 7™ B R B A
RAER TG AR RY7 . GM I miRNA 3 4 3 4F 5
R SE B, T FRAATTZE IBD TRidfE R 5 C R, g
%4 IBD F & BAT &4 0T i 1412 7 T2 AL )34
Jr L BRI, A gE R B R Y BT A 56 GM A
miRNA 7 IBD A0 B A BYBF 58 AR, iz 4 ok ok
WFFEHT AR — 26 DLfig

1 EEESRESEER

1.1 BFiEEERR

Wi BT A B 7B H 2 1000 ZFh 0 e , Ho iy
% GM 328 T B Ml 0 Al A K2 90% J& TR EE
BT VRAFF R T T, GM 4L Y A 5 AN TR) b XY
AR R A 6, 18 E st A B T
IAREHEYRE T 5 o OM HRILE SR IREE
GM = A 1) — ey o ) Sy NS it T % BT e,

GM 25 Z Wi 1k, 7 A8 IR ik 500 L BE AR D R
(short chain fatty cids, SCFAs) , NN R, T R Fl &
MR, BE2h NAARBERE . SCFAs S0 i b Rz 40 i () 36 5 |
I3 DAL A 28 01 75 S A0 L N AR R AL, B2
M figy T G K A iRt
1.2 GM RiFFEEFE X IBD

o TECRG TG Rk GML 5 R bk B2 2H 8003 1, B
IESRAE SO, I8 4ok AR AR W IR 2R Al T
FIR ARG 23 T35, AR Sepe ROl 10
2l I (intestinal epithelial cells, IEC) J&4ERF7iERAS
M 5T 2 — , % % 2 (tight junctions, T)) &3
BERHRGE AT o TIs 57 T b 1 200 A J5s Tt g B 30
HEAEAISBY TEC, I 4H M L 3h 2 1 A ULER 25 F1 R
ZRARSCHE , I 19 B Rl e . Tls Wi 2
RETBE & S I 17y 308 308 25 1 38 A, DA i 2 L 2 1
SR KA

oW T 3 e 5 OC 43 7 85 2K ( pathogen-
associated molecular patterns, PAMPs) ‘5 51 j1] 52
WHHEAEH], 51 & HUAR S8 K S S, AT 463403 s
RN, Bow T o B AR R S BIORS I RR 2 AE T R
M AILA R el 4> SR A F T se 284k, A 1T 1BD Y
KA SRR N Y I AR i SRR GM R
IO, (A5 52 BE B AU B s D, JF A A T I AT
FURG B/ 4= 28 P KW FF B (adherent-invasive E. coli,
ATEC) B85, ¥ & TBD itk 19 M4k, ATEC R
AN I P48 2 -y (interferon-y , IFN-y) 4™ S 1Y {5
I T ok Bk R A S O R 2%, kT BEL 1k BT A AR
o200 5 T LAE W A4 L P A 5 Al R BT T O
TN IE S RE 2 B e — 2 el A SRR E an
PR AR B R IR NG 5T, bR T A0 R AR R A, R LA
PR AE ERPEL . BIAn , SUFF B 7™ Az 00 5 i 1
SR A5 40 ( nature killer, NK ) F38%8 I Bj 11162
R R > R R, IBD HBE AR 1
B A A, 2 8 s = B B AR I, S8 S0 T
FHi R BRI, HIRTE S IBD RS % D)
HAOG, B 7= A 1 — Bl RR ok 2 BB B A R
Sokol %27 5@ 1 P A1 552 58t TIE S, 12 TR 3 Ao 4 0
FEIREE 1 T RE RS BB 2% I 7 — kB ( nuclear factor-«B,
NF-kB) T8 RO A Iilfl\%—g( interleukin-8 ,IL-8) ia
AL PLGAESPLR T 1L-10 436, R, 3% Ho A
AIRERLH IBD 36T H A W R AR e >
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SE P AL E5H 43 AT E B CD AN UC J T8 R R
KA T EERAL, O 2T R X Fh AR L A
PUAE IBD AR U N PR 47 M T 2 3 A (i U A
W AT B BOR 2 AT T 8 PR T 55 ), AR A 1
R R (0T R R WA AIEC R R
FFE ( Fusobacterium nucleatum ,Fn) %) 170 Ak
IBD 2 200 v G R E A 0 v 2t & A 28 Ak,
SCFAs Jli/b> JE I FR AT A8 ) 6 R A Qs ) 38 1 2%
P, AR X L6 4 o 2 ) 5 AR 21 AL R ALK A
BE HEREI I R RS I G R

HETFE R Z RETHIEME SRR,
X T E B R, BEAE GM SR
0. 1% H 2 HAE N8 e R G & B FIE 1 w4
EHEREREEM, IRV, IBD BE N wE
PIRERN S R A I | R P P/ BE A LU ARG
PP PR TR EG BT RRAIS 11 (A Bk B B = e
T RE R IR B O — B 4 T, WF9T 3R B X R R
P25 1 9% RGO A PR JR e T W V5 Atk S IR T
AEM o 98 1 NF-«B I 22 2 5 1% 46 8 1 e
( mitogen-activated protein kinase , MAPK) {5 5 i 1%,
IR R A - IL-18 IREBOT B IR R N5 e A=
£ A ¥ - B ( transforming growth factor B, TGF-B)
ST IR TN AR LS 7N B RN /N [ B = R acbees? 3 |
VB Ry —Fh S50 B, LM RE 20 43 (H 68 SR E B - 2R
BE) 5 PAMPs FHEAF AT A2 #E Th17 504k, HF 3
IR AR F 1L-17 1L-22 4336, Atarashi % UE
WY P 6 S R T B v B 1 /N BRU5  [1 )= Hh Th7
B4, WFFEUERT, CARDY Hl Dectin-1 B K XU 235
PE5 IBD 5K, S 5X HE MRl e, S
@IETE CD B h R AR, i B i CARDY 51k
Jil A RE J N, A 3E e g i RS LRI, LT GM
A AT Be R T5 & W 1 R SR A —

1.3 AT GM £f% IBD

H AT C A K a2 i ok s T+ s 1 25 4=
JC g 2R B FMT R 38 15 i i s AR A, X IBD (1Y
KRS A BRI 1
1.3.1 RETH

T YBIFTE A I, T 220 8 /K BE I B A A T
GM ¥ 11, & 2 Wil WUE W K 8% 77 2E SFCASs,
PRI 2 TR 8 A A RIS 7, DT o 8 M 1t e AR
B EREE AN FE SCFAs 7T LA S0 BrUA il )
AT A TR A R I R R S K A T, MY SR T
AL BE T, JOF 1 AE R B0 RE 0T SR,

Limketkai 28 A7 PFAl T 40 10, 4085 47 2 A%
Kl KA G R B | FREE IR DL RIS TR 45
XY G2 i w0 IBD S8 3 AR i | TR R SR sl
Wt AVE T, IR I 258 I T X €D fiT UC Y
S AN AT S 2 ST
1.3.2 25w

WE 58 R W] 45 4 T/ AT 5 3 UC 906 2 i, 5232
VSL#3 (—Fh 25 A= R G 1) 1677 19 8 2 i 83k
42.99%") Mar 2510 ES2 VSL#3 A s /b 5 i 4
SRR A T RE R ZBEPE . IEAh, Wang 604 %
PRIt S VSL#3 8 BRAR UC AH G MrRg AR R /) LA i
Jed BAT | I RRAR S o 21 2 v g SR PE B F — o (tumor
necrosis factor-a, TNF-o) Fl 1L-6 /K-, BRA 5-2
IR 7, B2 85 T I Rl B 3L R AT B R BLIEG A TR
FHE,
1.3.3 23400

KW FE UE B 22 Fh 25 A= oo T A o 1 3 il p
SUECFE B 3 5, FEML A AT g 5 0BT B R 25 4
TCHIRCRIE A S RS I TR
KA K T S5 RARME Y P Liao 4514 51
5 FE I AP 0 (ISR SR 22 i T 4 R WE R R 4 ( dextran
sulfate sodium, DSS) 755 /)N B 955 B A0 28 0 25, BHL1E
DSS 545 RS IO  FURD TT SR 2 B 1k
T BEBEAZ 300, A /D T ORGSR TR £ B IR, IR
IRIAE B T 28 42 JC IR, Wilson 251 358594 T
FFEARREZLRE XS 17 236G sl UC B3 45 1 R AE
FRREI i 15 0 A 3 30 A o5 A i SR RN ™
AR A, HEAE A PR AL,
1.3.4 FMT

FMT J&— 5 2497 15, 16 1BD 697 o i
JIt (. Caldeira 251/ SIEBH FMT £ UC F1 CD Y1l
PR R fift RIS 25 T THI B4 25 Ak | AR IR PR 28 i %643 1) o0
37%H1 53. 8% ., WLAMIFSRIA &I FMT & HH THiE
Rt 25408 E AT B M R IR T, L AR IR T
82 R PERRMERR A A 1Y UC A 58I R

F A AT 28 7E IBD Fp 48 E 2 15 5 | B B 2k
P AR AR R A e T kA e Bk TR
T A RE T U M B X b C & |

2 RIEMMBHH miRNA

miRNA J& — 21 /)y B9 B 4% E 26 B RNA | #2 [m)
mRNA A9 37 —AE #2835 B [ 32 ik, TR (R 5 4%
SR A oA A T A Ty T A AR
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A~ miRNA A LU 50E Fl mRNA |, 45 5E 9 mRNA J7
FIATRERE JLFD miRNA $ ), L, miRNA 25 7
AT 30% M EE PR i 3k A IR 3 B B g
PR J& IBD H miRNA () CHEDh fig J2 A Bh 78
KRS A e fa 8 . 76 IBD M2 Wi 51897
H, miRNA ¥R AN ZCITER .
2.1 miRNA KM IBD Y& A S

— TR I T B A1) | e O i SR Bl I
IO A 2% 532 20 M 8 7% UC Hi 3 miR-16 , miR-21 |
miR-23a . miR-24 miR-29a miR-126 . miR-195 # let-
76 5 ZE WA, M miR-192  miR-375 F1 miR-422b Jif
BB SE AR WHR A T £ A miRNA # &
P, Wang %" % B IBD £ 2 4 113 miR-223 7K SF
BEAE, H5EWIEERIEMX, i, 54
YRR ITRE 2R A C B #R A H, miR-223 £ CD &
G T AR TG B AR SE P, Cordes 2517 A
5% 7R, IBD i miR-320a /K- 5 N BE T S% 15 50
JEBYIAHSC N B T AR AR A AR B
W1, (HTEH miRNA MRS W T H Z 0, 55 % &
miRNA XJ IBD ff 45 5 M | IR B 61— 28 miRNA 5
HoAE S AE G, Bl miR-21 AYAE UC B i3
The i HAE CRC Ay |
2.2 miRNA 3187 & Rz il

TR UC BT, Morilla 2505 78 %) h& 24 [
FEIEY T IO N R TR R BT 15 b 5 2 [ )
FHOCH) miRNA, 6 B 5 3 5k F) 5 S bt S AH 56 1Y
miRNA 4 Fj 5 20460 2 SOW ARG ) miRNA |, M T 58
T miRNA 1B IBD jAJ7 5O 0 X7 FE . e
A, Heier %50 1F 57 36 I AE 122 52 Uk JE A 00 R R
PAKLVAYT I IBD L, miR-146a, miR-320a F
miR-146b YW PRI 2585 H100 T B, 7T RS AR AE 1
FNFE A DG, miR-486 X U& JE A 14 5 i AT 468 5. 2 1)
Ak TR S SR B ERAT I TE
2.3 miRNA FIBERL A K3k IBD HIiEITEE =

5% & B — 26 miRNA 5 — 263t i ] TR 97
IBD 254 /E H AR R A9 R AE IR A2 . LS, miR-
29 ] FEAR TL-23 7K Tt 1L12/23 Hifk (126 i 5
PO EH TR hEREE DY miR-126 il
TR I A AR B A - 1 B A M P R A
FELFRE BRE , DT R 20 £ 200 5 4 |, X 5 4k 2 Bk s bt
FE PSS G0 B T R EL 40 (helper T lymphocytes,
Th) #EFK adB7 KHEPLRAERNLEIAHF, 55T H
TYRYF R EEE R IBDP ) miR-155 E 4240 [ 40

MR 715 S 3 6l 7 1 P85 Janus 34§ (janus
kinase , JAK) {5 58 i , %H [ H 55 FHF UC (97 Y
FEARB R 540, B 00 AR 56 E B 11 AR
SEHSNT 7/( signal transduction molecule 7,
Smad7) iz X A% A R 7] M CD R E 1Y I R 5E
AP, Tsujimura 451 18 9% ik R 46 8% JK A — miR-
497a-5p E G5 W98 K #5341 5R TGF-B/
Smad {5538 [ A0 35 P K 52 235 P Rt B 1Y) L Bz 45 48 3
WmERAE ., UL EOFFE IR miRNA BAARYT
IBD B9 5E 7 77 (1BD 1Y 3% miRNA F2 A FAE 23 L
1), LA, Moein 251V if W] T 45 Fh miRNA 2
B Y 0C 5 LA K IBD A AL ) B i S g ALt B 3 ik
PEFITA IR A ( dendritic cells, DC) | F W2 g |
PR A0 L NK 20 BELRD T 240 B AR E SO, AR T 2R
F B BORS WB% B DL R R R T B A TR R
B, miRNA 7E R AEFIE N T IAEH R 1BD 3677
MOk T RIE LA, B0 miRNA AL F miRNA 5
PR, miRNA LRI OCSEAMH] miRNA [« Ff 51X
AR 970 20 3 5 i miRNA $5471
FIPKIZ ] miRNA i 23513 B0 mRNA 245 DI fE
ZH . miRNA LY 0] LUK &R 5 SO0 1 BE 3 58
(1 miRNA e3R8/ SR, FH miRNA 55057 F
BHUERAEAE BB o BRIk, Ak i IT 7 2
HRA T f# 1BD A9 miRNA 3% | W HH HAE 1BD SE i
R B e

3 REMFFS miRNA 5 GM HHEEEHR

AR, miRNA 515 3 5 GM (1 AH B A FH ik
Mz B E AL, T BN S AT ST R B AR, X SE R 5T R
B miRNA 25 GM M35 R AR A R I i o)
JLad T LAJETT miRNA A3k, T ek A8 i 18 P9 A
7§[8,68—69J N (lzl 1)

3.1 miRNA FATHFERENEAR

1B miRNA 5 5 7R ) 2E 28 st A v 2L [
eIk, T TP AEAE R/ RNA (IEE S miRNA AL,
B EARAE FIBLR M ATERE . BFFE R B, K75 miRNA
AN SRR EN, VAT OM LR,
B AEAE K, B30 miR-515-5p Fl miR-1226-5p 4351l
EHET Fn MR IAATF R A AE KT B4h, miR-30 d-
S5p AT SRR 1 B S R B -2 FLBE i A PR Y
Feik , TR 2 33 b 48 TR A i 1 P S RS A
AR AR LR B UL FT B — R A
76 IBD % &k M miRNA () 5 % £ k&%
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® 1 IBD P E% miRNA 76 Al KA IR A
Table 1 Main miRNA involved in inflammatory
bowel disease patients

W/ RNA RAEPE I AR Ak A
miRNA IBD Target
. il NOD2
miR-10a f Inhibit NOD2
. T 40 7
miR-16 et T-cell sub-types
LRI uet T 40T #E
T-cell sub-types
miR-23a uct /
miR-24 uct /
B NOD2
miR-29 1 CD EEAIR IL_lZ/I,L-Z? Thrff;i activation
Decrease 1L-12/1L-23 in CD of NOD2
miR-29a uct /
miR-30c¢ uct /
miR-124 cpt AHR
miR-126 1 VCAM-1
miR-130a 1 /
miR-146a 1 TNF-a
miR-146b 1 TNF-«
miR-149-3p 1 Th17
miR-155 uct SOCS1
miR-192 uc | MIP-2a
miR-195 uct /
miR-223 1 Claudin-8
miR-320a 1 TNF-a
) M) KLF-5
miR-375 el Inhibit KLFS
miR-422h uc | /
miR-486 1 /
Let-7f 1 T ARRE
T-cell sub-types
miR-497a ! TGF-B/Smad
miR-574a-5p uc | CARD3
miR-924 1 Th17

T KLFS 2w B {H K- 55 MIP-20c: WA H 90 i Ik s NOD2 - B H R
LG TEREEIR 2;S0CS1 AL A 77 5 1 1 MHI K F; AHR . 35
FRES2 A VCAM-1: LB AN 23 15 CARD3 . 5 2 i R & T 5%
LM 35 T 3 LA,

Note. KLF5, Krupp factor 5. MIP-2a, Macrophage inhibitory peptide.
NOD2, Nucleotide-binding oligomeric domain 2. SOCS1, Cytokine
signaling 1 inhibitor. AHR, Aryl-hydrocarbon receptor. VCAM-1,
Vascular cell adhesion molecule 1. CARD3, Caspase recruitment

domain-containing protein 3. 1, Increased. | , Decreased.

M) P, K FF TR DTS B 22 tR T 55 AR Y 3 A O
PE21 . Johnston %5 SIERH miR-21 (3K 126 GM
PV IE RIE . #bR miR-21 A LATRBTZE A R
0543 T PR ABLAT A 1 ik 20 AR 7 42 JEE R R R A R
ZEMOAT B A BN, DL AN, Feng %57 HF 53 b 3 i
miR-149-3p 62 (/N ERER B GM 2 1, 7 Jiti H]
DSS 15 B9k W i 18 S0 . PRt R D s e
miRNA 5200 GM F3 A, 3 MK 5 1 1 AR A 3R KR

J7 1B MI Ak miRNA 3 ZR IR T 1ECs Fl 5 55 4
Ji AR R Ae] A B 2 AN (EV) J—
Tl R R, v DA 400 R A 400 R Rl 3 4 ok
L BN EV (<200 nm) SR R H—Ff I R
EVs (% 83 (4 H BT, JI§ BT, DNA , miRNA F1 H Ah
RNA) AJ3d i A=A | Rie 58 BB il 5 4 34 42 e 4
JRLR S, 32 1 2 5 R AN ) T RE Y L AN IR Y
RN Z VA T miRNA , miRNA i o 5 — s
IR S8 Bk o8 2 wvirkeel |l AU L A (T2 B
PEFITH A6 IBD ot MBI miRNA 7 552 41 fifd
(4N DC T 240} T 058 440 B ) =2 ] 28 4 O 9 15 1)
fig, NI FRE IBD i S R0, M IA miR-223
W UE T) 8 B R BB AR F 1BD i
RS PR, HEWE miRNA (4040 i 4h 36 /8 miRNA)
U0, 28 PR X FP AT AT, AT R4 2 R R R 1 R
RUCER, M SZ I CM 1 FE AR, SR, miRNA
Xof 5 PRI % A 1 8 5 ] 52 o) 448 TR 2E K AT RE IO T
miRNA $I ) 36 K A D REO . BbAh, SRR miRNA
A RE T AR BT 2R 40 PR 0 R 2k, 38 1R 1 ek
Y RE A SUE B )R iR oy i, A 2 £
FERGUM GM Z e iy B 477 (H H R4 B 5T 45
WAETEFIL

miRNA 2 55 3L (R JR 2 B AN A3 o 40 P FER B
AT g3 A HoAth 7] 2 7 S e AR S 0 08 ) s
11 B K (antimicrobial peptide, AMP ) 3 15 3k
B CM, Hip a-FiH1 % 5( a-defensin5 , HD-5) &
MR i E A AMP, HD-5 F R E T % K40
JfL, Xk N2 3 O R LA R R B
AR NSNS S e ot 7k R 1 S0 )
miR-124 Fl miR-924 1145 HD-5 %35 . Salzman
S IS /N B 263k HD-5 )5 2 P 2R Y
WL AR R A2 fk, b, miR-124 76 75 1
CD WA ZHA H M, Zhao 257 JE 52 miR-124 @ 1t
P 55 B ke 32 PR RIS 02 9% 40 i BXL 1 1) 7= A DT 75
FRAE IR — 2P S5 R W] 94 miR-124 W] 27 fif
2 TS R . LR AR T B8 A 52 i i i
PRAEFRAS 0] 42 52 W B B AU AL, &= 0K, miRNA Xt
GM (1) 42 55 0] 42 8 45 1 o R W, 75 22 i — 20
WFFE EAT 2 18]l GG
3.2 BEEEE miRNA RixzHHER

Dalmasso 25" F /N Bl GM & #8 TG # /) B
Ja ik 7R 7 16 miRNA 338 K, i bk B 15 &
miRNA [ 3K PR B B e il i 4 2B A Ak [R] i3 B
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Figure 1 Interaction mechanism between microRNAs and gut microbiota in inflammatory bowel disease

GM P] e 3 77 15 F miRNA FikRHE L FE
ik, BEEWFICIRAGERE, KB miRNA 0] L Y3 40 5
TG 5 RO SR 1 R AE S, Zhou %1 fF 5%
BN B BE VR L 00 4 AR e 2R R T S, miRNA
FEik ik % E Y miR-155 . miR-146a , miR-125a-3p/5p
A miR-149 7EEY 5 8% Fi, 1AM, Nguyen %1%
5 R AIEC F!z‘majz*“/]\ﬁ miRNA &3k Fl 6 18
J AL 2 A ik 6 NF-xB 42 9 T 41 i A0
IEC 1 miR-30c F1 miR-130a B 7K V-, 7 I PR 5
W P2 F R B SRR FMT 238034 B A A e 260
miRNA &3k 5 GM 4 SAFTE B 35 A0 e R W FMT
A GM AT BE AR AS T 38 miRNA %%,
AW T UK 2 5 R 3 R A9 4> miRNA ( miR-
143 .miR-150 ,miR-155 .miR-223 fil miR-375) % & 3|
IEH K G T RAE RV IR E i s™ . f
WU At 4 A6 TR AT LA miRNA 3Rk i
T OM, HET % M RAE, B WFIT R 25 4 T 4
$E B 1 PR BL . R W AT I Nissle 1917
( Escherichia coli Nissle 1917 ,EcN) FAF 25 4= B, X}
NIREERREA 365, RAMEEE R EeN Al 1
éﬂﬂﬂ@%ﬂﬁaﬁ;éﬂﬂﬁ’ﬂqﬂ miR-146a 3Rk HE M A T84 L
K AR g B AR R T AR 1A IL-8 Y Rk iR

T A PR A IR £ D A B T A
HERR B — IR SMNIF 5T 35 A T R 2 L
FFE GG ( Lactobacillus rhamnosus GG, LGG ) s il 2|
NIE DC H BF 5T 26 A T 6 50 358 I IS i, 235
ZEW ,LGG AT LUH i B hn miR-155 #7K 3 LA Bz FE AR
#T5] NF-kB Y miR-146a 1432 15K 837 9058 R G0 %
R A UGG AT LU i ] miR122a K500
Ljﬁm@ MR B2 4 A S /N B occludin
quﬂsx
DL b L3 WF 5 5 8 GM AT DL 2 i i 1Y
miRNA 3R M52 M HLA (1) G5 SO, 7T RE A2 41 TR
TRU=4) SCFAs BAEVEHI™ . Sl wrss £ M, 41
BTRSEHL (BMV) 5 miRNA 1943 W06 2 20 1 i 7L 30
Y7 =5 20 B =2 1800 ) 38 TR T EE AL, Bl A 9 TR
% mlRNA Al LL 515 3 RNA IS RUTER & 5 W 45
X ERE AR miRNA T T’ﬁfﬁﬁ}iﬁllﬂﬁ
%[90 Fn Ji BMV A 2748 TECs £ miRNA %, J¢
HREHE I miR-574-5p 7K, Fn AT @d/%fuﬁ
TLR4/MYD88/NF-kB {5 5 8 miR-21 5% 5% /K F,
MIMAERE CRC A& Y BeAh, 1 55 0UFT 13 45
T METTL14 45/ N6—H B A4 H Z5 4L T 98 miR-
149-3p!  eAh, 7 ] JE 45 miRNA A fig 8 Wi 15 32
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JORE I N 5& miRNA 35 4 miR-10a 38 i3 1%
T RRZE A SR AR 2 1) Th1 A1 Th17 4HH 0
3.3 miRNA 7B EE 7 IBD FHEEER

TEITAER 5T miRNA 7675 £5 GM Hag/EH
R 2 | B FERZIGIT 45 P8 1 598 5 M5 3 1
JE . HETAFE miRNA 9415 5 2006 40 1
A2 AR ALEI ) 2R R . miR-187 #IA R
A 1L-10 79 miRNA | H B 4 B 7E iR 22 1 00 0
T toll KEAZAR-4 P74z . miR-187 ik M HIfE 48
Y A F TNF IL-6 A9 4, X UEBH miRNA 1E 4 3
T IL-10 BRSBL A RN, — O, Bow
WL AR miRNA ik, F80m ETEe M | %
SiE S AT R IBD SiEAR AL, ME 55 AT I R BMV -
miR-149-3p 7F IECs 5 CD4* T 40 = [a] % Ak Ep 3,
AlfE ik Th 17 408889 531k, ¥4 I IL17A | TNF-a
kP Fn @it Y miR-574-5p/CARD3 il 3% 35 [
W, DT A 30 2385 i 4R 1 & A R Y S — i,
miRNA BB 03: 25 557 GM, 520 1BD 95 it
J&, TIRRETR EVs K2 miR-199a-3p F ik, il
{2 %Pk MAPK Fl NF-kB 15 5%, 223K 41 45
BRZ EV WM DSS /MR GM 2, i FEAIK
HOT B K R TR AR R B SR A E B WU
FFE MIMBD75 7E miRNA %% 5% | DU )4 5 ) 5
ORI 32 3 P 3k 1) A8 4k, vT BE 3 A 34 i miR-
148, 11 Jizs 240 L v 5k S35 5 R =200 O DI RE , AT
A B T 100 B a0 e 25 i 4, = ik, AT A I A
miRNA 76 GM 5 15 3= 22 [8] 19 3 {55 v 473 1 % 8 22 Ay
K miRNA AT DUE SRR YT TR /EH T E 8k
GM, T IBD [ 5 %225, [AFERFSEUE S A
fa Ao E gs AR R AE AR FE R, AT A BY T GM T
£ miRNA By IK 3532 1BD g8 205 i ry H
(o BRI, BT AT 3 S0 W0 A5 30 75 2 30F — 2 I X IE,
DR T e At A7 1 FH TS B

4 #ig

LIS T GM JIEAE IBD & & Hp ik 5
YERT, EdE GM Y- 1) 55 W XoF 12 5 00 R 96 97 R 13 )5
W04, 55 4 miRNA W 2 0P 58 0 & 5, i — 5
PEIET X0 1B, 1R IBD B 2 W AR Y
R TR A (R R IR T T R 25T, L
fEEE A T A% GM 5 miRNA 7E IBD & HLEI b 1
SAHEAE L, BB AT AR 2 W RS T T R AE
FF YL A RS e i g
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