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Preparation of a mouse model of irritable bowel syndrome with diarrhea
induced by acetic acid combined with restraint stress

CHENG Bin, HUANG Qin, WANG Junmeng, CHEN Wei, ZHANG Ruibin, DONG Longcong, WU Qiaofeng

(Acupuncture and Moxibustion College, Chengdu University of Traditional Chinese Medicine, Chengdu 610075, China)
Corresponding author: WU Qiaofeng. E-mail: wuqiaofeng@ cdutcm.edu.cn

[ Abstract] Objective To prepare an irritable bowel syndrome with diarthea (IBS-D) mouse model by rectal
perfusion with acetic acid combined with restraint stress, and to evaluate the feasibility of the model. Methods Forty-five
male C57BL/6] mice were divided into a healthy control group ( Group C), 3% acetic acid group ( Group A), and 3%
acetic acid combined with restraint stress group ( Group A+R). The body weights and survival rates of the groups were
compared before and after intervention, and the fecal water content, total intestinal transport time, and colonic pain
threshold of each group were compared after intervention. The advantages and disadvantages of the two modeling method
were then assessed. Pathological changes to the colons in Group C and Group A + R were observed. Fluorescein

isothiocyanate-dextran 4 (FD4) was used to evaluate the integrity of the intestinal mucosa of mice in Group C, and the
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model with the best success rate was determined. To clarify the pathological characteristics of this modeling method, the
serum contents of 5-HT and TNF-a were determined by ELISA, and the expression of 5-HTR3A in colon tissue was
detected with immunohistochemistry. Results Compared with Group C, Group A+R had a significantly increased colonic
pain threshold and fecal water content (P < 0.001). The total intestinal transport time was significantly shortened (P<
0.05), and the colonic pain threshold and fecal water content were significantly decreased in Group A (P<0.005) ;
however, there was no significant difference in intestinal transport time between the groups (P > 0.05). Compared with
Group C, Group A+C showed a significant increase in the content of plasma FD4 and serum 5-HT and TNF-a and the
expression of 5-HTR3A in colon tissues (P < 0.05). Conclusions Compared with 3% acetic acid, treatment with 3%
acetic acid combined with restraint stress more convincingly simulated the local intestinal symptoms and related pathological
changes seen in IBS-D patients.

[ Keywords] irritable bowel syndrome with diarrheal ; acetic acid; restraint stress; mouse

Conflicts of Interest: The authors declare no conflict of interest.
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Figure 1 Model construction method
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8T —80°C A7 M LT L | 4% 42 B ELISA
VA 5 SR A I 1 3F AR A b 5-HT A1 TNF-o Y

A~ EL
o,

®1 AWR WP RiME
Table 1 AWR scoring criteria

84y VoA
Score Standard for evaluation
15 a7k A ST = 2N o = IS S VA
One score When the colon dilates, the body stays still and the head moves less
24 S5 kAL A A | (R LA 46 28 s T
Two score When the colon dilates, the abdominal muscles contract but do not lift off the table
35 S5 oA LIA W, IR UL 8 s T
Three score When the colon dilates, the abdominal muscles contract and lift off the table
44y Sl ka A AR, B ARSI, 2 eI
Four score When the colon expands, the pelvis is raised, the body is arched, and the perineum is lifted off the ground
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BiE
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SPEANAR T B B3 (UL SA) o FE X &5 R R R

HACHl(n = 15) ,Ad(n = 14) , A+R 4 (n = 13);5 C ML, * P < 0.05, ™ P < 0.001; 5 A 4, *P < 0.05,"P<0.001,
2 ORTRIA SN/ BRI 4 A £ B 06 5 100 1 L A
Note. A. Group C(n = 15), Group A(n = 14), Group A+R(n = 13). Compared with the group C, *P < 0.05, "™ P < 0.001.

Compared with the group A, *P < 0.05, " P < 0.001.

Figure 2 Comparison of body weight change and survival of mice in different groups
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W5 CHMLE,™P > 0.05,*P < 0.05, ™ P <0.001;5 A ZALL,™P > 0.05,*P < 0.05," P < 0.001, (FEIM)
3 RFEIASVNR IR KR 2B FE R E R 4 h M @SS HE B 80N L
Note. Compared with the Group C, ™P > 0.05, * P < 0.05, ** P < 0.001. Compared with the Group A, ™P > 0.05,*P < 0.05, *p <

0.001. (The same in the following figures)

Figure 3 Comparison of fecal water content, total intestinal transport time and percentage of red fecal

excretion within 4 h in different groups of mice
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Figure 5 HE staining of colon and the content of FD4 in plasma
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Figure 6 Level of 5-HT and TNF-a in serum
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Figure 7 Expression of 5-HTR3A in colon tissue
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[ Abstract] Objective To construct a humanized-immune-system mouse model with human pancreatic cancer and
evaluate its effectiveness in order to provide an ideal preclinical animal model for pancreatic cancer immunotherapy
research. Methods  Ficoll density gradient centrifugation was used to isolate fresh peripheral blood mononuclear cells

(PBMC) from healthy people. The cells were injected into the tail vein of severe combined immunodeficiency NOD/Shilt]-
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Prkde em26Cd52 T12rg em26Cd22 ( NCG ) mice to construct a model with a humanized immune system. We then
subcutaneously implanted human pancreatic cancer Aspcl cells into the mice and regularly monitored tumor growth. Three
weeks later, the peripheral blood of the reconstructed mice was collected for flow cytometric analysis to detect the levels of
human CD45" cells. When the tumors grew to 100 ~ 200 mm® , immunotherapy with human anti-PD-1 monoclonal antibody
was started. After continuous treatment for 3 weeks, the mice were euthanized, and samples taken. Flow cytometry,
immunohistochemistry, and other method were used to analyze the infiltration and activation of human immune cells in the
peripheral blood, spleen, bone marrow, and tumor tissues of the humanized-immune-system mice with human pancreatic
cancer. Results Three weeks after implantation of human PBMC, high levels of human CD45" cells were detected in the
peripheral blood, spleen, and bone marrow of the mice. The reconstructed humanized immune system inhibited the growth
of human tumors (P < 0.01, P < 0.001) and was activated by human anti-PD-1 monoclonal antibody to promote cytotoxic
CD8" T cell infiltration and PD-L1 expression in the tumor tissues. Conclusions A humanized immune system mouse
model with human pancreatic cancer was successfully constructed. The reconstructed humanized immune system responded
well to human anti-PD-1 monoclonal antibodies and restrained the growth of human pancreatic tumor cells. Thus, this study
has provided an ideal preclinical animal model of immunotherapy for pancreatic cancer.

[ Keywords]

humanized immune system; immunotherapy; PBMC; pancreatic cancer
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KA (Aspel ) K EH AR L (Aspel +PBMC)
BT AR
1.2.7  SRPERAE N AT

1RIT 3 RS HUG LAk S X farde /s BUR I
A CO, R 45 21 /N BRI RE 4L 40 6 i
B2 T 4% 2 5K H W, A S35 A 41)
R AT A 2k 2 e 0 Bl S RSO G 5, B
B P WLE G 55 I B, 1 Image-Pro Plus 6. 0
RAFHEA T E T AT
1.3 FitESH

i Graphpad Prism 8. 0 G A X B AT
Gt ordr X R wilE  DSFHIE + brifiZE(x £5) %
o R ¢ KL HEAT A ) 22 S 53 AT, P o< 0.05
hESAAGIHE L,

2 #HR
2.1 B RIE RGN RN RARE
o3t ZUCSI B, W S IR 1A R 1 R

& Ficoll %5 B A6 B B .00 15 AR 15 8 fif Y 2400 52 >
94% IEH#%> 98% (1 N\ PBMC , 8K J5 25 J& # Dk v S A
AT ERA RS/ N NCG 1R, 7E PBMC A
3 A JE R AL /N RO R L, ) FH O =X A AR 23 AT /D B
A1 JE I S BE AR N CDA5* 41 L ], 45 5 R, /N
FL 4N J It P hCD45/( hCD45 + mCD45) > 25%
(54.7% ~ 84.2%) (& 1B) , R Sz u 4 it | Wi 4 f
AN S B RE, 4% 2R P BRI SRS, A
ISR U] B, AT e AU et 25 2R
SR ORI BB P B A R K N CD45” 4 il
(1 1C) , ix 22 JIA 3R IR f0 0 2R 40 N AL/ BB
RIFg RN
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TE:A:PBMC 73 B alif #AE i ; B . PBMC A A 3 J&J5 Wi B ot/ BUAh il i S 22 40 v N CDAS ™ I 43 HE 5 C 2 i e/ SRR 4 i v
A CD45* il i 2R L

B 1 R R g N IR/ U R
Note. A. PBMC separation and purification procedure. B. Flow cytometry analysis of the percentage of human CD45" cells in the peripheral blood
immune cells of reconstructed mouse 3 weeks after PBMC implantation. C. The expression of human CD45 cells in spleen and bone marrow of mouse
was detected.

Figure 1 Humanized immune system mouse model was successfully constructed
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2.2 EEWMANERE RS e %A E N IFERERE
K

A5 TEAL) H 9 i 08 f 2 3R 8 N AL /)N BRUAE
RURIT, e re H IS A sl ba /N Bl NCG R HEA
2 x 10° Aspel 20T, I X5 H AR A B R 47 7 1 i
W 455 B, Aspel ARMIAEAEASE 3 Fal ik, g 14
K 100 mm® ZE47 (LI 2A) , aT DUJF8RAYT, 1
Hu-PBMC /v F #& %! ( humanized-peripheral blood
mononuclear cells, Hu-PBMC) f) & 2 i [a] — it i 3
JEZEAT T R A S A i B T I A e R

25 NI /)N SR 50 A8 2 I | 78 AH 3T 14 I 1 5 43 53
¥ PBMC I Aspel f A NCG &N, 7£ PBMC 8 A
Ja o 3 R B AR AL 100 ~ 200 mm® B FEA7
R LAl N U8 S0 0 3R G0 0 B AR R R IR K
RIT (K 2B) , 5 B, SR T H U (Aspel)
AL, B HEANIAR YT 41 ( Aspel +PBMC ) Rl 6% )8 22 i g
AR (P <0.01), 1M E# K 253797 41 (Aspel +
PBMC+K) i 22 i 98 A= 1< i 1 U 558 B8 38 (P <
0.001) (Kl 2C) , R EHMANBRRERGE A
A, REMS K P IRVE T .

A Aspel 76 NCG /NRIR P AE R M2k s B . IR g 2R G2 AR Ak /N BRUSE L R A S s B K 24 9R Y7 SR 5 C R T A4 (Aspel ) (AR
WBITH (Aspel +PBMC) B TEE K 25167720 (Aspel +PBMC+K) IR AR K R SRTEHZH (Aspel ) HHEE, ™ P < 0.01, ™ P < 0.001 ; ST

AVARITH (Aspel +PBMC) HH L, ¥P < 0.01,

B2 EHEA ARG R SR P A

Note. A. Growth curve of Aspcl in NCG mouse. B. Construction strategy of humanized immune system mouse model with human pancreatic cancer and

treatment strategy of K drug. C. Tumor growth curves of the non-reconstruction group ( Aspcl), reconstruction without treatment group ( Aspcl+

PBMC) and reconstruction of K drug treatment group ( Aspcl+PBMC+K). Compared with non-reconstruction group (Aspcl), ™ P < 0.01, ™ P <

0.001. Compared with reconstruction without treatment group ( Aspcl+PBMC), *P < 0.01.

Figure 2 Reconstructed humanied immune system inhibits the growth of human pancreatic cancer

2.3 EEMABRREZRZEBHAL PD-1 8
&

K 2RI a5 G I AE R F 4 (Aspel ) (EH 3
RIEJT 4 (Aspel + PBMC) K H ## K 253407 4
(Aspcl+PBMC+K) /)N R i 968 2H 2480 92 20 24k
YL R DOGYL 4B A [) Ak 320 2 [R] firb 3
H41 N A\ PD-L1, CD45, CD8 ., CD4 I f§i i i B
(Granzyme B,GZMB) )Rk 2 5%, 45 R B/, K E
A2 (Aspel ) (Y b9 41 219 J6 N PD-L1, CD45
CD8.CD4 F1 GZMB ik, & & AR Y7 41 ( Aspel +

PBMC) 5E# K 24349741 (Aspel +PBMC+K) 4111
R 20 2114 A PD-L1 ,CD45 . CD8 .CD4 #il GZMB
ik, SHEBABIFH (Aspel +PBMC) A L, FEE K
Z5IRT2H (Aspel +PBMC+K) 19 fifigg 41 21t A CD45
M CD4 Wy FIL TR FMEZES, M PD-LL (P <
0.001) .CD8(P < 0.01) Al GZMB(P < 0.01) iy
K EER 2 (B 3A,3B) X SU 5 R BTt iy A
TRAPE R G RES W AT PD-1 B diis 4k, i B A BT
PD-1 IR IT A SIS Mt Mg E R £ 2 5
CD8*T IH LA 56,
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W AR A (Aspel ) AR AL (Aspel+PBMC) B E # K 25747741 ( Aspel +PBMC+K) i 4141k A PD-L1,CD45,CD8, CD4
H1 GZMB 125 3381550 5 EHRVAYTLH (Aspel +PBMC) AH L, * P < 0.05, ™ P < 0.01, ™ P < 0.001.
B3 SEEWAEE RGBS AT PD-1 BT

Note. Differential expression of human PD-L1, CD45, CD8, CD4 and GZMB in tumor tissues of the non-reconstruction group ( Aspcl),

reconstruction without treatment group ( Aspcl+PBMC) and reconstruction of K drug treatment group ( Aspcl+PBMC+K). Compared with

the reconstruction without treatment group ( Aspc1+PBMC), * P < 0.05, ™ P < 0.01, ™ P < 0.001.

Figure 3 Reconstructed humanized immune system can be activated by human anti-PD-1 monoclonal antibody

3 i

CD45 20 F BT A 40 B #0323k, R o
S B[R i, 2 T A 28 200 e ) S [l AR T
Hu-PBMC /| FRUISE Y J2& — i) 45 Ay 1 B T 28 0% 1Y)
g RGN VAL /N BFUASERL, 24 A PBMC A A 5 R 16
B REBE/NFUG EE 3 A, /N RN JE i G % i i
N CDA5™ 4R Y Fe 0] T 259 ), 48 78 1245 0 by
BN, Hu-PBMC /N ERAR RS 32 52 DL EE N T ik

AN 3, BT 3k 90% L I, DR 2 R 8 J2
GG T AN T RE S H AR i) AR A RT T
FENEE T 40 ) T35 A Fe B T 097 25 9)
MPPAL AR (R AL — B 1 Y R B, il
TE A TR S 20 A 5 LR AN P Y T2 2 2R
255 A & (major histocompatibility complex, MHC)
NDERE, 23 Y BB 1) B A ) B i 32 520 ( graft-
versus-host disease, GVHD) , il % 7 PBMC ¥4 A J5
4 ~ oS I, H ™ B AR 5 N T 4l YA K



rh E SR F W AR 2022 4 4 H A 30 B 2 Acta Lab Anim Sci Sin, April 2022, Vol. 30, No. 2 167

V- EHEARSE, T Ll /N AR EE S
FEMRKPEAL . BT GVHD ) % 4, Hu-PBMC /) ]
BRSO RS 1 1 A, AE S g ad R P G B 78 0
FIFH e R 5 N RAR /N BRASE RS (4 7 11309, DR UE i
Je G2 WU TR Ak /) BB R 44 8 B ) J5 38 R A R %
AR T) 7 1 AT )5 22 52 5, DRI U, 6 2R A7 T ogg e 73
MR /N SRR () b g i, 75 B2 A % R pE o
T A () DA R AR MR i AR KA B, AT 3
Ay SEG B 11 1], ASBIF 9 S T 0 A A R s o
BE RGNV /N BB T, S0 7E 55 B R G S e B
JINBRUBZ T AL TR A A B I e A A5 L iR AT B
AN DU Ioiig A A AT fo 928 R A ) AR R
(i), AT S5 R e A< ) SRR 7 7

FEXTIE PR 2B 35 0 T 08 s 7 11T 4 2 24 ) W
B, BEARLRE O T R FH B A B Y PBMC iE47
AR TR R 2 T s A B T
ReaFi 22 SR R, DA g A8 3 A1 JRD it i 3RS PBMC
B EE A R, T Hu-PBMC /)N FRURE 70 44 2 14 i 2
RERAN PBMC R % VI G, 280550 T M
Fifrge £ A1 JE I P AR B PBMC e AS RE Tl 2 52
SR, R, #E 0k R B AR & () PBMC
FITEBL T, AT A% R IE % A9 PBMC R 47 5
FHOTHVEAL 45 T AR T BRI 8GR, Bl TAR
AR IR () PBMC 7] B8 2 X e B2 16 97 2590 7= 2k
ANF YR, R, FRATTHE AT G 9% R 48 R AL/
SRR (14 ) A B 2 ) Bsf 3 FH 3 S AL ) PBMIC it
A X [r]— A G RE TR T 25 W) AT PRAS DA % 24
WHEARTR A FR A A E e, R A S 2
T AN TR] AR e TR Bk b B A — S50 S g

PD-1 & —Fh Gy =70+ RERE AE T 41 M I
Fik, PD-L1 LA, 78 bR A 55 | PD-1/PD-
L1 A8 AH B AR FH T A2 {8 440 6 32k st G328 Wl DA
PSR . 5 IE W UMt I 414 PD-
L1 (IR0 3 2 | KT A ki 2 th B s £
P88 SN e 12 Y Ak C28 200 o 2 R 3 b e B
J& BRI y-T 38 2 (interferon-y, IFN-vy) 7= 4= 4t I 988
oI SN, 5 G IR s 4 i 2 3k PD-L1 = A
— i 1 T G HR AT LA a0k G 28 A ) R A5
R, IR 4123 mh PD-L1 B9 335 EE, T IA i —
Tl o Ie G 5 2 I 1 AR AR R . CD8™ T 4 A 2 4t il
BEPE T WKL, BEAS 4 I A Fh A M I 12 55 s
S, 4 TFN-y  GZMB 45 | %6 frbes 40 g B A7 HL3 R 05
VERD, MU R A5 R /E PR s am > AR

ST AR T oy H A/ BRUA P b g A 28U 3%
KN PD-L1, 7 CD8*T 4l ffdiz i, 1y 2547 fe 5 o 4t
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[WE] BHH HITKEHPHH 2R K BRI RORPER, A& 96 X SPF & Wistar KR
BENLA> J2s 4 BT R HF S b BRI (14,7 3.5 &/ (kg - d)) EHIIKZH (10 pe/ (kg - d)) , 4% 16
SR 5% 4T AN R S5 TR0 1 e S R ME A A AR AR Y AREHT 1 h MBS 12 .24 h S A 25 1 IR, REREAR,
MREE R B — IEAARAIE | Az AR 522 160 7 T K3 T ( AMIS) (AR TR G W ( ALT) A3 56 2 ( AST) ARG 6 ( ChE) . C LR
A (CRP) & i, HE Yu 0 0052 g iR A1 20 209 3B A5 48 46, ELISA Y5 Kz IR U 4140 TNF-o IL-18  1L-6 & i ;
Western Blot JEH R BUFZH 4 PI3K/AkY/NF-kB Sl B G IR IB KT, &R (1) 5 A, BRA KR
— TR AR X525, AMS . ALT AST .CRP & 53455 | ChE & F& 1% HE Y a8 R wl W IR A 4 5 M R 52 3% IR
BE FE MM A e MR T AN HES 2K AL SRBE e I ARAR | AR B B P 24 K P TNF-o IL-18 | IL-6 &
YT P 4P PI3K, p-Akt, p-NF-kB p65 , Bax 4 [ 3R ik /K F- #7157, Bel-2 35 H R IA KT TR (P <
0.05), (2) SHIAIA S, £ K RAFPIRAS B s B8 F AR ZUK I FE 100 SRAEARE B I (2 B8 P4 ik 51)
AL IRFE NRWFEAE | SCRE TR IE S50 00 B )8 56 ; AMS | ALT  AST ,CRP % 8 R AR & FEAK, ChE & & Th s P44
SR TNF-o IL-1B | IL-6 & &34 TR T 2H U PI3K  p-Akt . p-NF-kB p65 Bax 4 1 RA KB T B, Bel-2
FTIRKFPTHE (P < 0.05), G5 KEHIHAH BUEE 200 BUR % (acute pancreatitis, AP ) £ K R —BORES A=
AT L B S AR 20 205 R RACAR | HCAE FHAIL A AT B2 1 845 PI3K/ Akt NF-kB {553 4 , It 8 4

[X8R]  SPEBRIRAE  KEH P IF 83U PI3K/ Aky/NF-kB 5538

[HESFES] Q95-33 [ XEkFRIZFE] A [XEHS) 1005-4847 (2022) 02-0169-08

Protective effect of Dahuang Mudan Decoction on liver injury in rats with
acute pancreatitis

SUN Yinfeng'*, YANG Dan', BAI Min', SONG Bing'**, KANG Wanrong'*>, WANG Yongfeng'>* , ZHANG Yanying'~*

(1. Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China. 2. Gansu Experimental Animal Industry
Technology Center, Gansu University of Traditional Chinese Medicine, Lanzhou 730000)
Corresponding author: WANG Yongfeng. E-mail: wyf@ gszy.edu.cn; ZHANG Yanying. E-mail: 1360599656@ q.com

[ Abstract] Objective To investigate the protective effects of Dahuang Mudan against liver injury in rats with acute
pancreatitis. Methods Overall, 96 SPF Wistar rats were randomly divided into blank, model, Dahuang Mudan decoction
high-, medium-, and low-dose (14, 7, 3.5 g/(kg - d), respectively), and octreotide (10 pg/(kg + d)) groups, with
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16 animals in each group. The acute pancreatitis model was generated by retrograde injection of 5% sodium taurocholate
solution into the pancreaticobiliary duct. before the model and every 12 h after the model. Samples were collected 24 h after
the mold. To observe the rats’ general physical signs, serum amylase ( AMS) , alanine aminotransferase ( ALT) , aspartate
aminotransferase ( AST) , cholinesterase (ChE) , and C-reactive protein (CRP) contents were biochemically determined,
and hematoxylin and eosin staining used to observe pancreatic and hepatic histopathological changes. ELISA was employed
to detect rat liver tissue TNF-a, IL-1B3, and IL-6 contents, and western blotting was used to detect the expression of key rat
liver PI3K/ Akt pathway proteins. Results (1) Compared with the blank group, the model group rats’ general survival
status was relatively poor; their contents of AMS, ALT, AST, and CRP increased and that of ChE decreased. Microscopic
analysis of HE staining showed the pancreatic tissue had incomplete structure, and was necrotic and congested with severe
inflammatory infiltration; liver cells showed disordered arrangement, and liver tissue showed necrosis, steatosis, and
inflammatory infiltration. The TNF-o, IL-1, and IL-6 contents of the liver tissue homogenate were significantly increased ;
PI3K, p-Akt, p-NF-kB p65, and Bax protein expression levels decreased and Bcl-2 protein expression increased,
especially in the Dahuang Mudan high-dose group, and the difference was statistically significant (P < 0.05). (2)
Compared with the model group, the general condition of the rats in each treatment group improved to varying degrees: the
degree of pancreatic tissue edema, congestion, and necrosis visible under the microscope was significantly improved, and
liver cell arrangement disorder, necrosis, steatosis, inflammatory infiltration, among others, were alleviated. AMS, ALT,
AST, and CRP contents decreased to varying degrees, and the ChE content increased. Liver tissue homogenate TNF-a, 1L.-
1B, and IL-6 contents decreased; PI3K, p-Akt, p-NF-kB p65, and Bax protein levels decreased ; while the levels of Bel-2
protein increased, especially in the Dahuang Mudan high-dose group, and the differences were statistically significant ( P<
0.05). Conclusions  Dahuang Mudan decoction effectively improved the general health, biochemical indicators, and
pathological changes to the pancreas and liver of acute pancreatitis model rats. The mechanism of its liver-damage-reducing
action may involve regulation of the PI3K/ Akt signaling pathway.

[ Keywords] acute pancreatitis; Dahuang Mudan Decoction; liver injury; PI3K/Akt/NF-kB signaling pathway
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L2 MEEAR 22 (acute pancreatitis, AP) 1E Rk 1 &£
A= I RAE Z AR ) SIS E, B A T 0 i
Jili B RPN SR I E, KR Z R G E IR
g R AP B S Z WA H 2 —,15% ~ 60% 1)
AP BESHIFFBG . KEH 7 K 1
Bl FFH b4 & IRAT 5 W R 2 2k, 229 B
% IR, 2 Ak, AN TR ZE i U 5T 3 I 9% g
A ks AP AR R B D RE S5 , B AR 4% 1
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RAFBL A I, DF 5T & B AP 5403 09 & v i
Ji& 5 R IR RN BB AR OC, PI3K/ Akt/NF-kB
W5 RAEA B VIAH G, B, AR 5T it — 20 3k
T PI3K/Akt/NF-kB {55 538 % 8 3 F IR AR TR
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528, ESCHG TR BUR IR 1R, i BE Y
SEH R R BE 24 R A S 5 B ) 4 DR ) (H AL S
2021-242) .
112 FZRF S5

REHFHA LA 7T R B w4t
FHE & IRT, HRE BRI IRF] 1 ¢/mL,4C ¥
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GR3192684-9; p-Akt Fi & Bax HTIA | Bel-2 HLk
GAPDH ¥ &, ImmunoWay 2% %, B0601, B5501 .
B4101,B1501; p-NF-kB p65 #T#4, GeneTex 2\ 7,
821904930, fltiet i 5 A (RN E oy B2 7 B 5 A BR
23], SN-50T6, HH ) .
1.2 FHi&
1.2.1 SRl i il

SR 3% 13 B Ll 22 B A 7 ORI , i SR ik
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ST AP R RS | BRI K R R, 14 7 50 6
MR, G TRIZR T U, 784 W@ RN 5 1+ =
61 , I P I A5 2 i, DA+ 48 7 J B 2 0 i A
FRARAE , FH 3l ke [ 5 &tk o K 5% 4 T IR R 4 7%
TR fof P e 2 ) i RG4S PN A, T B 5 AR
J&  AREEIEH 5 min , SRIGHUT Sk 24, 6 FF 5 min J5
B)REEARITT
1.2.2  Shomdl K Scss 11

KEHFHAPTR N =S % (h 2 2 P50 )5 vk
2y PO RS K U e AU S, REH T
o AR 45T (147 3.5 g/kg) o 25 FI2H B
ML THERREBKHEE . B IKE T 10 pe/kg
B AR A TS, S RTT A A TS RRT 1 h
RS 12 .24 h 44259097 .
1.2.3  FEACRAE KAG R

R 3% G 2 AR AT IR, (0o WE SR I, 25
OAILGE— 43 B8 1035 I VR A7, BB J R 20 2, 3 43
WL 4% Z T W [ 2, 3 50 41 21 - 80°C VK A#
1.2.4 FARR—BRE,

W B ARG 1l R SIDIR S AR B R | 5
S NE B A58 J5T A AR A L
1.2.5 S REURNR LU F SR

BT PR S [ 52 1) M iR 4L 2R I 4L 20, 2R 4T HE
Jett, B —EK— IR ANE Y — LR sr fh— DAL
Yotk B G5B IR 5 BEBUA & IO A%
BOME TR U B S48k, P44 HE Yo fa
5EEE )5, 2 M Camargo e LU yoe T 21 200 P 45y %of 20
LU PR ELE TR (LR 1)
1.2.6 IMEAfLFEFRAI

WCRAE LT , 4 B 3 AR AMS (ALT
AST .ChE .CRP &4,
1.2.7 ELISA A 4% 4 K BUF 440 TNF-o  TL-

1B . IL-6 &

PR 2 28 121 28 W, T ELISA 57 & i 47
4% 2H K BUITFZH 40 TNF-o \IL-1B8 IL-6 5 &, — 4]
PR e RV B HEAT | A b o 1l e TR A
BUPIEAR AR S
1.2.8 Western Blot 75kl 20 K BRFF2H 4 PI3K |
p-Akt . p-NF-kB p65 Bel-2 Bax % [k /K F

FAKRBAT 24 h J5 KPS 5, HRE
SV I Tk B AR R LUK R I B o il 2
W —Prid i U E FEOL R, ] Image J 4K
PEHATHEREITT 453 . L GAPDH A INZ:

1.3 SitELSH

GERFEIE + PREE (5 + 5) Fom, R
SPSS 24. 0 #RA:4b 31 A3 B Hl , 20 18] 340022 S 1 1
224550, J7 2255 F 1SD ik g, i 2R 55 H
Tamhane’s T2 L, LI P <0.05 BanZEZREH
B,

2 #R

2.1 KEHAZHIEEKR— AR NG

25 LR B — VIR AR IE 3, JC S % B R B
AR A 2 K B A5 I Hh RS il 4 2, BRI, B8
HAL, 58 AR AR T HAE G T HUS
S B IR RNE R A A [ R el | G v R 4 Y
e 4K SR e 1 Ao W &
22 KEHAGHEAXRBEREAL HE 6
Pk 24

i 1R, 2SR BRI B R 42U B ) e
R DL B e A AR 2 R BRR T L R R R Y ] PR
5K, 18] B 7K i R0 5 0L, #5853 B 0 A M IR A, N 2 K
SYHALIR I 5 257697 2 K BT D38 43 Jt v 20 Al 7K
i S i B % 1 4 3 i 25 N [ R R U I
KB 1m0 70 i 2 P MR 2H 2 5 P e

RS  BIT AR

Table 1 Pathological scoring criteria of liver tissue under microscope

o TR
Grading Degree of injury
. bt i
No injury
1 BRI - AN 45 , SR BRI o 2 9 B
Minor lesion. Nuclear pyknosis, localized cytoplasmic vacuole formation
5 O BZAR S ) I MR AR A I SR KA, R IR SE
Moderate injury. Extensive nuclear pyknosis, vascular congestion, edema, punctate necrosis

3 JEEAG Y TR R I AT AR SRS E ST

Severe injury. Neutrophil infiltration, hepatocyte necrosis, hepatic cord congestion
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2.3 KXEHAGEHARIFHLA HE BN

Wk 2 Frow 28 AR BT/ 25 R 52 8, T4
MR/ ) TS IR LA B AL, I R 20 Y
R AR 2H R B R AT UL AT 440 i RO SR AT, 1]
FEIL K, BTN AT LR IS B B B 195 25 1, O
A D R A MR 5 #5374 R R AR e AL L K
it R, A UL RCIR IR AT, A0 B 8 A IR A4
ZURIEW] B, R R R IRIRFE A1 00, LR B
17 e 70 i 2H L B R B i

2.4 KEHAGHEEAXRFALREZIESH
Al

25 R B FEA KL T 0 20 X, BRI 4 K KL 6
HALTF 3 40X, 2 HART 2 43 X sk, B i R 20 R
1.2.3 20 IXIRET RO | B4 P37 v 57 a4 KRR A
HRECE 1.2 43 X3k, A7) o 2l R BT 2 A X
W ARFIEA 2T 2.3 70 Kk, REH P HA A K R
A S S A AOR  , $ R K H PR e e A Aok
KBS (WE2) .

Bl 1 SR RUBRIRE U B AL fh

Figure 1 Pathological changes of pancreatic tissue of rats in each group

B2 SARBITHERE AL

Figure 2 Pathological changes of liver tissue of rats in each group
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R2 REHSHAR AP R EBEEFRA B GBI (n = 8)
Table 2 Effects of Dahuang Mudan Decoction on the pathological grading of liver injury in AP rat model(n = 8)

AN IR AL T B B 37 11

s FR=A
451 it (g/ke) Number of cases with different degree of lesion
Groups Dose(g/kg)
0 1 2 3
2 H
Blank group 8 0 0 0
S
Model group 0 0 2 6
;5] 4]
Jé[ﬂ]ﬂi(,ﬂ 107° 0 2 3 3
Octreotide group
AL
1 71 B
High-dose group 14 0 3 3 2
rh k2
Medium-dose group 7 0 2 4 2
3l FLy
sl 3.5 0 1 3 4

Low-dose group

2.5 KREHAFITEEAXRELIBRNOZN

HEHH LK, KA H K B AMS, ALT, AST,
CRP &8 B EMETHE , i ChE &8 W E TR (P <
0.05) ; 7EAIRIT 4L K Bl HP AMS (ALT (AST .CRP %%
WA TR ChE &8 A Lt s, Hhjt
PAIREH A SRR BE (P <0.05) (£ 3),
2.6 XERHAFHEHKXRIFELR TNF-o,IL-
1B.IL-6 S =/KFHIZ M

58 A b AN KR TNF-o IL-1B8  1L-6
TREETE (P <0.05) ; SEAL R, 0T A

KE R FERE R R B, L K& H
ERRARE(P <0.05) (WFE4),
2.7 KERAFHTEHEKRRIFHALRA PI3K, p-Akt,
p-NF-kB p65.Bcl-2 Bax & B R IZHISMN

5z PR F SR AH R FRUHF2H 2R PIBK  p-Akt
p-NF-kB p65 .Bax & EESUTE Sl , T Bel-2 5 H
FIRE FEEHE(P < 0.05) ; SHAA L, &R 74
KL PI3K p-Akt .,p-NF-kB p65 Bax 5 F A2 ANH
FEEE NI 00 Bel-2 25 RN R B, Hrf ot
KA EFEA S E (P < 0.05) (WEES5 K 3),

F 3 KEHFHAXN AP KERHFZL41 AMS ALT (AST ChE ,CRP F M52 ( £ £ s,n = 6)
Table 3 Effects of DaHuang MuDan Decoction on the contents of AMS, ALT, AST, ChE and CRP liver tissues of
AP rats(x £ s,n = 6)

45 M (gkg)  MIEEME(U/L)  BNFEER(U/L)  AREEER(UL)  HEEEE(U/L)  CRBEM (mg/L)
Groups Dose( g/kg) AMS(U/L) ALT(U/L) AST(U/L) ChE(U/L) CRP(mg/L)
g =F4
2 H 4 - 1390. 83 + 246. 85 49.80 + 8.44 67.02 = 10. 86 108.50 + 22.85 0.02 + 0.01
Blank group
A # # # # #
- 2704. 17 + 403. 85 152.52 + 25.13 415.38 + 56.59 55.67 + 20.23 0.06 = 0.01
Model group
B 4]
/\EEHK(E 1073 1946. 17 + 355.52" 113.83 +29.83° 232.27 £ 71.24" 77.50 + 22.03 0.04 +0.01"
Octreotide group
B v _
. P AL 14 1878.67 = 110.77*2  73.15 £ 24.77" 173.02 + 51.08 " 88.50 + 20.39" 0.02+0.01°
High-dose group
FH4
.EP”JE(E 7 1883.60 + 436. 742 78.02 + 13.03* 221.98 + 76.838" 83.00 + 25.63 0.03 +0.01"
Medium-dose group
FHE4
fFesm ekt 3.5 2411. 38 + 527.56 163.58 + 84.03 370. 82 + 143.82 65.17 £ 29.43 0.04 +0.01"

Low-dose group

T S, P < 0.05; SR, P < 0.05; SGRIR LS, 2 P < 0.05, (TF3E[)
Note. Compared with blank group, *P < 0. 05. Compared with model group, * P < 0.05. Compared with low-dose group, P < 0. 05. ( The same in the

following tables)
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R4 KEHTAX AP KFRUFAZ! TNF-o IL-1B \IL-6 S5 (% £ 5,n = 6)
Table 4 Effects of DaHuang Mudan Decoction on the contents of TNF-a, IL-1B and IL-6 in liver tissues of AP rats(x + s,n = 6)

ZH 51 M (g/kg)
Groups Dose ( g/ke) TNF-a( pg/mL) IL-1B ( pg/mL) IL-6( pg/mL)
234
S - 116.42 + 8.52 131.66 + 7. 61 83.86 + 6.05
Blank group
£ TE) 4]
R - 148.63 + 4.61* 184. 50 = 10.25% 133.83 + 4. 11*
Model group
5 4
%Eﬁ.ﬂﬂk’ﬂ 107 130.30 + 3. 81" 154.89 + 5.82" 105.57 + 3.05*
Octreotide group
R .
. Pl A 14 122.07 + 3.96*4 144.34 + 7.29*4 92.88 + 2.97*4
High-dose group
biilie e .
.EP”JEA il 7 123.09 + 7.51 "2 159. 67 + 5.90*2 98.45 + 5.93 %4
Medium-dose group
SE=y
Mk B2 3.5 138.92 + 8.37* 178.41 + 14.85 115.25 + 6. 88

Low-dose group

x5 KEHIGNSHKBITFHLS PI3K p-Akt . p-NF-kB p65 Bel-2 Bax & FARKKFHIFEN( & £s,n = 3)
Table 5 Effects of DaHuang Mudan Decoction on the protein expression levels of PI3K, p-Akt, p-NF-kB p65, Bcl-2 and

Bax in liver tissues of rats in each group( x = s,n = 3)

2H 5 FlE (o
Tﬂﬁj MECke) i cappn p-Akt/GAPDH  p-NF-kB p65/GAPDH  Bcl-2/GAPDH Bax/GAPDH
Groups Dose(g/kg)
=2
=54 - 0.97 + 0.06 0.60 + 0.03 1.15 + 0.09 1.63 £ 0.17 1.0l + 0.05
Blank group
457704
s - 1.37 + 0.07" 1.34 + 0.07" 1.69 + 0. 10" 1.22 + 0.06" 1.58 + 0.07"
Model group
B, 4]
4@”‘?’“ 1073 1.20 £ 0.05* 1.26 + 0.05 1.47 £ 0.11°* 1.25 £ 0.07 1.29 + 0.06*
Octreotide group
Rl . .
.“"JEE 14 1.15 + 0.06** 1.08 + 0.06 ** 1.33 £ 0.11* 1.43 £0.14* 1.18 + 0.04 4
High-dose group
|54 _
.*%Ji il 7 1.17 £ 0.03*2 1.10 = 0.07*2 1.39 + 0.05*2 1.19 £ 0.09% 1.26 = 0.03**
Medium-dose group
Y
R 4 3.5 1.36 = 0.03 1.42 = 0.09 1.57 = 0.12 0.92+0.10* 1.40 = 0.03*

Low-dose group

3 KEHTHAN A H K RATH S PI3K  p-Akt . p-NF-kB p65 . Bel-2 Bax 2 [ 335 HL K
Figure 3 Protein expression electrophoresis of PI3K, p-Akt, p-NF-kB p65, Bcl-2 and Bax in liver tissues of rats in each

group treated by Rhubarb Mudan Decoction
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3 itig

AP JZA:mE PI3K/ Akt 38 36 1L, T LG S 02 48
RN (40 TNF-o IL-6 IL-1B) IRt ik, §
“HRREGIR KER N HE— 2D B A AR
EJRBRIL SR, AP K A= i 77 A 1) AT PR T 3 3 SR
B ] K L 3 AT B 4 I A (A
A5 A AP % A i B B I A

KEALPHE Rk b5t 207 2 —, th A (&R
TEWG) , IR ARG, R EER PTEA . bR
w5 P T F A, T i IR AR A O
2, TURE R AR R R e B K VA S
MR BRI, DR 25 LIE It &
JMIE AN, HEMWS I, W B I, SR kA 2, AR
D5 TERG BRI, A S5 1R GE T 9 Bt R ek, 9
AR ERE A

TE AP SAE 1], 2 Pk 40 i IR 71 PI3K/ Akt/
NF-«B 8 BE AL, 16 1L 1) NF-xB %% 5% R 7 A 20 g
¥, W LG SR B TE I P . NF-xB (936 b 1T DL &
B PSRV E SN A <L N L e 2 i RS
RN RAEFBOL , e FERAE S

AP FER SRR, JRAME PR I8 K&, R
R E R 3 AR, 51 R 400 =R T,
Lapierre 55" & 8, AP & A N AFAIAR Y S5 T 5
JHF AR 35045 2 2 DD A O, FL AL 238 43 18 00 45 9 B e
AR XI5 R SE KB, AP B0 K BREF
ST B ST R R IEA G, Bel-2 &
H 0% A 45 H0 M 1728 A (Bel-2) A2 8 T2 A
(Bax) ,Bax/Bel-2 R Ty 2 4RI T 1 I R 2
— IR, T 5 AR Bax/Bel-2 1 He 2 3H el 52 T
mte,

ARSI 38 368 R TR DG AR I (Bel-2 Fl Bax) 1Y
R, kAR R E S mIRIT AT A A 2 AR (A
PR R R IR B AR | DL FRe e 22— 20 S0
HE

ARSI EER R B AP K Bl— AR TR
BAHR#2E | P4 4L h PI3K p-Akt . p-NF-kB p65 %
Rk W E T, RV F TNF-o IL-6 IL-1B AY5>
WA RE TR, SEAIA R, %6974l AP K
S — B A AP RS AN [R) T2 8 % M, JHF 2EL 2005 B 461405
AFFEEE R ELISA 458 % W] TNF-a  IL-1B8 . 1L-6
TR NS, T4 PI3K, p-Akt, p-NF-xB
p65 Bax & F A K2 5 T ke Hodh K4t

PRz R T BRSO o 2 X AT RE S A A
KA PRGARANE T PIBK/Akt/NF-kB {5538 %
TG AL, HETTA ] TNF-oo IL-1B \IL-6 254 Pk A 11
SEE AU IR T ER L AR Y S T XU B R S
N B TR B TR, SR TR
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LCMV-CLI13 &M 8% /N AR AL 1 2 37 M H BCR RAZ 40 Hr
B KA BN EE A, ET

(AL RN 2B LR BE v, WP ] R 4R} 2 e B 4 S 6 shW W 5 T, 38 6 1 2 A% s sh AR B F 4 b et i B 08
S DT NRPOR L R S %, bR 100021)

[{EE] HE ESTkranigd: kg MK S % oE LCMV-CL13 18 Mgy /N AR ARL Mr HofE o B 20 A2 {4

R AR AR R AT BEE . AiE CSTBL/6N /MRS R #E kiR 24270 2 x 10° PFU 7|t LCMV-CL13 58, A4
JA %5 10.,20.,30,40.50 60,70 K RAEFE S, it qPCR A6 0 4 205 35 28 1, 7 A6 I 43 A7 71 & il CD4* T, CDS* T,

CD19" B 2} K A % bty B 4B A5, S 20 PRI 43 A BCR V KRR - & AE R, Z55R  7E LCMV-CLI3
P BRI/ B IR 1 % 10° copies/ L K- R0 B &2 il s 7E IR GeF- 5 01, /N ERAM AL I CD4™ T 41 L 3] 326 345 7
B(13.15% + 0.72%) ,CD8" T 4L G (2. 17% + 0.40%) J5 B WK 2 (6. 65% + 0.52%) ,CD19" B 401 L f A=
K B 4R HOA A3 RSN 2 (40. 32% + 0.46% ) F1(10.03% + 0.60%) ; I F45 FAEW] BCR Ak V 3 R 5
KR RARBENTE(P <0.05), &it  WIIES LCMV-CLI3 18 M Ee /N AR A, LSRR FF BCR 2878
WEST , AARGTAS PR TR Y S B0 B AN = A0 58 A8 3558 T SLhl,

[REIR] WA IR Y AR A9 7 5 2 578 ; 4 & vhucs B 4HH ;B 432 14

[HE>ZES] Q95-33 [ ER#RIRA] A [XEHS) 1005-4847 (2022) 02-0177-08

Establishment of chronic infection mouse model by LCMV-CL13 virus
and analysis of BCR mutation

LI Zhe, CAI Fangzhou, LI Dan, CHEN Qian, YUAN Yizhen, WANG Wei "

( Comparative Medicine Center, Peking Union Medical College (PUMC). Institute of Medical Laboratory Animal Science,
Chinese Academy of Medical Sciences (CAMS). Beijing Key Laboratory for Animal Models of Emerging and Reemerging
Infectious. NHC Key Laboratory of Human Disease Comparative Medicine, Beijing 100021, China)
Corresponding author;: WANG Wei. E-mail; wangw@ cnilas.org

[ Abstract] Objective To establish an LCMV-CL13 chronic infection mouse model and analyze its use for B cell
somatic hypermutation research. Methods C57BL/6N mice were inoculated with 2x 10° plaque-forming units of LCMV-
CL13 virus via tail vein injection. The tissue viral load was then detected by quantitative polymerase chain reaction on days
10, 20, 30, 40, 50, 60, and 70 post-infection. The CD4" and CD8'T cell and CD19" B cell ratios in peripheral blood and
the germinal center B cell percentage of the spleen were determined by flow cytometry, and the gene abundance and BCR V
region mutation rate were analyzed using immune repertoire technology. Results LCMV-CL13-infected mice maintained a
tissue viral load of 1x10° copies/pL virus. The percentage of CD4" T cells in the peripheral blood gradually increased in
the infection plateau phase to (13.15%+0.72%), while the percentage of CD8" T cells first decreased to (2.17% =
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0.40%) and then gradually recovered to (6.65% =+ 0.52%) , and the percentages of CD19" B cells and germinal center B
cells increased to (40.32% + 0.46%) and (10.03% + 0.60% ), respectively. Sequencing result demonstrated that the

frequency of V gene usage decreased and the mutation rate of the heavy chain CDR3 V gene increased 1.7-fold with

increasing infection time. Conclusions

We successfully established a LCMV-CL13 chronic infection mouse model. This

model can be used to study BCR mutations, and provides a research tool for investigating B cell somatic hypermutation

caused by chronic viral infection.

[ Keywords)
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N 2 A % BB 9 3 (human immunodeficiency
virus, HIV) | YR 5 7% (hepatitis B virus, HBV) |
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YIHE 5 I s W) AR W) % 4 g S K % (ABSL-2)
[ SYXK( 5)2019-0039 ) #4715 X SLB AT . %
PUIREE 22 ~ 25°C 1B J¥ 40% ~ 70%,12 h J¢ A/ 1
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M6 3R JEI, 2 R4S Hh [ BE 2 Rl B B 2R SE K sh )
WFFE BT S 56 sl W 1 FH 5 48 B 2% 03 &5 (TACUC) it
HE(WW21001) ,
1.1.2 JRE:ER

VRS 20 L Ik 2 DA S 4% o B e B 13 Bk
(lymphocytic choriomeningitis virus clonel3, LCMV-
CL13) 55 = ZE & 2 i i PR L2 G 3%, Hh A DR A
MY, PG R ZE RNA 20U PCR 474
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KR A% N 1. 72 x 107 PFU/mL,
L 1.3 EZEH SR

RPMI 1640 %353 ( Gibeo : C22400500BT) .PBS
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B £ ( RNeasy Mini Kit:74104) .RNA 35 %% 54
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A27828) . BCR # JF ik 7l & ( KC-Digital™ Stranded
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Solution :349202) , T AHIAR LY A T W3 1,

A AR B HL(SCILOGEX , £ /) ik
REELOHL(HITACHI, HA) %38 PCR {X T100™
Thermal Cycler( Bio-Rad, EH), SEI G E = PCR
¥ Quant Studio™ 3 Real-Time PCR System ( Applied
Biosystems™" , & [®) JHZUYH-S K BD FACS Aria 11
(BD,3EH)
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Table 1 List of used antibodies

2f 5] Panel Pk Antibody

TEfES Clone /NG| Company

FITC anti-mouse CD45

PerCP/Cyanine5. 5 anti-mouse CD3
PE/Cyanine7 anti-mouse CD19

M i
Peripheral blood flow
PE anti-mouse CD4

APC anti-mouse CD8a

FITC anti-mouse/human CD45R/B220
PerCP/Cyanine5. 5 anti-mouse CD19

kb

Spleen flow PE anti-mouse/human GL7 Antigen

APC anti-mouse CD95 ( Fas)

30-F11 Biolegend
17A2 Biolegend
6D5 Biolegend
GK1.5 Biolegend
53-6.7 Biolegend
RA3-6B2 Biolegend
6D5 Biolegend
GL7 Biolegend
SA367HS8 Biolegend

1.2 FHik
1.2.1  3hire e sge

80 H C57BL/6N /NP4, Horfr 70 H
SEHRAH, T IR YL R AL ;10 R N o N R4
S C5TBL/ON /NEURLHT 1 d E ST 500 pg
CD4 Bk, J& YL 4 K 248 e i bk i 5 LCMV-CLI13 45
B 2 x 10° PFU Y556 2 KRR AN i i3 4T 500
g CD4 FiR™) st BRZH /)N B2 HE i 2 i bk i 5 )
AR PBS,
1.2.2 LCMV-CL13 JE&Ze /N FR A E W]

C57BL/6N /J\Luiéj:%): H 22 /)N BRI IR &
B ALHE— IR AR BE VRE TE S HEE AR,
JEYLJERT 15 d BERFRE 1R 15 d 55 4 d B
1R,
1.2.3 #HZUR4E

ﬁﬁ@@”ﬂz% 10 20.30.40.50.60.70 KW s
SIS REA . EAR L, /N BRUHIR EE 5 ik A
Buft 100wl E?%ﬁ 10 pL EDTA.2K #7i % 7
(10X) i EP & v, I F i 20kl 5 HEJR i v ),

FEAL BTN BROSCEE B B Ik 22, T B 4K

SR ; WSO M 7 A T S T A P4 B B, T TR
%A
1.2.4 AU R

fifi 11 RNA 32070 & 52 O RO B i 4 21
RNA,&%%&E*IJ’EW% RNA J % ¢DNA, >k
SYBR Green Y4 BHL £ I 2H 21 LCMV-CLI13 Ji5 #
wE
1.2.5  A1JE] bk T8 20 A b g5 A

BN RAPA I 100 L BT i T FEHnA
MR PEEHA CD45-FITC . CD3-PerCP/Cyanines. 5 .
CD4-PE .CD8a-APC 1 CD19-PE/Cyanine7 % 5 ~ 10
wL, Z IR REEEE 30 min, 2R LT 40, PBS B 2

K, 2% 2 KW EERE E , T LA ZOEES
1.2.6  JAAR I 48 B L A1) A

BUN BUMCE T RPMI 1640 A 58 415 37 3 78 4y
WFEE , 28 70 wm VR U | R 21 20 M ] 2 3RS 5
AMM B . AT FEOEHAR CD45SR/B220-FITC |
CD19-PerCP/Cyanine5. 5 GL7-PE ,CD95 ( FAS) -APC
%5 ~ 10 uL; 7K BRI E 20 min, 2% 22 5 HEELH
E A EHUSNZOLE S KM Flow Jo V10 X2
A A B LA R T o
1.2.7 e gl PR g e T

il 2 /0 B VAL B 4 B BT, 43 b L A
DUSEIARL 42 A7 BR A B A7 2 e WP, HARHL, $2
I L. RNA 397 SRR ICHEE ¢DNA (UID ( Unique
Identifier) #5 3C | i F 5 2 BR £ 11 32 B (1gM | IgA |
IgG  IgD | IgE | TgK Al Igl) A9 4% 5 1 51 ¥ ( gene
specific primer, GSP) #£47 PCR ¥ 34 M SCEAG | iz
FH e 38 0 5 B AR R ) i 4 JS B O4H R CDR3
iji“‘”
1.2. 8 EWE R

5, MiXCR (v3. 0. 3) 2 H a5t
ZH 5 B R 5 E PR S g g5t 4% 2 BUHE R IMGT
(http://www.imgt.org) B V. D J JE K Bt 47 Lk
Xt AR 4 IR R S SRR A, R,
B Z VR bR 2 e B ARV S e N 2 )
FIZE R A Shannon entropy #8401 TF KA
IGH 21 i Z#£44: , Shannon entropy {EL A% K, i BAFEAS
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1.3 it EHH

SLE AT GraphPad Prism 8 #K{F#E47/E K
MG oA, LF A bR EZE (2 £ 5) Kon, R
AR 7 25500, AL A R LU AR ¢ A e, P <
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2 #ZR
2.1 LCMV-CLI13 fF S /NRAE R 43518 Bk

J T f# LCMV-CL13 J5 8 % CS7BL/6N /N LAY
B TE O, B ROWEE /N BRI e B0, W I A 5 2 Ak
ANBUBRYLJE 55 7 R B B R, i £ | 5
T RE FRESRER B S 21 d RAEZ TR & ; 7
YL S 32 d IREE N R B, O R B ks
B .OH ME TSR, RS 40 d KRB ETK
5 RTRESZ [ B SR SN R R I S5 4 B
W IR BB TR (P < 0.0001) , BEHA S &
JEG AT XF /N B B0 (B 1A) . AT LCMV-CLI3
W EETE CSTBL/6N /N FRAS N 19 &2 I 47 35 15 00, &

10 dRAE/NEU B IR 2H 2L IO 3 RNA fiff
FHSEIZOLE  PCR M E S F it MR UG 42
BEARER AR BT 3 S S I (0 ~ 10 d) K
SEEWI(10 ~ 70 d) (B 1B) , 2 rERGe /N R4
AU T FEM (7 x 10° copies/pl) T
(4.5 x 107 copies/ L) 2L L Ge 5 2 /KA il 1 i 41
LU RE A 18 W AR T AR HFTE 10° copies/ wL 7K F-
(K 1C1E) , #EA W], FEAEH (3.5 x 107
copies/ L) Jii (4.5 x 10°copies/ L) ZH 214k 5 =5 /K
VAR M 5 22 I A B 2 2 B A e B R AR O DR A T
107 copies/ L 7K 52 i, 78 i 2H 23 v s 25 48 6 328 W
FEFHREFTE 6 x 10° copies/wL /KFE il (E 1D,
IF) ., Z¢ 45530 LCMV-CL13 %% Al 7F C57BL/
ON /IR i 7KV o i A B M PR IR

A C5TBL/ON /N U LCMV-CLI3 JRfRE A5 4k; B: CSTBL/6N /N FUEHE LCMV-CL13 S ALK 4R A % C D E F: C57BL/6N /Iy
BUEZ: LCMV-CL13 51 B T BN SRR TR 4ot ; 5P BRZEARLE, © P < 0.05, ™ P < 0.01, ™ P < 0.001, ™™ P < 0. 0001,

1 LCMV-CL13 /USRI G340 1 s A2 1k
Note. A. Changes in body weight of C57BL/6N mice after infection with LCMV-CL13. B. The tissue viral load trend of C57BL/6N mice infected with
LCMV-CL13. C.D E F. Viral load in the intestine, kidney, liver, and brain tissues of C57BL/6N mice infected with LCMV-CL13. Compared with
the negative control group, *P < 0.05,™ P < 0.01, " P < 0.001, ™ P < 0.0001.

Figure 1 Dynamic changes of body weight and tissue viral load of LCMV-CL13 mouse infection model

2.2 JREBZSIE CDS'T MAiEi8, CD19'B 4
Jiiabiech

J T fif LCMV-CL13 18 PR R g 2 5 2 5 30 B
A1 JE I 3E 7 P e E AR (CD47 T .CDS' T & CD19"B
i) B3 A AR Ak, 7EAS [ B[] A5 05 46 A0 8] I ik £ 7
AR, S5 R LI, 5 AR RGLIRAS A I, GKL. 5
PUASEHBR CDA™T 40, &G4 5 20 d FF4f CD4'T
S L L 5] B R G of ] SR IR A SR J 25 70 SR T

KF) 13.15% = 0.72% (E 2) , CD8*T il fg tb 1] 5c
FEAR S5 38 ms 72 B J5 10 d (5 H (9.49% +
1.31%) , Bl JBGL i r 2, L I 40 d IR I
(2.17% + 0.40%) ; iz CD8" T 41l Jfd Lt 151l JF 44 Tt
1, YL )5 70 d CD8'T 4 i Lb 45 il 3K 5] (6. 65% +
0.52%) (& 2) (B AR 2 1E# 7K F, CD19*B 4
i e 7R B AT 40 d JCRH B ARk UL IS 40 d H A
BT LS 70 d A E](40. 32% + 0.46%) (&
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2), BE R TRBYRE, 28 LR, GKL. 5 drik
TS R T /NEUAR N CDA™T 2, 55 Bl 75 ek
Y, CD8'T 4 M 75 B e i At BLER 4L kBl | IS BB

CD4™T 29 e 451 358 Jn i 355 43Pk &2 ; CD19° B 41 g kb
191 3218 PG T YL R MR SR W S I R R IR TR A R T
b 2 R T 93 S

2 BRGNS LA S DURCS S I CD4"T CD8'T CD19" B 4 g L (il 42 Ak
Figure 2 Trend of virus RNA copies and the proportion of CD4™ T, CD8" T, and CD19" B cells in the peripheral blood at

different time points after infection

2.3 FEBPFES GC B BE L FI1E

Az R R 8 N AR B A A v
B KRR R R X S T ESE B 44 K
)% BCR Y48, AR SCWFFE T LCMV-CL13 J& YL 5
AR vt B AR AN AR f a3 AT LCMV-CL13
P IR/ N R R R P GC B 4 (B220° CD19*
GL7*FAS™) AT sk, 25250 & 31, 2P s g

W, GC B 40 H ) 2R TR R R A 40 ~ 70 K,
GC B 40 Jf kb il /1 (2.28% + 2.68%) 4 fin &
(10.03% = 0.60%) (& 3), $#&2RFKAfT LCMV-CL13
995 B3 IR L A 0T AT R X B A SR SR B 1
T HEGL S 30 ~ 70 d,GC B 4034 s R e | $2
N IX— R B AR S GC B 4 A A, KR
B X695 T A AR R e P SN

3 YR NI ] TR DUBCS I GC B(B220° CD19* GL7 FAS®) 4l i Le 7| 25 4k,
Figure 3 Trend of virus RNA copies and the proportion of GC B cell (B220"CD19"GL7"FAS") in the spleen at different time

points after infection

2.4 HmESHERVERERME RERSH
BCR & —FHKTE B bk I 4 g 3% 170 1% F0 952 35K 25
F 43 (immunoglobulin, Ig) , FH 55 S 4885 A, 5
ORI T S BREE F A, BCR EZHEME 5
ZHRPERRE A V D ) S R B EY & V-D-)
eI ARG TR AL AR A SUMBR B2, FATT

K HFAFEE ( Shannon index) H4H[R] ZREH: BOTEHY
f5bR, AT 30 d 5 JE 60 d IGH | IGL £
FEPE DL R V SR AR AR 58838 (1K 4)  BifE 20
PEEAREEZERE(P <0.01) (B 4A) , REE L
PETC R 25 5 (18] 4B)  HEBE V XL A B, &
YuJ5 60 d 4H IGHV6-3 IGHV1-58 IGHV3-6 K:PH i Fi]
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T AL BUEYYS 30,60 d, ERAEELHEMMT;C, D RYLE 30,60 d, FofE V XL AR E, F LR 30,60 d, 566E V IXIEA
FEFRIORIT WA ARIOR V SRR ALY B3R B R R Rk 425 G HL YR 30,60 d, EAERHE CDR3 VAR 225047 ; 5 Ikife
J& 30,60 d FdEAHLL, * P < 0.05,
B4 TR 30,60 d FARHELRENE |V HEK R R g A

Note. A, B. Diversity analysis of heavy and light chains at 30 and 60 days after infection. C, D. Frequency analysis of heavy chain V region
gene usage 30 and 60 days after infection. E, F. Frequency analysis of light chain V region gene usage 30 and 60 days after infection. The X-
axis represents V gene subtypes, and the Y-axis represents the expression abundance of each gene. G, H. Mutation rate analysis of heavy and
light chain CDR3 V gene at 30 and 60 days after infection. Compared with data of 30 and 60 days after infection, * P < 0. 05.

Figure 4 Analysis of the diversity of heavy and light chains, the abundance and mutation rate of

Vgene on 30, 60 days after infection
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R TR 530 dZH (P < 0.05) , Hofth 35 R U 72
JRYLS 30 d HRIIEZ A RIE LRI 257
(El4C,4D) , B4 v XIEEH F B, YL 5 60 d
LI PR 5 30 d 410 BE T2 5 ([
4E 4F) . AJREZIRIL S 60 d T T & Xt s iy
SPETERE . SHM 5E LA V LR A Bl 2 A8 J R
CDR3 XU I Ul (%) 3 223047, e S M 2 Bk
Jhj SHM ZEAE 45 . S T ff s /s BRBE R J2: 5
KA SHM , ARS8 43 M AN [A] B A 25 CDR3 X V3
AR, 2878 R AR 10 000 A B3 b & A %8
AR TR s . WA 4G 4H s, LS 60 d
AL TG 30 d, Bl VLN 528 R4 g FETH
E(P<0.05), H97% CDR3(60 d)/CDR3(30 d)
23k 1.7 A5, S5 TR BRI TR B, VX S
SRR 4E b R 1g BN K A SHM, H 578
FEAE AT RE R S SO X AL R RRAIC
3 itig

LCMV-CL13 18 g /NERUZ —Fh iz T it
FEIR BTSRRI HIL T A S Y SRR YT N2 1
o B P AN LA P e (AN dEE ) BRI T 5t
(O DL o A SR AL 3 4 MHC BRI T 240 sk
RESIBERICAZ Y, LCMV-CL13 J8e /N BL7E e 8 d
JERTE T 20% , BA BRI IRBR o, YR
1~ 5 AR O R w7k 20 RS 6 A I
RETA L R RIS 3 JE N, CD8 ' T 2 M 50 4R 7 K
ik, CD4™T A 5 e FH R E B S  E4 Mk,
N Z AT T WA, AR, AR
N BRI BRI T S CD4 B s A /N L ZH 21
A B R ACE Y S R, R S e
/NERARRY AR S ISE o SE T FE CDA'T 40 P48 R
Jok i St i A2 $E B LCMV-CLI3 % 2% , B UL i /N Ui
PR S SEORAE, A B R R A A
PN ZH 4005 B 28 2 2 5 A A X 5 K, AT I e
AN AN AR g% B g 3t R /) B
AR JE I CD4*T 40 fits . CD8*T ZH i LA B2 CD19* B 41l fify
Fefil, & B CDS™ T 40 il CD19" B 40 Jfd Lt 4] i %5
CD4" T 20 H 5] A 36 g 386 o, 3% 50 5 i JaR e
W RANPF A L EZERAE ATl Sr
LCMV-CL13 PR /INEAAY | H /N AR R 38 1 P
o E RN R B

Ig FEP SHM FEBT AR A 5 14 G 2 S5 1y v e X e
YER ., TEBUe # gy i B v, A2 & a0 ( germinal

center, GC) B 40 Jifi & 4= SHM Kz 258 5| % 2 ( class
switch recombination , CSR) 155 2% Fll J1 i, £ & ¥t
(RAAE X Z PR A0 4R P rh A e R I,
GC B 22 7= A7 RO S8 () SCAR Ir 7E ), 3%
F b, AT A GC B 240w L], & PRI G Ay 3
GC B 4l Lb i 2081 F B, X AT e S IFN-1 35S0 48
A S0 R R DA EE T, GC B 4 AE
[X (dark zone,DZ) FEATHEFE A Ig LK SHM , £ 5% X
(light zone,LZ) #E47IETF £ T R FRAT14h
RN YT 40 ~ 60 K, GC B 4 g He £ 34 i
AP, ULBHBLIT B GC B U PR I A, LT, &
ATHEMUE YL J5 40 ~ 60 d AT RE & 4 B 4H g i A4 58
A2, A T EERRATAY iR, 4 B RIS 30,60 d
B 44T BCR £ LU T 0B, X BE bk
AL R VR Rl R R | AR HEAT LB A AT
SEREH YR 60 d TEAEZREVERRAR, V SEHE
MR B 0V SR e AR RS 1.7 fi5, KB
LCMV-CL13 18V 5 R YL B AL A A= B 241 i vy 1 58
AR gV IE PR 9 AR SR Bt B YL B[R] 2 B 14 i , = A 0 B
e SR TR S5 BCR JE ZREEREAR

SHM 1] L3 fin G 928 3R 26 11 % B B U0 Fn & &
(IR ST , BRI 2% SHM 1948 FHLHIEAT 73R4
(IR ST, (EATS A AR 22 P9 25 1 K B BH 1 40, 5% i)
SHM & A= A 5 35 DR S o s S TR ol G B Aff . E AR
BEFErp, AR B S7 LCMV-CLI3 18 R R G /)
FRBCHY A iy T, U0 =X 40 B #1010 | A e 93 200 i L
1], 35 B U B 41 MIFEAT BCR 2283 Mr , 91 HR 5%
VX PRl IR | 58 A8 3R Bt R % i [A] (9 A8 AR 17 O
XCHTE LCMV-CL13 18 PR 05 85 2% Gy /)N BRS¢
B A E AT S AE R GT R HTAR 1TE BAIL 4 4t T
BRI B DL S 3 Hr, AR T — Ky KA
WREARICR , DO B8 5 1 = 2Lk b A B th & i 1k
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[ Abstract]

differences between tumor lung metastases in these and C57BL/6 mice. Methods

Objective  To establish an endothelial conditional EMCN-knockout mouse model and explore the
Endothelial-cell-specific Tek-creERT2
mice were mated with EMCN"™"* mice. Male EMCN™"'/Tek-creERT2" mice were crossed with female EMCN™™ mice
to acquire endothelial cell-specific EMCN-knockout mice ( EMCN™"/Tek-creERT2", EMCN“* ). To verify the gene
knockout accuracy and efficiency at the DNA and protein level, the genomic DNA of mice was extracted, and the Tek-
creERT2 and Flox sites were detected by PCR amplification. After tamoxifen induction, expression of the EMCN protein was
detected on Western Blot. The phenotypes of normal C57BL/6 mice and EMCN** mice were observed, and the organs were
stained with hematoxylin and eosin ( HE). To confirm the effect of EMCN knockout on tumor metastasis, (Lewis lung
carcinoma, LLC) LLC cells were intravenously injected into C57BL/6 and EMCN**" mice. After 2 weeks, the lungs were
dissected to detect metastasis, and the result for the two groups of mice were compared and analyzed. LLC cells were
subcutaneously injected into C57BL/6 and EMCN“* mice. The subcutaneous tumors were removed 2 weeks later, and lung
metastasis was observed 2 and 3 weeks after the operation. The lung tissues were stained with HE, and the metastasis result
of the two groups were compared and analyzed. Results We confirmed the successful construction of EMCN™""/Tek-
creERT2" mice at the gene and protein level. Preliminary phenotypic analysis showed no abnormal organ development in the
gene-knockout mice. C57BL/6 and EMCN“™ mice given intravenous injection and tumor resection after subcutaneous
injection can develop lung metastases. Compared with C57BL/6 mice, the deletion of endothelial cell EMCN expression
significantly promoted lung metastasis. Conclusions Endothelial-cell-specific EMCN-knockout mice were successfully
obtained. The frequency of lung metastasis in endothelial cell EMCN-knockout mice was significantly higher than that in
normal C57BL/6 mice. This approach is expected to provide an efficient lung metastasis animal model for the study of tumor
metastasis.

EMCN; endothelial cells; Tek-CreERT2/EMCN""™; lung metastasis
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TE: C57BL/6 Fl EMCN“* /N L 5225
1 C57BL/6 il EMCN“*/\ R 2 0EAR HE B¢
Note. There was no significant difference between C57BL/6 and EMCN*® mice.
Figure 1 HE staining of main organs of C57BL/6 and EMCN*** mice

T AL EPERUINR,2.3.5; Tek-creERT2 BAYE/INEL, 4 Tek-creERT2 BAYE/NE; B 1 BFAETI/N R, 2 4. EMCNTov/flx
alif /N, 3 EMON™ V1o Je &N

B2 FB/NE PCR A % g 25
Note. A. 1. Wild type. 2, 3, 5. Tek-creERT2 positive mice. 4. Tek-creERT2 negative mice. B. 1. Wild type. 2, 4.
EMCN®** homozygous mice. 3. EMCN** Heterozygote mice.

Figure 2 Results of genotype identification of some mice by PCR

{:: C57BL/6 Fl EMCN "/ RIHZH 2L T EMCN (2635 7K -,
3 Western Blot Kzl

Note. The expression of EMCN in lung tissue of C57BL/6 and EMCN****mice.
Figure 3 Western Blot results
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2.3 C57BL/6 #1 EMCN“* /R B 82 Bk it 35 75 1%
XT3 HT

C57BL/6 fil EMCN“*/NRAE41 45 5 1, B##Ik
TS LLC 400 14 d J5 , ) BNl , SR i As D il 4% B

&M, C57BL/6 Fil EMCN-* /NERL 34 & AR Bl k6 7% | 5
C57BL/6/)N B LG, EMCN“* 20 /)N B 4 7% 45 5 % B
BEWMZ HEGIH#E (P <0.01), &, N
A EMCN A9 R 8 e b T i RS 10 & A=

;A CS7BL/6 Fl EMCN* /N P MR AL RS AT s B S AL i Bt s 15 WT 4L L, ™ P < 0.01,
B4 il
Note. A. Lung metastasis in C57BL/6 and EMCN"*° mice. B. The number of metastases foci. Compared with WT group, ** P < 0.01.

Figure 4 Lung metastasis detection
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{0, D AL AT 5 WT AR, P < 0.05, ™ P < 0.01,

B 5 il R e

Note. A. Establishment of lung metastasis model after subcutaneous tumor resection in C57BL/6 and EMCN**® mice. B. Lung metastasis at different times in

C57BL/6 and EMCN**® mice. C. Lung tissue HE staining. D. The analysis of lung metastasis area. Compared with WT group, *P < 0.05, ™ P < 0.0l.

Figure 5 Lung metastasis detection
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[BE] HB RT3 O (liensinine, lie) 7£ JE Z M (lipid polysaccharides , IPS) 53 ) RAW264. 7 41 il 53 fiE
I BT RITEACAERPLE] . ik K443 R 5T B 2H ( Control group) , LPS 2H ( LPS group) , #E-0A# (0.5.1.2
pwmol/L) 4l >R A CCK-8 5 fifi 15 32 .0 Bl A% JC 41 it 75 M ¥k BF | Guriess ¥R — 5040 &l (NO) RO HE B, Mifg B G % 1
(ELISA) KM AT AR Z 2( PGE2) MM B DL AR 48 IH F ( TNF-ou \ TL-6 I TL-1B) A& i | S A 5 Y6 € i PCR (qRT-
PCR) il COX-2 1 iNOS mRNA fJ#3k , DCFH-DA &I 40 = 75 PE 0 (ROS) A 22, 170 80 460 00 441 i o 48 421k
Y AL (SOD) MM L B 43 e H B ( GSH) RN 1 ( MDA ) b & &, 25 11 30 % 38 BN 6 ¥ ( Western Blot ) #6901 NF-
«B MAPK #l Nrf2/HO-1 JE B OCHE W RIBTHE ., &R 0 ~ 4 pmol/L LA X 41 TG J1 o5, 5 LPS 4
AHEL , ZEO IR (0.5,1,2 wmol/L) U A fid 46 B F & it TP (P < 0.05) ,NO #1 PGE2 ¥ JiF FB& (P < 0.05),
COX-2 1 iNOS mRNA F2AEAK (P < 0.05) ,NF-xB F1 MAPK @B 3041 (P < 0.05) , HEA 7SR, 350008
ALPEJE ROS FI MDA B4 i 33 T LPS ZH(P < 0.01) ,S0D BYIG MM GSH A& B F 5 T LPS 41 (P < 0.01) ,
Nef2/HO-1 38 # 16 Mt F LPS L WM (P < 0.05) , 45 0 B6E i M NF-xB A1 MAPK 38 J% 5 #4005
Nif2/HO-1 38 i R B R B EA

[REA] B0 I8 RAW264. 7 B IWEA0MI ; 25 ; S AN %
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Liensinine exerts anti-inflammatory and antioxidant effects by inhibiting

nuclear factor-«B and activating the nuclear factor-erythroid factor
2-related factor 2/heme oxygenase-1 pathway

ZHANG Ruihu'*, YAO Ru'*, SHI Zeya'?, GUO Min'?, HUO Yitong'>, HOU Jianan'”*, CHEN Zhaoyang'*"*

(1. Laboratory Animal Center of Shanxi Medical University, Taiyuan 030001, China. 2. Shanxi Key Laboratory of Experimental
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[ Abstract] Objective To investigate the anti-inflammatory and antioxidant effects of liensinine (LIE) derived
from lotus on a lipopolysaccharide (LPS)-induced RAW264. 7 macrophage inflammatory model, and to study the molecular

mechanisms responsible for these effects in relation to the nuclear factor ( NF-kB), mitogen-activated protein kinase
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(MAPK), and nuclear factor-erythroid factor 2-related factor 2 ( Nrf2)/heme oxygenase ( HO)-1 pathways. Methods
RAW264. 7 macrophages were divided into Control group, LPS group and LIE (0.5, 1, 2 pmol/L) groups. Cells were
subjected to Cell Counting Kit 8 screening of non-cytotoxic concentrations of LIE, nitric oxide (NO) was detected by the
Griess method, prostaglandin 2 (PGE2) and pro-inflammatory factors ( TNF-a,11-6 and IL-13) were detected by enzyme-
linked immunoassay, cyclooxygenase-2 ( COX-2) and inducible nitric oxide (iNOS) synthase gene expression were
detected by real-time polymerase chain reaction, and reactive oxygen species ( ROS) were detected by dichloro-dihydro-
fluorescein diacetate assay ( which detects superoxide dismutase ( SOD ) activity and glutathione ( GSH ) and
malondialdehyde (MDA) contents), and NF-kB, MAPK, and Nrf2/HO-1 pathway protein expression were detected by
Western Blot. Results LIE 0 ~ 4 pmol/L had no effect on cell viability. Levels of pro-inflammatory factors levels were
significantly lower in the LIE (0.5, 1, 2 pmol/L) group compared with the LPS group, NO and PGE2 concentrations and
COX-2 and iNOS mRNA expression levels were all decreased, and NF-kB and MAPK pathways were inhibited ( P <
0.05) in dose-dependent manners. The ROS and MDA contents were also significantly lower and SOD activity and GSH
were significantly higher compared with the LPS group (P < 0.01), and the activity of the Nrf2/HO-1 pathway was also
significantly higher than that of the LPS group (P < 0.05). Conclusions
effects by inhibiting the NF-kB and MAPK pathways and activating the Nrf2/HO-1 pathway.
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Figure 1 Effects of LIE on the concents of NO, PGE2, TNF-a, IL-6 and IL-13 in LPS-induced RAW264. 7 Macrophages

2 FELHEXT LPS S RAW264. 7 ELWEANHAY COX-2 F1iNOS [3R3K LI & NF-kB F1 MAPKs 38 4 (1 5% 11
Figure 2 Effects of LIE on iNOS mRNA expression and NF-kB and MAPKs pathway in LPS -induced RAW264.7 Macrophages
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B3 FOHXT LPS 75531 RAW264. 7 ELBEANMH ROS MDA 1 GSH /98 2 L S SOD i 452 1
Figure 3  Effects of LIE on the concents of ROS, MDA, GSH and SOD activity in LPS-induced RAW264.7 macrophages

4 FELGIN LPS VBT RAW264. 7 FUEAIAEH Nef2/HO- 1 38 #% 1 5 i
Figure 4 Effects of LIE on Nrf2/HO-1 pathway in LPS-induced RAW364.7 macrophages
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Study of the immunity-enhancing effect and mechanism of Chinese herbal
compound extract
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[ Abstract]  Objective To quickly evaluate the immune enhancement effect of Chinese herbal compound extract
(CHCe) and study the potential mechanism using in vitro cell and in vivo zebrafish models. Methods In the in vitro
experiments, RAW 264. 7 mouse mononuclear macrophage cells were treated with vinorelbine tartrate, and the protective
effect of CHCe on vinorelbine tartrate-induced toxicity was evaluated. The zebrafish immunocompromised model was
established using vinorelbine tartrate. The number of macrophages and their phagocytic function, the number of T-
lymphocytes, and the expression of inflammation- and immune-related genes in zebrafish were used to observe the effects of
CHCe in the zebrafish immunocompromised model. Results  The result showed that CHCe had good biosafety and
increased the survival rate of RAW 264. 7 cells treated with 250 pg/mL vinorelbine tartrate. In vivo studies showed that
222, 667 and 2000 pg/mlL CHCe significantly inhibited the reduction of macrophages induced by vinorelbine and enhanced
the phagocytic ability of macrophages. Both 222 and 667 pwg/mlL CHCe significantly increased the number of T-
lymphocytes, and 222, 667 and 2000 pg/mlL CHCe significantly restored the down-regulation of ragl and rag2 genes in the
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model group, and down-regulated the expression of tumor necrosis factor-a. A dose of 222 pwg/mlL CHCe up-regulated the

relative expression level of interleukin-12, and 2000 pwg/mL CHCe up-regulated the relative expression level of interferon-y.

Conclusions In vivo and in vitro experiments showed that CHCe had a marked immunity enhancement effect.
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Wik 240 AE A Wk RE 0 R T 9 L 200 e A AL RE T [ I T 42
/N BAMA LY IFN-y KK kT £
BEC AR ZHE SN R 24 B B A AL R R AL
PR G g2e 73 M 5 2 22 4R U A RO B ) Bt
EALTIRBT R AT 3 S AR P e 2 R Atk
AMEME S AE YA [F) S B A B vh BoR T WG Pk, AR
TR I3 BIF 58 B S LAAE 58 18 R/ By 2l A5 B 3k
FrvrA, BA A T A i o /DA

BE 40 ( Danio rerio , zebrafish ) & —Fl [ B A 7]
AR, T I B IR R IRIG K F 1
FWIPE T 3 AR DA R | DA R — v i -
ik #% i #E, B & “ 3R ( reduction, replacement,
refinement ) J5L )7 A HEA T 55 S0 , FLAE 25 40 A A 48
Joll s B A TR O S AR R DA P L ok )
ORISR A S A0 i S 56 AR P BE T
Yo PEAR T AR HR 5T 52 T7 v 24 S U 0 S 28 ) Y 2
Wi, A RAW 264. 7 /IN B 15 0 200 i P L9 240 L 35
P BELh 8 B W 20 50 K HE AT W D RE, T 4 i 4L
i, SRR SCHE IR 22 05 T 2% 58 52 U rh 25 52 IR
(A2 e S B SR S AR T, X 52 07 vh 25§ )
B sR S D REHEA T IR UE I TR HE BRI AR S .

1 #R57EZE

1.1 ##
L1 SERzhiY

I 3L DN W A i 2 €22 Y ( Tg (mpeg 1 : EGFP))
PEEh o B BL R T 40 AT (6, 9¢ ' ( Tg (rag2 : DsRed) )
PEEfh, ¥ 2K J5 2 d (2 days post fertilization ,
dpf) B B4l fo AR T AR 24 0. 25 mg, HRIETHL
MMIFEE R R AR AR, Sl A
SRS A BE 7 20 R AT R G S0, IR IR B T hR e A

zebrafish; Chinese herbal compound extract( CHCe) ; macrophages; T-lymphocytes; gene expression

Bk B (bR MERR B K 294.0 mg/L CaCl, - 2H,0,
123.3 mg/L MgSO, - 7H,0, 63.0 mg/L NaHCO, #
5.5 mg/L KCl) 7€ 28C %54 T 7k, i 5% 450 ~
550 pS/cm; pH N 6.5 ~ 8.5; ffi B Ny 50 ~
100 mg/L CaCO,, HiAL M 2547 AE W) FHE R A A PR
A E) SR O B AR [ SYXK(#7)2022-0004] , I
i35 [E PR AAALAC TAIE (001458) 175 e #8: 4
WM IR A PR By A BR 23 W) H 4 (001458)
SCIGEETR S A 0. 25 o/ L =R PR R LA R Eh % T
BB AT BRI KRB, AT A R SR 2
( American Veterinary Medical Association, AVMA ) X}
BETh 0 PRI SR AE R BEoR O

1.1.2 4

RAW 264. 7 /N BUERAZ 05 40 Y 19 I 4 i, 3T
W v [l AR 8% 55 W DR o0 35 3R A5 (89%
DMEM + 1% X4t + 10% FBS) 58 42§ 4k, 37°C |
5% CO, ¥iFEfRiTE.,

113 FEEF SR

A TR AR Bl (L 242 so kA AL B A R
Al A5 . C10946321 ) 5 £h R/ INBE I (1 g R it A= )
FATBRAAF) 5 . R29J6F1 ) ; 11 A e 4 (B v 354k
TR PR E] 5. 180303) ; — FHEL AR ( DMSO,
Sigma /A 7], It : BCBZ1685) ; MTT 4 Jifd 18 5 % 41 fify
BRI AR & (R o AR W TR A T, 5245,
G020-1-1); i 4 Il ¥ (FBS, Gibico 2 A, #it 5.
2152441P) ; W HL ( Gibico 2y W], it %5 2145455 ) 5
DMEM( Gibico 23 F], 4t %5 : 8120203 ) ; RNA Jt i £ Bt
B & ( B2 RHCA IR A A, 525 . RNOOD )
iTaq Universal SYBR Green Supermix( Bio-rad 23], 5%
5:1725124) ; Fast Quant RT Kit (With gDNase ) i 7
B CRMAERH: (b)) ARRAF], 5545 . KR106) ; 9¢
HeHER (Sigma A H],Hit5 . MKCB2036 V)

Z I RE B bR 1Y ( SPARK, TECAN, Switzerland ) ;
ML FE46 (3111, Thermo, USA ) 3 2 4h — 1] IL 43
S 11 ( Nanodrop 2000, Thermo , USA ) ; #i# PCR ¥~
44 (T100, Bio-rad, Singapore ) ; %€ Y =& 1 PCR 1%
(CFX Connect, Bio-rad, Singapore ) ; R\ % 1 96 L
M (% W) (HSP9601, Bio-rad, USA) ; 6 LA ( Nest
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Biotech, China ) ; H 8J) ¢ £ i 2 4% £i% 9¢ Ot W Tl B
( AZ100, Nikon, Japan ) ; & f# 1 5 1% (IM - 300,
Narishige , Japan ) ; f741{ ( PC-10, Narishige , Japan ) ,
1.2 FHik
1.2.1 B2 $E il

PO 1. 27 R 22— B BUE o 42 B — 3 7 (80
H)EBUK 2. 82+ K% HKF 565 HAR—
PEEURE PR 0 (80 H ) o FHREBUR I T 45,
e ot B R BN W DL L 95°C, S -0. 03 ~
—0. 08 Mpa, ¥4 2[5 9 & 2 4 7™ i b 13 1R Y
HEATHURE,
1.2.2 RAW 264.7 403555 K &2 7 2 2 5Ly
b B

HUE KRS BAF B RAW 264, 7 /N R A% B 1
0 A I 20 L, 2000 A4~/ FL43 SR T 96 LA
M A0 BE 5E 4=, FP R IHEE IR (1) BALIKIK
A 7 b 25 $E B 62,5, 125,250,500 A2 1000
pe/ml ¥R B R IR AR R 100 wl,24 h
JE SRR ARSI RS T RFLIA 100 pL &
0.5 mg/mL MTT AR, SRS H 4 h, 75
T, BFLINA 150 wL DMSO, ¥ KPR % 5 min, JHEEFR
AHE 490 nm P T I E £ AL EE (OD) {8,
2 2 BB AR FMR B, (2) BRI H X R AL
R HINTREEL (0. 1% DMSO) 4b , HoAx B LI A
AR 12.5 wg/mL W% R BE IR BE IS, FHAK
UWIMAK Jr i 25 4L By 27. 8 .83. 3,250 pg/mlL iR
£ DL R BRI RRZH R R /N BE R 25 g/ mL VR B A 35
I, WFH 24 h S EIHME IR BOLAM T &
FLANA 100 pL % 0.5 mg/mL MTT {3597 3% | 4k 4k
WEE 4 h 555 L, BLINA 150 pL DMSO, ¥ K ¥R
¥ 5 min, FBEEFRIUAE 490 nm P KR 2 45 fL OD
{8, PP 7 h 2GR B % RAW 264. 7 410775 2%
R FEI
1.2.3  BErheif i %5

PERZ GG 2 d(2 days post fertilization , dpf) Tg
(mpegl : EGFP) % 3ERBE 0T 6 fLA 4L (3K
BoeH ) BIAb B 30 BRED 2550 3 mL, W ENZ
. BRI 62. 5,125 ,250,500 , 1000 ,2000
e/ ml; [F] B 5 B 1E 0 A 2 (5% 0 K AR PR AG BE
), NEE T 28C AT E , B 24 hgtit
It KR BRIET-BE S, L SR IFE 2 6 dpf BB £
SR BEE R ST O, B B 7 v 25 5 LY
X 1E H BE S £ 1) B KA I ¥k BE ( maximum tolerated

concentration , MTC) ,
1.2.4 7 h 25 SR B AT BE St 5 0 40 2 Y
Al

B2 dpf Tg(mpegl: EGFP) ¥ LR BE 5 8T 6
FLk i, B E N2 4. 2 5 25 LY 222667
2000 pg/ml; [R]A 35 B X6 AR 21 . BH P4 X e 1 /) B
J% 5. 33 we/mL, 1E X REZH BRI BR L BRIEH
XTRRZH A, Hoax 45 21 K ¥ 45 7 05 A R K 75 i
400 g/ mL, F 7 BE S0 50 40 A D AE AR AL, 4%
e E T 28°CIEFRAM T E £ 3 dpf B, 758
AT T UL B £ 72 30 K I e I 4 i
JEIRJE (S1), JF4A MR, i I JE [ NIS-Elements D
3.20 g MG BRI R SR
1.2.5 57 25 3 B Xt B 1 #5240 i o 1 )
Al

JEHL 2 dpf Tg(mpegl ; EGFP) 5 3L R BE Ty 411 | 1)
DK S 20 68 5 S sk (45 A B3R K i B Oy
2%, B 10 nL) /E Ry 54 DL g ST B 5 £ g4
O W D REAR AR K B BE I 43 il T 6 FLAR
30 /(AL - 3 mLAKR) B E N2 . 52 )7 h 25 2
B4 222,667 2000 g/ mL; [] B35 & Xt BB 41 . BH
Y EAHEEE 15.0 pg/mL MBI R, % ET
28°CHEFEAH TR E % 6 dpf B, 7E56 0 WA N i g
BEL RPN (4 5) 2B ER R B A E (N) |, IF4A
W, f#1FH Image J =5 20 EHR AL AR (R A2 EiHE
1.2.6 7 R 2GR U % BE Tt T 41 Y R i) K%
WML 58

FHEHL 2 dpf Tg(rag2:DsRed ) 53R BE ST 6 fL
M, BB 25 20 . 52 07 vh 25 48 I 222 667 , 2000
g/ mL; [F) 35 B ) R . BH M X R E A i 2 60. 0
g/ ml, IE 5 X B A S AR X B2 o IE B X R 2
Ab  HASCIR A PR B 45 T A4 TR K B Hi i 200 e/
mL, N BES A0 T 4/ D RE LR A4l 55 & T
28°C IR T 2 5 dpf I, (1) XF T 4 A il 5%
i) . 7E 29O Sl e T LS BE S T 41 il 9% )l ik i
(S2) , F-FARR {d FH JE B NIS-Elements D 3. 20 &2
BACTRIRAF R AEEE ; (2) DL ST W B Bt L) f
A%, R FH 28 L1 TRIzol 5 38 A ¥k i 41 B 15 0 B
RNA, VA B-actin fERFEE KRN S il g-PCR %
K H B4 3L R B8 SR AE R — o ( tumor necrosis factor-
o, TNF-a) EEZH IO BIFER — 1 (ragl) | 5 2H J0h H
[A-2(rag2) .M/ - 12 (interleukin-12, IL-12) Fll
v-T4Z (interferon-y , IFN-y ) %% 5K, #e 472 7
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TG BRI SRS I WIE LRI ST, 5175 . B-
actin-FOR; 5’ -TCGA GCAGGAGATGGGAACC-3’ | B-
actin-REV: 5’ -CTCGTGGA TACCGCAAGATTC-3’;
TNF-a-FOR: 5 ’-AGGAGAGTTGCCTTTACCGC-3 ’,
TNF-a-REV: 5 ’-AATGGATGGCAGCCTTGGAA-3 ’;
ragl-FOR: 5’ -GGAAGGACTGAGAGAGAGGGCGC-3” |
ragl-REV. 5 ’-AGGACCAGATCCGTGCTTCTCG-3 ’;
rag2-FOR: 5’ -TGGAAGCCCTGTCCTTACCT-3’ , rag2-
REV: 5’ -GACTCCCACATCATCCAGGC-3 ’; IL-12-
FOR: 5’ -AACTCCTA CAAGCCCAGCAC-3’, IL-12-
REV. 5’ -ACACTCGGTCGTCAAACGAA-3 ’; IFN-y-
FOR: 5’ -GCCTGGGGAGTATGTTTG CT-3’, IFN-y-
REV: 5’ -CAGGAAGATGGGGTGTGCAT-3" , %t K #H
X%k A A 20 RVA M 3R R = 27000,
AAC(t) = AC (1) sy — AC(E) pompgmaeg AC (1) = C
() HieE — C <t)ﬁ-atlin
1.3 SZitZEHH

KH GraphPad Prim 5. 0 AT 5124047,

BARAL BEZE R « bR (2 2 5) R, 24
[B]R FHJ7 2208 F1 Dunnett’ s ¢ #6556, B2 57 FEAS F
TTEST ¥ 56, UL P < 0.05 1 h & & Pk 2% R A &
1:/]—_\‘YEO

2 #HR

2.1 EFFHEIYI RAW 264.7 HEFER

sbA

M) PRI E R 62.5 ~ 250 peg/ml
I, RAW 264. 7 4IAEIAFIE 31 > 90.0%; 2452 )5 vheh
FREUIVR BE S 500 we/mL B, RAW 264. 7 20 HLAE %
KRN 84. 0%, Wi 5 07 25 HE BUY X RAW
264. 7 AR L U E S 250 pg/mL( WK 1),

FH 2 AT A TR R B TS AT 33 RAW 264. 7
LA 3R T o TR A v 24 ) 3 vk
BB TS, A0 MA7 0% 5 250 ARk T, &
4RI 250 e/ mlL F] RS RAW 264. 7 4ifLA7
(P <0.01),

K1 B hRERYIRT RAW 264. 7 M2 W E TN SEI 4R (n=4, x £ 5)

Table 1 Experimental results of evaluating the safe concentration of CHCe on RAW264.7 cells(n=4, x + s)

2} 5] Groups

e B ( wg/mL) Concentrations ( g/ mL)

MAFIEH (%) Cell survival rate( %)

IEH X RRZH

Control group 63
125
- 250
WL L]
CHCe 300
1000

100.0 + 3.8
92.2+8.0
95.2 +5.5
91.3 +3.0
84.0 + 4.2
85.1+5.6

R2 B PIRBIRT RAW264. 7 ARAEE RGN LI E R (n=4, x + 5)
Table 2 Experimental results of CHCe on the survival rate of RAW264.7 cells(n=4, x + s)

51 WP (pg/ml) oD i BT (%)
Groups Concentrations ( pg/mL) OD value Cell survival rate( %)
St R Y
ERXIRA - 1.9+ 0.3 100.0
Control group
VI N R ]
] AR R 0.1% DMSO 2.0 0.0 100.9
Solvent control group
LAY Xof HEZH
Model control group 0.5+0.0 27.9
R/ SE .
Berbamine hydrochloride 2 0.9£0.1 48.0
R 28 0.6+0.0 31.1
25
= 1 83 0.7+0.0 34.1
CHCe
250 0.8+0.1™ 41.3

0 SRR IR L, * P < 0.05,* P < 0.01, " P < 0.001, ( FZ&[FE)

Note. Compared with the model control group, * P < 0.05, " P < 0.01, ™ P < 0.001. (The same in the following tables)

2.2 EAHAREYMNEI&ER MTC
TESLIG L 5 B 253 B 62.5 ~ 2000
we/mL ¢ JE A1 BE A7 R UL B SR, 4% E S AN

RS S IEF TS HAL(WE 1), #2R8E
T3 b 24 $2 IR X OE H B D £ MTC 2 2000
pg/mL,
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1 S5 2R U P BUR SR 28 R P

Figure 1 Picture display of the experimental results of the concentration of CHCe

2.3 EFPEEBYIID & E M4 RS RN T 2B O 3 AR EE AR R

HAETHEE R (E 2, % 3) AR KEE TS, B WM O0 0 51 832 &, B g2
AL REBE S e S RT , Ry SIEE XA B EEE DR 18% (P< 0.05) \21% (P <
B TR KA AR D b BRI ZOEmE  0.01) 1 22%(P < 0.01)

T BRGNS F AN, B i ZAE P S 43-H DXl (I AL 2 R R Dk AL )
2 Ky SRIBUYIAL BT B £ e AR K AL AE I W A SO i AR ]
Note. The green fluorescent particles are macrophages, and the yellow dotted frame is the analysis area ( Veins from cloaca to tail end).

Figure 2 Typical graph of fluorescence intensity of macrophages after CHCe treatment
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R 3 IR 2RI A s BCE RO SRR A R (n=4, x £ 5)

Table 3 Experimental results of the effect of CHCe on macrophages(n=4, x + s)

W 200 0 ¢ i B (1R %K)

L W 2 /D BSGE 8 (% )

JH W Sz BE ,
(:Ej]] C ﬁklgt( Mgim] i L) Fluorescence intensity of Improved efficacy of macrophage
roups oncentrationst pg/m macrophagespixel ( pixel ) reduction( %)
YR
EAXRA - 42681 + 1279 -
Control group
LAY Xof HR2H
Model control group 38 104 = 849
h/NEEE -
Berbamine hydrochloride 3 >1059 = 1095 34
P2 R 222 44 898 + 2189 18
= S 667 46 015 £ 1369 ™ 21
CHCe
2000 46 385 £ 1277 22

2.4 EFAPHERYNKD & E 1M E e
oAl
Mg as Rl (K 3,3 4) , SRR
P, B 28 U AR L 3 VR BE A B T
A kel /0 BE 5 (A PN S G T BR AR B BCEH (P <
0.05) ,3RWIKE Jr v 2 52 By B A £ E v 4 il
WD REAEH .
2.5 EAPHREINYEDE T 40564 BRI 200
MR (R S, K 4), SIEH xR4T
BRI HRZH T 40 A 5 58 B A B BRI, e B
T A1 R A A i 5 ] 5 5 B T AR e SR, R R

T 2L BT CHOR N TR

Xt B A, 07 PP 25 SR TR T AR DSt
JEWETR (P < 0.01) ;AR IEX T 46
JETT VR H] H 2 AR VE R

2.6 EFHHRBYXNBSE T 400K

SHLHEIR
2.6.1 RNA )& fe 4l

TESZ I 28 5, S 5 0 5. RNA, B 40
JEOGBETH I E RNA ¥ BE J 40 BE (A260/A280 [t
H), 45 R F£ W A260/A280 L IEHIITE 1.88 ~ 2.03
Z 0], & B $E S ) BE T f 8 RNA BT i 400, o]
FIG%E q-PCR L5 (L3 6) .

B3 S P2 R IR A BRUE BE Sh f RN (42 B ) Bk BRSOk i R

Note. Red fluorescent particles are fluorescent microspheres.

Figure 3 Typical image of residual fluorescent microspheres in zebrafish whole body after CHCe treatment
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R4 I IR B VA A D) RE AR DO SRR A R (n=10, x £ 5)

Table 4 Experimental results of CHCe on the promotion of macrophage phagocytic function(n=10, x + s)

e ; FOUCHIRIREEH (1) 5L 2 i s 2 BB S 0 228 (% )
ZH 51 e (pe/mlL) . : . i .
G Concentrations( L) Residual number of fluorescent Promoting effect of macrophage
roups oncentrations( p.g/m microspheres(N) phagocytosis( % )
IR S AR ]
B RA - 90.2 + 1.3 -
Model control group
A IR
Fre el 15 78.7 £ 2.8" 13
Bailing capsule
R SR 222 73.3+4.2" 19
A 667 741452 18
CHCe
2000 76.0 £ 3.7" 16

x5 HITPAERBYXS T 4SRRGSR R (n=10, & + 5)
Table 5 Experimental results of the effect of CHCe on T-lymphocytes(n=10, x + s)

N T 407 Y T 48 i ek 2 2435 T 380 (%
20531 W E (/L) Hﬂﬂ@k)’ﬁgiﬁf(fgi) H LR/ B DK (% )
G C trations ( pg/ml) Fluorescence intensity of Improvement effect of
o oneeniationst femm T-lymphocytes ( pixel ) T-lymphocytes reduction( % )
B R
§Eﬁ% e - 48 178 £ 5225 -
Control group
LY Xof HEZH
Model control group 13779 = 1138
A e
e e 60 25799 + 2534 87
Bailing capsule
97 Y 222 23 153 + 2752 68
EL Y
= 0 ’ 667 29 760 + 3784 116
CHCe
2000 9474 + 1285 =31

T REL ORI T 4
4 7RI AL S BE L £ T 40P 5R BE R K]
Note. Red fluorescent particles are T cells.

Figure 4 Typical graph of fluorescence intensity of T-lymphocytes after CHCe treatment
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2.6.2 XTEAFIERIIEN ragl F rag2 1520
MR A PR AR X 2R 38 5 2 U358, 5 1R % R 2
Fedss , BERUXT BR 2 ragl | rag2 F& PRIAR XS 36 3k &0 15 I
FHETH(P<0.01),ZIrh 2582 s K.
FRBEA ragl  rag2 FEAHXT Rk G B EWKE
(WFET),
2.6.3  XFHIPE T IL-12 F1 IFN-y B0
HRAEFR 8 W R 5 1E 5 X A L, B R4 11-
12 B AR R IR 3 TR (P < 0.001) , &7
R T TG |, RSB0 25 ARk BE T 10-12 Jt
PRIAFX Z ik i B 3 T (P< 0.001) , (R vk &
AR B

5 IE 8 X IR AL b A, SR X R TFN-y SE A
X RIA R B E T (P<0.01), 5 )7 P 254 L
Yy 3 15 BT BE BE T W5, IFN-y 3 RAH X 36 35
SR AR VR A, T rh 25 BRI e R A
IFN-y FEH X R R EW B E L (P<0.001),
2.6.4 XIERIAEHF TNF-o B0

FERUGT B2 TNF-o FE AR 2635 5 (1. 000) 5
IEF X REZH (0. 006) FActh i 2% L (P < 0.001)
ST BCAR  h E R B TNF-o B PR AR AT
Fek 4191k 0,023 0. 002 F10.008(P < 0.001),
PR I G PRI RT3 R VR TIVF - 3 R A X
Fikwm(WEI),

R 6 RNA vk R ali
Table 6 Concentration and purity of total RNA

215 HeBE (ug/mL)

&L RNA WK JZ/ (ng/pL)

Groups Concentrations ( pug/mL) Total RNA concentration/ ( g/ L) A2607A280
= IR 4
TEH XA 1 ~ 0.8 50
Control group 1
T R4
IEH XTI 2 B 0.8 20
Control group 2
IR 4
IEH X AL 3 _ 0.8 2.0
Control group 3

0 X R 2

BRI % BT 1 ~ 0.9 L9
Model control group 1

TR Yo R 4

FERINF 4 2 ~ 0.9 L9
Model control group 2

R S R 4]

R R 3 ~ Lo Lo

Model control group 3

222-1 0.8 2.0

222-2 0.8 2.0

222-3 0.8 2.0

SR 667-1 0.7 2.0
g 7

CHCe 667-2 0.7 2.0

667-3 0.7 2.0

2000-1 0.9 2.0

2000-2 0.8 2.0

2000-3 0.8 2.0

RT B PHERIIN ragl Fl rag2 KR FRMFM (n=3, x £ 5)
Table 7 Effect of CHCe on ragl and rag2 gene expression(n=3, x + s)

ZH 5 e R (wg/mlL) ragl FERIAHXT L& rag2 FEPIAHXS Feik &
Groups Concentrations ( pg/mlL) ragl relative gene expression rag?2 relative gene expression
N RS

EH N IRZH - 2.0+0. 1% 2.2+0.2"
Control group
kb 51 6 HE 4
PLAL e - 1.0£0.0 1.0+0.0
Model control group
AN
(el 60 1.2£0.0 1.2£0.1
Bailing capsule
222 1.6+0.1™ 1.6 £0.1°
IR ELY
bt 667 1.6 £0.0™ 1.5+0.2"
CHCe
2000 1.9+0.2™ 1.6 £0.0™
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£ 8 Erh RN IL-12 T IFN-y FEFFIR ML (n=3, x + 5)
Table 8 Effect of CHCe on IL-12 and IFN-y gene expression(n=3, x + s)

Hh ARy ER " Rk A
R BT ARE RS Y R R 3
B FEZ TG P 3 6 bR rh 2 BRI HA R
BaE J1 M ST 5 e A, 2 T B Rk
KT 22 bk RV T 8 RE B TR PP I R R T AR T
Pe, FEARSIG KM, RN SE 56 24 5 )y Hh 24
FREITE 62.5 ~ 250 pe/mL I, RAW 264. 7 40 fig
TEIERY > 90. 0% , £ W E )7 25 3B B B4
(A 22 4 | ELAE W 40 M 1 S0 38 4 O T, Sk
FREAC AR ST s BRIk U, &2 7 i 25 4R B A
RIFMEGEER , 5 ALA E, g i 36 vk BT, X
A RERE R g 52 O v 24 $ ) 3 DR I 2 4 R
PEIEGPE F1 B VR, 9 2 2R 2 2208 AT 52 o 4 92 40
AN SRR O AN I, AL 4R A 2 B AN T 98k B2 40, B
SEARANML, VAN [ AR A A s T &
5 2 B B TR R AR VRS 56 v 2 B A ) 1
AP AR RS r IV 4T i 5 R BE T, LA
Fo T A 6om i, 3 52 J5 v 24 S U e 1R I
S BE AT A4 M SR ML o ), AR 22 I i
H, E 5 T 2 BRI P B i R AR Y TR O

51 WeE (pg/mL) 1112 LR R A IFN-y SERA Rk
Groups Concentrations ( pg/mL) IL-12 relative gene expression IFN-y relative gene expression
1E B X iR 4
IER R4 - 23017 3.0+0.4%
Control group
R S R ]
P - 1.0 0.0 1.0 0.0
Model control group
N
fre et 60 1.0 + 0.0 2.5%0.4"
Bailing capsule
S Y 222 2.5+0.0™ 1.0+0.1
2
HITINE TSR] 667 1.0 £0.1 1.2£0.0
CHCe
2000 1.2+0.0 3.5+£0.1™
£9 EIhARBUIRT TNF-a JERFZIKIHI (n=3, x £ 5)
Table 9 Effect of CHCe on TNF-« gene expression(n=3, x £ s)
ik WeBE (g/mL) TNF-o FER AN Fe ik it
Groups Concentration ( pg/mL) TNF-a relative gene expression
N HR
IEH X IR - 0.006 + 0.000 ™"
Control group
FLRIRS 2
Model control group 1. 000 = 0.060
AW e
e 60 0.044 + 0.002
Bailing capsule
222 0.023 + 0.003 ™
2L
S AR 667 0. 002 + 0.000 ***
CHCe
2000 0.008 + 0.001 ™
3 it LPS iy R N, IRl BV -2 Al & /i

BRI BTR AN R T 23k S50, R 2R EYE
T AR I 40 7 A DA T 3K 3] 8 K B I 2
ARG 1 6 T i DR 2 TR /RSP 5 T, A T e JE 1) A2
J5 24 B X G 8 D IR R AR AT 4R R UK 1Y
WA, DAL E S IR 7K S B4 B T AR B 9 I 437
DL A2 v 24 B8 B ) 348 3 S 3 7 1 JRCEEL, 55
SN 4 22 1 0F 55 %t 52 v 24 4 B v ) v 25 55y
GaPE S K Bk 45t T AR I M A >0 ol
TR T R 1 0 /N U LS 1L-2, IL-4, IFN-
y,lgG ,lgM 1 IgA 7KV BEAIK TNF-o T IL-6 15
T, IFROI0 A ER A, A WS T h B 40 4 A AN
RSN R I o 72 /N R s 9115 X BB
FEAR ARSI FRAE T 0 S BRI 1 B,
2 B B I 3 SR G o T Akt B 5 2 i E A

P o
4 g

TEASNSE B v 52 05 P 25 S U A R AF 1 A=)
LA, HOAT WY SRR o I A PR K R A 5 =5 /D B
I E AR A7 R RIS R T, =TT P 2y
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JHi K T 240 R R ek 2L [ 3 i A PN I I 4 L 1)
TEPEFIAT IR RE 7 5 52 J7 v 24 $2 ) m] B I i 5 A A4
XFHRZH Y ragl rag2 FE PR X 3Rk 5 6 T W B9 15
B, 82 G REEY) LS I IL-12 ) FRiA
IFN-y BRI AR XS Rk i, B 5 th 25 52 Uy vl b 2%
T TNF-o FEAEX R IE 5, R AP R
Jr 2GR EY) B B s e IAE A, 45
iR, 52 77 h 254 U B W 0 TR S 5 g
TIER . ARG S & J5 h 25 5 BUW VR R B 1
G E LR N IR I R PR AR AR
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ITwW',EE L, EW B, AE ,HR HEAEY EFERY

(1. bR E K2, dbaT 100084 ;2. AL A K%, dbat 100101 ;3. AL BEE K2 EWIEEY R 5te e At s
AR E LT 1001914, HNKEE, ILH HM 213164)

[H#ZE] B FIZEE R (curcumin) M/80F 0z g3 AR Z ALK BUGENLRER I TE . ik 5 JHi
et SPF 2% SD KL 40 H BEHLAY LB R+ 228040 (CON 2H) MBIk + #8541 (HDC 4) ek i+ £+
LA (HDM ) | RIRIKE+A iz sh 4 (HDE 4) Mgk B +£ B £ +A Rz s 4 (HDME 4) . SRR E£A
DI IR AR % | M@ kB ] AR AR 5% . 28 3 Al , HDM JHDME 21 L) 200 ¢/ (kg - d) ZEEEE T, HALIL
ERFR 0. 5% 2 3L LT A Z4hHE S ; HDE HDME 4l T8 358 R 70% ~ 75% e KA = A iz sh, AU
EMES T, 6 W T AL ARG 24 h, JE FKEUN, BERAL EHNEY ., 48 A0 30 T i Jg K
HE Y8 )5 MEE R B HALIEE ; Western Blot 3460 & I 2141 PA B/ 85 F1 - 1 (zona occludens-1,Z0-1) 2 F BT
FRIKF-516S 1DNA ZEFEMFH AN E DN AV BRI G, SR ZHER/SCF K8 T RGN AE 3=
LA R 5 B AH I H I =R (P < 0.05) ; LB ML 70-1 R LK (P < 0.05) IFEBALUES
LA TR SRS (P < 0.05) o S8 ZEB R A/ 4602 3l 1 vl 38 53 R00R 5 1 1 TR, 0 i A
EALR RUAFEIE B e s B v K i pLRE . A B AT Ik e

[RgA] ZWE ARS8, MATEEL; Wi R 8V NTE -1
[HESES] Q95-33 [ XEktRIREE] A [ XZEHS] 1005-4847 (2022) 02-0208-08

Effects of curcumin and/or aerobic exercise on intestinal
function in dyslipidemia rats

WANG Li', JI Zhe', DONG Li', LU Xin', QIN Fei>*, HU Ge*, ZHU Haitao>** , CAO Jianmin"*

(1. Beijing Sport University, Beijing 100084, China. 2. Beijing Union University, Beijing 100101. 3. Key Laboratory
of Bioactive Substances and Functional Foods, Beijing Union University, Beijing 100191. 4. Changzhou University,
Changzhou 213164 )

Corresponding author; ZHOU Haitao. E-mail ; zsettle@ sina.com; CAO Jianmin. E-mail ; bsucaojianmin@ aliyun.com

[ Abstract] Objective To investigate the effects of curcumin and/or aerobic exercise on intestinal function in
dyslipidemic rats. Methods  Forty specific-pathogen free male Sprague Dawley rats were divided randomly into the
following groups: normal diet + quiet ( CON group) , high-fat diet + quiet (HDC group) , high-fat diet + curcumin + quiet
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(HDM group) , high-fat diet + aerobic exercise (HDE group) , and high-fat diet + curcumin + aerobic exercise ( HDME
group ). All the high-fat diet groups received a high-fat diet and the CON group received a maintenance diet. From the third
week, the HDM and HDME groups were also given 200 g/ (kg + d) curcumin, and the other groups were given 0. 5%
sodium carboxymethyl cellulose. The HDE and HDME groups underwent aerobic exercise intervention with 70% ~ 75%
maximal oxygen uptake, while the other groups did not undergo any exercise intervention. Twenty-four hours after the 6
weeks intervention, blood was taken from the abdominal aorta, and cecal tissue and contents were collected. Blood lipid
levels were detected using an automatic biochemical analyzer. Cecal morphology was observed by hematoxylin and eosin
staining. Expression of zonula occludens-1 (Z0-1) protein in cecal tissue was detected by western blot. The distribution of
the intestinal flora in the cecal contents was detected by 16S rDNA sequencing. Results Curcumin and/or aerobic exercise
significantly decreased serum total cholesterol and triglyceride levels (P < 0.05), up-regulated ZO-1 expression in cecal
tissue (P < 0.05), attenuated the cecal histopathological changes, and improved the diversity and evenness of the
intestinal flora in dyslipidemic rats (P < 0.05). Conclusions Curcumin and/or aerobic exercise can reduce blood lipid
levels in dyslipidemic rats, regulate the cecal intestinal flora, protect the integrity of the intestinal mucosal barrier, and
adjust intestinal function, with the combination of curcumin and aerobic exercise having the greatest effect.

[ Keywords] curcumin; aerobic exercise; dyslipidemia; intestinal flora; zonula occludens-1
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B A G K 3 R, N RO S5 0 e A R AR
b, bl R IR B A IR N, MR 2L
Fe ARTBRG VRS 7 TF 5500 0 R s, A
K, EERILE AR MG 5 R R R AR L
THEE S MR EE AL 2 37 o T8 A 3K L W
TESR B 5 i P 25 L AR 3 M T T S )
RS SR WA 1 M T T RS AT LA
LSl N FER e bk R L RN &
ok F T 22 8 R KA RS S B B0
T A PR RE AR MU AR 7 AR S LR i
R, 5 2 B R A Sz 3 T 00 L
ZALR B BB B | 18 T A 45 il 2E BRI RE Y
SN LU 8 IR Has s A T G JLE
AR A R DR KR 5 B 2R AL S H I R 4
SR

1 A7

1.1 ##}
1.1.1 SEEshdy

40 25 JH % SPF it SD KL, R 180 ~
200 g, W4 THr DUgR (dbat) A H AR A TR ] [ SCXK
(5£)2019-0010] , 1A% FAL R & K24 SPF 8y
SEG AR [ SYXK (51)2021-0053 ), VE B IE 3 A= 9
T, I 20 ~ 24°C TR E 50% ~ 0% , b K R
GERRSR , mRR R i DU (b ) A EE AR A RA
AL SCXK( 52)2019-0010]) ., FrAE ARSI E
AT KSRl 27 S 50 40 B2 2R (b ifES .
2019094A) ,

112 EZHR S5

FEF (LB 95% , T H 251 25 B A PR
A, it . CP20191007 ) 5 75 AAE B L1 G4 W ( Servicebio
ocwlL S G1005)  — BT (b)) < AR/ B -1
(zonaoccludens-1, ZO-1) ( Immunoway 2 A), fit 5.
YN1410) =4 HUREpR I L E %R TG (RAEPLA
A4 :9004) (FEME DNA /NG & (N 5834
PR AT RS 7, #E5 . TVD3301-50) . i BT A #L
(Bl ) 5 JBKHL DIAPATH , 2 K H)) 5 i 441
WFEEAY ( Servicebio, H7 [H) ; B AR A6 ] {L ( Thermo FC,
[ ) ; VeritiPro™ PCR {X(ABI, E[H) ,
1.2 FHik
1.2.1  3h¥) o K dm 33 5544

REGE R PELRSE 7 d 5 AR, 1 F B LA 7 5%
RO, 4y R E R+ R (CON 4)  RRIKE
+Z A (HDC )  HIRIRE + 2\ R + % d
(HDM 4) | = BR IR+ A8 s 41 (HDE 41) Fi &
JRIRE+Z R +41 Fiz 54l (HDME 41) , 741 8
AL s 4, #£40[ M IRK; CON 435 58 1k
MR, HA A2l s IR DRI 3R RS T SL 50 e B %
SCHR' A A 22 B R LI R 200 mg/ (kg - d)
1.2.2 THiFE

% 3 J&, HDM 41 F1 HDME 0112555 0.5 h #EH
LR, BRI, R A LLFRIL 0. 5%
BT Z E S s HDE 4181 HDME 74 &
BRI Y BE 50,38 BhBRIE . 70% ~ 75% f KAk
A, iz B .60 min, B BRI B 6 d,
SRJE .6 JA , HABLE ATz 3h 13
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1.2.3  SEERHUR

KW sNIZR)G 24 h B0, BOMATFR R, 5T o
I3H020% 5 hi IHRR I, IR S KON, #E 2 h S
3000 r/min Z5.0 10 min ] 107, 7K _FIBCH R
BN, BT O R, - 80°C VAR URAF RN
BUE 4B, I Wl R 22 il b Uk T4 s 43 P
WOy BRI HAVE T 4% 2 R PRI E , HardH
TR TR, 578 22 -80°C UIAETRAT
12,4 I AR K- il s

4= A Bl Az A 23 A AU E it TSI B B total
cholesterol , TC) , H ¥ =i ( triglyceride, TG ) ., 15 % J&

g & 1 H [ % ( high-density lipoprotein cholesterol ,

HDL-C) FAIK % B A & A M8 [ B2 ( low-density
lipoprotein cholesterol, LDL-C) ,,
1.2.5 HE Bl K RE I HIUEE

il & R E AL AU VIR ATRAR RS,
WU 3 ~ 5 min, FROKPE, AL AL, FEROKE,
R ERGR W, WK moE . VIR KA 85% \95%
BEIAE KA 5 min, APHELGEE G 5 min, VIR
KT ATCKZEE T 5 min —TE/KZEE 5 min-JC
IKEEEN 5 min ——H K T 5 min-—H K1 5 min %
B R B R B BB ARG, RIRCR B )
Bro BEUR A 2060 AR 2 i,
1.2.6 Western Blot fuill 5§44 20-1 FHH KL

PRI 1 R BUR 440, A RIPA 2 142X
R, AC B DHIUS 1] BCA J5 kb5 A E
i, KA B 20 e, —PT Z0-1(1/1000)4°C
PEE . U H VEIBE N A — BT AR [F] Fh U 5 4t
(1/10000) %7 2 h, TBST ¥R 6 WG dEfTib2i &
oG, BER AR AT AR . B-actin HNZ,
1.2.7 165 rDNA J PRI Py 5 AR AGHI M7y 18 T A

BGERH N Y X N A B R DNA K
A V3-V4 XIiE4T PCR 4734 SCFE 6l & SO i
Ko 8 B, i BEE 1 TAG 91 BE AT RE AR X 43,

PCR §" #8257 . 94°C A PE 5 min; 94°C 2 1 30 s,
62°C K 30 5,72°CIEAH 1 min,30 MEH ;72°C Ly
FEAH 8 min,4°CAR-AF . K Hlumina Hiseq 2500 ]
S - 5 R D5 A% 1 SO EA T DU R
1.2.8 EWEEES

27 Silva B 15 iR 97 % FHAUEE K 7 51 R 2
AN TT IR T A 2R ST HRE
PR IT R G IR M 2 1 A 5 43 A (liner
discriminant analysis, LDA) #£17 LEfSe 22 Y)Fh 2 57
SN ASAT I Hh 2 D) LA G 2 2 S AR g R
H Rstudio FAFIM T RER 1O 2 R0 b 22 5 51K
1.3 SZitELSH

SEEEHE I + PRiE2E (1 5) FoR R
et R 1 SPSS 21. 0 & 4Ll 234 5% B A
E 7725707 (one-way analysis of variance, ANOVA) |
Ti 22 55 % /b 18 % 22 803 (Least Significant
Difference ,LSD) % , /7 Z AN 55 % Ji| Tamhane 3%, %
AET 2 x 2 BriA BT (R Ay R, HE B
NATERIBEN) T 220 T, P < 0.05 3RoR 2
FRATREM, P < 0.01 Fm 2N A BEME,

2 #HR

2.1 ZEHZEM/SEFRIEFHTMAEZFEL K R MBSk
g EA |

TC.5 CON Ak, HDC 4 & & T+ & (P <
0.05) ;5 HDC 41 AH ., HDM 41 HDE #{ HDME 4H
B EEK(P < 0.05) ;5 HDME 4 4f 1L, HDM 41 &
FIHE(P <0.05), TG:5 CON 4AHI ,HDC 4 .
FIE(P < 0.05) ;5 HDC 4 4] b, HDM 41 . HDE
2 \HDME 41 & ZF#K (P < 0.05) , HDL-C: 5 CON
AL, HDC 4 B E R (P < 0.05) ; 5 HDC 44
I, HDE 20 & F+& (P < 0.05), LDL-C: Y CON
ZHAH L, HDC B E T+ (P < 0.05) ;5 HDC 414
It ,HDME 2H B &N (P < 0.05) (W# 1),

R ZEFEN/EA RS S0 LR BURLAEACF BRI (n = 8, 2 5 )

Table 1 Effects of curcumin and/or aerobic exercise on lipid levels in dyslipidemia rats (n=8, ¥ + s )

205 Groups TC(mmol/L) TG ( mmol/L) HDL-C ( mmol/L) LDL-C( mmol/L)
CON 4 Group CON 2.21 £ 0.42 0.88 + 0.29 0.71 £ 0. 15 0.56 + 0.28
HDC 21 Group HDC 3.45 £ 0.53" 3.42 +0.93" 0.52+0.17" 0.96 + 0.31"
HDM 41 Group HDM 2.49 + 0.36% 2 1.20 + 0. 46" 0.64 = 0.21 0.87 = 0.15
HDE 21 Group HDE 2.31 + 0.21% 0.85 = 0.34% 0.66 = 0. 13* 0.87 + 0.21
HDME #H Group HDME 2.09 = 0.29* 0.92 + 0.33% 0.64 £ 0.05 0.77 = 0. 11%

;45 CON 4HAfLE, * P < 0.05;45 HDC 4iAHIL,*P < 0.05; 55 HDME AL, P < 0.05,
Note. Compared with group CON, * P < 0. 05. Compared with group HDC, ¥P < 0.05. Compared with group HDME, %P < 0. 05.
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2.2 EEEN/HEREINMEZEKRERA
ARSI

CON ZH iz 18 03I M7, JC AR A 12 G4 5 AR 20 it
HRHNF LR, 5 CON AL, HDC 20 41 iy
P BRI | 38 SO, 30 A E 12 % ; BROIR 4
MIATE R H Nl R AE R 4y 5 HDC 4 AH L,
HDM 41 HDE #1 HDME 4 Jiz i £ 33 b ; A1OIR 20
LT 4 L P9 Hh B D B 9 i 2 Y s Hod HDME 41

BEEEON B E(WLE L) .
2.3 EEZN/HEREFHNMEZIEIRRERA
4 70-1 EARKIEWEM

HWHL 20-1 A LR, 5 CON AL,
HDC 20 B ZF AR (P < 0.05) ;5 HDC 445, HDM
20 HDE 4 HDME #H & #F & (P < 0.05); 5
HDME #H#H [, HDM 20 HDE 4H ZO-1 & % kA
FEAEHHTC B 25 (P > 0.05) (WLE 2)

1 L FR 80 Az sl AR TS BUE AL 2 U 2 W52 1

Figure 1 Effects of curcumin and/or aerobic exercise on cecal tissue morphology in dyslipidemia rats

B2 FEEA/ B R s RS RE M AL4L 20-1 3 H BB R

Figure 2 Effects of curcumin and/or aerobic exercise on cecal ZO-1 expression in dyslipidemia rats

2.4 EEEN/HERESHNMEEZIEKREER
BB

Alpha Diversity Z2F¢ Vil # F T Y Fh 2 4%
PR ATEE ) Hid Chaol $550H T Y Fh 2
R, Simpson $8EUH T = A5, 5 CON
ZHE, HDC 4K BRI IE B #f Chaol 84X Simpson $§
B H AR (P < 0.05); 5 HDC 41 t, HDM 41

HDE 21 fl HDME 41 K [ 2% 8 3 Bf Chaol 48 %L,
Simpson FEE0EE T (P < 0.05) ;5 HDME 21t
HDM 41, HDE 41 f5 B& X ¥ # 0 JC W & ¥ 2=
(P >0.05),

Beta Diversity 2404 H T2 M AR 8] U ) 41
BAARRITE ", CON 415 HDC 40K R s 43
B, LHEEHS; HDM 41 HDE 41 . HDME 24351 5
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HDC 4% %, H5 CON 4 & &, HDME HHEEH 5
i R (LA 3) .

SRtk — AR R A 4K R T TR R R DR A AR
XF 5 2K B E EREZSHEHE T LDA 2087, it i B
Bt r 2R EY iR, B 4A 2 5 AR
A2 @ 7K1 LDA A{E, FEAE K AR R %50 2 5t
)22 55 8 i %, CON 41, HDC 41, HDM 41 . HDE

4 HDME 4 E 25 F A AE AR iR 5 A 13 4
10 .6 45 1A 11 A4S, &1 4B UUFFR 8 35 IR IR
J& Papillibacter , Elusimicrobiaceae it B KRIHT 4
ANEAE CON dH i 46 s 1R A Jm R RE R EW0A
ZEHE HDC 4 & 4E, Erysipelotrichaceae | Barnesiella 2
1 HDM 41 & 4 ; 28X )&  Epsilonproteobacteria J2FT
HETE HDME a5 (K 4)

B3 R E N/ B s sl I R L R 8 R S R

Figure 3 Effects of curcumin and/or aerobic exercise on intestinal microflora abundance and diversity in dyslipidemia rats

3 g

WFFE I 1 32 1 38 AR 7K AN AR T ast A%
R, 5 AR IR A6 58 % R % V) AH
S R BUm AR S AL T A K I T AL,
T IR i 285 B 5 I 5 2 Pk, 8 T g 5 A0 9 Ak 5 IR
P G AR EEN Y Resta' ' BT & B . i AR
RET TG , KB BTAC S R b ™ AR R A B
MR B Ak S E Y, BE A A I, 1 TR A0 R
DIV FER 7 18 A8 . Chen 50 BFSY R PR, 5 B8
IR B AR T K U 38 T A 1 = R 2 R JUAT
FITTEEREACRERE B TR F S, g9h i
Fhois ] DLl JELRE D 1 IR, DT 2 2 g 7 7 i AR
WAL, 3 TC TG W& T+, Z0-1 &M
B B ) 2 W SRR ) R R R
SEFRIRE 7 1 K S AT AR AIPE R, fE R
bra& k8 1, 20-1 85 115 W %6 15 Bt 15 D) Be 2 1E AH
U 70-1 F IR R 0k 0T LAGERE I 266 15 B B o2
B I Z IR ) i 18 R 28 TR R sl T
WAL DN 2 52 1 440 i (1) ' 5% 32 200 1L, BHLASH P 86 e &
FEBH B BE T RE , A 5 40 A M B K B A IE A
51 % P IR PE R ge R s ) AU, I s 356U Y & A
R, S A E I R B e 0 1 A i 5

WA AP 20-1 AT, IR I T WA T
MR R B R B 1) S B R A L B2 A, a8
AR T A A0 A e G O R R R
5 i 5 1 o o g M 1) SR IR R 0 A e A N
IV TR P T = B R 3850, A A5 o e A s D7 TR 1 A
B, T T 422 SR SRR 240 B 4 0 G R 34 5 A R B o s
HREM 52k, Bl 20-1 A &Rk, A&
52 HDC KR 8 JAl Rk & )5 AR /K- 5%
Ji70 1 TR RE A R X8 50 B AR A (A T B R I 1 7 )
ke HERE R AT E BT R
FEAG, R RERE T SHIAFE T &), 55 Chen
AU AR— 30 20-1 88 R A K PRI, 1 B
IR 5 B A RE VR T Sl A A o, U 8 SR K
AT & K B 25 L, 18 0T & K U iE
FEZEAL , WA 20 B B D) RE S SE e ME IR A )
LRI I8 i A WA K, A 800E s
R AESRAL, PP I b R e o gk Y Li AR
GER PR, 2 1 K AT S o A R TR RURBE TR 1/
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TE: A:LDA 1A 5310 B, A bR iR A 057 BI (A /2 LDA score = 2, J4 06 1 (94 AR 4% LDA score fE R E/INHES B RN REM P, AR AR L
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Note. A. Distribution of LDA scores. The screening threshold of biomarkers was LDA score = 2, and the screened biomarkers were arranged according to LDA score
value from large to small. B. Clustering tree of species. Phylogenetic trees (phylum to genus level) were constructed from the selected LDA results. Different color
nodes represent microbial groups that are significantly enriched in corresponding groups and have significant influence on the differences between groups. The yellow
nodes indicate that there is no significant difference in the distribution of bacteria at this level between the two groups.

Figure 4 Effects of curcumin and/or aerobic exercise on intestinal microflora difference in dyslipidemia rats ( LEfSe analysis)
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Construction and preliminary evaluation of a mouse subcutaneous

chimeric model of renal vascular unit based on isolation of
kidney-derived cells from human urine
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[ Abstract] Objective To construct a humanized chimeric mouse model by subcutaneously transplanting NOD-
SCID immunodeficient mice with kidney-derived cells cultured from healthy human urine mixed with human mesenchymal
stem cells (MSCs) and human umbilical vein endothelial cells ( HUVECs). Methods (1) Kidney-derived cells were
isolated from healthy human urine and cultured in vitro. MSCs and HUVECs were also cultured in vitro. All three kinds of

cells were identified by immunofluorescence. (2)The three cell types were then mixed in a ratio of 3 : 3 : 2 and injected
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subcutaneously with Matrigel into NOD-SCID mice to develop human tissue. The transplantation model was identified by

hematoxylin and eosin staining and immunohistochemistry. Results

(1) Kidney-derived cells were successfully isolated

and cultured from urine, and renal tubular epithelial cells and collecting duct cells were detectable and identified by

immunohistochemistry. (2) After subcutaneous injection into NOD-SCID immunodeficient mice, the three kinds of cells

initially developed tubule structures and human-derived vascular structures that communicated with the murine systemic

circulation. Conclusions

We successfully created a chimeric mouse model of the human renal vascular unit by

subcutaneous transplantation of kidney-derived cells, HUVECs, and MSCs, including renal tubular epithelial cells and

collecting tubular cells, into NOD-SCID immunodeficient mice. This model may provide a humanized animal model for

research into the individualized treatment of human chronic kidney disease and kidney-related viral infections

[ Keywords ]

kidney-derived cells; human renal vascular unit mouse model; subcutaneous transplantation;

mesenchymal stem cells (MSCs) ; human umbilical vein endothelial cells (HUVECs)
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Figure 1 Kidney-derived cells from human urine and HUVECs, MSCs
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Note. A. Renal proximal tubular epithelial cells. CD13 (red). B. Renal proximal tubular epithelial cells. Villin( green). C. Collecting

tubule. GATA3 (red).

Figure 2 Kidney-derived cells is detected by immunofluorescence
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THR/NGRS R (] 3B F13C) , Bifi)5 43l i HE
Ye@ MG 5 EXZ MW AT T AR, E
Seifd HE e ol SRS A Y b B A8 454 (&1
3D LTk AR ) F/NE S5 R (] 3D rhag (o
KFR) o A TR0 B A ) TR Y i A N
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R, B2 A I 45 5 W7 B Al v R 1 i af
ERENEFRIE N 4 iP5 HLA-A (18 3E) ;1 H.
A T I T 28 R w5 K S B9 FITC-dextran (£
) BRIz AE 2 TR I 55 /0N BRI 4 A i T
[] B 3 e o AG: N 2] 40 B £ 25 11 ( Cytokeratin ) 58
ik TZE H EERB T/MNEE I A, ik
By T/ NE SR AR (18 3F) o

TE AR A BN B U S/ U R R B B, C OB TN R BRI D RS A B9 HE Je (2528 i 250 (L EHTL) /0
EHH (SREOFK) B RETOCRIFEAEY) HLA-A H FITC-dextran £554% : NYRIMAE LM (LA, ) 5 F: RBEETOCKLIN Cytokeratin 5254 . A

INEER (AT )

B3 B FBHEYAHLR IS S SO

Note. A. Schematic diagram of subcutaneous construction of human renal vascular unit mouse model. B, C. The grafts formed in the subcutaneous issue

of mice. D. HE staining result of the graft. Vascular structure (red arrow) , Tubular structure ( green arrow ). E. Immunofluorescence detection of HLA-

A and FITC-dextran results of the graft. Human-derived vascular structure (red arrow). F. Immunofluorescence detection of Cytokeratin result. Human-

derived tubular structure (green arrow).

Figure 3 Histopathological morphology and immunofluorescence detection of subcutaneous grafts
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[ Abstract ]

dynamics of the influenza virus and its distribution in respiratory tissues. Methods

Objective  To establish a tree shrew model of HINI influenza virus infection and to explore the
Twenty-four 3 to 3. 5-years-old adult
tree shrews ( Tupaia Belangeri Chinensis) , with equal numbers of males and females, were randomly divided into a blank
group (group B) and a model group (group M) of 12 tree shrews each. HIN1 influenza virus 600 wL/bird (1 x 10%®
TCID50/0. 1 mL) were inoculated into M group tree shrews through the nasal cavity; the rectal temperature was measured
every morning from rom 3 d before until 10 d after inoculation, and throat swabs, nasal swabs, and blood samples were
collected to determine the viral load. Blood levels of neutralizing antibodies against influenza were determined on days 2, 4,
and 7. Three tree shrews were randomly sacrificed on days 2, 3, 5,and 10, turbinate, trachea, pharynx, and lung tissues
were collected for viral load detection, 3, 5, and 10 days of tissue were taken for histopathology. Results Tree shrews in
group M showed clinical symptoms such as a disheveled coat, loss of appetite, slow movement, increased body
temperature,, and increased nasopharyngeal secretion, and their blood viral load appeared. There were some pathological
changes to the turbinate, pharynx, trachea, and lung tissue of group M. Conclusions The clinical symptoms of tree
shrews infected with influenza virus were very similar to those of humans. The established influenza virus tree shrew model
provides a valuable tool for studying the pathogenesis of influenza and evaluating anti-influenza drugs.

[ Keywords]

influenza; HIN1 A/PR8/34 virus; tree shrew; infection; animal model
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Figure 1 Body temperature of tree shrews
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B3 HINT G RER YA R o AN [R] 1a] 5

B2 HINIERRES S W A I 2E 20 s B R A AR 1k
L3 TP A AR 2R AR A Figure 3 Changes of viral load in turbinate, pharynx,
Figure 2 Changes on viral load in nasal swabs, pharyngeal trachea and lung tissues during different time
swabs and serum of tree shrews infected with HINI virus after infection with HINT virus infection in tree shrews
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Figure 4 Viral load and antibody levels in blood
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Figure 5 Pathological changes of turbinate, pharynx, trachea and lung tissues of tree shrews infected with HIN1 during different time
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15-1 F1 hACE2-15-2 it /N IE h hACE2 mRNA FVE KK 3L, Wi e & B8 R4 751 1) hACE2-14-3 /MR
RN TR TR, DY 45 B B 7R hACE2-15-1 5 2 /1N BUE /NS I 11145 79 1 40 B vh 41 hACE2 8
B, it RS T EAESRKIENFIIA hACE2 AL BAC FIE /R, £ 88 58 B hACE2 Ji ) F M S I i 1
X, AT RO M35 BTt i 8 2 R AL B9 hACE2 JEPR ek TP LRI BF o2 2 pe i B 2 SR s T .,
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Preparation and identification of human angiotensin converting
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[ Abstract] Objective To obtain a novel coronavirus pneumonia transgenic mouse model with constitutive human

angiotensin converting enzyme 2 (hACE2) gene expression, that can efficiently maintain human physiological levels of a
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bacterial artificial chromosome ( BAC) hACE2 gene. This model could provide an important tool for research into
cardiovascular disease, the pathogenesis of novel coronavirus pneumonia, and the development of drugs and vaccines.
Methods A BAC plasmid containing the complete coding sequence of human ACE2 (hACE2) was purified and transgenic
mice were established by fertilized egg microinjection and Fallopian tube transplantation. Stable F2 mouse strains were
obtained by cross-breeding and analyzed in relation to integration of the hACE2 gene, gene copy number, relative
fluorescence quantitative polymerase chain reaction (PCR), Western Blot, and immunofluorescence. Results Four mouse
strains (hACE2-6-9, hACE2-14-3, hACE2-15-1 and hACE2-15-2) were obtained. The result of gene integration showed
that the hACE2-6-9, hACE2-15-1 and hACE2-15-2 strains contained the complete hACE2 gene locus and long gene
regulatory region, while hACE2-14-3 contained the complete hACE2 gene locus and a short gene regulatory 3” untranslated
region. Relative fluorescence quantitative PCR and western blot showed that hACE2 mRNA and protein levels in the
intestine were lower in the hACE2-6-9, hACE2-15-1 and hACE2-15-2 strains, while expression levels were higher in the
hACE2-14-3 strain with shorter regulatory sequences. Immunofluorescence staining showed that hACE2 was expressed in
We obtained

novel coronavirus pneumonia hACE2 transgenic mice with the full-length gene sequence and the complete promoter and gene

renal tubular epithelial cells and pulmonary vascular endothelial cells in hACE2-15-1 mice. Conclusions

regulatory regions. This model will provide an important tool for the study of cardiovascular diseases and the pathogenesis of
novel coronavirus pneumonia, as well as for examining mechanisms regulating hACE2 gene expression and the development
of drugs and vaccines.

[ Keywords] ACE2; humanized mice; bacterial artificial chromosome; gene expression

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

231

M4 Bk R 5 AL 2 (ACE2) J& T 4E A Bt 4
BRI BT e e 7 ('severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2) M T ik 15 + Z 1K, H
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O SER SR [ SYXK (97)2020-0019 ) SPF 514)1%
MEN . (RFEE OGN 12 h B AS R TR E 40% ~
60% ,JE 22 ~ 25°C , SNYIRAELORAFT G LigHi A
LA I PR A0 SE 8 S A BR[| A AR 2020
-D069-01 5],

112 EZH SR

BAC J& ki ( BACPAC % J& + .», RP11-
478H11) , M16 1% 3% i ( Merk, M7292-100 ML) , M2
REFE WG (Merk ,M7176-100 ML) , % B J5 i i ( Merck ,
H1136) , 2 5 Mg fE PE IR IR (T I8 MR T,
PMSG) NG EREE MR R (77050 MR,
HCG) , h ¥ 5& 4] DNA /)i 3 G50 6 (g sk
P, DK611-02) , EasyPure RNA Kit &7 & (b 50 4
X 4, ER201-01 ), &2 % s il 7l & (b o 2%,
11123ES60) ,qPCR i 7 & ( £ 25, 11201ES03/
08/60) , Anti-ACE2 ${4 ( Abcam ,ab108209)

Leica ZHZU] F ML (Lecia CM1950, f2 7 ) , i ¥
BVER G (eppendorf, T2 ) , & T U5 (Leica, £
), higH (SUTTER, £ [H ), M= i ( Bk
B, BA) S R O AL (Thermo , 2 [H) | 5 3082
PR (B2 A8, R E ), PCR X (eppendorf, ff[H ) |/
T4 ( Eig—RE P ) qPCR A (BTIHIEH |
), KA LKA (i RBERHE A TR AR o
1.2 FHik
1.2.1 BAC Fokipy4ife

7 b BAC UKL RP11-478H11 ( 7 %1 5.
AC097625. 11) 41K 194 492 bp, £ 7 hACE2 JL[A K&
HEE R, ¥ iR BAC BB E AR E] 100 mL
SEZRYM LB B3R, 32°C i iR % 55 5% 16 ~
20 h, FHBTRLHE IO & fh 42 BAC Bows , R 4
P DD BEDI I A7 Ik w37 58 e H Dk S5 0, Kk b 37 B

HLKS BN 6 V/em JKIP A FE . 120°C 4 i
[[]:1 ~ 25 s A3 2 ~ 300 kb HLUKAT[A] . 18 b,
V%2 IEB 1 BAC BURLAE BT (HRE N 0.5 mL
¥ 1 mol/L Tris-HC1,10 wL 9 0. 5 mmol/L EDTA #1
1 mL A9 5 mol/L NaCl HTEE /K EZF] 50 mL) Hid
BBENTAAL K BAC FURI S AR FESE] 1 ~ 3 ng/pl
S H
1.2.2  AUEfk BAC B EER /N R AR TS

FFHBLE A 28 1 T (AME 1.0 mm, N4,
0.78 mm, K& .10 cm) FIE E £ (FME 1.5 mm, N
11 mm, K10 em) , B E 4 O RAME 100 ~
120 pm, N4E 20 ~ 30 wm A4, S Ja &AM 15°
B HTESE R FR BB BAC JBORL T 5 B G 19
MR, A B EAZ N RO IR R R & M16
KRR, A1 H 1600, % 4 J&#% C57BL/
6J ME A% RE 2 SU IS PMSG, A5 47 h 5 1%
B HSU BRI HCG IS M ARG EI R, 44
K 9:00 Fiy 51 A8 R A HB W AR 32 B AT A0 Y
FHUEESHER ISR R BAC ORL I 5 21 A6 10 1 DA%
W& SRR RS KON IR, s 7 2 M6 KR 3R
W EFR

WRIRASAE . L 0.5 d 22 ICR Z AR B, MR, 5
BRITHRE &, WORE SORLIT I 75, B9 8 A T 00 2 1k
BYFFEAEPIM 0. 5 cm AMNLAZ , HBGSL BT Je 1
I A S BT 10 B S A BR A, TG 7 e 1 7€, 7
PR BT T R T OR A AE IE T, 1 mL VRS AR AT
SKAE A RS HTO R — 10 0| 2 5 B R IR 22 e B 1 ik
N O e WG, o3 o 4 B WL 2 B B2 ik, RT3
B, 18 d JE WA BRI IR R o W15 0 K A7 d
/N BT HRFRIC , H0EFT hACE2 AR JE R 2% A1
1.2.3  FEFLP/INRAMIESE A i Al

FIFHZE 1 5| R B 2 ik DR/ B P 1y i
ANl AR R FIAS R DL UE BE A5 I N
Ji , AT S MR I R VK AU
1.2.4 2% G e SIMIRSE DR ) 45 D1 %K

fdf FH 2% 1 PCR 04 & F2 AR/ Y
PEDUVRGIAT RGN . 420836 1 rh a5 14t AT B 3L
I BRI AL B AR . DL BAC KL A 41 L ]
P2 DUEO 5 A BR AL i | 1 SORE MR B2 R B 3] 50 ng/
L, ARV 10 fE5 A0 BERR IR 5 UK, IR 3K45 5 AR iERE
i, BEASUR EE R BERRUE S AT 3 WA, R ARIEA AL
Y E DI E T G 2 B W R OETE 7/ S DI
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HES BAC FURIEFT qRT-PCR 5256, [ RiAR & F1 4%
PEPEL AT, RS A B 3 S TATIREAR

IRAFHY Ct (EE A 2 R 48 X e B bRl 26, A
TS SR /N ACE2 B HE D1k s .

R1 P PCR BIMZFR T K= RN

Table 1 Name, sequence and product size of PCR primers required

EIE/E2 S SIFAN(5°-3") TR/ (bp)

Primer name Primer sequence(5’ =3 Product size(bp)
hACE2-E1 F:TCTGAGAGGTTGTGAGTGT R;:GCATTGGCTTGGAAGTATATC 747
hACE2-E17 F.CCACCGATTATTCCTTGTTG R;GCACATTCTACACAGTCTCT 750
hACE2-ident10KB-5’ UTR F.TCCAACCTCAACCTTCCTA R:CCTCTTCTTCCTCCTTACTAC 591
hACE2-ident6KB-5" UTR F:CCAATAAGAACCAGACACAAC R;ACCACCAAGCCACCATTA 977
hACE2-ident30KB-3" UTR F:GTGTTGCTTGTCCAGTCT R;TTCTCGGTGTTGTGCTTAT 964
hACE2-ident10KB-3’ UTR F:GGTGCGTTACTCAATCCA R;CCTTGTCTGCTCTTCTTCA 743
IncRNA-genomic F:TGATGCCAGAGATGTAATGT R:GGTTGCTCAGTCCTTGTT 504
BMX-genomic F:GGCACCATCACTTCTACTT R:GGCTTACCTTGTCATTCCA 560
hACE2-3’ UTR-5KB F:GGAATGAGATACCACCTTAATG R:ATAATAGCAACGCCACCAA 811
hACE2-qPCRcopy F.CCACTGTCATCTTCATCGTA R:ATCCACCTCCACTTCTCTAA 137
BMX-RT/qPCR F.:AATGGCTGCTTGCTGAAT R:GTCTGACTTGCTGCTGTAT 303
PIR-RT/qPCR F:GATGGTGGAGCCTCAGTA R:GTTGGTGTGCGAGTGTAA 132
IncRNA-RT/qPCR F:AGCACACGAGTATCTGAAG R:TTCTGGTTGTCAAGGTCAC 244

1.2.5 AEXI& s PCR 42 hACE2 . BMX PIR F1
Inc FEK )R IA =

WA i R SR/ N BRI AR L 4 2, 64T RNA
FEHCAT cDNA ] 7%, ffi 1] qPCR i 57 & Hieff ©®
qPCR SYBR ® Green Master Mix( No Rox) #£472¢56
FEHE PCR, ROWARFR KA A2 B E 0L B 45
FI RIS Cu A 5% AL EAT He #5387, DA b gRT-
PCR SLEG I E 3 N FATHE S, it 3 IRER
SEEARAFEE R
1.2.6 Western Blot £l hACE2 % 4 %34

LB w2 s, B R, R E R
EEWREE, e H K AR Y i 80T TR A
FALNMA T FRES . WA 90 V, 73 B5 I8
HLH T 120V, FRETR M i PR B IR 45 Ik Uk, =2
JEHEATHEE I K PVDF B F g oL | 20 Be i e
SER R PR VKA 2 4E I, 220 mA L1 h, B%
HRESE U HCH PVDF B LB 2 XA bRid 4f iF
K, BHE —¥i (1 : 500,4%C 1+ 7)) A= (1
5000, %% 1 ~ 2 h) , TBST P& 3 %, FTIF4L2: ECL
RMERGE, 1 B 7% 2 & 6 AR b % n
ECL BIGH, fE4b 24 ROt R 40 h gt g8, M4 2%
I DA S IR T BT R, SRAEE A
1.2.7  RPEDCHKM hACE2 & 5 Fi

2 2 ] 5 S AL S e 21 SO S S 2 T
HAEE W, 4C E SR, BEdZ PBS ik 3
T, BT 30% FERE W T, 4C KA T OiE, R
HLLTE L UUIE T WO, L 2L 4% 1E

W7 AL &, A OCT, B T A &5+
IR, OCT 582 HEE A -80°C VKA R AEFREH

VIR e g ot g o, % [ 5 1) 4l etk A7 i
LEU) AR IEE 10 wm , SUIFFRIC, —20°C IR AE %%
. BUBEIH 40°C 4t A 15 min, PBS H{EME 3 WK,
£FYX 10 min; 0. 3% TritonX-100 # 1;10 HI A H,0,
RWOREEALFE 15 min; PBS M3k 3 ¥k, &K 10 min;
1% BSA+1% M35 % i T EH] 2 h; A —$HT ACE2
(1:400) ,4°CHiE 48 h; KFR—Pt, PBS Ek 3 1K,
BRI 10 min; INATEA 5EER BAHRN 1) 4T, 2 Tk
JEIFE 2 h; PBS IEE{E 3 K, B:IK 10 min; DAPT 4L (4
10 min; PBS ¥k 3 I, R 10 min; HhE 7 #OE
LI A I TR T OB R
1.3 SitELSH

K SPSS 11. 0 A48t i, B B
DI « AR (& + ) B, FRRE
J5 220 (ANVOA ) 47 g K%, 2H 18] b O 22
BT, P < 0.05 N ZESFBEAREME,P <0.01 K2
S EA B EE,

2 R

2.1 ERBIRESRENHNE

JEERIHE DLRCR I (8] 1A) 7, hACE2-15-1 #%
DU #E =5, 1 hACE2-14-3 5 fik, 43317 5 UTR .3”
UTR G X B2 5 19 (B 1B) #3875 19 FO 1R
NRFEHR YL HETT PCR %52, L3k 4 HpHEE
B, 05 C57BL/6) /NEREAT A4 sc B M kA 4 4
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i %, % hACE2-ident30KB-3UTR 7 hACE2-14-3
FABEY B KW, K5I B ReE 4
hACE2 FEHEEPR /N L R 2 o 186 Hh o — B 52 10 4%
W 1C) RS EAE 1BITR,
2.2 AXTEHEE PCR EE N/ FIEMNE G
hACE2 E[EFRiLKF

XL PCR 455 B, T 480 . =W |

w17 F 4k i h , hACE-14-3 /RS 22 hACE2 mRNA
Fik R, hACE2-6-9 Fflk, KA N RERFAK
(1 2), hACE2-6-9 1 hACE-14-3 & Z 75 3t DY Bt
HONHY ACE2 1) mRNA (A X ek it 25 S pf L i 3%
PE(P < 0.01), hACE-14-3 5 hACE2-15-1 7£ +—
feIm Az H mRNA AYFHRT RGN 5 25 5 BA B %
PE(P < 0.05), = MZs5 I, 76 mRNA #9FH X 3%

TE A4 ANRERER/NRANIREE R hACE2 RYF5 DUBUHDIRIEL ; B 4 D FERER/IN U 1 BUTE BAC _ERYNLEL; C o4 D FEHE TR/ BRUHE PR 4 4

& PCR A,

1 ARG 75 DB e ARG ) BeTE BAC BRfE

Note. A. Four transgenic mice copy number histogram of foreign gene hACE2. B. PCR map of genome identification of four transgenic mice. C.

The position of four transgenic mouse integration fragments on BAC.

Figure 1 Foreign gene detection, copy number identification and position of integrated fragment on BAC

A4 NEREFVNRAE T 48 mRNA 193855 ;B .4 DEEFEVNRFEZ T mRNA 93635 C .4 MR FEV/NRAE % T mRNA 193
i85 D4 ANEEIERUNRIEZS I T mRNA (93814 ;5 hACE2-14-3 #iLE, * P < 0.05,* P < 0.01,
B2 i = mmRZi T hACE2 B9 mRNA AAX] 3Rk K-

Note. A. mRNA expression in duodenum of four transgenic mice. B. MRNA expression of four transgenic mice in jejunum. C. MRNA expression in

ileum of four transgenic mice. D. MRNA expression of four transgenic mice in colon. Compared with hACE2-14-3, *P < 0.05, " P < 0.01.

Figure 2 Relative expression levels of hACE2 mRNA in duodenum, jejunum, ileum and colon
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RS A EM (P < 0.01), hACE-14-3 5
hACE2-15-2 7E+ 48, mRNA [ A X F ik 5 22
SHAREMEP <0.05) , MAER P F, G R E 12
S TEZS IR ZE T mRNA BRI XS Fe5A 8 25 i A
WEM(P <0.01),

2.3 Western Blot #&ill/NRAZEPNE hACE2 EEH
TERG FE I hACE2 /N B i 18 DY B 2H 21
hACE2-14-3 i hACE2 & FH #35 /K F-f¢ 5 , hACE2-
15-1 Rz, Hofth 2 4> /0N Bl 38 A ARG 0 A G 2 11 A9

TR (K 3), Hd T =15 mdl4i$, hACE2-
14-3 A hACE2 5 335 HAh 5 R 7E /N R
HRARI B A D (I Rk (B 3A) , R A
Ak hACE2-14-3 B HE IR IR K P s, HoAh i &R
FE /N B A T 21 A0 OC & 1 By R 3A8 ( 3B) ., TE
7 220 hACE2-14-3 (1 85 1 3 3k /K K AR B
151, hACE2-15-1 WKz, HA & 2R 7 /N B H A A i 21
MHRE A RE (K 3C), TEL AL T, hACE2-
14-3 1) hACE2 25 11 3R 38 7K - f i, FoAth i R FEAS
JoRIL (K 3D),

TE: A4 DEEIEDR/NBUE T 18 h hACE2 B WFIA ;B4 MR/ RUE 2 hACE2 85 YRI5 C o4 ANFEER/NUE [ i v

hACE2 & FIWER3E ;D 4 NI /N RAE L AT hACE2 T ARk,

B3 . =W B AEE T hACE2 & F PAIXT I8 K-

Note. A. Expression of hACE2 protein in duodenum of four transgenic mice. B. Expression of ACE2 protein in jejunum of four transgenic mice. C.

Expression of ACE2 protein in ileum of four transgenic mice. D. Expression of ACE2 protein in colon of four transgenic mice.

Figure 3 Relative expression levels of hACE2 protein in duodenum, jejunum, ileum and colon

2.4 HXNEEZE PCR ZMENREFHMNERFF
hACE2 EEEHM 3 MEEMRIEKTE

B 4A TE 4 A5 RN T N4l i 41 21 1)
BMX FEH mRNA (1) 3 ik K, H i hACE2-15-1
i) BMX %t A 78 25 B 1 mRNA 3 ik K &% &,

hACE2-6-9 3 ik e Ik, 45 W 41 21, hACE2-15-2
A # A B =, hACE2-6-9 F) R A KSR Fe (K, Kl 4B
JETE 4 AN RN A I RN 45 i 41 4L PIR 3 [
mRNA [ %35 K, H hACE2-15-2 ) PIR 3
RAE 25 1 1 mRNA R 3k K & i, T hACE2-15-1

TE A4 DL/ AR ZS I A0S i vh BMX B mRNA (3R 5KF- ;B o4 DFEIEDR/N BRAEZS I AN 45 1 PIR 5 mRNA [R5 7KK

C: 4 NEEFER /N A I AEE I Ine FEF mRNA BYZRIKIKF,

4 LT 3 F mRNA BT Y1 20 i 2Rk K7

Note. A. Expression level of BMX gene mRNA in jejunum and colon of four transgenic mice. B. Expression level of PIR gene mRNA in jejunum

and colon of four transgenic mice. C. Expression level of Inc gene mRNA in jejunum and colon of four transgenic mice.

Figure 4 Gene expression levels of three mRNA cleavage forms in jejunum and colon
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KR AL, FEE AL hACE2-6-9 1) 5 i
= ,hACE2-15-1 R KH AL, K 4C 27 4
Z/NRZE I M E5 I 2109 Ine 3E [ mRNA ) %k
K, Hoi hACE2-15-2 9 Inc 3 B 75 25 5
mRNA 357K f i, hACE2-6-9 £k ik, 1245
U4  hACE2-15-2 3R K i =5 , hACE2-15-1 [y
FIE AR,

2.5 RE KNS /NE 0BG i E AN R 48 B

hACE2 B4 %

GG gs R BN, DI R4 hACE2-15-1
B /INE R IR S B ] ISR 2 hACE2-15-1 '
INE AN FE B B hACE2 fO3E 1263k (18] 5a,
5b,5¢,5d,5¢e,5F) . ESCHRLH i i A5 P9 K A i,
LI SR TR  hACE2 3757 138 3K 43 A 46 I 45 P9 B2
YA (P 5g,5h,50) % HRAL/IN BRLSh 28 76 A Il
Fe 2 fif hACE2 W JE 3Rk (1K 55,5k ,51) o

B 5 hACE2-15-1 "B /NE FIl LS P K 4 h hACE2 19 S %'t

Figure 5 hACE2-15-1 immunofluorescence of ACE2 in vascular endothelial cells of renal tubules and lungs

3 g

SARS-CoV-2 8 Hx /N FUBL Y S A5 85 A 1 3 el I
BEAR NG, 9 5 0 52 il 338 5 | S50 AL i AL 2R A
PETE 2T A TS T BB . ACE2 A
TsAk 7 3 A /N BT R A S A A {5 9 SARS-CoV |
SARS-CoV-2 B Bahiiil, HEr 2 il £ F ACE2
NEA LSRN, BFFT 45 SR B /R iX 28 hACE2 A
TRALEE LN RAF ARG 2 8 . CAG B AR 3h
T4 By P 655 hACE2 N, CK18 J3 3 778 |
Fe AR hACE2 R 33 W i S DR /N RO e A
) hACE2 R B 52 kB ™ L /N Ace2
ST T ARES A 2R/ Ace2 F PR % X 1
FURE 30 20 455 400 BUUE E hACE2 3 [H i 2 k1

Donoghue %" LR IEAR 7 PE 35 hACE2 A
TEALIE IR /N R, ACE2 #B ik 5 e O A5 3 53 %
M ORGSR hACE2 # 5L [H 3
TRIKF 15 B SR G I o B AR b FR R B B AR G, B
hACE2 #& 5P KR 7K™ H 521 SARS-CoV i1 5
K- K B e i 2H 205 BEAR AL 23T A B A
K hACE2 AR Ak J5E R /) BRUHUIA 38 A5 ) 10
AP LA KB e il % ( COVID-19) &35 43 F MLl
WFFEFIAHSEZG e & ATRI & A 194 kb 1)
hACE2 JEH A7 s A B N T Yk (BAC) , 256
AN WO R T A 4 DA K
hACE2 JEH 751 9 N AL BAC F% 3L /NS &R
NIEAR/INE S A 523 1 hACE2 KL 591 | 4 3%
hACE2 5’ -UTR .3’ -UTR LA} 43809 N & F X F Ak
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WX, X s A/ BRI 5 AL 65 152074192
1s6632677 . rs4646142 154240157 , 152048683 7E N 114
N ACE2 ) 5 4~ SNP AL i, IR B 52 B A
hACE2 Jii 2l B¢ 35 PRI 42 DX, DT 2Ry 00 i 55 5
SR 28 R HLHRI I SE  hACE2 PR 2 1k i 2 AL il
Ry PEM M Rt EZ T H

N ACE2 LR R XM L E 4%, Z TG L R R
SN o e I FORE PR /N BRUE Y, ACE2 18R &
KR, Zisman 25 R AR KR &R AL WL
LR LD IE R ACE2 By 35 B B34 A, Kuba
TR A AR IR AN RS AL ACE2
BRI, Koitka 451 & B, ACE2 7£ B Jig Fil
WAV R K BAR N B 3R IE W] 80, RAAS 171l
FR, ALFE 1l A5 K 2R A 4 A o R Bl A R R R T
TS ARKE S 7T DL F 8 ACE2 mRNA /K, 3
5T R ACE2 ATRES 5 T SARS-CoV-2 J& P A
iF K 22 W 4 5 0 ok B2, HL AT RE A HIL I /& SARS-
CoV-2 454 ACE2 J& , 8 2 N BH AL I8 A {4 41 fifg
i ACE2 & &, 2 ACE-Ang TI-ATIR % fll ACE2-
Ang 1-7-Mas il 2 [8] (%) - , Ang 1-7 7K-F- T B, T
Ang 11 FRIB 405 R AR T 57 A 4 i PN - (G AR
RIFATF) FIXTHE 15K RAE R, 14 B RIE R
70 AT il LA N R AT i i
ACE2 W) RIB AT R A BIHFSY , hACE2-14-3 /N[,
MRS TR 37 UTR DI, A6 0 fig 38 vd B 1)
mRNA /KF I A Rk A, 5 HA R ER 37
UTR X3/ B R AR HE ACE2 Rk = 2, 3R
B 37 UTR kX 41 X 38 0] B8 A7 7 i 18 v 5 M 3R Gk 1)
T,

HETHFIE & L, H 4% SARS-Cov-2 X A JE L b
W 550 AR AR K KDY, /N R IS Gy i
ACE2 %3 R AL /)N B 3i 9 0 H T SARS-Cov-2
NIRRT . W UL ACE2 B4 LK A £, A 45
LIV ACE2 J3 35 .CMV HFH4 5 K18 Ji 5 175K
BN\ ACE2 cDNA KM H D B, DL S/ ACE2
53 R BOTE ARG DR A A /DN B 36 26 /) FROBE 2 7
J&YY SARS-Cov-2 Jia3 LA 34 HY BEAS [R) 72 B A9 11fs PR
FER MBS NG RAEIR IS —E 25, X fes
LR/ hACE2 MR BRI 5 N FEZE T A
Ko AWFFEHIE Y BAC % 3L AL/ BUS A 38
SEHENY) ACE2 Ja 81 X3 J 345 7 X, M L T 40
ARG L PR R a3 6 D e A /DS B, BB A B A b 7 /D R
RPN ACE2 Ay IR TR, HLAHEFE 6l 45 171

BRAE B /NS I 1 0 B ot 7 PN B2 200 i R i 1 5 2
ZUhEA N ACE2 3Rk, 5 AT ACE2 /Y& N7
AHIE S ACE2 JE[RIZRIA AR o I 45 95 95 A e BRI
BRI ST 5T 10 R4/ BRABERY 0 ok B el 25 )
REW T R — i 2% |

B2, ARBE R AR T 1 Rl 4K I F B
hACE2 AJEAk BAC # IR/, 1%/ DL 4
(D) & A 4K hACE2 JEHES | dE e N &
FIX;(2) A NI hACE2 K1 A B a3+, B
P hACE2 JE[H 57 -UTR F1 3’ -UTR 3 [H 2 18 I/ 52
X5 (3) #AF AL HE rs2074192 156632677 | 1s4646142
rs4240157 . rs2048683 7E N i A\ ACE2 HYJ 5 > SNP
AR A, 3K 5 A SNP SRR 1 T R AL 1 ik e I
NHERE PPN 5 G 88 RN AT KR
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Establishment of primary cell brain metastasis model of small cell
lung cancer: a preliminary study
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[ Abstract] Objective To isolate and culture primary small cell lung cancer ( SCLC) cells that retain the
important characteristics and functions of the original tumor, and use them to construct a brain metastasis model of SCLC,
as an animal model for drug development and the evaluation of patients with SCLC brain metastasis. Methods Fresh SCLC
tumor tissue samples were collected from patients and transplanted subcutaneously into mice. The result ing patient-derived
xenograft (PDX) mouse model of SCLC was assessed in terms of tumor presence, tumor size, and tumor growth. Primary
cells were isolated and cultured from the tumor tissue after tumor formation, and their proliferation and invasion abilities
were detected by cell scratch and proliferation tests. An SCLC brain metastasis model was constructed by injecting primary
cells into the carotid artery, and the model was assessed in terms of its clinical manifestations and pathological observations.
Results (1) A subcutaneous PDX model of SCLC was constructed successfully. The tumor passage time was about 56
days, and the tumor growth curve showed a logarithmic growth trend. (2) Primary LO SCLC cells with tumorigenicity were

successfully isolated and screened, and demonstrated strong cell migration and proliferation abilities. (3) An SCLC brain

[BEWA] LigiiRAARZ B4 BT H 7 (201409002300)

Funded by " Science and Technology Plan Project" of Shanghai Science and Technology Commission (201409002300).
[EEEN] BIAE(1994—) , %, L5 sh W o H R R OF58 05 1) sh R A A . Email : 2545804092@ qq.com
[EE1EE 1 ESE(1980—) , L, M CE BEIN - W5 1) . Sh TR (WA, Email : fudanyan2007@ sina.com



240 T E SCI EI R 2022 4F 4 A5 30 %45 2 1 Acta Lab Anim Sci Sin, April 2022, Vol. 30, No. 2

metastasis model was successfully constructed by carotid injection, and SCLC BO cells with brain metastasis characteristics

were isolated. Conclusions Primary SCLC cells were successfully isolated and cultured from SCLC tumor tissue samples,

and a brain metastasis model using primary SCLC cells was successfully constructed.
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T A /D BRUPR O s B IR AL IO ; C MR AL K B D HE Be g,
B 1 SCLC iy PDX R () £ 7.
Note. A. Tumor bearing mice. B. Tumor growth. C. Tumor growth curve. D. HE staining results.

Figure 1 Establishment of PDX model of SCLC
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Note. A. Growth morphology of cells ( Left. Primary LO cells. Right. Primary fibroblasts). B. Cell proliferation test results. C. Cell scratch test results.

Figure 2 Acquisition and detection of primary LO cells
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Note. A. Tumor bearing mice. B. HE staining results. C. Growth morphology of BO tumor cell.

Figure 3 Construction of brain metastasis cell line of SCLC
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Effect of compound microecological preparation on intestinal
immune function in mice
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[ Abstract] Objective To study the effects of compound microecological preparation on the immune function of the
intestinal mucosa of mice. Methods BALB/C mice at 28 days of age were selected for use in this study, and composite
microecological preparations of high, medium, and low doses (2.5, 5 and 10 g/kg body weight) were given by gavage.
Blood and jejunum tissue were sampled on the 14th and 28th days, and the immune organ index was measured. The blood
lysozyme content was detected by turbidimetry, and the jejunum mucosa SIgA and immune cytokine (IL-4, IL-10 and TFN-
v) contents of mice were detected by ELISA. The expression of immunocytokine mRNA in the jejunum mucosa was detected
by fluorescence quantitative PCR. Results (1) The different compound microecological preparation doses increased the

SlgA and immune cytokine contents and enhanced the expression of immune cytokine mRNA in the intestinal mucosa of
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mice. On the 14th day, the contents of 1L.-4, IL-10 and IFN-v; the expression of 1L-4, IL-10 and IFN-y mRNA; and the
content of SIgA were significantly higher in the treated groups than the control group (P < 0.01). On the 28th day, the
content of TL-4 in the jejunal mucosa of the low-dose and medium-dose groups was significantly increased (P < 0.01). In
the middle-dose group, IL-10 and IFN-y protein and mRNA levels and SIgA protein levels were significantly higher than
those in the control group (P < 0.01). In the middle-dose and high-dose groups, IL-4, IL-10, and TFN-y mRNA
expression was significantly higher than that in the control group (P < 0.05 or P < 0.01). There was no significant
difference in the expression of IL-4 and IL-10 mRNA between the low-dose and control groups (P > 0.05). (2) On the
14th day, the immune organ index of the medium dose group was significantly higher than that of the control group (P <
0.05). (3)On the 28th day, compared with the control group, each experimental group’ s immune organ index was
significantly increased (P < 0.05). The lysozyme content of each experimental group was significantly higher than that of
the control group (P < 0.05). Conclusion Compound microecological preparation promoted the growth and increased the
immune organ index, lysozyme content, and intestinal mucosal immune function of mice, consequently reducing the
incidence of intestinal infectious diseases.

[ Keywords] microecological preparation; intestinal tract of mice; immunocytokines; slgA; index of immune orga
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Table 1  Groups of experimental animals

44 Groups

AbFH Treatment

XA
Control group

5 20
Low dose group
Hl 4
Medium dose group
e 0 e 4
High dose group

HOAR+ TR &R KHE S 0.2 mL
Daily diet+aseptic distilled water was intragastrically administered for 0.2 mL
HRH S S A SHIFINE Y 2.5 g/kg KTE
Daily diet+compound microecological preparation was administered intragastrically to 2. 5 g/kg body weight
HA+ A SHIFEN 5.0 o/kg R E
Daily diet+compound microecological preparation was administered intragastrically to 5.0 g/kg body weight
HRHZ S A S HIFIE Y 10 o/kg (KT

Daily diet+compound microecological preparation was administered intragastrically to 10 g/kg body weight

Sy T BB B I . Rl b S8/
S, U RN A 2 MUK L 45 PR i, T A e i
HIE A . /NS W R S SR AL BE T T S R
SCHRST T RNA B3R ORI 02 41 At R 7 25 A
e, 7INER 23 B 8 IS O 28 20 B DX F- (TL-4 \TL-10 . TFN-
v) Ky 32 B SR
1.2.3  ARKMERERME

TESCEG ] 0.7 .14 21 F128 d I, %4541/ B
AT 2 AR TR YR E
1.2.4 e BB e

T H TR = A H & (mg) /IR ()
1.2.5 TR BRI E

iR 10 B I 2 45 2 /N BRI 375 5 R Rl v
THREEE DL 2T i3 v BT 3 e i R R RO D
pe/mL, A AR RG] G E BRI V75 TR il 114
VI /A wa g R

VDA L = (e B -2 B / (B
WEIZE G L — 23 B G ) < M it 1% JBE > R AR 0 3 i
i R RS AR
1.2.6 =R F S SlgA & il e

25 i b 40 i [ 7 TL-4 \1L-6  IFN-y LA &% SIgA
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U7 T 285 IS PR 40 5 200 L P AR B
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mRNA FHXT A&
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1.3 FitESH
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RHPEME £ PEIR2E (2 £ sx) KR, GraphPad
Prism 5 Z5HIADIRE . P < 0.05 N ESHA G

2 SR
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Table 2 Primer sequence

S FR Genes

BI¥IFF (5 -3 ) Sequence of primer(5’-3")

F=H) KN (bp ) Product size( bp)

F:GGCTCGGAACTCCAGAAAGAAG

CAPDH R:CTCGGCAGTCAGACGCAAAG 139
110 F:TTTCAAACAAAGGACCAG 100
) R:ACTGGATCATTTCCGATAAGGCTTG
4 F:TCCTGCTCTTCTTTCTCG 101
i R:GCGTCCCTTCTCCTGTGACCTCGTT
IFN-y F:GCCTCATACTCATAACCTCA 142

R:CATGCAGGACAGGGATAGCTTGAGC
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R3S/ EMAREBRH ()
Table 3 Changes of mice body weight in different groups(g)

4151 Groups DO D7 D14 D21 D28
Xt BRZH Control group 17.23 + 0.45 25.65 + 0.51 31.00 = 0.53 35.25 + 0.23 37.95 + 0.55
k5440 Low dose group 16.00 = 1.54 26.50 = 0.95 31.33 + 0.84 36.45 + 0.37 38.20 + 0.57
s 4 Middle dose group 16.50 = 1. 60 28.13 + 0.97 34.16 = 0.78 38.12 = 0. 56" 39.80 + 0.72*
R 4] High dose group 16.50 = 1. 56 25.31 = 0.78 31.00 = 0.56 36.05 = 0.45" 38.85 = 0.50"

W SRRAAL P < 0.05,"P < 0.01, (FREI/ER)

Note. Compared with control group, *P < 0.05, P < 0.01. ( The same in the following figures and tables)

2.2 EAMESHFTNREERERHNZIT
HIZE 4 AT LUA ) 3 B 2 S WUE S W2 14
K, ARV 52 5 Bl A 2 300 3% BEAS [R) A B i v

AN SR B R R, L b R 2 25 S AT 3

(P<0.05), 5528 KI5 &4 A w5 s 4/ B
P BRI M i B v T R, B2 SR B B s
(P < 0.05) ; 7% 5 20 S o B H8 H50 il 35 5 T
ML (P < 0.01),

R4 EEHESHIRIX A E 18R

Table 4 Effect of the compound probiotics on immune organ index

D14 D28
éﬂjgs H%?‘é?ﬁz ME%#@& H’@H&%‘siﬂt H%?Eéﬂz i Fjéi‘%‘é.?ﬂz H@H%%’égéﬁt

Spleen index  Lymph node index Thymus index Spleen index  Lymph node index ~ Thymus index

XF P2 Control group 3.05 + 0.02 3.14 £ 0.05 1.78 = 0. 10 3.15 £ 0.04 3.21 £ 0.07 1.83 + 0.04
fRFIHA Low dose group  3.08 = 0.03 3.15 = 0.06 1.83 + 0.08 3.93 +0.06%  3.22 +0.07 1.98 + 0.07*
PRI Middle dose group  3.20 + 0.02* 3.19+0.07" 1.92 + 0.06* 4.14 £ 0.05% 3,35+ 0.07% 2. 14 + 0. 06*
74 High dose group  3.09 + 0.02 3.16 = 0.05 1.82 = 0.04 3.68 = 0.04" 3.23 = 0.07 2.08 = 0.04*
2.3 EARAESHFIFNETIEHSEN N 2.4 EEMASHFINZMFBRERAMEFS
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TE: S RAAH L, *P < 0.05,%P < 0.01,

B S5 AT RS /IS BRI VA T 5 k5

Note. Compared with control group, *P < 0.05, *#P < 0.01.
Figure 1 Effect of the compound probiotics on

lysozyme in serum
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2 A AR IL-4 1L-10 F1IFN-y 55 i 1 00
Figure 2 Effect of the compound probiotics on IL-4, IL-10 and IFN-y content
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Figure 3 Effect of the compound probiotics on the relative expression of 1L-4, 1L-10 and IFN-y mRNA
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Figure 4 Effect of the compound probiotics on SIgA

content in jejunal mucosa
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Effects of macrophage MEDI deficiency on blood glucose levels and

insulin resistance in mice
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[ Abstract] Objective To study the regulatory role of macrophage MED1 in the development of insulin resistance.
Methods Eight-week-old and specific-pathogen-free male macrophage-specific MED1 knockout( MED1*"* ) and wild-type
(MED1"™") mice were used in this animal model study. Mice were fed a high-fat diet (HFD) for 0, 4, 8, 12, 16, 20
weeks to induce obesity and insulin resistance. Body weight, total triglyceride, total cholesterol and blood glucose were
dynamically monitored every 4 weeks. Hematoxylin-eosin ( HE ) staining was used to observe liver and adipose
histopathology after an HFD for 20 weeks. Results ~ After an HFD regime, the body weight increase of MED1*"* mice
tended to be greater than that of the MED1"" control group. The blood glucose of MED1*¥* mice increased significantly (P
< 0.01) compared with that of MED1"" mice after an HFD for 20 weeks. Compared with the MED1"" mice, the liver
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weight, subcutaneous fat weight and visceral fat weight of MED

1 AMac

mice also showed a tendency to increase. In addition,

the hepatic steatosis was more severe in MED1*™ mice than in MED1"" mice. Furthermore, a glucose tolerance test

(GTT) and insulin tolerance test (ITT) showed no significant difference in glucose tolerance or insulin sensitivity between

the two groups. Conclusions

Deficiency of macrophage MEDI promoted an increase in blood glucose levels but had no

obvious effect on insulin resistance, suggesting macrophage MED1 has a key regulatory role in glucose metabolism.
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Figure 1 Genotyping of macrophage-specific MED1 knockout mice
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T MEDTV!: BFA AR MEDT A M MEDT JEPHRZER/NRL; 5 MEDTYNRU L, P < 0.01,
B2 mIEREAES TR MEDL 5/ EUARE (iRl TC TG 221k
Note. MED1"". Wild-type mice. MED1% M MED1 knockout mice. Compared with MED1Y" mice, ** P < 0.01.

Figure 2 Changes in body weight, blood glucose, TC and TG of macrophage-specific MED1 knockout mice induced by HFD

B3 HFD Gl 20 )5 E AN MEDT BRI/ BRUH RS 7 5 i
Figure 3 Liver and fat weight of macrophage-specific MED1 knockout mice after 20 weeks of HFD feeding
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B4 HFD IR 20 )5 F AN MEDL SiUG /MR GTT A1ITT 152
Figure 4 Determination of GTT and ITT of macrophage-specific MEDI knockout mice after 20 weeks of HFD feeding

5 /NEUFUI A HE 34

Figure 5 HE staining of mouse liver tissue

TE: A MRNTZH2 HE B B AR W 40 mi BUBIE
B 6 HFD {20 /5 MED1""FI MED1> ™ /NENIE B2 TR HE e K AR 1 40 R/ N7y A
Note. A. HE staining of fat tissue. B. Adipocyte area frequency.
Figure 6 HE staining of fat tissue and adipocyte size distribution in MED1 ™" and MED1* ™ mice
after 20 weeks of HFD feeding
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[Abstract] The incidences of tendinopathies have been increasing worldwide in recent years, causing huge
economic burdens and mental stress in patients and reducing the quality of human life to varying degrees. Animal models are
important tools in tendinopathy research and play a crucial role in the study of pathophysiological changes and novel
treatment modalities. This article reviews the status of animal models developed in recent years and discusses the advantages
and disadvantages of several common modeling protocols, including the choice of modeling animal and modeling site and the
alterations to injured tendons, with the aim of providing a reference to help future researchers select suitable and efficient
animal models.
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[ Abstract] Mouse models are of great interest for studying human respiratory pathogens. However, evolutionary
species divergence has led to differences in lung structure and the immune system between humans and mice, making the
study of human respiratory pathogens in mouse models a longstanding challenge. In contrast, mice with a humanized
immune system can faithfully reproduce human immune responses to respiratory pathogen infection, and mice with
humanized lung and lung-immune systems can be used to examine human trophic respiratory pathogen infection and the
corresponding immune responses. This review summarizes the contributions and recent progress of these types of humanized
mice in respiratory pathogen research.
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A T SR A0 A1 JE R L S S A R AR
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SCID AJEAL/NEL, SCID AR AL /N LB AR 245 A
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RN W N CINE RS VE - PN HEX DO (1
JREGS e 137, 51 PR S A AR SRR

2013 4F 2 AR A AR RGE T IERIE RGN
JEAL /N B PN SR Mt 1T 375 S il A 28 b g il 7™
IR HRHIE 5 7R 25 R R B R SR B A I 4 Ak
HARL, BRI T 4IRS N E W3 40 IR B
IBE s IR R 2T A 20 M L RN e B
A g5 F G0 N R AR I /N B DU 252 AN 381 fi 1) 25 e
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[Abstract]  Eurodegenerative diseases are refractory diseases that can cause symptoms such as loss of sensation,
loss of motor function and memory failure. Although traditional treatment method can delay the progress of such diseases,
they have obvious limitations. A potential new treatment method involving neural stem cell transplantation can effectively
promote the functional recovery and tissue regeneration of nerve cells, and provides a promising treatment for
neurodegenerative diseases. Therefore, this paper reviews the existing sources of neural stem cells and research progress
using these cells in the treatment of neurodegenerative diseases, and provides the foundation and direction for further
research and application of neural stem cell transplantation in neurodegenerative diseases.
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M2 T A0 (neural stem cell, NSC) BEAL /1L
ZANAMIE R | X S M RS 20T | BRI
AN AN DG BT AN A AR 2 A v ke 21 2 1A
FIM S NSC A A e A R R s, (37K g e
PR 322 2 UM A 25— i 2 %) fii =5 T [XC
(subventricular zone ,SVZ) FIVEE Ty ik IR [0 8 JoUk: T X
(subgranular zone, SGZ) 2 K 28 2R G (central
nervous system, CNS) &A= @i 12 P 0 siB 17
PR IS, NIEPE NSC 2153 1R BRIF 2 5 g S i 72 B
ZAH) CNS NI NSC Bl BRI 7E 73 He o 8, B AR
D B SR 20 /A R B2 0 B, DT 32350
CNS W7 HIIBE REI A R 8TEa

Wl LE A2 SR A TR 5 1 R AN T I
XFRMG#E T R E R R e B &R, H,
NSC BEAF A2 1T A7 A i AFF 90 00 0l 1) o RN 22— 3%
FORE T2 W T4 Tl 28 PR 530 TR 97 W 9T
EEE(SE AR 2 DN S A X o ) I DA I e P
RIS BRASE AL v A 455 ) 4 P A3 1 | A 1 X XL
SEIENZ IR ZER Y . YT, REZHNSC BF5T
WA Tkt Sh AL, B2 N S5 WEA 3h ¥ NSC

AARRANNR, VF 22955 IR 22 D A — 3 22 8] A A7
TERRZE S, DAL, 25T A 220 ik & /) B A
B 2 PTTE S /KPS B0 G AL, LA SC
S5 T AR A C ] T 45U, DU S
TR T fifp 1 240 L 7 52 03 KN o 936 97 7 A T A
HLE . NSC H R Sh 23 B 23 Bt iU W12 9 7 1l 242
A A T BIL I A B 25 ik RERS i — 2
THET T 40T B A R ST A R IR
yrt o R, AN NSC BSAEE: H RIR YT P 20R AT
MBI AT T B R, AR SCHIE NSC A R I8 K H A
2RI PRSI IR YT W TSt S EA T 2504, LAY O ol
SARATPES B IR T RO A S

1 METHMmEIR

NSC o AE i i 22 1) 20 2 5K, 2 R U 2
9 NSC B R T 1l PRIAYTT BBR 22 A5 06 20 ik 2R
(T I BRI, B A 3R SR AR ) Y
NSC AW Mk 147 3 1y 14 A Jifs 2H 2R ik 1 4L o3
Bk EHRTE WA TN 3 Aok IR 3RAT NSC, 1
FEMIEACH P AR B, I 2 e 20 o1k LA
LR e AL (I 1)

1 P2 T 20 A R

Figure 1 Source of neural stem cells
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1.1 MWERRA[AHEERER

MIFACZH 2 rp B 42 48 U O 02 B4R IR L
N R 2H 2 BRI NSC, 1 HE AT
AN 4 Ak, NSC AL T A K Fl VR G 04 AN [+
DI, BT 7 A AN T) 6 28 ) ot 28 5 R T3 4 i 1Y
A, AE I L 3h W R il v i) 2 T DCRIER I ik
HR R R 2 R B NSC R X, S NSC 4Rt T
RUAFASIIR™ 1992 4F Reynolds 25" 1 U M B AT
WHFL 3 P G = A B R X 4 B % 0 NSC; fx il
Farshad 238 o 2t g Sl 39 D) 1 6 R 46 0 F A
R[], 3 B PR U B2 R JC I 45 T IR SR /DN B
P v A i 2 20T 0 B A LAY NSC,
T3 2k DR SR A R ) 5 1 ) 8. A e ) T R 7 D
If NSC, B 25 9 J5 i NSC 723 A1 R A K+
(epidermal growth factor, EGF ) FlHs 44 il £ 4 21 fifd A=
£ HF ( basic fibroblast growth factor, bFGF ) A9 FA. 4jf]
N TR P AT RSN SR AT I Ry < Fek 1Y
ARG R PEIROE 2, o w] DA BV (0 7 35 97 H vh it AT
BRI RE B SR (R TR A = AR R A R R A
(embryoid body,EB) BA5 F|F NSC 4 fb 5 5%,
K EB 35 5% 2 H Hi 70 23 FZE R NSC 547 Fl i
EIE AP A7
1.2 ZEETHMEHETHBNSL

ZHe T 240 i B 45 WG T 40 M ( embryonic stem
cells, ESCs) F11%5 T 2 58 T 4 i (induced pluripotent
stem cells,iPSCs) , P9 AR AT 38 i 404k 7= A= T 75 2 /Y
2R, ESC R AR AR R, B ZRetE, WL
SAE R ANIRE N RRIE RIS A TR A
B, ESC A] LArb A NSC, R 5 404k i & T el pl 28
eI S ESCs [l NSC 5843 A0 1 52 38 R 7
Bz, Hob ) di ot R A 4 fe U0 38 R (all-trans
retinoic acid, RA) %5 NSC B 7oy ifF 5%
KU, RA W LLIE AT ESC 14 A= 5 2400 43 L FN i 2253
e, 57 IF 2 BSC 234k Dy NSC T 4 1 3l 36
B A B I RA IS I g B v B
AR 25 T B M A iz AN [A] 14N, = RA YR FEE
GRS EE | TR RA YR 2515 5 ESCs
O LA 434k 5 7 RA YR 2175 S ESCs o 750136
B K RA WK PE A S ESCs M F AT 4R 1 i Fif
T ERCRAK, ol Be 3 B SR AR ) b 2
A EOE R | [ s A 45 18 B2 4 4 n) ) A
I, A TR AT

2006 4F , H A 5T #8 K 2% Takahashi 250 5 R

BT A KIS T2 T AR T, 058 0 F i 4%
NG TR Yt Z BEVEFE N (0ct3/4, Sox2 , c-Mye Fll
KIf4) 383385 2 1555 A AT RCHKE BET 2 41 i 5
AR iPSCS, Bl H AR B, A2 iPSCs (hiPSCs)
A L e ol FH — 4R ) ) 22 BE AR D L R e,
At 210 Ji 255 780 G N AR BT B A L N A T i 48
JL BRIV 20 REL 2R B | T A 5 A4S hiPSCs WL
AAEN . Kozhich %5707 38 i 76 JG IfiL 75 Ak = 8 %
B IR I )2 B 3% v iPSCs 200 #f 8 “ BB AE
457 B E A NSCPY sk F oy 8 FHF A
25 iPSCs PRl fL RN A i pi 22 i, RIS
P A SRR P R 5 DR 3R GR35 U IHT, iPSCs AT AR I i 22
JoH ANEM AT A ML IE, B, iPSCs AT
A B NSC B BRI 7 3k g — S BRAR A SRR
1.3 M hiES L

B T 2 6 T 408 (iPSCs) F AR A & 2, i
Fk B G SR L 22 41 210 [5) F 54 NSC A9 i
FEITRIE B W 0, 8 A 5 G R A 2 AR
3 hiPSC JEMF 5T 90 e A= A RS L A AR etk i
R4 BRI, X RO T B B ] A B X
A M AE D DR ph L A M, L AF B FE e R v 3R
WL R AR S E B A, R A A0 M B 3 Ak
SR 28 T A M Y R TR R T Al IR T R
24 JF BT LA B 8 5 AR I AR AR

oAb, WRR I R B T, Few) A B FE IR 2
REFCHTFE 1974 A& FEX A A2
— PP B AR A T AN ) R 2 RIS E
FEEEAL N I — Fh 2 AL () AR 20 | 32 SRR A
FiPSC B i sl AN B 5, LA R 3 o o 4 o 34
S (5] G0 B 21 4 20 A B O 0 5T 40 Af ) 1 2 R
8 Nsc

5T IE B 3 2R 45 5 M 5% I F (transcription
factor, TF ) [ 55 il 2% 15 AT LA 35 35 4 R 45 R 1A 240 fifg 2
R R B B TF 51537340 78570 (] anfa e 4
A NSC T /N T A A K T ) 5500 A, ] 52
PRAA 40 1 B B2 55 43 Ak NSCP 5 iPSC A= LA
e BEREHAL N INSC 1Y TF Mk #RAE W 2R L, 5
— N B b TR W 2 38 5 A /) BRUB T 4 20 i b
F23k =F TF, B} Ascll .Brn2 I Myt1l1( BAM H¥) ,
PLKG N ET e 4k ] NSCP7) 4Rk, AT
RIZH TF 414 7T DL R M BCET 4 240 ifd 7 A= 7 Y
Fer e, MAE TF ff kbt h e g k8l 1
AN AR M 4 oo & T, W brn3a/b/c. brnds F
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ezh2" ™ AN, Al FE A A IR SR R B LA 4E
J 2 FURT NSC i 5 e de 58 9 70k, g
o B AN S B XL BE 5 A R0 B4R G 3 TE
20 1) B R A b O IR T A KPR TR RA 2
i S i (T o 35 2, SR, TFs 19 22 4%
B BAAN R EIER, AT AR S 2O R A KRR 5
mi LI PRI . BR T TF Ah  FERANE R iR ]
F /NG~ ] 42 5 e e S R 0 WO 8t % AL ol ok 7
AR AR AN IR 2858 NGR T RT RAA R 0
R BE R B TF $iik , DL s S g R AR Pl i@
R AL R R T 12 ANV TR ALE T T DA
R B K NS 1T 2 A B o o AR O % =R B
MZETT, XA M A TT (cN) Bon 4
W 5 W 28 R Y 0 R B S, O B R Bl BE TR
S Al

Britbz A, 38 ik 1) 48 A 8 % 2 rh s in 2 A A
T R A A A R, T M e 2 R
(BDNF) il /MR VR A K [ 7 (PDGF) 3% 2 A K
7 (EGF) er4ednffl A R 2(FGF-2) Fil 4
HEIR (RA) |, BE SR B ok I i A 2 1] SE it T
41l ( Mesenchymal stem cell , MSC ) 5 4 F2 b #1281
an >

5288 T A5 A5 B R 2T AR L, 5% 00 Ak
) NSC A I BALH, RS TER NI4T 1, OF
PRBA 7= A 22 Fh b 28 70 S0 R R e 5 400 it F e T Y
XA A B A A 20 1 S B 2T 4 40 i PR 4 i A
R S AR IR 25 5 S

NSC 1By X il 28 2 8 Hh i it 45 200 ., 3 5 A
ZAH A I B BE 434k R B 28 0T | BT T I 4 e A b 28
JE J5 4 L, A2 AU T R B T A M A AT B S R
5 IR E SR R T AR T A A
PRI b Az A, PR 3 A Pl 28 40 B A 52 D A7 45
B3¢ LAk 3 Bl IR A iPSCs \ESCs kA
(19 NSC. i1 J5 240 i vl 445 By 0 L 405 ) 1 b 2 20
REMRAZ , FHF AP ZaR AT AT
2 #METHREHZIRITERRIGST
b ER

P22 B 17 P $9W ( neurodegenerative diseases,
ND ) & —Ffr PRI 1 J 55 X o 28 28 G2 PN ) 28 T 4 i
FIRTG R AR S , PR 20 4 ) mT 48 52
PEA R BURYTY RS IR T I B 1 B RRAG
FT T A0 AR AL, 5 SRR B iPSC ESC 5
NSC 2R TT RN 28 G S5 40 L, K i Ay i 22 0R A 7 1

PRI 0 RIE T I ¥, O HL AT R 38 i A W] A AL
AN 28 SR R 10 77 AR Bl 28 RE 1 AT L 5 floh T
SRR 3G DR R AR 0 R, Xk 2 AR AT M AR
A IR X — P A 5 O 40 A 5t
3 ( traumatic brain Injury, TBI) | & i 4t 15 ( Spinal
cord Injury, SCI) . ' JX ( Stroke ) . BT /K 2% 15 2K 9
( Alzheimer disease, AD ) KX PA 4 # 2% & 1F
(Parkinson's disease ,PD) %5
2.1 gt G

155 P45 4% ( traumatic brain injury, TBI) J&—
Ao DL , JH: 32 40 3 02 1M ik B B ( BBB ) Bl R A
MRZITTIRFEN T i i ot PR B AR R o 3
PP RIZET 530 B 28 TO R i o 2888 oL
AT PR R AN M 10 PN FE T, 4k i 1 BAE M R i
e ile— 5 Wy A 40 s B g

WFFE A B, 43R 7 8 TBI i — R B35
y7 53, Z2 RSB 4 g AT T TBI AYIG YT, A0
NSC ESC .NPC  MSCs , A5 i 63 988 41 2 ( NTera2
NT2) 2 A8 PR AL 40 6 A0 P B AHL 40 i 220 o
i i NSC 1 MSCs #4973l fte ik 240 0 46 TBI 5 Y
FERITMEFALES, NSC nlaE i AR TR
SVZ FB 5 B L 2 6] 13 i, EHE N SVZ 1275 3
FAFRAOL I 5340 Pl 228 70 T 28 J2 o 240 L, DA T 43
SEAE AR AN AL IeAh, DY R 4
b7 AR AT R A G TR i R R R R
( brain-derived neurotrophic factor, BDNF ) FI Ifil % 4
A K B F (vascular endothelial growth factor,
VEGF) 13 NSC A4 5 #1731k LA K J i 22 40 i 1)
B

H AT, 1T NSC Fll NPCs #ELL KR =4 ZE IR PR
TR sz B BRI T MSCs B+ T2 85 S ze il
REPE L S it 2 AR P 4 S0 AR L, BIOA O R B I IR
o7 FHAT S5 A IR Y7 40 AR SCAIF X B TBI J=,
MSC B AH 40 L T ATE B 005 38 2 7736 AL 4%, A B T
MR M2 e s 3 U RE. 7E Mahmood
SEGIGE PR AT WS f MSC 1 42236 3 3 A v
A3 401 20 21, S0 o K P sl Dk PN T S ] 4 5
i, AT EGE TBL SR Y2 S A RIEREE , I H A
FERY MSC BEASSE 1 1005 it o 48 = TBI Jim K v it
LAY F IR IE, Munoz 55 (A5 R W H%
MSCs HHAH AME D45 , MSCs A2k 1 N M NSC
P3G TR oAk, A, MSC 1Y 43 WA 4H AT LA
i WRAVR A 2H 2 b A i R - 1) 2R3A R R TBI JS i R
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JESNL, Zhang % 78 TBI B35 0 fE 162 F AW
[E]KF MSCs FLEZRSAH B 32 i 2l 2L o s AN R
N, 228 MSCs eI R H IR YT TBI (48 41
2.2 BEHG

HBEIW 7 (spinal cord injury, SCI) A B 35 #j 22
ik S5, FEOCE BE MY 15 H DhRe & A B A ek
AR, RIS M2 R g 5wz —"", H
R, SCI IR 3 W 1 B2 2 A1 3 I R 56 A2 6
LTI 2 A I 2 fi BV LR B A 2 TR, Zhao
SEDURRSEIE R, B A NSC ] DLAE 15 328 86 v 43
R MZTT, I R 5 580 3 B | (2 P 28 2F 4k 1Y
R o R R EZS T O T A
I RHE | 5 S B D AR 1T 4 (B4 I S B
AT DLz FH Mp150 08 R 420 Hr RGEF
38 Sh R 245 255 7% NSC RS M ] i 38 D 15 6
FEWTBE R LY 32 sh T RE

Lu 255 ) — I AF 53 2R, NSC B4 RE i 4% 57
PR R 5 A R AR L XIS, R
S ELISA Kl & 81, BEAE R AR SME 55 19 NSC gl
SRR AE R T, B 2 RS 7E SCI AR/
FRAOIER S, NSC 7B B 00 f0 01 25 5 A0 , A R
W LAY B, FERE A B B 1T B, e R E ST
HXE NSC T 430 1) il £ 57 R - SR v i 5 40 i
(CERTE A EN IO
2.3 FX

XL stroke ) 2 — 20 A I A5 5 0 , 6 545
IR A i R, A RAE R, A2 iPSCs 5
ESCs fi742 19 NSC 28 75 S M 1 R H it 4 o X sl A
AU AL b 28 05 55 DR IR 0F 10480 A= 8RN i 28 A
A ENRSRE A NSC AT LAIE it 43k b s i i 22
YA I 8 A B0 e M A 20 7 S A i AT
B AR LA AR BT Bl ph 20 AL A 4 28 ik
FA R KA Y ITAE SR BB A s 2 4N
45 ZFP AN 2K R NSC R A58 % &, a5 MG L
ML AR T 40 L (ESCs) FIiE S £ 8 T 40 i
(iPSCs) H 434 H B NSC., #B B 3iE BA i 4 kv XU
FKAUM ARG J5 R . 6 JLRIE R NSC J2id i
G T ~ 21 d s IR L2 P ik s A fE 4l 21
=AM, 23X SE A M 7E A 22 43 24 R 3k A K
KT (EGF) TS 44 A K K -2 ( FGF-2) Fh %35
B, RIS A s A B M, A RE 1 I 3, R B R 5 D
P R A B IR 22 4 AR R SR, A BF
FEHRM, R JLNSC e HAth NSC R g d b N

FIFRIBE T I T 405 S b 22
T-4fiffl ( ESC-NSC) 3677 FH & T Ge AL T 15 JL ok 5
1) NSC, K Big A JC PR K ZE 1) ESC-NSC K i,
A LA R 20 e i s LA 2 I R T R 7

H AT M1k, B A I AR ESC-NSC H T
HX, R Daadi %Y 7E4M 524 EGF \bFGF H1 1A 1fiL
o PO ) DXL 199 TG I 3 855 3% 3 v ) AN hESCs T 43 B
— R ] A AT [ R BB AY hNSC &, I AE KK 3
ik A1 2 (MCAO ) Hr JRUAR 2 R R i 3Kk 6 441 i 114) 3y
B, 45 B R B R Y A0 A TS R, I AR R 2
JC I B AN AN /D S S R AR . AT M 2 o BT R
B, SRS AE T L ARG P 41AE L, B4 NSC B 3
HaR 1 AZ AR R b S A, R R T
BRI 5 T PR AR, i P T AN ESCs i 2B IR YT
£ NSC Z KR, Ry o3k ESC-NSC 3477 H XU Il R
RIGEF T AR
2.4 FRKRIGER

BA] /R 9% 1 R ( Alzheimer’ s disease, AD) J&—
Fofr R K i Bz J2 0 B )22 TR DX 3 2 e 80 = D
SHEACIZE R AN EE RGN RN L,
AD [FFIE R A 20 i) 2 B RIELL K B
—VEMFEER (1 (AR) FIiL BEREFR AL 1) tau #l 28 4T 4
Zi25 0 H Poon %V AE AD HFE I sh ¥ AR oL
FERNPLE IR R IR WD R 48 32 K228
ZA, T AREE IR AR Sl T YA M M T
UL B2 2 Fe A b R B AR, k= AD
KM 25 % 0 1 28 3R IR TSR 0B T 19 QB BT A
Marsh 2510 9 BF 5 8% 15 % /N B NSC B 48 5] & 4F
3xTg-AD /AT B iR il 22 2], NSC #4418 1T LAk
SV Th 5 fih 2% B, WoROE T AR AR M 2E S e,
RGN R AL T U AE S R SE R, {H 2 NSC %
R G TERYRERR A tau B ZKSE A 28 4k, TS il T
NSC 7= A 7K B #2678 75 B 8 3852 i) 10
FZE il m] 2844

IR T SR, fh e A R F ] By L A 4 T AE
T, B AT MR M R U By A 2R 1 T s AR 1Y
ICIZINREN | B TIEYT AD Hi e o 2 o0 AR M R4
MIFET, SR, A A K P AN BE g ad it ki ot B
i AN JE 4 24 0 R e 2 A K TR B 2 BRI
BRI AR T 2R A 9 3 IR YT 7 vk (LR B i
A Az K 7 A B AR 82 ~ 5
mm'* o Tuszynski LIS 4E 8 MARFEE AD BRHE T
T IR EY I AL 1 T I R ¥ A K
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JILET 24 240 L 28 35 DR B A s 33k N ph 4 A K TR A
ARG, it 22 A H ByBEDT, A ZBRWEN .
LT R NSC W] LA Tt i e i = A f B 1A, O
HAERH G BA s B ae ), vl RN £ 4R 5120
i, SR AR A AR RS AR IS ] Tk e AR KA
T LAB7 1 F2E 5 T ARG A B R 4 2 T R 4K
2.5 MHERSEHE

PA4: FRZE-S1iE ( Parkinson’ s disease, PD) J&{N K
TRTR P B 1 5 2 B w DL Ak 2R AT MR
W, s BT 600 J7 N, Hoilf KR F 2R s
S RERERE , FLARRRE 8 8 sk 57 Lo L &
IEPEEEAIL SR KL HS PD M pf
ZRARAT MR R R PO o- R AX B T (a-syn ) 119
FRRUK DAY, o5 il B 2 12— Fh 98 fuh iy pf 28 o0 2
F L TE R G T RAETE L% 2 /IMA (Lewy bodies,
LBs) Flli# 5 #4242 %€ ( Lewy neurites, LNs) L8] AR,
P B2 77 T i S5 208 AR (SNpe) TP 2 L JHRE
(DA) #ZTTRI B LA SORIAY DA A AR LB B9
AT AR R AR AEAESE PD BUARAE R
SNpe M TCH B FEEUCIRIAZ L BE (DA) #1282
JLHYERZ & PD AR EERIA

DA 4IRS FE 1 A A J2 dc A1 i Ak 1 4 e A7
2, K il DA P2 TS AR 2] DA FE 38 1Y SUIR AR

ALK DA theaf ik LI PD B BRI &
I, T Zhang 45700 (I 5 3% I #2840 A AA A1
siAeat B, =28 20 1T (tetrahydroxystilbene
glucoside, TSG) ( H 2540 1 5 ()36 PE %43 ) |, BE 0% 1Y
N tuj-1 BAVERN 2RO B, B2 i i R 2 AL (th)
F P 248 i S 22 U Mg i i A R P it 22 5 1 B A9 i s
HIR N DA P2 IIbRAR . AP ik DA
ZICINBURIRFE A P AT LU A5 B R I 55, 41 4an i
JLER 2 3550 ok 1A 240 i S A i 2 ) 400 1) st 7'
TR 28T AR L RE A% 1 Ay SCFR5 1 i 28 Je Jo I Y,
LI o 4 A, i 26 7 B AT DLy A G B i) AR K R -
K M 2 ik AT SR RN A 28 TC DRk, I 98 5 Rk i 45 R
B, AT RETE DN RER & v R 4 AR RtF 2 A
SR T NSC H#E47 Bl 28 J0 B 46, #E A fil 2250 40
A0 5 AR 5 78 8 oT B A DU B 7E PD
FFET-RIRIZIE ™ BRI SR I T AR BT B
HERESL, MR, BRI  Hs
B F KT ( BDNF . GDNF . IGF-1 \NGF) iy PN 5 4 43
WA I5 A% 1ok BE R I AT BB AR T NSC R YT HR 4k —
P A E AT RE A H SR B I vk . B4 NSC 73 W Y
P2 E SR K BE A8 15 0 5 fk w981 | JOFAR 2 b 22
JUAFIE , AT R A I A B R 30, 3 R K IR T
ER,

B2 pe T aEeay TN

Figure 2 Therapeutic effects of neural stem cells
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3 BEERE

W SN NSC 38 i AR R A A 2] ND A5
SR e Rl I AS [R] A AIL D & 4% 19 1 ol B
AU 2) 2 (1) NSC FA3 b ki 28 50 F I 5 240
JHL, A 2575 3 TR 145 M3 A2 R 22 O B AR T
AL 5 (2)) A A5 40 350 A7 19 I 257 £ Bl ot 28 T A
(3) Je B/ IN s o 240 i k. 5] 96 i aft 240 e - S i B
VER, DRI A NG 5 (4) A1 E i 28 21 4k 08 52 RN P
e KRB M SRR,

X TR ZH CNS #i45i , B 2e 41 8 py A [] R U3
AT A 2 (B K2 Jae =4 A IR
M 3R A, il i 5T RO A R 2 e T 40
(iPSCs) T HRBS A, (HAE Ry FH I A v, i e 3 A
AP I AN 0 5 S B AR I R 2 AR R
A F 00 & A S B0 7, R H il
IR T 2 PR TR T 1 B AEE R 3A J2 NSC,
NSC 5 &Z 15 20 ffg EL A AH [R] A9 41 2Ok R, 38 5 B A K
JE AN T B LR IR YT A B AR A i 2 A O

NSC BB L 3h ¥ CNS 1 Rl AF 52 R TR
N7 T ILHAE R B A Y T LR i
ZPIPLITC R A S A, WK A T RE B (2
I TS BG R R FH , A7 A7 A — S O A e 1 T 2 5
MR, Herp 4R )L (1) NSC 935 S 40 b TN 5 (1 AL
A B A, 76 B BT T IE KR A BE R 4
NSC 7 ] 434k, T2 0 T NSC B A8 1936 J7 2L
I (2) B 516 B2 8 1) 2 Fh G e 24 )8, BLUR
PE NSC 5 A M NSC e 22 5 DL K sy i AR5
AN 22 5% SE B RS HEF R (3)
FEAE Y NSC ELAT B 1) 5 XU DL B 48 32 ) R4
(4) NSC TE3E A= PR N A AR AR ANAI T RORAME

RO i 2 et 5 R ME A7 7, (HR7E T 40 A
7 FIAIFSE 7 T, NSC b2 AT b B A B 4T
T HEAE NSC BEAH B IR YT 1 B AN TR ) ND 3
YIRS AR BIUE ST | 30K 2 il 28 1R A7 M 0 dae EL i
SHNAYT . BT, NSC VAT BV ZE ML 1% AW
2RI E T Z W FE R 5T E— A5 o A e R
B2 4 i K 250 NSCs BIF 78 4451 T G 145 3 4 A 180 |
T 5 W5 3h 81 19 NSCs A3 R KA [, 14 22 95 95 XL
Br3LHfE — 38 Z R RIRAF R R 5, kA
258 NSCs [ SE AR SR U5 B B iy 40 i A% A
(R4 AR T BEAE A5 R i 23R 15 P 5 s v A iz FH a0
DI A N7 AR 28 1 20 i i A sh A AR 1 A

BARMES | DN AE 30 4 7K T S 300 A i 45240
TAF I fl 2 BRI R R S MR RN I LA
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Table 1 Summary of FD animal models

N
TR
IR BRI Eik7) UIRES TEAGL LTI ] SN ) J 3
Classifications Types Animals Methods Modeling success time Modeling Principles
duration
=K% ; ; . ; s
kR LK HE TR, 722 R i
JAE SD KB Immerion | 4D 14 SR
Adult SD rats IS0 Restraint for 4 h Immersion pressure stimulates intestinal
restraint .
stress and inflammatory response
pressure
A Bz 3 15 R
WUE SD KRB Fgfhﬁ%m%ﬁfﬁl{%l%lﬁmﬂﬁmﬁi
BRACRIEL e . P, 23R 5 R 2
ICR /N Acidification  SBLF 30 min Ld Aodifts the  sastrointestinal  tract
Adult SD rat/Adult SIETICANON 30 1hin after modeling ¢ aay ¢ gashomestnat - ract
. . stimulation stimulate the visceral hypersensitivity
ICR mice and delay gastric emptyin
FRUHOR y gastric emptying
Lasting effect HAFE SD oK B/ AR U259 H il w0 AR S BOE O
[Nl ICR /) B/ 4F KM SN i g X 3 Y E B T
i MRRE KM ggiear bR 40 ok RS
Temporary type /MR . . - Gastrointestinal ~ side  effects  of
Cisplatin Within 4 d 4d .
Adult SD rat/Adult (ip.) aft Jeli anticancer drugs lead to nausea and
ICR mice/Adult P atter modehng vomiting, resulting in gastric
KM mice motility disorders
. BELEBT M JIEL 68032 %, #8518 F- 3
KM /)N F/ ] o N N = ’
SR KM BUBAE BT FE ey WL i 8 30 1
SD K e o -
. . Within 1 h 1d Block  muscarinicreceptor to  relax
Adult KM mice/Adult  Atropine . . .
. after modeling gastrointestinal  smooth muscle and
SD rat (i.p.)

cause gastrointestinal motility disorder
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PEYUES]
XA AR Yy ik T RS A ] eS| J5 3
Classifications Types Animals Methods Modeling success time Modeling Principles
duration
R T BELEBTT AT J 52 A4% , 410 i 2 1t AL g 0 1 51
HAE KM DBV AR S JWRZR BRI, 400 28 LS 4
e WH/ME N EEJE8h N C o
ICR /N N . Block opioid receptor and inhibit the
. A Within 8 h 1d . X
Adult KM mice/Adult L . " Jeli release of acetylcholine, prostagl-andins
ICR mice ((.)per.aml)e after modelng and inhibit the contraction  of
L-g/1-p- smooth muscle
. Sl = 2 W = =2 & 7N 7
WA SD KBV W B e S Y
ddY /MR g #A5 30 min . Aetivate o ad o selaxe small
Adult SD rat/Adult  Clonidine 30 min after modeling jetvate < adrenoceplor lo retaxe sma
. . intestinal  smooth muscle, causing
ddY mice (i.p.) . . e
gastrointestinal motility disorder
& B 32 - e 5 I
R N P s L, T
g W Wistar REUVR o B HHL, 385 1 M )
S l"(*d . A ddY /MR Dopamine L 60 min 1d Activate the dopamine receptor of
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Adult ddY mice ‘rece[.) ﬂ(t)r muscle of stomach and cause
‘(igi()::l; gastrointestinal motility disorder
< e e
,ﬁ;ﬁ e RS 14 d adp e FOIREKER N SRR R
BAE SD KR - e ik
Long-term Within 14 d More than . . . .
Adult SD rat high. aft Jeli 14 davs High-fat diet affects bile secretion and
e atier modeling as gastrointestinal hormone expression
fat diet
" 10 d/21 d - RREHERINED, 77 4L RIE R K
FRAE Wistar - B L HEBUF10d21dP BLE 2 , oA A
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it st Ll}z " after modeling 10721 exercise can produce anxiety and
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c-Kit 5 57 P& FE Cajal [ 5720 M 4 TR RO i
A SD B E/RENER ) WHRUE 10 d Y l4dLhil WS s R
Adult SD rat C-kit Within 10 d More than  Apoptosis-like changes in Cajal stromal
" @ monoclonal after modeling 14 days cells result  in gastrointestinal
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P0IBT B, R M R v O
i SD K B MOBREHEY WSS 6 d A 56 d LA b M R 0N A
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S W 3 9 A SN, 7 A M R R
SHe == = R TH
2% SD KBl SRR BB 1d A 56 dHLE iﬁiﬁ?ﬂﬁ%ﬁf inflammato of
< ¥ HE Within 1 d More than ~ S 2l
Neonatal SD rat L. . . gastrointestinal tract to produce a sense
TNBS injection after modeling 56 days . . .
of satiety and  gastrointestinal
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AN GRS B AR R
B AL F BN 56.d LI T W SR N, T A P I v B
iy SD KK Wk &R 18 d )5 More th Restraint stress combined with mother-
Neonatal SD rat New sequential 18 d after modeling 5 60r§ays M infant separation produces anxiety to

stress method

cause  gastrointestinal  inflammatory

response and visceral hypersensitivity
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[ Abstract]

High altitude pulmonary oedema ( HAPE) is defined as acute respiratory failure following hypoxic

exposure to high altitude. The pathogenesis is not clear, and there is no standard animal model. Animal models is the basis

of exploring the pathogenesis and treatment on HAPE. Also,

it” s the basis of searching for effective diagnosis and

treatment. The method of production of animal models include singly hypoxia exposure, hypoxia exposure combined with

fatigue, transgenic technology, etc. This brief review focuses on the animal models from the model creation and model

evaluation, in order to provide useful information for researchers and medical practitioners.
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