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Establishment of TNFRSF4 knockout and humanized mice

HUANG Yiying, BAI Lin, LEI Xuepei, LI Keya, LI Xinyue, HOU Liya, SHI Guiying”

(NHC Key Laboratory of Human Disease Comparative Medicine ; Institute of Laboratory Animal Sciences, CAMS&PUMC;
Beijing Engineering Research Center for Experimental Animal Models of Human Critical Diseases, Beijing 100021, China)
Corresponding author: SHI Guiying. E-amil; guiying_shi77@ 163.com

[ Abstract]  Objective To establish tumor necrosis factor receptor superfamily member 4 ( TNFRSF4) knockout
and humanized mice for TNFRSF4-targeted cancer therapeutic antibodies development, and to study the function of
TNFRSF4 in the immune response. Methods The TNFRSF4 knockout and humanized mice were established with the
CRISPR/Cas9 method. The mice were characterized by PCR, RT-PCR, HE staining and fluorescence-activated cell
sorting. Results ~ We successfully generated mice expressing the human TNFRSF4 gene, as well as TNFRSF4 gene
knockout mice. TNFRSF4 humanized mice expressed human TNFRSF4, but not murine TNFRSF4. No TNFRSF4 expression
was detected in TNFRSF4 knockout mice. TNFRSF4 humanized mice and knockout mice survived normally within 6 months
after birth, and there were no obvious abnormalities in histopathology and immune system. Conclusions TNFRSF4

humanized mice and knockout mice produced using CRISPR/Cas9 technology can be used as animal models for screening
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and evaluating of TNFRSF4-targeted cancer therapeutic antibodies or for studying the role of TNFRSF4 in immune

processes.
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1 JCIE & BRIRSE W R 2l bR/

i FUR B PCR RN &1 T PCR, I R )¥
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30 fE¥R;72°C 10 min,, fdiFH 1. 5% 0 B iR A v e i
TRk, FlJS, EEUAL 5 545 (1 PCR 4T TA
SERE FEUEATINT M, B DNA B B s S .
1.2.4 %% 5% PCR (reverse transcription-polymerase
chain reaction, RT-PCR) #{lll TNFRSF4 mRNA 7£ />
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(TNFRSFA"") (3 %) B[R 558 A= (TNFRSFA™™ ) 45
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H65°C , 74 304 A~k 3 Xt ; Il mTNFRSF4-F. 57 -
CATCCGTGTGAGACTGGCTT-3" , mTNFRSF4-R: 5’ -
AGCTGTTTCCCCAACAAGGT-3" , TM K 60°C , =¥
580 MHEIEXT, FFBEIT—XF NSRS B-actin-
F.5’ -TGCTGTCCCTGTATGCCTCT-3" , B-actin-R:5” -
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1.2.5  HE J& (R I 4 i 76 45 2 204 1 43 A

YVEFH 3 H #4019 TNFRSFAY" HE 1 /) LA R 55
TNFRSFA™"/NE, 2 I TNFRSFA™~ HEVE /N B[]
% TNFRSFA™* /NRAS 2 L, #E R Dy bR & 22 24 h LA
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YR e Jq iH47 HE Jefa
1.2.6 A B A I /N BRAM ] I 45 25 240 i 11
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1.2.7 WS ARK I TNFRSF4 7 35 A B 5 /0N B
i ) e 34

B TNFRSF4 @Bg /N 45 ( TNFRSFA™ ™) Ji
[ 45 WP A2 ( TNFRSFA™ ) /N A 2 H (2 A 8%, i
AR RIS F MEM B532 35 10% i
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AR AL BT G £ 40 | FlowJo %9043 40 it 55 1fi
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2.1 FiEHEHHE

pUCS57-sgRNA KL AR L Bsa 1 i V) 244k,
4 LAY TNFRSF4 sgRNA XURE fo RS M A 0 5 26 1k 48
1A Bsa I iU 5 ARG A st AR VC B, R4 14 82, L)
F4% TNFRSF4 sgRNA &3k 4844, £ )3 56 UF )5 1)

1EH
2.2 TNFRSF4 gibk R NEW/NR A E

PRSI T % (B 1), K55 5% J5 19 sgRNA
Cas9 mRNA JRAJ5 i o W 6 O 4 AR i 43 31 €57
INRAZREI R AR ICR 2R R E N, 58 1 L
A= 23 AT 56 2 ikl A 22 H4f7, ffi FH PCR i
PRI E . MG PCR 255, e B T AN H T
BPAE R A5 9 PCR 72 4 I )T 9 5 35 A= B/ B)
TNFRSF4 JEPH P90 Fo e, 45 R W, 55 1 /B
o2, T INEROR AR R RN A 2 /N R TR/ R
RAEFER @R, K ro fR/NRE €57 /N R kAT 44
ARG I E T TNFRSFAY " 8, TNFRSFA™~ Y4224
FHZIWG AT ALK 2 (B 2) , BRlais
P BRIV TNFRSFA™ " 8% TNFRSF4™~
223 TNFRSF4 BB R ANBEWHX/NREARF
TNFRSF4 &%

T4 KRR /D BRUR A AR B K R R
TNFRSF4 bR AJRALTE A B3 & /N ERAH 8 i
PEAT 30 =X 40 i 2 o, i R IR s L R B
TNFRSF4 LRI TNFRSF4 %35 (&l 3a) . 4550

. 7F sgRNA 1 Cas9 mRNA f9Z 5 F /N TNFRSF4 55— B F 885 U s a. i H A TNFRSF4 /9 CDS X 2 BGH Poly A 415119 1083 bp [#i52
HE , T4 T /N Bl TNFRSF4 55— M T 945 X, 2 57 TNFRSF4 AJEAL /N B b ; B HE R BE 54/ B TNFRSF4 25— 4h i T B g 5 X,

# 37 TNFRSF4 Rbi/NR

B 1 TNFRSF4 AUEAL B BR/IN B ST T 5
Note. With the participation of sgRNA and Cas9 mRNA, the first exon of mouse TNFRSF4 was cut. a. The 1083 bp reading frame composed of the

CDS region of human TNFRSF4 and BGH Poly A was used to replace the coding region of the first exon of mouse TNFRSF4 to establish a humanized

TNFRSF4 mouse. b. The reading frame did not replace the coding region of the first exon of mice TNFRSF4 and a TNFRSF4 knockout mice was

established.

Figure 1 Establishment of TNFRSF4 humanization and knockout mice
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7N, E TNFRSFA™™ /N FF i, TNFRSF4 ik TNFRSFA™™ /N4 21 mRNA 235 (Bl 3b) ., 45
Bl R AT W VS| HAEY 3 TNFRSF4A™" /)N B

MTFHEEAVARLEX 2 NES/NEIE DNA,M/NNUAF SIS YW L REY 1 TNFRSF4™™
TNFRSF4 % [, ffi F§ RT-PCR £ % TNFRSF4"" Fll ) ¢cDNA, 25 S ] W A#E TNFRSFAY" /N B, BLUIR

Tl PCR 2 AU AL R, S48 AT 24 ; M : Marker ( TaKaRa, DL2000) ;H: 7K ;h/h: TNFRSF4 AJAL4ES T/MR s h/m: TNFRSF4 A
PG T/ m/m: Rl B AR BN B o %2 {8514 M-TNFRSF4-UP , M-TNFRSF4-DOWN ; b % Z i 5|4 M-TNFRSF4-WT;c;~/~;
TNFRSF4 FEH R R A5 T/ s +/— . TNFRSF4 FERREER A5 T/ B s +/+ B A B/ B 6 48 514 M-TNFRSF4-KO
2 PCR %5E FRUNREEF B
Note. Offspring mice were identified by PCR, the mutation can be transmitted. M.Marker(TaKaRa, DI.2000). H. H,0. h/h. Humanized TNFRSF4
homozygous mouse. h/m. Humanized TNFRSF4 heterogeneous mouse. m/m. Wild-type mice. a. Identification used primers M-TNFRSF4-UP and M-
TNFRSF4-DOWN. b. Identification used primers M-TNFRSF4-WT. c. —/-. TNFRSF4 knock-out mice. +/~. TNFRSF4 heterogeneous mice. +/+.
Wild-type mice. Identification used primers M-TNFRSF4-KO.
Figure 2 Identify the genotype of the offspring mice by PCR

T a: WA M ARG8T TNFRSFA™* Fl TNFRSFA™ ™ /INERUKG 75 (4 I 40 i CD3+CD4+T 41t *f TNFRSF4 + 41 Jif /) B J7 ¥ ; b: TNFRSF4 78
TNFRSF4™™(1~8) F1 TNFRSFA"" /N (9 ~ 16).0>(1,9) JF(2,10) JR(3,11) Jii(4,12) F(5,13) HfR(6,14) F(7,15) EHE(8,16)
Y235 ; hTNFRSF4 . A K¢ 5 TNFRSF4 5] 4 ; mTNFRSF4 . /)N BURE 5 ¥ TNFRSF4 5| 4 ; B-actin: /)N B¢ 5 % B-actin 5] 4; M. Marker
(TaKaRa, DL.2000) .
3 TNFRSF4™~ J TNFRSF4"" /NG H TNFRSF4 ik
Note. a. Proportion of TNFRSF4+ cells in CD3+CD4+T cells of splenocytes by flow cytometry. b. Expression of TNFRSF4 in heart (1,9), liver (2,
10), spleen (3,11), lung (4,12), kidney (5,13), thymus (6,14), brain (7,15) and bone marrow (8,16) of TNFRSFA™™(1~8) and
TNFRSFA"" mice (9 ~ 16). hTNFRSF4. Human-specific TNFRSF4 primer. mTNFRSF4. Mouse-specific TNFRSF4 primer. B-actin. Mouse-specific
B-actin primer. M. Marker ( TaKaRa, DL2000).
Figure 3 TNFRSF4 expression in TNFRSF4™~ and TNFRSF4"" mice
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TNFRSF4 # N JEE1C.
2.4 ANiE TNFRSF4 EFE A EE H KR /MR
TNFRSF4 E[A

HE 4t {0 45 B & I8, 76 TNFRSF4™~ /N fl K&
TNFRSFA"" 7N 25 4120 1A XA 2] bk B2 440 i F
R 4), B SRk a R RS, 458 E
B, TNFRSFAY" J TNFRSF4™ /N R B IEH ,7E 6 1
HWNEAEL S F B et & R4, FIH

TR AIMI AR T TNFRSFA™" /NG AN &) 1M P 4% 25 40
JRLR E A8, & R4 JE i B4 e (B2207) T 4 Jifd
(CD3", CD4*, CD8" ), ki 4il g (CD11b") F1 NK
(NK1. 17) 400 L AR A B i 22 5 (1R 5) . 45
UERH AR AL TNFRSF4 JE ] 5 AT AR 1 8 AR FRR A
TR R, FItL, fE TNFRSFA"" /)N
o, NI TNFRSF4 254y 356 R AT AR /N BL TNFRSF4
A

T :m/m: BFAEADINGL h/h: TNFRSF4 AJEALSEG T/ +/+ B A RN /- TNFRSF4 8 R B a5 7/ N,

4

4141

)

HE 3t

Note. m/m. Wild-type mice. h/h. Humanized TNFRSF4 mice. +/+. Wild-type mice. —=/~. TNFRSF4 knockout mice.

Figure 4 Tissue HE staining

TE ARG A R S 2 e SN H M A LBl b ~ e AN AR AR I 418 1L+ B220(b) ,CD3 () ,CD11b(d) ,NKI. 1(e)

&5

TE TNFRSFA"" /NG M & 1L i S [a] 28 40 g 4 He 451

Note. a. Proportion of different immune cells in peripheral blood by flow cytometry. b~ e. Expression of B220(b), CD3(c¢), CD11b(d), NKI.1

(e) in peripheral blood by flow cytometry.

Figure 5 Proportion of different immune cells in peripheral blood of TNFRSF4"" mice
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3 itig

TNFRSF4 f 9] 9% %8 %€ S T 40 M 3% 4k A5 &
Yt FE 2 R REESE T & B R B SR RE R
NGFR/TNFR # Z 1% i 511"/, TNFRSF4 7] DL #E
ALK CD4" Fil CD8™ T 40t 363k (B AE #1111
WILE T 40H Bl K 2 50 1k ic 12 T 40 F#RsA
R ORAE R LIk AT — ELIA i TNFRSF4
FERAR T AL H ML T 400, (378 B 2715 1k
ORI PE T 4t NK 4t NKT 4t
Fimg PR i > ERBLT E .,

TNFRSF4 @55 /0N BR7E IE 5 1% 30 JC BA i 9 2R
JNE P55 2 B, TNFRSF4 & Bk /N B E Jm 7= AE 1Y
WAL, CD4™ T A0 B 5 /| I H X TNFRSF4 3
KRB ek 5k = TNFRSF4 19 CD4™ T 41l i i B 5%
#t— BB T, TNFRSF4-TNFSF4 (/)48 5 /5 75 9)
IR T A0 A R B 38 F ™= AR A R R G CD4”
T 40N 4 T AR Y

BT CTLA4 UK ipilimumab ( Yervoy® ) 7E 2011 4F
DATHAE B B E R SRR A ERE K
WIAEAER OO T e R 24 s, TR B A, F
ZHAGIE MG A 25 C AR IR T %, T K
Syt || P S S o T o s e i 1
TNFRSF4 FBE B2 i 2 5 3 09 TNFR M & & H
Atz DR BT T A R Gt 1L, CTLA4
BH WA 5 7™ 55 A S e A DGR R SR G 3k FR il
TR 5 CTLA4 AL, 76 MR R
BErp, TNFRSF4 736G AL T 4 £ ik & B
P87 HAT, JURR T TNFRSF4 S0 50 B Bt 14 1F 78
VB Ry B— 7 12 15 5 4 A o 00 o8 700 3 FH 2 A 711 PR
KA SO A A SRR T g0
I S Sh PR AL A mT LA S 35 T 4 M g A
RN T-IIRE  [RIN42 ] Tregs AU D AE K4 Brh i
FEAR PR 30 5 Ry S B L i
[ 7 b Hp ok B Sk R AN Z AR, A5 RT REHE i Xt i
Jo DX SR R 7, I LA 4 B PR T 40 B 755 Ak A IXURS:
IR EITRL, BT ARV RAY TNFRSF4 X HA
25 70% W [R) I, O E— 25 A58 TNFRSF4 AH 5624
Y, i TNFRSF4 A VEAL/INEROAT DA BE 4 1) 55 11 PR 42
B, TNFRSF4 5K 5 Ak /Iy B 50 08 1 25 2 78 B
SRS AR, AT U P IEAN 5 8 72 N 2RI697 1
PUAAHIC B B e mIAE I Y RE

PR, AT ST 357 1Y TNFRSF4 A J5AL /)N S

A LLsE TNFRSF4 76 N5 /0 R s 22 = S 801
SR AE R 25 S, DN 2 ) TE AN 0 45 SR T % 0
RSB B SRR B T A M (E B L g S )
B[Rl #2574 TNFRSF4 #il4/N Bl TNFRSF4
FE G E L R AR ML ST B AL T /)N BRUREARY

2 £ X #k(References)

[ 1] Ribas A, Wolchok JD. Cancer immunotherapy using checkpoint
blockade [ J]. Science, 2018, 359(6382) : 1350-1355.

[ 2] Wei SC, Duffy CR, Allison JP. Fundamental mechanisms of
immune checkpoint blockade therapy [ J]. Cancer Discov, 2018,
8(9) : 1069-1086.

[ 3] Swart M, Verbrugge I, Beltman JB. Combination approaches with
immune-checkpoint blockade in cancer therapy [ J]. Front
Oncol, 2016, 6. 233.

[ 4] Aspeslagh S, Postel VS, Rusakiewicz S, et al. Rationale for anti-
0X40 cancer immunotherapy [J]. Eur J Cancer, 2016, 52. 50-66.

[ 5] Chen DS, Mellman I. Oncology meets immunology: the cancer-
immunity cycle [ J]. Immunity, 2013, 39(1) . 1-10.

[ 6] Chen DS, Mellman I. Elements of cancer immunity and the
cancer-immune set point [ J]. Nature, 2017, 541(7637) . 321
-330.

[ 7] Croft M. Control of immunity by the TNFR-related molecule
0X40 (CD134) [J]. Annu Rev Immunol, 2010, 28 57-78.

[ 8] Jacquemin C, Augusto JF, Scherlinger M, et al. 0X40L/0X40
axis impairs follicular and natural Treg function in human SLE
[J]. JCI Insight, 2018, 3(24): el22167.

[ 9] Vanamee ES, Faustman DL. Structural principles of tumor
necrosis factor superfamily signaling [ J]. Seci Signal, 2018, 11
(511) ; eaao4910.

[10] Paterson DJ, Jefferies WA, Green JR, et al. Antigens of
activated rat T lymphocytes including a molecule of 50,000 Mr
detected only on CD4 positive T blasts [ J]. Mol Immunol, 1987,
24(12) : 1281-1290.

[11] Mallett S, Fossum S, Barclay AN. Characterization of the MRC
0X40 antigen of activated CD4 positive T lymphocytes — a
molecule related to nerve growth factor receptor [ J]. EMBO J,
1990, 9(4) . 1063-1068.

[12] Calderhead DM, Buhlmann JE, van den Eertwegh AJ, et al.
Cloning of mouse Ox40: a T cell activation marker that may
mediate T-B cell interactions [ J]. J Immunol, 1993, 151(10):
5261-5271.

[13] Godfrey WR, Fagnoni FF, Harara MA, et al. Identification of a
human OX-40 ligand, a costimulator of CD4 + T cells with
homology to tumor necrosis factor [ J]. J Exp Med, 1994, 180
(2): 757-762.

[14] Gramaglia I, Weinberg AD, Lemon M, et al. Ox-40 ligand: a
potent costimulatory molecule for sustaining primary CD4 T cell
responses [ J]. J Immunol, 1998, 161(12) : 6510-6517.

[15] So T, Lee SW, Croft M. Immune regulation and control of
regulatory T cells by 0X40 and 4-1BB [ J]. Cytokine Growth



144

o E SIS 2R AR 2021 4E 4 A5 29 %55 2 ] Acta Lab Anim Sci Sin, April 2021, Vol. 29, No. 2

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Factor Rev, 2008, 19(3-4) : 253-262.

Zingoni A, Sornasse T, Cocks BG, et al. Cross-talk between
activated human NK cells and CD4+ T cells via 0X40-0X40 ligand
interactions [ J]. J Immunol, 2004, 173(6) : 3716-3724.

Liu C, Lou Y, Lizée G, et al. Plasmacytoid dendritic cells
induce NK cell-dependent, tumor antigen-specific T cell cross-
priming and tumor regression in mice [ J]. J Clin Invest, 2008,
118(3): 1165-1175.

Marschner A, Rothenfusser S, Hornung V, et al. CpG ODN
enhance antigen-specific NKT cell activation via plasmacytoid
dendritic cells [ J]. Eur J Immunol, 2005, 35(8) : 2347-2357.
Zaini J, Andarini S, Tahara M, et al. 0X40 ligand expressed by
DCs costimulates NKT and CD4+ Th cell antitumor immunity in
mice [J]. J Clin Invest, 2007, 117(11) : 3330-3338.
Baumann R, Yousefi S, Simon D, et al. Functional expression of
CD134 by neutrophils [ J]. Eur J Immunol, 2004, 34(8) : 2268
-2275.

Kopf M, Ruedl C, Schmitz N, et al. 0X40-deficient mice are
defective in Th cell proliferation but are competent in generating
B cell and CTL Responses after virus infection [ J]. Immunity,
1999, 11(6) : 699-708.

Song J, Salek AS, Rogers PR, et al. The costimulation-regulated
duration of PKB activation controls T cell longevity [ J]. Nat
Immunol, 2004, 5(2) . 150-158.

Jember AG, Zuberi R, Liu FT, et al. Development of allergic
inflammation in a murine model of asthma is dependent on the
costimulatory receptor O0X40 [J]. J Exp Med, 2001, 193(3):
387-392.

Song J, So T, Cheng M, et al. Sustained survivin expression from
0X40 costimulatory signals drives T cell clonal expansion [ J].
Immunity, 2005, 22(5): 621-631.
Marin-Acevedo JA, Dholaria B, Soyano AE, et al. Next
generation of immune checkpoint therapy in cancer: new
developments and challenges [ J]. J Hematol Oncol, 2018, 11
(1) 39.

Tang J, Shalabi A, Hubbard-Lucey VM. Comprehensive analysis

of the clinical immuno-oncology landscape [ J]. Ann Oncol,

[27]

(28]

(29]

[31]

[32]

[33]

[34]

[35]

2018, 29(1) : 84-91.

Hodi FS. Overcoming immunological tolerance to melanoma;
Targeting CTLA-4 [J]. Asia Pac J Clin Oncol, 2010, 6: 16-23.
Bertrand A, Kostine M, Barnetche T, et al. Immune related
adverse events associated with anti-CTLA-4 antibodies:
systematic review and meta-analysis [ J]. BMC Med, 2015,
13; 211.

Vetto JT, Lum S, Morris A, et al. Presence of the T-cell
activation marker OX-40 on tumor infiltrating lymphocytes and
draining lymph node cells from patients with melanoma and head
and neck cancers [ J]. Am J Surg, 1997, 174(3) ; 258-265.
Montler R, Bell RB, Thalhofer C, et al. 0X40, PD -1 and
CTLA-4 are selectively expressed on tumor-infiltrating T cells in
head and neck cancer [ J]. Clin Transl Immunology, 2016, 5
(4): €70.

Arce Vargas F, Furness AJS, Litchfield K, et al. Fc Effector
function contributes to the activity of human anti-CTLA-4
antibodies [ J]. Cancer cell, 2018, 33(4) . 649-663.e4.
Emerson DA, Redmond WL. Overcoming tumor-induced immune
suppression: from relieving inhibition to providing costimulation
with T cell agonists [ J]. BioDrugs, 2018, 32(3) . 221-231.
Mayes PA, Hance KW, Hoos A. The promise and challenges of
immune agonist antibody development in cancer [ J]. Nat Rev
Drug Discov, 2018, 17(7) . 509-527.

Glisson BS, Leidner RS, Ferris RL, et al. Safety and clinical
activity of MEDI0562, a humanized OX40 agonist monoclonal
antibody, in adult patients with advanced solid tumors [ J]. Clin
Cancer Res, 2020, 26(20) : 5358-5367.

Redmond WL, Linch SN, Kasiewicz MJ. Combined targeting of
costimulatory ( OX40) and coinhibitory ( CTLA-4) pathways
elicits potent effector T cells capable of driving robust antitumor
immunity [ J]. Cancer Immunol Res, 2014, 2(2) . 142-153.
Galon J, Bruni D. Approaches to treat immune hot, altered and
cold tumours with combination immunotherapies [ J]. Nat Rev
Drug Discov, 2019, 18(3): 197-218.

[KFEEHH] 2021-01-11



2021 4E 4 A [ SIS B 2E April 2021
¥20% H2# ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 29 No. 2

AR AR T . 4 7 2R 52 A PR RO R BRI A7 g AR R 5 ) 52 ) [ 0] vh B S sh =i, 2021,
29(2) . 145-151.
Rong CP, Song SS, Hou XQ. Effects of silencing the oxytocin receptor in the basal forebrain on cognitive behaviors and the cholinergic

pathway in rats [ J]. Acta Lab Anim Sci Sin, 2021, 29(2);: 145-151.
Doi:10. 3969/j.issn.1005-4847. 2021. 02. 002

R JEC U A 7 2R A2 AR 35 PRI SR R RO AT
1 H B B 18 B 1) 52 i)
FEF LRI, REH
(L MR EE 2GR 5 IR REE 24 B, )M 5100065 2. INASE— BRI K2, 2522 Be 25 BT o, LW AR 3% 271016)

[HWE) B JHGE RSB0 2 BT /R 2515 2% ( Alzheimer’ s disease, AD) ¥ T B & s AL , {H 8.4 )i Fi 40
fRBEZ 367 AD BURNIEA , 3X 1] RE -5 H A 24 1 N 26 BX AT 56, ASTFSY B 76 gL — P BE IS AT I Meynert 8 JiC A%
(nucleus basalis of Meynert, NBM ) {7 & 521K (oxytocin receptor, OXTR ) J& [ VTER (19 K A RS  FF-Hr OXTR B XA
AT R AN RELGR RE T B B 52 I, R BIESE AD MR SRYT R AR BE AR . AR (1) FITIEE AL MRAH JCHE E (recombinant
adeno-associated virus,rAAV ) F1%E % J& RNA (short hairpin RNA | shRNA) /- F: A0S R P AR W AS [6) B B A B i
rAAV9-EGFP-Oxir-shRNA ( OXTR-shRNA ) i 5 7 8 2 K SRELE AT Ak NBM X, 4390 THE S5 2.3.4.5 A, WM& 4H
44 NBM [X. EGFP ZZ3eik , LUHm 7 YL AR , 0 S 1990 7 B L 0 2 5 R B IR R AT — 2P 5280, (2)
B K BBEHL A AT A (Sham ) 20, BHPE %} PR 5 ( Con-shRNA ) 2 OXTR 1Lk ( OXTR-shRNA ) 41 , Morris 7K 3 ‘5 FI
I ST 5 A T R B 2 [ 2% 2 S A R E AL 5 S RE S S G4 (A I NBM X OXTR 2 [ 357K F, WAl OXTR ULER
R ELISA 3460 K SR Bt X 2 BENE B (acetyleholine , Ach) 7K -4k ; 9058 9 S 4L (R i i 5t (X 2 Tk B Bl s 5 il
(choline acetyltransferase, ChAT) i35, S8R (1) OXTR-shRNA i J8 Y 2k S 5 5] 42 1 s 1] 46 i 44 5 (2) OXTR-
shRNA 41 BRAE /K 2 B 5256 rv (1 24 38 v IR 391 & 1R T AR 411 Con-shRNA 2 ; 7 38F 5 5 56 1) JL [ B Bt , OXTR-
ShRNA 41 Bk A S A6 B4 P AR S T T AR 28 F0 Con-shRNA 21 ; 508 96 e e 0,45 3 7% OXTR-shRNA 41 NBM [X.
OXTR k9870 ; OXTR-shRNA 20 7 [t /1 Ach 7KL B2 ChAT SRR T BANHA, 818 by 7 —Fh R RT
i OXTR RS shse Al | A LA 2 ) A2 i IR RE R S 3 i 3R 280 5 A T 1 1 B IR s R S 5 05 1) i 5 42
HEARAE

[RBIA]  FEANAIRTE ; ™ R 320K SLR AT ; 5 211012 ; INiAE R 4E

[HESFES] 095-33 [ XktRIZEE] A [XEHS] 1005-4847(2021) 02-0145-07

Effects of silencing the oxytocin receptor in the basal forebrain on
cognitive behaviors and the cholinergic pathway in rats

RONG Cuiping' , SONG Shuangshuang”, HOU Xueqin®*

(1. Second Clinical Medical College, Guangzhou University of Chinese Medicine, Guangzhou 510006, China.
2. Institute of Pharmacology, Shandong First Medical University & Shandong Academy of Medical Sciences, Tai’ an 271016)
Corresponding author; HOU Xuegin. E-mail; xqhou@ tsme.edu.cn

[E&TH]EZKARFPEIEETUH (81703901) , (IR H B AT H (2019GSF108069) ,

Funded by National Natural Science Foundation of China (81703901 ), the Key Research and Development Project of Shandong Province
(2019GSF108069) .

[EE BN ] 5RART(1987—) , & A LTS AR BF5E 5 1) T BE 245787 AR 28R4 T . Email : rep0220@ 163. com

[EBEEE 1T, 2o, AL WA 0, F5E D5 1] . M2 2534 . Email : xqhou@ tsme.edu.cn



146

o E SIS 2R AR 2021 4E 4 A5 29 %55 2 ] Acta Lab Anim Sci Sin, April 2021, Vol. 29, No. 2

[ Abstract)

disease (AD). However, the efficacy of cholinomimetic agents in treating AD is low, which may be related to the

Objective  Dysfunction of the cholinergic system is an important pathogenetic feature of Alzheimer’ s

complexity of the affected pathways. In this study, we established an animal model of oxytocin receptor (OXTR) gene
silencing in the nucleus basalis of Meynert (NBM) in the basal forebrain, and we investigated the effects of silencing on
learning and memory behaviors and on the cholinergic pathway. Methods Recombinant adeno-associated virus (rAAV)
containing short hairpin RNA (shRNA) to the OXTR gene (rAAV9-EGFP-Oxtr-shRNA ( OXTR-shRNA) ) was injected at
different dosages into the NBM region of the basal forebrain. Then, 2, 3, 4 and 5 weeks later, EGFP expression was
measured to assess the rate of infection. An optimal dose of OXTR-shRNA and infection duration were selected for
subsequent experiments. Rats were randomly divided into Sham, negative control shRNA ( Con-shRNA) and OXTR-shRNA
groups. Morris water maze and light-dark box were used to assess spatial learning and fear memory, respectively. To
evaluate the effect of silencing on OXTR protein expression, immunofluorescence staining was used to detect the protein in
the NBM region. Acetylcholine ( Ach) level and the expression of choline acetyltransferase ( ChAT) protein in the cortex
were assessed by ELISA and immunofluorescence staining, respectively. Results The effects of OXTR-shRNA infection
showed dose-dependency and time-dependency. In the water maze test, escape latency was longer in the OXTR-shRNA
group than in the Sham and Con-shRNA groups. During the consolidation stage of the light-dark box test, the latency to
enter the dark chamber was shorter in the OXTR-shRNA group than in the Sham and Con-shRNA groups.
Immunofluorescence staining showed that OXTR expression was decreased in the NBM in the OXTR-shRNA group. Ach
levels and ChAT expression in the cortex were reduced in the OXTR-shRNA group compared with the two other groups.
Conclusions An animal model of OXTR gene silencing in the basal forebrain was successfully established in this study.
This animal model has phenotypes of learning and memory impairment and cholinergic system damage, and therefore can be
used to study diseases associated with cognitive dysfunction.

[ Keywords]  recombinant adeno-associated virus; oxytocin receptor; basal forebrain; learning and memory;

cholinergic system
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A % 114) 5 i)

(1) Sh¥ 4l AR PEBEPLT FE % 441,33 H SD
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Horp (BT AR S BEL K ; Con-shRNA H 73525
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RS (1. 116 v.g/mL) |, Beye A 3 8 (4K
P WA ) o FAITIESHHRIGT457,
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(3) dEIE SC 50 . 3kt 5 A b AN KN 52 e AE T Y
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PIFLENT, B4 0.2 mA FR4E 3 s, 4525 10 s 15
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1 W5 NBM XoRE

Note. Injection site (left, in the red circle) shown on the sagittal section of the rat brain is consistent with the NBM region

(right, in the red box) on the sagittal plane of the brain map.

Figure 1 Schematic diagram of the injection site NBM region
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significant Difference ) 347 2H 8] P P FL#2 ( post hoc
multiple comparison) JRE IG5 S 56 H Y AR 1T RN Rz T
Ach Edli o3 R B 2207 229007, P < 0.05 2
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= 0 B (8] 4k 3 14
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B2 NBM XiESHHRRGRERGECR

Figure 2 Efficiency of virus infection in the NBM region after injection
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25 2R R R 306 3R R AR 0D I o I 2 DR B 3
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T 50578 OXTR B, i (56 DAPL FR MR .

T BE I S 06 v, 25 20 K BRUFE 36 N B B A I
FER TR Z (B () 22 57 T B P (P> 0.05) ; 2L
I B B, A1 T A 2H A0 B o) B O 1 A R R R A S
FE VAR B ZE K, OXTR-shRNA 41 K B A I 46
AR 5 38 1 o B JC I W 25 5 OF B TR
ARG M B s 4, B W M2 5 (P<
0.01) (K&l 5),

2.4 MEAR NBM X OXTR AJf&{KE KX Ach
KE

OXTR-shRNA 21 FZJiiH Ach ¥R B FAR LA
B RO s /0, H 22 S A S22 3 L (P<
0.05) (K 6),

2.5 MEBAR NBM X OXTR Al T /R X
ChAT ERRIX

7 MEH KRB RIX ChAT S o e e a2k
R, OXTR-shRNA #1 ChAT PHIE: Rk & IR FRA
Fl Con-shRNA 270> | 5 E5m EE5 |

B3 KEILERK NBM X OXTR %Kik

Note. Red fluorescence indicates OXTR-positive, blue fluorescence indicates DAPI ( nucleus) .

Figure 3 Expression of OXTR in the NBM region of basal forebrain in rats

TE TR n=10; BIEX L n=9; OXTR YURAL n=12; ST ARA SIS IRAMALL, P< 0.05, ( FIEIR)
4 KRR E S rh A% 2 R Bk s T IR D AR A
Note. Sham group n=10. Con-shRNA group n=9. OXTR-shRNA group n=12. Compared with sham group and con-shRNA group, #P< 0.05. ( The

same in the following figures)

Figure 4 Escape latency in the water maze test
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G ABRTFARL n=10; BIPEX AL n=9; OXTR YLIRY n=
12; 5RFARA B B, # P< 0.01,

B 5 kI S0 v A% 2 R BLE A I A T R 10
Note. Sham group .= 10. Con-shRNA group n=9. OXTR-
shRNA group n = 12. Compared with sham group and con-
shRNA group, *P< 0.01.

Figure 5 Latency to enter the dark chamber

in the ligth-dark box test

B 6 HAHKBEMX Ach /K- (n=6)

Figure 6 Ach levels in the cortex of rats(n=6)

M EPEFER ChAT FHIE, 15 (96 DAPL R4,
B 7 KEAEFIX ChAT ik

Note. Pink fluorescence indicates ChAT-positive, blue fluorescence indicates DAPI (nucleus) .

Figure 7 Expression of ChAT in the cortex of rats
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FPAER B, ik BRI OO BF 52, CPCC & (CPCC-H) FME (CPCC-L) 77 4k 25 ) 9 18 77 4k 73531 4y
5/ (kg-d) F1 1 g/ (kgd) BT AREFBIRILENE E FE BRI, 8 FAJS W2 BT AL R0 AR 1 ST 252
A4k qRT-PCR W52 JAK/STAT SEBEAISCHE N mRNA R ik, SR ST ARLM M, 200 SR AR RV T-
SOD \GSH-Px Fil T-AOC /K1 i 3 T i \MDA & Al i 5 5 (P < 0.01) , B AL ZVEE M 22 AL bk L2 A MO 5 10 3
RPN F 1L-2 TNF-o il IFN-y KP4 530 (P < 0.01) ,JAK2 STAT1 I STAT3 JE[H mRNA 155 % ik B
BERN(P < 0.01) . SHEBILHILE, CPCC LY T-SOD  GSH-Px Al T-AOC 7K -4 5 35 44 i, MDA 7 Jk At
FRFE(P < 0.01) B LAV AS W1 S 0 e, K O 200 M 5 ot /> 5 o 37 v 4% 28 1k PR 7 /RSP B 3 R B (P < 0..01) 5
JAK2 STAT1 I STAT3 JE[H mRNA ik R RE FIEE(P < 0.01), 453 CPCC AT 25 B3 SEK LI S AR T
IR, AT B 5 JAK/STAT 38 s ke 3% B 41 4058
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Sheep bone collagen peptide calcium chelate ameliorates renal tissue
lesions in ovariectomized rats

JI Xia*, DUAN Xiaochao®, MA Linfeng, HAN Keguang, HUO Nairui

(College of Veterinary Medicine, Shanxi Agricultural University, Jinzhong 030801, China)
Corresponding author; HUO Nairui. E-mail: tgnrhuo@ 163.com

[ Abstract]  Objective To investigate the protective effect and the underlying mechanisms of action of sheep bone
collagen peptide chelated calcium ( CPCC) on the kidney of estrogen-deficient rats. Methods Rats were subjected to
bilateral ovariectomy. The CPCC dosages for the high-dose (CPCC-H) and low-dose ( CPCC-L) groups were 5 g/ (kg-d)
and 1 g/(kg-d), respectively. In the model and sham groups, the same volume of distilled water was intragastrically
administered every day. After 8 weeks, the kidney antioxidant indexes were measured, and the morphological changes in
kidney tissues were observed. qRT-PCR was used to measure the mRNA expression of JAK/STAT signaling pathway-related
genes. Results Compared with the sham group, the kidney T-SOD, GSH-Px and T-AOC activities in the model group
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were decreased significantly, and the MDA content was increased significantly ( P< 0.01). Furthermore, normal renal

tissue structure was perturbed and lymphocyte infiltration was observed. Levels of the serum inflammatory factors IL-2,

TNF-a and IFN-vy were increased significantly (P< 0.01). qRT-PCR analysis showed that the mRNA expression levels of
the JAK2, STATI1 and STAT3 genes were increased significantly ( P< 0.01). After CPCC treatment, compared with the
model group, T-SOD, GSH-Px and T-AOC levels increased significantly ( P< 0.01), and MDA content decreased

significantly (P< 0.01). Renal tissue lesions were significantly reduced, and the number of lymphocytes was decreased.

Furthermore, serum levels of various inflammatory factors were decreased significantly (P< 0.01), and mRNA expression

levels of JAK2, STATI1 and STAT3 genes were decreased significantly (P< 0.01). Conclusions CPCC inhibits oxidative

stress in ovariectomized rats and may ameliorate renal tissue pathology through the JAK/STAT signaling pathway.

[ Keywords)
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THEEAS OD 50, fE , FRATLG 7 A5 1 45 2 K RS
W IL-2 ' TNF-a Fl IFN-y [} 55 i,
1.2.5 qRT-PCR ¥:ill JAK/STAT 15 538 J& AH 56 5
mRNA ik

P51 41, 3 7E NCBI B0ds 5 v e xF K B
JAK2 STAT1 STAT3 FE K & N 23K GAPDH (1) H
RS (WL 1) . ¥ PCR FEYIHEST 2% 35 R W BRI
LK, T35 58 AR ) T RE L A BN /I

Fz 1 qRT-PCR 395 K=K/
Table 1 qRT-PCR primer sequences and product sizes

HEH ElL/2) BERT PRI (bp)
Genes Primer sequences Accession NO. Product size( bp)
F:GTGGAGATGTGCCGCTATG
JAK2 R:CCTTGTACTTCACGATGTTGTC XM_032891777. 1 157
- F:TTGGTGGAGTACAGACTGAAGA
STAT R:ATCAGAGTGGGAAGGAAACAGT NM_032612.3 182
. F:CACCCATAGTGAGCCCTTGGA
STAT3 R:TTTTTTGAGTGCAGTGACCAGGACAG XM_006247259. 3 139
o Tt o,
PEHOR RUF B RNA SN B BT E A ACT =S5 ACT-XFIRELACT,
S0 RNA ZHRE T 86 0D, 00 LLETE 1.8 ~ 2.0 ) 7=
=HA

] 4 5 RNA A7 % 5% @57 qRT-PCR ¥4
K% . SYBR® Premix Ex Taq™ I1(2 x)5 pL.ROX
Reference Dye I1(50 x)0.2 wL ,PCR ¥/ (10
pwmol/L) 0.3 uL,PCR F /¥ 51 (10 pmol/L) 0. 3
pL.cDNA 1 pL. ddH,0 %582 10 pl, Sz B &A%
H:95°C HAEYE 10 min; 95°C 78 15 s,60%C 1B & 30
s, 72°C ZEAH 10 5,40 MER Al AR ,95C 15
5;60C 1 min;95C 15 s,
1.3 SitESH

FIFHGE 2501 SPSS 26. 0 X 52 00K 3517 2
R )7 2250 HT, 1LSD #1721 Ui, S A L -4
H £ bR ( x = s) Fon, PUAEIEIR A 4501
DA I3 (2R oA AR E D A — e R A 45
TS AR ST K qRT-PCR 25 5 LUAH X 2634 5 &
(relative quantity, RQ) £/~, IHH =W T RQ =
27T ACT= HIEEN CT - NS CT 1,

2.1 BHARSZETNK

BRI BT AR L B /N KA A 240, B /N RE
I ) = AN RS i R e )
JB 75 IRBE, ) 51 B 2 I A5 7 K f 21 4 AR N ik 1
4IHE (1A B) . CPCC 1Al LI 2 ) % B o A2
(E1C.D), Sk, BT ARES 5 8 E IR T
FERIZ] (P< 0.01) ,CPCC 57 E 4430 i E KT
FEIRIZH (P< 0.01) (K 1E)
2.2 CPCC XEIPEXRBRIMENBE AR

Fie B0 S U6 I, Bl A A BEAE 45% ~
55%]f], T-SOD F1 GSH-Px AU /1 ok, H 1A 2 %,
MBS Bl 0. 2% F1 0. 8% i}, T-SOD Fl1
GSH-Px [ & 434 R AE 45% ~ 55% 2 18], i,
0. 2% F1 0. 8% Ay ) 2 AH IO Fl 7% 14 A0 e FEERURE VR JBE

FE 3 A, S5 F AR LA, A4 T-SOD |
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GSH-Px Fl1 T-AOC 7K {8 35 FEAIK, MDA & ) 2
FHN(P< 0.01) ; SEERIZ A L, CPCC 4557 41
T-SOD ,GSH-Px Fll T-AOC 7K-F-#1H% & & 34 i, MDA
SHEWMPETRE(P<0.01),
2.3 CPCC tMiEF# M EFHI 0

o T G U B PR S bR R LG
o L2 bRUERM IS TR N .y = (A-D) /[ 1+(x/
C)*B]+D, H A=1.25373 B =1.79750., C =

354.53007 .D=0. 19753, > = 0. 99685, TNF-o 47 if:
ML A TN .y=(A-D) /[ 1+(x/C)"B]+D, Hrf
A= 1.62753. B = 1.46026, C = 45.24075. D =
0.50353,r* = 0.99840, IFN-y Fx i th <& 0l & 5 72
H:y=(A-D)/[ 1+(x/C)*B]+D, Hrfr A=1.56921,
B = 1.13601, C = 75.14627. D = 0.11419, * =
0.99865, M & #E A IL-2, TNF-a I IFN-y fJ OD
1B, ACAFRUESL A IR A B O &, K 4, 5

A ART AR ;B AIZHZ ; C.CPCC B 2H ;D . CPCC R4 ; E i B4 ZU31T45 s 57 3k sk L 41 i 5 TR

AL, ™ P < 0.01; SRFIHALL,*P < 0.01, (FEIE)

B 1 KEEHLUREB AU R Koy
Note. A. Sham group. B. Model group. C. CPCC-H group. D. CPCC-L group. E. Histopathological score of kidney. Arrow

indicating lymphocyte infiltration. Compared with sham group, ™ P < 0.01. Compared with model group, *P < 0.0l.

(The same in the following figures)

Figure 1 Pathologiclal sections and scores of rats kidney tissue

B2 B4R T-S0D Al GSH-Px (1 F{ 434 il %
Figure 2 Inhibition rate of T-SOD and GSH-Px in kindey tissue homogenates
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BT AL L, BRG] TL-2 TNF-o F1 TFN-y 7KFH2 2
FHIM(P< 0.01) , SEAILAM L, CPCC 4577 =4
IL-2 'TNF-a Fil IFN-y 7K 2 2 R (P< 0.01)
2.4 CPCC 3t JAK/STAT S EEBMEXE
mRNA RiZHIR 0

Hi & 5A A] %0, JAK2 STAT1 il STAT3 HE A iy
PCR =¥y 45 B — M5t HIGAERe 9 3, 72
F/MKRIK R 157 182 #1139 bp, 5T —F, ¥
g5 L3R W 25 2 )7 9 5 05 DR A ofE I 4 TR IR 1 =
98% ., & 5B-5D Al I, SR TR, A H
JAK2 STAT1 F11 STAT3 J£[K mRNA 23k B ¥4 5 %
Hn(P< 0.01), CPCC 455 2 41 ¥4 BE A 5 2 1) il
JAK2, STAT1 F1 STAT3 3 K mRNA % ik (P <

0.01), Hrp cPcC {4 JAK2 FE[X mRNA ik
W BB T T ARYL(P< 0.01) ; CPCC F4H STATI
K mRNA ik 5T ARA T W EM 25 (P>
0.05) ;CPCC & #H STAT3 P mRNA ik &k B
FRTBFARL(P<0.01),

3 it

VR4 B B R AR TR D SRR
5 )5 A R M AR B P 3, B3 /N ER LI
FEZ0 M AS | 0 0K 40 45 4 | et s B o o 4 Ak 5 7
A MDA MDA RERS YR 41 it J5 0 40 e iy 22 45, i
LA REA , 5 O 6 M 48 PR 2 A0 335 Bk i
VS, B A AR B AR ST AR A 4K R

B3 SARREHEPUA TR

Figure 3 Antioxidant index of renal tissue in each group

B4 454 IL-2 TNF-a il IFN-y 7K
Figure 4 1L-2, TNF-a and IFN-vy levels in each group
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£ :M:DL600 DNA marker,

B 5 JAK2 STAT1 STAT3 %[N 2% BN WHEERE Bk M qRT-PCR 45

Note. M. DL600 DNA marker.

Figure 5 JAK2, STAT1, STAT3 genes 2% agarose gel electrophoresis and qRT-PCR results

B e AR A% S 2 T R I MDA % A i 2
T, B 2E b L 20 IR I, 5 R ek i v P A 1 2
LA T IL-2 TNF-a #1 IEN-y 7K FH B 3T, 5 F
WRERAE Y BRIEET WU AR A R — 5L,
kI 35 2 e = ] g R B R A AR N R R
N o

JAK/STAT 18 i i STAT & 4 5 M5 i 5]
MRS 515 5, FEH JAKs BEHA KK
T STATs 2 (H KR4, B R AL 1Y JAKs 05 3Z 14,
JE I STATs #5455 057 55, STATs 5 15 5E {57 55 454 IF- W
TRtk SR R AR, (A A 5 5 3L R G 5
VAT S A N B R AE R S R AR R R Rai
L1200 5 P S ) JAK/STAT {35 5 38 6 AH ¢ 5L [
RSN E PN 7R Al =R VE AW DIVA T S N
SO 2 K B 41 40 JAK2 STAT1 Fll STAT3 2K
mRNA FHXT 235 0 P4 2 3 i TR AR AL, Ui B
PR b= U F AL T 3B JAK/STAT 15 538 1%
CRICTLWNTErE S Y Gl N7 E- N b
CPCC, % | 21 JAK2 . STAT1 I STAT3 %t K 1y
mRNA IR 0 2K TR AL 2 W] s B e

SAALRE IR E B, MDA & B R o R %, B
AU IR EL AR i IR i kb, Ui CPCC W]
TR JAK/STAT {5-5-38 % AH 5GHE PR 1) 3R 400 1) e 3
ES S P UL E =R AR SN AN
TR R7) | 0 e EESVAE Ny i L N
FERE A 2 R B8 LY 24 48 b3 ATE micro-CT H ¥ IE
SR T B RE A, UMM R B SR 5] &
BRBAN , 36 T 51 B S, CPCC XA & A
B L ERA PGSR ROR . AT K CPCC Al BEid i
WS JAK/STAT 5530 B4 5y 25 B9 SR BUE I P4
BB TT DR B AR, 2 LUV R AT IR T R
Etiipri =
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[HE] B A5 S EERITE T3 (Royal Jelly, RJ) XFMEFERZ2 K B (B WK 2 1 s A0 400 1 375 34
FAFMFLURAL M, FiE K 50 K Wistar KRB0 5 41,74 10 B, ZbBA K R A R IRAS R vk
(100,200,400 ,800 mg/ (kg-d) )RJ, ¥ F2H (CK ) KB RERTHEK(BKR 2 mL) . 35 d Ja, WE K RAERKIER
FFLk BAR ; i R S e W FRH s 6000 5 R BRI T A 3R (E2) (2R (P) JMEFLER (PRL) 7K W L 20 4k
TTHARE - Y o), MEEHAHLUAE A2, 558 RJ200 40 A1 RJ400 £H K BUALTE E2 . PRL KFE B # 5 T CK
ZH(P < 0.05), 1l RJ200 ,RJ400 Fil RJ800 4H Ifi i P /K- (KT CK 41(P < 0.05) ,RJ100 415 CK 4L 1fi ¥ E2.P,
PRLKFIHREE (P <0.05), B FEHLERE R, 5 CKHAMIL, HFAHASEHELYBETE (P <
0.05) ,H:r1 RJ100 2 < RJ200,RJ400 1 RJI800 £H , FLARH A28 4k 5 2 H AR 45 A —2L, 735k, RJ200 FI RJ800
HRRA L BARE CKARARI(P < 0.05), it & HBAMKRIE (100 mg/kg) RT A2l A 22 K B i
BEKEFIFUR & B3 M, {H 23 A5 %] 200 me/ (kg-d) B 400 mg/ (kg-d) B, AT HEXH I R 22 Kk B L g
LHA K BRI R AT AR i SRR

[EHER] I EH R FUMR; MR
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Effects of royal jelly on mammary gland tissue of non-pregnant female rats

LIU Yibing', CHEN Heng', XU Hao', ZHOU Guihua®, LIN Zheguang', JI Ting'*

(1. College of Animal Science and Technology, Yangzhou University, Yangzhou 225009, China.
2. Guangxi Honey Bee Industry Co. LTD, Nanning 530000)
Corresponding author: JI Ting. E-mail: tji@ yzu.edu.cn

[ Abstract]  Objective The purpose of this study was to investigate the effect of royal jelly (RJ) on serum
hormone levels and mammary gland tissues of female non-pregnant rats (late puberty to early sexual maturity ) . Methods
Fifty Wistar rats were randomly divided into 5 groups with 10 rats in each group. Rats in the treatment group were given RJ
at different doses (100, 200, 400, 800 mg/ (kg-d) ), while rats in the control group (CK group) were given sterile water
(2 mL). After 35 d, the growth index and nipple diameter were measured. The serum levels of estrogen (E2),
progesterone (P) and prolactin ( PRL) were measured by ELISA. After hematoxylin-eosin staining of breast tissue,
histological morphological changes were observed. Results The result showed that serum E2 and PRL levels in the RJ200
group and RJ400 group were significantly higher than those in the CK group (P < 0.05), while serum P levels in the
RJ200, RJ400 and RJ800 groups were significantly lower than those in the CK group (P < 0.05). Serum E2, P and PRL

levels in the RJ100 and CK groups were not significantly different (P< 0.05). Breast duct diameter measurements showed
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that compared with the CK group, duct diameter in each of the treatment groups was significantly increased (P < 0.05).

The histological changes in the breast were consistent with duct diameter in the RJ100 group being lower than that in the
RJ200, RJ400 and RJ800 groups. In addition, the diameter of the nipple in the RJ200 and RJ800 groups was slightly
increased compared with the CK group (P< 0.05). Conclusions Daily intake of low-dose ( 100 mg/kg) RJ did not affect

serum hormone levels or breast development in female non-pregnant rats. However, at higher doses of 200 and 400 mg/ ( kg

+d), it may adversely affect the development of breast tissue and the stability of serum hormone levels in female non-

pregnant rats.
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1 T3 (Royal Jelly, R)) J& 7 4F T8 3 4 1 5
R AR T G ) 40 0 7 7L 1 6 R B i 2RO R
IR, R A B Ak 2 20 0 e 3 & 0 LR ) 2 16
W)z Tk fd i R 25 H AL 4k ) R
HAB AP D prE A bt b
O BRI R G ) S AR AT R
SR |t T AR R A RE | BT R 2 I R
iE O AA A AR SRR AT TR AR T
Z ST,

LA, R XA R G0 BT RE MR K
ARG T AR 224 B A ETE, Suzuki 5 5T
W, RI P EA MR TR 10-58 325 I R
(10-HDA) 10-#3E- 57 #0-2-28 45 R ( 10-H2DA)
-2-Z8 MR (2-DEA ) S 5 Pt 2430 FH L IH [ 95 ( 24-
MET ) 7E A 58 A R R A 28 B o i 38 28 90 1, (HLAH L
O W e A ) ME S 3R 55 . e Sh S vh, 1 SR
ik 45 d ¥ T 2% £ 5 H ( major royal jelly proteins,
MRJPs) AT s e AR AR K BT A 0 I 4, A i
PEE ", AN RI R ST x 100 BEEWIES
WL U B R W T B T e (1 A R RN B SR
B A E R KB FE SRR 5Tt &
B, AMFE MRIPs AT D SE K H A i | 34 5 S50 g ) F
REE ) HIk, RY 0] g i AR B 4 BE
AR LA Yok R AR T EE

EIRT,RI TG RN 58 K24
TOE FE EAEARGE T SR, R)
X5 AETE PR N RS S B AR B FL R A 4
(52 S LT AT A, FEHLE MBI R LAY
FITIFSE T 2 B0, 20 W — 52 1 il 72 e 4 i 145 28 3
YIRFLIR A B . E2 BB U AT oA FLAR
A B8N AE W bR ) R 5T 4 AR -3 79 mRNA
IR AR Boberg 450 [ HF 5T 2 B, B P 1 5
TR B2 A AR Lot A A LR A 1 RO R
#m . B RIT RY SRR SR AR SR KT

royal jelly; rats; female; mammary gland; serum hormone

AL S

ARWFFEIAL T RY %M R A2 47 K BRUAE K8
b FL3k BEARARE  MVE PR KT FLIRA 124 A
AGIFEN, A E R] & A dEFLIR & B S fe fil
FMGE A E (84, T# R) X FLAR A2 7] 5
RN KFR A RY (24 A = Fnl o IE 00 & vk 42
BEREE AR
1 MHREA=E
1.1 ##

1.1 SEsh

50 HEIEGMETE AR 2 Wistar KR, 7 RIS IR
(200 = 20) g, W A4 M KA HECEE G
[ SCXK(757)2017-0007]), LA Esh¥ ¥ 3% T4 M
KEF AR RS2 g 2 [ SYXK(75)2017-0044]
ENSHRRTIBUE 7L N W e /R IR (o8 T A R
HEHE(201911-001) . (AFRIAEE IRJE 22 ~ 25°C 18
JE 40% ~ 60% ,JCHRFIIWIRE S 12 h, SE5 0 [A]
Y E SRR ROK, TR SE AT M 2 0 1 SR B AT
FREE,

1.2 FEERF S5

AR PR E R (RINA R EYRE A RA
A],G1005) , K E2 . P Al PRL i B¢ 60 2 W Bl =2
5 (ELISA) Fil i8] & ( bV Bk A= Wy BH R A PR
], ml002871 ,ml002894 .ml002881) ,

e B U) R AL (b R R AN AR A PR A ]
RM2016) ; ZHZUHE 7 L (W48 4 e i Bl il A 8% 1%
HA PR T, KD-P) 5 1E 62 B 8% (JE 5, Nikon
Eclipse E100, HA%) ; FiFR{¥ ( Rayto, RT-6100) ,

1.2 A%
1.2.1 ERME

RI A= FULHA N KL R [ =]
WES 55 . SC12632100300076 ], — 20°C 4% 14 F i 77
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MR R FL (body surface area, BSA) b ifiE £k 5 i
KRR AR 100 mg/kg BRI 5 AK1E58
IEFER RI(1 g/kg, PR ) ARC UL, ARAF
FEKE RY A0 = 6 B 5 B 100 me/kg (K5 ) |
200 mg/kg( HFEEFH] ) (400 mg/kg () A1 800
mg/ kg (G F L) .

1.2.2 sh¥indl

WERCPEGR IR 1R, 50 H 7 JE S ME T R 24
Wistar KL A 5 41, B4 10 H 155 X4
(CK d1) KB, & RHE M 2 mL 78148 7K ; RJ100,
RJ200 ,RJ400 . RJ800 ZH K Fl A K HEAR 2 mL RJ, 5 &
43514 100,200,400 .800 mg/kg. FFH RJ H2c I
BRK R B RS R4, IR B . S8 R4 35 d, 485
WE, KREEE LR, RS K 2% 1% 1 T2
45 mg/ kg JIE I 1 SRR RV B R T
1.2.3  FLSkEAR KA K AR AR e

(1) PRHE D 2 (FERAT ) - S50 TF 46 > R AT 5
1 RPRHE skl AT, 2 Jd AARE 1k, Bt
6K,

(2) FL 3k AR < K ERUBRIR 5 , PP RS A 2RoKs
55 2 XFFLk R F B B IR, (LS U, T A i
PR RO AL 2 XLk BAR , A4 ALk I 3 K,
BEBOE SR JE BOF A,

(3) e E TR KRR 75 IS A 80 50 5
TEFRMALFE I HEAT | ] PBS ¥ Wi vk 2= 2 T 5% B3 1M
JE FRBOR ., T AR N 2 B R B, A E TR (%) =
ERE/ KRR,

1.2.4 IS E AT E

FLk AR AR o8 B HE AT IE 32 30 KR L, 1
AR R B TR 1 ~ 2 h J5 250 (4000 rpm, 10
min) JFJZ MG E 1.5 mL E.08 N BB G
FRFIN 22 ¥ D0 A2 1l 3 E2 P PRL 7K,

1.2.5 FLIR4IZ12E 0

RAESS 2 XTFL K KRR FLR A BT 4% 2 T H
Tt 2 2 [ v P 1L, RIVE A S D A HE e (s,
T AR FLAR AL 2O 2, 40 I &2 3L 545 B
12, S5 6 HAG A 4 R X LR BUHATZR B T
1.3 FitFESH

SEEU6 K Ab BRAE 4K 4F IBM SPSS Statistics 25
eI, R ANOVA Hiy LSD £ & kAT 4r , B
HEAEE N YE + bR ZE( 2 £ 55 ) ,P < 0.05

TN ZE S B B EN, FLURA L) A et
MShot Image Analysis System H#E470 & 43 H7

2 #HR

2.1 BERMNABRIALEZEHNZIM

MEl 1 AT LLE 1, 5 CK 441 kb, RJ200 #1
RJI800 ZH 1YLk 4% B 31 95 . RI100 F1 RJ400 4
AIFLk EAA I AR T RJ200 4, H5 CK 44 0HH &
25,

1. CK . 1E % X B8 20 ; RJ100, RJ200 , RJ400 , RJ800 £ ; 4 1
KRR 2 mL RJ 100,200,400 ,800 mg/kg, 5 CK 41
A, *P < 0.05;5 RJ100 1AL, P < 0.05; 5 RJ200 41
ML, °P < 0.05,( FE/ER) ,
B 10RO R Rk BRI R

Note. CK. Normal control group. RJ100, RJ200, RJ400 and
RJ800 groups. Each rat was given 2 mL of RJ100, 200, 400,
800 mg/kg every day. Compared with the CK group, P <
0. 05. Compared with the RJ100 group, "P < 0. 05. Compared
with the RJ200 group, “P < 0. 05. (The same in the following
figures and tables)

Figure 1 Effect of royal jelly on nipple diameter of rats

2.2 BEIRNAREERFZEISHHI M

e 1,58 1 BREE I RJ100 A1 RJ800 4H K
BUA T A 3 s H 25 1 RN AR 35 | 4% 20 K B el 44
HIC2ES . LIPS 3 I, 5 CK 41 RJ100
HRBUAE B ET &, 2R 4.5 B2
S, SLEGE 35 RAREAM, 5 CK 41 Hm Fl &
RJ400 41 A1 =5 75 RJS00 £H K FUIA . {3 A1

XEREOER 75 R ERITE S TR 4
RN 2 i, 5 CK 4AH L, £ 20K FRUBP SR %k
TEARE TR 2 T AN B3, R A VE e T3¢
ACFEM R R IP - E M E
2.3 #EFRIFKRIMF E2.P.PRL B0

RJ XK BN E2 7K 52 m dn & 3A i
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5 CK 4 1, RJ200 F1 RJ400 ZH 1ML 7% E2 /K B #
FhiE, H RJ200 40 & 2 & T RJ400 44, RJ100 4
ME E2 K B & KT RJ200 F1 RJ400 41, H 5
CK dJL-F#H[H, CK 241 ,RJ100 F1 RJ800 4 2 [A]
TR 2ES,

[ 3B 2 RJ X KBTS P 7K (5% 0, M &
Al LA B RJ200, RJ400 F1 RJ800 L1l P 7K &
FET CK 4H, St LA RJ200 1 RJ400 2H f% B 4,
RJ100 405 CK #H 1% P /K F & 2 & T RJ200 Al
RJ400, H A [E] I3 P /K JL-F-AH TR,

5 CK 44 It , RJ200 A1 RJ400 41 K BRI 7% PRL
KO ETE . Hrb, CK 41 . RJ100 #1 RJS00 4 il
7% PRL /K °F & 2 {K F RJ200 Al RJ400 4. 5 4b
RJ100 RJ800 £H IfiL i PRL /K F-5 CK 20 JCHH B 25 57
(E3C),

Ay b &5 2 0T DLA L, RJ100 4 K BRI ¥
E2 P Ml PRL /K ¥-# 5 CK 4 F:—2, 11 RJ200
2R B AP R K4S CK AR K 2
SEABFE, Hd, 5 CK 404 I, RJ200 4

E2 fil PRL & & 7+ &, P /KF B E WK, RJ400 4
P 1 PRL /K35 RJ200 44545 —%, {H RJ400 4
E2 7K F W {% T RJ200 41, RJ800 41 E2 I PRL
K5 RJ100 4 PR 5 — 2, M P KB & KT
RJ100 4H .
24 BEIRWMARABRABALARABRSEERY
=AU

KR LR ALk 2L /N BRI S A 2
HAVE AR, AR H Y] i BEAS A 45 2R R . CK
2 (Kl 4a . b) FLIR AL ZURT LA 51 548 25 44 Fi /b i i
HLEHE , b Rz A HE B 55 1) )2 5 bR, R LB
BAMSEY K, ILRAL L THERE;
RJ100 4 (&l dc . d) FLAR A 40 345 5 CK 413
Z (HSE LM 5%, O B A Y ik, 5 CcK 41
1 RJ100 ZHAH L, RJ200 ( K 4e  f) (RJ400 ( &l 4g.,
h) \RJ800 (&l 4i.j) 2H vl UL 2 % & 48 £ (1) T 45 45
RN VAN 6w A 5 A N A B (7 7 N
(TLY3K) . BAMEX =4 Pk & FL K & b p i
B ERSERMY KIS, L RIS00 45N
Uil

R TIRKBUAE R0
Table 1 Effects of royal jelly on body weight of rats

205 51 IRFRE (o) 52 WFRE (g) %3 FRE(g) %4 WFRE(g) 55 KPR (g) %6 IKFRE (g)
Groups  First weighing(g)  Second weighing(g)  Third weighing(g)  Fourth weighing(g)  Fifth weighing(g) Sixth weighing( g)

CK 211.50 = 1. 86 216.30 = 2.45 215.30 = 2.08 218.90 + 2.58 220.70 = 2.45 229.00 = 3.47
RJ100  216.10 + 1.28° 220.30 = 1. 17 223.90 + 1.62°  224.30 + 1.38 226.40 = 1. 64 226.95 = 1.61
RI200  214.40 + 2.56 215.80 = 3.51 217.20 = 2.44 220.20 + 2.56 225.00 = 3. 15 222.82 + 2.28
RJ400  212.70 + 1. 10 215.90  2.01 218.20 + 2. 11 218.60 + 2.16 222.20 = 2.29 221.19 + 2.28"
RIS00  216.80 + 1.82° 217.70 = 1. 84 218.70 = 1.95 218.80 + 2.20 222,40 = 1.94 221.49 = 2.22°

B2 8O0 R e B R B R

Figure 2 Effect of royal jelly on organ index of rats



164 o [ ST I B 2021 4F 4 H 45 29 %55 2 ] Acta Lab Anim Sei Sin, April 2021, Vol. 29, No. 2

3 B IO O BRI TR )

Figure 3  Effect of royal jelly on serum hormones of rats

4 KREFLIRALY A

Figure 4 Mammary gland sections of ovariectomized virgin rats

HAARRARSTEERERM, 5 CK 41H
kv, RJ100,RJ200, RJ400 FI1 RJ800 4 K il T4 H it
I 2R, Horf RJ100 41 4 2% T RJ200, RJ400 Al
RJ800 4, HJ5 3 ML EPE2E 7 (K 5) .

B 5 e R UL A A AR R
Figure 5 Effect of royal jelly on the diameter of

mammary duct in rats

3 it
3.1 BERIEMRZRRERKIERNZIG
WM RY 35 d Ja, 45 40 K BRI # B 5 A K
M H, CK . RJ100 , RJ200 , RJ400  RJ800 4H K Kl A&
HAoM LR 1 KT 8.27%., 5.02% .
3.93%.3.99% .2.16% ., H W58 &M, R) GEAE iE /)
SRR U 1 A S P A S e ST R, XTI JRE
e I AR R EL A g A MG ER Y, W
I, PR & 500 2 R AT A8 X ek 4% A0 JRE A5 4l B A
MRIPs A] s K B A 300 0 A A8 1 B0 3
F EAEAR SR A5 S ok & BRI XK RN S 4R
B BB AR, T AE RY S ME R RS M TR
WS R AR S RIS 5 b B 4 e 35 s A 4
i, e A R AR R R T
B LA H R RN AR R S AT A
RORFF 300y, RI Y 55 MEWK R VR I AT R XT B 8 A0
FESEAE A
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3.2 BIEMEERBARMEREKENBE
FUIRA L B K B 32 Z2 Mk IR R FAE K
(I, E2 P PRL A K FE (GH) %™, Hf E2
AERE TP R 45 A R R R o BEFL IR A Y
AR, I B2 W AT AR P T Fr - - A T
BRI BE A FE bR 2 — 27
ARG A5 R o, 4 R A& 100
mg/ (kg-d) (RJ100 4, fKF) &) BRI E2 /KF
5 oK Al EM LS, HiZm 5 ARIE e
MR ML (1 g/kg) AHOEMP BRI, RJ200 2
RJ400 2H K BRI TS E2 7K 4 CK 4 ( CK:37.03
pmL/L) E2 K- T4 15 41.29% il 22. 48% , & W #h 78
BRI R A HUA NI B2 K783 BT, %
PR R T X 5 22 A A AT A A — 2T
P82 RY AR X 3] 200 me/ (kg d) (RJ200 4H,
Hh 255 ) 1 400 mg/ (kg-d) (RJ400 4, &5 7 )
IF, AT 45 KRR MTE D B2 KO, Bt o 2 4 A
RJ AJRE 234 o Ak T i o i 45 v B U 1 5 B 0
LR B2 KO BEIE A AR R
KM P AR —FheE 5 w2 MR R, W]
PEREFLAR /N BT R R I 0 & B SER AR
R, B RJ100 441, RJ200 , RJ400 . RJ800 £H K FiIfiL
T P JKE4: CK 2H (CK . 16. 45 ng/mlL) i F &A%, 7>
WK :50. 19% 41.53% .27. 44% , FLHRIE 43134
RELERE , RN E2 TP KOV & A T 1 43
KAH B E2 AKF4a X sl AR T (P KCSEAS RB 2E
Gy R EEURR A R AE IBA KA R
Rl AN RESREHEAMAL T ELRE , EE LT
PRt NGB LR N PRL KP4 %0
FLARL L3 B — 7 1) SRR, 348 T 40 ) A A
AT (4 73 106 , 5 S50 2 0 3R L ) G R AR
N, Y MEME R AR A R) LA 200 meg/ (kg d)
400 mg/ (kg d) i, R E M PRL /KP4 CK 4H
(CK.688. 87 mlU/L) 43 %Il 7t & 27. 48% F1 27. 32%,
M A 100 mg/ (kg-d) Bf | X} IfiLi PRL JCH20
I, Y RY B A S IR 6 2 A5 2 S ), vl fg
SRR R RELIR L2V R B XN 4 i R 40

AR
3.3 BIEMEERZARIABRAERIAKRAR
FRASHIR N0

TR, IUEN R K2 m, FLUIRS
WRGEMEAERY R FRIFIR R ED . A
FURA ) 7o B A 45 R R, 5 CK 4 (CK:

57.87 pm) FHLL, PO 50 2 20 K R 2L AR 248 AR
S BEAN T 16.43%  47.49% . 45.34% . 55. 04%,
FUMRAL Y R B, CK A7 /D iR S A1 2,
H55 b R A MRS #5528 W P 02 S0 A R
HALMRHLUE B IEH . #M5E RJ 5, RJ100 ZH 3L R 4H
AU Al W B S I AL B LR E R
254k s RJ200 . RJ400 . RJ800 ZH 7L it 4 21 b S 45 I ik
M2 1l WRE R FLIR N AR, Ho RJS00 4H A%
A AT R I LR RS B
IRy, KEFLERER T, 5 CK 41(CK.
1. 13 mm) A Eb, RJ100 . RJ200 . RJ400 . RJ800 £1 %] 3k
EAR S AN 1. 89% (7.22% . 1.98% 4. 8% , 5 F,
BREAD] Fr 45 RBEAR R — B, RV &5
RJ W] RE S (2 1 A 2 K B 2L R & B R A Al
s EE L,

RJ i 5 MR 32 1K (ERs ) AH A 521 R 30
CPME R T I, T S SO B 3 A RN 3 R R G Y ek
AR Suzuki 25 R SE BRI A DU A M R
10-HDA | 10-H2DA . 2-DEA | 24-MET 0] {)i; %¢ 45 &
ERB Sk EFEMEBRAEN . I, 4 RI BA Z 0],
PUBNIE Y T S A 2 | X ] i R BOR UL E2
IR AN A RO 2 B SRR R 4 (800
mg/ (kg+d) ) BYIILYE E2 /K 5XF AT B 2 5%,
AT g2 R RY AR B 150 s s 80, 5 3500

4 @

ARSI B IRAFSE RY XM R 22 K BRFL AR 41 21
KB W, R, B R A 100 mg/kg 1) RJ
XFMEPEARZE KBTS E2 P PRL KV, FLIR A 4UE
B R KAGHR IR, BENS A AU A% R MR EY)
SEIEVEINBE, $E R 100 mg/ (kg- d) AT BE S MEME K 22
REBEA RY AR AL 15 (HAE R ELA RY 153 200,
400,800 mg/kg B, AT AN [m) A% BE 1= 45 FH e PR R 22 K
UMY E2 PRL ZKF- BRI P ACE {2 dFFLARZ
ZURH , HER RN >, X e n] §E &R />
IR F RI BT LA 0 39 2 000 o A o A M B 1Y
TRE" A H sl B 4 U AL R A R —
W%,

gi b, T RE R T (E2 Thim P T RELL
K PRL FH&) vl BB 2 B N 4 WD) i 25 L =
W &L Rl RLIR S E M R R S R, I,
Qb TR A S 08 Lo PR ECA By PN 430 D) e ZE L Y AR
M AEBEAE B HE 5 N IEE A R, DAt e AXTHL
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iTRAQ 2 73 Afr 15 % W% /N BT 25 1 21 57 A2 1k

KR EME LEH R
(1. BT BEZRE  IG/REE 1500405 2. RIEREE, LT RiE  116622; 3. KEPEZRE, KE  130117)
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Proteomic changes analyzed by iTRAQ in liver of aging female mice
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[ Abstract]  Objective To study the proteomic changes in the liver of aging female mice, to find the core age-
related differential proteins, and to explore the aging mechanism based on proteomics, with the aim of providing molecular
targets for the study of the mechanisms of aging. Methods In this study, differential proteins between 12- and 3-month-old
female mice were analyzed using relative and absolute quantitative isotopic labeling (iTRAQ) , LC-MS and bioinformatics.
Results A total of 369 different proteins were identified by comparing the two groups, among which 182 were upregulated
and 187 were downregulated. After screening, 13 age-related differential proteins in the core DEP were obtained.
Conclusions The exploration and in-depth study of differential proteins will help elucidate the mechanisms of aging and
identify potential markers, providing new molecular targets for the prevention of aging and the diagnosis and treatment of
aging-related diseases.

[ Keywords] aging; proteomics; iTRAQ

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

B SRR HUAAE B LU, B AR BT PR 2B AT ISR (SRS 2 ML I B 5 A
ﬁﬂ’]ﬁ%%‘%ﬂ N RAL B 2RI AR A= RIEIBr %Hﬁéﬂﬂﬁﬁﬁﬁﬂﬁbjﬂiﬁﬁbﬁﬂﬁ
IR A S iR, IF RN T S IRAAR G SRR TR L AR Ak 2 Rl AL EEL Y B W

[E£TE ] ER A RBAHE ST I H (81473563) .

Funded by National Natural Science Foundation of China(81473563).

[MEEE N IRUIE (1986—) , L FEMGTE /5, 00M  BF5T 5 1) < b 2 300 % 358/ B /E . Email : 283827171@ qq.com

[EBEMESE 1R (1962—) 2, #0810, S5 5 1) < 33 BB SR AR DGR UE Y 7 A LA . Email : hljuem_lianghua@ 126.com



rf [ S2E B AR 2021 4F 4 HE5 29 55 2 1 Acta Lab Anim Sci Sin, April 2021, Vol. 29, No. 2 169

T B LS AR R ik 42 ) IR AT Sk o R 2R
A6 (R B WAL BIF 5% K s E 285 5 F 5% B A8 397 1) Jr 12 A
TR TR ARG A R A /0 R 22
SRR, A BT i B R L B R I A A R
Yy, J 3 W TS S B 4 P P 2 W AR )Y B
WS, P ASHIEFE A8 FH R 7 28 bR i i AR 5
#i X g B (ITRAQ 35 ) \LC-MS K AWM 82200 br 12
A 3 s /N BUR 22 R A, IR A8
G, R AT 7 B 3 4 1 0 11 12 W AR Y BB
G HiNpauat WY IVAR
1 MRERE
1.1 ##
1L1.1 SR

TCHRE W JFAR SPF 2% ICR /MR, 3 A #2 (20 =
2)g. 12 A% (35 + 2) g #EPE/NERAS 10 H LW H LT
KAAYHARA R AT, S5 3P A 77V e
[ SCXK(iL)2020-0002]) , fAFEIE/INR A HEEE .
TROK IS S [ AR, e AR T R X
FRoA )Rt S Ml A IR VT B 2 R AR A
— RIS i VAT IES [ SYXK (2B ) 2016 -
004 ], 1 FRFREE . % N F AR I 52 2 BRI 50
(22 +2)°C ,1BJF (55% + 20%) , 2 S prtt . P 1%
VERIFF & B IR VT s 24 R 2 S 36 46 B oK (W it
£:2014120101) ,,
112 EZH 5

JifL o R A B A R B R & (AR T A T
P E) ,BCA B ik I i & (3 = RAEY
A, E ), iTRAQ #ric i & ( AB SCIEX, 3
B, /B b gil i F ¢ o5 B BT ik (BD
Pharmingen, 556433, 5% [ ) , RIEE$HT GAPDH H5w
BEPLIA (Sigma FARAT FR/AH],G8795-100UL, £ H ) ,
B-Actin ( 8HI0D10) Mouse mAb ( Cell signaling,
37008, 3 [E ) , DTT ( Sigma £ AR A RA A, K E),
SDS(Sigma FEARABRAF], F ) |, Tris (- 1 XL 7Y
ERH A R A R A ], HE ) ,30% Acrylamide/Bis
Solution 29 :1( Bio-Rad, 32 [# ) , TEMED ( Bio-Rad , 3¢
), i 8% R 4% (Sigma H AR A PR A, EH) , COX
IV (3E11) Rabbit mAb ( Cell signaling, 4850S, 3¢
), IAA(Sigma FARARAF, 3 E) , TEAB( Sigma
HARFRAF,EE) ,ACN(Merck KguA Darmstadt,
i) , 27K (Acros Organics, £ ) , Hil  LBE. &
HiE MR CH IR R (1 25350, P ) A B

IK (MR E =BREDIAFRA R, hE) .

Mili-Q # 47k 2 4t (Millipore , 35 [ ) , 2 [ HL Uk
X (Bio-Rad, & [ ) , ZHEAR TR AH (A 3% 1290 Infinity
(Agilent Technologies, 3 [E] ) , Waters Xbridge BEH
C18 2.5 wm 3.0 x 100 mm Column XP ( Waters
Corporation , 3¢ [E ) , Easy-nLC 1000 44 F+ 2% AH (4 1%
A ( Thermo scientific, 3 € ) , Obritrap Elite ZH & {5t
J%{Y ( Thermo scientific, FE[H ) .
L2 7k
12,1 HEhnAb

V525 2L/ B AR 58 A7 5 A BE S S8 SO AT
PRHI R, P S5 AN e s A 2 1 5 2 It 7] & B2
JIFIRORLAAR | BT 68 20 MR WAk B2 10 2 016 73 D6 016 B v A T
S BT | 3R DN T i 05 M P Dk R A e it e R A
K, AP R 2 B
1.2.2 SIS

SR PR 11 08 Bl B I A ( RASP) D7 vkt il B
JkB
1.2.3 iTRAQ Fric

$5 8 AB SCIEX A 7] iTRAQ Fric it £ i FH i3
R AR LR A5 B 20 g, HT T iTRAQ #ic .
1.2.4 KB

] Easy-nL.C 1000 242 A 1% 1Y, Waters
Xbridge BEH C18 2.5 pum 3. 0 x 100 mm Column XP
53 B AR RE Al B4 T 00 85 A5 3 22 Ny, B RE
HHIEH 0. 1% F RS A0
1.2.5 LC-MS 43#7

K H] Easy nLLC1000 F1 orbitrap Elite & S5 H~F-
H X ITRAQ ARic ket AT 8l R % . iz H Obritrap
Elite #EAT B 70 M, BT A 204 R 4R 99 T Xealibur
BAE AT,
1.2.6 ‘EWME 00

P A I A i s 04 3 Maxquant ) 0
f] Uniprot release 2016_07 ( www. uniprot. org ) £ 4 &
HEATREZR KR H — LA B S, BT gene ontology
AR E KEGG #iUdis P | STRING 48 1 | 4 R studio
XS E B A AT D RE R AR W 1R R
g3, BL K B BR-AR SRR AR T I 4 A
(PPI),

2 #HR

2.1 EAREESHER
HE BT RS ORI AR R



170 o E SIS 2R AR 2021 4E 4 A5 29 %55 2 ] Acta Lab Anim Sci Sin, April 2021, Vol. 29, No. 2

KFR A e AR e R Y I
BEARMWKE, AR e mirfEi& LE 1,
R 4l F o 00 A5 B O G B R 3 ) e R R
SR N 16.02 pg/pl, 12 AMREAFR SE N
14.94 pg/plL,
2.2 HREEMERNER

2% SDS-PAGE BEME L IK A5 0 A A BB
E PR BT AR 2 WL R
VKRGS FEIRA I I, A ST B D
2.3 EHRETEER

LBIRERR T e 12 A5 3 A MR
UE BN 3079 4>, fHH] Significant B SE¥EF H]
SRR 22 PREL, T 1 Significant B {H Y 43 )2 (sign.
level) = 2,0 P < 0.05 & AHEREH, ZEFEARK
369 4>, Hirr 182 NN LM, 187 NRIA T,
WS E AL 1(P < 0.01, 8 FFE S BTk i
W E 2 (int.level ) = 9) .
2.4 EZREHGO IREESW

X 2% F R A E H (DEP) #H1T GO LhREH B

(W 3) , N FIhfE (MF) AWt 72 (BP) 4
W (CC) = AT M, K I DEP EZ W A
FEIR s BEZEAE W) G i 28 [T s A ) B A L K
SFEATWIAL ST R RS R
U 130 s a1 1| A VAR BN 422 R NN B
EHBAL
2.5 KEGG [ESEBIH

i 25 F A AT KEGG 3 i & S0 i, &
M2 EAS 50 B E A YA R Y
R4 P450 (525 P4A50 Kb A1 245 W AR i i 5%
M) SR A R R b | 400 v AT | D9 IR R AR A R
PEIRAE (LKL 4)
2.6 #%i> DEP B PPI M 4&Hg%E

R A AR EAE DGR R A STRING #i4i e 2
T2 R RIRE AR F 4%, ik 241 4~ DEP
9 15, ( Significant B < 0.05) , 4831 H 4 Significant B
< 0.01 & X H#%.0> DEP 34t 55 4~ DEP 35 &, HoAl
LHAMLE (WK 5) . Lt #%.0 DEP H 53
AR R 22 R A 13 4R 2) .

1 EAME EARER 2

Figure 1 Standard curve for tryptophan quantification
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Figure 2 Detection results of liver microsomal protein integrity
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Table 1 Some information about the different proteins
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Note. Protein number. Protein number in the Protein database named ‘ www.uniprot.org’ . Protein information description. Protein function description in a
biomolecular structure based database.
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Table 2 Differential age-related proteins in core DEP
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Figure 3 Go Analysis of the distribution of DEP in BP, CC and MF3
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4 2EREF KEGG @
Figure 4 Analysis of differential protein KEGG pathway
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Note. The red node indicates up expression, the blue node indicates down expression, the size of the node indicates the significant difference in the
comparison of the node reorganization, and the side length indicates the comprehensive score, which is inversely proportional.
Figure 5 Core DEP interactive network diagram
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Effect of sheep bone collagen peptide on immune function in rat
peritoneal macrophages
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[ Abstract]  Objective To investigate the effect of sheep bone collagen peptide (SBCP) on the immune function
of macrophages with or without stimulation with lipopolysaccharide (LPS). Methods Rat peritoneal macrophages were
treated with different doses of SBCP, with or without stimulation with LPS. The metabolic activity and phagocytic ability of
macrophages were measured by MTT assay and the neutral red method , respectively. The production of NO was measured
with the Griess reaction, and TNF-a and IL-6 were detected by enzyme-linked immunosorbent assay ( ELISA). The mRNA
expression levels of key genes in the Toll-like receptor pathway and the negative regulatory factor Single lg IL-1-related
receptor were measured by qRT-PCR. Results SBCP treatment of normal macrophages increased their metabolic activity,

phagocytosis, NO, TNF-a and IL-6 production, and upregulated mRNA expression of key genes in the TLR pathway and
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downregulated SIGIRR mRNA expression in a dose-dependent manner. At a concentration of 10° pg/mL, there was no

significant difference between the SBCP and LPS group. SBCP treatment of LPS-stimulated macrophages inhibited their

metabolic activity, with 10” pg/mL having the greatest effect, while 10° pg/mL most strongly inhibited phagocytosis and

the secretion of NO, TNF-a and IL-6. This concentration also downregulated the mRNA expression of TLR-related genes

and upregulated the mRNA expression of SIGIRR. Conclusions

SBCP has a dual regulatory effect on the inflammatory

response through the TLR signaling pathway. At a concentration of 10~ 10" wg/mL, it enhances the immune activity of

macrophages, while at 10° wg/mL, it induces macrophages to release various inflammatory mediators. However, SBCP

inhibits the inflammatory reaction induced by LPS.
[ Keywords]
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F:GACTTTAACTACCAACAGAGAGGAT

TLR4 R:AAATCAGAATAAGAACAGCAACC 120
SIGIRR F:CT(}(}CTCAA/-}CAT‘GCTCTCCCA‘TTG‘ 123
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TNF-ot F:TCGTCTACTCCTCAGAGCCC 128
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R:AGTGGGAGTTGCTGTTGAAGT
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Note. “=" means no LPS. “+” means adding LPS. Compared to the nagative control group, * P< 0.05, ™ P< 0.01. Compared to the inflammatory

model group, #P< 0.05, #P< 0.01. (The same in the following figures)

Figure 1 Effects of SBCP on metabolic activity and phagocytic function of macrophages with or without the stimulation by LPS

B2  SBCP XfEWEANL NO TNF-a K IL-6 43k (¥ 50
Figure 2 Effects of SBCP on NO, TNF-a and IL-6 production by macrophages
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3 SBCP X FLWEANNE TLRs 8 HOCHEEE N mRNA ik H A5
Figure 3 Effects of SBCP on mRNA expression of key genes in TLRs signaling pathway in macrophages
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[ Abstract]  Objective The maturation of mammalian epididymal sperm and the acquisition and maintenance of
motility are prerequisites for normal sperm function and complete fertilization; however, the mechanism that regulates this
process is still unclear. SRC kinase is involved in the regulation of mouse sperm capacitation, and the serine/threonine
phosphatase PP1y2/PP2A is the key enzyme that regulates epididymal sperm maturation and motility. However, it is
unclear whether these molecules interact with each other and whether this interaction regulates sperm motility ( including
motility acquisition). In this study, we investigated the role of SRC kinase and phosphatase PP1y2/PP2A in Kunming
mouse sperm and their regulation of sperm functions. Methods Using western blot, enzyme activity assay and co-
immunoprecipitation assay, we examined threonine phosphorylation level as well as enzyme activity of SRC kinase and
phosphatase PP1y2/PP2A in Kunming mouse sperm from caput and cauda epididymis. In addition, we investigated the
interaction of SRC kinase and phosphatase PP1y2/PP2A.We also investigated the effects of a SRC inhibitor ( SU6656) and
an activator (sc-3052) on phosphatase activity and motility of sperm from cauda and caput epididymis. The phosphorylation
level of threonine in sperm of cauda epididymis was higher than that in caput epididymis. SRC kinase activity in sperm from
caput epididymis was lower than that in epididymal cauda sperm. The phosphatase activity of sperm from caput epididymis
was significantly higher than that from cauda epididymis (P< 0.05). SRC kinase in mouse epididymal sperm modulates
phosphatase PP1y2 or PP2A, which in turn influences sperm motility. Results In epididymal cauda sperm, where SRC is
more active, when SRC activity is inhibited by SU6656, the activity of phosphatase PP1y2/PP2A is increased, while
sperm motility is decreased. In epididymal caput sperm where SRC is less active, when SRC activity is enhanced by sc-
3052, the PP1y2/PP2A phosphatase activity is reduced, while sperm motility is increased. Conclusions The activity of
SRC and phosphatase PP1y2/PP2A in caput sperm from mouse epididymis is significantly different from that in cauda
sperm. SRC kinase interacts with phosphatase PP1y2 or PP2A in mouse sperm. SRC kinase modulates sperm motility
(including motility acquisition) by inhibiting the activity of phosphatase PP1vy2/PP2A.

[ Keywords] SRC; PP1vy2/PP2A; Ser/Thr phosphatase; epididymis; sperm motility; sperm maturation
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Figure 1 Threonine phosphorylation in mouse sperm from the

caput and cauda of epididymis
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Figure 2 Present form of SRC in mouse sperm

from the caput and cauda of epididymis
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Figure 3 Co-immunoprecipitation analysis of

SRC with PP1vy2 and PP2A
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Figure 4 Analysis of phosphatase activity in caput and

cauda sperm of mouse epididymis
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Figure 5 Effects of SRC inhibitor on sperm phosphatase activity and motility in cauda sperm of mouse epididymis
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Figure 6 Effects of SRC activator on phosphatase activity and motility in caput sperm of mouse epididymis
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Figure 7 Effect of sc-3052 on SRC kinase activity in epididymal caput sperm
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Figure 8 Effect of SU6656 on SRC kinase activity in epididymal cauda sperm
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Construction of a hepatocellular carcinoma mouse model by injection of a
mutant p53 gene CRISPR/Cas9 plasmid and hepatoma cells
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[ Abstract]  Objective To establish a mouse model of liver cancer by injecting mutant p53 gene CRISPR/Cas9
plasmid and H22 cells into the tail vein. Methods Healthy male BALB/c mice were randomly divided into blank group
(normal saline) , plasmid group (Plasmid), control group (H22 cells + saline) and experimental group ( H22 cells +
Plasmid) , each with 25 mice. Tail vein injection was used to establish the liver cancer model. Samples were taken at 2, 3,
4 and 5 weeks after the injection, and blood was collected from the orbit to detect serum aminotransferase ( ALT/AST).

Liver and lung surface changes and the number of nodules were observed, and successful modeling rate, mortality and organ
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index in each group were assessed. HE staining was used to observe the pathological and morphological changes in the liver.
Immunohistochemistry, western blot and other method were used to evaluate the expression of p53 and PCNA protein in the
liver. Results Both the experimental group and the control group showed successful generation of a mouse model of
metastatic liver cancer. The rates of successful modeling in the experimental and control groups were 60. 87% and 45. 83% ,
respectively, and the mortality rate was 4.35% and 29. 17%, respectively. The serum ALT and AST levels in the two
groups of mice increased significantly, and cysts and white granular nodules of varying sizes appeared on the liver surface
over time. The HE result showed that the liver lobules in the experimental and control groups were damaged to varying
degrees after 5 weeks, showing obvious tumor-related pathological changes. The expression of pS3 protein in the liver of the
plasmid and experimental groups was significantly reduced ( P< 0.05). The expression of PCNA protein in the liver tissue
of the experimental and control groups was increased significantly, and expression was significantly higher in the
experimental group compared with the control group (P< 0.05). Conclusions The method of injecting mutant p53 gene

CRISPR/Cas9 plasmid and H22 cells through the tail vein can successfully and rapidly construct a mouse model of

metastatic liver cancer.
[ Keywords ]

carcinoma model
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Figure 3 Comparison of liver in test group and control group at 1 ~ 5 weeks
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Figure 4 Histopathological comparison of liver in each group at the 5 week
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Figure 5 Histopathological comparison of liver between test group and control group at 1 ~ 5 weeks
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Figure 6 Detection of p53 and PCNA expression in mouse liver tissue by immunohistochemistry
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Figure 7 Detection of p53 and PCNA expression in

mouse liver tissue by immunohistochemistry
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Figure 8 Western Blot detection of p53 and PCNA protein expression in mouse liver tissue
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In vivo anti-tumor activities of Fomes Officinalis polysaccharide and
the underlying mechanisms
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[ Abstract]  Objective To investigate the antitumor activity of Fomes Officinalis polysaccharide (FOPS) and the
underlying mechanisms. Methods The mice tumor-bearing model was established by subcutaneous injection of S180
ascites tumor cells into the axilla. Mice were randomly divided into control group, model group, CTX group, FOPS-L
group, FOPS-M group and FOPS-H group, with 10 mice in each group. The mice were treated with NS, cyclophosphamide
or FOPS for 15 d. Tumor inhibition rate and organ index were assessed, and white blood cell ( WBC) and lymphocyte
(LYM) were measured. Serum TNF-o, IFN-y, IL-2, IL-1B and IL-6 were detected by ELISA. The mRNA expression
levels of p38MAPK and p-c-jun in tumor tissues were detected by qRT-PCR. The protein expression levels of p38MAPK, p-
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c-jun, NF-kB and p-NF-kB were detected by Western Blot. Results

(1) The mean tumor weights in the CTX and three

FOPS groups were significantly decreased compared with the model group (P< 0.05). The tumor inhibition rate in the CTX
and three FOPS groups (-L, -M, -H) were 84.87%, 54.29%, 40.57% and 30. 84% , respectively. (2) Compared with

the model group, the spleen index, thymus index, WBC and LYM were increased significantly in the FOPS-L groups ( P<
0.05). (3) Compared with the model group, the levels of TNF-a, IFN-y, IL-2 in the FOPS-L group were significantly
increased (P< 0.05), while the levels of IL-1B and IL-6 in the CTX and three FOPS groups were significantly decreased
(P< 0.01). (4) The mRNA expression levels of p38MAPK and p-c-jun, and the protein expression levels of p38MAPK,

p-c-jun and p-NF-kB in tumor tissue were significantly increased compared with the model group (P< 0.05). Conclusions

FOPS has significant anti-tumor activities, and the mechanism of action is related to activation of the MAPK/NF-kB

signaling pathway.
[ Keywords)
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20170222046) ,
1.1.2 X2y

B EELT 245 68 W) 37 68 A4 5 O % o, P e IS )

Fomes Officinalis polysaccharide; anti-tumor activity; cytokine; MAPK/NF-kB signaling pathway

KEERG)/ LGB WA K - BTAS ) OB F2 %
Jy B B 2T Fomes Officinals Ames, $& SC k' il &
FOPS, 15254 3. 06% , M 12 % B 7% 2 12 0 74 75 1 Ry
57. 4% , A BRER K45 510,20 mg/mL 25315 H .
TE B B B mE M (CTX, Bl BE 25 A R A A
18102525) , A= AR /K £ 1L 5 mg/mL 25 AFH
1.1.3  FEEH 5

TNF-a IFN-y  IL-2  IL-18 . IL-6 ELISA &3] &
(BRI EY A ;519 B-actin, p38MAPK | p-c-
Jun( WA TR BRA ) s HUK B-actin (CST 2
7)) ;p38MAPK .p-NF-kB( Abcam 2\ 7)) ; p-c-jun NF-
kB ( Bioswamp A H] ) ; BCA & H & =il & EH D
T-HEFRIE Marker 457§ ECL fb22 & GIRF & (&R
SEENT]) ;LRI f PCR 51 & ( TaKaRa 23
Al) o

Multiskan Go 4= I K i #5 4X ( 32 [ Thermo 2
A]) ; AB304-S HL 43 B KV (18 E MR 8 A | ) 5
UV2700 2840-A1 WL B ( H AR R H A F] ) 53—
30 K & 2K & 0 HL (12 E Sartorius 23 A ) 3 BC-
5000VET i 41 e 3 Hr4 ( & Mindray 23 #]) .
1.2 FHik
12,1 g e AL il o5

HHLT R A S180 /N B /K 98 40 i, B 0. 2
mUL 4 S T B /D BRUKE i i AR A PR IR
135 S180 ME/KFE/NE . TCH A1 T HhHUE K, I3 8
WEE R RZT 1 x 107 A, V3 4 Bk T 38 N 1)
727 d Ja B/ RS KR il A8 S180 fapJe il
1.2.2 Wi s

H 50 HARE /N ERBEAIL S BRI 2 | P X
WA FOPS MK, i 00 o 41, f B /DN BRUAE 25 1
4,4 10 H, 25 A SRR 457 A FER K
B, BH ) B I s 1 ) 50 me/ kg FRBE I, 41K
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R AL AL 4A T S D VR B (50,100,200 me/kg)
FOPS HEW L4525 15 d, B Hid st/ MR, W
FNRIKEYIOK TGRS E— R,
1.2.3 98 58 Rk 2 4 Boksr )

RKIRL 2 24 b J7, FHEBE F AL FE /N R, %1 25 93
e WEZSPRE A A MEAR TR 8 M (%)
= (AL S 3400 i — 4 2 21 - 35 98 ) /A AR 4
BII EE X 100% , IEd T8 5 = W28 B it/ (R
1.2.4 A1 S i RS

/N BRI, BC-5000Vet Il 20 1 73 B ASCRG: 0 £ 21
ffL R AR H
1.2.5 i 40 5 A D

JNEURUIL, B8 B 2 h,4°C 544 F 3000 r/min &
> 10 min 7385 ML . #4588 ELISA 350 & ud B F ke
W 1% TNF-o IFN-y IL-2 IL-1B . IL-6 &,
1.2.6  /NEUNESR s L2 L 2%

BB MG B SR SO 4% W E
SN YA HE L@ E a8k
1.2.7 R4l Z p38MAPK Fll p-c-jun mRNA 3 ik
il

VRV 3 St g 20 2, il ] TR1zol 3057 $2 B
AL RNA E RNA SR EE il FH PCR MG
%5, 1 qRT-PCR & &6 I p38MAPK Fll p-c-jun
mRNA ik, 2722 ik b a5 31, 517 51
W1,

x1 51975

Table 1 Primer sequence

519 Eik7)e2] KB (bp)
Primers Primer sequence Length(bp)
F.5’ -CCGAGAGTTGCGTCTGCTGAAG-3’ 22

p38MAPK
P.5’ -TTGAATTCCTCCAGTGACCTTGCG-3’ 24

F:5 -TACGCCAACCTCAGCAACTTCAAC-3’ 24

P b5 ACGGTCTGCGGCTCTTCCTTC-3 21
 F.5’-GTGCTATGTTGCTCTAGACTTCG-3’ 23

act
Bractin S ATGCCACAGGATTCCATACC.3” 20

1.2.8 &8 40 21 p38MAPK . p-c-jun . NF-xB FlI p-
NF-xB [ 33k w kil

VI B A £ R 220, i RIPA 24 42
BUEEH, £ 4°C 254,12 000 r/min 5.0 10 min,
BRI, i BCA A 1 ik 7] & A 2 P vk
FE, WEEFMT, TR R B T,
ThimE SR, ECL b R ORI R ok W,
Image J Q3 ik #- 4T IR BEAE 50 HT o
L3 SitESH

L SPSS 21. 0 B #EAT et o B, R

R 208, B A R LA £ fnifEZE (x 2 s)
TR ,P< 0.05 RonZzmBAGH L,

2 #HR

2.1 FOPS X7/ RAE R Z2 0

1~ 3 RSN —WRIHIEF, H4 ~7
RIS ERMS Bz T+ 0 B A8 9 2 205 AR 4 55 B 1 o
PR /N BB B kRS RS P22 B, SRR AT LE 3K, FOPS
b Rl /D B ARSI B IR R AP, 2R
8 ~ 15 KMIHIL /N FUR Ll 83 R Ak LT Rg
S BRRAS, FAVEXS A ks P e, i 1 Al
U AT R, 22 R A WENE(P< 0.01) . 5EAIA
HLH, FOPS Ik, | 7 & 4 B B IR A2 b
N EFTREE,

T SRR L, * P< 0.05, ™ P< 0.01, ( FEl/FER)

Bl 1 FOPS AHHRINEUATE F 60 (n= 10)
Note. Compared with model group, * P< 0. 05, ** P< 0. 01. ( The
same in the following figures and tables)

Figure 1 Effect of FOPS on body weight of

tumor-bearing mice(n=10)

2.2 FOPS Xt {8/ MNR B E B EMN I

H e 2 ] 0L, SR L H g, BH X HE 2 FOPS
FIAN A= B s AN R s s LT R W N €
BEVE(P< 0.05) ,FOPS IR 2 41 /)N R AF- 2988 F /)N
F FOPS 1 gl dl, PHYEXTHRZL  FOPS ik
T AR AR R A3 531l 84. 87% \54. 29% 40. 57% .
30. 84% , ZEHARIR , FOPS XF S180 fafed /N El g A=
KAMHEM,

F 2 FOPS X/ EUREE MR (n=10)
Table 2 Effect of FOPS on tumor weight and tumor

inhibition rate of tumor-bearing mice(n=10)

a5 M) K
Groups Tumor Tumor inhibition
weight(g) rate (%)
HiRIZH Model group 6.21 +0.75 /
FHH:XT B2 CTX group 0.94 +0.32*  84.87%
FOPS fik#l4 40 FOPS-L group  2.83 + 0.48*  54.29%
FOPS H#| 4] FOPS-M group  3.69 + 0.51* 40.57%
FOPS #7440 FOPS-H group  4.29 + 0.51* 30. 84%
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2.3 FOPS X7 /MR AE 25 5 40, B 40 AL | ik 2 40
Ry B B %0

F 2 3 m 0L, AR A [ B, FOPS ik | 1 5
2 /N BROMGL A B, M R R B, P A i gk B B B
F+E (P< 0.05) , FOPS 1 5 = 41 #k 2 41 jg %% B
BETE(P<0.05), 5R R, FOPS nl 2 5
1o 98 /0N BRUIGL 48 55 M B i 5, T v 1 e L 9k 2 4
M H .
2.4 FOPS 47548 /)N B 1 i75 20 AR = F 1) 52 i

M 4 Tl L, SRR LA, FOPS I Hr 7l &4l
TNF-o 534 1 3 5 (P< 0.05) , FOPS {5 &= 4H
IFN-y & & i (P< 0.05) ,FOPS fik  H | miifl
AL IL-2 FR B E T (P< 0.05) ,FOPS X 1 5
FIAL TL-18 \TL-6 & it A (P< 0.01) , %45
AR FOPS 7] F i far 8 /1N BUIMLIE TNF-o, IFN-y |
TL-2 F i B A TL-18 \T1-6 &1,
2.5 FOPS X798 /)s B AR 28 9% T2 S A S 1

P L 2 0, 45 /N B BT 2000 B o0 LT 4 HE
G FE JEABIEW . 25 4T 40 M 45 4 52 2, HEA

RS MO A% AT W B A 5 B M R 2H
JF4H R HE S 2 BOE Y, SRR A L, FOPS ik
e 70 2 2 /0 BT 40 6 HE 50 B 00 O 3 SR AR IE E
25 AL /)N BRUG 2 240 i HE 2 3% 57 K% L0 R S
HE 53 T8 7 5 B 7 2 55 BH P B AL/ BRI 4 2 41
B85 FIBE T BT, R 5 W Ek; SERZ [, FOPS
1% rp v R /0 I 2 2 A0 R 2 R X 5
CIRER FABE T ST UL, A /N R A 2] 41
ZER AN RO, R W R MR IEIN S, =1
HE L AMETE S IR, 4540 52 3 IS 4 5 1 40
YL HES ZE AL, B /N ER AR R )N 5 AR R A LR
FOPS % H | i 551 1 41 5 /N 3k 485 ) AF 6 58 8, 4t i
HEZAH XT3 55
2.6 FOPS Xt 98 /I\ R A g 22 2} p38MAPK 70 p-
c-jun mRNA 3FRiZx =0

FER 5 AT 0L, SRR LA, FOPS I | il & 41
/NEL p38MAPK mRNA b, ZF A RE
P (P< 0.05) ,FOPS {5l 7 2H /N p-c-jun mRNA &
ikE T, 2255 BA BEME(P<0.01)

R 3 FOPS Mg /N BREAR 1550 L 201D 7R L 200 %0 H 9520 (n=10)
Table 3  Effect of FOPS on organ index, WBC and LYM of tumor-bearing mice(n=10)

L1 T4 4 Fa R 4 F4iEH (107 1) HEAHE (107 L)
Groups Spleen index Thymus index WBC(10™° L) LYM(10™°L)
25 H 4 Control group 5.17+0.71* 1.79 + 0.24* 7.99 + 1.61 373+ 1.75*
FERIZ] Model group 3.35+0.23 0.62 +0.18 5.06 = 1.06 1.00 = 0.28
FOPS {520 FOPS-L group 5.16 = 0.33* 1.32 + 0.22* 9.82 % 1.23* 3.94 + 0.48"
FOPS F5H 40 FOPS-M group 4.83 +0.40" 1.17 = 0.08* 8.83 +1.87" 2.64 +0.11
FOPS = A 4] FOPS-H group 3.28 £0.16 1.07 = 0.06 7.53 = 0.76 2.52 £ 0.15
F 4 FOPS Xfarsgd s BRLILTE 40 S A1 B 5200 (n = 10)
Table 4 Effect of FOPS on serum cytokines of tumor-bearing mice(n=10)
215 Groups TNF-a( pg/mL) IFN-y( pg/mL) IL-2( pg/mL) IL-1B( pg/mL) IL-6( pg/mL)
23 14 Control group 85.20 + 16.53" 52.57 + 4.34" 19.20 + 2.53* 44,67 + 2.42* 23.31 + 6.93™
FERIZ] Model group 45.69 + 4.65 28.20 + 6.84 7.40 + 0.75 87. 14 + 7.90 92.52 + 16. 47
FOPS {I%57l 441 FOPS-L group 91.22 +9.50* 53.29 + 10.97* 15.67 £ 2.63* 51.70 1. 11* 30.55 + 4.72*
FOPS #1514 FOPS-M group 78.33 + 6.83* 30.49 + 10.73 14.40 + 2.67* 59.46 + 1.53* 35.63 + 7.69*
FOPS 7|4l FOPS-H group 71. 14 £ 16. 16 22.40 + 2.62 13.33 + 0.34" 66.12 + 1.95* 38.19 + 6.74 ™

2.7 FOPS X7 1o J8 /s FR B 988 42 4R p38MAPK . p-c-
jun NF-«B #1 p-NF-xB & A &% 5

M2 6 & 3 n] U, 5 %, FOPS IR
2 p38MAPK Rk Fhim, 25 HA B &M (P<
0.05) ,FOPS ik . 75 21 p-c-jun Rk B TF 5
ZRHABFEM(P<0.05),FOPS ik . & #l i
Hp-NF-xB Rihwm¥Fm, 25 BA BEME(P<
0.01),

RS FOPS Xt/ FUIE 4121 p38MAPK A
p-c-jun mRNA FIKAYRZM (n=6)
Table 5 Effect of FOPS on p38MAPK and p-c-jun mRNA

expression in tumor tissues of tumor-bearing mice(n=06)

25| Groups p38MAPK p-c-jun
FERIZH Model group 0.51 =£0.23 0.12 £ 0.01
FOPS {1 &4 FOPS-L group  1.51 = 0.04* 0.71 + 0.16™
FOPS H#lH4H FOPS-M group  1.30 + 0.15* 0.38 + 0. 11
FOPS & %44l FOPS-H group  0.20 = 0.18  0.09 = 0.01
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2 FOPS X fapJed /) BRI 95 B 2 AR 6 1) 52 i)

Figure 2 Effect of FOPS on histopathological changes in tissues of tumor-bearing mice

R 6 FOPS Xy /N EURE 21 2H p38MAPK  p-c-jun NF-kB Fll p-NF-kB 2 FAFEA M (n=6)
Table 6 Effect of FOPS on p38MAPK, p-c-jun, NF-kB and p-NF-«kB protein expression in tumor tissues of tumor-bearing mice(n=6)

215 Groups p38MAPK/B-actin p-c-jun/B-actin NF-kB/B-actin p-NF-kB/B-actin
BERIZ Model group 0.56 = 0.07 0.70 = 0. 81 1.13 £0.19 0.53 £ 0.05
FOPS fik 5420 FOPS-L group 0.95+0.16" 1.15+0.19* 0.94 + 0. 14 0.99 + 0. 14*
FOPS 3|41 FOPS-M group 0.82 +0.11 1.16 + 0.13* 0.96 = 0. 15 1.20 + 0.14*
FOPS 5l 41 FOPS-H group 0.91 + 0.08 0.97 + 0.08 1.05 + 0. 15 0.99 + 0.09**
3 iFig

3.1 FOPS xffr78 /N R e A K B D B 4E
AL A B AR AR B R, R E A A
RAEREI PR 2 — T BRI e S T R 2 %
LIPS KA B AR T, 7/ S180 Rt
BB rp i BRI B X IR 24 (EHC Al B | AR
BRLTEE R ) B S 2 400 o) 458 7 R T A A
RN X AR A KA T . R IR IR AL )
LW AV IR G 08 S 0 R 0 1 B T

B3 FOPS XA/ U414 p38MAPK . AL A 2 thag, 3k 5 K @A /N
p-cojun NF-kB Fl p-NF-B % 13235 ABFF LR R, 5 R L, FOPS % v, & A

Figure 3 Effect of FOPS on p38MAPK, p-c-jun, NF-kB and /NI EN, 2R A B EN(P<0.05),
p-NF-kB protein expression in tumor tissues of tumor-bearing mice  FOPS iG55 2H IR 20 AL T FOPS h S FN 24,
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WHE AP — B A L R AR, Y
ARG TH R B A BRI, e R AW,
FOPS Xif fap98d /1> BRI 9 A= < HAT Pl 4, A3
e ZORFE AU BE (19 FOPS Xt fap98d /> BRUWeg A K 1
TOHIVE FHASI] , AN 2 750 b K 2 R0, 3 Ao
T 5 25 20 56 2 AR IE Fe /Y UK AT BE 2, FOPS
JERLZ 0, H AR OR R 20 415 T RE A 4 A 1R
FHIR AR B AT 25006 B 3 [, 6 AN [] %) 28 2 448 Jif R 44
HL PR 23k 7= B S T RE R TR, IF L, TP 25 A7 7
LISy MR B E  FOPS 7 T s ml Ge4 il =k,
WO T A A PR R sl 2 A A TR T PR A
3.2 FOPS X377/ /N S Th B B B2 i

J R B R L o W e E B R A, M
I A 2 A Ty i A T T A A, 2 A AR B 4T
F1 40 6 s 2 R AT L DR R A A A R o 440 B AT
BEIRYL AL AR 9T 45 1 R, FOPS Al 4
e A JR /0N BROMEL 5 I A i 4, T /s BRSO i 1
YA LA H 25 R B A B EE(P< 0.05),
ZEE RN FOPS BUENUA AT RE
3.3 FOPS X 7ar 48 /)N R 20 i = F B 22 i

TNF-o J2 FH A 20 B 5 g4 A = A 1 22 ik
SRR -, X TR EL A L A A R ) 3 g ) 1
F. TFN-y fibk 405 NK 4 A al e i 4 m
TNF-o BRSO A B R O Mg 0L i /EH . TL-2 7]
{2 F IFN-y 433, AT A2 2F T B 4 A % A Fn 3 4
I o 24 v AN M RV S T TL-6 TL-18 1Y)
K =AM S5 1R )2 W RAE N, fie T b8 12 22
R B 5T £ W, FOPS TR TNF-a, TL-2,
IEN-yZ5 40 i PR 72 B (P< 0.05) , [ IL-6 . IL-1B
FHE(P<0.01) T RAESUMRE/ER
3.4 FOPS X8/ R AE 22 iR 12 F 31

ASBIFGE b X0 LB R A R AT
PAFER 5K FOPS 142 bk | 855 7R FOPS B
R /N RE RS 0, O B et
3.5 FOPS Xf MAPK/NF-kB {5 & i& $ #2200

MAPK/NF-kB 15 5 i 1% 7 22 Ff [} 9 41 23 1% 4
ML TG AL TR |, B A BIF 5T B B Je 245 90 1 AT A 05T
Z—. MAPK JZ4 il N 12 FE7E B 22/ 95 2 R B 1
P 5 20 R SRR I T | A0 AR | AR R R U A
IHREA K NF-kB 7E 41 i 32 2 90 8k & A W
MRk, DA 5 32E A 40 A% D, S5 4% N DNA ¢ 537
FNE5G, I o) o i A G 3L PR G 5 7R i hE R
NF-kB AT RASR ] e A K, (H 5848 (9 B R AT R 3 3

JibRa A TR 2% . NF-kB A0k B 380 vy IR %,
FEARAE LR H [R]B 7 2E AIE R RHT A A 0T, &4 ] i
B FEA A 38 BB e B ] ALY L AR BiE o 2
W], FOPS RE@% I 14 b & 240 21 p38MAPK Hl p-c-
junmRNA 235 J p38MAPK p-c-jun Fl p-NF-«B & H
Fik, 2R EHA B ENE(P< 0.05) , 7% MAPK/NF-
kB 5510 B A G
25 TR IRINZS T FOPS Al ik S180 Fif I /N
BRUIRRE A= I8 R /0N BRIV A M Y e,
P 5305 MAPK/NF-kB {5 5l B AT 5
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T BE I B JRPE /I SRS 4 S
A KA EE,EL

(AP RIS A b e vy, o ] I 2 b o g I 2 S sh W WS T , 37 A 14 264 e sl R R 5 I ot Tl
e, AR DA R R ZR 5 o NP LU R~ i 900 %, AT 100021)

[HE] BHH EREAZLERE (HPV) B R BN B REHER Z —, & R T8 P8 RPUB P AE
R ARITIE S %, BRI oA /NS . SR RIS B RDE 0% B U6 SR B 7™ b, A AR 52 400 4 S 1 1 e /N B
R Frik i RE/ N BURBRS R ) R R il /N BURS 5 B ki 1 e i B 01, 6 1.5 % 10° copies /INELFL
SRR T o LSS R R B KB AL, S AN [R] T A A6 2 DNA SR80 SO BT, 53R MmuPVI /MR
FEBR K 16 55, IR AT DL LSRR R AR AR 3 )3 A Ak LA T e TTRLRS ; HE Je 0050 BT o Bz JB 3R T 8ok b B 3 /8
Z AR Z AT 25 WA, AT JRAS T MmuPV 1 E4 RNA 5%, 38 A4 300t AT A 21 MmuPV1 DNA DL #E2
o, i AURAI /N R R ER T MmuP V1 B G B b /I BUR T AL IR, ol J2E S 398 7 1 e IR /N BRASE7
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Development of a mouse model of papillomavirus-mediated skin wart
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[ Abstract] Objective  Verruca is a dermatological disease caused by human papillomavirus ( HPV ), and
includes conditions such as verruca vulgaris and condyloma acuminatum. Although treatments are available to remove skin
warts, effective therapies are still lacking. Because of species specificity, the development of animal models of HPV
infection has been limited. In this study, mouse papillomavirus ( MmuPV1) was used to infect immunodeficient mice to
establish a murine model of skin papillomatous hyperplasia. Methods After anesthesia, the tail skin was gently scraped
with a blade to produce a slight wound, which was then inoculated with 1. 5 X 10% copies of viral DNA. Changes in the tail
skin were observed, viral DNA and load were examined, and pathological analysis was performed. Results Sixteen weeks
post-infection with MmuPV1, papillomatous hyperplasia with hyperkeratosis had developed at the infection sites. HE
staining showed hyperplasia of squamous epithelium and vacuolar degeneration in the spinous and granular layers. MmuPV1

E4 transcript was detected by RNAscope in situ hybridization. MmuPV1 DNA in the samples was detected by PCR
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amplification of the E2 gene. Viral DNA was tested in all MmuPVl1-infected NU/NU mice samples by qRT-PCR.

Conclusions Our result suggest that MmuPV1 skin infection in mice mimics HPV disease, and can therefore serve as a

useful model for studying the pathogenesis and natural history of HPV infection.
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B 1 MmuPV1 & 16 5 NU/NU /MR
Figure 1 Tail skin of MmuPV1 infected NU/NU
mouse after 16 weeks
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MmuPV1 E2 BER R VRGP 15 555 MmuPV1 3%
1597 bp A Bt FIFEGE MmuPV1 #)/N BUEFTHEH
DNA #7558  Z5 R R B TR 5] MmuPV1 DNA
(K3),
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B2 MmuPVI1 4N REHRAEH L2000

Figure 2 Immunohistochemical analysis of mouse tail hyperplasia by MmuPV1 infection

il ~ 15 MmuPV1 &G/ TS DNA KEAS ;16 pMusPV JFORL( FHAEXT R ) 517 ARG /N U 3B DNA (B

FAR) ;187K (25 FAXFBR) ;M : Trans 2 k Plus DNA Marker,

B3 EG/NRZH MmuPV1 E2 JE[H PCR %5E
Note. 1 ~ 15. Samples DNA from MmuPV1 tail infection. 16. pMusPV plasmid ( Positive control). 17. DNA from the
mock mice (Negative control). 18. Water ( Blank control). M. Trans 2 k Plus DNA Marker.

Figure 3 MmuPV1 DNA was analyzed by PCR on E2 gene from virus-induced mouse tails

B4 qPCR KGN AT
Figure 4 Vrial load in the MmuPV1-induced mouse tails by gPCR

2.4 RNA FAIZzZ# MmuPV1 E4 3R A
RNAscope [/ RNA 28 52 5 AR AT 52 20 54 i
T RNA 7 F IR A aT AL Rl . BRI AR 5 R
RNAscope JF{7 243 MmuPV1 E4 FSEAR R,
MmuPV1 E4 55 g AL AR TR ZH0CFL K s 5 R0 AN

M S A2, MmuPV1 B4 B 89485 BIPEERET
PEATREI , IR A5 5 R 456 RNA 201, 5 8
F oA, A5 R R, H RS MmuPV1 E4 22
A AT UL AR A B A5 (B SAB) T BAPEXT
B A 55 (1 5C,D) o
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{E: A, B:RNAscope JEUfS 2852 E4 5% AN ; C, D : RNAscope JEU 28 S B PEIRET XTI
5 AL S RIS/ U IS MmuP V1 E4 554
Note. A, B. MmuPV1 E4 transcript probe. C, D. Negative probe.

Figure 5 In situ hybridization probe for detection of MmuPV1 E4 transcript in the infected mouse tails
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Study of the efficacy and safety of a trivalent EV71, CA16, CA10 VPI
protein vaccine

NIU Dong, ZHAO Binbin, WU Jing, PENG Wanjun, ZHANG Lihong, LIU Jiangning "

( Comparative Medicine Center,Peking Union Medical College( PUMC) ; Institute of Laboratory Animal
Sciences, Chinese Academy of Medical Sciences( CAMS) ; Key Laboratory of Human Diseases
Comparative Medicine, National Health Commission, Beijing 100021, China)
Corresponding author: LIU Jiangning. E-mail:ljn_zb03038@ 126.com

[Abstract]  Objective Hand, foot and mouth disease ( HFMD) mainly affects children under the age of 5.
Because HFMD is caused by a group of enteroviruses, a vaccine targeting only one pathogen would be greatly limited, and a
multivalent vaccine would be more effective. In this study, we prepared a trivalent VP1 protein vaccine against EV71,
CA16 and CA10 viruses. This vaccine was then injected into mice to examine immune activities and to evaluate safety.
Methods After immunization with the trivalent VP1 protein vaccine, virus-specific antibodies and their neutralizing

activities were analyzed, and virus-specific T cell immune responses and changes in cytokines were assessed. Furthermore,
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passive immunoprotective effects passed from immunized mothers to their neonatal offspring were evaluated with in vivo

infection experiments. Results

The trivalent VP1 protein vaccine continuously induced virus-specific IgGs and IgMs,

which had the ability to neutralize the viruses. In addition to inducing virus-specific humoral immunity, the trivalent VP1

protein vaccine activated the virus-specific T cell response as well. The vaccine also provided passive immunity to neonatal

mice against EV71 virus infection. Additionally, the stable levels of inflammatory cytokines during the immune response

indicated that the vaccine was safe. Conclusions The trivalent VP1 protein vaccine was effective against EV71, CA16 and

CA10 viral challenge, and could therefore be useful for the development of multivalent HFMD vaccines.
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F /& 9% (hand , foot , and mouth disease , HFMD)
JE W 2T TE G B 5 | A 008 UL B PR A g, H &
SRR IR N FE G, Z R TR LK 5 ZLTF
JLEEN S R DAL Y i B,
DHUR LT TR 2 Jr Ay EORE ) A 2 R 8T RIE , AN
AVEBZEE R B E A | T TR A A% B M el
VR K WA i FEARE A 07, 2008 AE T
TEFR EITFUG 2 A AT , WS A e 1) 52 B 4 b T
e, #2014 4 2 2016 4 R C ik 730 J1 B
) AN 18 6 75 (human enteroviruses ) & T
A2 H R R E Z R I, B T/ RNA R 3 B
( Picornaviridae ) W8 )55 J& ( Enterovirus ) , N ¥ JE1E
fif RNA 75, th 8 A MR IRAUR . A2 miE ik
# EV71 (enterovirus 71 ) F1 CA16 ( coxsackievirus
A16) T2 FUR Y F2 234 T J5L; L 4R R, i CA10
( coxsackievirus A10) ,CA6 ( coxsackievirus A6 ) 55
BT AT L DR B g m T 2o EVTL
HI CA10 JERYLHR AT 5| 2™ B 1) f 28 R GEP , e
TR i 58 28 R B A I 58, LA % Aol 28 54 it 7K e
FLC i Ty RE B2 45 45, B 24 7] BB BB T2, CAl6 J%
R AR B 22 Ry B 0E BTG AR 191, (B A BF 5 R B
EV71 5 CAl6 {iR& BB G H 5) S BOR M 42 R 4t
FHRIE

ARIEREC LT T4 EVTL B KIS REHT,
SR EVT1 S I A RETRR; T 12 1195 19 HoAth i I
n CAle A1 CA10M™  HL, & —Fh 2 T 2
1o 2 B 2 B A A R SR o #h T M i R SR
FTRE S A B e M R A OGO TR R
A5 51 B o 28 5 1 T KU 2 i A AR
P9 v m] DL A A F BTSSR AL, H il i B4 BT
JRAE 1, B A0 RS i T e BE S AL A
VP1 &4 EEM PR R E R, /£ EVT1 Hl CAl6 Hf
FEP R A B TR 92 AR UM X — 1, 8
EV71.,CA16 Fl CA10 W EERY VP12 il B = &

protein vaccine; enterovirus; immune protection

FIRETE , A0 2 JEXT ICR /N BUHEAT 1 W s, if
ARSI /)N BRI TR o R S v P AR Y 2 R B b R
PR, %8 T 20 YRR S B 8 RN, I P4l 6 2L R
R PROR . S5 R R, =M VP1 AW
REAS AT RIS T 0 B R 5 1) A VR e 2 0 40 R e
£ e AR FL BUHR A EVT1 9 dE R W i B A
R0 4k W B % AR A st — 4
TER B A REME
1 MREA=E
1.1 ##
1.1 SCkshw

110 2 6 JA#A SPF ¢ ICR /)N, H A 90
H MR 20 H KT 25 o, I TAL sUAE ELREAEY)
R AR A7 BR 2 7] [ SCXK ( 51)2019-0008) ., T
[ PR 2R B B 2 S 50 s Wt 5% BT sh ) A W) 4 4
T SEBE (ABSL-2) AT SEE [ SYXK ( 57)2019
-0014]) . WFEAEE . FNIEE 22 ~ 25°C 1R 40%
~ 70% ,12 h SCHR/ BRI . ShIEEN A RS
oK, ARSI A5 30 Hp ] P 2 R 2 B I 2 SE 58 s
F9 BT 55 56 sl ) 5 FH R4S B 2 B4 45 B ik v (L
5 LIN20013 ), A< 52 56 ff FH B9 EV71 95 % 0
FY0805 # tk 28 /N B A% AL BT 48 45 1% 38 i Bk MP10
( GenBank accession number: HQ712020) ,CA16 J5
4 shzh05-1 2 B ( GenBank accession number:
262658 ), CA10 Ji§ B 7% #f ( GenBank accession
number: MF688814. 1) , EV71 VP1 &[4 .CA10 VP1
HHLE AL SCR AR A BR A 7 Ak,
H B 4354 0. 57 mg/mL F1 0. 21 mg/mL, CA16
VP18 A [ A SO M B A PR A A 4l R
T 85%,
112 EZEH SR

311G 58 4 4/ 7 ( Sigma-Aldrich, F5881-10ML) |
35 G A 58 44/ 577 ( Sigma-Aldrich, F5506-10ML) , 1L
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FH/N 1gG H&L(HRP) ( Abcam, ab6789) |, 111 2£-4
/INEL IgM mu chain ( HRP) ( Abcam, ab97230) , ¥i.4H
43 TMB i {4 % ( Solarbio, PR1200) , PMA +Ionomycin
WREL 40 Bt ) 3% 9 (3 4, 20304210 ) , Mouse IFN-
gamma ELISpot PLUS ( ALP) , strips ( MabTech , 3321-
4AST-2), PROCARTAPLEX 11 PLEX ( Invitrogen,
PPX-11), TRIzol™ Reagent ( Ambion, 15596018 )
QuantiTect Probe RT-PCR Kit ( Qiagen, 204443 ),
RevertAid First Strand ¢cDNA Synthesis Kit ( Thermo
Scientific™ ,K1622) ,TB Green® Premix Ex Taq"™ II
(Takara, RR820A) .

Z e K653 B A (FLUOstar Omega, 12 ) ,
Mabtech IRIS ELISPOT £ #% {¥ ( Mabtech, %t #2 ) ,
T100™ Thermal Cycler( Bio-rad, 3E[#) , QuantStudio™
3 Real-Time PCR System, 96-well, 0.2 mL ( Applied
BiosystemsTM . EH )

1.2 FHik
1.2.1  3h¥yord R

6 i ICR BEFEHLI o 5 4, B4 16 A, =
i VP1 B (P AL i BN [R50 40 3 41,CV-2. 5
4 . CV-5 40 A1 CV-10 4. &5 IE fe % EVTL,CAL6
CA10 =Fh VP1 S LIRS =M VP1 AR
(FFFh VP18 2.5.5.10 pg) . BAMEXTREL . 18 i
oy A HER K, BH M G BE AL, IR I S EVTL
CA16 .CA10 —Fp 45 HLIR A W BH M . A4
RESG Y 14 28 d BI5GB UK e s B IR 58 4
AR5, i S i FH o RS 58 AR 5], FE BRI g
RUSR M43 B ML, e Jm /Y 35 d JCR U, 1y
FANRE T e R S PR | T AT A R
JVLFH T 4 L g2 Sy A, 2 R 3/ INBRUTE 14 d
B E i e R A% 2 LI TR
1.2.2 4 fE R

K H Luminex 46 10 i P 40 J K7 19 7K SF
WA /NI T EP 8 e, 43 85 I3, 44 AR & 10
B UEFT IFN-y  TNF-a \ IL-1B  IL-2 IL-4  IL-5 1L-6,
IL-10 IL-12 IL-13 40 R 7 ARG
1.2.3  HUARBHPER I

K HE#: ELISA 1) 7 3 A7k I, A0 4
(0.05 mol/L,PH=9. 6 FUBRIRELZE wP iRk ) i BEBL 5L,
FEIA S EEFR A P (BEFL 100 L) ,4°C 0 4
B, VR IMA S A 1% BSA B PBST £/ 1 h;
ZIE ARG R (1:100/1 :1000) B 1ML 37°CHEE
2 h; FRFLNRAK, Y5 in A 100 pL HRP #5ic

P2 R, 37CIEE 1.5 h; BEIRIE A 100 pL
TMB 3% 37°C .47 5 min, A 50 pL 2 mmol/L
() H,S0, Z& 1k 5, BRSO 2 A,y o MR3E P/N 1Y
{E R FNWT PR 75 A BH A, P/N 1 ( BHE L/ R PE L
oD fA) K F5T 2. 1 MM P/NH/NTF 2. 1,10
KF 1.5 NA[5E; P/N /T 1.5 HEATE,
1.2.4 ORI KA

SR PR A P R B0 AT ARG, ot 9 i
A 56%C B4 B I I 30 min, JEIE AMA S 19 1M 74 M
2} JRIABERT 2 1% A FIFE R, 22915 100 TCID,, FI%
BT EEARRUR A, 37°C TR A 80 min, ¥4 05 B - 1IIR
EWIMAR KA 80% RD 4l 1EFtih , IEH RD
A MAE R 28 I IR s B R e X BRI A 100 pL
(1) 100 TCID, #5855 Fr 40 i 15 F2 MR & T €O, 5 5%
Farp 37°C B3R 3 d, 1E OB T UL 4N i AR
(cytopathic effect, CPE) , I:4% 1 Reed-Muench 57T
SRR (TR B
1.2.5 [ e RSt i TFN-y (998 EL 41 i AG)

53 WRPEG 7 d, B4 AL 6 HUNR, TG
PR B 1) 2 200 b B v, e B AL 3 % 10° A4l g
A 96 LA, I A PMA + Tonomycin bk B 41 fifd
FIBGR KGR EVTL feEE KIG 1Y CAL6 i aE KT
) CA10 JR 7503 24 h, % 18 ELISpot 157 & Ui 45
6 I 240 030 TRN -y B2 3 B0 A 88
1.2.6 Bl B R EE R YL S 00

S B ME B AE B 1 B ICR /MR 30 55, 4
w8 ~ 10 K, il &8 I ST LDy, M & 1) EVTL,
CA16 % CA10 Ji 7, WAL 4] L %R 14 d, I falic %
I RT3 AEAE 8 AR i S 4AE 3 ~ 5 d B HUD
SRV R i PRz AL PR R 0 2 280 i A Rl
1.2.7 RNA BYHEEA K qPCR K 7 28 i

MRS 5 VLA R F TRIzol #53E4T 5 RNA fY
PR, 28 CA16 YL/ INERUREAS T A2 $2 B RNA J5 A
FH R st ) & AT UG, ORI G4 kHZ: gPCR il
R IRRE Hh 200 22 FE A CAT6 95 B 4% 1R 1) 5 DL
., 22 EVT1 5 CA10 JERYL 19 20 SUREAS R FH AR 511
qPCR il & 15 o i 4200 22 H EV71 5% CA16 5 5F
AR
1.3 ZiESF

FIT A 504 ¥ 4 ] IBM SPSS 23 il GraphPad
Prism 8 #KAFAb B WG 18] i) HE R TS REAR ¢ K
o, S A DO £ bR (& £ 5) ROR, L
P < 0.05F /27 HA WEM



P E I 2EAR 2021 4E 4 A5 29 55 2 ] Acta Lab Anim Sci Sin, April 2021, Vol. 29, No. 2

213

2 R

2.1 =M VP EARERBFSTERSHERNE
B R AN

ARSZH ] 6 JH#E ICR ME A =# VP1 A
FEVE (EV71 CA16 Fil CA10 =FRHEERY VP1 HHIR
BREN) HATVEM, SR PR BRI 0 2.5 pe
(CV-2.5) .5 pg(CV-5) 10 pg(CV-10)3 P52
40, IFLL EVTL CA16 Fl CA10 =Fh KGR TEIR S TE
B PE FEAE R BHPEXT R (PC) DA BEER AKAE A R P
XTRE(NC) . WIRSRPEESS, 40 AITE 14 .28 d #1755 2
UCRIES 3 YOI 9, — 905 14,28 .35 d 730 Jilks
M 1eG IgM LK

=M VP AW RS TR 14 ~ 35 d
PRI VP 2 1R 19 1gG A IgM Biik 34
BRPE , [R) B B 44 BB 5 35 9 B E AT R SRR 45 A
(F 1), EHHRIEES 35 d By I A6 I 4 44 14
% B ( neutralization titer, NT ), MZEHRA] W (K
1A) . =M VP1 25 BETE (1) S B2 1L XF CA10 5 B
() RN T e, 3 BRI AR AL T 205 %) EVT1 9
TP AN R Z  NT 7E 2° ~ 2° Z 8] X CAL6 J5 %
I RIRE R AR E 20, 5 PC AL, B FE
B RRE LG TG MY R R 2 4 4%, DL L2554
B, =4 VP1 B A S A iR B A iR
PE X EV7L FT CAL0 S 25 19 th A FH G B 2 ()
BF, =4 VP12 R8I 0 [R) 5700 AR A 2 1 1L
() HR AR A BRI 22 5
2.2 =H VPI EOREHEBEFSRSERNTHA
B = Rz

R 204 52 36 Al R &4 , EVT1 . CA16 B K3

x1

o5 B JRE VT RE A A A5 A TR TG A S e s g P R AR
5T PC WA 2] T AU 25 2, =Rl 22 4 7
1) T AR S RS2 T A A= (B 1B .C) , [A)
B, 2B =4 VP1 SRR T 40 it B AT 7% AL AR
JH < AERE T 3 o B 2 ook 2 1 i /N B
Z WAL A2 TFN-y; Horp EV71 VP S EH 35S
Y B R 58 H R I 2 A TFN-y FEAME S 3 #5130
=R ERE T CV-5 R AARXS T NC 4, 72 A A
TR N A TFN-y $ B B E 225 ik
LTS e B S 1Y T 40 S 1 B R R (& 1B
C) ., W5 RM, F2H A P8 i vl o bt Jtad 5 2
M (B WA AR DC 40 ) A N T, P R4 T 4
JHL, P AR RS T MO RN o AR 25 rh i rh o) £ =
Hr VP1 BRI RS S AU R B 0 T 21
MR N, Her S e (R 1 R I 4 LD EVTL
VP1 EHBCRE A, CAL6 VP1 HEHRZ BEEH
YRV 28] A IR BI I o B 1 15 S M
2.3 =M VP1 EARERR RS ZRE RN

PE T I 2 MR T ISR W E 8R4, B TR
EV71 G | S i 1 1 i 28 | i 7K b JF: & E 1) f8
RN, S 20 R 7 K O B g T i 20 PR A 9
B TF A P v A 2 2 SR A L TR - 1 AR A 1 L
TV, K EVT1 T 9 F 58 dh 8 m 17 %t
B EH i (14 9 PE LI R 7 B ARG 77, 45 3R W 3 b
JEE T 7 | A 1) B8 I 280 v A 7 AR SRE SONE , AT S 4
TEEM R, [F3 RA T A VP R
B2 /BRI Hf 10 Tl 28 5 AH OC 248 i X 19 A2 4k
TEOL (L 2) o B R A IR H S 43 98 i AH DG 4
MR F (IFN-y . TNF-o IL-1B . IL-4 1L-5 1L-6 IL-10,
1L-12p70) 7K~V 5 [a] 39 SR 45 19 B PR X0 e 40 T i 3%

= VPSR B — BT T DU ARk B A DA I 45

Table 1 Test results of continuous positive antibodies in the three immunized serums of the trivalent VP1 protein vaccine

FESEHE TG BLik
Specific IgG antibody

S 1gM Biik
Specific IgM antibody

2H 51

EVT71 EV71 CAl6 CAl6 CA10 CA10 EVT71 EV71 CA16 CA16 CA10 CA10

Groups  vPI &Y  #i#  VPILEM  kE VPIEMA W VPLEH  JEE VPIEE  E VPLEE  EE

EV71 VP1 EV71 CA16 VP1 CA16  CA10 VP1 CA10 EV71 VP1 EV71 CA16 VP1 CA16 CA10 VP1 CA10

protemn virus protein virus protein virus protein virus protein virus protein virus
NC - - - - - - - - - - - -
CV-2.5 + + + + + + + + + + + +
CV-5 + + + + + + + + + + + +
CV-10 + + + + + + + + + + + +
pPC + + + + + + + + + + + +

TE: —F0R 3 WORLETTHIF LRI ; + FIR 3 WA HUAAFEE P ; BRI WTRR e : DL P/N (B (BEPEFL/ BIPEFL OD fB) KT AT 2. 1 EHME; P/

NAE/NF 2. 1 BKF 1.5 HATEE; P/N {H/NTF 1.5 MBI,

Note. —. Indicates that the third immunization antibody continues to be negative. +. Indicates that the third immunization antibody continues to be positive.

Positive judgment standard. P/N value ( positive hole/negative hole OD value) is greater than or equal to 2. 1 as positive, P/N value is less than 2. 1, but

greater than 1. 5 is suspicious, P/N value is less than 1.5 as negative.



214 o [ ST I B 2021 4F 4 H 45 29 %55 2 ] Acta Lab Anim Sei Sin, April 2021, Vol. 29, No. 2

A HPE 35 d JE/INRULIE A R B AT BE AR A 1B 0, n =33 B 50 35 d S /NS A HPoms B2 R 52 VE T 4R G S 433 TRN -y 2521 n =
45C P 35 d /N B0 R BRSSP T 20 SR8 SN 2 TFN-y 4558 5 PC 4L, * P< 0.05, ™ P < 0.01, ™ P < 0.001; 5 NC 41
ML, #P< 0.05,"P < 0.01," P < 0.001,

1 =40 VP12 B e 1 rh bR B2 AR A A% 50 Do 8 5 M T G2 40 B Sy A I 45 S
Note. A. Changes of neutralizing antibody titers in mouse serum after 35 d of immunization, n=3. B. IFN-y secreted by virus-specific T cell immune
response in mouse spleen cells after 35 d of immunization, n=4. C. The results of IFN-y secreted by virus-specific T cell immune response in mouse

spleen cells after 35 d of immunization, n=4. Compared with the PC group, “P < 0.05, ™ P < 0.01, ™ P < 0.001. Compared with the NC group,

P <0.05, ¥P<0.01, #P<0.001.

Figure 1 Changes of neutralizing antibody titers in the immune serum of the trivalent VP1

protein vaccine and the detection results of virus-specific T immune cell responses

PE2E . CV-2.5 4010 TL-2 7F 14 d WA E 8 i, 2H) KR T R KRS, PC ALy TFN-y
ME 35 d W XK G B0 BE BT K IL-13 VR 9 H] TNF-o KA 508 B T i, {8 SR 28 6 [l 22 [ e ok
KA 7 R IR (CV-2.5 40 .CV-10  BEUKF. IAh, fE s 5 /N BLH 3 g rh ok &
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EWA/NR S NC AfFEEN R 2R, DL EBdE«R
B, =4 VP18 1 A SR TS AR B 1 2R &
BLAAR = A i ZU 1R 9 9 S I, 1A 5 i) /)N BRI 1 A=
K XSRS R Iz B Rirny 2 etk
2.4 =M VPl EREENFEILRNEERP
EH

T A B SR B IR B AR BT DL O LT RS
B A FL A, il 2L B AT HRPUE R G r e
FIEP IS KRR R E BT (PC ) R LAY
G LS5 A e A2 95 B A Y, FLXA =M R
(K 3), SZ M, =4 VPl EH N R
EV71 B i 2 30 B0 8 i R E .S e 19

VP1 A7 (CV-5) IR sCR 5ok 2, HRL R
IBET- N 0; IR IRIE TR YL 3 ~ 10 d Z[HA
SR TR RN 11 R BIKAE IE LA A R
WEUT T PC 4L ; 76 306 5 & il 5 1, CV-5 411
L SR 9 A0 AL PR £H 4 1 G 7 3 0t (3 R AR
= VP1 B RER BAREE TR T CAl6 Al
CA10 B 75 15 57 Tk VA VR S 28 0 40 f 2 , (H X 2
g2 N I A 25 FL BB AL G R P VR, AR A7
RG220 75 3 AR AT B E s, X = Fh
a2 BT R, BB =4 VP1 2R e 4Rk At
PELRPVE FIAEER #5225, X AT RE R R AR # VP
AR AR 22 5%,

B2 = VP P R s T A AR S B (n=4)

Figure 2 Changes of cytokines in the immune serum of trivalent VP1 protein vaccine(n=4)
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TE: A1 H /N BURER LD i AR A 3L RS 2R S Al B 7L BRSO n=10;B:1 HIE/MUBGY LD s iR AL (LA 0L, R Pl 5
YL B n=10;C: 1 BIR/NRUESE LD i REIR R PEI 45 2R, Bt 2 e L U n=10;D:1 HE/NEUSHE LD W B IE T
I AL O R B A 2R R R Y FL R n= 5581 /N U, LD o 5 BE UG 8 T2 I UL PR R A 45 2R, Ao 3 R e 3L LB
it n=5;14 CV-5 AL, # P< 0.05,%2 P < 0.01; 5 PC41ALL, * P< 0.05,* P < 0.01,™ P < 0.001; 5 NC 414t * P< 0.05,%P
< 0.01,
B3 =P VPI A L B S A AR

Note. A. Results of the survival rate of 1-day-old mice infected with LDg, virus, the number of neonatal mice infected by each virus was n=10.
B. Results of the body weight changes of 1 d mice infected with LDy, virus, the number of neonatal mice infected by each virus was n=10. C.
Results of clinical scoring of 1 d mice infected with LDy, the number of neonatal mice infected by each virus was n=10. D. Results of blood
viral load when 1 d old mice were infected with LDy, virus and were dying, the number of neonatal mice infected by each virus was n=5. E.
Results of muscle viral load when 1 d old mice were infected with LDs,virus and were dying, the number of neonatal mice infected by each virus

was n=>5. Compared with the CV-5 group, *P < 0.05, “*P < 0.01. Compared with the PC group, *P < 0.05, * P < 0.01, ™ P <
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0. 001. Compared with the NC group, *P <0.05, #P <0.01.

Figure 3 Immunoprotective effect of trivalent VP1 protein vaccine on neonatal mice

3 e

T P 9 v — LR B Lk AR e M AT Y
BB, TR DU E v B et — 1) S R [ v A
FMEL T m, HEr,REC LW T =MEXT EVTL
JRE C4 VAL (1) I RE T, 43 ) i v ] B A R 2 B
B2 A 5 i AL SRS A i A BR A ) A
DUAE Wy i) b ot 5 B A A 7 I RS Bk S T
DCERE P A R A e A (R EVTL R
SRR EVT1 BRGL A RS 1, X H At iz 38 0 5
TC I MAS SN, AR R 2298 J ) - 12 1E 3 30 5
B2MPERORLHE ) Z MR ER, Bk, i
AEXTT A L =M DU A T 5 T A B R
2 W e R AL AT e )iz BB L E
M EVTL .CA16 .CA10 Fll CA6 S 55 ; B i IS AU R
FH W 9 B #%2 v , H 49K #5 AE UL ( virus-like
particle , VLP) E% . gﬁyg%%[l9—2&23—z4,28—29] 5 *E
P SCHRR TE I-45 A au 3 TR, & BB R R R VPI

RS AN S E BN PR 0 E S
T EV71.CA16 Fl CA10 &1 VP1 2 AR AP
B IR AGR A (2.5 pg, CV-2.5) (5l
(5 wg,CV-5) FIE & (10 pg, CV-10) X%f ICR /)
FRAEAT 3 UARE , I LA TG I 35 28 ¥ 1 A B A o) FR
(PC) \DAAEFREIKAE R FIHEXT I (NC) .

NIV G2 5 IV P B AR R DU 25 5 R, =
VP S RE SRR Sk 105 SR 4= VP1
FIRES B TG | TgM BT A1 2 4% 5 19 1gG L TgM $it
A I 3 26 Bt pA x5 B 5 A T RS 1 ox
EV71 Fl CA10 J 75 09 FIRE 1 00 ; ANk B L i
PO RS AT 55 T K TG EERE T, B R
W BEA 2220 4 45 . bR T 5 IR R S AR S e
JNE, =M VP18 2 UL BB SO 8 FE R S 0 T 4
WL R, LA EVTL 9 5 0 RN B ol B S, Gl
o I A 72 /1N BRI 200 B s B2 R S 1) TFN-y 430 T 4
L, FRATT R B CV-5 IR A A AR FREmM T
S f G 28 SN, Xk = Tl B 4 R R AR I R
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N, MSCEEARAN SIS A S5 S 0T UL, =4 VP1 8 1%
B RE RS LA™ A 908 5 8 S 0P AA , SCRETE fb
BERESEAO T AR RN, b efofl i VP 2R AR
=fE,

B T REE A A, A A R G TE Y
—AEZ I M, AR L, F RO ERIL L EE
PN IR < o R e Rl B G R |
LD 7, 5 0 TFN-y  IL-6 F1 TNF-o; R I 28 5 $5 A1
RAT5 R EEER R E— &7 Ead
10 Fp A 5 RAE S A 56 9 41 A B 1 76 S 28 1l
WA R BER T 1L-2 F IL-13 o 4 K+
(IFN-y, TNF-a | IL-1B . IL-4 , IL-5  IL-6, IL-10, IL-
12p70) FE8R 9 0 S Jm O ok A & A8 Ak, T
IL-2 R ETF,35 d i 2K & 290 88 /i A 7k
S TL-13 J&0fE—7E 35 d IR KB AL T 7 1Y
AT, HAE W 5 14 B R AE—, B AT
RV BIFEFR L 340 /N R 5 14 H 0L
FEHL R R PR R T AL/ R S, X e 4 R4
R=H VPL R U A RAFR Lt

5O =K EVTL KSR A 753
Yz b =4 VP1 SRR EVTL R ST
AT WESAEG = K36 2 ¥, AL A v R0 B A B O T — AR
VP1 FHEHPEHEH T CA16 .CA10 BIPR-IER,
I T =4 VP B A,

XFF =AM VPL B A AR N D g, A8 SCRI
TELRUBR GBI A | Ao s e B R BRI B A o 7L
TR 3 A LR AP, UL L RO e 4 SR e i Ik e
RE 1T LA IR 26 PR A S e OB 5 K
PE T 03X P ok BN S e AR AP VR AR 3 AR A7
TR IR IE 2 FL AR EE | LA K i i A L PR 2 21
P BE 2 A R 0 =M VP AR e L R
Vs e R VR R ST EVT1 RG34, VP
HARRERIE A 5 g BFARE 7L B A7 , i HL
RERS A M EVTL B E i, (HZ, VPL &
FETXT CAL6 F1 CAL0 FFARFI N RO I S ih Pk
A 3L BT 3P A 7 A SRR R A SR BT RE T
ZE LR, =4 VP B N BB S S A R T
SRR 1oG  IgM P [R] B BE B0 i 18 55 5 1
T AN RE S ; PRI VP & T is 2R e 1Y
G RERURE s BL A, B 11988 1 Ho 03 O o 68 Al 48 1 4t
R F AR B0 AS A, He2e 4 P A9 31 7R 325 AT 3%
B =M VP1 R X Z T2 O 2%l A
—EMR R, HR R I I e TR AR T

KGR ERRE T, SO FL R S e R R R R
FEEVT1BGY i % H e Ao 2 R 4 4 IS
LS G U8 B . X CA16 Fl CA10 %6 2, a7 B 1Y
VP1 & AR AT R S e Ik, 3 LB
HoAth S et e 7, LA W Ry 58 35 i AR R
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Preparation of animal model of type 2 diabetes with Qi - Yin deficiency
syndrome and establishment of evaluation index
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[ Abstract]  Objective To establish an animal model of type 2 diabetes with deficiency of Qi and Yin, and its
evaluation index. Methods  Forty-eight Sprague Dawley rats were randomly divided into blank, disease and syndrome
model, and high sugar and fat groups. The blank group was fed an ordinary diet, whereas the other two groups were fed a

high fat diet. After 4 weeks of feeding, rats in the disease model group were fasted for 12 h and then injected with 40 mg/kg
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streptozotocin intraperitoneally. After 1 week, the fasting blood glucose level of the rats was measured, and a fasting blood
glucose level of >11.1 mmol/L was considered to be successful modeling of diabetes. The rats were continued to be fed
until the end of the experiment at 14 weeks. Changes in rat physical signs and various laboratory indexes were monitored.
Results Compared with those of rats in the blank group, the mental and motor scores of rats in the disease and syndrome
model group were increased significantly at weeks 8~ 14 (P< 0.01). The weight of rats was decreased significantly from
week 4 (P< 0.05 or P< 0.01), food intake and water intake were increased significantly from week 8 (P< 0.05 or P<
0.01), and grip strength was significantly decreased from week 12 (P< 0.01). At weeks 6~ 14, both random and fasting
blood glucose were increased significantly, and urine sugar was increased significantly ( P< 0.01). The respiratory rate,
pulse amplitude, and tongue values, PT, APTT, thymus index, and CD4 and CD4/CD8 values were reduced significantly
(P< 0.050r P<0.01). TC, TG, LDL-C, cAMP, and cAMP/cGMP values were increased significantly ( P< 0.05 or P<
0.01). Pathological result showed that islet tissue was seriously damaged, and its function was reduced significantly.
Conclusions Rats fed with high glucose and fat for 4 weeks were intraperitoneally injected with 40 mg/kg streptozotocin
and further fed with high glucose and fat for 14 weeks to prepare an animal model of type 2 diabetes combined with Qi and
Yin deficiency. Food intake, water intake, movement score, mental state score, grasping ability, respiration, pulse,
tongue image and other information were collected. PT, APTT, TC, TG, LDL-C, ¢cAMP, cAMP/cGMP, CD4, CD4/CD8
and thymus index were detected. Combined with pathological changes of pancreatic tissue, the syndrome characteristics of
this model could be well reflected.
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diabetes; Qi and Yin deficiency; combination of disease and syndrome; characterization; model
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Table 1 Evaluation criteria for collecting rat signs
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Clinical manifestations Rat signs Evaluation index
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Tired and weak Mental state, grip Mental state score, grip strength
ZEHil PEETE AL bilEgsi
Eat a lot and get hungry easily Eating state Food intake
AU W0 32 5 Bl LRI E TR INOA S
Short of breath, not very talkative Respiratory and exercise conditions Respiratory rate and exercise status score
LKA LE N TREI A, ok L

Red tongue . thin veins

Tongue and pulse

Tongue color, pulse amplitude

&R 2 g KRS
Table 2 A rating scale for state of motion and state of mind
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0 points Activity, even the slightest sound, caused the rats to raise their heads Normal
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1 point Rats were slow to move, and the sound made the rats louder before they raised their heads Dull
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2 points No response to sound, pick up and then put down after no action Listlessness
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A (P<0.01), S5 A4S 6 ~ 12 AR, CHK
SRLAIL A 25 T (P< 0.05 B P< 0.01) ;%8 10 J&]
23 JE I 2 T (P< 0.05)  HARINI TR 5 A ZHK
B2 MBI et e e 22 = (K 6) .

1 RE—BORSTE IS
Note. Compared with group A, * P< 0.05, ™ P< 0.01. (The same in the following figures)

Figure 1 Observation of general status score of rats

B2 KR RIS (] AR | i ORI e 45 R

Figure 2 Measurement results of weight, food intake and water intake of rats at different times
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B3 RS [l IR 45 51

Figure 3  Grasping force measurement results of rats at different times

B4 RIS A< R ki R 00 5

Figure 4 Measurement results of respiratory rate and pulse amplitude in rats

B 5 KEERDHrER

Figure 5 Analysis results of tongue image of rats

Bl6 JRMBIN E 45

Figure 6 Measurement results of blood glucose in rats
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2.7 KBRRERNLER

SRR, 5 A A, B KRR 3 IRBEHEI
SER B ETE (P<0.01) 5 C 4R R 3 YIRBER I
SRS A AR TR ENER (K T),
2.8 ABEMENELR

RN, 5 A A, B 4K RS A
Je A5 T st I AR B 3% 8 25 T &5 (P< 0.01), B 4
AUC BE®E T AH(P<0.01);C HRKRMEE G
120 min IUBEE B &R T A 4H(P< 0.01) , HARE
S B AUC 5 A L W FHE2ER

(K8),
2.9 KREBEMINEEIEIRMEL R
SRR, 5 A 4HE,B 4K PT APTT
BEW /D (P< 0.05 8] P< 0.01),C 4K PT,
APTT ¥t &M 2R (K 9)
2.10 KRIMF TC.TG.LDL-C }5trillEL R
gER IR, 5 A A, B A KR TC TG,
LDL-C & B E T & (P< 0.01) ;C KK TG &
HEETE(P<0.01),TC LDL-C &g 2
(K 10),

7 REURBERIIZER (n=8)

Figure 7 Urine glucose detection results of rats(n=38)

8 R RUBHI £ I 45 R (n=8)

Figure 8 Measurement results of glucose tolerance in rats(n=28)

B9 REEEMNFESRRIRMELR (n=8)

Figure 9 Measurement results of coagulation function indexes in rats(n=238)
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B 10 Ifi % TC TG Al LDL-C $8bril 45 F (n=8)
Figure 10 Measurement results of serum TC, TG and LDL-C indexes(n=238)

2.11 X R Mm#F cAMP, cGMP & £ & cAMP/
cGMP NELR

gERLOR 5 A 4R, B 4R BUMLTE Y cAMP
S EH cAMP/cGMP B 4 5 3 T1 i (P< 0.05 5
P<0.01);C HRBIMIEH cGMP S& B EIRT A
4 ,cAMP/cGMP LB E R T A 41,3594 W82
F(P<0.01) (K 11),

Bl 11  [LiE cAMP cGMP &8I ELE R (n=8)
Figure 11 Determination of cAMP and ¢cGMP in serum(n=28)
2.12 XKRIMiEF CD4,CD8 =K CD4/CDS il E
RS

iR ER, 5 A A, B A RRMmE S Ch4
Fr il CD4/CD8 U ¥ b A (P< 0.05 8¢ P<
0.01);C 40K B H CD4 & 7 I FH AR (P<
0.05) (& 12),

B 12 KRIME CD4.CD8 F &l ELL R (n=8)

Figure 12 Determination of CD4 and CDS8 in serum of rats(n=38)

2.13 KRBBRIEHNEL R

SRR, 5 A A EER, B 41K R R4S B
FRRAK (P< 0.01) , C 2H K BUD R 45 500 o & vt 2%
S (E13),

B 13 KRS B E LS R (n=38)
Figure 13 Measurement results of thymus
index in rats(n=28)
2.14 KRIERHELS HE L BER

ER IR A 2R A JBR R 2H 2N AT AR R
KIREHN JESE, i B 8 2, 18] BB AL
e R o A e O NI R R i S S
G

5 A 0, B 2H K BB R 2H 2L A 20 DL 3 ik
By HEV oA, 198 5 B0 0 3 0 /D 5 SR A IR 5 A UK
TR/ LN 40 45 ot 0 25 i /0 A B AR & i
F90 vl LA AR 4, SR W STZ S B 3h W ik
JR A IR B 2 240 1, e % T 2 W d ek 7 T e W
TR,

5 A M, C 2H K BRUBR B2 20 Jige &5 230t
W RBRER,EAAR, 4k F 5, K &
A2 DB 5 20 B s B A AR R S
HA IR 5 D RE , 1IN g 5 A A w i, DA R HLAK
Xof JB 53 B 7 N A AT R AR SR (18] 14)
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14 REUBRIRZL SV AR

Figure 14 Histopathological results of pancreas in rats

3 i
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PUS B R R AR R DT vk R E T B2
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PR, BUA B AL I FHBS , BT T A
PR B, BARE 5 R TR, T 9 H A
PRI AE ST, BOBI PR L I PRI R <
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FEVRARR N, i 10 3 2 LR A , WS AE 284k, %o
BRI BEAT A

B Gl A Xt B — BOIR A AT I SR R
153l KFEHOIRZS B AL AR 1L B R |, 30— etk
AHE , DL Ul B R SRR S A AR R
IR PT ) R R AR AT E BT R
%, BERIR B B = TR s, Wi | Tk 0 555 , 6 W
R B BRI ) SRR

TRMWLEE I AE k45 v 14 1E 8 32 47 Bk
TARN SN T8 FNHE B, SR A 4k 7 55, B
TG s VE M IR AR, Wk 45 340 75 B2 [P 1932 7%
BH ik = 2% 5 00K 45 BELVF , 10 Y8058 B, 550 B 4
HAER, IR TR, 5 A ALK, B AKRK
HEMR.G . BEHBERI, R .G.B EHH/N, R
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VA ERR ) 45 1k A2 rh B 4 K B AT RE 6 30 9 <A
()55

HEE R AROK B AL, B Il R A PR R
HAW D5 28501, 1SR L, 38
AT 3 0 A AR OK R R B B X R AR AE, S
LB E R POKER A 4B EWIN, 454 m
W PROWE OB 2 25 0 DR s 25 Al 4G D8 7 1 I, A,
AIZEA VAT 2 OB PR B A i UE Sl A5 7 4 i i
R,

PR AR B I T BB APTT  PT 1% %%,
GBI R A 2 I, ol Sy =2 B SRR TG
DABE AL 5 B3 R D00 il kR 38, i A7 AN g, S
o D S o L o R AR, 45 R B, B 4l
APTT PT % A 4189 8.4 %5, Ui B 7T G 3 8095 1l B
i, )4 S WAL AL TS R R RS 2

MARAIWEER S BH P K B 5 1 3245 A i 7 3
Ragsh, AT R < B8 ™ 2 U PN OEL 50 I YR A T S
PIAE I AN i SO 8 I R BOER L B TC L TG
1 LDL-C 2 B2 ph ¥ () 3 A Ak pm 07
REGLR W8, B 41 TC TG F1 LDL-C {537 & 5 B
T MBI [ B 1 BT ot A S o 5 O S ke
T2 BUBEDRIE R, AT A AR BN A1
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GREDIREMILEE . SR TALETTAA R, R
(s [ 5 2 1k | R A5 T AR IR | X 0E AR AL B
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FEHUAEZ R PR BE 48 B, CD4 . CDS 41l i JE T AL
ARG P2 20— 9 L 400 R %) ST, — 3 i % L )
R RN YRR E SR R, LR
FEARARSE P HLAR S Iy I S B AR AR T S5 R
BN, 5 A4 is, B KRR F5 %L . CD4 . CD4/
CD8 {EL¥THH 5 B AIG , DA TS S BRATLAAS 1 R Ak T <
FEARAS

cAMP F1 cGMP HYXLZE, cAMP  cGMP J& S it
PR S RE I RE M B 248 b, 5 dk v 5% LA pi 28
P4 T BE 0 AT 2 B, B K B AL A S kA
25 IR R G Re e, RN AR cAMP 1
PEFE &, 1 cAMP/cGMP HAE T R 88 5 — cAMP F
R SRR SRR B 4 cAMP |, cAMP/
cGMP (I BT A 20, Di LR R 25 B

REEAR IO B RS Y Bh ) ) AR AE 2 BE ]
WEFE M KRS PSR AT 3R &% E & it oK &R,
ITTREAR, W W Jok sk 553 , 7 4R 00 € 522 W 55 L 55
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T (0 I 5 AR e A (RIS 56 2 bt 8 B T
Wi PRBE M & TC . TG LDL-C {83 W 2 7+,
PT APTT i i 45 0 2 2 T B, cAMP il cAMP/
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WEPEZE R UL, A IR R A A B 4 1T Hl 2 B
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[BE] ZHIRBPERTYIRIE ( castration-resistant prostate cancer, CRPC) HA BN ERRMILT- R, 5]
i8I R AR, HLT0US B 22 . @7 BAT CRPC AFAE (4 b 988 i I R T R b5 A 57 F A% L ( patient-derived
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Research progress in PDX models of castration-resistant prostate cancer
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[ Abstract]  Castration-resistant prostate cancer ( CRPC) has high morbidity and mortality, and the prognosis for
patients is poor. Establishing patient-derived xenograft models with CRPC characteristics using clinical surgical specimens is
critical for CRPC research. In this article, we review the main phenotypic characteristics of a variety of CRPC patient-
derived xenograft models, including hormone-independent phenotypes, androgen receptor-related phenotypes and
neuroendocrine phenotypes, as well as pathophysiological characteristics, and we discuss potential experimental tools for
studying the mechanisms of CRPC and for targeted drug screening for the disease.
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A A ) 550 Ak 3 22 K (androgen receptor, AR)
T A0 A B R e R e i S AR IR R T2
MR H R R I Al 2 X 3 26 2 ) 7 A i 2
Yo PRI, 38 DI R52ETF A RO B AL R R AR 14 3l
PIRLRL, I JE CRPC B 2R AL AOHT B 25 W O AT 5

HAiH BT CRPC W58 ) sh WA = A 4%
Y M 2 S Fh B AE AR A (cell line-derived xenografts,
CDX) , 5% T2 /N FLE A ( genetically-engineered
mouse models, GEMM ) FlI A i 1k 55 Ff £ A £ Y
( patient-derived xenograft, PDX) ., # F# CRPC 4l
ffIZR 22RV1,C4-2 Al DU145S 252833 K AR 3%
HEBE LA 15 2 15 7K1 11 St Jo 1 8 D k0 2 R A W
ARAE s GEMM A A0, F AR 0 e L 551 IR 22
SEEAFRR G T T PDX LR H B ARG
AITRAN T BB AN R, TR S Tl o
TR E R IR H N LT B AR R 5 i R A
B G e /N A N S DR i DR B T D
JIR B A Wy~ R AR M S P 7 e PR 24 ) i 128 D75 ThD
PRI R A (9 N R 37 AR SCER A 2R i
PRIPIRERR A SL AR 2 B CRPC PDX F [
IR AGRY %) T B R R AE A B A B2 AR L
W2 CRPC Ay A A ML AL [ 25 ) i e T 5 $ 14 R
GRS T A

1 CRPC PDX ##I R BT

1.1 PDX #HE MR RBRESFE

A B 0 0] S AR MO P A 1, 7R 48 ADT
J7LAIG , 1A DN 35 38 KT I 60 ek e A R 3 4
/N AH CRPC 1138 2% AR A e 1 15 9o B 7 Ik i 3%
FIZFRE LT R R A R R kE A 2
ANFFE /N B R R e R ) PR 2 2 S e 3
G Bk B /N B kg 8 T £ 6 CRPC (1Y PDX
T SR AT IS S B i 5 g A b
PDX #5784 Ik B R B PR B KM AR . Corey
AR LuCaP 35 BRI 4047 & B, CRPC iR 2140
F PRI 2 A R 200 L T B R A AE Y 5 R, X
PRIZ AR R DRIk 33 ok A A g A
RIZERAFE , MR R ILE 2, A5/
2 S o W R KM A R R PDX AR AR R AT
ADT T CRPC 1) & A %R Al LU 41 e
BIEIR CRPC B M R AR W B k&
JEitFE, LAPC-9'™ PC-310'" Fl KuCaP-2""" 3if &
WE AR E R PDX AL o X RIBE R RAN

CRPC PDX B 2R R4 15 JUA IR AH 1B
FRTE AL AL, HAR RO T HET R | 3235 AR FIHI
B B g 48 5 B R ( prostate specific antigen, PSA) | 1R
SFHUBEADL T Il R CRPC Y i ik A8 | BIVIA 2% 0 1)
JEARA PR AR T E A S, 3 X R
S PDX B CRPC & A i A 35 R R 18 7K1
Ak, W LIR ABFSE CRPC JE WL 43 0L, ke,
AR R Z S AR, R AT R E %
1A 1 4(EP4) K78 CRPC J5 B THE , H 5 PSA
K- E A X478 EP4 1T fEZIAYT CRPC [
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AT LEXT PDX A AE 25 340k 25 77 A1 5P e i3
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(R 0 AR B BE PR T AR 5l 2R A9 AR A8 A R 3
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AR K, Rt 8ok B £ i B 55 & 78 42 7. CRPC
PDX AU [F] i R e AR B9 R IAME g — A
TSI HE bR, A PDX BEEIIT 98 AP, — 7 I
AR B[R A8 5 1] Rl 2 25 BB R 2R v AR AL
Ban , ek 2 52 AR 87 H2 28 f& 7 ( AR splice variant 7,
AR-VT)AEZR CRPC Hhisy: Hh A3 e ey 114 5 11738 S 1%
Z— AT LU LuCaP 96CR 5 %1 g 4 2% Jig 11!
J3—J5 T, AR KB S5 558 AL N 43 AR T 25 Y
it 20 77 A= A 612 | Lawrence 281 fE CRPC
PDX HEAI e BT Fe A8 B I 1 e R 32 1A B 2
SR AR-s567es, HIESE AR B HT AR 2878 A g 2
Jir A e 18 5 X AT L R e R R e 6 M it 24 17 o
S FHLE, WA A LuCaP 35CR 2% % 3 AR-
V7 (72855 CRPC 25 PEAHER R, 2L 5 78 AR-V7
A{E 16T CRPC BE W) £ Thri' ™,
[ AL B 45 S 7E CWR22 #E8 A3 2 EIIE 2
1.3 PDX #& B {38 22 A 43 il ( neuroendocrine,
NE) & A5

PREZE P 4 W 11T 8 I 9 ( neuroendocrine prostate
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cancer, NEPC) J&— ' CRPC . %Y, %4 B i 5, AN
ik PSA Ml AR, M2 fil 25 (SYP) \FEESRLA 1 A
(CgA) .CD56 FIFNZ U Ak I WAL Al ((NSE ) 4540
LN IR B R B, BFSE R T, NEPC £ % E
F AR MHIFNAYT 25, BS5 06 RAS KU B A0 A
F20 0 HATX T NEPC A9 I % AR 3R, Lin
1240 3k 1 4] B 9 PDX A% LTL331 1 NEPC
PDX #i5Y LTL331R #47 T L XA 5%, A6 # DNA
FI RNA U545 5 3 % NEPC W] D3 2o 3 S 1 52 o7
L DA A3 Ak T R A A0, O L7 ik i 2 ]
RE=A T 435 WHan s Wi as ik
( neuroendocrine differentiation, NED) 3L R % 2%
ROLR T REZEHE N, R G LR T 24
NED 43 HLil A58, 2 F 40 CRPC PDX #5 Y
I NEPC PDX AU Y SL 0 RS2, R YLl H 1o
(HP1a) '™ SRRM4" & PEG10"™" Y 5% ik n]
RESE T NEPC & MBTHLEl, teoh, iy —3 4
SR 5 — AR, B NEPC 3 U5 T 7 91 B i 44 iF
BB 28 43 I 200 0 9 A K T A P 9RE T 4 i A
ft., van Haaften-Day A8 ok H i ST ) NEPC AR
A UCRU-PR-2 BYZRG 7 I 45 3 | SCHmzfiiit.

W E HAT,NEPC MR B EIRR b, B 58 B34
o, LA TR T R M AT 81 IR 9 (hormone-naiive
prostate cancer, HNPC)/CRPC f& %Y [a] NEPC £5 %1 5
AR, A AEZAT NEPC B35 R 441
ST HEA NEPC PDX BEAY 53 SR i ol £ 32 22
S R R e R A A R SR 6 ~ 8 SRR
E B AR /N SRS PN, I IR 28 3 4 IR R A 7
FHFAR, BRIE/NRUR R4S 4 KT AEFa E 1418
PR ER R . A0 LuCaP 49 R0 S K E A
TR R SR A i b R B 5 T 9 A AR A i L 2 25 4
IS AR, ERT A H00 i 510 B33 e PR 3 A5 ik e it
A —E M RBR . FeE 25 35 IR 1R 2 & 1Y)
PSR BT B PDX B Sl CRPC PDX
R ) Tl b | IO R0 A /N LT R 22 o 22 2 4 T
RN /N R T IF 45 7 245 ) S A 38 A &R
P54 NEPC PDX ARAY 33 B A B2 i 3 28 i
AR ] 2% 7 1, B % 57 8 M P LI PR N 19 Ry
TE JEBRAR A S A RS ) Jongsma 550 #E 57 Y NE
A3ARIEEHRL PC-310, 2 HNPC PDX #5754 745 % NEPC
FRIDEE T RAFHEAY, Wu 200 0 276 A
5 B45354 LAY BL NE FR1E, A #F55 NE 4 fid 76
Pca SRR AOVERERAL T8 R s siRl, (1

A FH = K PDX BRI YRS T S 2 HIE, RSt
WZE A R — A R, 8257 NEPC BhaSaf5%
BEHUJL IR Te FEAN KT L% T
2 CRPC PDX #=ZY fy i e s 18 4 I8
FHFE

R T SR BT I DR R A TR 1 B ) B
FEAE, 7 CRPC PDX BRI b o478 8, 5% B8 R 24
SRR BRITSY , BRAE S B A% AH DA 5 38 I U 31 AT )
4P EE S % |
2.1 PDX AR BB

BB 5% 2 1 5 R Y A AR AE L B
W& B, #% #% P CRPC ( metastatic  castration
resistant prostate cancer,mCRPC ) I8 4 MY % 5 € A
TH 8 (55%), Hok & ik O 45 (52%) FF
(48%)'', CRPC ¥ —H &4 EH#, HILT- A
ks 2T . I, mCRPC A B AEE R ALH C
AT G B e BT 9 I 9 4 B LIRSl T B SK
BN CRPC 41 TR % A% 25 W) 2247 o0 B e
fIEE) PDX B AL B B A BIF ST 0 L H AT, &
mCRPC PDX #7775 Z il CRPC PDX &Iy
o VA ) B BT 2 AR, 448 RIS T B 30 G 8 B )
FRAA P, SR T S e A A B X b &
J5 5 P A T R e A A st ) R ASE, I LR
TRE IR A= B A7, AT 2 %5 mCRPC PDX A AU iy
PRI ZASE R 32BN TR B R 20T &
WFFE ., ZTSEIIESE, BB A1l Z2 A CRPC PDX A
RULERTH B 958 56 B oiF 5% o HLAT S AR 5. il
Kiefer 25 fdi Fj {54/ & Fc-OPG ( osteoprotegerin
Fc-OPG) VEH T B ## PDX #4 LuCaP 23. 1, W#fi
T Fe-OPG [ feff FH T 9801 BB R 1 A6 R ol 2 I AR
I35 PSA 7K., Chiang %5 ) I R 51 i 8 575 B5 1k
LTL-313H FIAEEE RS LTL-313B #541 fit 35 K e ki
F5E O SRR A I IR S BE ) GATA2, [
FE, 3 P AR A A 9 ] T TMEMA45B 2 R i i
e IR LR N Y e 3k 5 A i 0 1
FIEE R 2 DIAH 5, DI A 000 26 B 42408 753 B A= 4
PR,
2.2 PDX B 245 1%

CRPC I R IA 97 7 vk L 3R 97 AT J&
%, WAMAE G 167 MU 3097, BRiE
HAFFK CRPC PDX BERIN H F LA B ARG I
ZHYIGRETIFSE, BT PDX BB = S e 40, TG
BAERBIUNLAA S0 R 50 5 e 2 i) A A
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KFR B I A A A b i S e G i b B —
A JRIBRYE , (H 3 2R 48 A TRk /I BRURSE 704 A B 2 2l
SEREEE TR AL T RAF A SE 80 T B R
TRIT WA AR ST, PDX R 0 o A B 1 R A
fi 3 Qnpar b4 e (abiraterone ) B8 BEL T i 88 P 41 s
WERMNG R, G T A IR YT AF, D I35 52 & i
JEHA mCRPC & # 1% A4 77 9, 0 0 7] g 5 80
SRR Sliw R A A TN R Sy X (5 R e N
LuCaP B7Y LPPA b I8 X 245 ) SO R 1, 25 2R &
P LuCaP 35CR 1E Rifif ] FL AR A PDX AR | 36k
T — R G KT AR 1555 S C 1028 Wi
Ehr ™, Rk, JF & X 20 25 £ B A CRPC
PDX HA3 E R ATEAE R FHNME , A R —
)7 Lee %5177 i ] MDA PCa 118b PDX 8 %
W1 CRPC B MM 25U, 250 WoR BB 4t
Hs A LE T S T JE T 247 1 ek 3 4t L, G T 2% Ji R
FERON IR TR AR, 55 4h, X i 24 455 Al
WAl T #6757 Z 8P K . Suominen %5140 3 1o
T BAT EE AR R Y LuCaP 58 #5870 5l D)3 2 4 s S5 1 245
Yk 223 B 18 H 7 2R BT bR ok, g5 R B
223 et eI (] 175 5 98 20 M Y9 DNA BUEE & 2E
WL LA K PSA 7K R, DT RS 400 il ek g 175 5 1)
R AR, Low S5 I I 224 e (1) CRPC
PDX BAYIESE RNA A 1 #0157 BMH-21 #] LA
b 2 e B AR RO T RIS Ki67 RIS A e 2, JF
AW ENE RNA BAE 10655 PIM 35 5 41
FIECEVEH T PDX LAY, WA I & H — B 5 11
CRPC J&IT I [AIAE, Lawrence 25100 1, % PA%
R PAHE 1) 7] 8 X I S8, 4% 65 e R BT LE R 1 CRPC
PDX AV BT UR, eAh, B I 4 R X5 CRPC Tif
LML TR AFRZE , AH G [ 1936 7 FE AR AL A AS WG
BiFF &, WEFXT CRPC T mTOR & 42 AR 1, La
25 90K mTOR 217 Rapalink-1 /£ F CRPC
PDX FIARSN g 2545 B % B, Rapalink-1 7] DL 2L
N BRI VAR , HLAT B B B R R
3 RE

BT ST AR B I R 4 AE 1) 75 £ B CRPC PDX
FEALEL WA CRPC g BEMIL AR 55 RN ) 25 49 07 6 7
FEATR ., HAEAY CRPC PDX AR RIS 75 2 i o
UL A e %) £ 2 AR i B HG S e i L G R
o O S el R o S PR 1 2 R 1 DA 1 5 I R
gEEE R AL, H HET CRPC PDX 4 5 i 4 8245

FETES 22 1), QA AR (1Y) S A B ) R I, AR 388
i, AL JE B A i BB R PR T CRPC PDX #%
BRI R RSN, i, A5 AT IE 2260k B 72
AN MEREE Y AR A 1T 971 A A 78 3% A
P A AN ] SR, o i IR B BRI AE AR A A2, A
B0 2l A R RN N S 9 2 1] i AR AL | B 4T i 4
Il R AT 5T R 1] i PR e Ak
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[ Abstract]

Pulmonary arterial hypertension (PAH) is a

serious disease with poor prognosis, and its pathogenesis is

still unclear. Current treatment method cannot cure the disease, and can only slow down its progression. Animal models are

important tools for the study of PAH,

and they play an extremely important role in the study of the pathophysiological

mechanisms of the disease and in the evaluation of prevention and treatment strategies. In this review, we discuss the

hemodynamic changes and pulmonary artery histological remodeling characteristics of classic PAH animal models (hypoxia

and monocrotaline models) and PAH double-clip animal models, with the aim of providing a reference for the selection of

animal models for the study of novel mechanisms and new targets for the disease.
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5, oK A T JE R 25 ), 3 HLg AR
FARIIR . PAH AR AL AR # E2, ¥ B RAE
SRR ORI RS S S LA ) R PAH 3
KAV RS TR Rt (0 H ai i e vk s
ST AT SR AN BERE ) EFESEA T A E AL S B T
TR K AE I A 5K 1 0915 5l R IR YT PAH,
SAAEAER BT 57% 7 KE W B PAH & bl
i, B A BRI W — R I PR A9 3 ) 7 R
FIRIEFE B A5, T 2 4 455 R 2 S B X — [ A A 36
Bl SR, HRTIR A —Fh PAH Zh R R g g
S PAH BT A HHE , 065 1T 3h 1 2 el s fn g1 21
S F AR RSO PAH Bl R R R AT ]
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S PAH™Y | AL 1 5 1 sh ) i & b BLA R
(g SRR R R IR - R SR/ E TP
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[ Abstract] Heterogeneous transformation is not only the major clinical feature of prostate cancer, but also the main
factor affecting therapeutic outcome. It is of great importance for the study of prostate cancer to establish patient-derived
tumor xenograft ( PDX) transformation models. In this paper, we discuss the clinical heterogeneity of prostate cancer,
review research progress in PDX models simulating clinical features, and focus on the urgently needed heterogeneous
transformation model. We describe the ideal animal model needed for the study of prostate cancer transformation
mechanisms and targeted drug screening.
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Figure 1 Clinical heterogeneity character of prostate cancer
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[Abstract] In the study of human diseases, animal models play a critical role in medical research. The
immunological and physiological similarities between non-human primates and humans have prompted non-human primate
models to be used to study virus pathogenesis, immunity, and the efficacy of vaccines and drugs. They play an
indispensable role in the study of human viral infectious diseases, including emerging new viruses, such as SARS-CoV-2.
In this article, we focus on the research progress in non-human primates as experimental animal models of several important
human viral infectious diseases, including the important role of non-human primates in the study of SARS-CoV-2.
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Table 1 Major advantages of non-human primate models for the areas of biomedical research

W SR AR KRR
Area of research Advantages of non-human primates models
e rEpdin TEAL Y Ep i I e A 0 5l

Infectious disease  Very susceptible to infectious diseases

A FE AR B 5 T A4 9 23 AU 5 NSRRI TR] 0 SC PR AL , (04 T Fe i B st B0 SE T RE 1 AN 9 A B A R LA

Endocrine regulation in reproductive physiology has the same key characteristics as humans, including hypothalamic feedback,

ovarian function, physiology of the uterus and vagina, pregnancy, and the establishment and control of menopause

HRTH A R s 2 ) ST 5 P 4 T
Reproductive
s TEARPE ZR G R TT AT T 5 A2 A B
Immunology Most similar to humans in terms of the development and maturity of the immune system

MZERL:

NHP RARAE LA 5 -5 A IR 56 AR, (475 A vl A= B B JBf 22 SC F t RRE BE A 450 1 B R R BB I T2 1

NHP brain is very similar to the human brain in several aspects, including electrophysiology, the number and density of cortical

Neuroscience neurons, the size of the frontal prefrontal cortex, and myelination
2y HA 5 MR ZGYHUE e I T AT 2 A A 28 5 45
Pharmacology Has drug sensitivity similar to humans, and is used to study individual differences in drugs
{2 5N BAT AR TR AR T8 B AR S A FEAR 35 A A, 0 47 A 197 R AR S M L SRR PR KILK3 46
I Have the same basic genetic process related to specific diseases as humans, such as the production of the prostate specific
Genetics .
antigen gene KLK3
I 5 FAEFL S PIAR L, NHP B R MARXTBR, % TSR AR A A TR R B4 {E
. Compared with other mammals, NHP has a relatively large brain, which is of infinite value for testing human cognitive
Cognition .
evolution models
sy 5N A B D 8 Ml Ak T AR S R, 0 A A e T R BB SR R A N 22 S Oy X
! It is more similar to the specialization of human brain functions related to aging, such as the nucleus, the projection pathways of
Senescence . . .
the hippocampus, and the innervation method
e 5B SRR AR BB S AL AT % E A TAE 22 R0 B2 A G Y
Behavior Similar to the complexity of human society and environment, enabling sociological and psychological research in

behavioral sciences

1 HIV jms BEiER

N (AIDS) & HIV R EE5 R i 75
BEAH43 M HIV-1 B4(M N O F1 P SE&L) F1 HIV-2 Y
(A Z TR Hi HIV-1 BUeb MOE B LE R | o
Wesb AEAE ) A SR A N B B (SHIV)
&L NHP , REWS AL 4L A 2 HIV YL 1) R 2 500 75
2% SRS RNIG R AR, BLE FRITSE HIV/AIDS 1)
e AR FRHLEN | fe s 5 R T T T4 il 119 e
AERERS RE T A 58 cART (RGP0 5 50 55
IR ) IRYT I AN IR IR AN | R RN AAR () 45 2 5%
PR TR RN AR D) 3 A R AR R TR A
5z,

o3 BRI P AR LA ( Abs ) BT 8 B 3 AR
T IR , I FLIE 4 F 35 B4R 40 HIV 2800
R HTV 6 2 3 bkt 28 748 36 1 PR AR 1
A7 15 DT 3k B 8 4K PN B 08 2 6 I I 7= 7 B4 B 4R T
KT SCH R (bnAbs ) BE f% B 1] 33 2655 75
A e R ST T RE AR S AR R A s i AR
It SHIV &Y i B yo] A%, 303801 8 S S v 7= 2k
(A FR A HIV-1 48 50 e B DR A S IR Y7 A%
R AR AN RS IR e S N2 g il
B EE (SHIV ) BEAE R N JE —HFE 7 2E bnAbs, X 2
SHIV/NHP Jg&4s iy e ] A i AU AT VS 98 bnAbs 1Y
FHAH Zh RISy HIV-1 (420 7 BT A7 s H it
WFFT R . BT N HIV B 1A 9 43 85 s B
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Puik, Sl = oo R BRI T
AR 4 4 J7 2. VRCO1 # . PGDM1400 Fi
10E8v4, ( =FPHT iR/ 3 57 81 CD4™ 2554 4,
VLR ANGE X I8 ( MPER) F1 VIV2 2880 S 456 78
SHIV IE R K K sh W #L & h B 58 & 19 &
&jj[m—lsj N

HIV J5 8 1Y 8% G A I 25 5 B0 Bl bl 2 R G0 0E
R, GEFR R 2 59K ( Neuro AIDS) o 37859 IR e
HI, Neuro AIDS fc B 2 19 R BUE X8 HIV B,
TEMR W 2 B A AN 58 3 FAT AR ST
AIDS F1 Neuro AIDS FJAE A2 R K283 W AU %
5T HIV G iPAR28 R G0 M 2ol B2z v R AR 1)
FAZAML AT B A B AR B O B BRI Y
RS RGP B mEAER i
TE I UK S2 I PR FE S CD8 Ik T 40 i S R Y Y
SIVmac251 T HE15 2] CD8 kL 41 AE IR ) | fiE
gLt 5 | S 0 5 TR R 2 1 v e B ILAE L
TR E A e P AR 2 R G R [FIRE
i FHE 20470 CD4 Hi/K (CD4R1) 7E SIVmac251 B
HIVEAE RM CD4™T 4t i 2 57 i FE ) A A AR | I 7
BB RS NI & J R SCuE B WA A bk e
ZEFIRGIELH LR B SIV vRNA +40 1Y) 80% , 1l &
PR AN & A 33 /0N e I 440 e, e S0
IS W BOEY a5 F s 1S F] SIVsm804E-
CL757( CL757) fii 9 Bk — 2 FF & T Neuro AIDS
R 5Pl 28 R G e i o) AR v B e i e
e RE e HIV B Neuro AIDS HYEFRE , B
FEHREA 28 2 40 9550 10 B R 5% v A A 22 R G0
BEEAR A A

2 HBV BfiEEl

CHITFJ I 5 (HBV ) SR o 4 3R 1 T 1
ERR N Z—, W75 A AAE AL A
DNA AR, Al e S B0, 1 dn i PE AT 28 (47
Ul FREAL , e 5 R T AR >

RS — N PGE T 2k HBY Y
YR, I A HBV B2 M AT & LA 1T B R 5T
HRE(EU PR Hh T A0 3 0 ) Rt A2 0 B
— ETR S U KB A A A B o W I R A S
SR (ER R B SRR R B T N6, TR Y BT
HBV J7 kA5 i U HOR Bty ik e 2 31 1 FR
il /N RS O L IR FA) (1 1) A2
Wtk R, TR RN R, S EOE R

K2 LG, S TRl HBV 38 35 2 AR FFHR
JETEA T HBV SER #5515 21 E AR 5 ( Bac-
HBV) , 75 4% 5 2 A E W A I A e 58 9 K, Al
BN OHFREHUR 501, UL IR DNA  RNA F1 347
A BRI DNA, I R TARIRE S EA N 59
AR BB AR > SRR Rl P A e 2 57
T HBV Fritt Fp AR . HBV i@t preS1 £k 54
Ttk R AN L5 12 Z2 Bk (NTCP, 1 SLC10AT %) 45
B AP0 NTCP 2 18 ¥ A 40 o v 2, 38
JFF 98 95 B Sk e A BRI i Rl A R AR
AT NTCP 7Efe A0 FF 4B v 5k, RE S i HL 5
TG HBV, - BEAS ZE L3 H KL HBV % DNA LA
KT 4R PG HBV (1) DNA . RNA Il HBV #0041
JR(HBcAg) , WINEEST T 5 HBV JEYLAH & (1) A= Bl 2
BRI I NS R BB Z 8] NTCP #4755 1 [ U5
£, A WMHBV (0B O 5F ) 1 e 3L
AR SCHRANEE (AAV-WMHBV ) JBEGEAR U, 7E AT
FRRERE R I S L0 P & 3R DNA | 7658 A2 RRCAR Y
P B SR e A TR 3k )95 75 I 45 2852 15 ] b At
NHP (KI5, Free i s 6 ~ 8 A~ H % B 1ML
i, 3 AT AEFE IR HBV 38 7 25 A& & 4580,
FRR I HBV-NHP h4gfeis )

B 1 AR AR Ky aE e

Figure 1 Non-human Primate virus infection model

3 RBRERRED

TR B N R RV AL =26 Z AR
DI B RE W8 79 ) 3 B0 28 0 MR IR AN L
PRk LIPS e RO B e T R 26
KGLAT AN 25 PR, R AL 7% I e 3= (HA ) Fl
P2 R Bl (NA) PR R (1, JF A 2 Fh A, HA
FERRBESS & AN AL i AT G T g, 1T NA T2 2F
9o 75 DA A SR TRE Tk, A\ SIS Y AR I R i W A 2
FLALHE 1918 A FN 2009 4F Y HINT J 8, 1957 4F 1
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H2N2 fREE 1 1968 4F () H3N2 52, F AU 37 JBos 7
AL HE T2 i BUW Ui B 7 HSNT (1997 475 s 4%
&) FHTN9 (2013 4 7E 3K E i ARGy ) 5 i
TRWATRE A B L BT R, I
7P B R PR IR s, H AT B LY
LT A
3.1 HINI FRFREEE

WF5E 3R, H 1918 4F-Jii ok 2 B UL B Mk B %
5 B ORI A R e AT B AT I
BTN b, SZ A B BT LABS 7 R
B SR FEAE () G 5 O 28 (RS AS 2 DABR ML A £
1, 3k R B AR OB T = R S8 S Tl e S B0
FEAE IS B R T N G N Y RE ) T B R
o B0 T 7 9 — A I R ASAE , Skinner %71
2009 4K FAT HINT (pHINT ) Vi J8m 25 8 e 4 A= 1H
T TR ISR 1 R ES 6 RAMER RN RAER
T2 BTG PRBCH A A A LR (HA) 3%
(NP ) A5 BE S 1 HEAT G328, S0 DR Y] A A
AU % B0 2 B U — A B AR
Yy, IF AT AE R T O T R R R I 4R
Safronetz % 75 H 7 B AGEAE R A4 LA [ B KR
7 % B ( A/Mexico/4108/2009 Hl  A/Mexico/
InDRE4487/2009 ) ¥ F 15t 1% A8 UEL I IR AN [] 1Y
SOIV ( swine-origin influenza virus (SOIV) (HINI1))
o7 BRI B ARG R R BRSO
IR B2 2805 2= 1 HIND R 32 47 1
B, o T H T E AR IR WA PRl SOTV 4y
BIMRTENG B2 52 M) A 32 5 Si R0 48 B R S 0y DA B 9
i T T S Bk . R IR AT HINT TR PR
A/Mexico/InDRE4487,/2009 Xif £ % 4% | 15 ] 4 F1 3%
W AT AT 9T R R, = R 25 5 % 3]
Yo IR LRI IE R Y A AR T A
PRI Ty JEVEHEA T LA, 1 BB A A L W R R it e Y
I B 52 1l /KT S35 R R U RO B AR 7 I I (E K P
TR ], LA R A I A0 45 v, T A 9 A v B 2%
Gy B S P W 78 30 A i AR R . 51 R 8 22 5
A DR T R R A 1 AR R SR P MV
iR-a-2,6-Gal B ( \FEH R FIBIR B (1) 52 4 ) 1 23k
K2 AR 5 (50 ~ 73 4%) 45 R BoR A
T A B S5 0T KT 00 5 52 1 A AR Y
FEEL, X AT AE A K AT HINT 3800 25 0F 5% 10 1
R8T AEEAT W AT PR B AL FE BE ST T, 2000
HERWATHERR 7 A/ California/07/2009 ( HINTpdm )

TERA T N2 3t 8095 753 43 5 Mk AT LA 8 b sk e O A
Bt AU R g6 ( Callithrix Jacchus) Z A& FE
BLIRGL h  28 1355 % Ak, 280 R U A R
X ] RE SR RIS s 23 1446 1 AT A AR AL 00 I HL3
G T A Ry 2 1 R SO 1 S A R R
s
3.2 H5N1 RRRHER

1997 4F = BOhs 1 & T B 5 (HPAIV) HSN1 #£
T A v 4 A, A6 B XY I YL P T R A
5%, - NK G E T EER, LT R AT
50% "), B IAET A (T NHP B A o
G N2 HPALV 19 % i AILBR LA K FF & % X6 HPATV
R B 25 . Kuiken 2577 I FH R RO 15 A/
Hong Kong/156/97 (H5N1 ) J& e 0 H g fhe | Ui
AR IR Y ARG ) 5 il R e B 5 AR
J MR BE PR AT 2 AR AR, 2 PH £ B R Ao
A& HSNT Ja 5 B Y 1) 2 s pIL i B4 45 18 sh A A
Muramoto 2518 T T fit HSN1 R &% & AN &
PR EIALE, FH 6 Bl HSNT G 25 R fr I, e 1
BT B0 P RO B R L Y B AR T = RN B
T RIS HSN S35 5 | B 25 2 1 B 1 A
M2, HFL s YT HSNT 9 /9 & e bl
R T B B9 IA IR, Chen 251 B 5 A/
Tiger/Harbin/01/2002 ( H5N1 ) JE& Ye el 4% ;7= A= T
U [E) TP il A RN R T T 3 A, 3R B
HS5N1 8 19 2 B AR a8, UESEE T 418 A
B HSNT 55 2 0F 5% 19 87 R A 2 gh A G L2
H5N1 J 2L RE 9T

HENT BT [ AR AL 1 3 AR 11 3 4 SR e B A X
W59 75 4% 16 LA B R R WL LA B2 3 L, et
GE— P& 1 N (A DB A RE 1 ( AH/ AAca) Bif, b P g
PR I L TRT A% BB 6% 175 5 77 A 5 K I e R A4 2 1
DL HA RS20 CDA™ T 4 G RO, 5 | & X e
FORTE HSNT 9 8518 G (9 PR 5 M 2e 0 78 i )
NHP JERYAR R AR SRS N B A I8 B 10
TREL A R X e ARG IR AR & kA
Fujiyuki % B H 4% 43 B ¥k ( A/whooper swan/
Hokkaido/1/2008, H5N1 clade 2.3.2. 1) X {8 ] 4
FVE A LA/ NI H2 ik O =X A AT #E0 , 9
P L E 3] 1T I R S JR e R o 2 7, 48 v )
T AR A | R T Y R, R
AR (WA AL ) X BOm P HSNT 3t 80 75
YT NHP () S2 s PE O, W A F 1L
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H5NT i Jos 75 25 7 30 A PR 4, i & Ji o 2
PERFIR B 30 25 A A, 763 il vt 5 R T 32 19 8k
Pelamsol Ry UYL AR N R K K sh
ALK MR B O AIE 2 R0 B3R T O %, LATR B AR
7 FR R B0 I & TR T R A BN
3.3 NIN9 iR EER

B PE N7N9 i 8os 2 ( LPAIV) T 2013 4F
FEHERIE , 2017 4F 5848 A o B0 PR R bR, S BN
R E R E A R E PR LR .
A/ Anhui/1/2013 ( H7NO ) 5% B B B e £ 8 %, ] &
JR AT R R R, M ) 2 2 2 AR A
5 GEAAL, EAR TR BE 0% (B A DR T8 R i v 45 40
ZICRZ AN | 375 B BT 1l s 44 i 384 2 21 4k
H AR TERFIR A 20 1 B BiEE AR S e N B
BT A AR AL 5 At 30 8 85 4 L, H7NO
FHE NA 45 B R289 K. E119 V, A246T u{
H274Y ZE75 | WA T 4o 40 R i 410 1) 579) ( NAT) 14 4
S, IR AT LU A P BT NAT 440
Tl HTNO S 8 19 L3 XX NAT 1y & 2
BEEER,

4 BEPGFE(DENV) BLiEE

BRI N5 N Z L 1% 1 4 B
BRI Mg, PeE M E AN B, BRIE A
128 M EZ A A R 5, S sk —F 2L B A
1, Bt S A5 728 A0 R Tl Ak, 256 5 A0 15 4 31 18]
Bib—2 P K BT ] AR B = S moss Bl R
N NGOESILY L R S ISR NP S U us
o AW LT /N RS BB T 5T
DENV %55 BILEE A28 13 245050 (H /) BURE AL AR
S BRI B 27 43 W7 7 A — 2 SR BRI L
S B RN DENV | BB 6% 26 30 11 125 /K F 1
o3 BE LA , 76 I8k EL 285 AL Ha i 78 P9 %) Ik B 2 B
FAEWK 2 BRI 3] DENV JE PR 20 | m] /5 R BF 5% 4k
RMERE R DENV B 1 sh i AL, 5 1 JF
S 170 SRt A A S BN T S TH A
WA AR TR, 32 A0 35 7 20 SR 28 48 e S5 2k I
FTAARAE SR 1) 22 5270 R TH A 5 4 o 46
Fl DENV, i 3L AR K - 19 9 55 T B2 R A8 8 1 o
ARES T = 5 DENV A SC A9 I RAAE | 2 3544
R AR A] REAN A 58 3 , (Pl 2o 20 R ) 8 o AR E
TSR T 7E R PF Ak 8 R T A S R
S REAFAEAE Y i i $E Al DENV-409-48 &

A THH P 56 "B BR A% ( Macaca radiata) |, S50 a0 2
DENV JEZ5HI 8 1 1 B, 82 21 5090 5 INUAE , ¢
HIH DV-409-48 J&k 4t () 5 & Bk A% mT LA AE BF 52
DENV Ay A §E R K Hsh Pt 11 R IR AR R
KRB PR RIAEAE [ 4G )= B (EL 3 2o — e o
HE, DA RHT AR e B, 3k 6 458 760 455 SRLATD 9R X F 5%
FURALEL, M DENV 25 W) F0 DAl 6 o JR 1 30
Ji A EEAMME

5 SARS-CoV-2 Eiri&®l

T B SR 95 5 ( SARS-CoV-2) B 2 i 3 7
SR TR 46 (COVID-19) [ & 4 B4 3k, 5 191 %k
TG AN, # 1 2020 49 H 6 H, E3HEye A0k
2676 J1 ,AET- NBGE 87 T, A BREENE 8 IR, 3l
PRI T 5% s 7 SR L R ML D B S R
JT 23 R B AN T B, R LT & £ X SARS-CoV-2
() S PSS A T RIF 9 0 14 R S AL, TP Aty R 7 2
XoF T30 e Bl 4 1 i 38 245 ) sl AR E R BE . )
BRI ACE2 % 3 PR/ IN R SE il 45 1 B e i B A
Y AFF 506 15 1 /N BUBE AR v i) 20 2008 B~ [ B T
hACE2 /N SARS-CoV-2 9 BUm #:1 L Jfdt~r
TR AT R R T SARS-CoV-2
5 2 A AR ] B M 48 e G e i L) SR TR
AT FLEOm ML 5 B IR 2F T & X B
SARS-CoV-2 F¥E 1 COVID-19 J8I7 25T & .
LIBURORIERT/ FEa W AR TR S (I 25 =31 N
SARS-CoV-2 J&YLn] 5| 2 [b] BT Ll 4 , HAFAEAE T 78
I AT, DA B M v SR A% 200 e A bk B 240 i 7 95
e, FENTIRIEH A (RS SR ) T s
i SARS-CoV-2 RNA, Jf H.if 43 5l N FT AKX+ | 52
SR Ry B R EE L I Y /N A
TAE M 4 B B A SARS-CoV-2 [ YL iy | 5
MERS-CoV Fl SARS-CoV & i HLHI AT T He %%,
7 HAS [ BRI RAEAE | SRy 5295 1) T B LA T 7 B 44 T
HAR' | BT R JE R SARS-CoV-2 L] LI
RAFEARIHLE] , I BE 0 R f PR G A
REEEPE IR SARS-CoV-2 FURFFE it 7 —
AHMAE N SRR & | A e 1) T B 4t T &
BRI , R i e L BB 5T, 24 90 0 B O R T
PTTA B AEAT RS RY ) R IR T AT X e 35 e

RIELE
6 HithmERRRE

KA | NHP % 25 B e 45 B A NHP if FH T 28
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TR (ZIKV) 7 F1 5 406 7 (CMV) 7Y S5 2
JRYLASEAL (] 1) . NHP ZE B ZIKV &k AILBE A
P B i B 4% T B RVET™ IR 7E 8-
TS e A O A R
AN SR 70 A i s R PR 2 U ) SR AR R i
SET ML 2R LA | DL KN LI A At o Rk
FERLEAAETT ) MV B AR K S PR g
FHFSE CMV KI5 K B i) S 28 LA K e
WHIE , X AR AR RS YR N B & HCMV %
Ok gE— A nl BT NHP 38 T EBOV
GBV-B 2555 # Y 77 , I 00 S 4 5 T BE i B
R Ak S T BT

7 NEERE

NHP X Ao v 25 B A 3 5 ok | R

A BN REE AL , I BEE NHP SL50 5)

PRS2 B AN W 58 35, X A4 o AL AF

VARG T e e v DA HAT A m] Ak i O/

ERAR N RIS AR [ SR 40 s ), DR e A

it , BT LAE—20 R R IEYT R NHP R 5 95 I8 HAT

X JUHIE SPF 2 (e A AE AR Kk

SCHENY), NHP AR T B P B i HoA

HEN ] ETER B2 R T A E B, T

B 5 S UL B AT BN T, AR AR AR ORI BE 2

KGN b NHP H 2 A 45 3 A m] Al fY
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[ Abstract] Zika virus is an arbovirus of the Flaviviridae family that is transmitted by the bites of Aedes aegypti and
Aedes albopictus, by blood and tears, as well as by sexual and vertical mother-to-child transmission. Once a pregnant woman
is infected, there is a risk of infection to the fetus. Adults may have some mild clinical symptoms, but fetuses are more
vulnerable to central nervous system involvement, which can lead to microcephaly, severe brain defects, and
neuroinflammation. Therefore, it is extremely urgent to block the spread and infection of Zika virus. To better understand
the mother-to-child transmission route of Zika virus, to study the pathogenic mechanisms, and to discover effective
prevention, detection and treatment method , the establishment of reliable animal models is crucial. In this paper, we
review the recent progress in mother-to-child transmission of Zika virus in various animal models.
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[ Abstract] Osteoarthritis is a chronic degenerative disease characterized by cartilage degeneration and subchondral
bone changes, and its prevalence has increased rapidly along with the aging of the population. There is still no drug or
surgical treatment that completely resolves osteoarthritis. With the advent of cell therapy, the unique advantages of stem
cells have been gradually uncovered, and their use in the treatment of osteoarthritis is increasingly studied. In this article,
we review the mechanisms by which stem cells repair osteoarthritis. We describe the properties and function of mesenchymal
stem cells and their therapeutic mechanisms of action in osteoarthritis in animal models and in the clinic setting.
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ERUR Y, AL S AR S AR R 25 (NSAIDs) (i
PRI (HA ) T3] B 1R 24 1 B Jo S ] B, (X 2636
JYRIRER] T G AR VR HT, e T IR Sl A
G5 BV , I B4R S AE , (H AN BRI G T /Y
PEATHERAL W AT TC IR G AR R, U T
FHATRTE RIAR SR ARG T, X LR T BR
A —EITR AR 27 A R IRUR ™ AR
R IR T Boit e ¢ 1w B R | BARBEME
PRI TG SN RE ST, (H A ) O 5 A AR AR FR B 1)
L IFE T TR 2 i U B Y A
PEBEFE B AIZ AT TR K07 ) 240 i A A 31 20 2 4t

DR ALEAT 12 52 1) 240 7 3 OR 8 32 B AT Y T
T AR ST AR R R A MR R A i A A

(autologous chondrocyte implantation, ACI) Fl13& 51155
S 56T B 4 i A2 A ( matrix-induced  articular
chondrocytes implantation, MACI) £\ #{iE 32X OA &
—E YT AL o ER R A0 I B 3R DA KRS A AR
L ESF £ T A B 4 A7 2 X LA Sl A R R, 7 Y
JRIBRPEAR ST A M7 92 0 2 R DR Ik 22 I RE 11 1]
FEJ 41 M ( mesenchymal stem cells, MSCs ) i A T
R YRR, 7RI LR E— 20 38 5C T MSCs
PRI RE, DL R BEATTE OA SR B File K vh
RTINS

1960 47K , Friedenstein %57 iR &3 T MSCsO

SR VR R R A AR T A0 B, AT LD A A
Hﬁfryﬁ‘éﬂm ek, HﬁTﬁﬁ-ﬁﬁﬂcjﬂﬂﬂﬂ
B A A 2 2 B A B B 1 R A
1797 2% 2 (International Society for Cellular Therapy,
ISCT) X MSCs [958 A ZAPRIME: (1) BEMGREAE K ;
(2) %35 CD105,CD73 ,CD90, AN FE ik CD45.CD34
CD14 5 CD11b ,CD79a 5 CD19 #1 HLA-DR; (3) fi§
ZIsE . B ET MCSs 185 0A MpLH 3 2
A Bl A o PR D T R SR R
Gt WEARAAE PR F AL EBK B 22 i 5 IE 5
MSCs AU ZN A (MSC-Exos ) X HEZE OA i i
B PR ARG T A% MSCs
1B 5 KBRS %

1 MSCs Xf OA HIfEEHLHI

1.1 MSCs BRI B 45 1%

B BR, R E B R 4T, TEIR AN S
FRI% MSCs BT [a] 558 4 i 431k, FLAKCH 19 T8 A5 401
TIRIGECE R F AR ORIE 40 R el

AT AR Z AR A KR T (IGF) , BB S E
(BMP) 584 KA F B(TGF-B) , ¥ ik B Xk
HHLNBEE G R Fr G w30
A2 D o] LR dE B BE R 52 5+ 41 ( bone marrow
mesenchymal stem cells, BMSCs) FI345H AL , H-7E
BMSCs H5E [a] 8B 70 A b R R AE W E . TGF-
B1 B4 ERK/INK (F 5B S 54 LK D 1Y
DIREVEFI . Sox9 JRHCH K H M CHER: SR T, A
FESEAE 0 A ] /N BURE OGS NS Sox9 B R A e
[ BMSCs , MU%¢ 2% L = 1) 48 )i ] A 2k /)N BRURE G 35
MECEEE , L BB R MSCs 1Y B et 2
B2 OA HE-5i4; n —Fh B ZEALH
1.2 MSCs By MR ZET1EA

OA JEF 1Y 57 R AR M PR 1 2 1 22 I — I
JFEARAE B RS BCR BE B o0 e A = ml 5|k Bk
21 R0 B 5 A R s 4% e BT 3 T ek e A A
240 B ) RE I R AR B A WS ARGE MSCs
b 53 Uh 22 A A PR AR T LA 2B R, 91 i 4 P B2
H: K K F- (vascular endothelial growth factor, VEGF) |
JIRET g A K AT 2 (fibroblast growth factor 2,
bFGF) | i & 2 #£ £ K A -1 (insulin-like growth
factor-1,1GF-1) JF4i i 2f K 1+ (hepatocyte growth
factor, HGF ) %, VEGF , bFGF , HGF , IGF-1, TGF-B
W] 57 IR A0 T, HGF  bFGF A $E P £F 4k AL (1)
BT HLUK MSCs 8 G2 18715 Jy v 3 5 90 i A
RN ( dendritic cells, DCs) | H 2R %455 41 ( natural
killer cells,NKs) T 4/l | B £ Jifg ) 384 58 K #44E
i AE 23 Wb AT TR D A sl R I 2,37 4 il
(indoleamine2 , 3-dioxigenase , IDO) . TNF | J# JE [ 6
( TNF-stimulated gene 6, TSG6) . — & 1k & ( nitric
oxide ,NO) .41 10 (interleukin-10,11-10) .CC-#4
AR FHEAK 2 ( CC-chemokine ligand 2, CCL2) | Hij %1
Mt % E2( prostaglandin E2, PGE2) 11 %y 7 % 2
GURAE CHAE T g5 BT, MSCs 43 W A 47T
PR~ LA S A i) B9 20 M 9 15 BED6E OA S 18 52
HERIEA.
1.3 MSCs B 4B 5N 2RI 1E

MSCs fif A4 (A A ME (EVs) , ELBEIE RS
LGP AR RS T TR AR . EVs W]
H 22 IS A8 (0% 4 7 A=, G f 92 A L L PN B 4 i
MSCs %, I HAFAE T 25 Fh A W ik b ) 40435 1M
PRI A EVs AR H /N AR 5 43
FANIMAE ( Exosomes ) , T#E i ( microvesicles ) A T
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JIMA (apoptotic bodies ) , H:H' Exosomes W 57 i M)
ZIP A EVs #E &R U IR TR A% R
(DNA  mRNA . miRNA tRNA) , A] DA% 336 25 52 /R 40
JitL, AT AT B T 4 IRl i 5 >

B A UEHE 2 B, MSC-Exos 7T 4l 2 40CH F1A4E
2016 4F, Zhang %5 ¥ YUE B 5G4 4 T 45 EMSC-
Exos 1] {f 451 4k BB AR T BIKE . BEJS TR
2017 4E, Cosenza %51 K I Exos B MPs 2 it 15 31
MSCs PRI T . FLE i 35 R A 5l Ak 2% 6 A8
Ty MSC-Exos AT 25 4E miRNA 5 LncRNA )
Pk NTRTZ IR OA (3RYF 1, 5 MSCs (#9240 i
TBITAA L, MSC-Exos 3R T —Fh B 22 4 543 &L
P A=V

2 MSCs fEhE B 5T A0 N ZE G PR
i 52 Y7 3L
2.1 MSCs 7 OA HFHIA A

MSCs JCig7E R I sh 38 /N s OA B
T8 iy 2 B B i P ] JHG At PR 3R OG5 NS A
IR R S R MSCs ¥ mT 2l OA JER (IWLE 1),
SR Y B AR KR 2 T I RIS, T AR
I PR FE 4R ML T — R OB HE 0 AR 2
AIHITEIE J& MSCs F% M B2 G 7 P TR T AR il 18 &2
OA 05 , {0 MSCs {4 17 A A —A~ [ bR
BT LIRS ZEFRATT AT B i I R B 5 in LA
e,

R 1 MSCs 1E OA BhWHER i’ B ]
Table 1 Application of MSCs in animal models of OA

ez R RITRCR
Cell type Animal type Treatment effect
R 7 T4 o ST SR AU A AR A OGN CERAE BB AR TR AL R
A B ) 5 5T 4 IIES o . ; . .
BMSC Goat Damaged joints showedmarked regeneration of the medial meniscus, degeneration of the
s oa
articular cartilage, osteophytic remodeling, and subchondral sclerosis were reduced !
= 3 PRP+ADSCs i 42 i€ /5 40 M0 1 5 J5T 6 1 0 001 20 M 384 7, 08 16 410 1) % E, 3E 2% OA
I/ I3 + S i (33)
WS T4 s B
PRP+ADSC Beagle dog PRP and MSCs treatments have a beneficial effect on OA via the stimulation of ECM synthesis
s
and chondrocyte proliferation and via the inhibition of inflammatory reaction!*
0 17 FE 5T 4 g N BT ADSCs T L P AR LN B R 24
ADSCs Mice A single injection inhibits synovial thickening and cartilage destruction'*
R 75 T4 % P E it QeI N N AT S R IE G e G AT &
HHE AR 2 . . . e .
. Joint surface showed less cartilage loss and surface abrasion, and significantly better in
BMSCs Rabbit . . . e
histological scores and cartilage content!®]
2 MSCs 7E OA H IR RBFSE
Table 2 Clinical studies of MSCs in OA
gl ez Wi HITRCR
Cell type Treatment mode Treatment effect
. . SEH MSCs I»,EL@/—‘ L // =P : 250 A:36737]
R 75 T A MSCs B fi UEWT T MSCs BAE T3 E i EEJkEﬁAfEﬁfﬂﬁxﬁlﬁ .
. Demonstrated the long-term safety and efficacy of MSCs transplantation for
BMSCs Transplantation . . [36-37
cartilage repair 3*=37]
4 ZBFESE8 ~ 9 x 10° A~ 1114 BMSCs J7 3% 1998 A RE I A Tt 34 5 4
WEI I 4 2 B35 MG RS BURA BT T M AR 348 8
B ) FE 5T A KT Four patients showed improvement in pain and function after injection of 8 ~ 9 x 10°
BMSCs Intra-articular injection autologous BMSCs, and their subsequent 5-year follow-up indicated that the clinical
parameters of the four patients, although decreased, were still better than those
at baseline! 8%
FATHEPN T 1.0 x 10° A ADSCs 1S8R D RE AN , HICA R, I v 3
- . R B 0 T2 )
W -4 Yeppppipsy  CDEVHRCTR LA N .
. L Intra-articular injection of 1. 0 X 10° ADSCs into the osteoarthritic knee improved function
ADSCs Intra-articular injection

and pain of the knee joint without causing adverse events, and reduced cartilage defects by

regeneration of hyaline-like articular cartilage'*"’
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2.2 MSCs 7t Il & % 1% % 7 %% ( hemophilic
arthropathy , HA ) 1§ 57 F

MSCs 7EIGYT OA W EZHE TR IIVER, Bttt
BT HAB R SR T B HET HA 53%A
MRTT Ik LR R B B2 TR MR AR K,
Rt MSCs X HA sh¥ R 367 A s s 1
W5 i B, 3 Xt s 9 4T 990, A o 3 A gl
W4 sh ol 3 1k [ AR i g T 9 = @ HA sh
T Bt AT Y P S MSCs , WLEZS 7%, 45 AE W
MSCs BIIRIT A —E RIVE R S sl
BT AR IR PR B A R, 2013 4F Ebihara
SRR W] T A R I B 5% A R BMSCs IR 97
HA §97[ 471k, BEJS Buda AYFR & t14E i, BMSCs
LI G i B DD A IR OG5 B 0 B, A8 A 44
B /IR ZF 4 R 3R 9T I A B DG R R AR
FEIREVT 2 AR R, E B R T U RE A F)
B
2.3 MSCs 7 2 XU iR % X 7 # ( rheumatoid
arthritis, RA ) H1 i 5z F3

MSCs AMYTE OA HA 3697 LA —EMTEH,
TEIGYF RA bAoA — @ B, i ot v 10 289 e Ay
/N BRI R PE 2T R (collagen-induced  arthritis,
CIA) , HEIE FH % sh P B kAT — R 50 1 52 560 0F
FEFH] MSCs XFIEYF CIA /N — & g7 o |
Bl — TS I W AIE B ADSCs 565 9 T 4 7] fff RA
/I BRI A i R OG 1 20 B B A el 3 | X ik — 2 S o
% RA B B REBIRIT IR TR iz, HE
BUTEI R 5E Hh MSCs 1697 RA IS5 RAFEAE 41
Jun 251 URFSEIER] MSCT A 97 MEVAHE RA 19—
Fpede & Jr i (0 A RO T Bk — 2B B oE ., i TE
2019 4F—3 1/11 HA1I R 52 56 4278 BMSCs 1R
(9 RA 7T B 5 e e AR AR P RO AR 12 A L ik
Ah ,BMSCs i 47 Bl Uk /> Y22 e 04 0 % J2 R T Y
i,

3 RESAE

ARFTJERT, OA J&— it P IR A7 R A4 B S
M N Al ok T BRI AT, H il
AR T AT A AR Z2 BRI 5 A8 2, MSCs ¥ ik 4R 11
TR RRIT R LA EPFSEIER] MSCs TEIRYT
OA \HA RA # 7R i TR AFHOIG TP CR . B %
M I IR SR R AT SR A LA LA B AR
MPEHIR B E Z i i, 2 msiy st e

ZJRPLT HIRITRCR, IF HAE IR R SE 56 g —
PIARIE, PRI AR X B8 B2 1 88O 2 A Nk
TR0, ABWATS SR A7 AE — L[R]3, 4 MSCs FIT6 Y7 7
AR IR YT 7 3 B AR A0 A R TR DL R RE Ti)
AL B TS TE > FHLHIS AN B A . BRUb, 475 2
KE LK TE MSCs 697 OA iE L, ki
AU RHI I 5 B HRAF MSCs BEfE N OA 42
LT Z A BRI B
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[ Abstract)

function, leading to cognitive or motor disorders. The pathological changes mainly include senile plaques in the central

Neurodegenerative diseases are irreversible diseases caused by the gradual loss of neuronal structure or

nervous system, neurofibrillary tangles and neuronal loss. In neurodegenerative diseases, olfactory dysfunction usually
occurs earlier than classic motor and cognitive disorders. Using olfactory dysfunction as a clinical sign of neurodegenerative
disease can help us to detect such diseases in the early stage. Investigation of the neuropathogenesis of the disease as well as
screening and evaluation of therapeutic drugs require appropriate animal models. Therefore, in this paper, we review the
main animal models of olfactory dysfunction in different neurodegenerative diseases.

[ Keywords] neurodegenerative diseases; olfactory disorders; animal models
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MARITPEBN B — R U R & oo K
TR N FERRERY 18 Ve RPN, B — R
WL A M2 P, A BT R 2K U BR 9K ( Alzheimer s
disease , AD) 114> #% ( Parkinson’ s disease, PD) iz

2 IUIR . £ R S5 25 4 A 42 1% ( Huntington

disease, HD) &%, 7l PR b, M 22 3R A7 PP A AEAR
LR, LA R G E B9k PRAEAR W T AR Z N,
MR =2 45 S P A i PR I A 22 il . 22 0
WFFE I, 7 M B AT PR B | IR ) RE R 15 Y
KA T2 IS S AR R R AE AR 1T 2l
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PR A 5 M A 5 M5 Dl AR 5 PR Ao £ 5 il
A T B R, AR SCRIE BT 2% % T BR 0 L 1 48 R
T A T R R A S Bl R A ] 22
&, U 2B AT PR 500 (4 1 30112 B AR 7 i A3
SHFo

1 FR% SRR

Fif /R 2% 16 2R ( Alzheimer’ s disease, AD) fif) HiL
BRI R HEAT PRI 12 J0 7 W R0 7 i i %) T e e
i3, Hog BRARAE 32 22 0 B-7E B A 2 I (amyloid-B
protein , AR ) 7E KMk Bz )2 R 2 IX TAUE W -5
P28 TUAH L P A 25 28 2 9 45 N i K J2 it S DR
LD, AR EHHJE—FEAT 39 ~ 43 AT
MR Z R B 28I AR B AL
TR AD AW AZ RIPRE

TR B, AD F8 3 5L ) BB A7 A8 R uE | WT 5
PUBE AT A S SL B T2 UE B AD SRR SE Wy
LR P (H MR B AT L T 0 S A i L&
YEN AD TS5 1 E8 111 shi DA I R 58 3%
B, WLSE R A BT AD AR U HL A B ] R
W2 RS S A R I, Braak Ji B R, £
PIIELIX. 2 o A ML IX R Je 7 AD 1y 1 - I3 3E 2 i
PR 25 JC 2F 4 g 2%, AL () D0 0 3 B AE V-
VI©
1.1 B-EMEFNAERRERIERR

B-TE #y FE A K 2 1 ( amyloid-B  precursor
protein , APP ) % 3L /N ERUT R 2 FH - AD RRLBE B i
LRI ST . APP J& — R I FE7E T2 B 2L
bR SRR ), S8R A AR S = AR B
BHEHD AR M.

Brfu 55 A €4 Lys670-> Asn, Met671-> Leu
NS APP695 i AR/ jon HE FURRL A, i
APP BEEEDR /N B 5 4R R DE BC Y BOSILF1/) 4% &
R (CEFPA AL ) /N BRAEXT BRI ~ 4 M H 6 ~ T4
A6 MR 21 ~ 29 DY Tg2576 578 BT
RN, RS H R TR R B 5 347 4 21
KAE, Wesson %510 5% F AR 70 15 VK IELBE 2R 48 vh
E R RE B 115 MRS BRI 0 R ROk, R Bt R
K N2 APP [/NERFE 3 N H BRI RGP A K%
TEMEER AT AR TOAR, SRIL R A T PR LD B, <
WRHENRE ST T, IR, /N BROMSEBR v i 5 /N ek )22 L

CAATArT il DX 5T R U Z B T AR SR 4R AR BT
R BIN B R B F HG il fii X 32 4 o L HLOWE ™,
Saar 2517 AE 526 v PR, 5 0 R 2 A Fb, IRER A R
W X 5 ST HGE B/ RO BK 45 A ol AR —
., ANAE B AL H A — 20 K AEAE LR B k)2
AR RER AT TC AR AR, AR AR AT 0 ML 7
e AD TR ARE L, HAESE 4L 4R X APP 5k AR
I AD BIE ST ROR IT A AR KA
1.2 APP/PS1 WEHEEFERE

APP/PST WU H PRI R R 7 5 R F AR AE 7 18I g
BAFHBY AD B4 A SRR ORI /N B/ A
TE M A BT R 2 1 ( mouse/human amyloid precursor
protein, Mo/HuAPP695swe ) Al 2 25 i) A L E & 1
(presenilin 1,PS1-dA9) & K 435 #5 A /N R 40 i, 43
A B 8/ B FS 30 oo R A
TR 4 AR AR AL (2 .4.6 8 D) BHA 44
HPA R (WT) Fil 4 DB BRI 265 (2xTG ) WEPE /N
(N532) , Z/DERBE AL L J& i David Borcheh 57
() RHIE RS A B I, AR /K2 I HA
fRIEHE T, AR AR (YIS 1Y), HLME
PEANR AB KT Tt /AN Kurt 255 R B 2
R E APP/PST SUEFE /NI 3 AB IR,
6 AikJG AR ULBLIZ Wi fil, Gengler %5 & )
APP/PS1 B PR/INERAE 2 F W4 I i B 5 IXC i1 B0 A
TERYREY TR 4 F WA B i 5 AN T X4 1) 40 i
HhAB TR B E I 2 AR BRI/ NI B4 i 2
TR RN AL LS, Saiz 4518 SR FH IS 0 ELER | niL
HAZ AIELZE 5 P Y A K 9 2% (omatostatin, SOM) 7]\
H & H ( parvalbumin, PV ) Hl £ )& & H
(calretininexpressing , CR) 4l fg 17 % & 40, & B
SOM il CR YR IL AT T B, 10 PV 1R 2 )
IR RIS Z5 R h SOM F1 CR 40 i 5301k
WIE, Li %R 3 ~ 4 H BN BT IR H B
WA ,6 ~ 7 H B/ NEIF G S A 2 RS
H e s ™ &, xR 2 FAE5E AD PR f A
th AR DUERBERT ] AR 4k, AT R AD ) B[] B
HEA RO , (H B 7Y Ah 5 5 PR 383k AN FaoE | B
IE- 4=
1.3 P301 L-tau 35 F#EH

EIEF A ZTeH tan FEH FEHEE TSI
W, SRUES G, RS 1R E TR, R IE
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T, tau H H I R,

W BokE pRS AT A 2 F1OMEME /N BUSAZ
7= ik A tau WA htaudO FNBUHHESE7E P301 L
(9 P301 L-tau 553 /MR (tau /ML) o B8 AT H]
THEFE /N B 58 D) e R A5 5 i N — S AL A S =
KER, RIZMMp A7 IZI e /N BRI ERE & NO
AL T NO AT AL ER A DA
AD B I KBS N NO K P K T IE 6 IR
AU Hu SR IR A R B BE 1) R R A
55 tau NI H NO A st A7 G, JUH IR sk
NO Fy3b, NO AR 7 i BR £/ 7. R £ vk 2
%, 15 tau 25 1 550 BRI AL 3 I, S BOR 58 241,
AR, 76 5 —TF 5T & B, 6 AN KB tau /N ERLAR
BN BE 1 32 A5, X AT B3 BT W s o R R
B tau B 2 AD G B85E 22 19 2 ZE A4, tau 94
AR EAE IR R Liu %Y RS R L, B
FEIN tau 3 /DN B A IR RE 2% B9 338 T 5
PRI tau 85 T BERERR 1L, O 75 1 EH AR il ot 22
JUTE M, DT 5 B B AR A8 Y AR 23 (8] 1R 58 1812 52
i, WAL B> AD MBS RLAZ A AR HUTTTAR (H
TE 58 D) BERE 5 J5 PR 5 T A IF S B B S
1.4 APP/PS1/tau =#EFE/NFRER

o L S A N = W i ( triple-transgenic murine
model of Alzheimer’ s diaesae,3xTg-AD) JGH PSI, ¢
B SE DM/ A B S B 4l 5 1 /N B, 285 23l
OB R AEFE A APPswe Fll TauP301 L 43504 5 A
a5 1R T 40 M, 75 20 i/ BRI £ 45 2] 3xTe-
AD /N, TZAR R B 7 Y RIS B, TEAY
AL MERR R 5t LA K o B vh A 7E W W Y e e e
TR R 32 2800 T DX R Bk b 3547 B S Y AR A
tau B [ 68 RO (R 7™ B A ML BE B
Hh— PR AR TEMLSE 5 48 Y HAl B AL e 7R LBk
Hh A B R A R AR IS R B BT 5T R UE B 2
IERA ) Zhang 257 &3 4 A #% 3xTg-AD /N R
R 6 pe/mL AR ZMR 12 Ja , 3KJZE AB 3Rk
FAB UL Fir Tk, B AC AR 2% AD MRUE D) BE
RERFA I TEIR ST VE . 3l 2 B DXL/ BB 2 84
TN AD i DI 4 95 BRSO i 95 4 T b A2
AD JBRAE IR 5 128 SIRHIE

2 PRERmEENHEE

MA4: F-9% ( Parkinson’ s disease , PD) &—Fh & I

T AR M2 R G AR PRGN , o B RCE R R
IR SR ST SCIR IR A 22 Tl RE R o Y B MRS T, 57
TS Ml A R AR MM 2 T N DR, WEE R,
PD LA AE Iz Sl e R T B R R B 0 A A {8
BBAE PD F M i s IRAT 10 ~ 20 4R B 7R 4
MR B B R A R F ST, 28% ~ 80% 11
PD BH I AEME ARG MG s iR
WEW] PD AR E P EAL A7 AE . PD AR LT e ik
TEIE SRR EAE Z A 1 B, 24 90% 11 S & 7E PD .
SR R LS e A R R 88% , S R
83%'*", PD ) Braak Jj 8 7 ] {73 IR 5 LR A%
e T Wiak © sz B, OB 2 gl R B AE T
V2
2.1 6-OHDA #%#!

6-72 3L 2 M 1 ( 6-hydroxidopamine , 6-OHDA ) /&
— R LA B I, oK, AN BE 5 5 I ik 5t
VU I R 1A R R I, R G L T A B R L AL
IR RIS . 6-OHDA 3k A 41 a5k 57 BV ik
AL, BT R TR 2 T R R P K, 33X S0
S o R 2 L P T E 4T ) SR A P I S A B R T
M55 5 S8 A DL OGO A0 i 3 1) AN ]
B2 TF 2 6-OHDA | 23 7 A O [ 1) MR oE Bt A, A%
6-OHDA FL#2i4 A KB ER, JL K J5 & 3K Bl
W2 L RERE R 220 A8 M, HLAF7E IR BT Rk 1 22
L R REAES , MR B /N a2 1) v (] i 28 0 22 L g
Bk 58 o, T A R 5E RS2 g LA AR BT U
AR KRR TR E A 6-OHDA 517 dfS
WELBRE /N BRJZ J L #2200 25 e R BE ) R
B0 BAARGUY 16] 75 00 SO A4 7 5 6-OHDA 1R
PARFRAAZFNIRLZE Y 22 15 B e A2 1, /) B B H IR
PRI RN & 2 B R T IR IR YT
Je T B R G LR, Xl PD AR 22 L e U Y IR
IR HNGST RS T ],
2.2 MPTP &2

1-F 36428 31,2, 3, 6-PU A ML BE ( 1-methyl-4-
phenyl-1,2 3 6-tetrahydropyridine , MPTP ) Jj& — Ffi 5%
PEVERITE R B g i e B, 7R P MPTP 8
AR SA AL B F AL AT TR BT 1 k-4 SR E
( 1-methyl-4-phenylpyridinium , MPP*) , MPP* # £ [%
JHicti 32 B RO E 2 EUIRE R 2T N 3R TR
T LRI W B 525 K T 51 RS SOk PR 451 s AR
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fERiig

MPTP A =M AL (1) 2HERIRL 1 ~ 2 d IR
PSR ) Sl ) HE I B T B T S AR E ST 10 ~
96 mg MPTP , IZZAL YA /N B 5 L 1) f 22 43
iz JE FAER A AL, 5 F AR EELHI AT K
FIHEEE 5 | 2 ph 2 e AR PR IR AR, B F T PD
IR AEALSERIEGY . (2) A PEREY 1 =L
JAW %R T 5O R HE 45T 100 ~ 200 mg 5 15
FiE MPTP  #hZbi0 B A THEIN R, % HF— 28z
N A2 AR BRI 9T, i Z R Rk, (3) 18k
R Z2 WL T L il 4, B NS T — o fl &
MPTP i 7= Fa g 5 PD fEIR , — A B &8 kv
S} MPTP AT 50K H 0.3 ~ 0.5 mg, H 2774 gL Al
PD iz IR P2 4E 2 2 4F ) B2 20 ~ 40 mg,
MLSE A 5T N 2 A2 I 2 ERR Y Prediger E
FOH B TEST MPTP B 2 25 PG K Bl R R A 2 5
fik SR FR AL il 1 2R 55, BORER  BUIR AR Y 2 B R ik
JEAEEST 7 ~ 14 d JEREAE, R H B0 0EL 5 B 1) i
T3, A Z T, KBRS ST MPTP 14 ~ 21 d J5 iH
PR ERFNSCRAR 2 0 Jrle v 5 [ ATC , 40k T e 390 ML
%, 3% A BB 5 K BUZE MPTP 4> B 45 24 ) A X A i
A G, R RN AR 3B Bl g 7 45 43 18 B
[ #EFE 5 PD G RAER B WA 25T PD AL
il FHAR Y
2.3 EEmREE

0 TR 2 — b B B R R U KRR AE T
SERE YRR Z5 b, R IR, AR 25 S Ao 1 fiki R
FOANM S, oo e T 2 BELWT 2 b AR NP W 4 B AR T
B IE PR O BEAR A e H BOKF, B R
P, IR A A

RS K 45 R BRBEAL M 3
H,RH 15 B, EFHRKRIEFERSE AT,
FAR K SRS B G ZE AL MIE R (2 mg/kg, N FF
0T ) A 78 2 KRR YA S5 (] A5 A R £ e T 25 4L T
V(2 me/ kg, IR 5 25 A AL A, PRIATRC
Feh 2 mg/mL) . B H 49,00 74, #4228 d,
2 A AE Y PR TR 1 d T, X4 2H R B4
AT NV EA BT AR L AL W 34 R B 0 1T
R BB AL A R B S A SR AT R A
JRRELH PD S BRLAA IE T 5 L U IRZG 2 ST A
SENLIE ST K A 2 IR 2, 1

MR4i25 7 d Ja, /N ERRER o2 fil A% 2R 1 SRR JF T
Uy R BRSO B A e s A S T 3 23 5
TEC PR R 118 AT A 7 SRR Pl A B AR 3 0 -2 fi
PR B IR AL AN R AE T /N B R A £ R T BR
B EE 2 h, 5Lk 2 A FEHR E YR T o2 fil
PR FTE PR TR R | W R R B ) AL
S-S T VT 2SS0 0 1 T A 0 A AR R AR A
2B, AR, (R R B & B FE TR,
PD HMLALENRAHI L
2.4 HERFED

FFWE5E PD W56 5L S A i A o-58
fil A% B FIBL R Parkin BI% PINK1 B DJ-1 #&
R o R AR AT AL 1 R oS8 il R
BERL K N oS il A% AR AS3T 28748 B Rl 4 A
P 2 S 3 F PDGF A9 R Ui, # # o2 fi
R AS3T FRIKAMA 0 30 S o6 Ak 1
SEINR A, H &I/, Taguchi %77 &
B9 % /0N B B A IR ek AR 5 IR ER v B R Ak
S Ml A% B Y S BUR — 3, RS o fil
B 26 1 AS3T By 55 56 DR /IS SRR 9 01 e g 0
Taguchi % 78 55 — T A 58 o 35 1, B R AL 1Y
o-FE A E S BLE R ER, 3 N H R R
MG RS A% 12 S H SR B R B #E 5, it
B 5 DL RS RUA VR & 4, BERBESR i, 7
AD FY WEBE B S AIF 5 B A

3 FEHRIRE

4L ( Huntington disease , HD ) J2&—Fl H Y4
o S e 0t A 1 o R AT PR L A AR A
JEBCIRAAR IR Jz T G o 20 0 MG % I R T
FEW, WELuE 1) Be R i T RE 7E B 0 1Y 12 3l B IA 0 B A
ZRCBEL, BRULSE AT A, HD 25 i A H e R
T A R — 058
3.1 N-i% R6/2 HEFER

R6/2 BRI R 5 AR (1) N 28 = ZE 1 JE [A] 19 H ik
T 1, &H 2150 4~ CAG L FH & A 2 150 4
CAG EEJFFHI™ ¥ K/AH 1 x 10° i N2 5%
HTT ZEFEAVER R 3+, 3l AN RIER 419, 3545 R6/
2 FEFEDHEME /N B 51 R6/2 156 3L PR e /)N B
S8 A MM/ IS, 5 ~ 6 Fi o HD JHERAEIR
WHE 13 L BRI . Kohl % 5@t ik
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ik, BRI R6/2 i FE R /N R BUR AR 27 31 7™ H 4t
IR RE R 280 i AP AL 2 68 155, LIk Y
AR AR EE T8 T 80 LA 28 e A2 18 R
P2 B4 & B 32 B % W, Kandasamy slasl e
15 DL S5 00 R B A 6 PR /)N SRSk 440 i 444 {1 ik
A BLRSE A, IZ AL H AT T 5T HD ff
) 0, /NI 5 e G F R e, K& CAG
FE AT A HD 1 R EE, & FH TR
AR ZUH T D4 HD
3.2 N-i R6/1 BEEER

R6/1 BHY Rk 5 A5 (1) N 2 = 4B it L PR (1) o i
T 1,5H 1154 CAG EEFH'™ , ¥4 Ro/1
SESEDR A P /N RS B 2R PR /DN BR 2RSS, A /N B
FROGI 12 h, BYWAIK A h3RE, HFE 4 5 B
INREBTBH LI AT PCR JER 0 A, ZEAEAR A S 4
SRR T R ARG AT % . 7E R6/1 HE L
ANERABEARY | b 25 o0 T SRR AR, Mo 26 A AL
AR B JoT o 28 70 RN AT B8 PE AR P 09 ek 2D AT R R S B
R6/1 /N5 Ty B B A5 1) S IR, 5 58 A4 A8/ BRUAH
L, FEi8 SRR 4R 2 17, R6/1 /N 8 JE IR E i
PURLBE Ty R B A5, AR B I3 gk A7) R B A7 e
BRI B, IR 5 2] I X, 7 R B A
SMICiZ iR EEEEM, Lazic 5517 S4E 058
FEU BLIR Bz Jo AT S AL 5 AR B Sl e b
A 5K, 78 HD FHARY B, SR AR R 51 g 13
T, HARIR DI Z 40000 ) 5, RN BUR 4
WA I I 0F SR 2%, WA R RS HD BB R
HILSESSN

4 B

IRy =|

PR A TR 1 Ry AN AT 306 453 403 P 0 05 , LAY
FELH B K 22 b F g b e, 4% iR YT
I, DRLIE PR3 e i o) 1 28 9 114 7 301 32 Wy EL AT
FEREX, 2 LRk, 7esh 2B v o, B Ao
L AT A4 F 14 S iy A TR = A T R DRSS R ) e 2
BERBAIIRIS, AD MLBE R RS sl P 455 10 22 2R FH
FLPIRERD | B AR BEOR &, R R (B L BB AT M
L AD I RAT R AN ELERAE . PD MGG RS sh 4
BRI P2t B 2 MR B 2, HOPR BT o, &0
SV, HD MR B A 1) sl A5 A A X e /b Pl
VR BT —E AT,

WELbE B 1 sl P A AU A B T 10 5% i R A7 1
I (A BT AR R IR AL LA B YR YT 25 R AT O 1k
FPEH, X958 1 2 W AR Y A R A
AIBERL A N R sa I R W 2 F B, (BAE
AD PD HD ¥ R p X058 3] (%) 58 B 3 [ B
VEREMEAN I, BRI, SR R A I 90 1 45 IR P41 = K
2 ARA TR T S WL R A E] 19 2 5 ) DT Oy
YIS W S B2 W L RAR YT BRI J1iEdE
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