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Dynamic Evaluation of Vinorelbine-Induced Phlebitis of
Dorsalis Pedis Vein in a Rat Model

JIANG Meng', HAO Shulan’, TONG Liguo', ZHONG Qiming', GAO Zhenfei?, WANG Yonghui?>, WANG Xixing',
JI Haijie'
(1. Department of Central Laboratory, Shanxi Province Academy of Traditional Chinese Medicine, Taiyuan 030012,
China;2. Department of Formulas of Chinese Medicine, Shanxi University of Chinese Medicine, Taiyuan 030619,
China)
Correspondence to: WANG Xixing (0000-0003-2444-7248), E-mail: wangxx315@163.com;

JI Haijie (0009-0006-7219-6649), E-mail: jihaijie82@hotmail.com

[ABSTRACT] Objective To dynamically observe the clinical symptoms and pathological changes in a rat
model of vinorelbine-induced phlebitis via injection into the dorsalis pedis vein. Methods Twenty-eight
11-week-old male SPF-grade SD rats were randomly divided into a model group (n=20) and a control group
(n=8). The model group received a single injection of 0.1 mL vinorelbine solution (4 mg/mL) via the right hind
limb dorsalis pedis vein, while the control group received an equal volume of normal saline via the same
method. The occurrence and grading of phlebitis in both groups were observed and recorded daily. The
volume of the injured limb was measured by the drainage method to calculate the swelling rate. The weight-
bearing ratio of the injured limb was assessed using a bipedal balance pain meter, and the skin
temperature of the injured limb was measured by infrared thermal imaging. These measurements were
conducted for 9 consecutive days. Starting from day 1, three rats from the model group were euthanized
every other day. A 1-cm segment of the vein extending proximally from the injection site was collected.
Pathological changes in the vein tissue were examined by hematoxylin-eosin staining, and ultrastructural
changes of the vascular endothelium were observed using scanning electron microscopy.
Results Compared to the control group, the injected hindlimb of model rats showed redness and
swelling on day 1, with the swelling rate peaking at (81.89+15.75) % on day 3 (P<0.001), then gradually
alleviating and decreasing to (15.41+0.33) % by day 9 (P<0.01). Pain was observed in the affected limbs of
model rats on day 1 and worsened markedly on day 3, with the weight-bearing ratio decreasing to (36.35+
4.91)% (P<0.001). Meanwhile, the skin temperature of the lesion site increased, reaching (36.36+0.40) °C on
day 5 (P<0.001). Both pain and fever returned to near normal levels by day 9. Phlebitis grading in the model
group showed that 75.0% of rats were grade Il on day 1; grade Ill and IV each accounted for 37.5% on day 3;
from days 5 to 9, most rats exhibited cord-like veins, predominantly grade Ill. Venous tissue showed
peripheral edema and inflammatory cell infiltration on day 1, which gradually progressed to intimal rupture,
vessel wall thickening, and even lumen narrowing from day 3 to 9. The venous intima exhibited destruction
of tight junctions between endothelial cells and adhesion of blood cells, progressing to roughened,
wrinkled, and protruding intimal surfaces. Conclusion The vinorelbine-induced phlebitis of dorsal foot
vein in rat model is characterized by local redness, swelling, warmth, and pain from days 3 to 5, which
largely resolve by day 9, although cord-like veins can still be observed. With disease progression, venous
tissue develops edema, vessel wall thickening, and lumen narrowing. The venous intima shows rupture,
roughening, and in some cases, complete loss.

[Key words] Phlebitis; Dorsalis pedis vein; Vinorelbine; Rats
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SHEAREZENZEITFE L (P<0.01, P<0.001),
BIOREEARKEIEH .
25 EE#EkXERXRNISRFARKRSREN

SEAGH [R]85 H 1 s 9 4K BREBRRE P i ik % 43 2%
WIFR2 iR X RRA K EE IR TR0, BRI
KIRE VRGN, T4 5H75.0%: 553 KRk
Ik, Z2EKRBEBZERREK, BRTERESE
Mot M. VRS E37.5%; 555, TFI9RKN
DA, [REBRIEZEEIRE , a2 R E ik,
2R M FA ML 535 5 37.5% F162.5% Kruskal-
Wallis H{EZERI0 TR, A1 7EASH] N (A] ) A
FRIKR 3 R SR IRA LRI B ZFE X (H=34.11,
P<0.05),
26 EERKXERXRNEBRBKERFES
T

ARG RGBTSR R e R S ik 4 21
JRELF A, AN 2A Fim o X HRAH R R i i i o

1 BEEBKREREAXRTFRE < BREMIKE RESCNEEERE

Table 1 Swelling rate, weight-bearing ratio, and average temperature of the injured limb of phlebitis model rats at different

time points
(xs)
B % ERALs TR/
A 18] /= Swelling rate/% Proportion of w‘elgrt-bearmg Average temperature/°C
Time points - o - capacity/% o p =
PR (S YitEz) PO itz X9 B2 4H 1EELAE

Control group Model group Control group Model group Control group Model group
Day 1 0.9120.89 25.49+7.93" 51.44+0.04 44.58+0.86" 34.35+0.58 34.75£0.68
Day 3 0.99+0.53 81.89+15.75™ 49.92+1.75 36.35+4.91" 33.85:0.42 35.17:0.817
Day 5 1.51£0.30 63.03+1.41" 49.49+0.09 44.29+0.08" 34.03:0.77 36.36+0.40™"
Day 7 1.58:0.44 29.75+5.91" 49.90£1.85 47.71£0.25 35.10:0.43 35.28+0.80
Day 9 0.30+0.17 15.41+0.33" 50.86+1.49 49.67+1.19 34.40:0.44 34.88+0.63

E: BHBRKRE (n=8);

Note: Each group consisted of 8 rats (n=8) ; compared with the control group at the same time points, “P<0.01,”"P<0.001.

5388 AERE— B S, TP<0.01, 7 P<0.00

1o
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E A, BEIMNE; B, ASMNARR (FIWIRE: >355 CH<359 CE24&E, >359°CH<365CE2HE

, >365 CE24 &), WRAXRTERE

R EERTS 01 mLAERREK, BRAKXRTARKRESHES I mMLKEHRERR (4mg/mL), EELMEId (Dayl. Day3. Dayb5.

Day 7#1Day 9 o 5Ui5HEEIEEE 1. 3. 5. 7F19K).

Note: A, appearance of the injured hindlimb; B, infrared thermal imaging (average temperature: >35.5 °C and <35.9 °C, green; >35.9 °C

and <36.5 °C, blue; >36.5 °C, red). The control group rats were injected with 0.1 mL of saline solution into the dorsal vein of the right hind

limb, while the model group rats were injected with 0.1 mL of vinorelbine solution (4 mg/mL). Observation continued for 9 consecutive

days. Day 1, Day 3, Day 5, Day 7, and Day 9 refer to the first, third, fifth, seventh, and ninth day after modeling, respectively.
E1 EEFHKXERAXRAFREEREEKRIMNE(A)FLLIMRAEE (B)E

Figure 1 Appearances (A) and infrared thermal images (B) of the injured limbs of phlebitis model rats at different time

points

72, NS HEST . BRI RS 1 R # kA
RO, AORRIEMMIRIE; 53 RERK)E
FEIAHZRRAE KM, RERVEMNRTE, A6
o, EREAYEVERIAEAR)T ) 5B S RNIRAHEVER AT
BOERRMEHERIRE, BRRERBLMNE, H7
REFIKEER)R, IR E RSN M iYs RIS AT
LI, 589 REFPkIN A AR A8, SIRE R
A MR K.

27 EERMRRERARNEBERIKAEMRE
3L

FAH L B K PR A T IRk L 5 P
TMESITAZ A, GO 2B FrR e Xof RRZH A R ik A
AT AN R, NARSEHOEHT . AR R
5 1REHIKIN B A0 S E R R R, PR 1T A
REAR R 5 3 R AR fot EL SR I RELRE , RS PR i 4
s 585 RMEARRIOCITRE, AT KRN
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2 BEEBKREEAREFRRE SR X DR

Table 2 Grading of phlebitis model rats at different time points

[n(%)]

A7 0% I %% Il Vg P&

Groups 0 grade I grade Il grade Il grade IV grade Pvalue

Control group 8(100.0) 0(0.0) I 0(0.0) 0(0.0) -

Day 1 0(0.0) 2(25.0) 6 (75.0) 0(0.0) 0(0.0) 1.000
Day 3 0(0.0) 0(0.0) 25.0) 3(37.5) 3(37.5) 0.001™"
Day 5 0(0.0) 0(0.0) 25.0) 4(50.0) 2(25.0) 0.001™
Day 7 0(0.0) 0(0.0) ) 5(62.5) 0(0.0) 0.014"
Day 9 0(0.0) 0(0.0) ) 5(62.5) 0(0.0) 0.014°

i BEHSEKR (n=8), 5XBALLE, "P<0.05, "P<0.001,

Note: Each group consisted of 8 rats (n=8) ; compared with the control group, "P<0.05, " P<0.001.

R 557 RERIKNIRERAS, 5 9 R A] WASH I RE
dea=n
3 idig

Terr PRk R 2 IR PR RS R i WA R
RRBARIE 2 FlRIRAEY, Z2kHET (7 EH
kR EL Ty R ILR) HahehEGZEZK
Fi U, HA, B GBS H ke R Rk
WA VR Ik RSP . B GhllikaR
&ig. AR, HEFRFAE. AR, Ehrk
PErP R B G# Ik sk EERBSNEER . /N5 T
TR HLARRR, (H R Bk i A s A A ol v ELE
FIGETTRIR, AFITHESN . REA/NEERALP
HHRRD, FrE A Ik AR 5 GRS R —
AR, BLONARRRIZEE A, IR IR 2R IR R
AT METREEAMEE . HELZ T, REEEF K
HREREET, HERT BRI O 1T
BRI RIL A TIMUREIK ™ ERREREELA
FEMATE R EHRIETE, BARREHRTHZ KRG
JE T DK TR B R R i T VA R A T ik R A
AU RIS FH R T & R 5 7 R T TR R I 51
BIRCFHNIRTT 1 AR SAERT AR SRSt L 2 A
SRS AR TUAEAN [ I 1] ) SRR A AR L FRI s B kTt o2
FURE G, DUk R 9. B RBL AR
AR, E— P IAREREERE S ARG
IR T E Dk R AR B R ARk A S P2 2R
Frio

AR FEE FE ML R I R E RS KB i
755 B B R AR R B 2L A R AT ik K 73 4 B
IR Lo ZLOMARGIIR B A S — P41
G P A AR T B, B L i

AN AR R EE S AR IS e HEZKIETI AT DA L AR
AR, DR P T RE B{E . BFFT4s R
R, REREERES GRS 1 ~ 3 RARESE
Wi, JEERRAEZSINEE, I RIER R R R B s
RIERAL AL TS, MBI BALEE, RIEBH
PIFERESAK, FRE IR IERE RS, Bk
I R S S S A 5 T S FRIEAS TR B RN SRS, =
B3R, BKRAHLN ~ VoA, MikRE] Kk
B, BEUKELIERRR, REaENE; 85
RIS, R R R i R IR B B e, (HZL I B B3
HHEIR, UCAEES, Rk BT R R K 2 4E,
AR EIF KR IE, BH T RIE. KRR IH T
HIB; SHBIORKRIAK, HEFRIFAUMFNE,
SR EBFRRENK, DS KBRSy HLRIERE Ik
HESEFARRHERETTHEZER, BIEK,

I8 A B2 A 2 2 i T I8 A AR T ) )2 e
BEZE 720l IR Yo i Pa Rt/ E ZUiliIN= ety MR ER DT
FEWTTIME RS, gEFreEiti R s,
(R I/IMREREE S T T A B AR 17, ERARE
KRR, NI SR RS Tk R AR
REEBREHR IR 5 IR RIERRL, 8 1 RINE A H
BOKE, A B2 AR B E R BB 28 3 KK
INER, EREAFAEMERGAL, IS AR, RS
HIMAM, 565 ~7 REWRA] WA LEY, &Y
JS, M ARERAG ;. 55 9 R I A AT L A Bl™ B 2T
HEVEREA:, PNBERT AR S AN D, 1XBREE SRR
A Fe i A s A L e A 63 0 AT 5 [k L A R 25 4 S T
RIN VIR M B AR TE K R BRI

BERE, BRMEREE K RIES 0.1 mL
JEER RN 4 mg/mlL B AR B {5 7 R 75 5 B Jlk AR
RIFESE 3 ~ S RLURHEREL, A 3 ONERIARAE, =
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T ARHEREMRFKALRFEZTN (RESFLETHEIRNES, BEELIERNREAHEEIZE,; e85 LERNE); BABFE
MEMRERKMENRMUEE (REFSFLIERNERR; BESLERMMEMN,; Le8LiETnRNEAIER). WRAXRTEERE
HEoEs 0 mLEBE K, BRAARTFARRESHICIF I MLEERESK (4mg/mL), ELZMEId (Day 1. Day3. Day5.
Day 7#1Day 925 mIERE 1. 3. 5. 7f19K).
Note: A, histopathological changes of vein tissue stained by hematoxylin-eosin (HE) (green arrows indicate irregular rupture of the inner
membrane; black arrows indicate intimal fibrous hyperplasia; red arrows indicate thrombosis) ; B, microstructure of vascular intima
observed by scanning electron microscopy (SEM) (green arrows indicate inner membrane rupture; black arrows indicate adhesion of blood
cells; red arrows indicate elevated endothelial cells). The control group rats were injected with 0.1 mL of saline solution into the dorsal vein
of the right hind limb, while the model group rats were injected with 0.1 mL of vinorelbine solution (4 mg/mL). Observation continued for
9 consecutive days. Day 1, Day 3, Day 5, Day 7, and Day 9 refer to the first, third, fifth, seventh, and ninth days after modeling,
respectively.
2 EERBERERAXRERRNESAEKARBESE (x400) FIMERRHMWEN (x1000)
Figure 2 Histopathology of vein tissues (x400) and microstructure of vascularintima (x1000) in phlebitis model rats
at different time points
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A, EREN, WEARAE RN, IELEGERSES R RS BEAEE, I
HELBTRELGZLEMESEAMERTEATFEZAAEEZR, LBETRELHE LR
RS eRlERER R ERTFRREAGFLE T REGH>EESERER S NEFEG
RIAEZA4F, HRSH MR, She. 570 FRF 5L EERBARIRT &M F 0GR 1F
HERFEZTREALRMEAN, HALEFMRALTLETESG LR, FREEHATIH. LiF
HEPESNMMFEREM, BRERETSRELNHARRE, FEFHEMA, BFEKR
JPH e HEFFRY BRI AL R IR T R R T S AR ROl AR AT AL 3R 2016 B R R 2 A
BEAER, “HTIE ORI IR B TR TT R B RT3 B HLIE AL AT 5L R K AL R T 3R 2017 4 B
WESAPFRARE L, HEM A EWINES I (G577 RIER) KPR KA
WAL AR B E B — %R 20B3FELEGEFEHEBPR SR, RRIOX40KHE. EFE
T T R} 2 4 S TR AR A 10 R T, 3R E R R 2 5,

% B 50T il £ RN 5 S 0% 1T RBADR B R IR
PEHIREN

XM, AR, E B K OE, ik
(L i 5258 K 57 R 57 P Mg 3 28 B R o R RE, 17 200092)

[HE] BN BYARBXTRER, AREFZWEXTRARMRREBRNG . TiE 18R 8EREN
SPFRSD KBNS N3A: TREABRERRATIEES 0 pLEBHKFFELE, BRAMTMALRARX
TEEFEMZEY (monosodium iodoacetate, MIA) 1&E1&, FHABTIHERE (5 mgkgd') HELTFR
B. BYMFME4E, REBEMIK, RRAMDIWERERXDTRE. RABKNE-FRIRE. BLO-BERE
MBRFRRERBHTEXDRBHAELBIEZMERLIE Mankin F1OARSI S, FHA micro-CTHEBERZLLBHITE
HARXTHEARSH. BREREENSNRHE. XABKARERINLEZENSHEXRMBEFSHRERF
[ IR ZEE F o (tumor necrosis factor-a, TNF-a). BN ZE 18 (interleukin-18, IL-1B). BHAKEN =6
(interleukin-6, IL-6) | IRMBEEREREHN (cartilage oligomeric matrix protein, COMP) RIEX. XHAEH
RENEENERX DB P LA FFNENMAES p38 (mitogen-activated protein kinase p38, p38 MAPK). BiEs
2 2 EEWERMES p38 (phosphorylation-p38 MAPK, p-p38 MAPK). c-Jun & & Kif#E (c-Jun N-terminal
kinase, JNK). BB INK S EKi%MES (phosphorylation-JNK, p-JNK) f&iX. £8 ABRBRXDTHRSIHE
FETR, BEANXTHEHRRTE, TRANKSBIAEXNFE. micro-CTE/x, FMANSARRSH. 8%
ARZENBNRHENPEESTEEA (P<005); BEAMN Mankin FPBESFE=HA (P<005),
FRA Mankin ¥ BB EMFEEA (P<0.05); MFMEANOARSIHEDBEMFEEE (P<0.05). FBL
ZERMEIRERER, BRAXRMBEPTNFw IL-1B. IL-6FICOMPEEMBESTERA (19P<0.05), MmTHA
SEREMTEIE (19P<0.05). EARMBERER, FRAKRXTREHR S p-p38 MAPKF p-JNKFRIAKF
BEMTFEEAE (1Y P<0.05), MERAR p-p38 MAPKFI p-INKEAEZERXRKEBRESFEHAE (1P<005),
£it ERRAYTAAET p38 MAPK BT ZBRNFSHNEXTREBE KR LEATIER.
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[ABSTRACT]
effects and mechanisms of fraxetin. Methods

Objective To establish a rat model of osteoarthritis and study the anti-inflammatory
Eighteen 8-week-old male SPF-grade SD rats were
randomly divided into three groups: Rats in the blank group received a right articular cavity injection of 50
L of normal saline for 1 week; the model and intervention groups were injected with monosodium
iodoacetate (MIA) into the right joint cavity to induce osteoarthritis, while the intervention group
subsequently received fraxetin (5 mgkgd") for 1 week. Four weeks after drug intervention, abdominal
aortic blood was collected. The animals were then euthanized, and knee joint cartilage were collected. The
cartilage samples were stained with hematoxylin-eosin, safranin O-fast green, and toluidine blue for
histopathological examination and scoring using the Mankin and OARSI scoring systems. The
trabecular bone volume/total volume (Tb.BV/TV), trabecular bone surface density/total volume (Th.BS/
TV), and trabecular number (Th.N) of each group were compared and analyzed using a micro-CT scanning
system. The expression levels of various inflammatory factors [tumor necrosis factor « (TNF-a), interleukin-
18 (IL-1B), interleukin-6 (IL-6)], and cartilage oligomeric matrix protein (COMP) were measured using
enzyme-linked immunosorbent assay (ELISA). The expression levels of mitogen-activated protein kinase
p38 (p38 MAPK), phosphorylation-p38 MAPK (p-p38 MAPK), c-Jun N-terminal kinase (JNK), and
phosphorylation-JNK (p-JNK) were measured by western blotting. Results The staining of cartilage
sections of rat knee joints showed that the articular surface defects in the model group were severe, while
the cartilage destruction in the intervention group was relatively reduced. Micro-CT results showed that Th.
BV/TV, Tb.BS/TV and Tb.N in the intervention group were significantly higher than those in the model group
(P < 0.05); the Mankin score in the model group was significantly higher than that in the blank group (P <
0.05), the Mankin score in the intervention group was significantly lower than that in the model group (P <
0.05); while the OARSI score in the intervention group was significantly lower than that in the model group
(P < 0.05). The results of the enzyme-linked immunosorbent assay showed that the serum levels of TNF-q,
IL-18, IL-6, and COMP in the model group were significantly higher than those in the blank group (all P <
0.05), while those in the intervention group were significantly lower than in the model group (P < 0.05).
Western blot results showed that the expression levels of p-p38 MAPK and p-JNK in the knee cartilage
tissue were significantly lower in the intervention group than in the model group (both P < 0.05), and
significantly higher in the model group than in the blank group (both P < 0.05). Conclusion Fraxetin may
play a therapeutic role in a monosodium iodoacetate-induced rat model of osteoarthritis through the p38
MAPK pathway.

[Key words] Fraxetin; Osteoarthritis; Cartilage; Inflammation; Rats
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SFHNETTROR o B BRSNS, T 34 H
AL ER B EATEM L TSR &R, H
W AN & B TG IT R OA R B3, RR R M
DB SRR R, TEIAAT IS OA SRIETTER R
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RER B OCT 1 BR 2 2 v MMP12, B SL R A2 6 1
(aconitate decarboxylase 1, Acod 1) #1ATP6VOD2 %5
(ATPase H* transporting lysosomal 38kDa VO subunit D
isoform 2, Aip6r0d2) ZEEEPRIAYERIA O, Hymid KRR
B O H B Toll ££ 32 K 4 (Toll-like receptor 4,
TLR4) /B8R4 401K 88 (myeloid differentiation factor
88, MyD88) /#ZIA+ kB (nuclear factor kappa—B, NF-
kB) JEEHIH]IL-18 B SIAIBAAE 7 BEZEX0A
BRI A1 F S HAL R A R AT

OA M EERHER KT B RR, SEERTTHGS
M. DIRERMREPR AW AR o SRR T8
ZET OA MR R I AR o i A 20 A IR 1 bR 3
L F o (tumour necrosis factor—a, TNF—OL) [10]\ HZH
fifr2 (interleukin, IL) 1B ' FIIL-6 "V WA K2
V5 FAMARYE T AR B B SR A R -, AR Mg
HIZSRACE RN OA B AEIFREG . D, ARE R
REH (cartilage oligomeric matrix protein, COMP)
2 OAMIMEFERe— ", A, OAMERBAES
Wnt/B - catenin, NF-«kB {5 5@k A 5, Hip
NF-kB {5 5184 A5 SRR . flan, Hpis:
JBE A (matrix metalloproteinases,, MMPs). #%&
EMEE R EH S SR 4/5 B4R (a disintegrin and
metalloproteinase ~ with motifs  4/5,
ADAMTS4/5) AI'SECCTTHCEFERE "o ILSh, BERR
b - 22 Z4 5 35 1k & H BUES p38  (phosphorylated p38
p—p38 MAPK) ¥i
A U FIERR K c—Jun EEEARSHEES (phosphorylated -
Jun N—terminal kinase, p-JNK) 7£OA KR A5k i %
TR 1o, 7R BEIT p-p38 MAPK {5 5 i 6 1 6 1 1
OA BB MR T AR R AP FHIZR1K . 7RI
AL & DA ERFTES SN, R A2 ZRIBYT OA BIFERIL
HthATRE S IX E S mEA . K, ZARHFFTmEE
Z 8% (monosodium iodoacetate, MIA) &S EEY7 OA
PR, TESIPIRNEIER B R IGIT OA FIFE L
i, I ABLERGRHER BRI R TI67 OA f2
HLeE

1 MH5REE

1.1 EIEzh

8 JEI % SPF ke SD ARFR 18 1, fA&EE290~330 ¢,
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mitogen—activated protein kinase,
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(AP0105) F1GAPDH Z#i (AC054) K fitRit (ki
FRicB eS8 (RM70003) W H RN Z G5
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it Al Bl CORIASEARRBRADREBERNBARIGHFLL. BLO-ELR. BXREREER (KHIRF300um, BESFLIEQRXITRE
RH). TRABEOARXTETFS0 L EEEK, BENELT7 TS50 L £FEBEHKPKAE,; BRAEARXTBERNERES 50 wl
E£FRHIAY (60 mg/mL) S BRINE R B XTI Ko IBEL, BIELL7 diE550 pL £EEIKMAR,; FREBABRXTREAZRTE 50 pL#F
EEFRHIAY (60 mg/mL) A BRING, BIEL7dBXRIFT5 mg/keEREE (BT 50 pL £EEHK) KR
Note: A, B, and C are the staining results of hematoxylin-eosin, safranin O—fast green, and toluidine blue in the knee cartilage tissue of
three groups of rats (scale bar = 300 um, the black arrow in the picture points to the surface of the knee cartilage). The blank group refers
to rats that were first injected with 50 L of normal saline into the right knee joint cavity, followed by intra-articular injections of 50 pL of
normal saline for 7 consecutive days; the model group refers to rats that were injected with one time injection of 50 wL fresh prepared
monosodium iodoacetate (60 mg/mL)in the right knee joint cavity to induce osteoarthritis, followed by injections of 50 pL of normal saline
for 7 consecutive days; the intervention group refers to rats that were injected with one time injection of 50 pL fresh prepared monosodium
iodoacetate (60 mg/mL)in the right knee joint cavity, followed by fraxetin injections (5 mgkg™d™, dissolved in 50 L of normal saline) for 7
consecutive days.
Bl MIRWENEERERZGYTREXERRXTRBERREZEN
Figure 1 Histopathological changes in rat knee joint cartilage after monosodium iodoacetate injection and fraxetin
intervention

(El2), WHHRRRE—ERE LIS g EME  TNF-a. IL-18. IL-6 f1COMP & &IFE & 25 H

RS . FHRSEERSTE R, THANE AR
STEL B RMEAAREE B/ N E KT EALH
(P<0.05, 3&1), $RRERFEADEERCTIRE L6
i BNRRER,
2.3 KERMBEMBEXTHREPRERFRHEIBIRE
EQRIE

ELISA Z5 5 R, AR R A I i K MR

4 (#P<0.05), 1M HAHKIME TNF-a. IL-1B.
IL-6 F1 COMP & &1 B AR FRIAIA (¥ P<0.05, &
3A~D). EHEHBERMEGER (E3E~GC) &
A, TR KRR 56 1T BB 2H 2 p—p38 MAPK #1
p-JNK & H A X R IBKFEHEN FEHAHT A &
(¥J P<0.05) , it 0 241 A5 X 455 84 20 ) BE I P R
(¥]P<0.05)
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it: AL B. C. DORIMNBRXT3IDEE. BEBFE. RETEXFEUREEESEXGSEERAKIERRRXT, WREXERER, T
MBRXDXBER. TRAREDABRXTEEIE 50 nL EBEK, BEMNEZEL7dEF0 L EBEKNAR, REEABEARXTERRRE
5950 pL FrEFECHI A9 60 mg/mL S BRI R B X To R eI EY, BiEL7 diE5) 50 pL £ EH/KRO KRR, FRARBERXTERRREYH
50 pLFTEEEHIAY 60 mg/mLIBCBRNE, BIELL7 dB8XRFE 5 mg/kgRRE (BT 50 pLEEEX) KR,

Note: A, B, C, and D represent micro-CT images of the knee joints of three groups of rats, scanned at the levels of 3D reconstruction, the
tibial platform, the subchondral bone, and specific cross-sectional regions, to assess bone structure and evaluate osteoarthritis changes.
The blank group refers to rats that were first injected with 50 pL of normal saline into the right knee joint cavity, followed by intra-articular
injections of 50 pL of normal saline for 7 consecutive days; the model group refers to rats that were injected with one time injection of 50 pL
fresh prepared monosodium iodoacetate (60 mg/mL)in the right knee joint cavity to induce osteoarthritis, followed by injection of 50 pL of
normal saline for 7 consecutive days; the intervention group refers to rats that were injected with one time injection of 50 L fresh prepared
monosodium iodoacetate (60 mg/mL)in the right knee joint cavity, followed by intra-articular injections of fraxetin (5 mgkg™d™, dissolved
in 50 pL of normal saline) for 7 consecutive days.

El2 M BRNESHEE R R R F LY T FfE KRB X 7589 micro-CT B &

Figure 2 Micro-CT imaging of the rat knee joint after monosodium iodoacetate injection and fraxetin treatment

3 i i, AHAT sk H R 1), (i
OA B RFRIGFEN SRR SRR B P TR RITRRIAIT OA KIBTELI, (526 Pt
21, BEEHRA D SRR R RRITE  PURIATT OA MIBHEZGIEE, VP R R I
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=1 FREXRBEXHRBH MankiniE5 .OARSHESD BHRNSH . BRENZE . B MEHELR
Table1 Comparison of Mankin score, OARSI score, Tb.BV/TV, Th.BS/TV, and Th.N of knee cartilage among different groups

baki:] I HE Mankin % OARSI 5 BIRRDE BEARZE/(mm*mm?)  B/NRHE/mm’

Group n Mankin score OARSI sore Th.BV/TV Tb.BS/TV Tb.N
ZZ[4H Blank group 6 1.17£0.75 1.83x0.75 0.59+0.01 17.44+0.60 3.72+0.21
EHEIZH Model group 6 10.67+1.86 8.00£1.41° 0.25+0.02° 13.28+0.86° 247019
TFFRE Intervention group 6 5.67+0.82* 5.50+1.05* 0.38+0.02* 15.59+0.50% 3.29+0.14"

iE: OARSIENEFRBXTAMARFES; Th.BV/TVABKRIRSE; Th.BS/TVABEEEE; Tb.NABNRHE. 5S=AEMEL, 'P<005; 5
BEIAMRLL, *P<0.05,

Note: OARSI, Osteoarthritis Research Society International; Tb.BV/TV, trabecular bone volume/total volume; Tb.BS/TV, trabecular bone
surface density/total volume; Tb.N, trabecular number. Compared with the blank group, P <0.05; compared with the model group,
"P <0.05.

iF: A-DOBIAELISAERRNEHEAXRMBIL-6. IL-1B. TNF-a. COMPE 2. EAZEARMTEENSEHAXRBRXTRBHLA S p38
MAPK. JNK. p-p38 MAPK. p-JNKZEHZEIX. F. G p-JNK/INK. p-p38 MAPK/p38 MAPK ERXKIASLLE (KRB INK. p38BERWIEE,
REBEPERE). TOEBLOARX TS0 pL £EBEK, BERIEL7dES50 nl FEHEKNAR, RERARBABRXTERNRR
7EST 50 wL FEFACHIAY 60 mg/mLI S BRINE T BB X T RNMIRE, BiEL7 dEH 50 L ABHKNKE,;, FRABABRXTERSXESN
50 pL FEEECHIAY 60 mg/mLIZBR NS, BIEL7dBXREF 5 mg/kgERE (BT 50 pLEEBHIK) HWKRER. BEH6RAKR (n=6), 5=8
818LL, "P<0.05; SH®EAEELL, *P<0.05,

Note: A-D, show the serum levels of IL-6, IL-18, TNF-a, and COMP detected by ELISA. E shows the expression of p38 MAPK, JNK, p-p38
MAPK;, and p-JNK proteins in knee cartilage tissues detected by Western blotting. F and G show the ratios of p-JNK/JNK and p-p38 MAPK/
p38 MAPK, reflecting the phosphorylation levels of JNK and p38, which indicate the activation levels of the corresponding pathways. The
blank group refers to rats that were first injected with 50 wL of normal saline into the right knee joint cavity, followed by intra-articular
injections of 50 wL of normal saline for 7 consecutive days ; the model group refers to rats that were injected with one time injection of
50 wlL fresh prepared monosodium iodoacetate (60 mg/mL) in the right knee joint cavity to induce osteoarthritis, followed by intra-
articular injections of 50 pL of normal saline for 7 consecutive days; the intervention group refers to rats that were injected with one time
injection of 50 wL fresh prepared monosodium iodoacetate (60 mg/mL) in the right knee joint cavity, followed by intra-articular
injections of fraxetin (5 mgkg™d™, dissolved in 50 L of normal saline) for 7 consecutive days. There were 6 rats in each group (n=6).
Compared with the blank group, "P<0.05; compared with the model group, *P<0.05.

E3 FREHMTREARMBMBEXTREBAAPRERXEANERIX

Figure 3 Expression of inflammation-related proteins in rat serum and knee cartilage after fraxetin treatment
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fE/Z OA OB AIFIZRINER R, & WAIE R LA 7
W TNF-a. IL-1B FI1L-6 2 OA J% B i #5 rp ) S B Ay
B Y COMP RN R HAME OA B2 WiFITH 5 AL Wi is &
Y1, EMEFSES A HREEMR P, AR5
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MR T B A — P B A S S5
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[ABSTRACT]
mutant amyloid precursor protein (APP) in the hippocampus, and to provide a model for the study of

Objective To establish a rat model of Alzheimer's disease (AD) expressing human triple

disease mechanisms and drug development. Methods Twenty-four 12-week-old SPF-grade female SD rats
were randomly divided into a blank control group, a virus control group and an experimental group, with
eight rats in each group; among them, the experimental group received a stereotaxic injection of adeno-
associated virus (AAV) carrying the human triple mutant APP and Nanoluc luciferase genes into the
hippocampus. /n vivo imaging was used to observe viral expression in the brains of rats in each group, the
novel object recognition test was used to assess the recognition memory of the rats in each group, real-
time fluorescent quantitative PCR was used to detect the expression level of the APP gene, HE staining
was used to examine the brain histopathology, Nissl staining was used to assess the hippocampal lesions,
and immunohistochemistry was used to detect the deposition of amyloid B-protein (AB). Results /n vivo
imaging showed that reporter fluorescence was detected in the brains of rats in both experimental and
virus control groups. Fluorescence quantitative PCR showed that the expression level of the APP gene was
significantly increased in the brains of rats in the experimental group (P<0.01). Novel object recognition test
revealed that the recognition memory of rats in the experimental group was significantly reduced
compared with that of the blank control group (P<0.01). Six months after recombinant AAV virus infection,
HE staining and Nissl staining of brain tissues showed that the number of neurons and Nissl bodies in the
CA1 region of the hippocampus in the experimental group was reduced and disorganized; immuno-
histochemistry testing of the CAT1 region of the hippocampus and the pyramidal cell layer of the
experimental group revealed prominent brown deposits, indicating AR protein deposition. Conclusion The
rat model successfully established by stereotaxic injection and AAV-mediated delivery of human triple
mutant APP gene exhibits typical AD features, providing a valuable animal model for studying AD pathology
and developing drug therapies targeting AR protein deposition.

[Key words] Alzheimer's disease; Amyloid precursor protein; human triple mutant gene; Brain
stereotaxis; Rat model
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E: ANTHBEERNEHE, BAETAR=RTAPPEREMNFENEME. APPsla-L-AXTRANRE=RTAPPER, Nluc{tZ NanoLuc&E

=EEE, SYN promoter EHEZTTIERMBE1F o

Note: A, structure of the empty viral plasmid; B, structure of the plasmid carrying the human triple mutant APP gene, APPsla-L-A
represents the human triple mutant APP gene, Nluc represents the NanolLuc luciferase gene, and SYN promoter is the neuron-specific

promoter.
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Figure 1 Schematic diagram of recombinant adeno-associated viral vector structure
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DA IRA T TE Ko
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ARSI RARAHTHLYRI 7R (5%
VRN ) . K FRIBREE S F AR BRER KT OO DA
MK, PR 4% 2 5 RIS IRFE T FE R BN 2 . Rl
HAGRIT 4% Z R PRI EEE 48 hfg, FE LR
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Frdwme 73R HE Yetaih, By mkL. Ed
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Gt AUIRIEEE, e RRERIRE
10 min; ERRAKBERZ ARG, HRRIMERITE30s,
Kibrtl. BB NP MSEREEN, T aiEmED
A ZEATRERIER K, ZHRGERE, A E .

GG A QDA R BIES, EDTA £
BE)E, #HiTAIRE S AYIBERENANmEE A N
AAB SR 4 CERMFE, FHEHEMAEYR
FRC B/ R T =R S 30 min, DAB E.
JEIRATSAAE XS EEqe i BB N9 M,

Jett B R WIARKET A, ARFETEE A DR N TS
FIHHER
1.8 HitZEoHr

K FH SPSS 22.0 B X} 2% SE90 25 R EHR#H T /3 pir ik
M, FFEESSABEAEFENSHENE R BERE
FiZEHT, HNBMELECR A LSD— 85 ARG IE
A AHTT 2250 M ER B £ HE A Kruskal-Wallis #6259 o
P<0.05 NEFE G FE Lo

2 #R

21 BEEFEHAAVEKREESERERIL

SR 2 JE G, RIS L R K Furimazine #f
TFEHARRIEERESG (F2), 8RER, LA
BOR R B SLE X TR 2] RS &, =S ERT i

i¥: BC. VC. Exp D BIATEXNEAE. THHFESH. LHE (BEMIAENESIXFSHETAR=RE APPHINanoLuc EXEBERRD
REXFES). SEARERTSENRERY Furimazine 510 min MR A RIREHIIEE . 2 AELRASTHHFSH LI X TGN EIK
KRN, 61 BEXNAMTHRSHNTCBEERSS, EMATLUMIGNE; =EXRBERGNE RN

Note: BC, VC, Exp are blank control group, virus control group, and experimental group (adeno-associated virus carrying human triple
mutant APP and Nanoluc luciferase genes was injected in the hippocampus by brain stereotaxic localization) , respectively. The luciferase
reporter activity was observed 10 min after intraperitoneal injection of the luciferase substrate Furimazine into rats in each group. 2 weeks
later, fluorescent luminescence could be detected in the head area of the experimental group and the virus control group, and 6 months
later, the fluorescence intensity of both the experimental group and the virus control group was weakened, but it could be detected; the
fluorescence was not detected in the blank control group.

El2 F5wS2@AM6 M BEXRERMIGER

Figure 2 Invivoimaging of rats two weeks and six months after virus injection
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MRS A R BRIRER A RERIA rAAV
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rAAVIESLE, SZ2 IR R HH R TR 5 L 90 45 1)

(E3) £HH, SCIGAHAYEE B\ RIFE EOFIRS [RIFE 205 PH
AT EEXEAH (P<0.01) FIZSEHMEHEFH (P<
0.05), = HXRA S HHRFAMENZER LG
B (P>0.05), FRIEREREARREAHNLZRE
THE R,

E: ARTABRERAMEEMIE, BABRE TG, CHUBBEARIHEGRNIMMRRBILEESR,; DALNEASGIHERIHFY AR5
TIER. Rl FHEWIRFIEL BC. VC. Exp DAIATENEA. THHESH. LA (B IAENESEX IFETAR=ZRE
APPFINanoLuc EBENEZESEREAIRBFHES), BHSRAR (n=8); 5=ANBAMEL, "P<001; 5=HBSAEMALL, "P<0.05,

Note: A shows rats exploring two identical objects; B is a new object replaced; C is the result of the new object recognition experiment
using distance as a statistical index; D is the result of the new object recognition experiment using time as a statistical index. RI:

Recognition index.BC, VC, Exp are blank control group, virus control group and experimental group (adeno-associated virus carrying

human triple mutant APP and Nanoluc luciferase genes was injected in the hippocampus by brain stereotaxic localization ), respectively,

8 rats per group (n=8); “"P<0.01, compared with blank control group; *P<0.05, compared with virus control group.

B3 #iRiRBSLIeAS M KR IAFISIZEE D

Figure 3 Novel object recognition test to assess recognition memory of rats
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E: A, AL EEPCRIGIZR [BC. VC. ExpDAIATAMERA. THHESH. LTRE (BIMIAELEESKEIFETAR=
5225 APPFINanoLuc X EMERNBRAXKS), SH4RAR (n=4); S=AXYRARL, "P<001; 5= HESHBELL, “P<0.01]. B
APCRFEMNFLLNER, mBSREDIETIREMS.

Note: A is the result of real-time fluorescence quantitative PCR. BC, VC, Exp are blank control group, virus control group and experimental
group (adeno-associated virus carrying human triple mutant APP and NanoLuc luciferase genes was injected in the hippocampus by brain
stereotaxic localization) , respectively. 4 rats in each group (n=4) ; Compared with blank control group, “P<0.01; Compared with virus

control group, *P<0.01. B is the result of real-time fluorescence quantitative PCR product sequencing comparison, and the yellow

highlighted part is the indicated mutation site.
E4 XEBDHAPPEEREARNFER

Figure 4 APPgene expression and sequencing results in rat hippocampus
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iE: BC. VC. Exp PRI ATEANRAE. THHSH. TRE [(BINIAENEESSXIFETABR=RTIENHFINERERD (APP) A
NanoLuc B} ZEEFEMIRBXFES . BESLAIEXIFARFEATLNMAIE; AEELMEXIGABEARR, REXRNMAE,; K&k
Prs X8 B F E BT AR X tefo

Note: BC, VC, Exp are blank control group, virus control group and experimental group (adeno-associated virus carrying human triple
mutant APP and Nanoluc luciferase genes was injected in the hippocampus by brain stereotaxic localization) , respectively. The areas
indicated by black arrows are crumpled necrotic cells. The areas indicated by red arrows are cells with sparse Nissl bodies and light staining.
The area indicated by blue arrow is the area of amyloid B-protein deposition.

E5 XEEIFHARAMWHERE(A) . BERE(B)HERARULERB(C)ER

Figure 5 HE staining (A), Nissl staining (B), and immunohistochemical staining (C) results of rat hippocampal region
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rats using different nephrectomy surgical methods, and to compare and evaluate surgical duration and
survival time to explore a more optimized modeling method. Methods According to different surgical
methods, the SD rats were divided into four groups: Group A: intraperitoneal resection of 2/3 of the left
kidney followed by right total nephrectomy in the second stage; Group B: intraperitoneal resection of 2/3 of
the left kidney and simultaneous right total nephrectomy; Group C: dorsal approach right total
nephrectomy followed by resection of 2/3 of the left kidney in the second stage; Group D: dorsal approach
resection of 2/3 of the left kidney followed by right total nephrectomy in the second stage. After comparing
survival curves of SD rats undergoing intraperitoneal versus dorsal approaches, and staged versus single-
stage nephrectomy, the optimal nephrectomy surgical method was determined. Then, twenty-four 8-week-
old SPF-grade male SD rats were selected for nephrectomy combined with calcitriol-induced calcification.
Experimental group (12 rats): the dorsal approach left 2/3 nephrectomy followed by right total nephrectomy,
with intraperitoneal injection of 1 wg/kg calcitriol administered one week later to induce aortic calcification.
Control group (12 rats): the intraperitoneal injection of 250 nlL/kg physiological saline containing 1% DMSO
one week after sham surgery. After intraperitoneal injection of drugs for 3 months, the survival status of
rats in each group was observed. Under anesthesia, blood samples were collected from each group to
measure serum phosphorus and calcium ion concentrations, as well as serum urea nitrogen and creatinine
levels. After euthanizing the rats, a post-mortem examination was performed to observe the residual kidney
morphology, and HE staining was used to observe the pathological changes in the coronal section of the
kidney. Additionally, the entire aorta of each group was taken, and the degree of aortic calcification was
observed by staining with Alizarin red S and von Kossa. Real-time fluorescence quantitative PCR was used
to detect the gene expression of smooth muscle actin-associated protein alpha (Sm22), Runt-related
transcription factor 2 (Runx2), and osteopontin (OPN) in rat aortic tissue to evaluate the effectiveness of
the model. Results The exploratory optimization experiment of different surgical procedures found that the
survival rate of group D rats, which underwent 2/3 left kidney resection followed by right whole kidney
resection via the dorsal approach, was the highest, indicating that this surgical procedure was the best
method for establishing a chronic kidney disease model with renal dysfunction. The experimental group
rats treated with this surgical procedure combined with high-dose calcitriol injection had significantly lower
serum calcium ion concentration than those in the sham-operated control group (P<0.05), while serum
phosphorus ion concentration, serum creatinine, and serum urea nitrogen levels were significantly higher
than those of the control group (P<0.05). HE staining of the kidneys showed significant organic changes in
the kidneys of the experimental group rats, with a significant decrease in glomerular count compared to
that of the control group (P<0.05), indicating the successful establishment of a renal failure model. Alizarin
red S staining showed significant pigment deposition in the aortic media of the experimental group rats,
while von Kossa staining showed significant silver nitrate deposition in the aortic media of the
experimental group rats, which was consistent with the manifestation of aortic calcification in renal failure.
Real-time fluorescence quantitative PCR showed that the expression level of Sm22 in the aortic tissue of
the experimental group rats decreased (P<0.05), while the expression levels of OPN and Runx2 increased
(P<0.05), indicating a transition of aortic smooth muscle cells from smooth muscle phenotype to bone-like
phenotype and successful induction of an aortic calcification model. Conclusion The method of
establishing an aortic calcification model of chronic kidney disease in SD rats by first removing two-thirds
of the left kidney via the dorsal approach followed by right total nephrectomy, combined with high-dose
calcitriol administration, shortens the surgical time, improves the success rate of modeling, and increases
the animal survival rate.

[Key words] Vascular calcification; Chronic kidney disease; Nephrectomy; Animal models; SD rats
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Note: Eight-week-old SD rats were housed in SPF-grade animal barrier facilities and underwent left kidney two-thirds nephrectomy after
three days of regular dietary adaptation. After surgery, they were routinely housed and underwent right kidney nephrectomy one week later.
After one week, administer 1 wg/kg calcitriol injection every three days. After 12 weeks of injection, venous blood collection was
performed, and samples were taken from the entire aorta and kidneys. Serum was used for blood biochemistry testing, and paraffin-

embedded kidneys were sectioned in coronal side for HE staining. A portion of the aorta was sectioned in paraffin for Alizarin Red S staining

and von Kossa staining, and a portion was frozen for real-time fluorescence quantitative PCR detection.

E1 SD KR ISt B IRmEMPKSHEERITM LI REZE

Figurel Flowchart of the experimental process for modeling and evaluating aortic calcification in SD rats with chronic

kidney disease

i S K BB TV B A 5 B IR . I PR 22 A
AT & &
1.6 KESHEHERBME
BRI IEH LR RER I G E T 4% 25 g
B, ERAEEE, FIEEERNS wm B R
WAL . HARRIEYI R, Bis S 808
ToIK LG 95% F175% LIEEEWRHA TR K, f#AAK
MIEBEFKBGEGRS 2R, BIKS5 mine, FAFIATRIGE
YeiR gt 5 min, 1% FERIR LB IA TR 5 PR 22 A g
Bl R UK 10 s (E5 5T, i mAmy:
30s, EBEFAKREVE 10 min, ALY R E®
2~3min, #AUKGE3 KRG, BHATFKIRET 75%.
95% A M T /K IS TR HRIR IS 3 min,  — FIZRIFR
IRUL2 IR 5 mine TUIF LIRS, 5 L5
Frdf T . SEF BB TR ST RE, A
Image View ZA-HEBNHE 75 /NER 4L
1.7 KBRESBARAUFZEREMR
171 WHRIASHEE
WA FRESKALREET 4% LR FBEEF, &
A, H&EENS wm AT EHH
IV REE TS . 53 B oK 282 95% F175%
LB WOHATIROK , SAFG F 2% vE R 2L S et iz J¢

20 mino FEHI 95% LFHEIRFNTC/K LBE &K 21K, —
HARER, BREARIERIEEE . Ee B T
L FIKH IR
1.7.2 von Kossa#:&

FZIR 1715w R BRI i
RO A R, 23R TK OB, 95%
H75% LBEERGEATRK, 5Kk Y]R BT von Kossa
REWBRTREEHAN, RN ETEINEES,
30 min Ji5 AR KEE 1 mine SRJGTHIN 5% WA HREREN
BREEEEEAL, WE 1 min [FHITHE 495 E %4,
{1/ 95% LR RANTC K LT 25 K 21k, — HIRGE
BAJ5 FH AR AR i [ (71 fESb AR B N SR F 5
Wk AR T
173 REERNFEEHESIT

F B ZD] Fr e B B AE F Windows11 R GEH]
Microsoft I F 2025 bR ae Ay =5, ([HH
Image J FR AT 2088 . K41 Type 152 ELBK 8 bit JX
B, B Enhance Contrast 5 0.3%, *7F von Kossa %&ff
PIF, %2 Threshold 2 0~ 168 A 5 21 i & A Y+t 1
L, 0~ 251 AR R LIPS, M TR S fet,
Threshold i BN 0~ 163 ISR R A E A, 0~
251 A5 EFP . CATshikG A & ik



284 LIS S LU E S Laboratory Animal and Comparative Medicine

Jun. 2025, 45(3)

SN HIFRAT 73 UG DS UL
1.8 XBEzKEAPHEXEEMFKLEEPCR
)

K I SERS 28 E & PCR LN E E SN P
MANEhE HAHREH o (smooth muscle actin—associated
protein o, Sm22) DL & BHHLAMKH FHEH
(osteopontin, OPN) . Runt fH X F A F 2 (Runt—
related transcription factor 2, Runx2) Fik&, DLISE
J e A B 3 8T L ST T L R A R R A A B
B o SRA TRIzol ESREL L ZNAKAH LS RNA, FAR
ASGNIE RNA VRS T80 ‘CUKFEIR1Fo 1£250 pwL B0y
EHHIIARNA 1000 pg, A DEPCKERZE 14 pL, 5

%1 PCREIMEFIER
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Target gene name NCBI reference sequence Primer sequence information Amplification fragment size/bp

Sm22 (Tagln) NC-086026.1 F:5'-CAGATGGAACAGGTGGCTCAA-3’ 161
R:5'-GCCCAAAGCCATTACAGTCCTC-3’

OPN (Spp1) NC-086032.1 F:5'-GCCGAGGTGATAGCTTGGCTTA-3’ 145

R:5’-TTGATAGCCTCATCGGACTCCTG-3’
Runx2 NC-086027.1 F:5'-GGATGCCTTAGTGCCCAAATG-3’ 120
R:5’-CACCCTGTGAGGTGGCTGAA-3’

B-actin

NC-086030.1 F:5'-CACCCGCGAGTACAACCTTC-3’ 207

R:5’-CCCATACCCACCATCACACC-3’

i Sm22, FBMAMEREXER; Runx2, RuntiBXEREF2; OPN, BHEH.
Note: Sm22, Smooth muscle actin-associated protein alpha; Runx2, Runt-related transcription factor 2; OPN, Osteopontin.
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1 BRRERRDBEAUSEEE 2XRAKRICENIE (25
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(Log-Rank#g3, P=0.0077), EF DHAXBHNEEERS, 5A.
B. CHEHKEZESBRITEEN (PESH 5750003 0. 0.007 4.
0.0030), MEA. B. CHNABRHAERFI0OdHKEIT,

Note: The horizontal axis represents the time (in days) recorded
from the second day after the removal of both kidneys. Upper of
the figure shows that there is a significant difference in the
cumulative survival rate of rats after 60 days of surgery using
different surgical methods (log-rank test, P=0.007 7) , The
survival rate of rats in group D was the highest, with statistically
significant differences compared to groups A, B, and C (P=0.003 0,
P=0.007 4, P=0.003 0, respectively). Moreover, rats in groups A,
B, and C experienced high mortality within 10 days after surgery.
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Kaplan-Meier 2 & 9 17

Figure 2 Kaplan-Meier survival curve analysis of rats in

chronic renal insufficiency model groups

constructed using different surgical methods
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Table 2 Comparison of biochemical indicators between the experimental group and the control group

(xs)
ma4Higtn H4H (n=9) XJHELH (n=12) tia PfE

Biochemistry index Experimental group Control group t value P value
Mi&E$S ¢/(mmol-LT) 1.876+0.036 1.929+0.042 3.431 0.004
Serum calcium ions
M3 o/(mmol-L7) 2.059+0.333 1.580+0.271 3.046 0.014
Serum phosphate ions
MEAEF o/ (wmol-L™) 119.960+35.640 21.164+8.076 8.984 <0.0001
Serum creatinine
MiERES ¢/(mmolL’) 57.991:8.745 22.609+8.058 6.895 <0.0001

Serum urea nitrogen
E: XNEARESRYRKESBN=EEINESTUEYNEME BB ENSHRERR, WRARBRFAKSS 1%DMSO RIEEE K
ESTRIKR R

Note: The experimental group refers to rats with chronic kidney disease-associated aortic calcification established by nephrectomy

combined with calcitriol injection-induced calcification; The control group refers to rats that underwent sham surgery combined with

injection of physiological saline containing 1% DMSO.

1 LTREAREEIBA+BUZESHESINMNANKRSHE, MRANBFAR+DMSOTHINMANKRSH. BEFEEELIERE Nk,
SI84E (CIA, n=9) WE/NRHEEEZ/DFITEA (ShamB, n=12), “'P<0.001,

Note: The experimental group consisted of rats undergoing nephrectomy and calcitriol calcification induction for 3 months, while the
control group consisted of rats undergoing sham surgery and DMSO injection for 3 months. The white arrow in the picture represents the
glomerulus. The number of glomeruli in the experimental group (Cl group, n=9) was significantly less than that in the control group (sham
group, n=12),""P<0.001.

E3 ERASHBAXRNSREHERBME

Figure 3 HE staining observation of kidneys from rats in the experimental and control groups

R, HSBORERSERS, mERBERRMEL 5, SEESESR, SRR LT, RERE
BMARIE, RIEEEES T, NREmEAR RS HR, A7 S VIR LT

ARG, MBS ABRSUIRAREEMERER XS, HRTRE & RAN N5 HF
TNFH A —EE RN BRI, THMALZE R 720 A G E RS — TR AR
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Er INRREMKARIE,; MERREMKFIE; ADRRENIKINE. BIA. BHvon Kossatd; EIC. DABKILSHEE, LA (Cl,
n=9) MREERSHAEAFHEREA (sham, n=12) (7'P<0.001). BEELLEASEE FaIkFESLRTR.

Note: IN represents the intima of the aorta; ME stands for the media of the aortic; AD represents the adventitia of the aorta. Figures A and

B show von Kossa staining; Figures C and D show Alizarin red S staining. The proportion of stained area in the experimental group (Cl, n=9)

was significantly larger than that in the control group (sham, n=12) (""P<0.001). The white arrow indicates arterial media calcification

deposition under high magnification view.

E 4 ZIeAMXIBEA KRBTk von Kossa kBERFERLISEEMR
Figure 4 Observation of von Kossa and Alizarin red S staining in the aorta of rats from the experimental and control groups

AR FEER G, FefT B TIRRAR, [RIFE 1R
PRAZZ2 i 0] 5 P AT 5 U 2 B DO RR AR B8ORS o [
BB BT AR, BOeUIBR M 2 B = SEELR
RSEEANGETS, HR AT AT a2 N R U] bRt 2 & ik
I, ZFBERRBEREA RN ENRE, NS
BB .
FU=MENTEEAEERD, BA T EmT
HIPERT, /2iaYy COKEFRIE 259, HEes&iE
=T = PRl AN ES BT, IR ImE S, (EHE
=B E IS S AT 18 M B D BEAS 2K Bl gk
R h S5 I AR AL AR 7, TR AR & IR | CDK FR
HIME TR AR, EiG 27 SR,

i e A PR 175 K B CDK 2 s (LA B AR 1
Rt U, (HB SHumE RS G Y, A
Gl R . AFEEANERRFARGEH
R B ] DA AR P (HAR LR
MR R B, S S IR R BRAERE 2 2 A Ja H
PR AER . M T RSN, XAl M ik

MR BRRBE iR 2k T A i IR A S
o, HINT S R FR O . SRERIE, BAAL(EF
AR B =R RN E I S IR 2R M P51
SHE A

TEARH, BT EUAERE], A SAR
MEGERD HHATHSI AL, By CAMMFEARTT
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A ERTFWEA (sham), LKA (C) RRBRMEFBNMABHEDUREN OPNR Run2 B RXEARIEM ('P<0.05, "P<0.01), i

REEMEFBHIKEREN Sm22REE /S (7P<0.001),

Note: Compared with the control group (sham), the expression level of Sm22, which reflects the vascular smooth muscle contraction

phenotype , decreased in the experimental group (Cl) ("P<0.001) , while the expression levels of OPN and Runx2, which reflects the

osteogenic differentiation phenotype of vascular smooth muscle, increased significantly (*P<0.05, “P<0.01).
B 5 LAY YSE S PCRAGNSEIGAFINT BB LA K BRI ERBKE LR MR OPN. Runx2 e Sm22 BEERIX
Figure 5 Real-time fluorescence quantitative PCR detection of OPN, Runx2, and Sm22 gene expression in aortic tissue of

rats from the experimental and control groups

RBRERBIE TR &, N T EEsYIRER I,
ARAER LI D> T IX AR BB (3518
6:). B, 4AHLIARMIBEAR, 5HA0%5
AR BE—ENRE. Wi, BEssflaEt
=WERAZ TTiA ] RE S B R A E . IfE
BAAE, —ERE LR RIR, &N, £
SEae AR b R AT B D RE R (e e IR S |
ZPER %) RiRm SRR IR

Zf LRk, SRATE ARSSEIRR 2/3 725 T A I
EB VIR G =R =R ATT R SD KR
CDK E SN ARR BETE AR RN K s E 2R o
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[HEE] N=E=FEMERBEMWEE (amyotrophic lateral sclerosis, ALS) B—MAREHNHIEMMERITHEERR, HER
BESAOZRUHEZIEEX. ALSUEHEETREEREANEFTE, SHEENRALH. EHEZTRE
iBo ALSHEURIFIEREEMARESEZSMER, HAEERELNEE, BRI EAUZ PN S5ALSHXNERE
H, WMEsEBEABNEE1RIBERE (Cu/Zn superoxide dismutase, Cu/Zn SOD1, X¥RSOD1). # K&K DNA
EEEH43RIBERE (transactive response DNA-binding protein 43, TDP-43). WEMSEHRERE (fused in
sarcoma, FUS). QSHBEFMFIZIE72ERE (chromosome open reading frame 72, C90rf72) %, XEEE
HRBERYRNFRIEEALS S, BEMAEALS FHEAN. EFAMUPALSKEER, BiSSMARXEL T ALSE)
MIEE, MEEREE. ERMARBRERNBEXCESIRARE, XURREINTERBREMmHETELR. 2
ENEERERA R ERIRELETEALALS o HEFIRS, EXEERNPEESRME: (1) B—EHERET
BEELSEENIGR EBREALSNERSEFEREI,; (2) BEXmW S5 AXERERTERBNMAERT
NEMBETERX LFEPREER, XUREEMERRENERENNAYIRNIFG. HELEMBAFR ALS FE
MEFED BN L, WENRCALSERNPEEEB/ALAXE. REREANERNALS BERT/NEE
B SSXEREHNREENRENFEST, SEELEER. EERRTHA. EEHRUAREIIIREX
BEHEANSNERENRERSE;, BEW ERERPRIRE, $—S 0 TETALSHFENGIARINANTE
RRERNABR, LA ALSHRERIGRERSE,
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Advances in Mouse Models of Amyotrophic Lateral Sclerosis
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[ABSTRACT] Amyotrophic lateral sclerosis (ALS) is an irreversible, fatal neurodegenerative disorder
whose incidence is positively correlated with the aging population. ALS is characterized by the progressive
loss of motor neurons, leading to muscle weakness, atrophy, and ultimately respiratory failure. The
pathogenesis of ALS involves multiple factors, including genetic and environmental influences, with
genetic factors playing a particularly significant role. To date, several causative genes have been identified
in ALS, such as the Cu/Zn superoxide dismutase 1 (Cu/Zn SODI, also known as SODI1) gene, transactive
response DNA-binding protein 43 (TDP-43) gene, fused in sarcoma (FUS) gene, and chromosome open
reading frame 72 (C9orf72). Mutations in these genes have been found not only in familial ALS but also in
sporadic ALS. Based on the identified ALS risk genes, various ALS animal models have been established
through multiple approaches, including transgenic models, gene knockout/knock-in models, and adeno-
associated virus-mediated overexpression models. These models simulate some typical pathological

[EeTHH] EXEARFELSZMNE ‘Kinesins BX L RN S Cargo E& X, R EIZREEALS R4 R AR (82171431)
[E—1EE] ZEZE(1999—), & , MTHARE  HRAE:ALS/NEEEWE, E-mail: 15875683769@163.com
[EBIE1EE] 7 (1986—) , B, L  ARR, ARFE : HEREIEZ, E-mail: shiguangsen@zidd.ac.cno ORCID: 0000-0002-9027-6806
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features of human ALS, such as motor neuron loss, ubiquitinated inclusions, and neuromuscular junction
degeneration. However, these models still have limitations: (1) single-gene mutation models are insufficient
to fully replicate the complex multi-factorial pathogenesis of sporadic ALS; (2) significant differences in
microenvironmental regulation mechanisms and the rate of neurodegeneration between model organisms
and humans may affect the accurate reproduction of disease phenotypes and the reliable evaluation of
drug efficacy. To better understand the pathogenesis of ALS and promote the development of effective
therapies, constructing and optimizing ALS animal models is crucial. This review aims to summarize
commonly used ALS gene mutation mouse models, analyze their phenotypes and pathological
characteristics, including transgenic mouse models, gene knockout/knock-in mouse models, and adeno-
associated virus-mediated overexpression mouse models, and further discuss their specific applications in
ALS pathogenesis research and drug development by comparing the advantages and limitations of each
model.

[Key words] Amyotrophic lateral sclerosis; Neurodegenerative diseases; Genetic factors; Genetic

mutations; Mouse models

L ZE 45 ) 2% 68 AV E (amyotrophic lateral sclerosis,
ALS) 2—MEK ETFIZZhMZ ST (motor neurons,
MNs) HJZIRITIEESR, HAHIEZ RINAE e Y
MNs AT E R SE R Z s thee B ek ', JE
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TDP-43) . WR & & 0 & (fused in sarcoma,
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FIER TDP-43V" B RIB KA, A& F BRIV
(TAR4/4, Z)2f5NiEMERAR) fEHAEE 14 dHIE
B FE I, TZEF (TAR4, Z91M5NIFEMERAR)
WFE A G 144 H A HBIZEMLRA B2, thah, #Elt
JFEEER [ (prion protein, PrP) FEIFIKF R, H3RIA
NIE TDP-43Y", TDP-43"3"F[1 TDP-43"331V 16 L [K] 7]\
IR ZE R T, Heh, TDP-43" "R /NG 3
F RS HILZ ZNEEAEIR ; 1 TDP-43"" R DI%L
TDP-43"PWEEELR/NER IS 10 H I A HEEIR, B
TN ERRIEINE ;. TDP-43Y" FEEL RN R U 0
22210 T s EEIR B X RIFERIEE RIS, f#
FAARIE 5 A0 5 3l A B G B R/ N BR A R At A —
Ko BN, AR TDP-43BSTRERLR /NGS5
HMEE AT PR (bacterial artificial chromosome, BAC)
IR S 3 A @B /NS RIAEEL, fE PP J3 3+
W~ Mt/ EER, AT
PEFE; SR H TDP-43 2 /R B R IAI AR T35 Y,
Zi b, TDP-43 ¥ELR/INR B B sl ARt . Sl
T T Rk DRI DB 1 DA B 2R A e = M Y SR B
FHIE,
1.3 FUSHER/NRIEE

FUS B E 4SSl TDP-43 () DNA/RNA 4555 H
FEGEM T, AR R 2R R, =
5i4fREEE . RNA . DNABE . RO RAFTZR
fRohag 17, ALS HE R RE H 60 2 FUS 53738,
ZHONEE WA, HARS21CRAS R L 1, KZH
FUS RAARENHEEH CUIENES (nuclear
localization signal, NLS) [Xiaf, SEEHEMNEN
O THERI R SR, MR R A, [
I AN FUS B EhRE ek B¢, RAZFUS B IR
ENFFS ERREREE, s R 4HHLAN 2 Fi6e
BERS A RAE 7

FUS 58738 RAE/INRAR AL 3R B 2 A T o R A
FHAFRELFRHIE, Hal @B AR DK 2R
FUS (R521C. R521G. R521H. P525L. R514G #I
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ANLS4E) FEELD/INERASEAY, X 2/ N RS R BT R ARG
MNs E. BRI MI T RS ALSFRAL 017,
Hrr, PrP B8+ NI FUS™ HEEL R/ NG AE 2 BRI
RIAT H U BA B AR A LA 2840 . AR R, X2/
B ) B 22 e 222 0 A 1 B A B SAT S fk R B . BH 2 A
DNA A E S R0, [F I AERE S 2 P i 20 M s 1
HZe5 5. RRAERKAISMIIBER) RNA et AR RIA 7
., EZNEEMAEEFRRE TR (brain-derived
neurotrophic factor, Bdnf) (8] F]F Cre 25 2H il if 25 {4k
b PRI R, MR R US™ o R e MERIA
AR ELRINER o A5 SR B, 1 H BN R BD BRIk
BE, FEMEEE Rz 2 H MNs BRI SSIR 73 S A MINs RS2
SHEFEE D Fle HERit, /INRtE—2 Bz sh
THRERRTS . TVAAEIEEE . 2RI R H AN FUS 22 H
JREREERL BT

5 TDP-43 K{6l, FUSRIFRE B 53R m A
o L I FANFE FUSY (FFAERL) # BRI
aityv (FYMEINZI0.9 fFNIETERARE) RN 1H
WeRIR, 2 HReRES, 3 HIRIET., MBI ERRR
i mgeE T (BIMEMZ 0.4 5 NIEMERIAE) /N
N JEHA R, fEAiA/NR A, BRI E R I FUS B8
I 5 BRER AT 60% 1Y MNs 255, HE B DUER RS IRl I
T ME MNs 28 B, #E FUS™S (LB ENLF5)
FERER/ IR AL b, /INER T 12 JEI R B E R S  =
B o WA FUSSNS B BEP/ N R — 28 5 id Rk AR
FUSY (BPAERL) BEEEDR/NERZRAE, 1SEIARUEEEEA/N
BT 8 R RN I fE IR A e, SR e LR AT
BARIN FUS & ¥ BAFA RS0 . ¥t
— TR, SRR E L2 % FUS L)
HoRRREZ— W,
1.4 CYorfl2 REE/NRIEE

C9orf72 BERARSRAS X I G,C, 75 B E T HY 2 MK
UHNEE ALS S DL S0 o84 ), 249 BRI AHE FALS
FFE33.7% FIsALS 19 5.19% ' IEH ARIZIX
5G,C,EERECN2~301K, 1 ALS 35 HIL 30 KA
FHESY R, BoREREREBEEHTIRE
5, Corf12 2 51 JR%EZE . RNATI L, BAZRYIE
WIIRE. TCIEAMER A, Bk, ZR-EREERARR
FITDP-43 FE H SR IEFH RES o Coof12 AR
3FREOEALE] 0 (1) DA e 538 B M RNA 3RiX,
FER RNA-TR H R (2) HEERFIEAR; (3)
EHMHFIEATG (repeat—associated non-ATG, RAN)

FHVENLE =AM —IKEE  (dipeptide repeat, DPR) &
HEREE, #HinSEBEhreREt.

E BTN Corf72 EEE R/ NRMERLF, (H /D
EorReE I E R SMRERLY, HEZHUNEA
Bes= B ALS TR R FIZRA, TR BN, (i
50, 500 2% 800 1 G,C, B E & HI| ] C90rf72 FL[K BAC &%
BN, EERKERE NS S BRNA foci H
RNA-ZE I SREEA/KEG N, (R INE R A ™ E
FERIIN, (EA R RIEEAT s AERIEAH 5001 C,C,

BIFH ) BAC BRI/ (€9-500) {EANFIRAFEH
AARERRE, L ¥ BEFRER, C9-500 BACH:
BER/NRHGERAE SR (4RI fEE. &
FR TR NAEMAEZE . MNs BR. BEMETH
DU B R Sy 3R T A% A 5 Nguyen 2 M) [6fF
FEI T %N ALS FHRITHERAL . Mordes % )
FE W MRS SE9 i R AR E R R AE sh R A
Nguyen % 50— 340NN, IXFPZE 2Rl RE 2 305
1. NIRRT SRS, AR . B
AR 7 E R 2R A5

2 BEFEMANNEER

FEALS /NIRRT, /INRFRAL 5 R E H 5
BUEYINR o 158 B e BE R AL 1 R SN Bk TRt AT
EAREEREREA S, ATPIRA & SR EA .
BIRZXMITIELL A MR ALS R, (HiLA Al e
B ARk =R R e R 8, tedn, BpARAd
TDP-43 3 Feik BT HIBL ALS FER AL, FHEEZ R, HEH
SRAR NG 22 7 FH i X R AR P ) B O JE [ S R
% %1 (clustered regularly interspaced short palindromic
repeats, CRISPR) M HAHFZEH (CRISPR-associated
protein, Cas) 5[ Gl 7 ARSI i o R A S48 58 A1
MU, TS AR RIAFE R AR B KSR oeAE, 3R
MR, AmIST RN, AT DABE e A AL RS
MM SRR, BB TR IR R IRLH]
FHEHAEDREANG TS B,

AT ERSRAR & BBt ALS Zp B A H A T CRISPR-
Cas9 J5& [R 2 48 15 AR ) )l SRAZ /N BRAR B HEA T 1
7%, WN5@BIE CLICHAE 1 (chloride channel CLIC like 1,
CLCCT) P FFEEE§5 2 H o9 (protocadherin alpha 9,
PCDHA9) ¥, CLCC1 58 A] 38 CLCC1 B F FRIKK
R, HEAKPS/NRGERA ™ EREAR. HE,
NM2453/K298A W SAZ/NFR ) CLCC1 2 H K- .75
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i, 763 HISHT RN ™ E A R B . B8R
MNs ERFNZ RHTEERAR ERIGEER, NEN
BH B 7B IE 2 1 CLCC1 4ER7 0 PR R 9 B AR A S g
AR - AT B EERRL, 25 ALS FA R
2 521, PCDHA9"™ i &5 R A/NRRH BN R GB 3h oh g
S (4 BRI, ZEitR) fEFER TR,
B/ N EMAAZE . AR EIA
%3k (neuromuscular junction, NMJ) 5% . B8 MNs
F59. BV RAMEIE AR TDP-43 & HAHHL 5,

UL ALS 5 5878 iy A /N RIS 2 3R B HE — TE 1Y
R AR BRI T AR, 76 TDP-43 BE[K C Uiy
RIS B AL IR, B8R MNs {3 H BLER S MNs
155 A 2% ol B S BB Y o 7E TDP-43"%" 1 TDP-
4380 g NRRBL R IR R A BE T A 2R MR R AR
TDP-43 SREE KA REEIRE L ZAMZIAE MNs A5k
FEMETIEERIE, R MTGEREITZ ALS &
LB R B 54, TDP-4303 % A/NRR B8 70AR
TEEMEAERME, 26 BRI PRI — SRR
ZANBERE, 212 H A iR T D BE R i 2 B
18, IXEEFAE LA BRI Y, Hdr, A
& TDP-43"3" §1 TDP-437"% i A/NE BRI FA B 5
BRI Y MNs B MERTRS BRBG 2R B¢, T 28 AR AV INER
ToHHEERAL, AN, TDP-43"" i A/NER RN H A
MRz shbERS . HLAZSE. TDP-4385RENL . B
B MNs 2 AT RAMME Y A= S BUFAE 7, FEFUSR
A IR/, FUSPPE R FUSA /N B i #k
Thee A BARIERG N, BEAT MR ROEE R AR M 1Y
MNs 25, (HICHH EizshfRrgaRAl 5,

BT R, S AN TR AR B A A
R NV A/ N FRAS ALt T 5 AR B K S 58 AR i SR 1)
JRHLSCE o A I E S AR S R AR A
IR FUS B[R Fr B = /NBR FUS B[, M i 8 g R A
(FUS p.G466VfsX14) B3 AJEAE ALS /N A AEL (FUS
Deltal4) . ZBAILE/NER 12 H I 146 HILZ 30 =3 5
DL MNs £, HRWHERE, fREERILH FUS 45
REENM P,

3 ERABMRNEER

HEHEEFE (knock—out, KO) ALSHEEIAENF /DI,
XEHTEMBURERREFEMERTES, Bl
HI2Z R 30, BRI R SR AR A A AN pE B AR bl

R ML R S A I B L . (H/2, WA ES ALS U
HEEiTThEEE S (loss of function, LOF) HLHIEUR ,
B E 401 B R BRIEAY A SOD1, FUS. C9orf712, TDP-
43, OPTN, TANKZ5& 1 (tank-binding kinase 1,
TBK1) F1SQSTM1 (p627EH, sequestosome 1) & [0),

AL COorf T2 FEEEPR/INGRAEAY, - C901f72-KO /INFRAY
RUTEARFE AT HRIAA—, IR EFEE IR
N B IX—B %R, RG-S HEREKI
C9orf72 BER R FRAT/INER B B TG 2 IR R R 3R
WA E AR EE RS Y NN, E C9orfT2-
(G4C,) o FI/NEIBHL R, R FR C90rf72 BRI INER /INER
BRI E E A (2 QAiS iR G
bR B B B R A Y SOD1-KO /N
FEFRI H MNs SRISFINLPY B RS . XA T8
FEER AR, s> NV &R EL A
BE DR 2. B AEAEZ (2 Z BRI 1o SRR IE ST
FRHH, SOD1-KO /NRFRIH A A ST e LA 7 4E Rl
R & FIE AL RLETNRE B3z ' ok, SoD1
RS T R e, SEEIT D 7,

FAEE C9orf72 F1SOD1 EEH, /INER, TDP-43 B4 &+
Bk FRIRIG R EASGE, masE TR rEE/N R
SRIMH AT IFIZ S0, (HA R0 MNs £
TR AL A 245 ), TR FUS-KO /N R AL
L NRIEE HREHERIEE, HIRERMHHLR
ALS AL 7]} 4k OPTN, TBK1 FISQSTM1 thiZ B
F ALS Ew EE A, 4l & OPTN Bliok B 532 A] fE S5
EIWEDIRERRAS A TDP-43 FUEHRENL, M S5 MNs H]
f IR fTERE %), TBK1 BN A&k A IS
P, &4 TBK1-KO /N FRBE R ALS [ 20 [0
SQSTM1-KO /INFR I BRI LTS, . FhEiR TR A
M 7

4 AAVEHFNH S RIARE

AAV BURS T FHIEFRIA T FT C9orf72 5842 HIHLE]
7o 1EIE AAV A TINZETES (G,C,) 6 F1(G,C,) 140
f) C9orf72-ALS /N R B G M A IR T AR AL T N PR AS
fIRAL, FEXE/NR Ao BT IE TR Y
RNA foci, FWEEE]% fl DPR & H AL{H K. pTDP-43
B 6 Vo A R 2R A SRR IS bR U o C9ors72 dE T
RNA B3 2 72 42 5 AR [E B9 DPR, AL poly (GA) |
poly(GR). poly(PA). poly(PR)FIpoly(GP) ", ~T
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55 DPR B0, 181 AAV AR/ N R e
A GFP—poly (GR) 0o 83 poly (GR) yp00 G R T/R, X2
Ff poly (GR) RILHIHZFMHAER . SEBUNSHILF#
IR ER AT ER 1 HHAE GFP-poly (GR) 0 1 28
B/NER R, & B TDP-43 Jifd i 5= SRS A1 TDP-43 £k
AR s poly (GA) s/ NRAERZZ « W8 S AN
R BRI % . AT ERAKITHN
e Y,

W AR EE A AAV, (EMZTRIA L
AR ERIK TDP-43Y" 5 TDP-43"7" | KI5 Y
TDP-43 TEARE TR I SR AR A 2R B AR FE R Y
MR, HpfEmAohitkmEsg, JFRIONERIKE
MREL ), R AAV £ 57 B BEMZ T, B BE MNs
S A B B L AR ot A S8 A B TDP-43  (R82L/K83Q.
C1738/C175), ¥In[iES TDP-43 WikfARHH, HES
BErhF A MY RAF R TDP-43 185 S 7 4 8 MNs i K &
FRLUR ™ R AR ENLAZ s 7 [ AT 5
FrREE) AAV IMVERIAG A fe, A FEmId R ER Ik DU IR
HE &5 e B AAVO 28 5 AU PHP.EB Ji% 25 1 38 1A B £ 7Y
TDP-43, "] SHUNRIEAZ R4 g 77,

M TR R s A 2 E /Y A BRI A AR R
fa1, AAV RIS AT FE JL 352 T AP IS i 12 A 50 IE i 17
BRI R T/ NGB R A B A B0 . Ban, Et
FEPITESS AAV=-SARM1"'™¢, a] 5 S/ NRRizshiEms (9
HFEHEIAR) . INEAHMRBEMWERRKE ™, &
B B 58 & AR R A /N BRI N T S5 AAV-CONFY B85+
CCNF*', J BB A= BUAN 5872 A1 CONF £ 7] S 20U/ R
IFITT AT OREENE3NH) HITDP-43 JiH
BAZ, HRAZARIRINFIAT N 7 R B 3R 2 B Oy
B, Mk, AAV i a] AT BT ALS N
BB, DA T ALS TR ML 5 AL RVA YT
2%k,

5 RESRE

AR A B [ 2R ALS 7N B RY Bp FE R T
NFREL, ST H AR/ NRER R RRHE (R 1),
B TR TR AR ELZ A, IXSRRHE 2 Bk 5 AN A 5
KR SHEAREN, H—BEHE T DERNTIA
B, RN 522 ALS R AL EEE L. ALS
MR ImR B 2 RIEE % 5 R B0 I T
MERITIEG R, B2 EARHERERERE RS
i, BoRiEIE 2, B R — BN R DA

WG EE N E, B35 B 2RI SRR S H A
WU o I FEARANTH] ALS B RIS ) R AU FIATLR AT LA
I 7T 1] 5 R

—folis, FEEDIAY AT DI RO SRk R A A
SRR o ALS BRBL AR B sh ) TR AR R PR b
R HA B B0 AR MNs £25%, (KB 8 A B U5
HIRIAL R ZIPIRPRAT PGS e SRIf, Fe Rl
NETEE RMRE R RL R AL, IR REE AR
SOD1. TDP-43 FIFUS & H M G Mg dEmE 1,
HHFGAHI R I FOKSPHE LR, 8 A e 4
PRATEIIRF TR T —E Pkl > AEGEE BRI/ INRASE
AL, B SRR M AN R B & A R IR B BRE R
TRHE AR RN, 30 T S S R T A7 R R
BlEEREE, GETRA TR EER AR
FEEREEATIRE , B2 18RRI S He St [A]
R o & LRI B SE A6 ] REA7 12 B IR AR P o e
RAUARGRE M DS B TR A 3 e 5 ) B R i SE AR 45 2R
AOHERATE . AAV AT AR ZI I R)F0 23 R) b3 B Rk
i, AR, AAV RS TH S TIRE
ALS B AR A HIBUR AN ZBORALE],  DLK I 106 7 A 3
VAR (H AAVARXSEERN, WHREAR/NE —
BRG], RN BAFRE BN KA S B AR R 1R
P[]

BTN, RRESIYIRIIAEAR LIS 20
PZE 2 GEARERRFAE 7T T B B e AU AR U AT I
a0 Yin 5 B0 J@IE AAV $ TDP-43" S48 RIKTENR K
W, RS R B R TDP-43 SREE R EIRHIE , (H
eh £ B AR R BR AR R T B2 R AL, 7
FIEAN, /INBRUBELATS [H 2 ALS BRI HFF 78 Y 12 BB
ANIE] ALS /N AR T O xof EEAAE 8 BB B A AL
FIEETARY Y RES IR TR AEE . SRERHEEH
RS SAMME, BARRLHRIEE & 2P R AN
I, ZEEIALS FERBE A, SREEBOERM
A DUSE g7 AR ALS O A& i AR AT BRARFAE . Bl
K2 M EE RIS EE A R AN AR5 2 75 2UH0E Rk
BB 6 8 R IS FRURT A AV VE S R Y £ B 5 TR s
AL, HEACNAR ALS /N AL R R B . 51
[N, ALSHIARIE ZEASEAZ N, WIRATRL
1EIEIMA . BIIRAEFRA RS, EiL, #ER
G PR R A5 BB IR 2R /N R AL B 2 ROk B %
T3l
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F1 EENINEEMNRECEDRERREREHT

Table1 Commonly used mouse models of amyotrophic lateral sclerosis and their phenotypic characteristics

2T
o " [EBRKE IR E AR BREIREEK
PEENTEAE RER  BE o il SEB - =5 A
Amino acid . . Cognitive Ri&4  Cytoplasmic
ALS mouse model Gene o Mechanism Paralysis | . Neuron o . . References
substitution impairment | Gliosis inclusion bodies
0SS
HEEE NS R hSOD1 WT - N - N N SOD1, VAC (81]
T y— hSODI D90A = 5 = N Y SOD1, VAC 182]
hSODI G93A GOF - N N = - 83]
hTDP-43 WT = v = N V TDP-43, UBI 132]
TDP-43 A315T GOF - V = v TDP-43, UBI (34]
hTDP-43 Q331K LOF/GOF - = J N x 131]
hTDP-43 M337V GOF 5 = N Y x 131]
hFUS WT GOF 5 v x x x (84]
hFUS R521C GOF - N - J x (84]
hFUS R521C GOF v = N N x 138]
hFUS ANLS GOF v = J N FUS [40]
hC9orf72 [500] n GOF v N N Y DPR, RNA foci, [47)
TDP-43
hC9orf72 [500] n = 5 V x Y DPR, RNA foci 85]
hC9orf72 [500] n = S = N N RNA foci 48]
TN T TDP-43 N390D GOF - - N J TDP-43 (57]
Knock-in mouse model TDP-43 Q331K GoF * v v ) ) [59]
FUS P517L GOF - - N N FUS 186]
FUS A4 GOF - - N N FUS 6]
FUS ANLS - - - N - FUS 187]
C9orf72  (GR)400E - - - N x DPR 88]
(PR)400
cLCCl K298A LOF - - J - TDP-43, UBI (52]
PCDHA9 L700P - J - N N TDP-43 (53]
wiExmsuEs Ege 000 W ‘ y ' o : 7l
. TDP-43 M337V GOF J = N Y TDP-43 [75]
Adeno-associated
i ) C90rf72 [66] n GOF J N N y DPR, RNA foci, 71
virus-mediated
overexpression TDP-43
. C90rf72 [149] n GOF J N N V DPR, RNA foci, 71
mouse model
TDP-43
C9orf72 [100] n LOF x Y N V TDP-43 189]
SARMI V184G = v = - - [78]

iE: hSOD1, NEEEHBRAIKMES 1RIBER; hTDP-43, NRFERRNDNALSSERAIRBER; TDP-43, HRRNDNALSEHA3
WIBER,; hFUS, NFREBREEBER,; FUS, REBMEEBER,; hCorf72, NRISREERFMIMNZIE72ER,; (orf/2, 9SREIR
FRIEDEE72EE; CLCCl, SUBECLICH1; PCDHAY9, RISHEHR a9; SARMI, THE o Tol/BMENFE1ZEREFERT; DPR, ZHK

ii/g; GOF, Th8E3R1S; LOF, IRERK; n, COEEIRE,; NLS, &EMFS; UBI, ZZEM; VAC, =i, WT, FFER; -7, Rk,
“ ”y %1 “X”’ |7:|<O

Note: hSOD1, Human Cu/Zn superoxide dismutase 1; hTDP-43, Human transactive response DNA-binding protein 43; TDP-43,
Transactive response DNA-binding protein 43; hFUS, Human fused in sarcoma; FUS, Fused in sarcoma; hC9orf72, Human chromosome
open reading frame 72; C9orf72, Chromosome open reading frame 72; CLCCI1, Chloride channel CLIC-like 1; PCDHA9, Protocadherin
alpha 9; SARM1, Sterile alpha and TIR motif-containing protein 1; DPR, Dipeptide repeat; GOF, Gain of function; LOF, Loss of function;
n, Number of C9 repeats; NLS, Nuclear localization signal; UBI, Ubiquitination; VAC, Vacuolation; WT, Wild type; "-", Not described; e
Yes; "x", No.
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[ABSTRACT] Objective Domestic research institutions and researchers have established a wide variety
of animal disease models and accumulated a wealth of specialized, distinctive, and targeted atlas data
during the model development process. These atlas data are of great value for development and
application. Therefore, it is necessary to develop a professional and complete digital atlas database
platform for animal models, which can achieve the open sharing of animal model atlas data and the
integration and optimization of atlas resources related to disease animal models held by relevant domestic
institutions. Methods Based on the B/S architecture, the authors' institution built a digital atlas database
of animal models, using Java as the main development language and Oracle database system along with
related auxiliary tools. The database platform ran in a Linux environment and could be accessed by users
through a web browser. At present, the data on this platform mainly came from the atlas resources
submitted by animal model resource units within Guangdong Province. Results In August 2024, a digital
atlas database platform for animal models was constructed based on the classification structure of three
dimensions: systemic diseases, animal species, and resource units. This platform provided functions such
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as collection, management, retrieval, and viewing of atlas data. As of January 2025, four resource units had
submitted 61 atlas data entries of animal models to the platform, totalling 610 data items. Conclusion The
animal model digital atlas database platform has been constructed and put into preliminary use. Although
the amount of data on the platform is still limited, it is capable of integrating and openly sharing animal

model atlas data. It is believed that with the continuous enrichment of atlas data in the future, this platform
is expected to provide important data support for the development of laboratory animal science and
comparative medicine research, thereby promoting the efficient utilization of scientific research resources.
[Key words] Animal disease models; Atlas data; Database
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Figure 1 Overall system framework of animal model digital atlas database platform
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Figure 2 Data classification structure design of animal model digital atlas database platform
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Table 1 Field table structure of the animal model digital atlas database platform
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Figure 3 Home page of the animal model digital atlas database platform
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Figure 4 Data management backend interface of animal model digital atlas database platform
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Figure 5 Detailed page of atlas data on the animal model digital atlas database platform
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Table 2 Statistics of the existing atlas data on the animal model digital atlas database platform

HE/E

REIZER| REEIEER Quantity/ R RIRR
Model category Model atlas name viece Data item/item Resource facility
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Musculoskeletal disorders
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[ABSTRACT]
microenvironment to study cell-cell interactions, has demonstrated significant application potential in

The organoid co-culture model, as a novel tool for recreating a three-dimensional

biomedical research in recent years. By simulating the in vivo tissue microenvironment, this model provides
a more precise experimental platform for investigating complex cellular interactions, particularly in areas
such as tumor immune evasion mechanisms, drug sensitivity testing, and the pathological characterization
of neurodegenerative diseases, where it has demonstrated significant value. However, the organoid
co-culture model still faces several challenges in terms of standardized procedures, large-scale cultivation,
ethical guidelines, and future development. In particular, in the field of laboratory animal science, how to
effectively combine organoids with traditional animal models, and how to select the most appropriate
model for different research needs while exploring its potential for replacement, remain pressing issues. In
the context of ethical approval and the replacement of animal experiments, the organoid co-culture model
offers an experimental approach that better aligns with the "3R" principle (Replacement, Reduction,
Refinement), potentially becoming an important tool for replacing traditional animal models. To this end,
this paper reviews the latest advances and key challenges in this field, providing a detailed description of
the construction methods for organoid co-culture models and discussing their applications in disease
mechanism research and drug screening. The paper also systematically compares the organoid co-culture
models with traditional animal models, exploring the criteria for selecting the appropriate model for specific
applications. Furthermore, this paper discusses the potential value of organoid co-culture models as
alternatives to animal experiments and anticipates future development trends of this technology. Through
these discussions, the paper aims to promote the innovation and development of organoid co-culture
technology and provide new perspectives and scientific evidence for future research.

[Key words] Intercellular interactions; Organoids; Co-culture; Laboratory animals

Jun. 2025, 45(3)

fEd BT ZHd, EYEAGIRAT TRZI1L
ARAZH, HP RS ERORNERENGEE LT L
BE B AL SR L T R Seae T i o s
BT (stem cell, SC) 2 BUFEMRAL B FE=
4t (three dimension, 3D) FEFFRAIMEAKRE T 154
™ EFRAL N AR D RE T R A5, RERBAEIRSD
A B ARG P9 38 B IO SCHEARRAE s H Sao F D P
2009 FH R AR E LR, REBERARTGE
PR O B L A R ) e
BERG, HEsh T EEEME. PIRREEME & 2]
LRSI AR 1,

B3 M 4t (two dimension, 2D) FLEGFRFEAL B
B T ST TR AE B AR B AN, {E R T
itz 3D Z5HANE A NEE BT, XECAERRBLUA Y
ALERERES U, NTiiX—fRRR, AR E Rl
MiEmE. E3IDHRETRHRBEE LM
(immunocyte, 1C). FEJRAAMI (stromal cell, StC). 4
MR Z AN E LR, MR T R,
REM B LS ALL R A 2 2 AR I (R B (S A0S S 12 3 W
7, FE e R LR A BRI 1Y, R
PR TCALERR 7T RSBEIRTT IS . RELHIRET . 25
W 12 A P A IR A AR AR T B R N S T

P, 1229 B2 58 v 45 DL i 32 A AT i
Hiufiz 1

REHKEEHEFRAEEY R ARG T
BT, HENMATE G2k, ARERORRE
AR AR AR XKz . BRI e
m Y DURACER G E f e B e Y, s, B
SRR A AR RSB T 1 B & /1, B4
ARIE AR TRR, ARUhLIRSE SahPEm
HgE, JFmiR BN EAMES RIS, R =aTmn
FHRREE . ARZik BRI s & R i 2
RARZ%, [FiS R B IR AN S8 301
BRI SIE R, S5 & 0B EARAR ML,
PR AR I /T 1, DLHEshRER B TR
LR FARGE S, s FAE A= ) [ i 52 T B e A
R

1 XBREHIEFEREE
*

ar BB DR R B S IC, SiC K
PrEptir iR, A1 7 AN E 40 AH B AR A RO B
a (E1). B4, EEE5ICHHELREFRRE AR
PR ERES (tumor microenvironment, TME) H ¢ G
JRRL, JEHSRES THMAE AR (natural killer,



Jun. 2025, 45(3)

SIS SELIRES Laboratory Animal and Comparative Medicine 311

E1 XREHEFRENUETREE
Figure 1 Schematic illustration of the construction of an
organoid co-culture model
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E: NK, BARGB.
Note: NK, natural killer.
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Figure 2 Schematic diagram of future research directions and applications of organoid co-culture models
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[ABSTRACT] Animal experiments are widely used in biomedical research for safety assessment,
toxicological analysis, efficacy evaluation, and mechanism exploration. In recent years, the ethical review
system has become more stringent, and awareness of animal welfare has continuously increased. To
promote more efficient and cost-effective drug research and development, the United States passed the
Food and Drug Administration (FDA) Modernization Act 2.0 in September 2022, which removed the federal
mandate requiring animal testing in preclinical drug research. In April 2025, the FDA further proposed to
adopt a series of "new alternative methods" in the research and development of drugs such as monoclonal
antibodies, which included artificial intelligence computing models, organoid toxicity tests, and 3D micro-
physiological systems, thereby gradually phasing out traditional animal experiment models. Among these
cutting-edge technologies, 3D bioprinting models are a significant alternative and complement to animal
models, owing to their high biomimetic properties, reproducibility, and scalability. This review provides a
comprehensive overview of advancements and applications of 3D bioprinting technology in the fields of
biomedical and pharmaceutical research. It starts by detailing the essential elements of 3D bioprinting,
including the selection and functional design of biomaterials, along with an explanation of the principles
and characteristics of various printing strategies, highlighting the advantages in constructing complex
multicellular spatial structures, regulating microenvironments, and guiding cell fate. It then discusses the
typical applications of 3D bioprinting in drug research and development, including high-throughput
screening of drug efficacy by constructing disease models such as tumors, infectious diseases, and rare
diseases, as well as conducting drug toxicology research by building organ-specific models such as those
of liver and heart. Additionally, the review examines the role of 3D bioprinting in tissue engineering,
discussing its contributions to the construction of functional tissues such as bone, cartilage, skin, and
blood vessels, as well as the latest progress in regeneration and replacement. Furthermore, this review
analyzes the complementary advantages of 3D bioprinting models and animal models in the research of
disease progression, drug mechanisms, precision medicine, drug development, and tissue regeneration,
and discusses the potential and challenges of their integration in improving model accuracy and
physiological relevance. In conclusion, as a cutting-edge in vitro modeling and manufacturing technology,
3D bioprinting is gradually establishing a comprehensive application system covering disease modeling,
drug screening, toxicity prediction, and tissue regeneration.

[Key words] 3D Bioprinting; Drug development; Tissue engineering; Regenerative medicine; Alternative
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Note: A, Inkjet-based 3D bioprinting, in which localized heating of the bioink inflates an air bubble to push droplets out from the nozzle ;

B, Extrusion-based 3D bioprinting, which prints continuous filaments of bioink layer by layer; C, Light-based 3D bioprinting, which utilizes

a digital micro-mirror device (DMD) chip to project patterned UV light or other light sources onto the bioink.
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Figure 1 Schematic diagram of the working principles of three types of 3D bioprinting processes
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MR HERRSEE .

Desigaux % 5 FLFTEIP R AR FiRAFHOC AT 4k
ZHf8 (tumor—associated fibroblast, CAF) F1/fJed 4 o,
AR ABFE CAF TERRE A& 4 e R HH R AR - D RE
KILCAF XS SHUME T, AR ECM AR
BAGHEEEW . BRI S CAF BE B IX TR
B REE (XARRREE ), PR ET A4
K71 kPa#Fl127 kPa,

Tang & 1) {4 ELRAH AR & 20 1 85 OR R A GBM
TN ETER A AR A A A A A=) 3D 4T
EI GBM &8, W] ELRRAH AR Y A S B0 R B
HT PR RS B = A (R R BRI GBMARHIE,  HL ELRR4H
st M2 RAIMRAL; X—BR 5 GBM H ERRA A Y
WACFHEI & o MR RTEIR TS SRR, SRR AT
A% 3D 4T B GBM AR AL A 53 /K S 1 IRt 7] 52 5T
A GBM HIHFAE, FFX AR iR & HiE Z 4 (chimeric
antigen receptor, CAR) -THHMIIT AR, X
STESL AR PR G AE ML 7, TR [, %
PARFFTREL, ECM Tl RS N AT T2 1] CAR-T 2]
BB R ThRE, & T —MalE A
AL CAR-TAIARI %, DIRX & il ECM 77 3k Y
GBMiaSrHklike FEfS, ZHAIBNE#E—22RF CAR-T 2]
BEREANFERERAEY 3D FTEIR B,
BT AEYIYIELR Z0 CAR-T 40 ia 7 B g2 1), X
BUZEIRAREAH, BR T SRAE AR ZE AR A S IR Z 5B,
G EARAR A5 AKX T FH A 3D T VB ST AR AT
BRATURE 25 ) S it SE AL o B
212 fEZmIER

FEARGYRAR TN, RNV B R o b T

HHrE, (BEY3DITEIRORES R AT 2
FAMES N, SZRORBEG IR 5 IR iz
fil S R AR, AR R R, AR AL X
B AR O AS AN AR BRI BE E ) BoR HE SRR
U REAR U, FEPHAL R R BRI e . b

e LU R RCR T I B A EEEH . 1Ah, &
W1 3D ATENRE R AT E M N4E, IR Fulesae g i s5om
JRARER I 2H 2R o 5 A AR PN AR R ML AR S A2t T 267
&, R EIURAE SHMIEHE 2 d R, PR
FEX— I FEAHER R GERIPB LR o

Johnson % ') RLFHAH) 3D 4TENHEARTF A T —Fiifel
ZRBER, BEMAMAERG SRR,
TR EAE3MEE: (1) AEESHETR ke
ZRGEE; (2) A LHMATTHETHE RS
Z%: (peripheral nervous system, PNS) FE=; (3) 4
EA A A R R B 2 R E . N T
fRANA R G RR R e im i AR, DI A&
ZRGHIRIRIT TR, MRAMERIERPEEN
R BRI SEIOXT R o IR IE NAE R A B — IR
ORI RIA &, 722 T — DR B RURLIE SN AT
R . TR, DHIERIEELE PNS = A5
M2 iz, MifnEges =y E & e, 1
I B2 FURLLE 7] B At DI A B R FR 32 21 1 BRI,
AU AIVE A o GRS B — i f, mdERUHS
(2R . X FRIHRE PNS 5 ZE i &0 i B R
GethsE 32 TR N AAZ R 2V S TR 4 A
ffL, {H AT RE A7 L BRI AR M0 22 1 B IR B IR A AY
WA T BR T AEBITRFIRE 2R Ge i B AT L
HMIFERRSS, ZMAERGER RN 7Y+
ARSI T — PRGN A G, EHT
SitfmEsthsh (Z59. wlEAR. F/AARRESE) fE/f
KRGZ AN o
213 FERHER

EFEEI T, BT H AR R EAG X &,
TR RS PR A LA A m L BAS U R . A2
Y 3D FTENRAAL R = D s A he it B BRI ES, RE
B EEZ R TN, A RKE A 3D R R ER R SEHAT
BT RA R

Banerjee 2 120 e VR N IR A BN B FRTE S 04T
FIHAR, Bl 7 A KEHH (Gaucher disease, —
PR LR B R B AR R R IR B ,  IRRRIAH A T REFR
B3 EIRIEAIGE .. AFRECRARRThRE TLEE) 3D Bk
[T I P K 5 N7 N [ e SR 2 0 =2 W 77 & B i |
HAERI3DFTED, TR A, SEEI R KA
5t A R RS R P SRS R, TR T o X 2)
FTENEk AR G e NI B B A S . 5 A\ &
(1) 72 Jo T 4 BT A [ 7 BE A B Y S iy 2B 2 G 7 I
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HFAZAM TR, TERERIR G, EBIhABI A e
SEMATENRR, RSB D BRAK, ARUTBCE (LN
TR, SEMBRAR A BRI AT AR X —d
AR T B R Bk, LI T RS A4
o JXFR 3D FTEN SR R B N ML T A7
73, A BT 5 SR B B AR AL, RIS
FHATE AT Ko HA, REED 3D FTEIRL
ARFFIRIT A E 50 G AR I 52 2] — & IR (24
A v U AN e 55 T = S BUEY) K HIERIME, 12
JEATEN AR S A Z 50 . (BB BEE AR L5 AR
AR R Bl —E T 1. CAMTURAAY) 3D ATED
AR T Rk P, DIRFIELE R
AV IE (amyotrophic lateral sclerosis, —Ff LA Z Ji&
HEORAMD. AX 12 30 A EA%AT B 8 AT A 4 A R] IN A2 2R
NFHERBEIE TR, BARIERIE) BRI T
AR ST AT AR DLS H AR BRRHE o X h AR B SRR A A
il Bk A 3D FTENES A4 AT RE /2 T S L Z= 4t = ik
SERTE AR
22 B[YSHTEHIER
220 BFREREE

FFEE M BRI 1 2 R B G A IR R sl ge i A
KRB ER <z —o Flan, 288 RBIGIT 4 Y)
Fasiglifam  (TAK-875) K BB #4515 S 1% 5 15
(drug—induced liver injury, DILI) ) fikge Rk B,
BAEIRRATEIYISESS . B AR IR 5 AR
IHICHIXTERES SR, DILLR AN U2 20— 20
AT RIS 2 S R R AR M XU,
RIGHEIN T 259 A RAR A5 SN E AR, PRI,
AR DA A AR AR OA B flt ) e R ) AR MR AFEASARL
BN — M A TR R RN o

SR, AW 3DATENFIEARAL DS T A
o #5 AL SE P HIRETR S, LTI AESRES
Yt s RN A ik 41%, X S5FIEEAR)
SNEABTFIEREINRE, CLRZGWIH RN I B M T A
TR —E B, ETEAAR4. 2R A
N B B ik N K2 40 i (human umbilical vein endothelial
cells, HUVECs) T&E Y 3D FTEDARFHEREAY, FH
fifiP & (—FhJoikimid g PSR M A 259
SEEARE 2D FEFRUIMI 3D FTENY), FEIEAGIZS SRZEPA -
RELEIMEE RFIE T, 3DITENA D2 THi5
*f HEHRARIHIERBART 50%; fHELZ R, #
#& THERNGT S AT R EERR A AR 2D BRI

W e~ B b BRI 3DFTENIA
HERIGPRAT M /T T 2A B s P REWFR
TERFARRE KT R FTENES A Lt T 2Rl Ko T4
RSk AT AR IR e 2 AR5 S 2 se AT A
RERG RIS F4ap, HRdt T — DI NHR A =445
My, IR F R AKCSE RN BT [ B2 4T RN, Al
B AT 2R A . HUVEGs Z B33 UWMES
65 97200 2024 £, Dey % 7 FIRIT A M AL
13D FTEIIFIRIEAAL, %A ALR A fE dECM AR 2R
FTENMI R, S5 & MRS RS, RIS EAIZh
BEo FERMASEAIRIMIR AR i SR R TS
PERRE S ZGY, @IS IE 3 MG YIG YT S HF 4R Y
JSLDNAVREE . FLERA S BEE AN A f1 2K PASO A 5
TR, PRSP ASY ) 2 R AN AR A DG M . &5
RETR, MRERAER AT SR AT S
J RT3 THIZRE H B s A REUREME . 24 h AT 72 W N RS~ 4L
HRRE (median effective concentration, EC50) FOZH
B P FLER AR SRS TS MY B R T AR SAAL, TTIESE
TN T A REGH R R E SR o
222 DiF=EE

KPR DR AT S BUO RS, DAUESE.
BEGUEOEA RS OME T RIE, i Lt
KR ETGYIR T, i, S4ligeRs
FEARE e i FH I CIE B S - iiE, SR s
RNIIFRRELRS, M B R QT RIE (R =Rk
FHERACHIN AR ), 8900 T BEEHE AR H R & A X
B PY, BT LR S R B SR, TR
At B E R R AR AR AL B AR U N E D). 2R,
OIEHR BA S R AR A MR E, JTHE O
L L ) R TR 5 e 22 ) o HE R A A A g ok 17
ERHkER ' A9 3D ATENRAR AR 25 Wi LB
HIPHE TR A —Fh R PR AR AR S5 AR T R

JRARAR D WA AEAR IS TR 5 T BRTERE 132
PR, [ Fsf LT L2 e RO SR BB o FEE AR T o AL T A
Xt — B IRF RS H RGO E. FEk, AT
MR 3D ATEL LR ALY 55K, B S 268
T4l (induced pluripotent stem cells, iPSCs) 7€ [[] 47
HERAG B OB B A4 3D T BN O ) 3 20k
JHo Arai ZE B0 SR N iPSCs SR A MM B3 F 7224
3DATER, RO T Jo 2280 3D IR, FRiEit
AT BERE RIS DE AR DI BE R AT R 48, VFAG 2
Yriady b RS RTEE R RN, RS, DASZEN
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LRl AT AEY) 3D FTEL O AL E G B A I S R
MR EE Mo Iwanaga 55 B SR A HHRRAIIERRR S 0 2 &
YIHERFTERRIRE, & TS 2, RE1EXEE
FRAELCMILAIRE, TERG T BA A s6E IR gl 2145
5 fEE ERRER AR, TS Eh R &
HHRFIUE T L VAR 2R S R DA R % 3D T E
OV LR AR

NG SO B AR AR AR T OO AL AH 2R T AR &
FOSEI S AR BRI EE 755K, A=Y 3D ATEIRO RIS B
SR REARNEE MR TR, Liu P
T PETFTHROREE 2, KA 3D FTEIRORFNFR LS
R RENE S, FATHIEERS 3D TR OIFHES,
FREERE MRS, WA TR
O AEAY %75 7181 AR 3D 4T ENHOR Gl &1
RPZENELE, T e R FH i HL 2 22 (S SRR TR AN
KREFHEM L, BHLECM RS, 8 SO NLAIMaHEY ],
fEHE SRS . (E RO RELTT 259 2 2Ll
B (doxorubicin, DOX) FH:Ua B P AR 7 71 45 7 s b
(dexrazoxane, DEX) XPZBALHEATZGH) MO E S ETE
fili, B5RFI: BF R DOX A K LHLAH RN %
TERTS hiZB g h0, 6 h 5 kG 259 5 8 mf B A K i
P, EANSAEE ST 2D MR, Xalae 2 K8 3D
EREE RO A BE R, MDA DEX 5 hf5,
Fr A0 2D %f B A O LA B RSN AR I G 1Y N, e =
IEERE R, TERIIDEX ASLIGeH T, Tie2hmEk
EEADOX, WlshEH AR AR T =T DEX R
RN, XEELERELR, DEX F1DOX B i RAHE
T, OIS N A AR A O R R TR 12
HTRETS.

3 £Y3DTENMEERARTENA

AL TR, 3D TEIS R EA
AWFIhRER 3D HARES N AR, BUTT SN 3244
NEHL R EBE Shaelb B E S RS, H
NG K B Bk, MEFHL. RE3DEY
FTEMEHLA TR F CEBs —Ef R, HiZiR
HIFTEN T HER AR . A RIS R Z IR, DURAEA
ZIRedERy . ME LR & 55 T B AR 528
TR PRAIE 2P % R BB A 2R
3.1 X£¥3DITENE/RE

FERIRIT U, AV 3D FTEIROR LR AWK
WESCELEEE HEE, —ERAE TR RIS A

3DFTENFE AW, XAl AR B B sl Az A9 AR
om, PEMHCHEAZEM SRS, DUEBALAR R A BT RE K
2, G RREARE, WA 3D TENf
B, XSGR EH AT HAE, FEEEEE
WAEE S R, RARZEWEETHAENR P, Yan
& ) R CUNERHIE T — il PR R, AR R
WA A ek, (e S AR AR A, ST
HEEFAATT . REEY 3D FTENE Z2ERK EE
IS —E AR, (Bn]idE— P42 M S R AL
RE. IR BRI Z ZIREMHE, USRS R E T
&R, A MSHTEHN AR5 E S o
A1) 3D FTEIROR AR S F 2 iR T
AR AL MR & B e 0 e B T B AR B 4 41
e 5BERIRM ., H, KERZREFTEH
WEAT =Ml —, EASEENEKENZ LT,
FFEFRD RGN 2 R 2, RIEE
TR KR EA T, kA
BERE., Wb, HEARKERAIREAEES
EEIIR A B IRARGES . AR E R
A R B,
3.2 4£43DITEPRZRK

BIRVEN AR RARIZE , A E NS RER
16%, B&RIP. BIFEZMIT6E. AMaKE Ik
Pt st/ RIVEAREN) g - ULl S o 7 NP - 7N A
Jige (gelatin methacryloyl, GelMA) 1E N4 H{FHEN
IZR AR BT, EERRREMNRINES G .
TV REVE— P58, AE R R R A TR A R 75
Ko Shi%E P 4 T —FlEl GelMA 5B AR S
Ve it T Bl B B AR R K, BT B IR TR TN
A EE IR Jin % B JF& T —Rh Al E 28
SRR R = RS AR 3D FTEIREL . H GelMA FIA
FRE T R B 2 ARET AE AR AT A S R 20 A
HEZ B A= . HT HUVECs 1 GelMA 4 5 HY
IME MESFINESE R At Bl 1225 1A S FR AR BL D A0 A A
KA AR M T M . REEY 3D FTHEIE
FERAR TP R ERE T, BB ERESIRTT
HENAR, BminEEZ ki, FlanmEER ST
F 93 AN GE A AR RE
3.3 4£4¥3D$TENME

HHT, M BIRIGTT FERE T S22/ AFIL
HEREM R, B IME AR AR BRI R T
TR R G FRI U, XL R IR T Ko [FFh
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S A I 0 S5 A LA A U i M S5 HE e Je L BB
s HiL, FRATMERMECEE, mART
PRV RS A A T E AL RO TR
AW 3D ATEIRORE N H A TR US4 RoR, A2
FEIME SAEES LR N U S BN
H75HEA &N

SRM, TR I TR AN A AR RS, DAGHE
FE— B B RHE R AR 82K RO £ 3D T ETIIL AR
RS R R R Hi, S5k
BRI AL AR M RE Y B B . Gold 5 1) Mg
T T GelMA. GHSKAE AR &R A0 - L A0 A 2 Ak
AN TIME A, FRAE I A5 A PN E At T N S A
SLIGEER G, X AR R T A rh R
HE IR . Wuds OIS A ARIE A
ARSI N R T — Mo OB WIsRK, A E0K
FTENEISCZR B A BRI R iR, I RIRFLIRA
R ayshik, EE& RIF s 2 ke E it
A MG ANAR MR B 7R 45 AR, I S 2R H07A
MR 3.75%, FFEEErE, HARETESS, &
PIAEA RS o PLERRFEAS R A0 A T B IR e 1L
REEmZ%,

4 HY3DITENER SRR NA

KA 3D AT NI 5 R e Rlm PR AN sh Wi A
RXRIR, #eff A BB A R N B & 20 A=
2, RIELEBIRILE. RBUEEETT . £ R IR
A=A 75 THI S 7T 50K o
41 HEIERF

A=) 3D T BN 5 S R AR IAA 8 H B B AN
PEE BTN T ITH . — 51, 3DFTEIEALAEAR
PIRTAEE T MRS AIRE, S5ahPEil B r R
MIEZMRHEESS &, AU RS R A — 1
HIBR LRI G o B —J3 1, 3D FTETRAL SR
R ACF RIS B . S sh iR A f (3t Y A L
BRI AN, BB T a0 & AR R
VR B Lopez—Carrasco 2 12 @it FLEANA] 7
FNIEE R B AR 4P 3D FTEISAY, SESEAE =N
JEFEEZRIN (A 3D FTEIEA iR =R I Y (5.
= NEIP A SN uN R RS B (S VNN S VA LA A S
R R A PR AL T ELEhWseae & Blih g
LG b TR EE R AU RO ZE SR, 1E m W /KB AR 7
fIZR ML R R 2] TI0E, TR S R AR AL DR

BRI AR 9 Stk el , ES SRt
[FUESE 5 NI HO B R R AR 1

PR, YRR A\ G EAE 2 & R s A
HODRFA, A 3D FTENREAAR e 2 2 B A AL 7T e
RIS s Ren%E ) FENSG /N (— ek
PR i ) L E/NR) AR IR R ARIA SR R
HORHE SRR S, BN A AN R AL,
SRR 2 B O 16 tH Y29 IR o SR RERIT, JHIE R
i BRI 25N S L R B TR 2R B O AR AR/ N B
HHRIr R, 5EEIRIKIGTT RN BA &R —2E,
AN 1CCOST HIZERR B X SR M U B i
AR S EERTIR YT Hh s F S—sUbR W e B T (A R B fthise
YERGIT 2539, TiNEA4 2 26 1 H BB 45 R TR &
BETERIR . ZRBEBA T WA A
HEHHIPHEG AR, BERRTOWRRICE, N
R 2 2w B AR A R B AR 7 T R T
BRI Aok, ARMmPRIERLAT b E AR BN R
AL AR R BRI, s MR ES
HIFRFEER IR o
42 FEEEST

FEHEETT MRy R DRSNS, kY B
AOMMARRRE. BIEEE. KRR EMEMELH R
EEITTIR, BARREFARBEE TN —. £Y)
3D FT BN AR B A B8 35 R R B ks = A RS A (patient—
derived tumor xenograft, PDX) A1 (—FumEnl B
[ifRa 2 2R AR B S B B S (A A R RS I PR TR
RAL) TR AEvE R T S B AR 4y, (HiE Ve
FirANEl o ZEW 3D FT ENASEAL HE X B 42 4 1) s S HL A
NG ZGREAT HRE PR, i PDX S AL i B 1
THRELSENREMY &% &5 HEEEHNZY)
KA,

FIFAEY) 3D FTENR R AT bST . #EFATTY . %
TrEFZ MR B DA R A ST, s
PRI BRI, AL B AL RO 2454 0 1k
P&, WABFERRGTA R NE LR, DUk
TERBTT o MAEMEERT BT BARMIERS . R
FA73T FWURIAHE BIRTT, TR B e b g B9 &2 A=
KRR R IR 72 RE ), Zhao 55 1) ff B &SRR
HA 2 Pt ) S g 3D FTEIASRAY -5 2D 1 R A i s Y
XFEC, RER 3D FTENA AT [ 244 2 ER Y B v ) AU
P, HEGRURNEST R BA E & shPseie—2t. Al
Shihabi %5 7 82 T 126 5 AR R 1Y 194 DAEAR (i
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w7 24 MR R ), il A ERE TR R ER 3D
FTENI R RS BN 7 — R R R B IR AR,
R AR L — 2 RN & 167 A & B2
BURIERIMN 2 E, NEREERIRY TR, LRARE
N, 59% HIREZR 2 DIRAI H— i FDA st sl [ [ 52
CEEIRIEM %S (National Comprehensive Cancer Network
NCCN) #EFIRIERIGITITER, 80.4% HFEARZ DX —
FRAZ PRI B2 R AL M, Sun g W7 R AL
Y1 3D FTENFRMI R I ZE B e B HL I ReRe 1) B i e
PR, A AR AT 7 IO SR R A
JE SRR B A AR AN AR, HOREE T R = o
P, NI Sy R IRRES RERBLH s R M. Bk ss
SRERIA, AR 3D AT ENRRIAE R B IR PR ML U251
125 73 TR R FHPE T

PDX S BAIIEA LRI . S FEDF . ST
s, AEMEZE. IR R BRI R RHAE B OR
BT REST AR RS Y, B E ARG
FOMRER . Li%s ) (i 4 4 B3 BRI RE AL 22 PDX

F1 BEETERERML

Table 1 Comparison of common models in precision medicine

SRS (1 3 ] F R BE S A RNA LYPLALL-
DT ZGBE AP B = T 4 B8 ) ;. ARERER,
LYPLALI-DT 7 3% 35 8 PDX 52 B4 vfr | 45 2% ¥ 30
(Venetoclax) FIFEE I (hydroxychloroquine) i 155
TR RFEIHE BRI SR R A e T, &6
SRS R AT R B R o BT RN
R PDX BAUAESE S B S D2 T 2 A EEMN
8, FINBIGIE T P& T ER B RITRAR, I
BE T 7 AR IR RIS FIVE R . PDX BAL RG24 18 A
TOE A, HSEEAGTH LI 2R G fd E DA 2 ik
KW DAREGPIFIES 53 Hh 2555 55 A R 25 B
EH. ATRHEEETRE BRI HE R 1,
TR, AMSAL R RO T RO SR T H..
AR A ALEKE 22 1 3 R R R AR I PR AR AT
SR S e Pl B 2 VLRI PRIASG: B, ez iayT R R
BRI 29.2%, HOARRESZ ATILEGAIT S
SR . ATBELREW AT RS MR A E K 4H
s, TONRREZIRI AL, e SIERHZTT SR

sk . . PDX Eh#pie sy
[EptEit 2D fHpAR Y £ 3DFTENREEY ) :
o Patient-derived xenograft
Model types 2D cell model 3D bioprinting model .
animal model
SC3CEH Experimental cycle 18R 7d 3~618
A7 Cost 1000 ~ 2 000 75/l AT/t H+ Ao/t
2R INZ Modeling success rate S (> 90%) ! = (> 80%) % 1 (> 60%) 3
Il R 14 Clinical relevance B = =
=& EEREE Genetic information fidelity IR = =
AT EE M Reproducibility =) = 1%
R FHE Cell types BIR SN, SEZMAR SN EZRIRARZIN
R4 5T B System integrity K. (NARER & HR/FEBER, 3RZHE = BEERELERE
BRI R
¥ ariztE Material controllability % = 1%
1B & Throughput S5 = 1%

43 #FHYHE

TR RIMEG T R mET, RYMEE R R
HE, YET S B R EEEEE T 2D ARG R
R, A=W 3D FTENIRILE BELA A T 02k A G AR AE
o, RIS 2 T e i B i AT AT R R K,
H— B T YIRS R AR R A T

V3D FTEIRIRE AR T =il E s,
AT L35 B B a0 12 DA S RN EL A AR B FH 7 THI

RIEH . Herpers 154 T B E IR R B AR
JFE, AR I 500 A [ Wne R AZ A I 2 R
(receptor tyrosine kinase, RTK) 155 %5 5 18 1% (9 ODURE
ST R E R G, R MCLA-158 (—
Mt LGRSXEGFR XUHRE 5 ME i 4R ) AT DURE 5 M B figt
LGRS™ i J& 1~ 41 L 2% 1l B9 3% B2 4 K I + %2 1
(epidermal growth factor receptor, EGFR), M ifiZ%{7 A
L, MAIER SRS E RN, JHE LR L
i R AL R I RAR B rh R B HR T R . IR,
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MCLA-158 kK5 1 21 FDA (438 245 5 PR i 36 L
Tebon %5 ) i@ it A4 3D #T BN AR T H S L4l o
i, A E mEIE AT T (high-speed living
cell interferometry, HSLCI), SEEUTGEI]. Jotnic. H[E]
SIHG, TIREIRT 22K 288 E LS s A TR
WA ERY, R&SEHIN AR E R 259 SV &
fto HSLCI S AL GG, At —PRkanBRillERE
AEHTER, HEEMERBEEREFARLENS
Himess R, WmfsRInRAZ . AY, EPI3DFTED
FARMRAERGES &G, BERIITXT 4 R AT
5% 5 BTG IR RERF 7T — RS
BEANT il AR

4.4 HABEHRFR

TEHA RS, REBEMENE. SEfFx
S X DAL EE DA R 8“7 A0 B A L S [ R BRI 2455 T
PRSZER SRR o a9 3D FTENRE AR A 4 F i 2]
R AL T RO RR DR o AN EE AR AT I
WEMAEERE, HAREEEME SR REE .,
VA R AR R EREE 15 S PR 2 A T SR
A PRESF I EIE HE M, Mmse A AR A
55,

HARMS . A9 3D 4TI ARTEH 2L F A HR A L
A, FEERENFESTHMES, FHE3D HMEREH R
FRIE . XU BB ERNE ST RERE
HLhee, NesEBEREE TemEEReT R, B
MR T e B AR R RAE, RN, 1EMRFESUE,
A REH ECM BT AT e B T2 iR o S e HE R (]
o A B RIER TR0 T4 3D 4T BN RS 25
EHTEARBHE, AI{ERAMERENMAK SR E B
b, RERREFERNRENE, mHEES TESRER
T ACEESL . B, Hong % B¢ FIR 3D $TENRI A
Hil & 7 BEA /NS M B A SRR, A AT
YeRPEEMSETE, HrP R DIRE BB R RIE A, AE
Pt )5 Bt RAFRAMOFTE RS, 1 BLEE Matrigel #A
SEaG A T IR, SR AR o
WL EH (a—smooth muscle actin, o«—SMA) #
CD31 Gyt i R A5 A6 A1 A A 2R 35K A R 8 1) 24 i 225 i o
., AMEERNLER, RZEANTIFREEBE
BB R ERE ST,

A 3D FTEME N — M Es R EE S0 7T 15 5 3N
YIRS N A, R AR G 7 AN AT
SR —3Rs HIl, Lopez <& 7 j@I ShWISLI6 P4 T

—MIDITENNERZREY, &R D% REWEA
FN91.8%, HLFIEI N T5%+8%, FEMEIE], AILA
TERN B EEE R BRBER RS, B H
IR 2 B RN A A e R EH S . HRET, 3D4T
FIASE YR 20 ) S 56 A 00 B M A B BFRE L R
BT pLp eI HElE L gl . Bl &
MR BEHANHENBE LR ERERA, Fild
AT NAE N BB, SR RE AL
NG BB SR 740, B AEMIRRRTEL
R HAM ARSI MERL TC AR A

ZE LFRIA, AR 3D FTENR AR AE LA A2 Sk
B2 VZINA], T AR F AR E U N RO R
SREFFBIE S s SLE kAR 3D TR R A Il
PREGACH R P R 2 A R B B E R . FRIR XA S
MO ERIGFERENATT R T %R, RN
AR BRI R REEE R R T 3 A o

5 BRESRE

A2 3D T ENSIAR N EEZG it et talns ok 7 ERAL
5, ZEORELYIR R . AR LRSS CBE —E
i, R T BRI MR GRS Rm, B
HARANBEIED T I, BFHERBEREFRIGER
Hraue. Hrf, EVI3DITEIRORG ATHRLS, DILE
HHEAbARIR AR SR Z [ EE &, Rk

4T, ATSR EEPHESLESN AL B BT
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[ABSTRACT] According to General Chapter 1145 of Division IV in the Chinese Pharmacopoeia (2020
Edition), the test for depressor substances is a common method for drug testing. It determines whether the
level of depressor substances in a test sample complies with the specified standards by comparing the
extent of blood pressure reduction in anesthetized cats induced by the histamine reference substance and
the test sample. If an out-of-specification (OOS) result occurs in the test for depressor substances, it may
be caused by inherent quality issues of the drug or errors in the testing process. Therefore, analyzing the
causes of OOS is particularly important for confirming the test results and evaluating drug quality. Cats are
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used as experimental animals in the test for depressor substances. Compared with conventional laboratory
animals, they are less stable, surgery procedures are more challenging, and the testing process is more
complex. These factors make it more difficult to investigate the causes of OOS in this test. Based on a
review of the literature and practical work experience, this article analyzes the causes of OOS in the test for
depressor substances from the following five aspects: (1) an analysis of the impact of drug standards on
OQOS from three aspects: standard determination, standard content, and standard drafting; (2) personnel
qualifications, including pre-employment training, compliance with standard operating procedures during
experimental operations, and the ability to operate instruments; (3) factors related to cats, used as
experimental animals in the test for depressor substances, including physiological characteristics, genetic
background, and abnormal conditions during the experiment; (4) reference substances, reagents, test
samples, and key instruments such as the multi-channel physiological signal instrument; (5) experimental
operations including animal anesthesia, arterial and venous catheterization, drug administration, and data
processing. This article aims to provide reference approaches for professionals engaged in the testing of
pharmaceuticals and biological products when analyzing the causes of OOS in the test for depressor
substances.

[Key words] Chinese Pharmacopoeia; Test for depressor substance; Out-of-specification; Drug quality;
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Figure 1 Flowchart for determining the results of the test
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(LMY SHBEEENXRFEREMIA TEERERIAE

4 =0 A L& 8¢ (generative artificial intelligence, GenAl) 2IEEE XA B FM. M. HIE KB EXENS LMK
DEBRREREAR EFREE CELRE, FNERAMRREIRFFEZIN. £FEFNGenAlRAMBER G RHH, FEEE
Wikfhgeh, BEEENMMEXK, B AREL RIS XN EIME  ESH CERERERYE, HEERBEAR N RN, (L5
MM ENREZVREBELEEGREZHHRFEZERS (ICMIE)EEFEURER RRBRTINBEXAE, WATHEERBET
TN BRI 2T {E  GenAl FIBERIR BBIN T o

1. GenAl R EF m FINER I RIENIEE  EREE VAR NEXABTRIEXEEMHATHEAA.

2.GenAlE B RTINS E @ T5I B, FEBRDERSI BRSNS RIAX @, HZLRs I AXaEE R
MAB-

BSMEEARBEFEAGenAI AN TR BRUAARIERER FeeATREERIENHEEESND (WA X ERMTICHH
%) WAEATHIE BRNZUWREN, SUBHEM A ZRRIHITH.

A FEMEFERT GenAl R AFBMMAZESE(MNBIERE ESEE . NMORS), WKRFAZEEXAS, FE M
5FF XK EERMFERCFASHAEFEARZEER, RN BRANLE T FBAHREX TR

™ EERBAER] XX{EEFBGenAlEART BH/FEEMRRMASIRIERBNR A X, 218x15], 5 7 [16 X HHLL
HDHEABLXXEE IS GenAl £ AR HTEWESIBREN, HN X FEXABTHBE PRI

5 BTIFHER BHHRERRELLLFER GenAl RARFTREFENEN, REATABERGRITMH LERER
GenAl &, MB=FH=RENVRATER Tk FEHEENRE AR AHEBAREEEEREINESEH GenAlld,
RIE I 2 I R AN F 4R IEER o

6. MFEMIER LR GenAlfFRAME , BWINAHAEFEESRE, HERERLHE. FRANBERERITFEHGenAIS
HEBHERENEER BRELS5ATIRRMERIE, FHEIBENERT.

AMEB A2 BT, FIEHEE GenAl AR KR, ERAZEEH

(LR SR EFVRIEE
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XOuGE, W, AR, MEAERE, PERLASE “HELEATR ALK, AEZNEE
MR EHERERNE AR, AREALLK. FRZRSRFNERER R, FEE
M AR G AR RN L K. RN EFEAESESHERER. LERFFLSL N,
FEAMAENFEERASL, TEHENKES S TAENZEE LSS TRES>2Z 0. THEHERS
EFLBEAMBERG L, BENEDARS LA, Wil oBEY SRR AES ESY L
ZheEAERh., P ARFSFTELTLERSAIEER R FEMSE, LRA . TaE.
AEEBRHRERBTEHETHE R, ZFBFLFORIPHE LR, EEAFES R LA
MERZETATFLER, BRSNS REFLFRAFFEERE Ko ZBENEH I8 Y H R
SIEFAALTAE, EFERTEFARLTXTE., BRaARABFEEFITE . BiEE TR
IR 104 5; 7£ J Virol. ] Immunol. FASEB J. Transboundary Emerging Dis % 5 R F| & FOF KL X 50 &k, #5l
12004 K; RANKAEH6T; REMREGHEELS —FRI1H (HL%H2); %% (ER) (BEAEFTIRES) %
WHAMLEE,

fudgli MHC 11 3857 73R 8k 557 Wi

X R, EoKk, b B BREY KA, & OmY, FEMAY, kR
(I FEAO KRS 34 B &5 B, 58 R5F 830052, 2. Wk H R FRERLEMREN, BHEARFIMET 5%
TR E AL E, W1 571100; 3. B R AR e 22N B E A S AT, 2 M 730046)

HEE] Br FEARLUEBTEHDEBMESH (major histocompatibility complex, MHC) £S5 FEERE
7, FoHEEEESE, RRABLUEMHCHEYZEINEE. HiE REILRFEERBUIENBRIEEL, RIE
MHC M #5FERFESIZITS19, EART-PCRIAT EAIELIEMHC 1 £ FERMNRBIBES, @it SangerllF
WEMHC I X5 FERFS, MRENEEZRESITRELEMHC 1 XD FERMNEUER. ZRFLXER.
RITIEFMEDL, UREEAUBEMHEEEXE. FR HETHSNREBWEMHC IXL5F7ER, #3A
SLA-DRA. SLA-DQA. SLA-DQB. SLA-DRB. SLA-DOB. SLA-DMB. SLA-DMAFI SLA-DOA. Sanger Ul %[5 8
EMHC [ £S5 FERFY, HEFY LEE GenBank KBEBE RS, £ 57 PQI82796. PQ182797. PQ182798.
PQ182799. PQ182800. PQ182801. PQ182802 %1 PQ164779. RZHZ WM DX, RIEWLEE6MNMHCIESF
BERSHERE. BUE. ABRNESESEFAERMENMHC 1 X9 FERAER— P2 L. £EMESED
Hr&RE, MHC TESFXEDARKEER, HIEWH FERE27700~30000, IFRA—TXHERZSBHEI
HRFERF, HFSLA-DQB. SLA-DRB. SLA-DOBF]SLA-DMBERRIBAI4 N MHC [ RS FEE MHC MR 1RSF
Z£Ht, SLA-DRA. SLA-DQA. SLA-DMA F]1SLA-DOAERHBAIA4 PN MHC T £ S FEE MHC o RTFEH .
BMMHC TS FERAHMESHTRIEUWEN7TSEREHRRE L, SANINERZGEGHENXE, ME5HIE
RENSAMERZBZRHEMXR. Fie ABWENMHC X5 FERTEESHGRNEEZER.

[X&iF] BELE; ETEAREIUESER; £EVEESE; EEFY
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Identification and Analysis of MHCII Genes in Wuzhishan Pigs
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[ABSTRACT]
genes of Wuzhishan pigs, analyze their genetic information, and explore the biological functions of their

Objective To obtain the gene sequences of major histocompatibility complex (MHC) 1l

MHC system. Methods Spleen samples were collected from 3 adult male Wuzhishan pigs. Primers were
designed according to MHCII gene sequences, and the coding sequences of Wuzhishan pig MHCII genes
were amplified by RT-PCR. Sanger sequencing was performed to determine the full-length sequences.
Bioinformatics tools were employed to analyze the physicochemical properties, phylogenetic relationships,
conserved motifs, structural domains, chromosomal localization, and syntenic relationships of these genes.
Results Eight MHC Il genes were identified in Wuzhishan pigs, designated as SLA-DRA, SLA-DQA, SLA-
DQ@B, SLA-DRB, SLA-DOB, SLA-DMB, SLA-DMA and SLA-DOA. The full-length sequences of these genes
were determined by Sanger sequencing and subsequently deposited in GenBank under accession numbers
PQ182796, PQ182797, PQ182798, PQ182799, PQ182800, PQ182801, PQ182802, and PQ164779. Phylogenetic
analysis showed that the six MHCII genes of Wuzhishan pigs clustered separately from their counterparts
in Duroc, Meishan, Large White, and Bama pigs, indicating distinct evolutionary trajectories. Bioinformatics
analysis demonstrated that most MHC 1l proteins were hydrophobic, with molecular weights ranging from
27 700 to 30 000 Da. Genes within the same subregion shared conserved motifs. Specifically, four MHC II
proteins encoded by SLA-DQ@B, SLA-DRB, SLA-DOB, and SLA-DMB contained the MHC II B conserved
domain, while those encoded by the genes SLA-DRA, SLA-DQA, SLA-DMA, and SLA-DOA contained the
MHC Il « conserved domain. The eight MHCII genes were scattered along the long arm of chromosome 7
in the Wuzhishan pigs, exhibiting syntenic relationships with three human genes and five Duroc pig genes.
Conclusion The MHCII genes of Wuzhishan pigs may possess a unique evolutionary origin.

[Key words] Wuzhishan pigs; Major histocompatibility complex; Bioinformatics; Gene sequence

R ARE R R s —. JERIAEFEES A
AR 5 NSAFFE AR U Y, (AR R
RV EFRFRIUL (RHEBEEDFE) K
s 2. AR AR N MR
BAEMIRIE ST, BONES & S50 A B B AR A
F ol BT, AfRUEEHT Z A TR UL 3
FGRREREE 0 SR RIS 1O SR, 1996
g, BN AR LS AR E A
br, RIAFEULESEENMIS AL AR MER, mHE
fiEs AR BRAE Mt 5 A AR M, SR AR X —
INEURE IR AR R R AR U E 1 28 B B A Y B AR
%

B EEHLHAHEAEMEE &K (major histo-
MHC) 1 #R %% 5 41 ffg 51 [
(swine leukocyte antigen, SLA), HAHFEEEREN TIE
f7 54 mfk 8, FEHIANFESAR: MHC T |
MHC T AIMHC I, MHC T #1MHC I 2553 7B 4 i
FLRBENLT Tpl.1, MHC I 253 1 gm b £ K BE A T
Tql.1 M4, MHC SRR RS Ry 2.4 ~2.7 Mb, H:f1

compatibility complex,

BL150MEER, HpEADH 120 D EERE g A 4
izEohee S, MHC 128, MHC 11 Z&F1MHC 253
B G B 5 AT XI5 JE 43 4000 1.1 Mby 0.5 Mb #1
0.7 Mb "0, T A0 T X I 53 B0 & Zwhi MHC T 2550
Ik FERFS, UEkZTEEARREDIEENIE
MHC . MR T 1 2650 1 KKz /], A
B MHCER, (BAE N iR A,

MHC 11 28437 £ BN s 2 5N UR Y
PR KRR CDATHRM S AIE S . RN
T, BAEHER R AIER CDAT 4 AR B4+ 17,
MHC Z 5B G REm 2 I, 25 a0 K gk
BAEHE R R NS T, IR A T 6E
REFAE IR B EE B &

A5 R F R B 5% PCR - (veverse transcription—
PCR, RT-PCR) ¥ H§F 45L& MHC 1 K53 7B A
Fe5ll, FEid Sanger MFHfE MHC 11 2553 TR
Hllo TEMCES b, FIFHAEMEES 5, S HiEL
ERRERAREE, 2400 7 MHC I 223 FROEH R
HEMER . REEHEER . TSR, ZEF (motif)
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FAEA S e AN E S . AT BEN TR L R
ARG ST S E E R BRI, NRASRIEL
Yo R I R T MHC B A= D RE SR AL &
FREE TR BOmbIa. FisaeshPsial Ay
PR N B BBt s g

1 MHS5EE

11 SEREY

ARBFFEZE Y 33k 12 A gt S Hfs ok
HigrE & RABH AR BCE EF5ERT [SCXK (B)
2014—0006] MIERHZHIGIIERFIT. A AIEL
FEAEmR R A BYOK, JHERE SRR, SEie
[T, &t e ERER SIS R TR,
SR R A H e JE U VA 2 SR AEEN ), SRR AEZH 2R
AR FE T R B RRE B s BB E R 5T R SE
Rshe B2z Bt GRALN N 2024 5 A 1
H). FrESCR E ez A S se = N T, FFast
S IER OB A 5K
1.2 EEXNSNEE

HiScript IV &5 — 5% ¢DNA & 5k %1 & (+gDNA
wiper) (R412) W8 EH Fd 5l M AR IR B TR A
&]; PrimeSTAR HS DNA R& G & (RO10A) HH

F1 TEHRAEFHESHEENPCRITESIMER

FEEV TR (KIE) BIRAF: TransZol Up Plus RNA
A& (ER501) W H LR X SEMEARKAT AR
AF]; RePure-A (384) 7 PCR (U B il EA
FEHEMRAE ;. EPS-300 HLIK{XH Tanon—4600SF ¥ 1 ¢
KRG RGWE LigReERTERAR:; MHISK-
230904010 fif i = B3 O L B 38 vl gg (Rilg) BIR
AH]; NanoDrop ONE T & 73 Y6 E T H 2R R /R
BHE (FFE) BIRAHE

1.3 s|¥RitS&/

ARG (RS2 5 T NCBIEHR E R E A TF
(o MHC 1T 22> 7O EE R HIME E . 18T Primer-
BLAST T HBE T8, AR5 [ Ay B R50%
Al e B A B R 2 S /551] (coding sequence, CDS)o
EURS IF5IF B4R 1, At SRR,
BB PR AE G o
1.4 MHC [ #93FHEEPCRIIESHEIkETE

T4 TransZol Up Plus RNA i F1 &riii B B0 AL
RIS BRI H R RNA, &5 Y66 REH R Lk
&S, ¥ RNA P08 HiScriptlV 55 —4% cDNA &R
& (+gDNA wiper) 15 BH 5 25 3% 2 % 5% B cDNA,
cDNA P8 T -40 CUKF IR 1F . &5 el
DNARE G, KH5FR 1 FEX 51950 5lES H&

Table 1 Information on PCR primers for amplification of major histocompatibility complex (MHC) genes

Bl E=Eu 5I¥F5I(5' to 3') TBREBRIKE/bp BKIRE/C
Primer name Primer sequence(5'to 3') Amplicon size /bp Annealing temperature/°C
SLA-DRA-F GCTTGTATTGCTGTCCATCC 851 55
SLA-DRA-R CAAAGTCCATTCCCTGCAAG
SLA-DQA-F ATGGTCCCAGGCCGAGTT 768 55
SLA-DQA-R TCACAAGGACCCTTGGTGTC
SLA-DQB-F CCATTACTTCTTCGTTTGCCC 995 55
SLA-DQB-R GAAGAAGCTTCACAGCCAGAG
SLA-DRB-F CACACTGTCCTCTCCTGTTC 886 58
SLA-DRB-R CTCATGCTGTGAAGACGCTG
SLA-DOB-F CCTCATTTTCTTTTTCCCCCTCC 926 55
SLA-DOB-R GGAATCATCCAGAACATCGACC
SLA-DMB-F CCGCTCAGTGTTTGGAGAT 967 55
SLA-DMB-R CCATACGAGACCAAATTGCC
SLA-DMA-F GGACCTGGGTTAGCTAGTTAG 1028 55
SLA-DMA-R ACATGGCAGTGATGTCGTAGG
SLA-DOA-F GGTTAAAACACCAGAGGGCC 807 55
SLA-DOA-R GTCTCTCTCACATCCCAGCC

X SLA, BEdEnE, tREZARBEARUESHE (MHC); F, E@SIY; R, RE514.

Note: SLA refers to the swine leukocyte antigen, also named as major histocompatibility complex (MHC). F indicates the forword primer;

Rindicates the reverse primer.
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RREZ (5 PrimeSTAR HS DNA & 0.5 pL. 5x
PrimeSTARZZ1HE 10 pL. ANTPIEEHI4 nl. | NIES]
¥145 1.0 L. cDNABHR 1.0 wL. 25 RNA /K 32.5 pL),
HEFT MHC I 26937 8 N H I E K PCR 71 . PCR 72
J¥: 98 CEME10s, 55 CIRAS s, 72 ‘CHESH2 min,
TEIA 351K Bxfa, FIFEHEHEEEN kxS PCR Y G~
Pt Tor s 5EE.
1.5 DNAFRFR5IUE R LS 54

e B RERE B PRI M€ J5 B9 3 =ik 2=t
FUERVEVIRI R 036 PR A T 21T Sanger M7 o
SnapGene S fF EE M P45 5K, FRARM P45 R 5
NCBI W e rp ELA TR MHC T 225y T BB R3]
PR iR B AR R B da i B EER 7 R R T fE LU
BB MHC 1T 255 TR P TEERT
1.6 MHC [ £5FEEREEH D

FIF MEGAT Version X, $ B4 E R MHC 1125
53 BRI CDS 5 NCBILEUE E E AR A (Homo
sapiens) « B 8 M (Macaca fascicularis) 4 (Bos
taurus)~ K. (Canis lupus familiaris) W& (Sus scrofall.l)
BIMHC 11 K5y FEER T2 AR, F R AR AR
SRR TR AR GER B HEER o
1.7 MHC Il 53 FRIBLIER St

FFH SnapGene B4 PSIPRED T.EL (http://bioinf.
cs.ucl.ac.uk/psipred) 734 MHC 11 285> 7R FL R L
s, X7 PR BeE AR KIS AL
TR o
1.8 MHC Il 273 FRRTEFMSEE ST

A H 1E 28 . B MEME  (https;/meme—suite. org/
meme/tools/meme) *f MHC I 2843 7 805 7 #1707
(8N BREFEERNI0, RIEEFTERN
6 ~50 MEEERRIRE:) o FIH TBiools AIHLE 34 MHC
I 5795, i Batch CD-Search T.EH (https://
www.ncbi.nlm.nih. gov/Structure/bwrpsb/bwrpsb.cgi) il
PRSFEEMSR, FIH TBtools AIFAL /34T MHC. 1l 2437
HOLRSTEE R
19 MHC [ #SFEREMNFBHEMMILLME
vakiil

FIFH TBuools B, MEHESE AR T TAG1LINE 7
SREEHEE, ETz8dEmE LR L MHC 11k
S FEREREAR RN BT RIS (EF
TBtools BAF I L 1LLIE 7 SHREAR GHIEE (Sus
scrofa) 755 DI N (Homo sapiens) 6 54k
ALK AR o

&R

21 AEWEERALR D MHCEEY 18 %Ih

PER A R LB PR A 215 RNA 2 & 3 E
A RNA JFE 8 803 ng/wL, A260/A280 42.03, /%
FESRIRIGH) cDNA 253 S AR, cDNA BRI N
1224.8 ng/pL, A260/A280 4] 1.68,

DA cDNA N#iHy, RT-PCR&5H B8, g MHC
Il 2545 F H) SLA-DRA, SLA-DQA. SLA-DQB. SIA-
DRB. SLA-DOB. SLA-DMB. SLA-DMAF1SLA-DOA £t
R HE = A S RE NGRS FRUK S 2% B B & B9 RN
frami, BemE— (B 1),

E: SLA, BEARRE, BOMRMEZHRKBSEESHE. M, DNA

2 FERiE 20000

Note: SLA refers to the swine leukocyte antigen [also named as

major histocompatibility complex (MHC) ]. M denotes the DNA

molecular weight marker (2000 bp ladder).

B 1 AELEEREALR SR MHC [ (9 FEERPCRER

Figure 1 PCR results of MHC Il genes in spleen tissues of
Wuzhishan pigs
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MHC [T 254> FH AR CDS # 17 e, &5RER, Fr
SKISHI Fr B 5% MHC B[R CDS 45 B AR — 3,
W E 52 B 5] E& 2 NCBUEUR JFE, 3518 GenBank %
=5 3 81~ PQ182796. PQ182797. PQ182798.
PQ182799. PQ182800. P(Q182801. PQ182802 #MI
PQ164779,

23 AEWEMHC [ (5 FEEMHLETZ

FIF MEGA7 Version #X {4 1E FLF5 LS Je i K S
FHEEFEHSPMHC IR FER, FEEHA. &
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AR, AL RAMLIE B MHC T 255> 75K CDS
Jo 5 #EAT EE X, 45 SR SR HH SLA-DRA (PQ182796) |
SLA-DQA (PQ182797). SLA-DQB (PQ182798)., SLA-
DOB (PQ182800) . SLA-DMB (P(182801) #1 SLA-
DMA (PQ182802) TEFEMIAN A — 17337 SLA-
DRB  (PQ182799) #1 SLA-DRB/EU431221.1 CMS
miniature 73 J& T[] — 32, FHRKXABEIUT; SLA-DOA
(PQ164779) F1SLA-DOA/NM_001185143.1 45 J& F[F—
X, FGRFEERE (E2). 858 ER, AfEL#ERN6
AMHC 1123 FRE G Mg, KRB
E SR B AE B MHC 1T 2555 FEEARLE R — 4
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X SLA, HEARAE, IRERARAREESHE.

24 HAIBWEMHC [ £5FREBEHER

HIZ 2 \IAN, 8 DMEEPRI SRS MHC 11257311
250~ 272 DR ERAL AL, AHAN T FRENEREN 27 700~
30 000, KHEB7T MHC 11 253 35 Fi i 72 R MV
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B2 EREEEIN, RIAMHC 1 2253 FKE853 N BT
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25 HAEFWEMHC [ £ FRRTEFNES
St

MEME T B3 #7 8 ™ MHC 11 2543 1 (3 J35 45 31
R, HFE X EE RS A MR R 5 5 5

Note: SLA refers to the swine leukocyte antigen [also named as major histocompatibility complex (MHC) .

B2 AiFWEMHC | 25 FERNRRHAM O

Figure 2 Phylogenetic tree analysis of MHCIl genes in Wuzhishan pigs
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#F2 ARWHEMHC [ 25 FREBUERS R

Table 2 Physicochemical property analysis of MHC Il molecules in Wuzhishan pigs

REREN SEEBKE/aa  BYSFRE, 10° . FIKMEFEHRY
£ZHID ; ) i EBa
Chromosomal Amino acid Relative molecular ] . Grade average of
Gene ID o Isoelectric point o
localization length/aa mass, x10° hydropathicity
SLA-DRA Chr07 252 284 5.03 0.029
SLA-DQA Chr07 255 28.2 5.53 0.007
SLA-DQB Chr07 261 29.5 6.97 -0.222
SLA-DRB Chr07 266 30.0 8.59 -0.135
SLA-DOB Chr07 264 29.8 5.32 0.024
SLA-DMB Chr07 272 29.8 5.69 0.027
SLA-DMA Chr07 260 28.9 4.69 0.152
SLA-DOA Chr07 250 277 6.18 0.016

E: SLA, BAMENER, BIRERARBEUEESH.

Note: SLA refers to the swine leukocyte antigen [also named as major histocompatibility complex (MHC) ].

(E3A), #E&EFF 1f12, He, MHC D247
b X R T SLA-DMB 2K ((NEEF 1f12) 4,
H A4 3 NEFE SLA-DOB., SLA-DRB #1 SLA-DOB &
GEF 1. 2. 3. 416, SIA-DOB R~ & EF 10;
MHC 11 2853 7 (9 T a ML IX B 7 SLA-DMA B H ([VE
1. 2Mf9) 4, HAhAY 3 D53 F SLA-DRA
SLA-DQAMISLA-DOA FREEHF 1. 20 4. 5. TH19,
SLA-DRA WA EFF 10,

f# F Batch CD—-Search . BL&J {2 57 45 4t #1773
W, %ILSLA-DQB. SLA-DRB. SLA-DOB#1SLA-DMB
XA E RIS MHC 1 2853 7#E S MHC 118 £-<F
LERIE ;. SLA-DRA. SLA-DQA. SLA-DMA#1SLA-DOA
X 4N FERZRAS A MHC [T 2893 7S MHC 1T o fR5F
gEMgi (B3B). MHC 2543743 )@ T Mafl I b EEH
X, SPemisCikit s rgss " —5.

26 HIBWEMHC [ £ FEREPEBEREN
MLEHXR

WG RE R ST RIL, 8 MHC I K735
KRR S e R AR LR 7 S ek B, Bikg
e A RE L (7q) (E4A). FIHA TBrools 73 #7 T
MHC I 2&53 FEEREARREM A LU 5 A2 R E) H2
TERAR, AR, TiBUERY 8 DA 5 ARy 3 5
R REGHERME TR, TiEGHIETEE (Sus scrofa)
5 MR 2 A2 LSRR (K4B),

3 Jig
FEMHC T 1970 FER E IR ERE, 2 —H BEER
L AN YR 5%, MHC 1225 FHEEH

SR Maf b WAL, 7350 % 5 o ARBEFD B K
BELS, HAT, ERSCTHEIELEMHC 13575 A

E: TEReNFERRT AENRIFEFHRTEDE, BLITAMHCI ESFREERKE. SLA, BEABNE, BREZLRES

ES=R=y7N

Note: Colored boxes represent different conserved motifs or conserved domains. The x-axis denotes the amino acid length of MHC 1l

molecules. SLA refers to the swine leukocyte antigen [also named as major histocompatibility complex (MHC)].
E 3 AiELEMHC I 25 FRRTER(A)FMRTEQE(B) D

Figure 3 Analysis of conserved motifs (A) and structural domains (B) of MHC Il molecules in Wuzhishan pigs
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E ARERABHRKGRCh38p12; HigeEERBARSscrofall.l; BEEXEMHIMHC [ XS FERAMBERLR, BEEHEUENEMERN

RE%%. SLA, BEARNR, tREEEARBEEMEGE.

Note: The human genome assembly used is GRCh38.p12; the Duroc pig genome assembly used is Sscrofall.l. Genes exhibiting syntenic

relationships with MHC class Il molecules are depicted as blue lines, while other syntenic genes are represented by gray lines. SLA refers to

the swine leukocyte antigen [also named as major histocompatibility complex (MHC) .
4 MHC I £ FEREREIE7SREFA LI H(A)MARBILIES ARLIERENMHC [ £9FERLEZLES(B)
Figure 4 Chromosomal localization of MHCII genes on chromosome 7 in Wuzhishan pigs(A)and syntenic relationship

analysis of MHCII genes between Wuzhishan pigs, Homo sapiens and Sus scrofa(B)
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Research Progress on Characteristics Analysis of Gut
Microbiota and Its Sex Differences in Laboratory Animals
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[ABSTRACT] Laboratory animals serve as the cornerstone in life science research, acting as surrogate
models for human physiology, pathology, and disease treatment. They play an irreplaceable role in basic
research, drug development, and translational medicine. Gut microbiota, a complex microbial community
comprising bacteria, fungi, viruses, and unicellular organisms, colonizes the host's intestinal tract and is
closely associated with the maintenance of normal physiological metabolism and overall health. Studies
have shown that dysbiosis of the gut microbiota can lead to various diseases, including obesity, diabetes,
hypertension, inflammatory bowel disease, and Alzheimer's disease. Therefore, conducting characteristic
analyses of the gut microbial composition of laboratory animals can not only enhance the reliability of
experimental outcomes but also facilitate their translational application. Sex differences represent a
critical variable in biological research, significantly influencing the physiological functions, metabolic traits,
and gut microbial composition of laboratory animals. However, a pronounced sex bias has been widely
observed in many biological studies, thereby limiting the generalizability of results. This study focused on
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ypyang@yzu.edu.cn, ORCID: 0000-0001-5163-0940
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ten commonly used laboratory animals in life sciences, including mice, rats, guinea pigs, hamsters, rabbits,
dogs, cats, non-human primates, miniature pigs, and chickens. Their gut microbial composition was
summarized and related sex-specific differences of certain species were analyzed. Furthermore, by
comparing the gut microbiota of laboratory animals with that of humans, this study offers novel

perspectives for comparative medical research. In summary, this study not only deepens researchers'
understanding of gut microbiota characteristics and sex-dependent variations across laboratory animal
species but also provides practical guidance for selecting appropriate laboratory animals, constructing

sex-specific disease models, and interpreting experimental results in scientific studies.
[Key words] Gut microbiota; Laboratory animals; Sex difference
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B2, ARSCRIIRRII A XS AS R L 3a 31 W s e i
FHERIAIR, I EE R E R AR, R
SESLa L S A e AN ZS SR AR URT L o

1 SLRHWFRAFPEEENRT

HOM K A3 581 53 45 B9 Beery £ Zucker T-2011 £
1E Neuroscience and Biobehavioral Reviews %1% ¥ %=
SEER G A S ge Sh IR AR R T — R gt b
&, RS R TR, 1E2009 54 R 34 AR
WA, WRMEED . BT EEEY
FHEPERIIR S, HA 28% B30 S5 R NHE

FIMEVEADREESEIR SN T 7T, R NI Z shP sk
KA s T M. e, BRARMIARK
KNSR 2 PR R shrsede LB e BT
E2ER TS T-SEae s 22 5= HO B AR TS 75 e,
RN R AR EBER LI Z R FI,
LR s IR AR T A SR ST 1 22 S e R
FHYE N T T o

PR, BEVEANAE S AR AR BN OB |
FHEEREER, HinEMAEMRARESRthBEH
EER. Wik, MEREREBEEshinEM Y]
MHREZRZ— M, BTk, ALK
[ B A BRI R P22 S M A T AN 4

2 ERHMYBERFEFTEREMINZRMEN
Eb53 thr

21 ERSRmYYEERBIST
210 NEBEMEMEFLE

NEIENHERR, NMAR 2R
Y, FEMARIE, BEFME R LSRR R RIE
THEEEM. ET/NRIENSERsh I EE N, w
5 ) X KM, C57BL/6J. BALB/c I NIH [ 4 />
SPF /INGRIT & 1 IiE e A 5347, G5 R TR,
B4 @A NSRBI R E A EE T T R E AT
HHAFETT (Bacteroidetes) JEEEE[] (Firmicutes). 2%
FEE] (Proteobacteria) MEFF&E] (Acidobacteria) Fl
PEAREET ] (Verrucomicrobia) o HAt, RIS FHAFET.
JEEEGE TR T 1B o e i i AR D B 90%
PLE. FEEACE, NRAEMAED EZE SR TR
(] Muribaculaceae J& . FBIREE (Lachnospira). AITH
J& (Alistipes) . I B IRIREE (Paraprevotella) . 1l
& B (Bacteroides) «  Muribaculum J& F1 %L ¥ # J&
(Lactobacillus) o #—Z%%E NIH /N FR A [F] i H0AL A
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B AEYI AR TR, EEMEYE 5.
2= RN E] R B ALE & BAHX R D, XS A ) E R
JEFFLAT EBAIAR A Muribaculaceae J& . /N E
MEEmFRmEMEYRER S, FESRTRTE
Muribaculaceae J& FUAFFE WBHFEE (Helicobacter)
Muribaculum J& . 1% HIKRKEE . KT FHE
(Duganella) « Lachnospiraceae_NK4A136_group F11 7 %
FE. /INREmFRImEMAEY EEDIEEE N E,
Liang &5 100 &1xst C57BL/6J /N R S A 0 A B 7 T 1
WS RHE T 738, RIE R E A R AT &1
AEPIRIAERS 2 A A = B S I H ST BB T A
s, SZAFBE, /NRIZESRETEEF 174
AV RIAENT S 2 IEE BB R TR RS, A4
xof FRENe AT . Chen %5 " IS AT R R CEIRR
B C57BL/6) /NFR BT AP A R a5, R I/
B (20~22 HiR) WM F S B2 S
FHER/NR (2~3818). 12T, SR/
FH [ TFZE R YR EE S TZH/NR, ke
FE BB TRIRARINE ] (Desulfobacterota) AP
FEETEFENR; EEAKE, FR/NRFIHTEE
WMEYEESTEFE/NE, T Lachnospiraceae_NK4A1
36, AERMATEE (Turicibacter) 1573 1% H & 4D
FEEARTEENR ",
FENRpEMAEESZES B, wass " @
REARFEMED KM /NR, X H g SRR E
R E AR RE T 434, A5 5R B R KM /N FRAS
WIAEM YR F S S SN IHE S TN S
MR IE . (R TKSE, M/ NRENEY
FORGVE 1 ERE B [ I AR =F R = I /NS, Tl
B IAEE S MR8/ R . (EEAKSE, BN
SR 18 N S YIAIRE E AN AT 55 7700 Muribaculaceae FI75
BRI R B S TR M NREREF
W ¥ B OB (Bifidobacterium) . §% BK H 8
(Streptococcus) FIRAEREE (Enterococcus) THAEMIRIE
TN, EIFERREE (Parasutterella) F1
FAFHEE (Faecalibacterium) TAEY) A= BEAK T MM
ANER T o X TL- 10 FEBR A i R AR/ BR A B A AR
Yoy M g5 R R R, M N R R OB E R
(Rikenellaceae) FIREZELE M 72 RE (Akkermansia
muciniphila) A 8 = T /N RR, (31, AN, #FFRA
BB C57BL/6J F1BALB/c 1X 2 /> f A 7 ik /N BRUFT
Kt/ NER AT I B R AE A S A, R ik

2N IE A AE AR TR . Horh,
C57BL/6J Mt 1 /1N B i 38 % A= 0 o 2K G L AT
R OME R (Clostridium
difficile) . ZEHARE (Clostridium leptum) ;S JERRIR
(Clostridium perfringens) « H:HER E  (Clostridium
symbiosum) . FAEKE B . WIRFLAFH  (Lactobacillus
acidophilus) . THPFHFE  (Lactobacillus plantarum) DL
Ko TR R AT B R ) R v TR/ NBR, T CSTBIL/6) Ak
M/ N RIERERE R (Eggerthella) M3 T M
/INERG BALB/e /N BRIz 8 A R OBUBAT e s B =2
FE R T HEME /N, 0 BALB/e HEVE/NR & 2 H B
(Atopobium) + Coprobacillus catenoformis- A AR IR
B, &EGEEERE (Staphylococcus aureus)~ P[A]HE
R (Streptococcus intermedius )« A T AR E DL
KRG KR (Helotiales) - B & T I 7 /1N
B o BTN GERREREESI Ape™™ iz N FRU S
PATIEME T, S5 SR Bk e/ N R B R
EHMTZ2EKE .. Romboutsia ilealis. JERE B |40 H
ASF500. 2] k3L AT
(Lactobacillus johnsonii) F Alistipes inops B9 =F & B 7. 18
BN, T B e N BR R R BEFLAT E (Lactobacillus
woR A AT
goldsteinii)\ GBIEHAME (Lactobacillus taiwanensis) F
HE LR E (Clostridium methylpentosum) =Yy
1 BRIGZAL, EMERIZER SR A RAE AL
iR, fEHMms R A S . B,
F IR 5 R AR R SRS Uo7 FEPEEA S
{9 P /N BB RS U e SMRE R AR 5 [ 2 B4 I IfTLRE /]
FUBEHY 1 &
212 KREBEMEYISE

E/NAREL, R B AR BRI T S5 7 T B A
LA, HIEMHE RN S AT RSHE T2
RRAE, BRI AEREZE . MM 514
FREPRE. B, MHEXFT/NR, KEAREFE.
e, NME. BiRSE. MRS, SEIREFEE
OIME RS FRANER L RZESIHERE 2
FINFH o BT i, 5T A B3 KBS A7 1B P AR D RFAE
MR T —RFIFFT. Ho, ERRE Y REST
Wistar R SRAERFE AR (10 30 70 12, 24, 56,
111 JES) HIRAEMEYIRHE, RIKRmEMREY %
AR TIREEE T, IR TR R T
FEAFEITT (Acidobacteria) , JXEEEE [ T/ER BRI E

(Bacteroides distasonis) -

Fretibacterium fastidiosum-

Jfermentum ) . (Parabacteroides
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AP PGS BIR 28% 21% 13%. 10% Fll 8%
B R A AR BB B B A S i 85 SR B
KRR (1 JEIRA 3 JEHS) FaiE s A R A3 T
AW E R I T TR RE G IR 2, S SRR
B, REBEMEY R ERE R AR+ S 5
Bhn, T ETTEM R FE R N, ZFREE
FERRERR (12/8K) miETiE 2, b, 12
e 18 B e+ FE R SRR R R R BB 5
WUFF BT TR AL HS P Duan & PV BEXF SD
(Sprague-Dawley) K FZSBAFNZE(EAEA A E L ED
FHEFIT AT, SR ERREE I mEMEDZ 5
i F Rothia J& . HEKEE. A ERE. #ITEE
(Alcaligenes) . 155 R¢1% & (Blautia) FIREATH S
EEFMEMEDZ AT EERRKE R
(Prevotella) « # 43 2% B9 & # Mo & B (Pseudo-
monadaceae) « FLAT B J& . KoKW EE EF R
(Ruminococcaceae ) AT BIRFARFIHUTEE

FIRE SD R SR EE DI 22 S B S AT 25 SR R
N, HEMER SR A AL E S AR IR RN 2 AR
A THEPERES, M & AR TP i E s A e 32 52
FIZAEMENI I RIS Y e
b, HEHERREEEA BB ER KEMER RE
Mew 8 (Anaerorhabdus) « 47 55 4% B J& AR AT B &
(Corynebacterium) AEYEE R TR, P
[REE (Roseburia) F1 Rothia J&f82E ) 2E & WK T I
MR KM R SR EE (AN Lachnospiracea_incerae_
sedis J& F & m T HEVERER, milioiolER SLIEER
IREJE. Eluslmicrobium JEFIIEFT H JE /A =+ EE MK
FfetE AR P
213 BERBEMEYRFLE

B X PRR B A =58, HAMESTRIN, %2Rz
A BUR . BT, A5 CE I IR ok
AN N SR G AT S O = T A AR L AT
AR LU RN . IR, R A RE
TR ERE R EYI e TR Z 5T, Hrh, Hildebrand
% P RERDR, BEEMEY RS TERE
I AR IR TR REE AR E R 51N
28.8%- 14.6% F14.9%, Frias % ) @it 7R 25 A% 3
KRR [ %# 49 (Andina) . [H% (Inti) FIfBE&
(Peru) 1 BRI, KBIA T2 A-2
KR E M EM R FERE, R E KR S
EMREE, B, KRR E, HEhHE

£ Izemoplasmatales Gastranaerophiales- A E E
WCHB1-41. UCG-010. {5AVERH = (Peptococcus) N
UCG-004 LK Mailhella JEFAEY) ; RFEIRRES RS,
HEWRERE R FE TR, eI
HaE, HEWMY Prevotellaceae UCG-004, WCHB1-
41, Monoglobus. Eluslmicrobium. ¥ & J& . UCG-
009. Frisingicoccus 1 Lachnospiraceae ND3007 group )&
TRAEFE RN s ALSE P JF IR T IR SRR R
73 ek G 2NN A SN E e X2 8 T i3
B =lRCa AT I B H i E A a1
k. IR KR T MR R B B Y AR A S A R
BB K E B (Barnesiella) « W %G 5 # 8
(Methanobrevibacter) LA K BRSZTEH J& (Oscillospira)
AT RS, M TIRINEE (Butyrivibrio) 1
Bacteroides spp. JEFIEFERINN. Wus ) 5347 T 53]
LUK BRI E R HUERHE, 45 R BRIP R
PE AR SR I B A - BEAR T X RRA, i HoiiE
AW Z RN TCi A, fEmEMEY R L,
R EF KR - REN. LR EH
(Rhodospirillales) . SEERN PHIKERE. THERIN
g BT R & R IR R B AR K R
I B F AT XS RRAL, el B BR iR B A SGR B T% %
Fi R B R A B = TR R
214 CRBEMEMISLE
HAT, R 6 A S SR &
550 (Syrian hamster) . F[EEF (Chinese hamster) F
WRIMEEAE B 5 (European hamster) o HHf, AURINLE
ARG 2, A B R E AR 90%.
Sylvia & 1200 38 35F 43 A AURIN 6 5 A7 18 190 A= 0 4L B 45
W, RBEEME 2 o3 TR TR ],
Hrp BRI R S THWTE . ERUCE,
AR BRI E AR 20 A0 TR B BRI R B
FEE R BIRE R Clostridia_UCG-014 7'; 7EJH/K
S, BRI SR E A T 2530 TR B ER &
Lachnospiraceae_NK4A136_group. Lachnospiraceae_UCG_
001 #1 Eubacterium_siraeum _group 271 Fan 2 128 F1]
16S rRNA 885~ o of v [ 6 B O i 8 SR A 0tk A 7 73
r, GRS RHEIE AR LGN 2B B R EE,
FEE 2R E B F = A Z AR e &
o Hr, FMEE. BiERE LUK Pygmaiobacter
JEEPE ST — 1 REE, AR AT E R B R
HEMAENEE TS DR Sylvia 5 P B A
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PR B P ERNL & BRI R IE A RHE A, &I
FEN TP M & B 8 v AT B T TR A AR R
T, TR AR T B M A
215 RBEMEMIFI

SENG R F T R RO . ARG il
Y. e, AT, irAEFmR. 2%
SRR DM BRI EEPIFATE . IRBIE
Fov HEREEF SRS 2 W LS SF A 7 . 2R
BRI T, S P EER 29, 45, 60
H R R HEITIE A RE ST, SR ERTR
P eI S FEREE H iR B ROE I, mulfa
EAEM 2R RE B ET . ETAKELE, KR
MBI L E ST ERE T BIRET. UFE
[ PEHETT (Verrucomicrobia) AR ], EHrfl
PRI B R RS Rl 5 2K S0 H 3R RO BEINZ Wi - =5
DICE T IE R RS aRE, mpefiE 1M ED
IEERREEH, EEAKT, ZAmEMEYEER
BT REEE (Akkermansia). RAHIE-EHEE
(Escherichia=Shigella) . iZ5FEE. T HEE. T
Ml E . N EJE (Acinetobacter) F198 B BRI
&, EpEER BRI, KBTS EEM
LI H B EY FEEIREEEES; RET
A EEMAEYEE 2R RES: FETA
EHIEENMEYEEEIEEERNES, KB
TR R ER BB F B NFFEERE I, Fu
& DO EE SRR KA (00 100 60 HER) R
RO mEEY), 45858 60 Hil R BB MmER
AV Z AR E ST 0. 100 HRKRIFRR, HEA
6] H # R SR G B B A A B B 2 = . 1R
[IACE, BEERARRHRASE, HipEftEyt
AICE T IEY R F R R, SRR AT
T [ IRE DG R E MR AN s (B KSF, Ralstonia
B AN EET 0 HIRK RN B R, PUTEE. &l
AT E &« Clostridium sensu stricto 1 ¥ Epulopiscium fX
EERT 10 HRBRIFRR, Mg wErmEmN
[ 5 5T 100 60 HESHIRIN B4 " Abdel-Kafy
S YR F 168 rRNA 7 85 7l /> % Native Middle-
Egypt Breed (NM) £ Giant Flanders (GF) =3z
BIaEEE T, SRER, NMARE R ImERE
BfRAFEE-EHEBMEVFEERTE, W
uncultured Clostridiales vadinBB60 group. Lachnospiraceae

NKAA136 group BRI & 5 H1 5 A R m U E M A =

e T2, CF RE MR EE. FLATEE .
Christensenellaceae R=T group. Ruminococcaceae NK4A214
group.  Ruminococcaceae UCG-013.  Ruminococcaceae
UCc-014. 8 B Bk W J® 2. F W N B E R
(Subdoligranulum)\ Rk AR (Candidatus
Saccharimonas) M 5E 2 HBMAEY FEE &G T2,
MAEKE R /\BKEE (Sarcina). REFREME
Bl AT FE R (Dubosiella) FIIRA B g -E 2 # R
MAEDFEERT WM. XEL/H NM AT GF 7 E A
Wk B, 123 B Christensenellaceae R=7 group 1
uncultured Eubacteriaceae BT ERT GF &, 1l
HEREBMED SR T NRE; £5 K+
Ruminococcaceae UCG-014 J@I-EWEET GF %, ik
BREE S MAEYESET N4 B, Lisk P ririd
Frim EEARE RS AL R B A, 5 R,
ARt BE TR ] 77 4 S B vh A 57 5 ER IR SR A D
FERERGAN ;T v e A v B ) 7 AT DA o 4 g i
Lachnospiraceae NK4A136 J&THAEMIIERE, FHREMAE
IR ERERUSE
2.6 RBBEMEMIFI

REAERRB BIRIE. SYIFF. HEER S
S ICTZSEAE R B SR A, R ] T 2
BEEESEae ., MRRSESS . RMEsas. AR B2k
WSFHTe N T REEARFEREMEYRZERYE, You
& B 9347 96 (3 SRIEFA% IR (Greyhound) . A 5EHT
J&R (Dachshund) . SH/RFFHIR (Maltese) . ELAER
(Bichon) . ZJ52EHH-R (YorkshireTerrier) . 75 EEIE R
(Chihuahua). fEZEAR (Pomeranian). TEAR (Poodle)
FASEER (Bulldog) HYRFEMEREARKIIGEMLEY), 45
RER BRI E M EY 2 346 TR EE ]
(44.8%) . RUAFETT (27.7%) . RIFET (14.2%) |
BICHET (8.8%) BT (3.4%). 1EEAKF, K
B E AR R R e 2R AT 10 N3 500 -
RITEE (11.0%). Mediterranea (7.8%) . T &
(7.5%) HEXRKEE (4.6%). FATEE (3.5%) .
7R E g (3.3%) . B WAGTKEE (Romboutsia)
(3.1%) . B K & (Swterella) (2.5%) -
Peptacetobacter (22%) FIEMTEE (2.1%); FEFIK
S, R IE LA B AR Fusobacterium perfoeten
F& O H R K E M
Romboutsia timonensis 3 . Fernandez—Pintefio A [34] BGi|

XA R R ARIR B RIZ R BT A R VT2

Mediterranea massiliensis-
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F). ER 2~74) HIEFER (THULE) F, X
EfmE i I R E AT, S5 R RN R R B
RIGEMEYRF AT B2, EiE
AEMHRE L, HRTHENRER, EFRE
EFAFET T BREEME] REBRER FRRER
ERE (Veillonellaceae) . EEIREKERN BHHARITFER!
(Succinivibrionaceae) FIFEAT B @ RIR AT AED £ &
BN B, Husg B EE S Eea AT BRA R BEEHCER
FOEEA IS S BV S R A i A R, R 3
RIEFEIRIET 1011, 15D, 354H. 60
MRE 146 Mg, HAfE TKE3FRIGEMAEY
FIMETERER ] (57.44%) . RIFETT (28.86%) Hl
PIFFETT (7.63%) ; fEEAKF, ik 3FhREIBEM
WL A TR E B (21.08%) . RIFEE
(18.50%) « L # B J& (12.37%) 1 5 # & |8
(Cetobacterium) (10.29%) , ZFMEMEDITHTEERE
A RATEE A R TR EE R AR & 5
WHR:,  Peptoclostridium J@ 5 -E) & 56 T-EUA S S B
R, AAMEBMEDSSETRIAR I, ORI
OHEERRIES R EE . HBEREE. P E
JEF AT i R AR B R R S T REEACE R, LA
# 8 B5AT 1# B A Romboutsia B EY F FEKT B
R B, Rojas 5 10T j@Id A 286 77 TALEAIZ A HE
7165 rRNA = RIMFF, A5 ERFEMUKEA 23 FirEfk
[INAR KA K (Blautia hansenii) « 15 UK B Bk
(Ruminococcus gnaﬂus) « Faecalimonas umbilicata-
unclassified Blautia unclassified Fusobacterium 7B
R Hr (Collinsella intestinalis) « .72 B B Jif
(Megamonas funiformis) . unclassified Fusobacterium.,
Peptacetobacter hiranonis. Blautia marasmi. unclassified
Lachnoclostridium~ Blautia caecimuris< 7='3, 3% JE R
(Clostridium  perfringens) ~ unclassified Romboutsia-
Blautia glucerasea~ Turictbacter sanguinis. Romboutsia
ilealis. unclassified Bacteroides~ FNIGFF&E (Escherichia
coli) . Holdemanella biformis. Allobaculum stercoricanis-
2 i i T IR IS (Prevotella copri) 1 Streptococcus
lutetiensis ] F¥RACER RN IAE R OEYIRE, E1]
H R IE AR = iA 75% o
217 JEBEMEMFFLE

WBEAESVEHE., PRI RS R RIA. K
MR 5 REL OESIsR. MEEE . 23RN R BT
KIS HERBU AR iy F R B IE )
ARERER, WIFETFEREE T2 mE Y

ROEZ 12, HARF R T A A i s T
JSEER] B, RpEMAEY R RE TR, EEE
TR [ TRIRCR B THY 7 1 T AR WD R S (AR R rp (R H o
HN100%, TRJE TR TR TR E M
TEFEREARR RGNS, EEKFE, TmEMED)
ZafTEERKEE (66.7%). UTEE (7.8%)
A Hr B @ (Collinsella) (4.0%) . 45 55 %5 B &
(3.6%) . EERILEE (Megasphaera) (3.6%) FIXUEL
HEE (1.7%) P, Kilburn-Kappeler 25 8 j@ i 5%
RERH B AEYI RSN, RS AR E R IR
STRRZAAHEL , R B H 0 E R A& T R E AT RASE it
WA E ARV R ES e . Hob, RN TR AR
HXENHmEREYT, RETAERKEE
(Acidaminococcus) « W+ & J& « B H il & 8
(Megamonas) 5= JL/INER B J@ AN E R 147 e B4 AE ) ==
EREAL, mMEETHERKERE (Allisonella) .
Catenibacterium FEPIRERFATEE (Dialister) 7385
& JE  (Erysipelatoclostridium) . /R 15 2 K H @
(Holdemania) - Peptoclostridium 1 B FH R
(Solobacterium) FIFLEPIFEERINM, Drut FE B 5T
ARG, SEBEN, BA EM R R E
FRRUE AT TR JE AT R R A SRR, mfliial
F B AEYE RGN, BAE M E T4k R A iz
AR BRI BRI
218 FARKENYHEMEM LT
JEARKELIGSIEE, fEH. 1T NFIAEY)
EFRrE EEEE T AL, BEAMAEGRSE 7
= sEssh. Hal, BRI AIAEARK
LRSS BN (Macaca fascicularis) FITETA]
1 (Macaca mulatta) o FERFABINRL Y 58 BERAR
TG IEARKEMTEE” PRI
MM RS S NHFRE ONF3R) . FERE
(2~54F) A (7~ 104F) FIREEME (12~ 154F)
Jaxt BAARHTA B S b i B A A Y B AR AR
TRERZE W, SRER, (PRNEM A YA G5
5HHE. HEBHFEREER AR 585%.
B MR AN A B B A A D ) AN S A AR A
MXREE 7K ER B T A E, fF
AR N & A R AR K E B 5 TR QI JE AU AT #
R, T2 HERK R R FAAR S E O B BRI B HY
MAEDNES FE. BE AR EREN SRS, E5E
(2, (FEmEMEDR RS FHEMG. BREREH
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FRFEERRZER . I, ZRE4 B BN
FAE (Ef. BERfEEE) BB EmEE
HUH BREE T e, 85 IR Ton i B Al R A L e 1 R
EEMZARIEE E i 2452 g N, B ipEsALimiE
A A A A S A I EANE, HrigiE g
T P SRR T I AR A N RO T A 0 B AN A
PAEROL A A, TSR TR B A0 A 1 X O 1
AYIMIERT R PEEE b RE T i EATE
F AR E R T, ) E R R N E
SETEM. MR, (5] H iz E 4 w1 R A S RE
58 MEmEEREEZER . BT R E IR
EMAEMBRTHREERDSFERLR, HEM
R ERET. SR EFRKRER .
norank_f_Eubacterium_coprostanoligenes_group {4 ¥ Bk
EE . RITRIEERINEE. REEFREEERE S
Funclassified_g_norank_f_Eubacterium_coprostanoligenes_
group N -EE BB RTINS, HhRET
JERER [ TR AP =F B F I ] S 2112 R RRJE HARY
F12h) FERMK, mRETIWFETME R
FEm SRR . SEMEAAENZE,
HEEHS AR B R ERIE R T i
HiF 2 IgH BRI, KRabrEEEE
TR BT AR 1

FERHEA R LSRR SYIANE VB i E i e 2=
SRR AR TGN, BEMEER R EEIA] o2
FUE R R TR, B, RETZPET. REF
[ BRI RUR e T TRIEEYD, FEmEE T A%
R R AR S R TR 1
219 NEEBEMENMHE

rE/NEERE IR E, Hh BRI S
T SOFIIR AR ARE I B /NS St MR - P/ N |
IRAN/INEDSE . e/ NRLRE . AR LL/NELRE . S E /NS
TR NS o RIS 1 3 B /N
MBI A, 45 R B R IE i E AR TR
Zor A TIEEER ] TR TRk, HRET
A 3T TRIRAEYD S S B A R EE BT 95% .
FEJRACE, P SN B LA R RN Clostridium _
sensu_stricto_1 BIEHHAFE (Treponema). FUTEE
L HIFFEE (Terrisporobacter) norank_f_Muribaculaceae
FIARST R BIRE R A ) @ T LN
RUET R B A AT, S5 R BN B mE i eI
(1K 73 A 5 s/ NVSERAL, G T EEE R

[T FFE T TFISREAT T, 1EEACT, Ffg/NED
a2 A T EHERNEE. MEKEE. 2
BREE. EhifFE)E (Phascolarctobacterium) FIIRZ
[RIE @ o Jiang 25 ) T %f 4 MEREE (7. 28, 56.
180 Hik&) HPE i/ NELE T e i 1B A R 534
BE R BRAE TACALAT 1 [ TR e fA T 10 A= F 52
WEEE H R BEANTI0, T EEER ] AT 1R
PR T 1A AR B0 = B2 U I A5 1 8 O 98 o i A1
TERAK, Rk E B2 R A S Y+ E R
EEBHRE I, PHFERE. T2 R E Dorea
BB P A= ) ) = R T A6 H 6 B 8 Al PR o Yosi
S5 W B R S SRR AT I B A TR R R
fro3tr, R ER, BSEE 27 d WG E A E R FLAT
T JE AT HTO02 JR I EMI-RRERIAN, iEEkE . UG-
005. Rikenellaceae RC9 gut group DL FUAT B @ i A=
FERER, HERED B EEEE
(Kazachstania) « W B JE (Geotrichum) F1E & &
(Mucor) AR FEEZEHIGIN, T Tausonia F1 Fungi
genus Incertae sedis J@H A A = B N Z I K. #hkE
5 (3~35d) EMAEMSIERER, HiGEY
W FAT R IR B AN dh A s e
FEZRIREEN, iRATEE U RIS A e -5
I PR AR F2 B W A W B HL R F Fungi genus
Incertae sedis JETH-EVIHIF S IEMNSEFRR, MG 5T
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[ABSTRACT] Objective To report the diagnosis of a canine distemper virus outbreak among a colony of
cynomolgus monkeys at an experimental monkey farm in 2019. Methods A total of 46 samples were
collected from 21 diseased cynomolgus monkeys (exhibiting symptoms such as facial rash, skin scurf, runny
nose, and diarrhea) and from one deceased monkey at an experimental monkey breeding farm in South
China in late 2019, including serum, skin rash swabs, and anticoagulated whole blood, liver, lung, and skin
tissues were submitted for testing. All submitted samples were tested for canine distemper virus gene
fragments using real-time quantitative PCR, while immunohistochemical staining was performed to detect
canine distemper virus nucleoprotein in lung tissues. The skin tissue of the deceased monkey was ground
and sieved. The filtrate was inoculated into a monolayer MDCK cell line for virus isolation. Then, whole-
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genome sequencing was performed to identify the isolated virus. The Clustal Omega tool was used to align
and analyze the homology of different Asian canine distemper virus isolates. A phylogenetic tree was
constructed, followed by genetic evolutionary analysis. Results Clinical retrospective analysis revealed
that the diseased cynomolgus monkeys exhibited symptoms similar to those observed in cynomolgus
monkeys infected with measles virus. Necropsy findings showed red lesions in the lungs and significant
hemorrhage in the colonic mucosa. Real-time quantitative PCR detected canine distemper virus nucleic
acid in the serum, skin rash swabs of the infected monkeys, and various tissue samples of the deceased
monkey, all of which tested positive. Calculation based on the standard curve formula indicated the viral
load was highest in the skin tissue. Immunohistochemical staining of the deceased monkey's lung tissue
demonstrated aggregation of CDV nucleoprotein in alveolar epithelial cells, bronchi, and bronchioles. A
CDV strain was isolated from the skin tissue of the deceased monkey. Phylogenetic analysis indicated that
this strain shares the closest relationship (98.86%) with the Asian-1type canine distemper virus strain CDV/
dog/HCM/33/140816, previously identified in dogs in Vietnam. Conclusion Based on comprehensive
analysis of clinical symptoms, nucleic acid detection, viral protein immunohistochemistry, and whole-
genome sequencing results, the diagnosis confirms that the cynomolgus monkeys in this facility are
infected with canine distemper virus. It is recommended to include canine distemper virus as a routine
surveillance target in captive monkey populations. Additionally, this study provides a foundation for further
research on the molecular biological characteristics of canine distemper virus.

[Key words] Canine distemper virus; Cynomolgus monkey; Nonhuman primates; Phylogenetic analysis
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E: A, BEBERB; B, 8%, C, RKIE; D, EAfRKBEHRIR.

Note:A, Facial skin scurf; B, Runny nose; C, Pyoderma; D, Thickening and ulceration of foot skin.

BE1 BmRERIGKRIAIE

Figure 1 Clinical symptoms of the infected cynomolgus monkeys
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XFERAFFARRNAERIE (C)o

Note: A large amount of CDV nucleoprotein antigen aggregated in the alveolar epithelial cells (A), bronchi and bronchioles (B). The red
arrow indicates the specific staining (brown color) of the CDV nucleoprotein antigen. No positive expression in lung tissue of blank control

group (C).

2 BRALWZREEENFEFHRIFALN FHHESERFRIX(DABRE, x100)
Figure 2 Detection of viral protein expression in lung tissue sections of the deceased monkey by immunohistochemical

staining (DAB staining, x100)
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%A M BARRE AR (813B) o

A, BEMMDCKARBEEE 8 REIMMRERAL (x40); E

B MDCKAEEE 8 RAR LI MAEHEL (%40).

Note: A, Cytopathic effect observed in MDCK cells on the 8th day

after inoculation (x40) ; B, Normal MDCK cells without cytopathic

effect on the 8th day (x40).

3 AL NE R BB IR RIERY MDCK 4B /5 9% 55 B 4

b eSS

Figure 3 Observation of cytopathic effect after

inoculation of MDCK cells with skin tissue

filtrate from the deceased monkey
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Table 1 Sequence identity (similarity) comparison between the full-length open reading frame nucleotide sequence of the

CDV strain isolated from the skin tissue of the deceased monkey and prevalent Asian CDV strains

(%)
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007Lm 93.93 94.25 94.57 94.53 94.51 94.46 9457 93.95 100.00 =
CDV3 92.14 92.37 92.68 92.43 92.42 92.43 92.34 91.96 92.76  100.00
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Figure 4 Phylogenetic analysis based on full-length open reading frame sequences of different CDV strains (the CDV strain

newly isolated from the skin tissue of the deceased monkey in this study is marked with a black box)
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[ABSTRACT] Objective To isolate pathogenic bacteria from the skin of a nude mouse exhibiting
squamous skin scurfs, and perform bacterial identification, traceability analysis, and pathogenicity studies
to provide a new approach for the diagnosis of pathogens in nude mice with squamous skin scurfs.
Methods Skin swab samples were collected from a nude mouse exhibiting squamous skin scurfs for
nucleic acid testing, bacterial isolation and culture, biochemical identification, 16S rDNA gene amplification
and sequencing, and whole genome sequencing to construct a phylogenetic tree. Fifteen BALB/c nude
mice were randomized into a saline-treated control group, a high-concentration group treated with 1.8x108
CFU/mL of the isolated bacterial suspension, and a low-concentration group treated with 1.8x107 CFU/mL
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of the isolated bacterial suspension. Pathogenicity was assessed by animal infection experiments and
observation of histopathological changes in skin tissue using HE staining. Results The nucleic acid test for
Corynebacterium bovis was negative, excluding infection by this organism. The pathogen isolated on
mannitol salt agar and blood agar, combined with Gram staining, suggested a Gram-positive
Staphylococcus species. The isolated strain was identified by 16S rDNA sequencing and a fully automated
microbial identification system as Staphylococcus xylosus. Phylogenetic tree analysis based on whole
genome sequencing showed that the strain was most closely related to an isolate from leafy vegetables in
South Korea (GenBank GCA_00207825.1). In the high-concentration group, squamous skin scurfs appeared
on the head, neck, and back of nude mice on the 17th day post-infection, while in the low concentration
group, similar symptoms appeared on the 20th day post-infection and gradually spread to other areas. The
scaling symptoms were transient, lasting for 7 days in the high-concentration group and 3 days in the low-
concentration group, after which the skin returned to normal. The infection rate was 33.33% in both the
high- and low-concentration groups. No significant pathological changes were observed in the skin tissues
of infected mice compared to the control group, indicating marked individual differences in the
pathogenicity of the strain in nude mice. Conclusion A strain of Staphylococcus xylosus was isolated from
the skin of a nude mouse exhibiting squamous skin scurfs. The strain is an opportunistic pathogen that
causes transient squamous skin scurfs without significant histopathological changes, and there are
individual differences in the sensitivity of nude mice to this strain. These findings can provide valuable data

for pathogen identification in immunodeficient or gene knockout mice.
[Key words] Nude mice; Squamous skin scurfs; Staphylococcus xylosus; Phylogenetic tree
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Figure 2 Colony morphology on mannitol salt agar plate (A) and blood agar plate (B) and Gram staining microscopic

examination (C) of the isolated strain
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1 SEEHNEAEEERETHAETERE
Table 1 Biochemical identification results indicating that
the isolated strain was Staphylococcus xylosus

EXEAE SFEER
Biochemical items Results
D-EHE{Z8 D-amygdalin -
RS EE BB AEEE C
Phosphatidylinositol phospholipase C )
D-AR#E D-xylose .
BREXUKARE1 Arginine dihydrolase 1 +
B-HF¥EEES B-galactosidase +
a-BIEEES a-glucosidase +

REaR-ARIR-HIRS KRS

Ala-Phe-Pro-arylamidase

R#AFE Cyclodextrin _
[-RE A7 RES [-aspartate arylamidase S
B-HZLHENLIEYEEEE B-galactopyranosidase -
a-HEWREEE o-mannosidase =
W#B2EE Phosphatase +
S& B RES Leucine arylamidase S

L-IEEE S 2B L-proline arylamidase -

B-EEFEREERES B-glucuronidase +
a-# I ¥EEBE o-galactosidase -
L-MEI& a7 2B L-pyrrolidonyl-arylamidase +
B-EBMEREERES B-glucuronidase +

AEFREKES Alanine arylamidase S
EERERTS IZBE Tyrosine arylamidase -
D-LELEE D-sorbitol -
[RZEEE Urease +
ZFEXB Polymyxin B _
D-#Z\%E D-galactose -

D-t#2#E D-ribose +
L-ZLERERIRIY  L-lactate alkalinization +
FL¥E Lactose +
N-ZBt-D-2 2835 N-acetyl-D-glucosamine +
D-=%FHE D-maltose +
FHEMZ Bacitracin resistance +
HEBZEMZA Novobiocin resistance +
6.5%NaCl#41 Growth in 6.5% NaCl +
D-HEE D-mannitol +
D-H#EH D-mannose +

HE-B-D-ILMEEHEE Methyl-B-D-glucopyranoside +
4EE  Pullulan i
D-#8F4& D-raffinose )

0/1291#%5 0/129 resistance +
X#pZE Salicin .
JE¥E Saccharose/Sucrose +
D-3%#%8 D-trehalose .
BREENUKEES 2 Arginine dihydrolase 2 -
BEIEfAMIZY Optochin resistance +

F: 1REHLEFEH slarc01 . Bp REBEREB D,
Note: “1” represents the isolated strain slarcO1. “Bp” represents
the bootstrap percentage.
E3 s BEEMHETRENERSENRFHLK O
Figure 3 Phylogenetic tree analysis based on single-copy
orthologue of the isolated strain

3 Wie
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FRY B R R 2 PH MR, 16S tDNA I FE AP E
14 B AV E RGN T Z R N ARRE A BRI
Zaly, PR AN BB EL L [ AR E R E
SPF s IR AR I B 2= TR, &5 SR A
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HAtZGP R 2RSS iR R Al B

AR A 5 Bk BT 8 A S — R RSO T e A= 2
Ho HE, 1EN—FWISEEURRIEGE, ARFEEEEK
R AE G e i o i 5 DR ok /N i R e R IR A (] ) Bz ik
RAE 10 ORI RS RN, X R IR R RN
SRl AT BE FH /R WE A A BR B R S8 2012 FE [ 53—l
PRIZ W w5 th ik 7 25 LA Feas SR o JRIRE
WEER R, 156 B HBNZIE AR /N R
LR R TR T A Skt T T — P HEE, R
VASNPILERMS H T RARIERS, 25 R AIME AR
BN R 7 G 25140 R BTG H A 8 A Bk T FH
PR ZAE ] e R R S AR ST, HAEENE)
VIR r AR EE RO IR A . (R, ZEHEI: BAK
R B A BRI AR B JE R bR v SPF 2 sh s TR AR HEFR 51
2%, (B4R 5 RS SEEG s A LA R s
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F A, IEDRREEEIKIEA; B, MEHMRRIE1810 CFU/mMLABEAERNITRESR,; C, MEIPRIRE1.8x10°CFU/mL
DBEFERNSREAEER; D, MEMEKIRIR18x10° CFU/ML D BIEFERNSIREAEIBERK.

Note : A, Control group of applying physiological saline solution to the skin on the neck and back ; B, Low concentration group of
1.8x107 CFU/mL isolated bacterial solution applied to the skin on the neck and back; C, Abdominal symptoms in the high concentration

group of isolated bacterial solution with a concentration of 1.8x108 CFU/mL applied to the skin on the neck and back; D, Back symptoms in

the high concentration group treated with 1.8x108 CFU/mL isolated bacterial solution applied to the skin on the neck and back.

B4 FRANGENRRRD BERE LK BIGEREDR

Figure 4 Clinical manifestations of scaling in different groups of nude mice infected with isolated bacterial suspension

E A, WER4E; B, BRIRESR; C, BiREH. BEFLEREREE, TefiksEmRER (EEAIRXK/NAI200 um).

Note: A, Control group; B, Low concentration group; C, High concentration group. Black arrow indicates dermal hair follicle; red arrow

indicates sebaceous gland (Scale bar: 200 um).

ES5 PEERAEHBREBR N ENRKERBEFTW(HERS, <100)

Figure 5 Pathological changes in skin tissues of nude mice with squamous skin scurfs after infection with isolated bacteria

(HE staining, x100)

N THRNT FRANER SRR X RN R B ZoR T
AFRFORE T B B AR AT T RSN, R E IR
B, SkEH SN EALIH, AEEME, 88X
FNMECFIGARAEIR, 28 dfE45HIRAK. 45RAM,
R AR EE A 73 508 2 RBRVINER B2 Bk B HHER
AN ERRE g, Horp 1 FUER BRI BLAE L
FESMIEER, 551 R EE B L P e 2 E s T
JRHER. SLEBFIRIAEET S Bk, FISCHRL 4 AR H IR PRAEIR
HAR—2 AERZE, AEFEH I8N SRS I ARE
WA=, 3~7dBH%, AR, misdEt
[4]h B R B AR AN Vs, X AT RE 2RI

BRL4 IR e REER ™ B, EHHEUEE R 2 g
g, HEZLE. AR, SRIRENASE
4 HBVNEAR MBI E, RISV G R A a ER
FEMEER . DEXIVERGE, RNEEEKEEN
B2 s S A BB RE TR A E PR et 22 e e

AT H AR HE Je s R, RIREA
P TR A BB S HO RN BR 5 BRIV N BRI e B
RIS B R B R S MR AR AT e 8, #9178
BHYZEM., Hifl FOE S IATEF BRI o i[RI EA
ESCHRAIAT 1B /2 — 5 (ER AN A e %
B HA SR B /N, RS BRI,
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(PR HRAS . BRESBEFIRZ Bk /e mka i e S A
TR /NG A, AR A A BR B R e = S B B A
R, AREMEAS. . LRI RS o),
SHRL19-20] 1, RBEAT A ERE RGO N FRZH 20
FRIAE T E IR L AR, B2 Z KRN 5 A
MIRESE, SFEOZEFNRA AT RERERE S, Fk
ANF, BIIRTREANIA], AR S B 7 45 SR A
A[REANIA] . BAh, TE — R Sk IE AR A 2 B T e
FeiBUINR B T R f A, LR E KT A& 1 A A
RIEFIRARER, HX 2 —MIRARREGIHRE, &
EHATIEORIESES: s

T R R R AL A A . R R R R 2
S ZAEEAER . AR AR S RN FUR B
Rz JBEIRINLE MR E . SR amEREmER
BEEMEMN o EXAFEIFHMMAER 17A
(interleukin—-17A, 1L-17A) 43w, SEUA R AT
SR A S P, ARRE R S
MBS IL-17A 730, SEUA T B A i 7 HFE AT 2%
A SR B R — DT ARSI
A2 T TR IRIEE IR, 45 SRR IHARKE A A Bk ] 18
T X H e, REEERMERTmAR
55, fEREERR . a2 AR A A Bk
IECHEILE], OFEEEFIER. FEMEES SR
FEEREN, ARETEERNARYIEL 7T ETE
FARI R GEHARE, IR AT 5 & B R vk s ]
4 ERE (GenBank GCA_002078255.1) [HIESFZE:
NHEIR, $2RWE Z R REFIEE R AIB R IER,

WEEH, AMRFEE-ERRE. Fla: (1)
MR AN A 2 BR R A 3D IRk i v A Mkt B R A A
IR 57 A5 A5 1 AN i, WA BEHERR 5 R BIR
52 ) B LAt [ TR JE G B A T R TR ) AT e e U
Bk (2) EHOSSEHYEM. BRIl
FERFIEE, DAL BERAR. Hib BidE
PRMH: f5 15 HE /RO 7 A BR G BV BIER B T8 Bomi i
IG5 B IR AT 5o

g5 LAk, SR GuRIRERE, AR B
RN i e B BT BRI R RN BRI IR R s 2 — AL Pk
G IR, mPREIN — 1 M B BRIk, 4
ORI AR R AT, I BV NRAHZE R
BUREFEMEER . F, ROUERIRTE, A
i e PR R ] RE A S0 R e AR/ N B H BRI B PR o
R SEG AN R B AR A R AR,

G /R P e BT TR 3 B P R /N B B AT R /N
SRR, IE DA ER AN U /RN fl A BR X S Ak
/N BBl PRI R ok /N B B Jok R B0 1 B HERE 38 3o
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