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Genetic screening of zebrafish mutants with developmental

defects in the digestive organs

HUANG Chao, ZHANG Chong, JIANG Fa-ming, WANG Fei, RUAN Hua" , HUANG Hong-hui "

(Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, State Key

Laboratory Breeding Base of Eco-Environments and Bio-Resources of the Three Gorges Reservoir Region,

School of Life Sciences, Southwest University, Beibei, Chongging 400715, China)

[ Abstract])

Objective To obtain zebrafish mutants with developmental defects in digestive organs from a forward

genetic screening. Methods ENU mutagenesis and a classical F2 genetic screening were performed. RNA whole mount in-

situ hybridization using lfabpas probe and BES-H,0O,-Ac staining was applied to examine the liver, intestine and gall blad-

der phenotype in zebrafish embryos. Results We harvested 23 mutant lines with developmental defects in digestive organs

(originated from 14 F2 families) after screening 128 mutagenized genomes. These mutants were classified into six groups

according to their phenotypes. Conclusions The liver, intestine and gall bladder share and differ in their developmental

molecular mechanisms in zebrafish.
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1 #MRl5RE

L1 ##
1.1.1 E%szhY

Bt ( Danio rerio) , i 2 AB Tiiebingen , HTF
RAMRBALE L SALAR,

112 S

ZRWEE A BERE A AL R —
A AR AR AR R T M (
WA TAY) TR A A PR 7)) ; PTU (1-phenyl-2-
thiourea ), ENU ( N-ethyl-N-nitrosourea ), Tris
(pH 9.5) . FHEHE K BSA NBT ( nitrotetrazolium blue
chloride ) , BCIP ( 5-bromo-4-chloro-3-indolyl phos-
phate) JIFZ (tRNA (Sigma) ; BES-H,0,-Ac i &L &
YNGR H AFDEAZS Ttk 454t |
1.1.3  SEEdstt

PEE 0 3R 50 R GE (A B AR R EOR TR A IR A
Fl) s ¢ AR M B 33 B ( Zeiss SteREO Discovery
V20); 4 H 8l % 6 1E B B BE ( Zeiss Axiolmage
72) s BWi#s (Gilson 10 pl.20 pnL. 100 pl.200 L.
1 mL) ; EERFEH (MemmentINES00 ) 5 #: iETR 51X
(VLI T H AR DR A A5 i 38 A R Y 7] KB-3-D) 5
ST 43246 (UVP HL-2000 hybrilinker hybridization
Oven/UV cross linker) ;pH i KAE % B K ( Mett-
ler Toledo) ; 18 J& 2 #2 K ( GFL 3005 %) ;24 fL4H ffg
FEFR 1L ( Costar)

1.2 Ak
L2.1 JRAfcsE KAk Bl

P Ey 0 58 I 7 A ) 520 B WS T 0. 03% Y
oK IFT 28 CHHIRAR R %, IR A & & BBk
JEOAMEE™ . FEEH 12 hpf(hours post-ferti-
lization ) #2H 0. 03% PTU AbBEIN Il (2 F I A, I 15
3.5 dpf(days post-fertilization) Fl 5dpf Ayl 5 FH F 3¢
L) e
1.2.2  2JaJEA %258 (whole-mount in situ hybrid-
ization, WISH)

Ufabp TREG 15 ARG IR A 22 58 52 30 A 4 2
ARGEFEATE . 3.5 dpf JIRJR A A1 ES K (1:1000
it ) 7 37°C 1M AL 26 min, [ S RNA % Hb
FhRid, NBT/BCIP W0, M6 0.5 ~1 h B
AU RS
1.2.3 BES-H,0,-Ac(DCFH-DA) % 48

BES-H,0,-Ac( DCFH-DA ) 7] F F 6 0 A B 13

TR AR B 40 I U5 4 3 P 48 53 F (reactive oxygen
species, ROS) Wl 0, ,H,0,, HO 4§ BE A IR Jig &
Hid P g AR n] =4 H,0,, i 8 BES-H,0,-Ac
(DCFH-DA) e, WedER) S dpf BE D fa iR A
24 FLANMIRE 7R &b, IR B BTN 0. 03% Mg SR K.,
BALZH A 1 pL BES-H,0,-Ac %658 (1mg/
L, 7T DMSO) , i B 254 1: 10 000, 5% .50
it Yo T AT O, SR 5K R SR SO 28 C IR AR
H1 ~2 h JEECE PRSP BB T LR i A
2OV A= R/
1.2.4 kit 78 M /A2

FH ENU AbBREF AR B AT MM BE 5 7 T, A7 05 1Y
MR FO, SEAE R 28 A4 F1 AR, F2 KGR
KB FO /9 FLAAACHE A, Bk AR — F2 K
T BE E fa B AL AZ B LAUIRE F3 18, R 1.2.2 &
1. 2.3 MR k- AT S g A F3 PR 174 A
A AR I L A (] A ffe o R 80 DUJ G T2 AQ BT
INE W R 22/ KA, B F2 228 %
AR5 B A B 2R SR A AR, 7 AR I S ARFR S F3, LA
FER T R F4 IR A8 F3 oG AR, I
LHE N F3 SEARAR 23 MM L 3 U RRAE 4 43y
JURCRTR 26517

2 #HR

2.1 ENUEEES F2 RikpyEL

FH ENU 4bBE 30 4529 6 H W5 1 ek e i £, 9 4%
FO £71% B FO 5 HF A AU M £ 2 52 7= AR 48, B FI
fR(EESE F1LARER— AR AL AR FO 55 ik
55 =R A E A 1) AR 3R &, AT ARIE FL
eI 2 58 TR A T ] — A B 4 i A A
[ 28 (kG T #07= A= FAR A %, B 4% 1O A= 2
100 %% F1, 331958 2%, SR S5 ¥ AR FO 7= AR 10 F1 A8
Ko =4 F2 %%,
2.2 P2RBESRTENER

Bk A TRl — F2 Ry M REHLACHC , 4600 7= A= Y
F3 AR ZR TR, I AR 8 o 1 7 5t A% e 1 ) S A
TR AEBEIE AR, FRATTIN 64 A~ F2 K Y 204 Xt
o THEEAF R T 65 XM AR, F X R AU
AR SE AR AR T RS HEBR T 12 X RS AR A,
A 4 X RFRBEAER g 58, 50 9 Xk &
REFET- M ICERE . 2,5k A 23 4 F2 FIGY) 32
X G A E EF A BUEATAGAR P2 AR T F3 0%, W3R
1, FR F2 FIGSE R0 F1AHE 238 7= A 00, BT
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VRS F2 FIR R AR R 8 A8 FE R 2, et vk
TR BRIy 128 NGB FERI2H .
2.3 F3REISHIE

F3 ARG 5 F2 AR, ¥k A [/ — F3
GRNE P BE £ fE > A 22 1] B ML SS BE LA 7= A P4 R
Jif KR4 T4 WRIG R LGRS 2 F3 J2 15 A28 A AR
i, FEEIE32 A F3 Figrh, Hoh g — AN 5% (1.39-
4) R A Tk Fe T 7, HAI A3 R
WAL IS 251 X BE D fh, N R e 155 T 40 XF
RAFM, “WREEZ T, 18 A F3 FRIFETE 0] 5
11, B2 MKPEFRA WILR F2 K%, PR B T Ok 34
SFRAMARIT N 23 4~ F3 RAZH R WK 2,
2.4 F3RTEMFEHHE

F3 Gk 45 2 I ARE 2 A8 i 2R (R [R] 38 7 Ay
TE B RN, DL 3 Ak 4 AR R BRI

SRR o Rl 77E S L e T R R N T SN
AR P ELA A R B e, A R 300y i 25 i 7 44
o JLF- TG, (U P AN I RE 45k IE 5
55 1L 20k IR S R Bl 2 AR A JFL gy IR 4 52
SR AEE I 5 ok e R S R SR BN TE AN
JHFRFE i /0N B 6 R0 565 TI0 260« IH 8 o S DBl o 2
AR HRE A 51 JC W 8 b, (R E 9 5 B
Pr/NAE B AR . B TV 28k i R JTE A 3 ]
BRFGIRASR” 2 S G AR U b I T A Ik ik
M e ey Bl T BB R, 26 V 2R
 JE R () e AR A LI T AR B4 i 2R
TR B GBI Y A E R0 30 5 R
TR/ INFARSE AR/ ING) RS, 36 VI ZEON“ BFIE i AR 2
L [FBREE AR | Ifabp 1 BES-H,0,-Ac Gt 25 BHL
SRR ARG AE AR B 0 i R B R

R P2 (LTSS
Tab.1 Resulis of the F2 generation screening
Bt Lt /%
Number Rate /%
F2 55 BAL Total F2 families 64 100. 0
SRS F2 ZE F2 families identified with mutants 37 57.8
W E A R HIAEIR) F2 K% F2 families confirmed and outcrossed 23 35.9
WA AR B F2 % F2 families without mutants or lost 27 42.2
ZZBERT B Total crossing pairs 204 100.0
i 16 28 A5 PR XF %L Pairs of putative mutants 65 31.9
LSRR 28 A8 R XT 4L Abandoned pairs of putative mutants 4 2.0
] TAEAR A 4535 2828 /A% 4L Putative mutants available for outcross 40 19.6
EALACE F3 ZKi% F3 families raised 32 15.7
F2 F3UGHESS
Tab.2 Results of the F3 generation screening
Bk et/ % WG F2 IR
Number Rate /% Number of original F2 families
F3 A Total F3 families 32" 100 23
FRIA ALK F3 F % Phenotype inheritable 18 56.3 14
FRURTT LB AL 9 F3 % Phenotype not inheritable 14 43.7 13
S AR A X %X Total crossing pairs 251 100 23
GEARRNTEL Pairs of putative mutants 34 13.5 14

AR AR A TCIE A HCAY) 1394, Note. * including the 1.39-4 family in which all fish are female.

R3F3AURARRREL K
Tab.3 Classification of the F3 mutant phenotypes

bz ke FAIH

FRAF R T ih R A A5/ % Phenotypical characteristics
Type of mutants Number of mutant Percentage /% W Bl T B G
aroups & Ji: 55 4 JIE B Gk 4

Intestine defects Liver defects Gall bladder defects
I 1 4.3 vV x x
1 6 26.2 x vV x
1| 7 30. 4 x x vV
v 4 17.4 vV x vV
N 1 4.3 x vV vV
Al 4 17. 4 vV vV vV
Total 23 100
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R T Type 1(L344) FEHI Type [(VI5F) FER Type LI(1254) FMIV Type V(VISD)

IV Type V(L864) FIVT Type VI(L634) |

HRERS) B(aagik) FIECREAEL) ,B.D F HI.LN.PAXHEMA, A CE.GJKMONREHK,
A B.E.F.G.HM NAMEM,C.D.K.L.O.PAHEMM,T.JABEMIM, 281 e i fE 5728 (4K (1344,
A&B) ; KA IL JFIER S MBI SAL R (VISF, C&D) 3 280 1L IHFE4E A BRBE 2 AR (A (V254 E&F) 5 JEAL V.
[ FUIREIL R BB 5 AR R (VISD, G&H) 5 280 V. JIFIEAIIBFEIL R Bl 58 A 1A (L86A, 1~ L) 3 2654 VI JIFIE Al
JIF 348 2 [ e 98 A8 1R (1634, M ~ P)
B1 o XREHGARTRER

Note. The gallbladder (asterisk) , intestine( white arrowhead ), liver( black arrowhead).B,D,F,H,I,L,N,P are sib-
lings. A,C,E,G,J,K,M, 0 are mutants. A, B, E, F, G, H, M, N are lateral views. C, D, K, L, O, P are dorsal

views. I, J are ventral views. Type L. The intestine specific mutant ( L344, A&B) ; Type Il. The liver specific mutant
(VISF,C&D) ;Type III. The gall bladder specific mutant ( V254 ,E&F) ;Type IV. The intestine and gall bladder mutant
(VI5D,G&H) ;Type V. The liver and gall bladder mutant ( L86A4,1 ~ L) ; Type VI. The liver, intestine and gall bladder
mutant (L63A ,M ~P).

Fig.1 Six groups of representative mutant lines

R4 RLERGRILE

Tab.4 Summary of the mutant lines

AR R RA i
Type of mutants Mutant lines
L %. 134A
I. Intestine
1. }ﬂ:HE V15C., VISF,V27A 121B, 138B 148A
II. Liver
1. A% V6A, V25A V51A 127A 138C . I46A, [95A
[I. gall bladder A A A A A A
V. 0% & 4
V. Gall bladder & intestine V6B, VISB, VISE.L86A
V. JFHE & 0%

IV. Liver & gall bladder VIsh

VI FFHE 5 & A%
VI. Liver intestine & gall bladder
JER
Total

VI5A, V21A | L38A | L63A

23
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3 itig

3.1 BEEAFIENERSW

R I ) 38 7 10 BRE 5 0 % T B0 o 2 8 R () e
ST Z IR HREFH ENU 7578 [A] I 1% 224 1
LA B R B A R IR R B EIFAZ . AR ik
TAEE FEETENFE ARAE L, S 3 MEAL A B B &
B HPE , 75— R rh AR AT 2R AR 3 T R AR
FEARP R R I 0T RA5 AT A28 B e S M e B
(9B IA

ENU i % i 72 i i 8 AR OR — MR 0.2% 72
£ AR T IR R AR ROR | {H R AE 128
ANGEAR FE PR 2H 1 0 B v B A 3RAT T 78 &R 23
A A AR YR 2 A8 RN 16 B RICR AR e LB vy, X8k
RAKR R Z R A AR B 2B
FEPRURRTRNG (Al e A [ 98 A4 R R L 2 [B) 5 58
M, 23 DA R G IKFE AL 40% 1548
i R 2 B UL R B BT 1B X S
TEA B FERS H & B R i e s N 7 22 [ A7 7E
R RS T ENTES 75 B S B 27
FEUIRIVERR
3.2 TREEREREENSEMRIEEE

ENU fi i TAFE 8K, 2 (B AN T 282 BR il 14 [
o BRI AL A K, 0 T R FMX — B, FR AT
K F1ACHEME SRS T 2 LM AR E 5L 1 FL AR 22
AT F2 G RG  Hm T IR RCR (B S ET
FRASR) AT 50 R AL, IRA5 1Y S AR R T AP A8
AT BB AL T 5%

AT T 23 DR R HRIE
SRR S R R S R R
SERE— B RSE A7 HIREBE T 66 75 S S A5
L8 BT 10 T HURIAT 2 PR

2 % x #t
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ripplyl TEEH f H ARG T IR & & T avfEH
G &L A EA

(L IR RSFA R E2BE, Brm 25010052, VAR A MRl =2:BE, Jbat 100084 )

[#ZE] BM IR ripplyl BREIE D A FE R A ESRPMEH, A RIS R R0 458
HARIE IR ripplyl B FEHEE 0 PR IG & & b R v ) A i A i S S BORFE RIS 1 A5 ripplyl ()
mRNA =235 Ripplyl & IS B ING T BE AR 0 FE R (0 28 4k IR TE S8 4k, R Tol2 5 3 PRI A 4
ripplyl JAZNFIRENAY GFP §E 5L, G5R  JRAIZACEE A WoR ripply]l R 7E 5 5 40 J5 i 0V 15 S e A 15
JAJEAb , BOTE T8, 2235 ripplyl J5 , FENE I FAR i S kG R K BT bR IC B N R k55, 24 5
24 /NI AGZR I H ™ E B IR AL AR AL L S ARG I T B B e el 553 R A T A R DB A B IR A T
ARG, BRI FEREREMGERR ripplyl BHERIE , IF BRI ALS _FIF 1200 SEEEIK B GFP RERLL P i
A FAENX, &L ripplyl TTHES SIS MR BT IE M &£
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The role of ripplyl in zebrafish dorsal-ventral development

MENG Ya-ping'?,LIU Chun-ye', SHI De-li' *

(1. School of Life Science, Shandong University, Jinan 250100, China
2. School of Life Science, Tsinghua University, Beijing 100084 )

[ Abstract] Objective To explore the role of ripplyl in zebrafish dorsal-ventral development. Methods Using ze-
brafish whole-mount in situ hybridization to examine the ripplyl expression pattern in early embryo development. To analyse
the expression pattern changes of dorsal-ventral marker genes at shield stage and the morphological changes at 24 hpf
(hours post-fertilization) after overexpression of ripplyl by injecting synthetic mRNA at 1-cell stage. Using Tol2 transposon
technology to obtain a ripplyl promoter driven GFP transgenic fish and to identify promoter region that recapitulates endoge-
nous ripplyl expression pattern. Results The in situ hybridization results revealed that ripplyl specifically expresses in the
future dorsal region at shield stage. Overexpression of ripplyl caused an enhanced expression of dorsal marker genes and a
reduction of ventral marker genes. Embryos overexpressing ripplyl also showed severely dorsalized phenotype, with enlarged
head, reduced ventral yolk extension, and shortened posterior trunk and tail regions, and the formation of a secondary trunk
axis. Transgenic fish revealed the maternal expression of ripplyl and suggested that a 1. 2 kb promoter-driven GFP is able to
recapitulate the endogenous gene expression pattern. Conclusion ripplyl may participate in the early development of dor-
sal-ventral axis in zebrafish embryo.

[ Key words)] Zebrafish ;ripplyl ; Early embryo development; Dorsal-ventral axis

&% ( embryonic axes ) J& RUJE: 22 40 il A= 9 4K {4 ventral axis) FIIZE — 45 5l (left-right axis) ., XJ P # 5))
1558 (body plan)}iiﬂ’ﬂ—/\iﬁ'ﬁﬁ FEAFER PRI R T - 18 R TE 2K 5 BT R
— J&i il ( anterior-posterior axis) . & — F& 4l ( dorsal- B, )Tk AR B B 2 5% 308 B R €208 H X 7R J5 1

[EE&THE]ER ARSI AR (No: 31271556, 31471360, J1103515)
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KRBT, MEE%REEY*K Hans Spemann Fl
)24 Hilde Mangold ¥4 Ji iz F. 3 i gt e ity 1) 5
TR LA REAR 3] 5y — Pl e W JV s 114 13, 75 1) T8
XUAKIA ARG ARG 805 20k B TRUAIRIG , M
M ZH0k A T2 X B ZE T 414
REIF 3 Jo [ 2 (AR G 00 200 B TR Al 224, B R4 1
TR T ML & T FRIZ TS TR 2N H AU (or-
ganizer) ,
ripply ZRE FTE 2005 4E4% Z IF 8 8 T HA
YIhRE BRI K ripplyl F ripply2 $¢ 523638 TR
9, Horb Ripplyl -5 5 AN T Groucho 45
G, BERSZL 11 735 B D i R 3K AEFRp AT 1Y IS5 )
PE, ZJEXF ripplyl BYBIFFEHS S v A HAE AT I 1)
X R A= AR g A R IR G A = A A
FEIWTFEED | AE Sl 8 TUE AT 5 % B ripply
FWEE M Rg il i H WRPW X B 25 & £ fit 8 1
(Polycomb group proteins ) #2455 L9l i 1E H, IF
HAEE - Y s B i AR SR, rip-
ply ZRFEDILE IR G & 5 F40 R 2 K B 8 4 7
KIBANERE, FFH, ripply3 & N LR A fiF G
XIHFE A 6 ( Down syndrome critical region gene 6,
dscr6) RN ) D, WF5E ripply SR 153 R Y
SREAAE AL 68 A St 50 i SO L ELR (it
A FRATAE o A 24 A BRI ripplyl TEBE L
o LI G PR S 2R TR 1T B, PR AT RE S
S R, O T G R ripplyl, I B
1.2 kb JE 87 i B, w120 0F 98 AR IR JIG A3 75 18
KHERIER

1 #EITTIE

L1 ##

AB i R BB B FRGE A 28. 5C BITER K RS0
R TR AR
1.2 Ak
1.2. 1 FRHL ripplyl ¢cDNA

HUBE L £61 J/RJ ( shield ) B 31 A9 R MG 50 45, H -
izol 77 15 #2 BUIR G &L RNA, i F§ Transgene 72\ ]
TransScript First-Strand ¢cDNA Synthesis SuperMix i
S s TRAR AL SRS WA AT
1.2.2 BEE A ripplyl HEIRFL 2438

JHE ripplyl 41 DNA, BIHFES AT ripplyl -
F. 5’ -CAGCGCCAAACAAAACG-3" , ripplyl-R: 5’ -
TCAAATTCGCACAGACGG-3" , i ] Taq 4 14 J5 4%

Hi#E A pGEM-T A, ARHEN T 7 1) 45 B b 5 =
FRic i e L RNA FE 0 B0 FH . A 45 &
goosecoid (gsc) . chordin (chd) . floating head (flh) |
even-skipped-like 1 (evel ) . T-box6 (tbx6) .wnt8a F UL
VEZ AR TAED

B LAY ripplyl K SC RNA FH EA 22 28 W hyb *
(50% W EHE,5 x SSC,0. 1% Tween-20,0. 5 mg/mL
F#EE RNAL0. 05 mg/mL &) # 2 1 ng/pL, I
AR 0 BE S G, [ 2 T 4% 2 R
. IS 0. 1% Tween20 B PBST 1, I 78
PBST ol IR IR 25, F PBST Ykad 5 78 A 2% 28
# hyb ™ (50% W EERE, 5 x SSC, 0. 1% Tween-20) 1
65°CH#E 10 min, ZJ57E hyb " 1 65 % H 4 h, &
B 60CIFHE IR, 5 2 R ERE LIFEZ [ H,
RIS FH e 1(50% W Bk, 2 x SSC, 0. 1% Tween-
20) 130 min(60°C) , HA 1 W PR 11 (5% H L
Ji#,0.2 xSSC,0. 1% Tween-20) ¥ 15 min(60°C ) , &
21 W PR L (0.5% W Bk %, 0.02 x SSC,
0. 1% Tween-20) P& 30 min(60°C) , BHE 1 Ik, K5
JH MABT 7EZ R N6 3 O, B A 4 h, fHEX
BB T 119 M 2 2 PR 1: 2500 F6 BT B WO,
4CHE K, 3 KRB Hk Ll EE M, H
MABT ZEZ i F %6 30 min, & 1 ¥K; FH PBST ZEE i
TYE 30 min, EE 1 ;7622 vh I (0.1 mol/L
NaCl,0. 1 mol/L Tris-HCI pH 9.5,0. 05 mol/L MgCl,,
0. 1% Tween-20) HF-45 10 min, il 2 4% (5 mL P4
S50 W 100 pl 60 mg/mlL 7 JiE BE W 100 wlL
NBT/BCIP) , Z #7155 /2 055 i 22 5 H R 24
1ERSE T T0% Tk I 2577 6, FA RIS
1.2.3 SIS ripplyl mRNA

A ST AR TR ripplyl mRNA
TS B G 200 pe.
1.2.4  ripplyl JA 3+ 750 Kk B DR 0 3R

JAFEPR 41 FR B ripplyl JER AL EF29 1.2 kb
B R B, 514 41 F ; promoter-F; 5’ -ATTCTCGAGG-
GATCCAAAACAGCTTAT-3’ , promoter-R: 5’ -ATTA-
GATCTGAATGAATGAAGGCGCGT-3" , JFHE EF
e 551 A Xho 1 F1 Bgl 11 BEDIAL 4, , XU 5
1% A pT2A200R150G #fA

BN E S SUROER IR IR 2 A 9, 906
Je 12 SR A 5% A8 il mRNA L7 5, 570534k 50
pg, FEZAIL T SO BE 0 FO AR E G AR A2, i vk
JE I R R 2O F1 AR,
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2 4R

2.1 EBRFEMEIRT ripplyl £ D & R HER
ZETEREPHREEX

R T ripplyl S5 BRI - ERIE
TG, FRATTE e P U T A7 2 5 A 0 32 s PR ) e 25
FakE, 5 EIR ripplyl BHFEFRIL  HE KK
%, TEB A 0 ROIR R ek 1 ok H 4 vh e il
ET RGNS, TS ripplyl 761535809 23k
Akseiguin I H MFREEM, FEls i, B Az
SHEAT , ripplyl B FRIRFEFTE R AT IR E S
PR EIE WA (BT E R IRZ A Kk
(E 1), XADRIBEXEER ripplyl 3 H 0] e 765

A

— WEAHFNRT - J5 S St R R
2.2 \/RIE ripplyl SEAERRE R

AT —2E%F ripplyl 7E15 - JEHOE B0 a9 4R
FHIEAT T DhRekzil . ZEARRG 1 40 i 9938 i 1 5 rip-
plyl mRNA BT R 3K WSCHE IR B 300 1) VR I 6 4 7
JEAEZA4RE . AR A AR IC 3L A gse chd . flh F
JEERPRICHE A evel | thx6 . wni8a HI 1L, FRAT A B
JWFET A ripplyl 35 09 IR IR 3 545 10 JE B gsc
chd | flh FIRABAETT ERIG R IT HLB 43
M, BETBERICFE A evel | thx6 wni8a 23k HH 1 il 55
(E12) o XS RUEI] R RIA Ripplyl 228 1
AN A fiv iz, S XY R, R ripplyl BEVA Y
RS ERRNARE .

epi. epi.

T (A-B) 1 iR AR R QU TR AN SR UL, 7R ripplyl WFHIERIE . (C-G) 23 AR R S DT 0L, shAisera Lo (H-J) 23530 A Az
WSO, RS BRI T, (K-MD) 3 550 AR S oS0 B 5 200, J S i s e
1 RIS IR ripplyl TEBEDh i PR AIG % & A b ik P X

Note. (A-B) 1-cell stage lateral view and animal pole view, showing ripplyl maternal expression. (C-G) Lateral view of indicated stages with animal

pole on the top. (H-J) Animal pole view of indicated stages with dorsal side on the bottom. (K-M) Dorsal view of indicated stages with anterior region

on the top.

Fig.1 ripplyl maternal and zygotic expression patterns in early zebrafish developmental stages.
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FE 10 hpf (MRZEIA) BF AR IR AG 0 27 R IR SLARBH I 0 O IRl A8, R 30 A8 J, JC I &6 2
ZIKIIj%ﬁ/E@H*Hu AUE M, RO AMERE X 02 (I 3E) ,—/NEBa IR (6/99) 5 28 5 BBUA Al ( 45
AT AL KA (K 3A, B), 24 hpf JE WM FRBIR) . XEERIHE— 2B UL ripplyl 3823 3]
n,jtgmﬁﬂ (82/99) KI M FFHAL, b 36 Mt MGG H A B RMBHFFRNAE .
G FRE C BER AR (I 3C, D), 1 46 MU iR

Uninjected ripply1 mRNA inj. Uninjected ripply1 mRNA inj.

B. (;.
1617 24/25
I| 19/20 I 18/18 I 17/18

H:(A,C,E,G,1,K) RTES ripplyl mRNA R 3 RI7E IR G W13 815 00, sh o, 153 7E 43, (B,D,F,H,J, L) {E4
ripplyl mRNA J& R 35 PRI 7 IR S S 2R 15 00, SR, i SBALTE AT 3 . B0 /s i 45 SR 9T o A EL B,
B2 R ripplyl JETIEARICHE R AR S B 9 AR 1k

Note. (A,C,E,G,I,K) The expression of indicated genes at shield stage in uninjected embryos. Animal pole view and dorsal is to

A

gsc
evel

chd

flh

20/20

the right. (B,D,F, H, J, L) The expression of indicated genes at shield stage in ripplyl mRNA-injected embryos. Animal pole
view and dorsal is to the right.

Fig.2 ripplyl overexpression causes the expression pattern changes of dorsal-ventral marker genes.

TE: (A, C) IRZFII(10 hpf) Al 24 hpf BFARIARMG, (B) FES ripplyl mRNA RIGTERZEIRMHRER, (D) ™EERM, (E) KRE,
B3 mEDE rpplyl J5 FERRMET LA T &R HK,
Note. (A, C) Bud stage (10 hpf) and 24 hpf wild-type (WT) embryo. (B) Oval shape of ripplyl dorsalized embryo at bud stage. (D) Severe phe-

Tipply1 inj./Mild (46/99)

notype and ( E)slightly mild phenotype.
Fig.3 Dorsalized phenotype and trunk and posterior truncation of ripplyl injected embryos.
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2.3 rippyl BEhFREERHD &

K TWEIE ripplyl W23 3R T BL], FRATIF
J& T X HIR B FRBESE . 3RAT ripplyl e s IR 17
SCEDE 1 2kb MR B S N EGFP, SR v b
| pT2A200R150G F& 5L RZAK I (&1 4A, B) . FTk:
FES G & B IR & W78 IR 5 Ab A 5 198 R Gk
(KL 4C, D) AR5 BHAE R A0 A R 5 1 3R 3k (45
AR, UBIZ 1.2 kb 9 7 BERE S 4R ripplyl £

BEShfa iR i 2R S FRE . SRR R RS
L ripplyl  EGFP 1Y) FO R, R B TR 1
MR A 2E o, T 2 IR G W72 Kk (& SA-
C’), Al BT EGFP Fe#kase , MR ripplyl
FLE AR Gy R i . AEUT WSO N e 5 AR KT
(KI5D, D), 7E24 hpf, EGFP {55 F & & h1E(k
W (B SE)  MAE R farf  EGFP 55 2L fE
AR TS (B 5F-G)

A

CATTAGGGATCCAAAACAGCTTATTAGTATAAATAAAATAATAATATTAATTGTGTTGGTATAGCAACATCATTTTTTTAAAATAGTA
GITCTACATTTGATCATGCTCAAGTAAATAATTGCTTTGAATGACTTATTAATGCCAAAAGATTAGTTAATGCCAACATTTTTACAAR
CCTTTATTTTTTGTGCAGTACAAAAACTGCAGGCTTTTAGACTATTTAACTAGCATAATAAAACCAGTTCAGTGATCAGTGTGTTATT
CACCTGATTGTGCACATTTTAGGTCTAACAGCAARAGGCAGAACCTTATACACGTAGTAGTTGTACAATAAGTARATATATATAATAAT
AATCAATAATAATTAGTCAAAGAATAACCATTAAAAGCCTTGACACTATACATACAATTGTTAATGTAAAGAGGCTATAAAGCCATAT

CCTATGTAGCCTATAATAGTTTAGTGACGTTAAGTCATATATTTTTTACTTTAAAATTAGTTARACTAATTAATGTTATGGTTTTCAG
GTTACCTTTTTTCTGTGTATTGATACAAACCAAATACTTTCTAARAATATGCTAACCTGAATGATAATGTACACACTTTTTTATCTTTCC

CTTAAGGAAATTTACTAGTCTACAARAACAACATGTTTACTTTATCTAGTTAATGTTAAATCATGGARATTCACTTCGATTTTGGCTG
TTTATGCTAACCATAGTATTTGTAAAACTGTAAGATGTTAAATAGCCTACAAAAGGCAAAGAATGCGCCAAARATTAGGCCTATTITCA
ACATTTCACTACATGAAAACAGGGATCATTGTCGTCTCTTAATTTAATGTAGACTCGAAACCTAATAACTAACTAGCTAACTACATTA
GTTATATATGGCTGCACTCCTGTGTCGCCCCCCTGTCGTCTTTCTCGCAGATGGTGTGCAAGTTTGCCCCTCCGTGTTGTTCTAAAAR
CCTCACGGTACCAGTTTTCTCACCCTCACGCTGGGGCGCACTGTTTACTCAACTGGAGAAGTCTTCGCACCARAATGTCCATAGCACA
CTATATCCCGATCGTTTGGCAAACAGCACCAAACCCCCTCTTAAAACAACCTCGGGTCATTTGGCATCGGCTGCACCGTCCAGCTCCG
CCCCCTGCAGCAGCAGCTGCATAAAAACCCCGAGAGCGACGCGCCTTCATTCATTCactgecceggtaaggacgacgactgacacgace

L Transcription start

ripplyl:EGFP

2600 bp

Animal view

Lateral view

2 (A) ripplyl FERA a5 FUF 1.2 kb JF31. (B) ripplyl :EGFP TRl . (C, D) W5 ripplyl : EGFP BKL IG5 AR 500 T IS 1
AR . SR (C) FE (D) .

4 TS ripplyl : EGFP J5ORLJ A MG 5O B
Note. (A) 1.2 kb ripplyl promoter sequence upstream of the transcription start site. (B) ripplyl : EGFP plasmid map. (C, D) Localization of
fluorescence signal driven by the 1. 2 kb ripplyl promoter sequence on the dorsal side of the shield stage embryo. Animal pole view (C) and later-
al view (D).

Fig.4 Localization of fluorescence on the dorsal side at shield stage following injection of ripplyl : EGFP plasmid
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IE:(A,B) ZHE)5 10 min F1 1 4IRS EE S0 MR, (C,C7) IEMIZOLES . shBolAMER, (D,D) T WIEHK 20
5%, D2 D BR TR . (E)24hpf 28855 (F, G) BESh R MR TRy, (F*, G*) WA BIET RO 5 5 >

B 5 ripplyl Jash T A F1 AR EDOERIKER

Note. (A, B) Fluorescence at 10 min after fertilization and 1 cell stage embryos. (C,C’ ) A shield stage embryo, animal pole view and lateral

view, respectively. (D,D’) A somite stage embryo. D’ is a higher magnification of the trunk region in D. (E) A 24 hpf embryo with fluorescence

restricted in the somites. (F, G) An adult fish. G is a higher magnification of F at the trunk region. (F’, G’ ) Fluorescence pattern in F and G,

respectively.

Fig.5 Fluorescence signal in ripplyl promoter-driven GFP F1 progeny transgenic fish

3 i
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JTCiE T fF 58 XDSCR6/Ripply3 Jif 15 21 (1 4% 5 —
;2

A 2438 HB 7R B2 mRNA A F kB2, 1 3 30
TR AT DAAE — o PR 1 48 7 SE PR AE 2R 7K OF-
B FERBER | B VE ST ripplyl : EGFP JFki H RETE IR
Je HANRSR B S 5 s, T Atz 35k PR £ 245 S DU ik B G R
PRIk UL 1 BE 20 B A 28 1 AT DLREE ripplyl 1)
Fik MK Z 56 FRF P FRIBE T ripplyl TE
JVSJEG 0 P AR S R A

R FRATTHEDN ripplyl W] RES 5 IRIRTS K %, IF:
HRERARAGTRFIF G RIEZ )G, (ARRFERE T
RESXHZNE A —rsem . AR T2 ripplyl
R JE PSS AR B AR 5 I R A i R R b e
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— P 5% MU AW B 20 I R 5 2R td Tomato (1Y

ol RN TR £ 5% A
R RE,ERA REX
(PR SR M RERE SIS T IR 7785 266003)

(WE] BB 5T H 5D A #E 40 H2E s Sl il R B, B2 A0 R (BT A, 25 55 50 400 2 —
FIAT DA AR A M RR R SRR O R R B S, ik R Sid S MBUR AR A 1 2K I (sws]) IR B, 1
BT —Fh A 58 AMEUR L A PR SRR A B SO 1 (dTomato L FLRBE D fa, W, #4 tdTomato 2GR
EAEMIIE rhodopsin 2 IR ¥ 44 D EERAH ML G F %Rl AR 10 8 067 T 58 A MEUB B AL HE AN A 1 S35 B, 34 1 7T A5
PIABEHERE R EN, &R L SRR R G R 5 I R BT 250 Gps A0 4 B, B L — b
FE R EM B R, S8 R S 10 A H BUF 2 h iE — 25 IS8 00 4 40 0 rh ol B 1 9228 S AL 1 4 2L
.,

[X$IA]  BES o DA A0 S0 SMBUBEL ; SWS1;UV opsin; 5% 5

[FESES] Q9533 [ X#EFRIZAD] A [XEHE] 1005-4847(2015) 05-0453-05

Doi : 10. 3969/j. issn. 1005 —4847. 2015. 05. 003

Establishment of a transgenic zebrafish line with tdTomato
expression in the ultraviolet-sensitive cone photoreceptors

CHEN Zhe, SONG Zhu, WANG Ya-dong, ZHAO Cheng-tian

(Institute of Evolution & Marine Biodiversity ,Ocean University of China,Qingdao,Shandong 266003, China)

[ Abstract] Objective

To better understand the mechanisms of cone opsin transport, we set to generate a trans-
genic zebrafish line with red fluorescence proteins expressing in the cone photoreceptors. Methods  We used swsl promot-
er to drive the expression of a chimerical protein, in which the last 44 amino acids of rhodopsin of Xenopus laevis were fused
to the C-terminus of tdTomato to restrict its localization to the outer segment of photoreceptors. Results We successfully i-

solated such a transgenic zebrafish line and confirmed the localization of tdTomato by immunostaining analysis. Conclu-

sions  This transgenic zebrafish line will help us to better understand the transport mechanisms of cone opsins, especially

the transport in live photoreceptors.

[ Key words]

OGN R WOGAR 5 T4 HAL 1 2= MNP AL
PG 5 — 37 BT, s P I b e o S ) P 28 50 4
Z— o BOGCAME H AT B (outer segment) | N T BL
(inner segment) 2 HUAZ X Kz 5 fih [X 45358 49 2H Ak,
H A B 5 N B i 4T ((connecting cilium )
A AN B H s ey 2 E (B 1A) , )

[E€TH] HEAKRREEETH (31372274 ,81301718)

Zebrafish ; Cone photoreceptor ; Ultraviolet-sensitive ;sws1 ; UV opsin ; Transgene

PEANT B AR 22 S, BOG A M RT o3 S HEAT 46 L
(IEAEIE ) FALHEZR M (R HEE ) PR, G rh AT 20
A2 55 T U AL, P 240 i T JRZ O I
WIALSE R HA B E RS BOL oL (R
SRR —F G & R BB R R
H——HEH (opsin) K58, ME A4 TREOL
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AL 9 B, il AT Bas i B A B, B A T4
BN Y I 4 ( membrane disk) FATIhEE, MK HE
X G URAR B2 Y 22 S, WLEE AN L 2 1 RT3 K
WU AY (long-wavelength sensitive, LWS) ( ZLYGER
) . R 8L A (middle-wavelength  sensitive,
MWS) ( £ f0E% ) % % S5O I (short-wavelength
sensitive, SWS) (#5 YGRUE) =Fh, AR A, FLHE 40
sy LA M R R S LA = RN RIZEAY e
RO HESI Y (nBE s ) o BR YRR LRSS 6
RN IBAFAE— T 58 SMEURE A S I U R 2
H , Bl SWSI ( short-wavelength sensitive type 1) fil &
HE UV I,

BEE th HA 5 AL P 9 BREZH B, OG0
IR ZE A K DR 5 AN, BRI e, 2 3R
AIBIFTE O A0 I 14 & B B L 58 B I pIL il i) 4 =X 2l
Y. BEE A TSGR, AL 4E — R LT 4H i AN
DO IRAE AR - v 21 S BURR A 0 S ' ARk
PUAEAN AT AR E A5 5, B BOSUHE A A , 58 A MU AL FI
W CHURRAN HE A0 1 12 D B A, L 5% A MU
P A0 M R B T DRI L AR, B £
OGN E O BAER IR & & % 43 ~ 48 hpf (hour
post fertilization ) Z [A] , 7E MG & & 2 72 hpf )5 , I
BRI O CHARL)Z o RS R AR B TR Y R
F A T B v BRI i INE Bt B AN
JELOCHUBBY AT SRR, 5 HMEUREY iYL HE 2
J eI B0 A B I R e LR S e RO
A0M B AR R A Y SR HES 7 R X A RS 5
ANM AR (1 Crumbs FUTFEAERUIAHDED

ROCAMIIA T 5 2 PR B VIO, R4
PP B, 25 A8 4 (retinitis pigmentosa, RP), Lebers
SR BB IEAE (Leber s congenital amaurosis, LCA)
5 P HARAR IR E A I R F
TyaE K iz i e B 2 T OO A0 0 T 0 B 2
R HFA Y Bl = AR N (9 B A LR G, T
AHEAYZENT RGN, KEEg B2/
BO(EI1A) iz fan P15 L 3R IR) 3] 5 BUBO' 4 i
AR T, R BF S AR 1 A Iz Fa LR AR o

Xof B 1 A s S A LR 5T 1 — A T B
P BRI LN N VR R/ g N = AN = i
ASCOUAT 20 A8 LB 1 AT S5 A B A, X0 40 200 i 4
BEARBUARE IR, R, A [0 40 i 1L
HESSE EAFAEAR B KA AR B TR b
FAAEAG SR, o T R T T 0 St A

HEHBHE P, BT sws1 BLHE 35 K B
JE BN TR T — R 5 A MEUR BB AN R S 3R
RPN tdTomato W HEF BE D 1, FRATH 1d-
Tomato 3R 5 gt AR PN TUE rhodopsin AR 44 2,
BERR B R R BOME $ 5 # T 3 B tdTomato 7E {37
ZALHE AN A Y A1 Y B, DR R AR A0 3B e e
B0 FRATTE AR A TR R A B R DR B £
FEGIE T IR 04 Sk | 120 B R B ) ook Ry
— BT A0 AL A 1 iz LA S AL A

1 #MBR5ERFE

1.1 Kz

SIS T Y A R B 1k Tiibingen &,
ERNERE NEF e U el 2t e e | PSP |
I, SR 2SI i 2R BT, AT kA
B R DAL i 2R 5 B LD £ AR 28 8K albino 4T T 328
fic.,
1.2 HEHE

B/, $ 5.5 kb swsl FE K JF s F (M Dr
Kawamura 4b K13 ) 52 P& 2 Gateway K pSE-MCS
I JFilad PCR 973854 HA #2575 #Y tdTomato
SEIN JF o ad BP BN % v BU%E H2 ) pDONR221
AR (Y151 %)y : HA-TOM-P5 ; ATGTAC-
CCATACGATGTTCC-AGATTACGCTGTGAGCAAGGG
CGAGGAG, HA-TOM-P3. GGGGACCACTTTGTACA
AG-AAAGCTGGGTACTTGTACAGCTCGTCCATGC ) ,
ki JTUME opsin FR KE 0 44 S LR ) A BEow [ &=
p2rp3 FAK | E G LR = AR S H ARk
pDEST-Tol2pA2 i #1f Multisite Gateway [ 77 =47
UL ISR N FU NEISHUE = 5T 1S
1.3 BERESRREEERRGIE

PR AR Y i 5% JAE T ( transposase ) Y mR-
NA e [ 33 S 2 B 4 B I 300 100 6 5 YR i v, 3 S
L FE 435N 30 ng/pl. #1100 ng/wL, 5 d J&, 1
FEGRAREE T PR IR B A L0 PO E M IR #1757
A, 2 AU S AT REHLAC D, Tk F1OACHR IS A 2068
PG FO S &R
1.4 KEIRREREAL

B SRR I el AR T 4% 22 5 P e 4°C [
FEAI, 1 x PBST PEMIIK, B K 5 min, 85 I0A
30% FEWE 9 PBST i /K ;4°C i3 85 , B IR IR B vk
ORELIEGR R R S AL, BT - 20°C AL
BERE S HEAT VKRV A ALY SRR 2 12 o, OB
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VIR B TER T4 h 80 4°CiE R, /)5 PBST
KAL, HE A (10% 1L = 1iL3E ,90% PBST,0. 5%
Triton X-100) £}/ 45 min; IIA—PT,4°C XK ; Z )5
1 x PBST ¥ 3 W, INA 4T, i 4 h,1 x PBST
YE2 WK, SR e AT 3 R AR B UBE ((Leica Sp8) WL
ARSI B H AR e R . zpr-1 /I B B T AR
(ZIRC, 1:250), zpr-3 /I B A 58 B B 4K ( ZIRC,
1:250) LA S HA FRFEREHTIA (Santa Cruz,1:250)

2 g#R
2.1 #FHEHE
A —— B
08 Tol2 swsl promoter

<
CB
O w

8Y

Sk S G B A M 2 PR A AR 3B B
ML, FRATI T T —Fh 4 A 21 (0 58 0 B 1 ik 5 2
tdTomato-CTA4 , Frh LT (5508 F S i A td-
Tomato 5 4mASAEM JTIE Opsin A ¥ 44 2 FER 1Y
FPHAAE RS . FERIBI G AP, Ry 44 4
G TR Rl B A T RO AN By, i —
AFIH Multisite Gateway FEA W iziin & 5 % 42 2
swsl FEHY 5.5 kb 5 8+ 5 , NI ARIEIZ L& 5 1
TE 28 S MR O DA AN T e S s TR, Sy
T VR R DR RO R A A e B B B
T HA Tol2 ¥ )1y Hbn gk (18 1B) .

HA-tdTomato-CT44 pA Tol2

WA T A5 7R B 5 B Tol2 S5 3L A AR B C, D IS k3K 5 d JE 4 RIS EIR A, S 4h 40 (D) 78 HR I
Fm R A W AT ST AR 4 (C) BRIE (A B RS . A 451 0S (outer segment) : 745 Bt; CC ( connecting cili-
um) :JEFELFE ;CB (cell body) : 4AEMA ;NU (nucleus) : 4N ;SY (synapse) : 2,

1 BRI K

Note. A ; Diagram of a rod photoreceptor cell; B: Diagram of the Tol2 construct for making transgenic line; C,D:Images of Sdpf zebrafish larvae

showing red fluorescence in the lens of injected embryo (D), while only auto-fluorescence exists in the control larvae (C).

Fig.1 Diagram of microinjection and Tol2 construct

2.2 BRFHEBRHERGIE

W12 33 B R R G A 5% B Tl 1) mRNA ] 7
S5 HAn i B R BE S RS T  AERIR A B RS d
i, FERR A b A b A B B i SRR (| ID) . e
FATHAT TR ISR, R4 50 2% FO miifa
ZJE X FO HEATBENLACEL, Tk F1 ARG EA 986
SR R, AR AR T IR A AE A
RACIG (FE1C, D), Fe A1l i vk U1 v #4717
HE— 25 (I 5IE
2.3 BERIEEESEMETL

FAIILIRAT = Fh FO L 3L R, g e 0 2
SRR =R RVOGE I R AH B 22 5. FO-1
FEIE IR TP 20 658 e 23K B Z A0k A7 T
PR 20 B ) 28 Ml 3R 02 (81 2A) , iE— 2 DAPT e {5
BRIZFIRFRALIFAR LML (A 7R ) 5 FO-2 e dk
PRI i w20 8 9% Ol 32 BE A7 76 T8O 40 i 40 i 1k
(cell body) 1, [FIBEAEZESAL T FO-1 By AR 73 A

(#12B) ;FO-3 % HE K IR i 21 6 5 0 I Rk 58 4
AEAETFANT B, i BT & 20 0A 5 04 AR d B H A
Hbrah & (18 2C) .

FATXF FO-3 M6 B L R EAT T AR, X k2
R A el A T R B 5 F1L RS2 H
73 14 IV 240 L 67, 2 PR 6 R o R A A BT, [
S cEE 3.5 d AT d By F2 ARIRHG , BEAT UKD A
KAepEgets 2R PO OTOCEARELBTRE3 d
LA TR Tk, I 35 A0r P04 40 i 10 A0 15 Bt
BE IR LT, vl SRS Beg i i A, S 0
FIHEIR (B 3A-C)  [RIEF, HA $TR e iy 45 R R W]
HY A 5 tdTomato 2 Y6 [ B H 0 56 & H
& HEBR TG A RSO TR (B 3D) . e, &
TR FARAT 20 JL A0 2 oA zpe3 4T T e pie Y £
(K 3E) , 25 32 M tdTomato FYAFLETROL Y zpr3 HY
PN IEAES, BN T 23 Y@L T
7o
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L ALB, C A EAPORIR IR FRIA NI E ; A1, BL, C1 o zpr] Gy o MY (o, 7R SUE AN 947 1 5 A2, B2, C2; LAEFAIK ( phalloidin ) Y44, i /R AL

B RINLE ;A3,B3,C3 . =R,
2 RN R DR B D i A B R e g (L

Note. Confocal images of the retinal cells stained with zpr-1 antibodies (Al, B1,Cl). Sections were also counterstained with phalloidin to label the

actin filaments (A2, B2, C2).

Fig.2 Immunohistochemistry of the retinal cells in three transgenic zebrafish lines.

3 itig

WS AR 1 0 S AL B A US40 i f 98 1
KRR L (A48 0 R EL AT o 22 35 S, B S £ OB A
L 2548 55 N2, B 5 HAR AR s AL ) ml ok
) 0, 2R AR P A A SR SR A ) S e H TR
AR A5 A — 300 () RETE Tl = A 5 s T e
T AR BN B S 0 R W OB PR 2 &F i
D (ER T AR R S P A A 7R LR R B
FHIREA T Z R, HAT, SR BT 4 A
EHBIPUAR (2pr3) 152 ZIA0]

SR S AR AL A A R L AR s LR AR
SEYGEENT T —Fh e SRS MBUR I AL A rh R R R
2185 GHEE 1 tdTomato FOFEJER a1 dh R, [F] A, 38
12K tdTomato 5 W08 H A 44 S FERRFHRLA |, ff
PRIZDO R A RE R 8 O T OLHE 20 Jf 11 B, 840
PR LR 1 0 57, DT A LA 1 3 i AL ) 7 B
SERRML TR BT T B fEUATF A Ay B, B

KUH 29 10% AL F, IR 2 K E M IE A
WGBS X — 7R EOGA M A T —
FEA 1 us L« BRI e R n AR ST BE fr
&%, Bt/ 1y B2 LA I By #kis
W E A PR AR 44 S EOERR LA T
B3], nl g KRl A 8 e L 2 A B, (B, Si
R X IEAS SR 28 %08 1) A6 T 2, FRATT R e AR Sb
B E L 22 A6, A & B RO 6] (4 5 A7 (FO-1,
F0-2) . TERXPRME LD dh & rh , 20 0GR A TR
TR MR, 5 EUH S RIFA —8, LHE
FE A AE T 52 Sl BRAE %) 3 B DR i J vpy FRATT A BRHL SR
KRG A 1 BN AR (B 58 348 DAPL R
REILE N, FRATTHEMN & pGiX Ao 7 1Y B PR ] B2 S
el IR A 2 DR A 4 A A A )RR IR A O, T g
A BIOL S A S R AR, S BORE R R
TR S R T B AR 1R R AT A B s
W, A& EEIE KL T N R (inclusion
bodies) BZEFY , AT RIS [ ()32 F AL
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i ALB, Co AR R R NRNG zpr-1 PR L5 R (540 ) ;D, D1, D27 d ¥ IER IR HA Prikge gh B (4 60) B, E1,E2,7 d #3EH
ARG 2pr3 PR IR () AN BB G E . T B, 20 AR tdTomato AYFRIA,

B3 R R i R BOCAM U] R e (B

Note. Confocal images of the photoreceptors in the stable transgenic zebrafish line stained with zpr-1 antibody (A, B, C), anti-HA antibody (D,

D1, D2) and zpr-3 antibody (E, El, E2). In all panels, red channel indicates expression of tdTomato in the transgenic zebrafish larvae.

Fig.3

M\ FO-3 1Y S Ye (55 R AT LU B, 2145 1R]
B P A7 AE T AU AN A 1A 2 18] (zprl G fiy) | HLA B
W] 2R T AT AL AR (2pr3 L) IE 7, 3X
55 58 AR 200 3 T XU 4 L R AT
LA DG, Rl %F A R R R DT e 5, ] LU
B 1) S FE S HRS B 5 (R ) |, 5 FUH O
M HES) I 58 4 — 3, RATEIZ M R, 2068758
JGH I tdTomato 5¢ 4245 5 A7 7E T~ 48 FM U A HE
YfpLr R R ) ST X R — 2B RS L A
PR 1 13 i S STV 4 7 93 A B S A )

(Bt 2ot B K A7 X549 Kawamura 343%
R UV opsin BH T, R RHFFEEFRFHZF
RaTEFANFHRERERLESRZ )
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Midkine-a 18 123 PR il .o LR MLE 08 7 =X
SHAEBE L5 £A R RGO AR K
W#' ", Luo Jing®, Hitchcock Peter’
(1. R RAAARERE, A 3501175 2. & EBHIR K222 MR/ BOn G Ag IR B LG, e 48103)

[HE] BHE HT—FmrEEi s WK F midkine-a 7EBE S @G OIE L BT S FHShEE, ik
ARG A midkine-a RNA 1Y AL A28 650 ; R T ECR (4% BRI BE S8 R Tg (pmidkine-a: EGFP) , AWM R
H AR F 0 A T T 33X — B (] OIS G FaB 1 O 5 K S5 G LRI BE S 1 /R &R Tg (phsp:midkine-a: EGFP) fif
JRREA TR ST 3 223k midkine-a, IEE MG O AE R AL FIH T (pemle2 : dsRed ) 1 28 IR 140 LN B AZ A 41 (¢
I, BEMEAT BRSO ECo LA I ST 880X — 4% 05, % 42 5 19 Tg ( phsp: midkine-a; EGFP) 4 22 5 4l 4 () Tg (pemlc2:
dsRed) 1 23, LAF9%)] Tg (phsp: midkine-a: EGFP/pemle2 : dsRed) B9 24 & IR X AT UK 52 1 5 234 midkine-
a, THE ARG O PO LRI 0 S8 TS HEE SR A% 1182 ( morphonino , MO ) BB AR IR A Y midkine-a mRNA
IR MBI G DR R R JFEA 243K IESE midkine-a ZE WA G 48 hpf( hour post fertilization, 32 4% 5, R
FRICEE L 0 RS AEHS ) K 2238 T 0 JJE %5 3L Tg ( pmidkine-a: EGFP) JRJIG7E 72 hpf A H EGFP ik T0 I ; Tg
( phsp : midkine-a;: EGFP) JRIE7ES 235 midkine-a 5 O WEAE /)N ; NS bk B2 R A% H 2 A B midkine-a XJ RGO & B X
52 s 5 S5 7F Tg (phsp: midkine-a: EGFP/pemlc2 : dsRed ) 21 2 J i i % 35 midkine-a 52 BCH A0 90 AILZE A
BEZD SHANOIEINEY G, %18 midkine-a TEHES MG K & AR D RIB TR0 IE; 5 K35 midkine-a &
FOWENG O YO LR B B8 D BoU AL /I 5 B R midkine-a WX RGO I & B JC R0

[X#EiF] HSEEE; OIEA T ;midkine-a; O LG
[FESZES] 09533 [ X#EFAB] A [ XEHS] 10054847(2015) 05-0458-08
Doi:10. 3969/]. issn. 1005 —4847.2015. 05. 004

Midkine-a inhibits zebrafish embryonic heart growth by
limiting the cardiomyocyte pool
CHEN Jing' ,LUO Jing’ ,Hitchcock Peter®

(1. Fujian Normal University, Fuzhou 350117, China; 2. Kellogg Eye Center of University of Michigan-Ann Arbor,
Ann Arbor, US 48103)

[ Abstract] Objective To investigate the functional role of a soluble secretion factor midkine-a in the process of
zebrafish embryonic heart development. Methods ~ Whole-mount in situ hybridization was performed to detect whether
midkine-a is expressed in the embryonic heart. In the transgenic embryonic heart of Tg ( pmidkine-a; EGFP) , the expres-
sion of EGFP in the heart was monitored. Multiple heat shock treatments were applied to Tg ( phsp:midkine-a: EGFP) em-
bryos in order to overexpress midkine-a, and the phenotype of the heart was observed. The heterozygous Tg ( phsp:mid-
kine-a: EGFP) fish were crossed with homozygous Tg ( pcmlc2:dsRed) fish, which specifically expresses RFP in the nucle-
oli of embryonic cardiomyocytes to facilitate myocyte number counting. To get Tg ( phsp:midkine-a: EGFP/pemlc2 ;dsRed)

[EE£TH]EZE A AREIS (No. 30971106 ) ; i 844 A IRRHF I 4 (No. 2014J01304) ; Z0HE # 5A 2% ol A 51 364 (#0450 w #8[2010 ] 1561
5
[EIERE T FRRRF (1972 - ), 2, BIEOR 1 R ) B S AR O AE R R .. E-mail ; j¢2417@ fjnu. edu. cn
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embryos, and the total number of cardiomyocytes in their heart was counted and compared with the controls when the heat

shock induced overexpression of midkine-a. Morphonino knocked out of midkine-a was performed to observe the heart phe-

notype. Results Midkine-a was expressed in the zebrafish embryonic heart during development. Overexpression of mid-

kine-a led to a smaller heart and reduced total number of cardiomyoctes in a single heart, which might be associated with

the smaller heart phenotype. Morphonilo knocked out of midkine-a had no effect upon the heart development. Conclusions

Midkine-a impedes zebrafish embryonic heart growth by limiting its cardiomyocyte pool.

[ Key words]

midkine J&—F PRI AE K KT, BE S/
TR FAEV T M K 365 b A%
Jr G B SR ER . B RE—1 13 kda
B3 53 F , B PR E5 A R ZH B, C it 45 44 35 E 5 T
ROE N IS MR AE 5 2 IR S5 6, IS5 F 38 2 7]
PAXUBREEAH " . Midkine-a |72 Hh 335 T 4 &
G510 GERGE R AL B I S R B 4L ST
midkine fEAEHERIZETCAE K JMETEAN A2 AFG
VoA UA T feat B an ka2 g & A 4

ANETFFLIY HA —F midkine, 5L K &
2S5 midkine FEBE S iR NA 2 APl AY, a BUAD
b AU - midkine-a PG TRE S ARG R 2
RGBS 55 R TS midkine-a F iR IR 45
Ha T 28 A 20N Sk 3 A A 2 AR 2 A &8 BB
BE2 . 7E 16 hpf W), midkine-a JF & 8 B0 7E A& 4
H BT T AT i A R midkine-a 75 #4541 2
R IR IE & & R EEENER . AX
BRHE midkine-a 28335 T 5 L5 £0 00 ) 55 149 1 24 il
ZWN L IAER 1d2a {5538 B0 320 51 815 sh AR Y
A SR AR L e AP midkine-a HAEAE T AR I
FLENY GRS PTREE A A T A Th R A
OB S R PO ETT A AR BE A7 B0 AL
5 T B0 E AR AR T, B AR O LA mid-
kine-a J& A 4 s KV e, 5T LT BEAE O U
Az 2 — R R R R T AT ST R
B midkine-a ¢35 T 5E 5 A JR RGO HE X 8y | 48
Wk, midkine-a 75 MG OE & & i 8 o A T RE AN
BT, I HAS— 5 5 B AR O E 50 LR o
YERPFAT—30, AR R AT 4R 4R R midkine-a
TECNER B T HEH . 280 T midkine-a, midkine-b
R —FEe S/ N T IR G T A A A
T AEVRS MR RS 3% v 22 LR 42 0 b 20 2R R A i A
BrAERPERY A iRIE R W midkine-b 78 BE D fa ik
6% B R R P Ul V0 R o w2 i B OB
B T, & RE I8 I Rl 2 M S 00 T 4 R Y
R FERED, 8 IR G P, midkine-a 1 midkine-b 43

Zebrafish embryo ; Heart development ; midkine-a ; Cardiomyocyte pool

PIFRIR T BN E M X B ATT A A
2B midkine-b FFANFRIE T BE A B SRR O,
TUTEAS 2251 SE 90 1T 20 midkine-b,

BE S 0 (RSO JIE A B AT 3 S R ek AR 0
DR B, O M T A 48 B A B, 0 JEE TR BB 0 R T
o TEBELh £ ViR T T 1 i o JUEE T 44 400 i
AR T A B A e (4 X 3 7 ZERR IR AZ A 12 h
(12 hpf,hours post fertilization ) , J& Jif 4 0] %) .0 I 1
PR A 1] TP R FT R AL A, JE I — A AT X AR Y 0 i
(S AR T = 15 NP8 R o VA e el TR ST
PRI S &0 L R, R Ao T 0 5 6 UL T A4S 4
B TEMRRR AL T 13-BE IR (15,5 hpf), O BE
T DX 38843 HE T T A 240 LR BT 0 o T A/ 4
#f. 7E 19 hpf IR0 WURTIRANARZ 7E Tk HIC&IHE
AR R S5 AL 22 hpf B i
— A — M TR R BRI anao ., 2
48 hpf [, XA 08 7 220 I B, A7 1) O #EIE B,
PR A B, MAEFAE I, T — > A A DI BE R
DES

FeATw0 28 A I 5T R B - (D J5t i 2% 42 3 50 11 52
midkine-a 5 T & & 1 A9.00E; @ Midkin-a 3
5 ¥t 13 2. 2 kb Ky DNA JPHIRES] S EGFP £ ik
RPN 3 R8O IE R R ik @ o Rk
midkine-a 5 £ BE 5 A 1R G O BEAZ /2N, @ MO - #i BR
midkine-a X1 IR 0 I & B WA %, &t £k
midkine-a 5200 JE PO WLAH it S s 2D | 557080 i
AR —5, X LR R, midkine-a 7E5E 5 A )T

GO R & s VR, A BR A0 L
A0 S 7 SR R B DA

1 #MR5FE

1.1 WES&EHEAF

JIT A S B T K R IR 3800 T T A, R VR T
A AB FR RN T AR 30 HUBE D, a3
24 A% KT 0.11 ~0.23 kg, SCEGERAE L N 35
] 25 AR R 2 2 W e R e D AR IR Bt B fa
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WRRGAEIT 27°C ) ER 7K (60 pg/mL Instant Ocean
Salts; Aquarium Systems, Mentor, OH) 1, [ ] B
BRI 14 h/10 W' BEIERBE D 4 Tg (phsp:
midkine-a; EGFP) 25 = JF AT A &, HAE AR
SN IR e 8 FUR 3 7% 4% midkine-a #1 EGFP
(s &0 2% 68 1, enhanced green fluorescent pro-
tein) ARIEHED . TERR UL BT bk 0 R 20
23X midkine-a: EGFP mRNA . Tg ( pmidkine-a: EG-
FP) 52 7 Ah— R LR BE S 0 R % A JE AR mid-
kine-a, $ZUAAIA S5 Y BliF2. 2 kb BYR3h T A
B EGFP i H . itk RIEIBAEAT mid-
kine-a 234 B9 41 2R F1 8% ‘B <= % 35 midkine-a: EGFP
Al P AR sk, Ty (pemlc2 ; dsRed2-
nuc ) 52 73 Ah— PR AETENE IR CoJIE O LA BEAZ & Hh £ 6
G £ BE DX £ R | R Yk B DO LR
S PERE R UK R 24 2 1A ) FIE A A UO0E
H (red fluorescent protein, RFP) ( Stainier 2001) , 1%
RFP & BA #%0E M55 51 % RFP 7E.0 WL4H i #%
PIRIA" . HENT SRR AR FR Y R T A
JULER G 5 %o B8 B0l P A JULER S
P
L2 RAHRIK

i £01 JJR i 4 4 2H S 2 A7 23 58 S B AR A ST
BRHRGH (9 7 IR T ) B A ICEE 48 hpf RMR 1T
JE XX LEIR iR BEAT [ B B A K il b rE
70°C F##47, #E K5 midkine-a mRNA AH XS 17 1)
Mo EbRIC B/ B O RNA, 35T R SE IR iR
FRAR 28 BRI I B B R B bR 10 B P S =4t
T A SN T AR T AR Tris 2% thil N 2R 1T,
MG MEIRFRASTE Zeiss Image A2 %5 w] g fiUs% (12
R AT TR,
1.3 O ALEAEITEL

Tg (pemlc2 ; dsRed2-nuc) J A FH & X0 L4
AT, W24 B T BE i Te ( phsp: midkine-a:
EGFP) line 5 45 F Tg (pemlc2 :dsRed-nuc) L
52, Je ARG L PR B — 2 2 WU &% e A IR i
Tg ( phsp: midkine-a: EGFP) "~ ; Tg ( pemlc2:
dsRed-nuc) 7, XLEPRIGTEHRTEAL I T fE
(133 3K midkine-a: EGFP, 3 FE AT 9.0 JIE O ILAH
MRz R A 2L A5G, RN AT 7 A2 1 55— IR
JHEA pemle2 ;dsRed-nuc ™~ FEFAY HAREN ik
midkine-a , 3 & R MG AT H 8000 LA 1450 S8 56 19
XFHR . TERIRSEAL PR , 720 B AOBE T AR O JiE

Ve v S S LAY SR AN S = L Y a2 a
0. 003 % A kTR ER 7K o LU 3R 2 o R A, i
JGTE 72 hpf BRSNS B A LA E 10% i
A MIE Y Lebovitzs L15 353580, 35 F 53 B )5 57
RIFZESEET AR . FER RO EEMR b 470 W40
HECT S EE AT =R, U R A X B 4 A
SLEGAHARAE 10 HRG . TR S BAR S0 L4
JHL 50D JA i DU) Dok S AR i v AT A6 %
1.4 kA E

ZIRIR TR J7 7 K% T (phsp: midkine-
a:EGFP) JREATE 15,20 .24 27 .30 & 48 hpf KA,
BT 37°C F72E 1 h, mERIRRE T 24°C R B L
PR, SRR AR o b 3 7 1% R AE fe KRR B AR iF
midkine-a Y3k , [ By B A 78U R i 0 4 ) 2 A2
HYPRSE SRR, RGO E T 50 hpf B2 AR
1.5 Siteoth

S 2H 5 X B2 -3 2 ) 25 S 0 2 Sta-
tistica 7. 0 ( StatSoft, Inc. , Tulsa, OK) A XL
W43 22 HE 5 Fisher LSD SZEGHEATHRIIE
S HTME + bR RoR ¢« T RAAZ M 2R
HAREM, P<0.05,

2 #ZR
2.1 BHD &R A S TTEH midkine-a 7E /0
AERIE

FRATO JFAT 2% 58 52 56 45 S 2 B midkine-a mR-
NA TEMRAG 1% & 2 2 7 40 48 hpf BRI I8F 0
FFLE (K1), SRR —300 &, 76 72 hpf 5%
FERIBE S £ Tg ( pmidkine-a: EGFP) BY R fiG Y , mid-
kine-a 5 ¥iig e S AL LR 44 L% 2. 2 kb A9 DNA R B¢
BIT S H 5 A il & 25 ) midkine-a; EGFP 7.0 I
RSP RIL (F 2) , B H 2, midkine-a AE7E -
WIRRG O WE & B A B b 23k T Ik, X U B mid-
kine-a 7E.CoE& B 1 B AT BB TR E AR €
2.2 FEBAK A midkine-a TRIZSHOHELZER
BN

BT PRIE midkine-a BN HE, TATHH T Tg
(phsp : midkine-a; EGFP) %% & [K 5t & £ LA i — 25 #F
¥ #R3K midkine-a YO MER T W20, % AR
T R R ph BIR s SE RL Y ) 2 7 5 L i JE TR
midkine-a Fll EGFP 45 3 K 4 i, 765 5 1) 0 3%
TR AR SE B R S 2 T OE , S R 1
midkine-a il EGFP fill & 3 K () 3R ik, ik SL iR fif
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100pm

TE B £ G 7E 48 hpf B9 midkine-a 441 41 A3 JF 037 2% 28 51
. Jlal: A, anterior ( A /7)) ; P, posterior (J5 77 ) ; V, ventral ( JE
1) ;D,dorsal (T5#K) . #iskF& 1], A, atrium (0> 37 ) ; V, ventricle
(%),

Bl1 JEA7Z225C %7~ midkine-a mRNA 7£7F T W& I&
R E (% 20)
Note. The whole-mount in situ hybridization of 48 hpf embryos show-
ing the heart. Orientation: A, anterior; P, posterior; V, ventral; D,
dorsal. The arrows point to A ,atrium; V,ventricle.

Fig.1 In situ hybridization shows that midkine-a mR-

NA exists in a 48 hpf embryonic heart

_ bulbus arteriosus

o Bk ER

_ ventricle

i ‘_2;1‘

-

10pum

14 :Tg ( pmidkine-a: EGFP) #% & [K B & £ It )i 76 .0 ik 9 R 3
EGFP,IESE midkine-a fER NI & & FHDBLR I T O M. #F k48
18] Bl ik BR ( bulbus arteriosus ) Fl.L>%E (ventricle) . 78] : A. Ante-
rior (AT J7) 3 P. Posterior(f577) ;V. Ventral(JEH) ;D. Dorsal (¥
) o

B2 FHREHEKDM Tg (pmidkine-a;: EGFP) IRJik
D EP 3K EGFP ( x 100)
Note. Tg ( pmidkine-a;: EGFP) transgenic fish expresses EGFP in the
heart, demonstrating that midkine-a expresses in the early develop-
mental stage of the embryonic heart. The arrows point to the bulbus
arteriosus and the ventricle. Orientation: A, anterior; P, posterior;
V,ventral ;D , dorsal.

Fig.2 The embryo of transgenic fish Tg ( pmidkine-
a:EGFP) specifically expresses EGFP in the heart

FHPRTEALEE (70 WA R A s, e 3) Ja,
X BLIRGAAR N 1Y midkine-a . EGFP 3 3 fit) K & 1) 3%

TRIEIR AR FE MG O R 23K, B AFEDOE Tk
WSRO R0, BT 0 ML T R S ) 44
T, HOF S EZE RO NERER 25 5 M 5 HAth 21 21
SPHER (B 4B, B ) o 80 ik 5 0 B2 3 A ik
PRV o JE b A, S0 U B S 28 /NI P R 10
R (E4C, D), BRTOREAS /NI R ALAL 3k 8t
WG I & O Bl B0 S IRAE . % LR i
SEXBE B 23 YR/, X BR AR R IE 0 B2
F126 /43, (midkine-a BARFIA TGN, (55
O E PRI LA BT AL TR SR
MRS , B g A5 B O NERBIR 75 Z) b 5 3L
JLEEERE 22 S

Heat shock treatment

15 20 24 27 30 48

SERE IR K/NI B Hpf
PR TR K L B Tg (phsp: midkine-a; EGFP) 5%
HEH B IR SRS T3 PR 5E Ak 8 LA VR S midkine-a: EGFP K
R F L, G2 AE 15,20 .24 27 30 .48 hpf T DL
37 C 1 h BHAE TR He 88 3 24°CIKA

B3 PuRsoab R A

Note. Diagram showing the regimen of heatshock treatments of Tg
(phsp : midkine-a: EGFP) embryos at 15, 20, 24, 27, 30, 48
hpf to induce the maximum production of midkine-a. For each
heatshock treatment, embryos were exposed in a 37 “C incubator
for 1 h and then recovered in the 24°C incubator.

Fig.3 Diagram of the heat shock treatment

2.3 MWMESZ%E KRR midkine-a XD &R
HARRRR OER B T

513 3%3K midkine-a AN[A] A9 S, S REE S 4%
f%2 ( morpholino , MO ) PHA% midkine-a F¢%% 5% X BE & £
FLIR IR NE A& B A 520, 750 ~48 hpf Z[A] 5t
R R O NE & B D 20 I8 B A LRI B O
TR I ARG PRI 1, e 208 W — 1> LA O
AT 0 ~ 120 hpf FFAAMEE T midkine-a A HLIA
(morphant , $§ 15 T M Bk SE G A% A TR B AR IG ) (9.0
JIEZ Y, OR LA 2 S % (181 5) . 7E 82 hpf M mid-
kine-a ﬁ*ﬂﬁglﬂ‘ﬂﬁﬁﬁﬁﬁ', O JEIE 1, KA ) ol
FE ORI MAGEME BT, 5 X IR To 25, ok
DN BESC O B AR B 77 A, IX BEW] midkine-a /)
FETEXS T 5 S R IGO0 I I E 3 8 B AN R A5 1
A midkine-a M IREE A 1% 1 B2 FHA% midkine-a BHFEAE
A ROPE SR 55 midkine-a &2 midkine-b ¢D-
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WT B4 100pum : ; 100pm

Tg(phsp 70/4:mdka: :egfp) e i e
R A IE.H...I_mn 100um

T PUATE S| 2 midkine-a ; EGFP 7E 48 hpf Tg( phsp: midkine-a: EGFP) FEAG HAY ik, MBFAET 524 F Tg (phsp: mid-
kine-a: EGFP) BE1h 5 52 L 4 J5 AR AR 58 I3, 7ETO0 BAMUEE T AR O AEA JEak OB F g | 338, 0 T AE T (A,
WT) HHHEF B B, Tg (phsp: midkine-a: EGFP) JHH41, A, B WERAAHIAE ;A | B S0 O REANTIEL, 6 k48 17 % ik
BOTOCEAMOME, C, D, ¥4 Ty (phsp: midkine-a: EGFP) MG 7EHIA 5 ib S .00 JIE DIC IS . 0B L (2%
i oEH A AL,

4 PIKTEF]'S midkine-a: EGFP 7E Tg( phsp: midkine-a: EGFP) IR i i ()53 32 35 5 BUW G O JIEAE /)N
( FF %100, FE x20)
Note. Heatshock treatments induce midkine-a ; EGFP protein expression in the whole embryos. Wild-type and heterozygous Tg
(phsp: midkine-a;: EGFP) fish were crossed to get the wild-type (A) and Tg( phsp: midkine-a:EGFP) (B) embryos, and then
these embryos were heatshcocked to induce the transgene expression. A, B, whole embryos expressing midkine-a; EGFP; A’ |, B’ |
the corresponding hearts expressing midkine-a: EGFP. White arrow points to the green heart. C, D, DIC images of the wild-type
and Tg( phsp: midkine-a;EGFP) hearts. The atriums were outlined by red color and the ventricles were outlined by white color.

Fig.4 Heat shock treatment induces the expression of the fusion protein midkine-a: EGFP in Tg ( phsp: mid-

kine-a; EGFP) embryos, leading to a small heart

NA RSN S250 (18] 6) TR SE 12 55 M 45 I 5%
midkine-a M3 MRSE A 4% 1 1R it A 2B BH % midkine-a
cDNA PRNER I ; 11 JC B 1 [W] 5 3% Pl midkine-b ¢N-
DA (RSN AR UESE T HA RO B R 5k

2.4 BE &AL RIE midkine-a S B0 A4 A

Uy (BB O7 8k ) Bk, FA TR R 2R N Tg
(phsp : midkine-a;: EGFP) 5 Tg ( pcmlc2 ; dsRed-nuc)
ZHE, 15 2] I 43 B HE N B R Tg (phsp : midkine-a:
EGFP)/Tg (pemlc2 :dsRed-nuc) 22 & F NG, SEH
PRSI midkine-a (YL FIK 1T I & BT R}
I RO BEEE T REN A TR O
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RO LR LR S, S5 % R AR B, &5 SR R BLAE 34
RITALFRZH 1 h, 33 33K midkine-a 415 % BR 41 1)

100pum

midkine-a/T i f QBB TR
Midkine-a MO

T I X R MO () B midkine-MO(F7) UARAR .0 HE DIC B , B Pk 38 1 O AERL T . BARI0 TRERR 82 hpf B,
5 MO ##FR midkine-a ASEIR AR CHEIEH &L H ( x20)

Note. DIC images of the embryonic control heart( Left) and the heart of midkine-a Knock-down embryos( Right) with morpholino.

RO EER -

Black arrows point to the hearts.

Fig.5 Knock-down of midkine-a with morpholino does not affect the embryonic heart development

1 2 3 4 5
Midkine-a »  fu S ! |« Midkine-b
13107 b 13%10°
Midkine-a cDNA + + +
Midkine-b cDNA + +
No morpholino (TE MBI E & #E ) +
Control MO (¥ & 15 i 55 & 4 5 R) + +
Midkine-a MO (Midkine-a B E & + +

HE )

T ARAN B S IGIE S midkine-a P BRIE A A% FF AR AT midkine-a cDNA BHEEVEF A A 55 M B 5 52 . midkine ¢DNA #4c4h
FIESC0 HI S- ML A MARic . 9 AE midkine-a NYPHEE A1 BRI A 24, midkine-a ¢DNA A1 H113 51290 75 JE N B SE 15
FAFER (138 ) A X BRI SE S A% AR (2 38 ) A midkine-a WBREE G TR (3 38) AAEERY SR T #EAT . WIPE midkine-a
N Bk 55 5 AR T R (5 57 1 , midkine-h cDNA &AM SZI0 76 AT X HEIS R SE-5 BT R (4 18 ) 30 midkine-a MhMREE S AZ TR
(5 1) FAAERY 260 T AT

6 midkine-a MHMRSE A A% H R0 BE T 1 midkine-a cDNA (RSN EHREBELATAE HI Y A R0CHE S5 Re 1k
Note. In vitro translation using ** S-methionine label shows the effectiveness and specificity of midkine-a MO. To determine the effec-
tiveness of midkine-a MO, midkine-a ¢cDNA in vitro translation experiments were conducted in the absence (Lane 1), presence of
control MO ( Lane 2) , and the presence of midkine-a MO (Lane 3). To determine the specificity of midkine-a MO, midkine-b ¢D-
NA in vitro translation experiments were conducted in the presence of control MO ( Lane 4), and the presence of midkine-a MO
(Lane 5).

Fig.6 The specificity and effectiveness of midkine-a MO on blocking the in vitro translation of midkine-a and

midkine-b ¢cDNA

BN IE 26 R 2 DD AR OC . 3X 1 AR 1T BE midkine-a
S FRIRBHAS T GO LA At 3 5, 55 L0 UL it

AU JULEH L HSOHH Lo 5 8 A X331 5 i 7 VPR S Ak B 2
JA B9 72 hpf B i FEak 210 LA0 R E00E b &
BEASDMEF 126 A0 LA, A1 A 20T B 20 A
O VAR S BSLE 3X — 5 204 24 218 >0 LA i (]
7). PIBEZIEG 2 F 2R B &M, XU,
SR 3 R midkine-a SECOIERN O AL
AL B D, HiX — A 5id # K midkine-a ARG

Bowb , SHUNGIERRE,
3 it

Midkine J&—Rh ] VR0 A= K IR BE S /Ny
TR S AR M A 3958 A S A7 i
DI RN E AL ER Y, R 13
x 107 B3 731, o A S5 AR IR, C S 1 Jak
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WT-HS
B A R+ AT,

100um

A T+ R
T'g (pemlc2: REPnuc+/-)

100pum

M- H FIMidkine-afit
Tg (phsp:Midkine-a: EGFP+/-)/(pemlc2: RFPnuc+/-)

C The Number of cardiomyocytes in Heat shocked WT
and midkine-a overexpressed embryos

AR T AR S B 2 AL o U o LA LS

£ 3004

é 2501

g 2007 .

:_%’ 1504

o

= 100+

3 507

Z 0

o

WT-HS

MDK-HS

F. 875 Tg ( phsp: midkine-a; EGFP) Hai4TEAR Tg (emle2 ; dsRed-nuc) fﬁﬂ,)ﬁ1ﬁﬂ£ﬂﬁé’é*}kﬁiﬁﬁ JIET2 hpf ibp

MO RS B T T4 BT AL, BPAE Y (A) F midkine-a & B4 (B) o 7EFOG A T PI4L 72 hpf FRARIY K 2 A5
FLC LA BT E . C BT R BEE B ok E AR LA midkine-a i FRH 4 =4 FEAFI 3 RIS, « RHER
AW, P <0.05,
7 i FiE midkine-a ZH B IRJIRCHE YO LAR L SR EE XS BRZELAI (% 50)

Note. The heterozygous ( phsp: midkine-a; EGFP) fish was crossed with homozygous ( cmlc2: dsRed-nuc) fish. Their progenies
were heat-shocked and grouped into wild-type (A) and midkine overexpression (B) groups by the absence and presence of green
fluorescence in the heart. To count their cardiomyocytes, the embryonic hearts were imaged with the red fluorescence under micro-
scope at 72 hpf. The experiments were repeated three times and three embryos were counted each time to get the average number of
the cardiomyocytes in each group. * shows a significant statistical difference between the numbers of cardiomyocytes in the wild
type and midkine-a overexpression groups.

Fig.7 Overexpression of midkine-a leads to a reduced total number of cardiomyocytes in the embryonic heart

RESIFREE G N I sl aE 5 2 K456, iz
OB B R TS R G
GOHERRGE SR A B0 2 B s AL gL
midkine REfE FEMZICA IS MR TEANNE /3 2 A7 TG BT
AN T AR A R 2 B G e A A R
% midkine U135 T WG K mUAFE WAL 3h 0.0 B, (2
BAEODIET IR AN TR A Z

BE L 4 1) midkine 47 7E P FH IE 7 . midkine-a Al
midkine-b" . " TEBE I MR iR K B A2 R G
FE R i R v 3 A . TR B A IR IR
], midkine-a A1 midkine-b £ H ¢35 T30 37 i) B AN
FEMXIR® A SO E F BT, midkine-a 1 o3
KT R e 0 R iR, 2 Bl 2 IR TT AR T
midkine-a JF & Hi B 7E A 53717 19 1T 86 65 IR 20

MM/ , midkine-a PAPIR A 7 AT 25 3Rk TiX
— X3, 7E)51), midkine-a 1A T 5l 5% IR 2 KR
M ER IR midekine-a AU A X BbRE T
midkine-a FIK [ P AR . midkine-a Y% A 7E B
()2 8] 55 P RS A R R — 8 fEBE T £
RGN, i3 235 midkine-a mRNA AT S5 P4 I A 3
DHUH 200 e K5 H S =5 8 o, T P ok B A TR R
midkine-a ] BN MG Al & B 70 M HARICY) R B
M PR S5 R, B 4Rk
R AR, %05 R Y] midkine-a 7] HIl 556 R
HIRE TP OUEE Al ) 38 ORI LU 3R R & U805
M, BN midkine-a TERF IR AR KB 2% 40 i i
i6 FREEEMIEMT . midkine G HESIY A &
o P VR I Z R4, A SO T midkine 1E
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FAEKKFFHER, B4R midkine-a f&—Fp A4 K K
T, BrdU AL R BT (b 41 45 11 Y S 2 2H AL S 5
T3 WY IR M 4 L 28 I 00 AN SR 8T 200 L 4
T midkine-a 7ERFA0 NI A S B R 4 i iz 1

MFEHT S 5 A B R A K i fE e 3%

TR SE 8GR B Mdikine-a R IXZEMRIRONEN . 7E

R i R 35 Mdikine-a BEFHAGCNEAE K, Bomi e

4R AR, RIS midkine-a 7E4Efk ARG AR &

H RNz D REAH L, 3 %35 midkine-a FHLAGIE

00 I & A ML A A T R O i AR O L

AL fiviz , BRI LA A SRR, A O LN BB A

Bkl LT SR I O R A R AR T JUL AR RS

B, sk f Y midkine-a R g 38 1ok BELAS- U FiT 48 43

B BEL AL JL A L 8 G55 P A 7 = R A O JUE P

JULZR L SR, T D R B2 5 A% T PR R BR midkine-a Xof

DE D i LR i O R & B TER20 , B midkine-a Xf

DR B AR TG 1, T 2219 midkine-a W RS %

BRI PERIMER . B2, midkine-a 785 IR 00 E

R AR A T A BR O LA S B O R AR

O UL iz BV . AR S T e 2

Kok dE— 2B A5 midkine 7.0k ) R UiEAS 538 i

(LR , ISR AEAATREC WU 5 190 53 N 2R

Beitt— 2B AR, S O LBk I B AR FE 1Y AT 8 1Y

ST EYEEIRT T BOE SR

5 X X W

[ 1] Kadomatsu K, Muramatsu T. Midkine and pleiotrophin in neural
development and cancer [ J]. Cancer Lett,2004, 204(2); 127
—143.

[2] Winkler C, Yao S. The midkine family of growth factors; diverse
roles in nervous system formation and maintenance [ J]. Br J
Pharmacol, 2014, 171(4): 905 -912.

[ 3] Winkler C, Schafer M, Duschl J, et al. Functional divergence of

two zebrafish midkine growth factors following fish-specific gene

[5]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

duplication [ J]. Genome Res, 2003, 13(6A) . 1067 —1081.
Luo J, Uribe RA, Hayton S, et al. Midkine-A functions up-
stream of Id2a to regulate cell cycle kinetics in the developing
vertebrate retina [ J]. Neural Dev, 2012, 7(1) : 33.

Horiba M, Kadomatsu K, Yasui K, et al. Midkine plays a pro-
tective role against cardiac ischemia/reperfusion injury through a
reduction of apoptotic reaction [ J]. Circulation, 2006, 114
(16) . 1713 - 1720.

Liedtke D, Winkler C. Midkine-b regulates cell specification at
the neural plate border in zebrafish [ J]. Dev Dynamics, 2008,
237(1):62-74..

Lien CL, Schebesta M, Makino S, et al. Gene expression analy-
sis of zebrafish heart regeneration [ J]. PLoS Biol, 2006, 4(8) :
€260.

Stainier DY. Zebrafish genetics and vertebrate heart formation
[J]. Nat Rev Genet, 2001, 2(1) . 39 -48.

Thisse C, Thisse B. High-resolution in situ hybridization to
whole-mount zebrafish embryos [J]. Nat Protoc, 2008, 3(1):
59 - 69.

¥, XU, TRAr, % @iy diauie (1], P E
LA, 2014, 22(6) ;99 - 102.

T, WEE, oK. BED M@0 & S [ R 5
St BEIRAL (1] PESSE SR, 2014, 22(6) : 93 -
98,105.

TSR, WA, RALAT, AF. S0 FEE D 60 55 A b v
WRIALERDT (1], R R AR, 2014, 24(8): 75 -
78.

Jones DR. Measuring midkine: the utility of midkine as a bio-
marker in cancer and other diseases [ J]. Br J Pharmacol, 2014,
171(12) ; 2925 -2939.

Sato W, Sato Y. Midkine in nephrogenesis, hypertension and
kidney diseases [ J]. Br J Pharmacol, 2014, 171 (4) . 879 -
887.

Muramatsu T, Kadomatsu K. Midkine; an emerging target of
drug development for treatment of multiple diseases [ J]. Br J
Pharmacol, 2014, 171(4) . 811 —-813.

[WFSEHI] 2015-04-27



2015 4F 10 A o [ S S 4 October 2015
H23 % K5 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 23 No. 5

§ RS Y

SeamsaaaendS

W75 5 = B LA 41 i 24 /)N BRBS AR i) gt 57
B4, AR

(B2 R E e R e FLIRARL, L 200032)

[BE] HE s — Pt 2R e (0 = B FLARIE 4T R 25 /0N US| SR AR 5% A P 8 it 25 AL i 3t 5
YR BE B TR FERL , FriE SRAIEEA (DDP) I T AR N A 38 SUBUR 25 A 19 )7 1k g sr = BAPE 2L
it 245 /8 BRUBR R 3 MIT'T 35 ARG 000 40 R i 24 45 5 S 98 Sl 8 B PCR 70 M 24 A ¢ 5 [H MDR1 . BCRP \MMP7 } GST-m
FIRE T BT 252 P-gp BCRP MMP7 KA 25 8 HEN S A I BEBR 1L Akt ( phosphorate-Akt,
p-Akt) FLEL Akt( total-Akt, t-Akt) ZE 3635 ; /NS UG AG I L EE M AL KA L, 25 R MTT B R 87 i = vk FL
FRFETI 24 AT1 /N BB R BT 2548 500 12. 845 T 245/ UM ZH 2 P MDR1 .BCRP MMP7 (GST-w 2K mRNA B3Ik
H J P-gp .BCRP MMP7 & AU A B THEM 25 /N EL(P <0. 01) ; Western blot {71, i 25/ UM 4H LY p-Akt
BEAFRBSH & TIEMA /MR, Akt FBEARKEAZS . AR 25/ 24 /0 B R 21 2UA: H 3 B R DL EH 81X 51
(P>0.05), 4r50% T X WFARL N FARREIR A9 DDP JAY7 5, i 25/ B DDP % S0 B 41K T 2578 B
(P<0.01), 85t WS T =M RLIRETHZE 4T1 /N BB | by = B ML R I BRAN AL 18 97 B Tt 24 3306 77
SR T RIFSER YT A

[x@iA]  =BIMEZUARE MR B2 M I040 ; s s /N R
[FEHES] Q9533 [ScEktRIEAE) A [XEHS] 1005-4847(2015) 05-0466-08
Doi :10. 3969/j. issn. 1005 —4847. 2015. 05. 005

Establishment of a cisplatin-resistant mouse model of 4T1
triple negative breast cancer

SHENG Jia-yu, CHEN Hong-feng "

(Department of Breast Surgery, Longhua Hospital, Shanghai University of Traditional Chinese Medicine,
Shanghai 200032, China)

[ Abstract] Objective To establish a cisplatin-resistant 4T1 mouse model of triple negative breast cancer. Meth-
ods A drug resistant mice model was established with cisplatin ( DDP) induction and in-vivo/in-vitro tumorigenic ap-
proach. Iis resistance characteristics were identified by MTT assay. Changes of drug resistance gene ( MDR1, BCRP,
MMP7, GST-m) and protein ( P-gp, BCRP, MMP7) expression, and phosphorate-Akt and total-Akt protein expression
were evaluated by real-time PCR, immunohistochemistry and western blot method, respectively. Small animal live imaging
technology was applied to detect tumor growth. Results Resistance fold (RF) of cisplatin-resistant 4T1 mouse model was
12. 84. The expression of MDR1, BCRP, MMP 7, GST-m mRNA and P-gp, BCRP, MMP 7 proteins in the resistant mice
were higher than that in the non-resistant mice. The result of western blot showed that a statistically higher expression of p-
Akt in resistant mice than that in non-resistant mice at protein levels (P <0.01). No significant difference of tumor growth
rate was observed between non-resistant and resistant mice( P >0.05). Given same dose of DDP, resistant mice showed
lower sensitivity than non-resistant mice significantly (P <0.01). Conclusions We have successfully established a cis-
platin-resistant triple negative breast cancer model in mice, which provides a new platform for further study on chemoresis-
tant reversal strategy and individualized clinical treatment of this disease.

[ Key words] Triple negative breast cancer; Neoplasm drug resistance; Cisplatin; Animal models; Mice
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I R TA A 2L g S — b g B S SO M P, AN )
8995 BRARE A5 RN 0 TR IE S BCHINR YT 19 S B FUS
B ANTA] e R b AR AR B e 2 A I 8 DR 3R 2
(estrogen receptor, ER) | 2% % & 3Z /K ( progesterone
receptor, PR) | A\ 3 2 4 K A F3Z 4K 2 (human epi-
dermal growth factor receptor-2, HER-2) % ik 4 A P
FREFR A = BA M FL IR (triple negative breast canc-
er, TNBC) . I AYFLIREXS N 3 MG YT KBt HER-
2 (B IR YT YA RUER, PR A7 o 2R YT
FB, IAERWFF A, TNBC X 255 LR i 5 5%
FEH 1 (breast cancer susceptibility gene-1, BRCA1) A
SR LM S B NS B 2 24 ) 2 L A e A UK
PES S RI , FE SR B AT A X U TNBC &
FHIHAEREFA T SRR, 5HAS T2
—F TEIR RIS 2 rh 2808 & 2k WLy
GBI B A T 24 T A S 236 7 S8R 32 31 ™
SR AR 5258 LALEA ( cisplatin, DDP) i 5 2}
Y, = DI ZUAE AR 4T1 ifs x4 R ALY
275 T 24 K AR N A2 BRI 5 U ST =
FLARIER T 24 /0N BB | I = BRI P FLAR 8 4T1 it 25
INBRURSERY 7 VR O 24 M i LA 2B AT 00 28 4R, S
T 24530 AT 5 S At SR

1 #MRl57AE

1.1 #EERIRFH

TS POV (RT3 ) W B 5% 61 25 BR A )
(165 : ZWA2A1305034A ) , RPMI-1640 71K 5 F7: 7
JiG A= IV | JE Tt | iR £k 22 i ( PBS) 2428 Gibeo 23
F 7 s PO H 3 250 5 (- methylthiazolyl tetrazolium
MTT) J DMSO #ji 3 L ifg A T A A RS A,
TRIZOL $& B0 & | S e 510 G A S 2 5 it
PCR i & H H A TaKaRa 23 7] ; SEHF 986 E &
PCR At 51 ¥ im0 TR (KiE) ARAFR &
B B WE R 4k Akt ( phosphorate-Akt, p-Akt) | & Akt
(total-Akt,t-Akt) .12 GAPDH (34 A Hi o B 7e BBt
) K AR B9 — Pty B 3¢ Cell Signaling 2
F] ; P-gp [BCRP \MMP7 $0 1A F 9% [ ABCAM 2
] ;EliVision plus 57 & . DAB {57 & 31 3 A&
HHFEY R A BR 2 5], D-luciferin W B ¥ R E
YRR A W],
1.2 ZRAIEFR R B iRFE

S BAPE LR A A AR 4T1 W 5 A ERR2EBE T
A AR, FH 5 10% R 4R 13 19 RMPI-1640 1557 5

Bige B3R 3o A 100 U/L 75 % M 10 mg/mL
R, BT 37°C.CO, BN ECR 5% W fE IR 5
FERAH G TR, UK H L A0 B 0 B 7 L O B, B
AR BRI SR A 22 0. 25% AR A g AL ,
FAX B KT A0 M AT 520

SPF 2 BALB/c MEPE/NER 56 H ,fAHE 16 ~18 g,
Hor 24 JUNERH T 25 sh W B AL ) g sr (15 6
Hodba i) 4232 H/NRHTIRL A5, /MR
PPk 8 T b3 e S 90 sh WA R IEAE 23 ) [ SCXK
(V) 2012 0002 ], 3% i PEMESE 1 8], AR SR AEE IR
(23 +2)C 12 50% ~60% , N TG IR A4S 12 h
HYRIFR 2, AR RRDEERT A SRR BATEUN
1.3 HEEWE

SR AT 245035 S 24 B AR N A A8 SUBORE 1Y
A = BIPEZLARIER T 25/ BRUBEARY 15 4T ZH AR
AR FR B BUE RS 10° A~/ H R T 6 Huh
BUMEE —FL oAb BEALY 208 2 4, T 440
K2 0.5 cmx0.5 ecm B (295 d) ,FLARIL (3 H) far
/NS T E I TE ST 0.3 mg/mL DDP, % FE2H (3
FO /N T A5 B NS @I E ST, B 1K,
HEE 4 A SRS  AETC A A1 T I A5 A e
ML AT SR, KA S TR SR , 57
R AR KN | FH B B 2 T AR e B AT ok
BB IRE A , 74 AT1 UM 8% 32 S R EATHE 35, 4541
JRACKE TR A R e AR AR 2 WG, TRl T/ BUER
TR AR AR SR F R MTT (4 )7
TR 2545, /B 4 AR NI e SUE0R , 2 i 24
FEk B v B2 i 25 B (i 25658k 5 ~ 15 %) M ik,
e — /NGB A A , 2 A/ B A BB 43 i 77
HAE T 4% 2R PRI S - 80°C UKFATRAEH T
g% 20 1k  real-time PCR & western blot £ iM ; 7 4%
Jigg 21 2053 AT IR AR A A B 5

B RS 4 %3k b BE T 245 0 R AR 3G 3% 4T1/
DDP 4iifif, B 5% EXTECE KM, 8001 6 fLtkh, 4k
SEEEFE 24 h, BANHEIAE] 70% ~ 80% A i, HEAT
By REYLFRIE Lipofectamine TM 2000 i #EAE TS
FUEATHRAE, UL 48 h 5, G418 T b M 40 i K
Hrpwrpefb, 15 8 Fa e 2B 5K MY 4T1/DDP-
luc 2L, B 04 K 1Y 4T1/DDP-luc 4 it 42 Fi
21 96 FLEBAT Y, B HLRESE 24 b, 2R 2 KR FHIG AR KL
BAGHTT Tue KICAF S HIES KM Tue B 3K,
Living Imaging #{F73Hr kb 3R .

H32 FURNB B bk 28 5 B AR E KA Luc it
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AT 25 40 bk 4T1/DDP-lue M JE T 24 41 i ik 4T1-
lue FRAMNEE F5 B XTEUE K IG 3% 10° A~/ 2, 25l
FhF 4 /NS 2L D5 3 Ab 43 i ey — 1M FLAR
a2 AR 25/ NS 16 L, FR4/INERUIR 4
AUHKE 0.5 em x0. 5 em B (255 d) ,16 B =BAMEH,
Jidia /N RS AU BEAIL 532 4 - Model-A 2 J2 DDP-A 4,
BA145 8 HUNER 16 = B3Pk 3L e i 25 /) U Y
BEHL>2H M : Model-B 2H . DDP-B 4, £ 40 4% 8 H /)
Bl, &41/NEIYFE 0.2 mL/20 g 740 i i 0 S AR
), S R Ry, e 25 R 4 T BAR SR 25 Ny
DDP-A J DDP-B /MR 45T 0.3 mg/mL DDP; #5744
H-A KAEAIZH-B H/NRE T 0. 9% A= 3ERK
1.4 MTT x4 20 i 25 4 B %

A3 SO R AR K IR B 5% 4T1 41 ( Control
2H) A4 HEIFEACE 37 19 4T1/DDP 48 ( Model-1 .2
3.4 4), RSB R 5 x 10° 4~/mL, 71T 96
LI MR, 4L 100 wL, & 379C .CO, T4k
M 5% WTEIRIEFAE PR, Wi 24 h J5, nZi A
SRy S AN )R B 24 ) 58 A R SR AR S b 5
HARBE 6 NEAL, B E A FL (RS AR K IR,
TCANME ) A REFL ( KA it BEIRW) . FRgi i dl
YEF 24 h 5, BFLINA MTT(5 mg/mL) 15 wL, 4%E

®1 5IYEHEE

Tab.1 List of primers for the real-time PCR

BSR4 h, /NGO W SRR SRR MTT 89, BfLIn A
DMSO 150 wL, &% 10 min f# 550 A M B, 4
WA Tl A SC 5E W O'E (L (A490) , SEH EE AR 3 1K,
BOFEIME 3 N2 g i A K i ==

HR AR (% ) = (1 —%;ﬁjgg) % 100%

HRE A KA SR SPSS16. 0 #4155 259
2RI R B (1Cs, ), I 4 T 2SR 25 A 2K
(RF) .

" 242

wECRE) = S TR0
1.5 Real-time PCR &M 258X EH

K H TRIZOL 72 43 5l $2 B 4 HEifi 2587 Mod-
el<4 20 LI RO BB Control-4 2H /)N FR RS 2H 2 Y
RNA, 436G RE 0 HL i B R e B . R 2 s ik
F B 45 41 40 D B RNA J 5%, A2 18 eDNA, i —
21 MDR1 ,BCRP MMP7 ,GST-m 51 2 % GAP-
DH 54 34 (519 AH G A5 B L3R 2) . Real-time
PCR 255 H1 Rotor-Gene 6 B AF4#T, 8 & 45 S A
AR CoAE, R AR Y 2 - 93 H AR
PRI IR, W S HEAR Z R SR I Rk 22 5
AN G = S NI S 3

A ElL7

Genes Primers

K
Product length/pb

Forward primer:5'-ATCATCAGCAACAGCAGTCTGGA-3’

MDRI Reverse primer;5'GGCACCAAAGTGAAACCTGGA-3’ 12
BCRP Forward primer:5'ACGACTGGTTTGGACTCAAGCAC-3’ 114
Reverse primer:5'-AAAGATGGAATACCGAGGCTGATG-3'

MMP7 Forward primer;5'-CAGACTTACCTCGGATCGTAGTGGA-3’ 191
Reverse primer:5'-TGCGAAGGCATGACCTAGAGTG-3’

CSTomr Forward primer;5’'-CTCTGTCTACGCAGCACTGAATC-3' 166

- Reverse primer;5'-CAAGCCTTGCATCCAGGTATC-3'
GAPDH Forward primer;5'-AAATGGTGAAGGTCGGTGTGAAC-3 90

Reverse primer:5'-CAACAATCTCCACTTTGCCACTG-3’

1.6 GREALZKRNMARELXEAR

B 4 U 25880 ( Model 4 4 ) S X} HE A Y
(Control-4 2H) /N R M98 20 2 28 A B A3, 5 um 1)
F, LB i 2 K PBS ¥k 3 WK, &K 3 min;
pH 8.0 0.01 mol/L TE # i & & (100 C,
15 min) , i ASRAE, PBS ¥k 3 WK, &YX 3 min;
0.3% H,O0, il U2 2 AL 10 min; =i, PBS
YE3 K, IR 3 min; 20% F W E MG E RS
30 min, AP, 36 25 B RE S 1 —$T (P-gp. BCRP,
MMP7 Hif&LL 1: 5000 76 #¢)37°CHFH 2 h,PBS ¥t 3

K, B 3 min; EnVision K57 (HRP-M/R)37°C , 30
min ; PBS % 3 X, 4K 3 min; DAB (% 8 ~ 12 min;
IARFEARTG A BOKEEM e RS s 45 0
R ERIE A IR RAR A, AR 5 5K
A, 7E 200 A5 IR T, BE5K U0 A B ALIZE 45 BH 44 4 i 2%
KIS 3 A PLEFAE I 2 H AR, KA Image Pro
Plus 6. 0 #AFSEAT R 0 B, Lo B4 217 WO
(=8
1.7 Western blot iUl Akt BEER{LHEXER
PEHCH A 4 HLTT 2587 (Model 4 21 ) S Xt AR
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#I( Control4 21 ) /NRIR AL R, I AR AR
J5 B AR T RE S (30 ) T 3R TN 94 Tk Jie B
JE R TR LR B 5% IS 4 W5 TBST &
PR PRET4E Z %, 28 6 60 min, 23 A 1: 8000 Hi
FEHY P-gp . MDRI1 K2 BCRP Hii&k & 1:5000 Fii BEHY
GAPDH( W Z M) fitfk, & T 4CHEIKS®K, H&
0.05% Tween 20 1) PBS(PBST) ¥t 3 X, %KX 5 min,
B 1: 8000 Fi B —Hi 2 5 H 1 h, TBST PE¥ 3
W IMAAE IR RO GRS & Wi e, 1
Photoshop Image J #X47Hr 45 55445 I EEAEL, LA E 1Y
Z K PEAE/ GAPDH 457 K (B FLE 2R H 1) 4%
GHICY RO T STy
1.8 Zh¥iEE A GA
UM AL BRET 1 d, BrA 4 2/ B 70 R g A
W, BRI LT SEEHT 10 min $f 5 240 & R PR
4% 0.2 mL/20 g (RHE Y EIE B E S D-luciferin i
FI(PBS BL LY, e 2 W B 15 mg/mL) , H 5 38
B /IS BRI SRR 0 BRI, /D BR80T A% s
FAP, REE R A A BN, 24 B ) 21 3K 7 55 D-28k
W5 Y 15 min, 3 R EE Xenogen IVIS JRA% 6]
A2 b

Primary cultured for 24 hours

1 4T1/DDP 4TS24k ( % 200)
Fig. 1 Morphology of 4T1/DDP cells( x200)

2.2 THHEBENE

MTT 246 00 J AR K5 5% 19 4T1 41 il ( Control 41)
PR 4 EJFARKE IR 4T1/DDP 40 ( Model-1 2 3,
4 44) % DDP ) 1Cy, 43 3 b #1 5.73 .9.50 ,17. 16,
36.03 pg/mL M 73.63 wg/mL, 4 #tJ5E AL 5 35 Y
4T1/DDP 41 il X} DDP % RF 4351 K 1.66.,2.99
6.29 J 12. 84 %% 4 fIt )35 5219 4T1/DDP #iffi
KA 25 FERE , T DAUJS SRk A9 2 24 i 24 /8 B
RV ST (LR 2)
2.3 %7 4T1/DDP-luc RS X B E 1

B AR E Rk lue DO KN 4T1/DDP

HAREE IR 1K

15t subculture

S5 R AR A £, Living Image 4.3 ( Lumina
XR) BAx /N B N DA 5 AT R 0 B, 4
S B SIS | B AR | BN N TR] DA A & A
FHH Radiance ( photons ) 1E A 7€ 7 ¥4, Bl Radi-
ance ( p/s/cm2/sr) A MRAEECH .
1.9 Zritz4aE

JRASCR Y PATES 3 W B ¢ =5 Fon,
I SPSS 16. 0 KA, W1 P L AR JH B R 3R 7 22 4%
BT B KUE o =0. 05,

2 FHRE5HMH

2.1 EEFEYE

W AE T 251 U A R A1 204 TR AR A
B3R, 29 24 W JE LT A B9 48 B AR TR TS, 52
RIGFML) 2/3 WA MRl R IR %3, ) 173 4
WhEE, FH PBS b4 e, Wi N OULEE n] Il R
RKEFR 24 h G E =ML Z MY, RELEK
BT 28 1 WALRARSE 5 )5, 40 A S R 32 0 T el
® MRS T —8 2 2 WA RS, I BE 20
Jusg g i s, A —, L2 ML N, AR i i
(WE1),

fefUigR2

2nd subculture

N E T 96 FLEEM T, IN AJEY) D-luciferin F-4852
RATJG 18 FITE TR B AR 28 G0 X6 I B 3% 57 1) 40 i 4T
ARG R L, B 3 (AK) B8, 4T1/DDP-luc
YT 96 FLEBAR HH RN B A KRS . RN
K0 Kt 4T1/DDP-luc AR T/NRUS 1, i ]
TERAE R G /NRBEITEECRE . K3 W
N EFR T 4T1/DDP-lue 41 A4 /1N BRI 21 A1 25 )
RMAET .
2.4 THZHHEXEEFRIX

Real-time PCR #0455 B 7R | 57 4 H{Liff 2545571
(Model-4 21) i Jg 21 41 f MDR1, BCRP, MMP7 %



470 P E S E R 2015 4F 10 H 4523 5555 ] Acta Lab Anim Sci Sin, October 2015, Vol. 23. No. 5
Control Model-1 Model-2
100+ 100+ 1001
o 801 o 801 g 507
£E ol £ = 2 60
5 # 5 7 W 5
EE 401 EE 401 " EE 401
= é = é RF=1.66 Z =
= 204 = 204 £ 201
U T T 1 U T T 1 {J T T 1
0 100 200 300 0 100 200 300 0 100 200 300
DDP Concenration (pg/mL) DDP Concenration (pg/mL) DDP Concenration (pg/mL)
Model-3 Model-4
1001 100
804
2 2
& E 60 £ =
¥ 5 ¥ S
EE 404 ==
. RF=629 ¥ £ RF=12.84
l] T T 1 T T 1
0 100 200 300 100 200 300
DDP Concenration (pg/mL) DDP Concenration (pg/mL)
B2 JWEAXT 4T1 A1 4T1/DDP 20 3 5 1 52

Fig.2 Effect of DDP on proliferation of the 4T1 and 4T1/DDP cells

il

Q008686

3
Fig.3

GST-m K mRNA [RIAR=IEE T control 4,257
AEiT#E L (P <0.01), 5372 control4 £ i &g
HLAY 2. 05 1% 3. 85 1% .3. 58 1% Iz 3. 66 1% ( VLI
4),
2.5 WHBEXEARIE

o AL AG I 45 5 {87, P-gp . BCRP . MMP7 %K
FITESS 4 HETF 2588 ( Model4 2H ) it yid 20 21 v 44 458
5 (A 0 UKL BHE TR W), 4 i R (4.34
0.56) .(0.98 £0.50) .(1.08 £0.27) ; Mi7E Control-
4 HrPFR AR, 409 (14.93 £1.18) . (10.95
+1.62) (15.66 +1.11) , 2R W EAGITFE X
(P<0.01) (WL 5) .,

PR BT 4 E

Identification of the luciferase activity
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2000
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Counts

2.6 Akt BiRRLEXERRIE

Western blot /25 5 7R, 7EFERIPIR S T 46 4
LT 2545570 (Model 4 41) i 41 2L N BERR AL Akt (p-
Akt) 7K 2 25 T control4 20, W2 t-Akt & 13635
THHE2ZR . iR western blot HF3E 45 BUESL T =
I L B AR AT 1 22 245 T 24 /)N BRUARS B IUEA 375 5 = B
PEFLIRIEATH 25 4T1 /N B P A2 AR PI3K/ Akt 3l
PEUUE (WL 6) .
2.7 MEBHEYE

55 4 JA G T A RUR R GER R AR B Y R
1753#7 , A radiance ( photons ) Ry it BA7 154 4H
INEURIN G il &, @i 7, Mode-A 415 Model-B
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TE: ™ A5 control4 4 A2 SFA BETE(P <0. 01),
El4 MDRI BCRP MMP7 fil GST-m HYHE P 1E control-4 Al model-4 ZH IR LU ik
Note. ™ P <0. 01 compared with the control-4 group.
Fig.4 The mRNA expression of MDR1, BCRP, MMP7 and GST-7 in the tumor tissues of control4 and model4 groups

P-gp 5

BCRP

MMP7 g

5  Control-4 Fll model-4 #1 /s 20 24 P-gp . BCRP F1 MMP7 ()35 19334 ( x200)
Fig.5 The protein expression of P-gp, BCRP and MMP7 in the tumor tissues of control-4 and model-4 groups( x200)
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Control-4 Model-4

P-Akt

T-Akt

GAPDH

6 Control4 il Model-4 41 02U p-
Akt t-Akt 2 RIK

Fig.6 The protein expression of p-Akt and t-
Akt in the tumor tissues of control4 and model-4

groups

HAIHEZES (P >0.05), 5 Model-A ZH#H b,
DDP-A 46Tl & H0k > (P <0. 01) ;15 Model-B
HAHLL, DDP-B 4t F B W B 2 5 (P >
0.05) . AT UL, DDP X i 2445 /)N B 93 174 4170 61 28
RUTRAL TR 258 AL/ N

3 itig

585840 ( cisplatin, DDP) | i BRIEA , Hopiseiit
Pz W R, L B A R AR R, DDP
FIVE BB & DNA, B 5 DNA Bl J 7= A 55 9 J i
()38 %45, BH 1k DNA (%5 5% Fn 52w, DA 400 il i
FEANMI A 432400 = B PR 9 A7 A — 2 A9 DNA
P16 52 B | DRl I 12 23S AR 2L B s %o 1 21 24 ) Uk
PEEGE . DDP WM B, 16 7 RCR 4 B H R A
RIS Ty 7 e 254k, 8 53 B8 5 Sle R AN R4
Fe BT 25 v e T AR % 25 W R 3R T AR
T A LT IR i A, BRI T i 25 it R A

T 243 Mg A 78 i 245 4 G SE R 5% R ZY
YV B SCE R . YT E AR 25 AL AR
TR A RIF I SR AR I EL S5 56 9 B 5 SR
TR G IR AR IMF T B it 245 20 B, I A AR 4 b 2
WA PR e g i 24598 R I O, e sl A 2 7K ST 1
S L e 4 B35 55 K I I S BRI 1Y
JEg A= AR O BT AT 24 g 7 0 A A 7
SETIRAR TRl IR IE R 2 IR A R
oAtk X2l ikt

EREE BB, FRAT R BLZG YTt 25 1 T B
LRI Z | LA 55 AMHEER (Y 3R 38 38 i s 36 v 42
1o AR B R G 3R B e A a5 e DA R

Model-A Model-B

-3000
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™ 05 model-A AR R M H B (P <0. 01),
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Note. ™ P <0. 01 compared with the model-A group.
Fig.7 Determination of the number of photons in vi-
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P68 240 ML RS RIS 1 B0 5 A, 76 C AT Tt 28 4
PRASRHR T S0 U1, )™ i 2505 Sk
G ROV RS S (SRS L 1 £ 277 SOM R eV U S N T
FUBRIE TR 24595 Hh I P 22 1) T R S AR B L
I BN IR IE D R AR TR R
Vo SR 2y , i A TR S AT 25 A0 MO T, b,
FH T 25 20 SR I TR, — AT 2 9 ~ 12 A4
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A B, AR T 259005 gty — B RLAR
FEMT 2 4T1 /NEUSTRL, JF A5 e i AT 259 B 415
TSR T HEAT T ek 8 T AR N A a2 LEUE Y
Tii, WS B 5 00 6 B0 K T A — B 1 L o
AT1 AHMEEEFPAE /N RS 3L e 8, T8 R ), A5
it DDP RN FELRLG 24 4 JEI5 T 24 & AR SR FH R
VAT RSN AR B F5 40 M, PR b SRR R 5% 4 i
A3 — /N RS 3L s SRR R s R 4 Ik
R FHICFRA N S0 38 SCHEA T SO 19 07 123, 2 A0 4 e T
25 ARG R 2508 BSR4 i T T 245 20
I 8 3508 3 R 4 i 09 I (), A6 15 5l R v i )
TR 21 A SR W, LA ERASE RS (] 45 R 4
™A,

22 4 HEIEARKE IR 4T1/DDP 4% DDP
) RF 4 12. 84, ik H A 25 #2383 real-time
PCR K¢ f 95 20 £k %5 78 % it 245 48 Jfd 9 46 7, MDRI |
BCRP MMP7 }¢ GST-w %A & P-gp, BCRP , MMP7
P R A =B EZLIRE 4T 24/ USSR )
I A 2 S B g R 3k T R AR 24 /0N RS AL (1) i
JEH AP R MR A, LAk, 4T western blot
FEEINAA 2 PR, 380 2o S oy v 2 57 1 = I L B i 4k
1 2 2Tt 245 /)N BB B A7 AE 2 Ak Bl 1R FH 19 2K
A I NSl A G ASORT 5 2 N BRUAR PN g A=
RARZS VAT BN & 81, 285 4 J& A K AR TR 257N
SRS 24 70N B 98 2H 20 /N o L B I X (P >
0.05), MMz X PRMERL/N B AH [R5 & %) DDP iR
7 e , T 25 /NERE DDP ) fUsk: B AR AR 25708
B(P<0.01), $&/R 40 T 4T1/DDP-luc 2 il i 15
RUNGUAN A TIHZG , RAF AT 258 ) e vy 2
HEAT U S0 A JE Al T 24 S AR L A ST, ol =

BRI LR e PRI AL TR 7 B i 24 0 e i 5 S A3
T RFRSERSYTG,
Z % X W
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[HE] BW HRET n3 ZAMHANEHIHR (polyunsaturated fatty acid, PUFA ) B 75 I 1 g AR & X AR ik K
SRR AR A 22 B2 G 2K 1 ( very low density lipoproteins , VLDL) & B OCHERL K SRIKAURZ I, ik A MEPE SD K
FUREHLS> A 2 41, %5 B2 (normal control group, NC) 45133 H M, =5 JE 41 (high fat group, HF) %3 TR 4li & H AR
5 R HE P K UL s T30 K A R BRUBEHIL A F7 4 2. F52% =i IR 41 ( consistent high fat group, CHF) F1 =75 F il
(perilla oil, PO) BACHL, #R4E PO EeAR CHF & i L Bl ARG B AR 41534 20% PO 50% PO ,100% PO ,4 J& )5
SE R BRI H il =18 (uryglyceride, TG) /KF-; western blotting J5 FEAGIFAE VLDL & OGS EE GOk A H i = IR %
iz 25 1 ( microsomal triglyceride transfer protein, MTP) F1Z& 5 5 1 B ( apolipoprotein B, APOB) 2 43X ; real-time PCR
Ji ks FIE Mip . Apob mRNA ik, &R ERERFIIE TG /K W3 & T NC 4, 3F B A ™ HE I8 i i, iF
JIE MTP Al APOB B mRNA 8 2GR EA AR L ARG T4 [R5 CHF A1, 4% PO R RALR RUMLYS TG
K- AR o B D) R 235 28 s PRI U LR W 8%, O ELITFIE MTP 1 APOB 1) mRNA 25 FH 3R IA A A [
BENFE, &t AFLE PO BB R HENCHR BUFE VLDL & 5 40, SRR B t8, OF B PO {2
HE Mip mRNA 35 HAT | AR
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Effects of perilla oil on the key gene expression regulating
hepatic VLDL synthesis in obese rats

XIE Xian-xing, ZHANG Tao, ZHAO Shuang, AN Xing-lan, MA Lan-zhi, ZHANG Guang-zhou, LIU Yuan
(Laboratory Animal Center, Academy of Military Medical Sciences, Beijing 100071, China)

[ Abstract] Objective This study aims to investigate the effects of high-fat diet rich in perilla oil on the expression
of key genes that regulate hepatic VLDL synthesis in obese rats. Methods  Sixty healthy male 5-week old SD rats were
randomly divided into 2 groups. The rats in the normal control group (NC, n =12) were given normal diet, and the rats in
the high fat group (HF, n=48) were given a pure high fat diet in order to induce rat models of obesity. In the intervention
period, the obesity model rats were randomly divided into 4 subgroups including consistent high fat group (CHF) and three
intervention groups depending on perilla oil substitution rate of lard in CHF ; 20% PO, 50% PO and 100% PO. The serum
triglyceride (TG) of the rats was measured after 4 weeks. Real-time PCR was applied to measure microsomal triglyceride
transfer protein (Mip) and apolipoprotein B (Apob) mRNA, and western blot assay was used for detecting the expression of
MTP and APOB in the liver. Results Compared with the NC group, the CHF rats exhibited significantly high fat deposi-
tion. The serum TG was markedly higher and the MTP and APOB were decreased at gene and protein levels in the CHF
group compared with the NC group. After the intervention, PO remarkably reduced the level of serum TG and decreased he-

patic fat deposition as it showed by pathological examination. At the gene and protein levels, MTP and APOB were upregu-
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lated by PO to different degrees. Conclusions All the three PO intervention can promote VLDL synthesis and secretion,

and decrease the hepatic fat deposition in the obese rats. Furthermore, PO upregulates the expression of MTP at gene and

protein levels in a dose-dependent manner.

[ Key words]

H A, BEJERE T 8k 423K & 25 108 348 i i) —
FPoA TP , 28k 60 12 A 1 13 AZBEMABRE,
o RO AR R B ZE IR ST 3 A i 7 (R
SRR ) B8 2 B A T BUR 4 8k ST 35 &
F N AR R A AT AR K, W] 5 | v i i
iE BRI RERE AL e O TR T I W RS A5 A A
S MR AR 3K AL X BE B 1 R sh 2R
JHF O 368 228 9 5 B AP 2% B2 BB 2 11 (very low density lip-
oproteins , VLDL) 14 2H 2% 1 43 1 > 42 i E 9 3
g (tryglyceride, TG) 7 &2 1E NG AR 2= HL A —
ANEEIR

AR AN R R0 0 B 107 8 % FFAE VLDL /)
B I W AR PR, XA TR T AL
FBRATE DS n -3 Z AR AR HIER ( polyunsatu-
rated fatty acid, PUFA) R K5 Z AN FARIDIIR , 7E90
R VU IKAEAL | RS S5 A B Y -
WHERR (ALA, C18:3) . THR TLMSHR (EPA, C20:5)
M ZBRNMSER (DHA, €22:6) [AlJ&@ n - 3PUFA,
DHA F1 EPA 3= SR U5 T TR (il ALA 16753
SERFIM B A A . AHXTF ALA T, 56 F DHA A
EPA MIF5EEZ , it FRATHSE TTERR A ST
RO T, LLALA & s s il s i B
FR AP E AR R AR IS, X AR BRUFFAE VDL &
ROCHEER 1 APOB \MTP FIKAFZI

1 #MRl5RE

1.1 ###
1.1.1 SE5shy

60 H SPF ¢l SD KR A 74235 B 2 Bl 2%
Beszgh s o [ SCXK - (%£)2012 —004) ,5 JEli,
KT (160 £10) g, SLHBIPIRFR T HEF EFF
e S5 s 4 v B B AR B H [ SYXK - (%) 2012 -
005) , WIS 12 h ( 6: 00 ~ 18 00) , B4y wl LI
FERE OK, BEESE (23£1)C, BER
(40 £5) %, FHESLKYHERM 3R T A
RPN
1.1.2 SEs skt

gt HMEL )T S M test diet 58Y2,58V8 i {F
(EZN NEE R 22 2P0 oK TER R |

n-3 polyunsaturated fatty acid; Obesity, animal model; Very low density lipoproteins; Rats

NGRS AP W REARE AEA R ) o X IR H R
et &l 15.7 kl/g, Hoh B H T ok &9 s
WiRE & HL 23 91 R 20.2% . 69.49% . 10.31% , CHF
BN AIT & FER 20. 62% , =4SR5 5 PO
BC CHF 41383 & 219 20% (20% PO) 50% (50%
PO) .100% (100% PO) , & % &34 19. 35 k]/¢g,
Hor 8 [ B, ok Ak S W B8 7 BE &L 4 ) R
19.67% 34.59% . 45.73% .
1.1.3  SEgesrd

¥ 60 H SPF Zelfetk: SD K EBEAL R 2 2k
A7 REJE 3 455 . %) BB 40 (normal control group, NC) 12
H E R4 (high fat group, HF)48 H ;10 &5, %
HF 2 7f 24 FRFIAE kAr o (AR ERR ) . MR
b 2ot B AR 1 F- 34 1H 20% ) K ERBEBL S 4 4
4. CHF DI} =4~ PO B 1U4 20% PO, 50% PO,
100% PO, BE2H 6 H, T 1l 4 JAJ5 % SR A8, BUF R4
LR RV RIRAT
114 FZEF5EH

F2E AR & (TaKaRa DRRO37A, K% ) ; Bio-
Rad 1Q5 real-time PCR {¥; Trizol ( Invitrogen /2 ) , 3%
) ; BCA i ( Beyotime ) ; RIPA 2 fif ik ( 1810 7
YA T AR ALY bR 2 A STy e
IR ) 5 B i 8 A P B AR 10 A Ll S B0/ B e
(FRZEHF) s BB HIF Cocktail Tablets ( Roche
/Nl Fii £ ) 3 Western blotting & 6 & il it 71 &
(Thermo, 3% [# ) ; B-actin — ¥ ( ab8227, Abcam , J%
) ;1% APOB —#i (ab117317, Abcam, B [H) 5 /N
MTP —#7; ( sc-135994 , Santa Cruz, & [H) ; X Y6 A
R E R (Kodak , £ H )
1.2 A&
1.2.1 SEmfE#R PCR

HU10 ~20 mg KBTI Z T 2.0, 4351
1z ] Trizol 1 TaKaRa 1350 & K $2 BUS RNA FlJ
B BRAE S FR IR B AT, 1 pg & RNA A
)20 pL f AR R [ 37°C KW 15 min,85°C
5 s, SEHPAE R PCR WG (R 1) Hy b i S 5 5L
AGARA TG, 20 wl A ZR, 30 s 95°C
AV Z G A TALEE 95°C A M 5 s, 1B K SFEf 30 s
) 40 MESR, BAFERIRE 3 MER,
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Tab.1 Primers for analysis of transcription level of the gene expression

. Ak 5% BKIR B/ C K /bp
FEH Genes . .
Accession no. Primers Tm Length
F 5’ —TACCAGGCTCAGCAAGAC -3’
Mip NM_001107727. 1 55 197
R 5’ - AGGAAGTTCAAGGCAAAAG -3’
F5’ — GGCTGACTCTGTGGTTGACCTG -3°
Apob NM_019287 58 143
R 5’ - CGTGGCTGACTTTGAATTTGGA -3°
F 5’ — CCCATCTATGAGGGTTACGC -3’
Actin NM_031144.2 50 150

R 5’ - TTTAATGTCACGCACGATTTC -3’

1.2.2 Western-blotting Al

JHMEZH ZAEARIR 25 0 T 5 2 1 i il 0] | 24 M
TP T S i L ZH 2L 503K, 14 440 v/min,4°C B0
10 min, B I FH BCA {5 &0 8 ik &, NC,
CHF .20% PO .50% PO ,100% PO 1140 7K I —3
AT O UE4T SDS-PAGE % i B 9Kk SE 56, R FH VR 4%
7 B E A BB 2 PVDF ), 35 b Wi 3 A
2 h, 43 BETA-ACTIN \MTP APOB —#iJ5 5 4°C
P, H TBST BefsE, 4% & 1 h, ECL A, B
—actin fEANZ, B R L5 H Image J 5104
AT A KT, 245 actin 85 15 HAEAE AR XT
Cray /¢
1.3 SitFELE

TR LI I8 £ FRifEZE (v £5) RFUR,
BRI TG T A SAS 9.0, G i ik
BB B TR ¢ AR R 2 2K Ty 259087

2 R

2.1 ERBXREE

WSS NC R RIS FI4ME K 551.5 ¢,
P i MR A E 3R 702. 7 ¢
2.2 FHREXRLERER

5 NC AM L, CHF 1% TG 7K FI3 8 7 i (P
=0. 0008 ) ;1fi Z& 3 457K F- PO T HiZ )5, K B IE
TG /KF-H B E R (P <0.0001) , HA B A Z
WAHEZR(P=0.4619) WA 1,
2.3 HEEREVR

R 20 A8 T AL O e fa a7 Al HE 4
BT (E2) , MWIRHERINES K F , CHF 411 NC
AT Z RGN IR A, RHB 43 I 248 M 4 AT Uy 21
O YL BHPERR T , IR A N AE e W 25 16 s 48
O T e = Awed = i B 2 DS T AR EA N
e SHME R , 00 A0 N AEAE BRI 25 6
2.4 EBEE PCR 21 Mip 1 Apob RiZZER

SCRE B PCR 4553 R, 5 NC 4UA B IR R R

1.60 1 4
ot |
S 1401
g 1.20
Eo
=~ = 1.004
A, % #
ﬁ £ 0807 p
E 32 0604
i a0
o 040
2 0204
0.00-—% m i " -

TE SR EE LI £ FRE (v £5) RFOR, BALA 6 HKE,
B (P <0.05)fRFRS NC 42254 WA E,“ * 7 (P <0.05)
035 CHF A2 54 B8N, o X IRLL; b fF2tmIR4L; c.
20% PO B4 ; d. 50% PO R4 ; e. 100% PO FAR4L,

1 s Hm = mEK-F
Note. Data are mean * standard deviation (SD), n =6 rats per
diet. “#” (P <0.05) means it is significantly different compared
with the NC group and *“ *” (P <0.05) means it is significantly
different compared with the CHF group. a. NC; b. CHF; c. 20%
PO; d. 50%PO; e. 100% PO.

Fig.1 Serum TG levels in the rats

SUFIE Mip Apob mRNA 33K & 4 A% (5 H A Mip
mRNA B EFFEME (P =0.0126), THi5, 5 CHF 4
HHL,20% PO B ARHL K BUFIE Mip mRNA ik &4
BTt BB A Gt 2425 (P =0.1501) , 50% PO,
100% PO FARZH K FUFIE Mip mRNA 3k 7 3% Tt
(P <0.0001), HEE#E PO B AC L 4] A 58, Mup
mRNA ik ffi Z F 55 %% PO B AR 4 K B e
Apob mRNA FKik i 4 8 2 Fh& (P =0.0001) , H 4
BRAZRIEA YR (P=0.3183) WK 2,
2.5 Western blotting #:ill MTP #1 APOB & B Ki%
ERRI 5 NC dUAH Ee, BB BE K BRI IE APOB
EHFRIEBERIE(P =0.0156) ;4 PO THiE, K
BUIFAE APOB EEH R BB ETH& (P =
0.0024), H& N HZ M LHE R (P =
0.2673), 5 NC 4 L, CHF 4K RFIE MTP &
FZ8 ERAR (P =0.0290) ;2 PO THi )5, KK
JHFRE MTP 25 4 3235 38 i & 7+ (P < 0.0001) , H.
SR RAZIRA 25 (P =0.0011) , WLE3,
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TE 55— AT R K BUFRERR DAL O Y MANMERRANRE R B4R, x200, 55 AT/ REUFRETRAKS - rarde s, x 100,
2 SARBATIEH LD R

Note. The top row shows oil-red-O staining (red) for lipids, and hematoxylin staining ( blue) for cell nuclei. x200. The bottom row of

images displays hematoxylin and eosin stained liver tissues, x100.

Fig.2 Histology of rats fed with diets containing different fat contents

F2 JFIE VLDL AL F X R K (2 £5,n=6)

Tab. 2  Relative expression levels of genes of hepatic
VLDL synthesis
412l Groups Mip Apob
X} HEZH NC 1.179 £0.267° 1. 000 +0. 239"
FFLL R IR4L CHF 0.775 0. 121" 0.797 £0.115**
20% PO U4 20% PO 0.896 +0.097° 1.243 £0. 098"

50% PO U4 50% PO 1.111 +0. 167"
100% PO #ft4H 100% PO 1.507 +0. 177°
P <0. 0001
1 FRAHRI IR 22 e B

Note. The same lettes mean nonsignificant difference.
3 g
AT AL 2 VR 2248 P (OBl PR | O I

1.376 +0. 139"
1.477 +0. 325"
0. 0001

APOB
515x10°

MTP
97x10°

ACTIN
42107

PR ) A B L A A 2R L R ™ A R A i
JoEe R o v 67 4H B0 4 RV 2 3 T AR R RSE, T
RPN BRIk T HE S 2 BB PR g ST
S 5z PR 0 R R — W ST T AT
SHYIRRLETT RALERT IR . AR h A
W BRI, SD KB AENERE

BEE NATTAE K00 B 54 e, AC A i 1A
E (9 S AR AR A, L P TG iy, =76
K2R IMEBIRONRZ — RO T
SR R B I I TR A B PT ARG L Bl v e 3R
TR A R T | IR PR R R BRI JE , L
TG /KPR The " A i . 1 PO W iR e+
T REfE 2 BEAK M TG K, XA & & n -

APOBHE I FIA B

APOB Protein relative expression

=
wn
3

MTPHEE [F TR RIA B
I'P Protein relative expression

=
=
T

HE#" (P <0.05) %S NCAHESFH WEM,« « 7 (P<0.05)3FES CHF 250 B &M, a X4, b.
FREEE NS s ¢ 20% PO R4 d. 50% PO Bt ; e. 100% PO B,

E 3 MTP Fl APOB R 155

Note. “#” (P <0.05) means that it is significantly different compared with the NC group and “ * ” (P <0.05) means
that it is significantly different compared with the CHF group. a. NC; b. CHF; c. 20%PO; d. 50%PO; e. 100% PO.

Fig.3 MTP and APOB protein expressions
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3PUFA 1) PO AR AR i iR R L A it s, AR
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H, BN Z AR EER L TG Ny 3 EIE s i i
JHAE, R VDL %25 RN 539 5 00 81 1 i %%
YIAHSE , R ARAT 52 0 HF P APOB &5 it i [ R AR &
XF VLDL 4 255 B A 23 W6 72 A 5 i MTP 2 4k
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FE B FH S [ e = e | R AN R B
iz J A0 RN AR B R R RS, X & APOB g 2R
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AJ BES A BRI N VDL 43 WA 4E B4 5 | 33 17
WD EE N TG ST I i B 0 A ke 3 e 1]
1 20% PO B AR, XA K B Mip mRNA %47
B S 52 ) AE ] S8 THES Apob mRNA ik, BAK
PUHETS 0k — B WP 5%, 1 Whitney 25181 JiE 75 2
gER IR, ALA FLB 5 13. 8% MO SEAF I 5 45 Tl —
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n - 3PUFA AP e 5 H Rl ma ¢, 6
i, 5 DHA/EPA HH[R], ALA HA k38 5 5 ZHET )
ER EJE  EERATZ AT, 24 % SD KK
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Effects of endometriosis on the reproductive ability of mice

CUI Yang-yang' ?, SUN Wei-wei' , ZHAO Rui-hua'* ,XU Cai', WU Tian-si'?

(1. Department of Gynecology, Guang’anmen Hospital, China Academy of Chinese Medical Sciences, Beijing 100053, China;
2. Beijing University of Chinese Medicine, Beijing 100029 )

[ Abstract] Objectives The aim of the study was to establish a mouse model of endometriosis, and to observe the
effects of endometriosis on the reproductive ability in the mice. Methods The mouse models of endometriosis was estab-
lished by subcutaneous and intraperitoneal injection of heterogenous endometrium. The pregnancy rate and live embryo
number in the experimental, sham operation and blank groups were observed and compared, and the effects of endometrio-
sis on reproductive ability of the mice were evaluated. Results Two weeks after the establishment of the mouse model of
endometriosis, there were lesions in the peritoneal cavity and subcutaneous tissue of the mice. Compared the pregnancy
rates among the model group, sham operation group and blank group, the differences were statistically significant (P <
0.05). Compared the live embryo number in the three groups, there were also significant differences (P <0.05). Con-
clusions A mouse model of endometriosis is successfully established, and it demonstrates that endometriosis may affect
the reproductive ability of mice.

[ Key words] Endometriosis; Mouse; Reproductive ability

TE WS ALAE (endometriosis, EM ) JE—Ff 227 ARERIE LA BRI O 46 7 A0 TR Y 2
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Note. A: A completely separated endometrium; B: To cut the endometrium longitudinally; C: To cut the endometrium into small pieces.

Fig.1 Separation of the donor endometrium

1 N

2 TEABRERALE/N B R T A S A

Fig.2 Ectopic lesions of endometriosis in the subcutaneous tissue in the model mice

3 T ARESRALAE /) RS I P S A A

Fig.3 Ectopic lesions of endometriosis in the abdominal cavity of model mice
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A EE FE M B. BT E N C 5075
B4 FE RSO/ BRI 8 S E AL (AR R =300 wm)
Note. A: Normal endometrium; B: Ectopic endometrium; C: Ectopic endometrium

Fig.4 Ectopic endometriotic lesions in the abdominal cavity of model mice. Bar =300 wm.

B A EHMBLARR =50 pm) B SFAIABE(FRL =25 pm)
6 IE PR P S O /] BB AR S o7 PN

Note. A: Normal endometrium(Bar =50 wm) ; B: Ectopic endometrium( Bar =25 pm. )

Fig.6 Normal endometrium (A) and ectopic endometriotic lesions (B) in the model mice.

®1 CHERELK F2 HUEWHEILK
Tab.1 Comparison of pregnancy rates in the three groups Tab. 2 Comparison of live embryo number in the three
415 EER/ ORIER/ IR % gronpe — :
Groups Pregnancy No pregnancy Pregnancy rate Gﬁﬁ%’] L ﬁﬂéﬂ - BRI 2 P
Toups ve embryo nu cr Rank mean
A2 —
5 8 38.46 UL
Model group Model group 00.00(12.50) 12.96
Sham-operation group 10 ! 90.91 Sham—operali(;n sroup 12.00(5.00) * 23.41 6.412  0.041
2% (941 Blank group 11 1 91.67" 2 P14
- *
J3T Total 26 10 Blank group 11.00(3.75) 20. 00
T SR, P <0.05, TR BT R, T SRERALEER, P <0. 05,

Note. * Compared with the model group, P <0.05. Note. The date expressed as median and quartiles. * Compared with

the model group, P <0.05.
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(1. BITREMES —Ep LR, T 3610032, fbfRREmE2p, K& 130000
3. BITKREMES —EREWE,EIT 3610034, VUL HEFLERILER, /U 450 621099)

[HE] BB HiTW A —S 4k A A B (endothelial nitric oxide synthase, eNOS) Fl— %L %&( ( nitric oxide,

NO ) 7E 54045 JR4S M BH ( unilateral ureteral obstruction, UUO) B ] BT £F 2 Ak /1N BRI A7 4% op 94 S L, 773k
64 2 KM /NRFEHLI A PH AR TFARH n =32 H; o fRAEHERL UUO 4 n =32 K, W% 4 JH, &R 45 4

/MR BUN, Ser M — &AL A, Wi =N 4 jg i H 8040 1 CD133* /VEGFR * N B2 #H 41 Y ( endothelial progenitor cells,
EPCs) Masson 4 (o152 15 4] 28 A 2p A8 Ak, e 4l AR A 1S [R] . CD34 * 2k UL A 6 B, Sei i B PCR AR
D' JZ2 57 eNOS \VEGF mRNA £ik, #R  UUO 4lill—F A LA N B AR TH25 B 18] B w148 5 B2 eNOS \ VEGF
mRNA FBACFRREE N R, A58 2 3 4 JH SR 22 S A Gt o — S EUK -5 B )0l i 725288 B 522 TE AH
K (r =0.715,P <0.05) ;eNOS mRNA Fik/KF5 B R Bl &% B (r =0.624,P <0.05) (N AHANMEI A (r =
0.375,P <0.05) \VEGF mRNA(r =0.351,P <0.05) £ 1IEME, &it eNOS/NO B£E2 57T UUO /NFUE 8] %
MAE AT, JCTR T 6 Bk A4S &7 sk D Res me A T2 1A B IE R F VEGE mRNA 2235 1 5l 51 P B2 AH A1 M S B
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Role of eNOS/NO signaling pathway in peritubular capillary lesions in
renal interstitial fibrosis and the related mechanism in mouse models of
unilateral ureteral obstruction

CHEN Yan', NIU Tong*,BAI Hai-tao'* , YANG Xiao-jing', ZHANG Yan-lin’, YANG Qin-yu*

(1. Department of Pediatrics, 2. College of Basic Medical Sciences, Jilin Univercity, Changchun 130000, China;
3. Department of Nephrology, the First Affiliated Hospital, Xiamen University, Xiamen 361003 ;
4. Department of Pediatrics, Mianyang Central Hospital, Mianyang 621099 )

[ Abstract] Objective To investigate the role of eNOS/NO signaling pathway in peritubular capillary lesions of
mouse renal interstitial fibrosis with unilateral ureteral obstruction (UUC) and the potential mechanism. Methods  Sixty-
four healthy male KM mice were randomly divided into sham operated group (n =32) and unilateral ureteral obstruction
group (n =32). At each week, serum BUN, Scr and NO were determined and the percentages of CD133 */VEGFR" en-
dothelial progenitor cells in peripheral blood mononuclear cells were detected by flow cytometry. Morphological changes of
the renal tissue were observed using Masson staining. The expression of CD34 " cells in the renal interstitium was analyzed
by immunohistochemistry to calculate the peritubular capillary density. The expressions of eNos and VEGF mRNA were de-

termined by real-time PCR. Results The expression of blood NO, the percentages of endothelial progenitor cells, peritu-

[E&TE ] #ids PATHFERHHNE (45 :2010292) ,
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bular capillaries, eNOS mRNA, and VEGF mRNA in the UUO group were significantly decreased compared with those of

the sham group at 2, 3, and 4 weeks (P <0.05). NO was positively correlated with peritubular capillaries (r =0.715, P

<0.05), eNOS mRNA was positively correlated with peritubular capillaries (r =0. 624, P <0.05), endothelial progeni-

tor cells (r =0.375, P<0.05), and VEGF mRNA (r =0.351, P<0.05). Conclusions

eNOS/NO signaling path-

way participates in regulation of peritubular capillary lesions in renal interstitial fibrosis of UUO mice. The mechanism may

be partly related to the regulation of vasomotor reflex, the expression of VEGF mRNA and mobilization of endothelial pro-

genitor cells.
[ Key words]

Angiogenesis growth factor; Mice

22 ol i R R B e A AR B /N TR BRI A8 ( per-
itubular capillaries, PTC) 3% 7%, PTC ¥ 22 & I il &
[F) Jo 2T 2 A Y o I B PN B 0 i 43 405 A g 52 )
REVOR A& 3 PTC M &R /b iy F 2R A, N
20 LA 473 I 1 8 O 0 S T A 7 e A A
SRR AR, NO FE B A N R A A
Ji, eNOS J& NO 7 A i) FR 33 il , 1 o i AL LS 2R
B NO KIEAEY T hE, eNOS/NO i 12 2 5
J2 230 1 23 i O 7 R I A8 A B, A A AR L A o R
R E AR, WS R eNOS miBR /N B AT A7 18
SERMEMENE R B 54, eNOS HFE ] T 8™ H Y
BB 4R eNOS/NO 7E B IESG 1) % 15 % Je o
PG AR, AT I W5 LN Ay PR G A
FH ( unilateral ureteral occlusion, UUO) /N iR, & 2H 21
eNOS VEGF mRNA (il i NO Fik &k, % PTC
BRE RV eNOS/NO 32 42 % ' 1] Jox 21 24 Ak S il %
o 78 1) 52 W) K ] BEAIL TR .

®1 5WF5

Tab.1 Nucleotide sequences of the primers

Endothelial nitric oxide synthase; Nitric oxide; Peritubular capillary; Endothelial progenitor cells;

1 #MBRE5FE
1.1 ##

6 A% SPF S HEPE KM /N, /K H 37 ~40 g, K
PRT 1] R 2% 52 56 3l 1 o0 [ SCXK (1) 2013-
0001 ], JoR FARTEE TR 5250 5 ) o B e 26
BE S Seue 2 AT [ SYXK (1) 2013-0006 |, 344 52
W I 3R RN 45T NIE I C A, PE FRid
P/ CD133 5 [A] B4 i (PE-CD133 : £028258 K
Isotype control ; E028728 ) | Pacific Blue #5122 ¥t/ iR
VEGFR-2 5[] AYX} B8 ( Pacific Blue:E031625 & Iso-
type control; £022113) ) F 3£ [F eBioscience 2\ Al
ALK I S bt/ 2 s BT iA CD34 (BAO532,
ORI TR DU =AY A R, Trizol 1T In-
vitrogen /A ) (Cat nol15596-026), SYBR®  Premix
Ex Taq"™ 11 SEI 2 S 5% 51800 £ (RR420A ) 1 T
TaKaRa 7~ %], Real-time PCR FF & 5|4 A1 TaKaRa
AFERL SRS AR 1,

5| ¥4 FK Primers

SIHF5(5° 1037)

Sequences

P17/ bp

Amplifeiation products

Mouse GAPDH forward
Mouse GAPDH reverse

Mouse VEGF forward
Mouse VEGF reverse

Mouse NOS-3 forward
Mouse NOS-3 reverse

TGACCACAGTCCATGCCATC
GACGGACACTTGGGGGTAG

ACATTGGCTCACTTCCAGAAACAC
GGTTGGAACCGGCATCTTTATC

GAAGCGTGTGAAGGCAACCA
CGTGCTCTAGGGACACCACATC

203

107

146

1.2 Zh¥IHARERIEST

64 H SPF 2t KM /N UBE B 2 hy 455 780 4]
(UUO 4 ,n =32) B F- R4 (sham 4 ,n =32),
UUO /MR 10% SBERRIY 5 24 sk B8 0 47
A PRAE W 25 45 4L, Sham 4L AT B A7 0N % R 4%
AT RGEHL, NI, 20 TSR 5 7 .14 21,
28 KA A BEHLAIE 8 L ahiab e, 4bsE >4 H HE £k
B, e 25 200 Wl il AKAS I EDTA HLEEE &

AR MASI , AR DA TR A IR 2 15 45 NO . BUN
Cr Kl
1.3  IMmAELERRE

il PR i Jirt BRI T 2 I3 NO
1.4 5hE M P R 4B 48 it =X 48 B 44 i

(D) SNEBLEEIN 50 pL 208 2 LA, —5&
FIIA 5 wL PE FRicd$i/MR CD133 £ 2.5 pL Pacif-
ic-Blue i/l VEGFR2 , 55 — 5 it A 25 2 [v] A2l
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XTHE R0 %5 5 G R A 50 min, BB ERAS
T HNZT 40 M 2449 4 200 L, 385G 20 min, 4°C 3000
r/min X 3 min, B F1E WS PBS BEi% 3 IRG &
T AR B & 10° 4~/mL, FH Partec CyFlow
Space JiLZUAN AL LB E /Y Partec PAS Cell Quest
A AT M AT, AT pR R ) R AR B A e v
1.5 BRFREESFERN

HWHLHIVE 2 pm AU Masson Je
1.6 ®REMALKEN CD34 RiXxitE PTC ZE

K FH SP %, DL PBS A — B i B PR xT B g £,
Jee P IR ¥ & U], CD34 Y (A4 PTC %
B —PR b/ R 2 BEPTA CD34(1:100) , —
PO A D AP 1gG, PTC T ATAT
1 ANAR B 14 PN Rz A sk PN B 4 B8 1 R — 45 Bl
B B | o SO — 2R AT T4
(BRADRIMAE ) o BEDARA T LU S E R 5 X
AT E/ANER I 10 A A% 55 LB (% 400, 0. 065
mm” ), THECHYE B 40 14 B, 15 PTC 25
(A~/mm?) BOFHIME
1.7 Real-time PCR ll7E

B Kz i VEGF . eNOS mRNA fi4 %6 ik & . & & i
FREEZ) 100 mg, MIA Trizol X7 1 mL )3, % Trizol
H G B UM RNA, UG 50 cDNA, % =

Fz2 WA/NRINTE NO L (pumo/L, x = s, n=8)

Tab.2 Comparison of serum NO levels in the mice

#7% LightCycler ® Real-time PCR §34 {% ( 4 5
G10120) #F 17 SZ B %E #& PCR, PCR & ¢ . 748 ¥
95°C 30 ;¥ 95°C 5 5 .60°C 15 5.72°C 15 5,45 4>
TG I fift 28 3 7. 95°C 15 5,65°C 60 s, *E =
PCR JZJW f& % ; SYBR® Premix Ex Taq™ I1(2 x )
10.0 pL, PCR forward primer (10 pmol/L) 0.8 pL
PCR reverse primer (10 wmol/L) 0.8 wL, DNA £
2.0 uL,dH,0 6.4 pL, BAZFR 20.0 pL,
1.8 SitEFRE

K HI SPSS 15. 0 Gt A A T4 ge i t2% 43
Mo THEEE LIS « R iEZE (x +5) R, 41
TR TR ¢ K25, FR AR B AH & Pearson #H
AT, B AU | P <0. 05 A 2 54 Geit2f

2 #£R

2.1 FAMRIMTE NO T

UUO 21 8 #0555 — FE LT NO R 4R T %, — )&
Je 45 B85 Sham H2ZERAFIHF B X (WE2) .,
2.2 FHA/NRTR 4Bk i b B i B4 4% 40 R
CD133*/VEGFR * SR 45 R

Y& UUO 2H CD133 " /VEGFR * X FH 74 41 ifd
FREEfA%,2 3 4 J 5 Sham 4R AH S H ¢ X,
WLE1 2 K&Fk3,

205 Groups 18 1 week 2 Ji 2 weeks

3 Ji 3 weeks 4 [ 4 weeks

Sham 2 18.79 +6. 02 16. 15 £4.77
Uuo #H 14.08 = 1. 06 12.77 +1. 88"

19.59 +2. 65
10. 24 +3. 45"

18.38 +5.43
5.73 £1.73*

F:* 5 Sham #H HEE P <0.05,
Note. * Compared with the sham group, P <0.05.

#z3 P4/ CD133 " /VEGFR2 * SUSHPEAN M i AN A &5 5 (% , x +5, n=8)
Tab.3 Comparison of CD133*/VEGFR ™ endothelial progenitor cells in the mice determined by flow cytometry

215 Groups 11 week 2 Ji 2 weeks 3 Ji 3 weeks 4 Ji 4 weeks
Sham £ 0. 198 £0. 046 0.235 +0. 046 0. 190 £0. 021 0. 147 £0. 016
Uuo 4l 0. 157 £0. 029 0. 115 £0.030* 0.080 £0.028* 0.075 £0.023*

{E:" 15 Sham FIAHLL P <0.05,
Note. * Compared with the sham group, P <0.05.

2.3 WANMRBHLARE

Masson 4% {0, sham 2B LHA LB IE R, UUO 4
DB INEY 5K SRR AR R TR BT 2T 410 T
InEE B /NE ] B e B B 2 UKL 3,
2.4 MWAPMREREANENEBER CD3M4 RixR
PTC it#%

TR A Y AR B AR CD34 FHVE4EAE,
EH N AN IR (4, Sham 4 PTC ¥ F &, 5

AE) LA REIN, UUO 4 PTC Jk78 5 Jm k4
A3 A5, Bl AL I ] A K PTC %5 B B W A, HES 25
BiL, WL 4, 714 PTC % B, UUO 41BH B REAIG, 27 2
3.4 Ji15 sham ZEFA G, WK 4,
2.5 FWANMRSEL eNOS mRNA, VEGF mRNA
Fix

UUO £ eNOS mRNA  VEGF mRNA FikHr4: T
F,2 JAEE S Sham 422 A gt L (K5 Kk 5) .
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;m 1B
i!ﬂ\‘
2

B3 - g
Wl g 1 "0 00 1000 I:I‘n:n.“ 1 i 0y 100 a‘r:n.. 1 - w0 100 01 1 W W 100
1A UUO 41(1 J8) ;1B UUO 4 (2 Jil) ;1C.UUO0 41(3 J&) ;1D VU0 41(4 JH)

1 UUO /LA I ] i X
Note. 1A UUO group(1 week) ;1B UUO group(2 weeks) ;1C:UUO group(3 weeks) ;1D: UUO group(4 weeks).

Fig.1 CDI133"/VEGFR" endothelial progenitor cells in peripheral blood mononuclear cells of the UUO group at different

times
00 T
0103 ar o o g
57 2A
| Bt 0t ‘ " y ot —_—
o1 1 i) i 000 o1 1 1 100 1000 o1 1 1 100 ot 1 ] i ]
FL2 LO10PE FL2 £LD10PE FL2 LO10PE FlL2 LOTNPE

{E:A: Sham 4(1 &) ;B: Sham #(2 &) ;C: Sham (3 J&) ;D: Sham #4(4 i) .
B2 Sham £/ A ]S 40 A P
Note. A: Sham group, lweek; B: Sham group, 2 weeks; C: Sham group, 3 weeks; D: Sham group, 4 weeks.
Fig.2 CDI33"/VEGFR " endothelial progenitor cells in peripheral blood mononuclear cells of the sham group at different

times

¥ :A:Sham £ ;B UUO ZH (1 ) ;C:UUO 41(2 Ji]) ;D:UUO 41(3 Ji]) ;E.UUO (4 J) .
3 PR/ EUE IR HE ( Masson, x 200HPF)
Note. A : Sham group; B: UUO group( 1week) ; C: UUO group(2 weeks) ; D: UUO group (3 weeks) ; E: UUO group(4weeks).

Fig.3 Morphological changes in the renal tissue under optical microscope ( Masson staining, x 200HPF)
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#£4 UUO #H K Sham AH/DNEUE A BT PTC H40(4/mm’, x +5, n=8)
Tab.4 Counting of peritubular capillaries in the UUO and sham groups.

iRl 1 2 J4 34 4 J4
Groups 1 week 2 weeks 3 weeks 4 weeks
Sham 41 418.00 £62. 62 428.15 +58.77 412.59 +28.95 405. 38 +25. 69
Uuo A 379. 54 +28. 46 256.46 +11.69* 176.92 +28. 87* 115.38 +34.77*

.0 P g sham Ml EL P <0. 05,

Note. * Compared with the sham group, P <0.05.

{E:A:Sham 2 ;B: UUO 41(1 i) ;C.UUO 41(4 J4) ,
4 PR/ R CD34 ez (e 4k x 100HPF)
Note. A ;:Sham group ; B: UUO group( 1week) ;C;UUO group(4 weeks).

Fig.4 The expression of CD34 of renal interstitium by immunohistochemical staining

£S5 MWAUNAF 414 eNOS mRNA \VEGF mRNA ik(PI, x s n=8)
Tab.5 The expression of eNOS mRNA and VEGEF mRNA in renal tissue of the mice.
5 eNOS VEGF
Groups 1A 2 4 3 ) 4 14 18 2 A 3 18 4
Sham 2 24.06 £6.23  23.36 +7.45 26.44 £3.06  26.32+7.70 25.16£7.20 27.53 +4.57  28.25+7.75 27.66 £2.9

UUO 4 20.71 +4.66 16.72 +4.85* 14.09 +3.29* 11.83 £2.10* 22.23+3.80 19.75 +4.12* 17.30 £4.64 13. 64 4. 6°

TE:* P %2 sham AL P <0. 05,
Note. * Compared with the sham group, P <0. 05.

D Sty . s v
 5A 5B — e
" _.';_';:_"‘:__:= : __,_f_f_'??‘-_!
A o
- - e Ve t
# / - ’ = -
4 = “ / oy
b 4 o
i i u
: .l"-’.l -f'l : _""' ol
THisaiN 7 8 LE] L] TIuH'IIllllii‘il‘itlltl'lii .- h- "

£ :A:GAPDH;B;eNOS;C:VEGF,
5 Real-time PCR § 3% h £k
Note. A: GAPDH; B: eNOS; C. VEGF.

Fig.5 Amplification curves of the real-time-PCR analysis

2.6 Pearson FHXDH B i

U0 MBI AR S B R O T
HERIEMHK(r =0.715,P <0.05) ;eNOS mRNA PR B2 41 %) 358 40 R T A 18 2 T RE R S 3
TR 5 B8] RN A B (r =0.624, P < PTC XM EEF N, eNOS/NO 54 f2 40 it o fig
0.05) N EZ M AT 5 (r =0.375,P <0.05),  KIEARUEEVIFI, eNOS R i 4/ BnT S8t
VEGF mRNA(r =0.351,P <0.05) 21EMH%, JEH s A B, BR AR R E AR PTC
W EAE 4E 3 eNOS ik, BB PTC #1447,
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M AEZE RIF A58 BFRERR ) ARBF9E B8 UUO 4
S eNOS NO 7K S RF2E T R #a 5, eNOS . NO
5 PTC % B A7 7F B % LR IE A 5%, $27R eNOS/NO
257 B0 A AU AR B kA R R

eNOS/NO &4 1] Gl i Z MLl = 5 PTC 1Y
PE PR B i R g R v R E R i AL A A
RPN A, NO S5 &F 1l W) T 3 Wb i /b ET-1
SR IS R RE Jn, mT 25 ) P R 40 e Y
05, SR T LT 4 Ak e eb Bt 0 A8 ) A A
B NO 2 H Rl iR A P R PR A I T
Z—  BRHEHF IE 5 N R B sk il 2= 2= e, W bR A el
FEAMEIRE Bt S Ak RN, PR RE PTC IR MIE A 2%
SEMGRIINRE . AWFE R UUO 41 NO ik HFsL T
B, $E7R eNOS/NO X IfiL 45 &7 5K DI RE A48 35 1T GE 2
57T PTC % M 4E+s,

eNOS/NO 42 2 1M 4 A= A A i I8 75 R 7, =
SR N B AL A R T I RS A R T AR i B
DB TR R AL AU il A8 AR R R AR Ak EE AR
™ S RS A 52 S TR L - A &R it
JE A i A A B S8 B T eNOS 3 PR it 2 e dgfe 1fiy.
FRCA 4 10 A5 A i O S s 5 A U A e
H1 eNOS/NO IEAR AT BT &F 2 5 45 09 A= 77 1 5
' [0 I 7 2

VEGF J&—/™ A3 1 i 42 il 8 A= i R 7, 3 47
M FE B ZUF S E TEBTE AT ad 72 v e v
T I A P AR RE T B R BR R BB eNOS I
VEGF #ikU />, A#F5E UUO 41 VEGF £ ik 542
TR AT SR 5 eNOS mRNA ik 2 LR F
S, $ER A AR A AR P 14 i S B A MR T
iEZ 5T, J& eNOS/NO 4k PTC AT REMLH

HNE I EPCs 2 I 45 PN B2 48 D 0% HiF 44 48
eNOS/NO Z: 5 T4 i i 3l 51 S 534k, eNOS 1 FE A
HRBEKG 15 B EPCs 3l 53 B A% 1M 5% w87 A6 i A A=
A BRAE o T RURE PR R A EPC LA A= B g
JIFFEFE eNOS mRNA & 3R I8 NI, NO 43 i %
I, AN FEAMIEE NO, 145 A B B | B A AR 1
i, 3SR RS BB 2 I A B RE T FEIK S NO Ak
WA X FE Verma SV IBFSE T R IR, C RV
H I (CRP) ] eNOS Ay IR TN H EPC 34
i MR BE ST AFSE UUO 240 R I EPCs %47
LR, 5 eNOS ik 2 IEME, #2885t EPCs J&

eNOS/NO H A% Pl o 45 4 BE (MLl =2 — 1
ZE LR , eNOS/NO 342X ML 48 1 45 4
AT RE X1 1 B A 43 77 A 52 e AL T 2 — , eNOS/NO
XU A R R A 2 AL 25, I R 25 9 ) 4%
eNOS/NO 345 AT 52 Wi N B2 240 946 52 K il 4 1524
R BT RE A R
& X X #

[ 1] Baylis C. Nitric oxide deficiency in chronic kidney disease [ J].
Am ] Physiol Renal Physiol. 2008, 294 FI —F9.

[ 2] Forbes MS, Thornhill BA, Park MH, et al. Lack of endothelial
nitric-oxide synthase leads to progressive focal renal injury [J].
Am ] Pathol, 2007, 170 87 - 99.

[ 3] NakayamaT, Sato W, Kosugi T, et al. Endothelial injury due to
eNOS deficiency accelerates the progression of chronic renal dis-
ease in the mouse [ J]. Am J Physiol Renal Physiol. 2009, 296
(2): F317 -327.

[ 4] Nakagawa T, Johnson RJ. Endothelial nitric oxide synthase [ J].
Contrib Nephrol. 2011, 170; 93 —101

[ 5] Mendoza MG, Castillo-Henkel C, Medina-Santillan R, et al.
Kidney damage after renal ablation is worsened in endothelial ni-
tric oxide synthase mice and improved by combined administration
of L-arginine and antioxidants [ J]. Nephrology ( Carlton) 2008,
13, 218 —227.

[ 6 ] Scaldaferri F, Vetrano S, Sans M, et al. VEGF-A links angio-
genesis and inflammation in inflammatory bowel disease pathogen-
esis [ J]. Gastroenterology. 2009, 136 585 —595.

[ 7] Yoshida D, Akahoshi T, Kawanaka H, et al. Roles of vascular
endothelial growth factor and endothelial nitric oxide synthase
during revascularization and regeneration after partial hepatectomy
in a rat model [ J]. Surg Today. 2011, 41(12) . 1622 —1629.

[ 8 ] Everaert BR, Van Craenenbroeck EM, Hoymans VY, et al. Cur-
rent perspective of pathophysiological and interventional effects on
endothelial progenitor cell biology: focus on P13K/AKT/eNOS
pathway [J]. Int J Cardiol. 2010, 144(3) ; 350 —366.

[ 9] Yan]J, Tie G, Park B, et al. Recovery from hind limb ischemia
is less effective in type 2 than in type 1 diabetic mice: roles of
endothelial nitric oxide synthase and endothelial progenitor cells
[J]. J Vasc Surg, 2009, 50(6) . 1412 - 1422.

[10] Verma S, Yao L, Stewart DJ, et al. Endothelin antagonism un-
covers insulin-mediated vasorelaxation in wvitro and in vivo [ J].
Hypertension. 2001, 37(2) . 328 -333.

(1] XUk, sk, 2k, 55, B0as 22 B /) v ' I o 34 5 A
e [J]. TEERESHYA. 2014, 22(2) : 13 -16.

[WFSEHI] 2015-04-24



2015 4F 10 A o [ S S 4 October 2015
H23 % K5 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 23 No. 5

§ RS Y

SeamsaaaendS

8 P S A P A - 25 A 0 2 1 ) s S it 9 A
RSB Y LE A
PR A T R R, AR AR, B
(fEEER KA IR IRE AR, /M 350001)

[HE] BB IR — AT g s Bk, FiE 18 K BALB/c nude BERBEHLT N
2 W, 53 M SR A A 5 8 20O B T T A 1%, R A X IO A K B T g PCO AL (1 x 10°/0. 1 mL)
B R LSRR LIRS ZEAR U BU™ B BN A0 TR, e el AR B, WL T I B e R A DL 5 e JLIBORY (HE B
Mg, &R MRREARELA .3 )G, 5 4.6.9 SEREAT W RER 45 MR T B, Wi R BB T AS 4 ~ 6 TR
PR A%, 320 8 s BT, A T35 5 ~7 JAALAE, FFEMJE UL - W s )32 K 1 E g 25715 | A HOE 8, LA
B AR B2 R AL AU R T s, s 1 R AR, HE e 0L Il 3R 1H T2 FhRE K, 5 e
MLV FEFE AL 6 SRR NGRS . S0 O ST R BT 3 JRIF IR th IR T %, 520 8 Hh BRI, &
TR T 4 FASE, FFRIS B 11,18 SR RUREE DL 2 ~ 3 ANMHITERISE 40 (ELAR 2 1 ~3 mm) |, H A0t e 0 87 1
LU ERIE R R DL 454 0, HE B L9 HARRI M BANA — 2 KBtk . M jes S FhAE 26 . Bl
RN 11. 1% s /2O AL GRS N 100% , 8518 270U 28 T S e vy il 88 i e B s R 0 1 7 12, 3%
i o SN AL 9 5 VR ORAIE T B e A A 3

(KB  IIEMNEERS s 2000 S T s W s T ; sh il

[FESES] Q9533 [ X#EFRIZAD] A [XZEHE] 1005-4847(2015) 05-0490-05

Doi : 10. 3969/j. issn. 1005 —4847. 2015. 05. 009

Comparison between the establishment methods of mouse models of
lung cancer brain metastases by intrathoracic orthotopic
implantation and by left ventricular injection

CHEN Yu-sheng, TU Xun-wei, YU Mei-e, LIN Xian, LI Hong-ru

(Fujian Provincial Hospital, Fujian Medical University, Fuzhou 350001, China)

[ Abstract] Objective To establish an appropriate animal model of brain metastases from lung cancer in nude mice
by thoracic orthotopic implantation in the chest or left ventricular injection, and to serve further studies on the mechanisms
of lung cancer brain metastasis. Methods PC-9 cells (1 x10°/0. 1 mL) in logarithmic phase were respectively injected
into 18 nude mice by orthotopic implantation in the chest or left ventricular injection (n =9 each group). The statuses of
nude mice were observed after implantation. Animals showing clear signs of dyscrasia were killed. At autopsy, the lung,
brain, liver and kidney were removed and histological sections were stained with H/E to detect the presence of tumor cells.
Results In the thoracic orthotopic implantation group, three weeks after implantation, the number 4, 6, 9 mice showed
tumor nodules in the chest wall, they began to lose weight in the fourth to sixth week differently, showing signs of dyscrasia

gradually, and were sacrificed at the fifth to seventh week. The thoracotomy revealed that the whole thorax was occupied by

[HLTE ] EE LAMTRAERASRBIES (WKI-FJ-17,2013-2016) ; #7848 37 BE B0 B AR B IR H (2014YNQNO3 ) 5 45 2244 [
IRBLF K4 (2015)01376)
[EWAESE IBRRIZE (1957 4F - ) 2, #0214 90, Email: slyyywb@ 126. com
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many large lung cancer masses, spreading into bilateral ribs, pleura and spinal vertebra, with scarce eroded, compressed,
pale and distorted lung tissues left. Histological examination with HE staining showed the presence of neoplasms in their
lung tissues but only the number 6 mouse showed metastatic lesions in the brain tissue. In the left ventricular injection
group, the mice almost began to lose weight in the third week simultaneously and became moribund slowly, which were all
sacrificed at the fourth week. After thoracotomy, the thoraxes were clear except the number 11 and 18 mice which appeared
2-3 tiny tumor foci in the chest wall, with normal lung tissues. Histological examination with HE staining showed the pres-
ence of brain metastases in all the nine mice. The rate of brain metastases from lung cancer in the left ventricular injection
group was 100%, compared with 11. 1% in the thoracic orthotopic implantation group. Conclusions  The establishment

method of mouse model by left ventricular injection shows significantly higher rate of lung cancer brain metastases than that

by thoracic orthotopic implantation.
[ Key words]

model ; Mice

i A Sk — i L A b AR, R TR N
JEFET R 2 ot g de UL G A A e B R A6 2
— SRS, i g G e A% 1 R AR R 23% ~ 65% ,
IR A P R v i DL A 2T ER T i 4 2
RUE RSP AR SR 7R Ao LR N Ay S N
AR, BUG 22, o A 7 4 ~5 A~ AP,
ARHFFE LA PC-O il i 9 200 JH 0 1) 226 s oA o i
ARG FER R R, SUEE ST it i i
() SEI SRR R T — 20 B 5% i e B EL AR BIL I 42
HPERTSE A RERE T

1 #M#5EFE

1.1 ##
L1 BRSS9

BALB/c nude #R W [ 1 B3 e SL 5 sh WA
FRTTAEZ ] [ SCXK (91)2012-002] ,18 2, 1K (16
+2)g,4 ~ 6 JAl, Y HEE  BEPLgR S 1 -18(1 -9
gl JEAE AP AR ZE 10 — 18 SHZS A S T4 | il
T T ER R 2 S Y L8 ot SPF W)=
[ SYXK([#)2012 - 0001 ] ; Bt A A 418 oK HORHAR
3t AR K WAL B, I 4R sh ) S e i 3R R 45T
NIBR IR, PC-9 A ili 98 40 i 3% eh A2 b B K
[ BF BE 2 B[] B B o 701 B 2 v 0
L1.2 kF5&&

RPMI1640 % 37 5 (HyClone, 5 [F) JIG 4 IfiL 15
(FCM P ZF W) 0.25% Trypsin-EDTA ( Gibeo,
F &) | Pen-strep XHL ( Gibeo, 3 [ ) | & & &7 5
(BAREIT, HAR) A A5 CO2 #3546 ( —
7, HAR) ,&F81 insulin syringe 29G(BD,EH)

1.2 FHik
1.2.1 4ijEs;sE
PC-9 20 it 5 FL K % T & 10% Ma - 1%, 1%

Brain metastases from lung cancer; Left ventricular injection; Intrathoracic implantation; Animal

Pen-Strep X, 1% 4+ Z BEME ) RPMI 1640 35 5% 5
B 37°C 5% CO, BIIEFRAE G575 LA 0. 25% B
it IE A A AL
1.2.2 IS e

B8 T LA e 240 it A KR R B, BOR B
F I P A L 228 i T A T 4% 40 B B, LA 2000 1/
min 5.0 5 min, 72 FIG W, A TCILTE /Y 1640
REFR3E WFT FHK 2000 t/min B0 5 min, LATC I
BRFRHAG B AN BN 1 x 107/ mL 19 B4 if 5
W o
1.2.3  #Fshy

Ji s SR R A 2 . B R 5% KA SRS R, A4
MO 85 75 % & B FH 2R SR ZC M B2 K, T
WG 256 6 ARl Eet ( AEET 28 il 5 FEEEE 3 ~ 4
mm NHE) . B0 TN R BRI A EM
B THRES , THOE 22055 W[ 25 F 2 mm Kbk
Bt (IEEFRTIE T 4F BD &3k W 8 253 0. 05 mL /A&
Ae , PR A ; AT 3 ~ 5 mm, DUURER 2 1L
W 5T AR R A e O 28 O RRE s TRTE 10 s N SEK
S o PRI A ME B 0.1 mL (B 1 x
10° AR A0 A ) | e 5 0 B0 5 DR AR B A A 4 TR
HEEF A5, PC-O AL BRIy VAR LA 9 H,
FERJE BOAR B T SPF SRBEINTRIFR , FF B UIMEL
1.2.4 WS S5FrA L

e AR R LE AR BRU ARG PR A | — I O
2 RRRITE AR U A B IE S R AN
45 YRR T DA% 20% s E IR T 16 g I, %)
WA H UG E 17 20138 R A RE R B S AR AE -
TR B HOE BT (E RIS I R
FREZERE PR AR AR BESE) P AR SE, BR HUAG
ili P B ] S0 R kb Ab 2 2| 22 K S A
M YIH HE Yefn,, Mgk,
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2 4R

2.1 REHESR
PR B e P R R A ST M LA
FiAEZE B R TGS 4 ~ 6 KT 4R T R, JF
TR B, S0 18] 9 R B AR Y | SRk
VA DR (B AT AT O, AR T2 5 ~
7 JARLAE, G A AR TR 3 R iR
IR A, I 1 BT, 30 1) R B e R
D AT IR T, 52K Hh Bk A A5 O
REBERELT AR 4 JALIE,
2.2 FHERRUE . R EREE RS B R H A SR HE R 1R L
M B AR AEZE 3 TR 2 4069 SRR R E
LIRSS MR B, #E R TR UL 2R

— K IR 2 2 o A S i B R A
LR PRI DU B (2 o R 45 B 1 B AR
(I 1-A-B) o i S B AR IBORE 35 oK WG RS AL
P HE 75 5% BB /DB AT = T, KRR
BIERL, K/ANR— , 2805 IE# I 80 B 4, D
BRRIER AN f= A 52 5T (18] 2-A-B) 5 6 SRR B
WAL, HAE 22 ~3 mm(E 2-D) ; 1T . H AL
AR, A0 TG I . BR 11,18
SEREUIEE E UL 2 ~3 DR/ 1 ~3 mm IR SS
TE R, FoA M s BT o WL S8 (R 1-C) 5 I 8L
LT R TR RAE R W ESTE (B 1-D) o B
JH B A R IBORE B ok WL BN R kR (L 1-E) o 938 HE
N9 HAR R BRI — 1 2 K ik B kb (1 2-
E-F), i JiF B AR WEBAHIE S (E 2-C)

TE:A B Ml st 2 . Bl -2 BUB S C D, @A 0 TR M-I SUR RS B, 28760 B TR AL F. M i JsU AL FAe

A R IR B
1 HEmEIES

Note. A-B: Thorax and lung at autopsy in the orthotopic implantation group; C-D: Thorax and lung at autopsy in the left ventricular injection

group; E: Brain feature in the left ventricular injection group; F: Abdominal masses and effusion in the orthotopic implantation group.

Fig.1 Macroscopic features of the nude mice

2.3 MEBENILE
it s S S AR L R e R SR 11, 1% s B2 E
ST 2R 100%

3 i

it e 5 DAL 1) AL T g AN =2 — 2 G S il 9
IS I R 2N 23% ~ 65% , 2 Mk %% % fith g v
ol WLEZET Y — TRk, AT T il 8 1
B &AM IE IR 2 | A SR BB TE — 25 08 i 9 i

R BB R AT IR AR D S — RIS
£ e e 7% S 56 s AR R AR A 20T

R ST N e B S 90 sh IR ) 7 1 R AT LA
U O PRI SRR s AR A
AN, 1 U e 7 . QREF KIS . AR
PRIV S PR 240 ., 4 o AP P R R AL i v 5 D)
g < J kT AR SR 0T RSB | LR
IR (8 R S S LR I I R | R O o g 4
il P e ZEL R B A R A A LR RS R B Ok



o [ 52 I 3 A4 2015 4F 10 A 5523 #5555 ] Acta Lab Anim Sci Sin, October 2015, Vol. 23 No. 5 493

LA B NI R I SURSS 5 C. 28 /0 0B VR ST TE M40 s D. W B A R 2L« I Bk 5 E-F. 28 200 28 T 5 4 i
ik,
2 HEURHHLUEAS (HE 221 x 10)

Note. A-B: Pulmonary pathology in the orthotopic implantation group; C: Normal lung tissue in the left ventricular injection group; D Meta-

static brain lesions in the orthotopic implantation group; E-F: Metastatic brain lesions in the left ventricular injection group.

Fig.2 Pathology of the nude mice. H&E staining, x 10
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Genotypic and phenotypic characteristics of alkaline
sphingomyelinase knockout mice

YANG Li-ping'* , ZHU Shun-xing’, Min Ya-lan', LIU Huan-liang' , QIAN Hong-yan' Chen Yuan',
Zhu Jing-ye' , Shao Jing-jing', LUO Run-hua', LI Jing', Duan Rui-dong’®

(1. Key Laboratory ,Cancer Research Center, Nantong University , Nantong Juangsu 226361 , China;
2. Animal Research Facility in Nantong University , Nantong Juangsu 226001 ;
3. Gastroenterology & Nutrition Laboratory, Lund University, Lund , Sweden S-22184)

[ Abstract] Objective To determine the genotypic and phenotypic characteristics of alkaline sphingomyelinase
(alk-SMase) knockout (KO) mice and to provide the foundation data of this animal model for further study of the role of
alk-SMase in colon cancer. Methods DNA was extracted from the tail tissue of wild type, heterozygous, homozygous KO
mice, respectively. PCR analysis was used for genotyping. HE staining, confocal microscopy, and mass spectrometry were
used for the detection of morphology, alk-SMase expression and sphingolipid metabolites in liver and intestine of the mice.
Results Compared with the wild type and heterozygous mice, the homozygous KO mice showed that no changes occurred
in the appearance and body weight, there was only one band (247bp) appeared on the genotyping, the thickness in small
intestinal mucosa was significantly increased with a lower expression level of alk-SMase, and the amount of sphingolipid me-
tabolites in the intestine and liver was changed, i. e. increase of SM and S1P, and reduction of ceramide. Conclusions
Our findings demonstrate that the homozygous KO mice have specific genotype and phenotype that do not affect their
growth. These mice will provide an ideal animal model for further study of alk-SMase functions.

[ Key words] alk-SMase; Knockout mouse; Genotype ; Phenotype
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Fig. 1

alk-SMase genotyping by PCR
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Note. A, B: Photos taken from front and back of the mice, wild-type( +/ + ) on the left, homozygous ( -/ - )

on the right in each photo. Among the same age littermates there are no differences in the appearance and body

weight regardless of genotype.

Fig.2 Gross appearance of the alk-SMase KO mice
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HGHE el AR ER A 10 ORFIZEF A4, bar =250um,
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Note. Representative micrographs of HE stained slides were taken from 10 littermates of identified genotypes of mice, respec-
tively. The bars inserted in the images indicate 250 pwm

Fig.3 Morphological comparison among 3 types of genotype of alk-SMase KO mice

+i+ +— = A
T ARETOEY AR AR W +/ +) 2B T(+/ =) B KO( =/ =) ANEZEF BRI R4 L, 46 H alk-SMase &
M, T AIARAZ (DAPT BHYE) . 78 KO( -/ - ) JAZHBE L alk-SMase [HZIEBH 85, #7100 wm,

4  alk-SMase TEAN[E)FER A FRIA R T A93R3K , x 400

Note. Representative micrographs of alk-SMase immunofluorescence staining from the littermates of identified genotypes with WT

N
Small
intestine

FHM
Colorectal

( +/ +) ,heterozygous( +/ — )and KO( =/ =), respectively. Green color indicates positive alk-SMase expression, and blue
indicates cell nuclei (DAPI + ). The alk-SMase expression was down-regulated in KO( —/ - ) intestine. The bars inserted in the
images indicate 100 pm, x400

Fig.4 alk-SMase expression in the intestinal mucosa of identified genotype of mice.
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Note. The histograms in A, B, C represent the levels of sphingolipids
metabolites SM, Cer, S1P in the intestine and liver tissues of alk-
Mase WT ( +/ + ) and KO ( =/ —) mice, which were detected by
mass spectrometry. Analysis data were from n =10 in both SM group
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Fig.5 SM, Cer, S1P levels detected by MS in the in-

testine and liver of WT and KO mice
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Morphology and hemodynamic analysis of vertebral arteries in rhesus
macaques by 320-CT and color Doppler ultrasound

LING Ze-sha', ZHOU Zhi-ming® , ZHENG Xiao’ , JING Yuan', JIA Gong-wei', YU Le-hua'

(1. Department of Rehabilitation, 2. Department of Medical Imaging, 3. Department of Ultrasound,
the Second Affiliated Hospital of Chongqing Medical university, Chongging 400010, China

[ Abstract] Objective To obtain imaging information of the cervical arteries and vertebral structure of rhesus ma-
caques and provide useful reference data for medical research works using macaques as animal models. Methods  Six a-
dult macaques (3 males and 3 females) in age of 3-5 years, body weight from 3.5 to 5 kg, were used to examine the neck
by 320 row spiral CT imaging under general anesthesia, and three-dimensional reconstruction was performed to observe the
vertebral artery morphology, and to measure the diameter of vertebral artery and the size of transverse foramen of the ma-
caques. Color Doppler ultrasound was combined with 320-CT imaging to assess the blood flow velocity in carotid arteries.
After CT scan to make sure that the vertebral artery and cervical vertebra of macaques had no deformity, the size of trans-
verse foramen and diameter of vertebral artery were measured in the cross-sectional images. Color Doppler ultrasound was

used to analyze the peak systolic velocity (PSV) , diastolic peak flow velocity (EDV) and the diameter (D) of common ca-
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rotid artery (CCA) , internal carotid artery (ICA), external carotid artery (ECA) , and vertebral artery (VA) of the ma-

caques. Results The 320-CT scan showed that in the monkeys, the vertebral artery enters the cervical spine through the

intervertebral foramina at C6, and leaves the cervical spine at C2 level, and the cervical spine has Luschka joint, which is

similar to the anatomic structure in humans. The diameter of left and right vertebral arteries was 1. 89 +0. 44 mm and 1. 72

+0.39 mm, respectively, with no significant difference between them in the same segment (P >0.05), and the size of

transverse foramen also had no significant difference in the same segment (P >0.05). Color Doppler ultrasound showed
that the left and right side systolic peak velocity (PSV) and diastolic peak velocity (EDV) of CCA and ICA, the left and
right side systolic peak velocity (PSV) of ECA and VA had statistically significant difference (P <0.05), and the left ar-

teries were predominant in the macaques. Conclusions

In this study we obtained some imaging information of vertebral

artery morphology and artery blood flow of macaques and these information may provide some useful basic data for further

studies using rhesus macaques as animal models.
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Note. A. Three-dimensional image of cervical artery in a macaque: 1. The beginning segment of vertebral artery, 2. Vertebral segment arter-

y, 3. Occipital segment of vertebral artery, 4 Intracranial segment of vertebral artery, 5. Vertebrobasilar artery, 6. Cervical segment of inter-

nal carotid artery, 7. Intrapetrous segment of carotid artery. B. Three-dimensional image of cervical artery and vertebral body of a macaque.

C. Three-dimensional image of cervical vertebral body of a macaque: 8. Uncovertebral joint

Fig.1 Three-dimensional images of cervical artery and vertebral body of the macaques
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Tab.1 Transverse diameter of the transverse foramen
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e AEMMES K ELA2 M (1. 89 +0. 44 ) mm , A5 I HE S
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21 Groups C2 C3 C4 (O8] C6
ZEM) Left 2.68 £0.74 2.66 +0.71 2.31 +0.56 2.24 £0.55 2.72 £0. 69
i Right 2.70 £0.72 2.67 £0. 69 2.31 £0.57 2.22 £0.55 2.71 £0. 67

W — 1 B s L, P >0.05,

Note. Comparison of the left and right transverse foramen of the same segment, P >0. 05.

Fz2 MERARKRE(x £5,mm)

Tab.2 The sagittal diameter of transverse foramen

5 Groups 2 3 C4 () 6
Jefil Left 2.85+0.77 2.75 +0.76 2.39+0.59 2.44 £0.55 2.81+0.71
il Right 2.89 £0.74 2.79 +0.76 2.59 0. 64 2.51 0. 60 2.88 +0.77

. Rl — 1 B 5L E g, P > 0. 05,

Note. Comparison of the left and right transverse foramina of the same segment, P >0. 05.
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Tab.3 Detection of hemodynamic indexes of the macaque cervical arteries

o CCA DV EDV VA
Groups PSV EDV PSV EDV PSV EDV PSV EDV
cm/s cm/s D/em cm/s cm/s D/em cm/s cm/s D7em cm/s cm/s D/em
2 30.33+ 857+ 0.22+ 19.47+ 837+ 0.13x 1588+ 837+ 0.12+ 10.94x+ 462z 0.10 +
Left 3.47° 3.24 0.12 2.932 1.13 0.01 2.10* 1.13 0. 00 2.57" 1.37 0. 00
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Right 1.91° 0.79 0.12 2.28?% 0.70 0.01 2.26* 1.31 0.01 2.03" 1.27 0. 10

L ZE AT WO A0 A I AR H A e P <0.015b: P <0.05,

Note. Comparissn of blood flow velocity in the left and right cervical arteries. a:P <0.01;b:P <0.05.
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Note. A: Common carotid artery ( CCA); B: Internal carotid artery (ICA); C: External carotid artery, (ECA); D: Vertebral artery

(VA).

Fig.2 Color Doppler flow images of the macaque cervical arteries
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Analysis of the correlation between three evaluation methods of
rat models of focal cerebral ischemia/reperfusion

CUI Xu-ran, LIU Zhao,ZHANG Zhi-bin,ZHONG Ju-ying

(China Academy of Traditional Chinese Medicine Experimental Center for Molecular Biology Laboratory, State Key
Laboratory of Medical Research Center of Chinese Academy of Traditional Chinese Medicine, Beijing 100700, China)

[ Abstract] Objective To analyze the correlation between three evaluation methods of middle cerebral artery occlu-
sion and focal cerebral ischemia, and to explore a new method and standard for the evaluation of the model. Method
Thirty healthy adult male SD rats were randomly divided into a sham-operated group(n =20)and model group. According
to Zea-Longa procedure ,we established the disease model to detect the changes in cerebral blood flow before and after sur-

gery. The resulted cerebral infarction area was taken as gold standards. Then we analyzed the correlation between the

standards and the changes in cerebral blood flow. Results

The changes of infarction area ratio were positively correlated

with the changes of cerebral blood flow in the model rats. Conclusions  The changes of rat cerebral blood flow can be

used to evaluate whether the cerebral ischemia model is successful or not.

[ Key words] Infarct area; Behavioral score; Cerebral blood flow; Rats
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Fig.1 Staining pattern in the rat brain slices
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Tab.1 Changes of cerebral blood flow in the rats

45 NIRRT 24 h Il i
Groups Normal blood flow 24 h blood flow
E*Hlﬂl 327.72 £31.56 139.05 +36.53 ™

Left brain
i 324,65 £37.39 279. 48 +44. 66

Right brain

4 - 5 [0 A AR I 9 i L $ P < 0. 01,

Note. Compared with preoperative ipsilateral cerebral blood flow,

P <0.01.
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Fig.2 Changes of bilateral cerebral blood flow in the rats.
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Fig.3 Real-time monitoring of the changes
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{1 32 B K BRI S F.C UL CK ,CK-MB  TnT .BNP FI CRP 7K, REAZ 843 13835 31 5 0 L5455 .
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Influence of Shexiangbaoxinwan on myocardial injury markers and
C-reactive protein after a single bout of exhaustive exercise in rats

CHEN Jin-liang', LIU Zheng' , ZHANG Jing*, CHE Peng-cheng’, LI Hai-jun', LI Fang', LU Fan', CHENG Qing-qiang'

(1. Department of Cardiology, No.281 Hospital of PLA, Qinhuangdao 066100, China;
2. Department of Cardiology, People’s Hospital of Qinhuangdao City, Qinhuangdao, Hebei 066000 ;
3. Hebei University School of Medicine, Tangshan City, Hebei 063000 )

[ Abstract] Objective To observe the influence of a Chinese traditional medicine, Shexiangbaoxinwan, on myo-
cardial injury markers and C-reactive protein in exhaustively exercised rats. Methods A total of 52 male 11-12 week old
Wistar rats were divided randomly into two groups: the experimental (n =26) and control groups (n =26). The two groups
of rats took food and water freely. The experimental group of rats was given Shexiangbaoxinwan (2 capsules per day) for
two weeks. Following a single bout of exhaustive swimming ( =2 hrs) , the serum and myocardial CK, CK-MB, TnT, BNP
and CRP in both groups were determined and compared. Results Compared with the control group, the exhaustive swim-
ming time of the experimental group was significantly prolonged (P <0.01). The levels of serum and myocardial CK, CK-
MB, TnT, BNP and CRP in the experimental group were significantly lower than those in the control group (P <0.05 for
all). Conclusions The Chinese traditional medicine Shexiangbaoxinwan can significantly decrease the levels of rat serum
and myocardial CK, CK-MB, TnT, BNP and CRP after a single bout of exhaustive swimming, and car alleviate myocardial
injury.

[Key words] Chinese medicine, Shexiangbaoxinwan; Rat; Exhaustive swimming; Myocardium injury, markers;

C-reactive protein
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Tab.1 The changes of serum CK, CK-MB, TnT, BNP and CRP after exhaustive exercise in the rats
2173 Groups CK /IU/L CK-MB /IU/L TnT/ pe/L BNP /ng/L CRP /mg/dL
X REZH Control 1168.2 £447.6 218.9 £113.6 2.14 +0.73 73.25 +£21. 14 7.38 +£3.53
SCEZH Experimental 619.8 £193.3" 108.7 +42.8" 0.86+0.19" 36.77 £12.31" 3.52+0.86"

TE: * P <0.05, 5% L LA
Note. * P <0.05, compared with the control group.
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g Z WA MPTP 5 S 1)/ B
A48 AR A 2 A DA
¥ Hm, R
(U B A 5 50— B TR BE B e IR, 68 B3R 233000)

[fZ] HB# #ILJELHE( lipopolysaccharide, LPS)BRA 1-H 34-K3-1,2 3 6-DUE ML IE ( 1-methyl-4-phe-
nyl-1,2,3 ,6-tetrahydropyridine, MPTP) 353 (¥ 18 1 /N BRI 6 AR A | 3800 AT g 28 SRS 22 L R 28 DT At B 1Y
AENENL, Fik K20 H CSTBL/6 /R ML 2 A A5 A 20 F0 kit BE 4, A A 21 45 H Ml 2 55 LPS (0. 25 mg/kg) —
WS 3 d, )5 — VST LPS 4 h ), 45 A TEST MPTP (25 mg/kg) —¥K, ELE 2 d, X A ZH M e 1 S0 A ) 4
AFREIK 8 JEJE AL A A B A e SE B P40/ N R AT 24 BE 0, S e 20 Ah vk W 8¢ B I i 2 IR 2 ALl (THD) P
AEARARTEDL, SR ARG NEA TN AT I 25 A B (P <0.05)  AEAZH /)N LA fili 55T X g 1
TREMM AT M, S5 LPS G MPTP M A 56 2l s 5 s 8 P/ BRUDE 4 AR i 280 | S /R iz i i ]
T4 R 0 R IRAIL B 25 TR T UR S AR DERI AR

[X$IA]  LPS;MPTP; M4 FR05 ; /1N BURTHY ; s 2% 2 (L ity

[FEHES] Q9533 [cEktRiEAE) A [XEHS] 1005-4847(2015) 05-0513-04

Doi :10. 3969/j. issn. 1005 —4847. 2015. 05. 014

Evaluation of a mouse model of Parkinson’s disease
induced by lipopolysaccharide plus MPTP

SHI Xiao-jin, QU Hong-dang

(the First Affiliated Hospital of Bengbu Medical College, Bengbu 233000, China)

[ Abstract] Objective The aim of this study was to establish a mouse model of chronic Parkinson’s disease in-
duced by systemic administration of lipopolysaccharide plus 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine( MPTP) , and to
study the changes of behavioral manifestation, numbers of dopaminergic neurons in the substantia nigra pars compacta.
Methods Twenty C57BL mice were randomly divided into 2 groups: the saline control group and model group. The mice
in the model group received three intraperitoneal (i.p. ) injections of LPS (0. 25 mg/kg) , once daily for three consecutive
days. Four hours following the final LPS injection, the mice received one subcutaneous injection of low-dose MPTP (25
mg/kg). The mice of control group were injected with the same volume of saline. Eight weeks later, the motor ability of the
mice was evaluated by footprint test and rotarod test. The tyrosine hydroxylase ( TH) -positive cells were observed by immu-
nohistochemical analysis. Results Compared with the control group, the scores of behavioral test were significantly lower,
numbers of TH immunoreactive cells were significantly less in the Parkinson’ s model group (P <0.05). Conclusions
Behavioral manifestation, number of dopaminergic neurons in the substantia nigra are significantly changed in the mouse
models of Parkinson’ s disease produced by repeated injection of LPS plus MPTP, suggesting that this chronic animal model
can be used in the experimental study for pathogenesis and therapy of Parkinson’s disease.

[ Key words] Lipopolysaccharide, LPS; MPTP; Parkinson’s disease(PD) ; Rat model; Tyrosine hydroxylase
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WH45 7% 7% ( Parkinson’ s disease, PD) & —Fh 4
DL 28 R GERAT R B , e T A0 B s Oy PR
[t 22 1 i BE A 22 TC Y R4 T 14 25 2 R B BA YA 22 T
R G /MR o Bl i BT AR PD Y K
Bl AT RE W K B 2 AN a4 (EARRT)
R TR M AR (RS Ea)m) g
2 RN I (AT AR TG IR B ) R AR AL LI, B
RAE S AL Y KB PD R 2 R EAS B
AU 2 A 2838 g 722 i A 1 — S B i7 B, A1
JE AN BRI STk E . B ET PD g R
o JELAE BEAIL I A9 I, R UE T PD S A A
PR ASEAUL T — A~ B B e PD (1% & s AL 9 34 2 il
TR M WAL, R — A T i e i )
H i MPTP 1 6-OHDA 452 J& #— [ 3 T % T 19
PD BCHY Y T4 22 U i il 248 76 m] AR I B I A R
MR IR, HAUN — R IF AL R FHN
Hig k2 M RESR D Al B PN IR 20 (Li-
popolysaccharide, LPS) 1755 — FR 51 1 K AE KN, il
TF P AT Bl 2 (AR A2 4 Jrh RO 28 & G A
RV F IL-1B | IL-6 Fl TNF-a 55, 3T 0
VR SAE 1 B WE SR D, LPS Ak B S R
MPP* ( MPTP, 1-methyl-4-phenyl-1, 2,3, 6-tetrahy-
dropyridine PRI EE 9 ) , 45 R 7x LPS FiAb P20
U7 RO E @I N VN S5 C 3/ A BN e VA
MPP* 4H , H¥pge i a4 K, & B LPS A1 MPTP
SEIE PR AT RO i iR AT AR R AR AR S
I LPS U5 5 R G ME RAE 5, 4k 2 1 5K R
T MPTP 75 3tk PD R ISR AT 2 Al
SRR 22 [ i i 28 70 A B Y AR 5 0, I S H T A
A PD MZEN8 AT M A0 1 ok B2, T A BFSE PD
AT SE SR AL,

1 HR5H%

1.1 ##
1.1 SERshy

SPF gl 12 JE#& Y C57BL/6J /N, 20 H,
TR 25 ~27 g, W A M K2 F A e 24 vt [ SCXK
(75)2012-004 ] , 17l % T f 3 B2 2 58 SPF 4% 55 40 5y
Prepn [ SYXK(#57%)2012-002 ] , b 4 37 & 9 45 9%
a5 H, BEESITE 18 ~22°C, H B RAK
1, IR 12 h/12 h B RIER,
1.1.2 &

RZ W5 MPTP, S ik AR PR L LA, AL &

Fric i) —9t, 20 H Sigma( L) .
1. 2 A%
1.2.1 h¥pssy

20 H C57BL/6] /NS W PEAR 3 1, BEAIL ST
2 XS BB BRI A A2 10 H, AL/ AR H
JE RS LPS (0.25 mg/kg) —IR,#ELE3 d, Feq—
RKEHT LPS 4 h J5  ARSEE 3 MPTP (25 mg/kg)
—WR, L2 d, M 24T LPS 114 3 ¥k, MPTP i 4

2 YR, aS R IR ZH IE s v S AR AR G A= R K
1.2.2  F7 R=aAsm
(1)K r

Hfl— MK 1 m 58 10 em 5 20 em B9 5[0 8
T, FH TRV 9 ) B 4B 7 ISR, I N B
T DI 2D R/ B T A TR R R I,
JCTEE B B3k 5 — S s B DA B A
£l w1 = N e i1 B N R S N R R A e R
A, B IE R T ARS8 2D IR B R ST
B8, PR/ INBRAE TR AT 2 I 2 sk A5 WA RO i Hhy
PN T RE B s AP iR 2 /N

(2) Feresis:

BB T HARN 3 om BYBEREFT L, i i %
920 v/min, BEREEE 5 H/NR, B RES 1
H o e/ NN IT b 5 5l 22 4w B R T 22 T 1Y
B A], WU B TA] 2R 5 min, 2300 5 REBCEI1E , [F]— H
/N BRG] B 24 30 min

(3) iF Pk S5

BN B R A—40 em % 25 em % 16 e¢m 1
A DL b IR R DK 20 88, KR 12 em, 7K
H(27 £2)C, PFAARUEITT 23 43,3 min WIELEAR
W EITFTK 52 43, KBB4 B TR) i DK A R B0 5 1 40, 1
KUK 50 23, WUIRCIETE 3
1.2.3 e dd A g e i /) Bl AR o 1% 2R 2 A Tl
(tyrosine hydroxylase, TH) f &1k

(1) AR v g S5 U A

X /INELEAT K G SR R I, 2B PR ER K
4% 255 PERE T N 115 | 5 B ) e B R I ZH ZUR A
ZRWEEPEE 24 h, SEATREEIK B Ak
B A i B X g S R A TR e S sKkD)
17 TH Syl 8 e (5,

(2) ey AP IR

HER, R A6 ZBEK 0. 01 mmol/T,
3% it AL E R N RN 10 min, B R #h 2% vh
(PBS) ¥k 3 Ik x5 min, JLFEEE , K 2 min, {#
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HPGHGAE) 95°CZa 4T, (R AHERE 12 ~ 14 min, [194
BT R, PBS WYE 3 YK, BRI S min, 5% SE M3
37TCHM, KW Z R FE MG, A —H 4C 1K,
37°CH R 1 h,PBS w3 ¥k, K 5 min, ALY
ZHRIDTH,37C IR 1 h, PBS whik 3 1Kk, 45
S min, DAB W, &Y BHIE Z MK, —F K
] B R AR
1.3 SHitHoHwAE

KT SPSS 16. 0 347 8cdls 43 A, S 50 B4 4%
FHYSE bR 22 3R, L850 SR ST AR AR ¢ K
AT AR, LA P <0. 05 A 4iteimE X,

2 &R
2.1 BHPMREROSN FEELEIEKLEA LR
8 JEIARBEATHIAT Ao il , 55 % FRALAH LE , R

/NP 2D B S s R B I ] B 4
B RUKCOMERT B R, P 1 <0.05, 25 B A ST
FREX(ELD),

R BN KRS RIS R AL (v £5,n =10)

Tab.1 The stride length and rotarod performance in the
mice of each group
251 #4K/em RS /s U7 VK 256/ min
Groups Stride length Rotarod test Swimming
X RREH
7.32 £0. 636 183. 10 +40. 668 2.83 +0. 408
Control
SRINE
Lt 5.41 +£0.299 65.50 £21. 752 1.50 £1. 049
Model
2.2 ERBEBRANBREANER
IR RO BRZH /)N BURH Fe , ASE Y 2 /) B v i PR B

DX 7 P E A e 22 T AT, 2 L M 2 e A i
I HLARB T 22 41 2 U AR D P 22 46 FARUIR
AR BUR /N, R A, £ Ak D i (ML 1)
b

Hf:ﬂzﬁ‘qﬁéﬂ;b:*ﬁﬂéﬂo
1 PRSRET TH fefE 2244 ( x 100)
Note. a; Control ;b : Model

Fig.1 Representative photomicrographs of TH-immunoreac-

tive neurons in the substantia nigra of mouse brain ( x100)

3 itig

PD & —Flr 5 4F 3 AH G 5 # 2B AT PR , Bk
22 (T R JE 5 2R 22 T e RE A 2 s PR T 11
FHOCHE™S PR s PD SR o il BT 2 U e
P2 ICIR T 5 /NI A0 M 285 2 00028 RN 46 TR 7
R A ) ER R PR R AR
THELFRIBESE PD A & SR HILE] SR B 536 T R W
B —~ 8 SR PD B %2 98 LT o B 2 AT N
SOPHIEYE PD Sh PR R — A ST P )
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T FEBOIR AL e KT B, 5320 0 5 350 i
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SIS S PR I 4 2R /D BB TR 9 i 3¢ Fof i
RITEE NIRRT 7 60,

AW R LPS B G /Nl & 1) MPTP /EH T
CS7BL/6] /INERIFS A2 P 4 AR B |8 JE K47 Ry 2
G Gk AR ASE AR 2 /N BB A i) R Tk 40 (B
XoF L34 R, TH S8 4 A 25 51 s B 2 v fi S
JTH BH A 2 0 K50 A o B 2 sk /0 | L ol 22 T 240 i
TRFRAR /N, S AR 4, 25 4k /D IR, 3275 LPS BK
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[#E] Kinesin2 & M2 Kinesin #E H Z N — W F 5, LR HG KIF3A, KIF3B, KIF3C LK KIF17,
YER 5 F 3R E 1, Kinesin-2 R MR S5 T 41ML P 280 8 (5 A R S B8 1) 38 3 , %t 4 A7 06 45 Fh 2B 422 i g
R EE, TFEREI Kinesin2 FELBNY I T A E B2/, KRG S £ EE T8, s
AN E LT JRA PR BRI, ARLERH X T Kinesin-2 (BT R4 ¥ B HA
8 kinesin-2 FJ N5 ARSI A WY RIS v (40 a0 e
[X$EF] Kinesin2 ;4 46 3 5
[FESES] Q9533 [ X#EFRIREE] A [XEHS] 10054847(2015) 05-0517-06
Doi : 10. 3969/j. issn. 1005 —4847. 2015. 05. 015

Research progress on the function of kinesin-2 family
proteins in model organisms

MIAO Shan-shan, YANG Kuang, ZHAO Cheng-tian

(Institute of Evolution & Marine Biodiversity ,Ocean University of China,Qingdao,Shandong 266003, China)

[ Abstract] Kinesin-2 family proteins, including KIF3A, KIF3B, KIF3C and KIF17, are members of the kinesin
superfamily motor proteins, which transport various proteins and vesicles in the cell and play diverse biological functions.
Recently, studies on members of kinesin-2 family proteins suggest that they play fundamental roles during ciliary transport,
whose defects can lead to abnormal cilia development, the major cause of human ciliopathies. In this review, we will sum-
marize the functions of this motor protein family during ciliogenesis and focus mainly on their roles in the development of
model organisms.

[ Key words] Kinesin-2; Model organisms; Cilia; Zebrafish

Kinesin X8 & H2 MR N S 5Y sk n)  BRMZZI R 72 B EA ST ARG A5 &
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Gzt ttsh fy, HRTC & BB 45 M kinesin - WEIEMESNT) MAShEF BHAE A BA S 5T,
HARPEHAFFAE R 7309 15 4> kinesin WLAETE,  ABEA EBEATIESN, AR R L BUASh 4T B 15 4 Y
Horb kinesin2 WHBREHRME MBS HATNY  ZSMAEBESIEUIMNC, 2 5HEZMEZENES
JRz i EE A %, A Wnt, Hedgehog %527, Xt £ & # %k
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BTG, AR , H 9 MRUE “RMIE L RIBFSE, 47 B Bk Ba vl S BN IE S %, 248 (k) , ¥
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R 53T B BR300 — A A A5 S

21 BN R s B P L OB I8 24T B A DCHOR BT
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YENA BN FE DR A, X kinesin-2 25 [
FKIG AT S 3 10— IF9E o s, A G X LA 4
YiRe Sz LB A9 46 . B AT & B, kinesin-2 25
FRPERARR T2 B TR BN R B
A, AL TR B A 2 Al 28 PN (R 3B , B 22 00 24, ARG
i KM tE  RNA 328 i % 2405 i A FEThBE % T
Tt R PR B ], S 27 A TC vk AR i S Ty T — — R T
EHENG kinesin2 i 51 78 JLFP 2 BB &
BHEZEIIRE,

R 1 Kinesin2 3 F R AEA R A W) o B0 4 B

1 Kinesin-2 XRG4, EH4FE

Kinesin-2 % i i 51 3 2240 §f KIF3A, KIF3B,
KIF3C J KIF17 3% 585 B 03 78 AN [5] 9 o ) i 44
A2 R (R 1), Kinesin-2 R 1 1YL [ 2544 ¢
fiE Sy - ELA 25 A0 58 0 10 Sk S5 M 3R 34 07 T 2 A
()N S, C o HL A B2 B I 285 5 e, T v [ 5
535 A Coiled-Coil 2 45 F 3 LUF] T8 (1 =R AL 1
s, Hirp KIF3A A 5 KIF3B (5 KIF3C) 41 H 4%
&, R S ] 5 a4 B KAP3 M EAEH,
F % Kinesin-II Eﬁ3%1$§5ﬁ%@$ﬁo KIF17
HeU RS 5RYEE, HRxsis
Sy 7 AR AT, L AN 5T AR 1 RNF33 1z
BRI T KIF3A/KIF3B AR ILAAE (I A2
KAP3'" | te4h KIF3C KR 5 KIF3A 45440, A it
SEF KIF3A i Z AN g™ | ix s 25 R W] Ki-
nesin-2 2 A Z R fE Kz it s 2 REE

Tab.1 Members of kinesin-2 family proteins in different model organisms

B A

Model organisms

Kinesin-I1 52 = &
( Heterotrimeric Kinesin IT)

(KIF3A/KIF3B/KAP3 % KIF3A/KIF3C/KAP3)

KIF17 [F¥ 3Rk

( Homodimeric Kinesin)

A Human KIF3A KIF3B
ACHE
Chlamydomonas FLALO LS
&l
Caenorhabditis elegans KLP20 ket
A KLP64D KLP68D
Drosophila
bad;E!
AL KRP8S KRP95
Sea urchin
BN XKLP3A XKLP3B
Xenopus
o= g E > 1 o=
B It K Al HE S Kif3a Kif3b

Zebrafish and other vertebrate

KIF3C KAP3 KIF17
NA FLA3 NA
NA KAP1 OSM-3
NA KAP NA
NA KAP NA

KIF3C KAP3 KIF17

Kif3¢ Kap3 Kif17

TE: NA FOREZIF P AR SOR LB ()

Note. NA, Not discovered or reported.

2 X EYH Kinesin-2 AR IHE

2.1 IKE—Kinesin-2 EEA R & FHEE

2F B kinesin-2 fx T B 1z ds B, X #iz
i A8 iF — 1Y IFT (intraflagellar transport ) %) 5 H
S ARSERI . AR T3 AR , Kozmin-
ski 20V R AER BB AT B (HER) TPOULI R T IFT
MIFEAE . X IFT s 2 A AR £ 2R 1E A b
SERLEY, HATA B IFT 24 Mkl id 20 7 IFT 3 H

Fa s, H 45 B 6 /28 F AL Y IFT-A 2 ZE A2
14 ANE R TFT-B L0 IFT B A A
RN TN — B8 B A 54 2 (1 (W0 tubulin) 19428
F R X A s TR B s ) R A T
kinesin-2 Fx [, HHT, A # I &AL MK KIF17
[ — SR AR AETE , kinesin-T1 5 U5 = 544 2 4K 35
TP EEREHE G, KB a0 5 SRR 5
AR PRAE IEHIRLEE (22 ) AT 4EH540 B IE H D Be , 7E
TEE AR B 32 FERT, B FLAL0 2 FH A 6%, TIFT
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BRI I A UG 0, T Bl W = e
RN T HL, A SR M TC I P AR B HEE |, B kine-
sin-2 & A PR T A HEHE B A B T BT B
A< kinesin-2 ANV Hl B ) IE L S dEdr 2 OC T 2L
FERCF 2 0] B 45 A ad R b & AR Y I
T FEXFACHE kinesin-2 £ 1 FLAS U5 H , TR K
S Liang 0 & Bl— ARSI 22 2R (S663 ) B
BRI A5, %A 1 BB R AL 5 75 1 A 9% kinesin2 5
IFT HH B 454, ST T A EH BNz
2.2 #ZM—Kinesin-2 FlEIFFZEHEEER

Xt kinesin-2 iz fii A1 B %) BIF 5% B B HL 14 o1 Mk Ol
H X RUSSE2F BT, ARG HES S5 H 1

S 2k U MRUBE R 28 TT 4 2 T T 43 oA S X R S i

X, H e X AF B bl 9 XU — B R4 A, 283 X
M9 SRS AR R, 7E B R kinesin-11 ) 28 A K
2R RIS p 2250 ASH/ASI 2T B 1l il 22 25 #4 1E
B MG Osm-3 BYRABR T X B2 0)ix
i X AN e f e ,Tflﬁjﬁfj'@%g% kinesin-II 1 Osm-3
(98 A8 IR e TFT {55 11 38 B, 2T 6 b 22 58 4
KU Snow BT — R AN ARG L5,
FZEARIC IFT & [, 0 HAE A R 228 0K 9 933
B EAT ISR | A BRAE 26 HUZF BT i X kinesin-11
SRE AWM 0sm-3 [FIRE A KPR 2 59 iz
iy, TIAEIL 3 X 2 Osm-3 M0 [ HEA7 86 (IS, ki-
nesin-11 5 Osm-3 Wiz B WAF7E 22 55, D8 Ehnic
IFT ({5252 W Kinesin-11 iz %y IFT (3£ ELE 0.4 -
0.5 pm/s, 1l Osm-3 )3z Hi s FEARRTRCP 29 1.1 -
1.3 pm/s, 7 ASH/ASI £F & (1Y 3 3 X, kinesin-11 5
Osm-3 [F] i 32 i 6% 4 4 1, 3 fi o Ak T 7 3 B
R 2 Y g — 25T & B, BBS
BBS-7 il BBS-8 fEiz it H i e IFT S E A1k
FOVEFATT . 48R XA kinesin2 J& 52 2 [l B 8
FALT A ME— ), FEL A AWB MO0 £
1, kinesin-IT 1 Osm-3 H A #H XF il 57 1 12 % AL
il 2021 XE IFT 2K 12 A AT 8 i i 5 4 AR A E
RS A, — HAR B — S F YIRS, Hao 451
e R T — B ASH/AST 21 e i X (1) 2kt 58
AR IR I 45 T A B IRUESE , UE BT &
Tl 22 ) FE A 25 45) B {sf —tubulin, W o IFT SR HE &
(L ST
2.3 WMO&a—HHEYAIEEEER

VE B MESH )RR BE T TEIF ST kinesin-2 &

LB B L D7 R A AR e, BED A HAY
ANRZHASE B4 5IRE 5 AL, ] LIk
LB BPE TS R Z RS R T, 224 AR
PRERBE KRR S5 Z2 Mg | 2 AR IIFTE AN ZRET &
PRI A

TEBE DA |- X} kinesin-2 2R H I RERI IR T H
SRl SRS, HRTFAT B HoA— S I %
28 N T kinesin2 FMR I T A B 5 £0 58 A8 (K
7203 JEXE AR — AN BE S £ kinesin-2 288K 7E
AR T T Kif3b R0 5 8 3 BB A 42
JC . WNH: macula  #1 2 F ( neuromast ) DA K2 5B 45 b
EFEBR, R W] Kif3h X TiX S0 N LF B R
BT, J3—J7 W, R EOCA I, Kif3h A9 E Kk
SEECUUFT 20 B A PR R T TR A 0 e B
IE SRR, X T RE S Kif3e BB AR
REA S ZRRLAY 380 g T S 0 A A o R
M Kif3b M TRE, L e] AP EOeanie & &,
i, AR IAE kif3b FEAB R P J5 A A 2 — &8 43
LT BATAE  AUFEI 28 22 G0 v 46 R 22 B0M 22 20 B 1 2
BU LN H crista KL B, XA AES Ki3b 5
Kif3e Z[EFTEBAMNREAR O (R A REHE) . Kif3b
K Kif3e ¥l Kif3a KAz UIAE , S b IR e
B3 Kif3a ] LUE B [5] )40 6] Kif3b & Kif3e #91F
™ Ww EBE D 0 kif3a AR, BTG B
PIRREIE R IE L (R A RER ) | W] 58 22 (A 5 A B
BTN IP A S 16 Sl

SRR, BE D kif17 RAR R WL &
B, H A 2= AR, R W] Kifl7 AR5 5
REOHD FERREE R, ki7 728 R
WL 2T R F AT A0 Gk B A1, R WAl £F B 1 &
B [FIXT 4t K A 8O0 4 i g s 2 W,
Kif1 7 Jf R OE A HAF G BT =, A Bk | 8
1 LR R ( morpholino ) # il Kif17 ) 5256 3%
W1, Kifl 7 2 U2 O A A B R B T
FAF R 5 morpholino i 5 52 56 1) 22 5% 7] BE 5 mor-
phonino AR A e H R , BT B 9E R
B0 RT3 R 3 R v A O AN Rl o 4 5 ) ) Al ]
RETE kif17 S8R B0s 1 — 267N I I A5 53 i,
SO NG KB B B 5 2 R R, TR DR R O I
AGIEX SR HE— BB kif17 SRR ki-
nesin-11 AH 5 HE A 1) 3R 35 2 15 38, 3 fan L ) 2 75
HA5E K S XA A ME ST Y kinesin-2 B9 VE FAL A
woh,
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2.4 INB—HAEHERHE SRR

INREREE AR T AEYFE, 5
T NFA TP Z 5 SE A E RS IRAIF 5%, 76/
B, X kinesin-2 ZEE AR L2 . KIF3A 7R
ANEUH I SE B Kondo 26 & B, 2 SR X Kif3a 58
AR /N FBIF ST T, Marszalek 225 % /N Kif3a 28
ARAEAELT BRE 58 BARGASXT FR G- 56 | I 1
I RIAEIE, KT KIF3A fERIGE & &=
it , 245256 % Al S i BB AR X KIF3A 7
ANRIHL N DIRESEAT T 5E , 8L KIF3A %748
BOCAMIRT: , 2988 B DL R B K B A5 2 Ak
WEPIAE P LR LGS KIF3A 74 &
W32 S DI RE 2 VI AH G 0 kb9 & 30, KIF3 A A7
FE— SRR BACHVEIPLET, a2 5 IR Wnt {5
St W EH MRS

AIXF KIF3A | %F KIF3B & KIF3C f#F78 48 0,
KIF3B 76/ B B JE 9% Yamazaki 25257 % 98, If90F
B KIF3B 5 KIF3A nf UM B 4562 5 s,
Z i, Nonaka %5 ¥y T Kif3b 574K, IEW KIF3B
S/ Node 44T & 2 BT b 45 1, Ho g A8 53
node £F & & & 5+ , 1M 52 Wi R JIG F 309 26 47 AN 6P AR
MAEE., KIFBC fE/NR P FEAEMERGE DR
B XTI RE R L R E RN R RS T
I, /N Kif3e 2878 PR T] DL IE #4735 , Ui B KIF3C
IR/ K B BT R A A 5T R
KIF3C 7E 8 5 350 8 00 e e v Tl R ¥R, ke 2k
KIF3C [ 5828 (/)N B AT IE 5 A7 , E 76 P 25 40 ifd
SR, AR T e 2 20 R A

/NEUKIFL7 BYPIHE T e S5 B S 2 0L, 7E4F &
KT IS BA RS AER ., X KIF17 Bbtss 3
FLAE e X H AR U R 28 00 I T R 5. D R
KIF17 7T D PR By 2250 2 5 NMDA 3Z{K NR2B
(35 iy, PRI i 223k KIFL7 A5G 3L PR/ BRAETCAZ
KAT R RE O A 2 2 R T KIF17 R R
(/N B8R AT DLOE 8 A7 36, (R 12 g T B B %
{E‘EHS -46] .
2.5 HMREEYHHR

AR B JUR R A 9, kinesin-2 76 HA AR X
AT R A — e Em B A R,
Heln, kinesin-2 &5 FH Bz - S8 78 16 R 41 jy w3 i dr ik
ai b e AR SR BB 5T 2 W KLP64D/
KIF3A Bk ] SE IR AT, IR AT e 5 ki-
nesin-11 7£5% % 8 5& #5 B ( chordotonal organ ) f%) J5i 4=

BN RIIREE A ¥ HASEENE,
B KLP64D X 71 % & 1A B |
[R5 M DI RE 2 0L, kinesin-TT 7E 5 0 I
Z 5T % Wt {5538 # ARz

3 HFiRRRE

L BNE A 12 H O T kinesin2 & H Y FF
T, X Hz Fr AL B 55 X 45 T A 56 a8 % 0 (R HL
PROFFEAIEL R By B B 2 X, BAR H X
kinesin-2 ZIGEIEL BN M DI aefs 2] 17 INIE, 1)
AVFL M Z AR T, 5 S B0 2 B AR
AL AR ZHZUR 27 B 2 15 BA A R 0 iz Far pIL il 2
IR WL B IE 5T 4 R R W] 52 U 2 5 AR (Kinesin-I1)
FFIPESE AR (Osm-3) AT B 2 5 2F BN Y iz i,
(EX Rz i 7 e MESh ) b o= B AF TR A DA
R, BE D AN B BOF S R 0 KIFL7 547 6 1
TE T TC HHE I R |, Ul BB HE S 2F B N Y iz i
BUL 52 OF AT, AR Kinesin2 5 1 B 5
TEA R LT T N 1 iz i HL BT 7 8 AT A
B, PR X SE TR X ik — 2D AR AT B Y 4 4L
i E RS S P A O, Ok B 1Y SR R
B kinesin-2 WG BR TS 54 BNR Bk 2 4b, 7E40
NP I, AT 223 3ad B, R R Bz, i 22
A K LA RNA Rz 48 2407 T 48 1E
YL kinesin2 ZIR L 51 AT REIE# ZAE4L, iX 26 )
B kinesin-2 TELF BN sMiIGE R A ER ,
WS —L T L UE . A, P BNER T ki-
nesin-2 254G HAh kinesin BIFELE? HREIEL B
e 22 K B kinesin-3 Z L KLP-6 25 T IFT
sk, % H RS T HESI AT B P A 2R IR AL
HIEA TG AR W, — 22 5 P O K W
kinesin , f4% KIF19A , KIF7 D)z KIF24 4010
2 AT 5 kinesin-2 & HA M AER A B LT
f, R AR B — ST TT 1]
5 X X #
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Research progress on the development and functions of
tissue barriers using zebrafish model
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Zhanjiang Guangdong 524001, China)

[ Abstract] Zebrafish has been widely used as an important model system in research fields of genetic and develop-
mental biology over the past 20 years. Similar to the mammalians and other vertebrate animals, zebrafish also has various
tissue barriers. In recent years, more and more important progress of tissue barrier studies have been achieved using ze-
brafish as in vivo model, such as blood-brain barrier. These findings contribute to the understanding of the mechanisms of
diseases caused by the disorders of physiological barriers. It also helps with the modulation of the permeability of tissue bar-
riers for drug delivery. This review summaries recent progress of zebrafish applications in the study of tissue barriers, such
as blood-brain barrier, blood-retina barrier, epidermal barrier, etc.

[ Key words] Zebrafish; Tissue barrier; Blood-brain barrier; Development; Pathogenesis.

D S e YT B RE Ja e Y 2 R e 4 JE R
g, 2 E PR EAL L ZUA T Y 5 Fh i 2 S8 50 )
Z—. PR EIERE IR, BRI IR H
JRJIG R R R, BEAE R, ELRJIG A4 £ By R
WY, 6 T8 25 2 WL, 1981 4F, Oregon K 2% Y
George Streisinger'" & A4 T BE D 8 528 £ Ay
5, I N IBE 5 A X Sh Wy ik 78 N5
A ZR AL 4R P TR I IT A SE TR, 2l

30 RAEMA R, BES AT B Alis H Tl K .
2 PTG L~ 2 22 AU S ) T B A Y, B
LRI PP T AR SE 0, 48 78 HLIE R 2 5 N EE A
L EIARATE R IK 87% , 15 NAT AR DL o BEAS AR
I 5 A4 e e, (] Aof BRE 5 £ KR o 2 L35 o A i
e AR T KCE e SEIESE S FLsh P2k
AL, 33X A0 AR A R E 5 £ ] DU S B R 2 HN
PRI, AR SCIUR ST AR B B 107 I

[(EE€TIH] ERAKRBI4S (31370824,81102524) ;1 A4 “ B 35 15 B IR AT IR SR HRI ™ L 03 4 (B A1 2015]8 5)
[MERBA]ZR, 5 W LU E  AF5E 07 ) 425 8, E-mail : 330938901@ qq. com,
[EIRIEE ok dh, 1t BB B2 S0, 5 7 . R B2 A2 . E-mail ; gdmeere@ 163. com,



524 R E SR SR 2015 4F 10 4523 %455 M1 Acta Lab Anim Sci Sin, October 2015, Vol. 23. No. 5

Jr B - P [ R | B SRR Bz B e R 5L B 5
B S 2H 25 B X BB W kA — £k

1 HALAREET

LR 2 AR )l R AE R A AR O
PURSRBTAN KA 5 Wy o (45 0 2 0 B B 55 U E
Y1) NBRBLAR ) S5 48, % R LR N IR BE 9 A2
FE A I RE LA S OE R A A i S A
YER . TENMRIN, 2025 B 3 A0 4 1fi i 7 % | 1-
PR Je | B kb Bz T e W b MEE b e B B s, R
SRIX L7 R Y D RE & AN A [F], (H F2 S0 i R %5 0%
$% (tight junction, TJ) AR i% 3% (adhesion junction,
AJ) FIERLAESE R A A, X BE 25 K AH HLHK 2R AR HAR
FH L [FE 50 B B e e b ), WP R A 4 B 1) A
FHERL,

1.1 RE&EE

S e ok B AR 1 I R A e
TSI AR JI, A JI2H 2P i Y e S 54 T P AH
R i oA 21 1240 2 S A S s )
2 B S S AE R T A B ) R SR A P B e
A PR PE I 7 | AE 4R 20 BB P RN 0 i P PR B AR S
PIERT, BRIt ZAh, S R oR iR, TI 82 5 |
i 2400 8 5 5 Ak 3 PRI A SR ORI 9 S B
TJ 5 B 25 40 £ 2l IS I 8 occludin, claudin F1i%E
$2F6 B 43 F (junction adhesion molecules, JAMs) ZH
., Hr claudin 1 oceludin #2 FEEAEH , LU clau-
din FYZHRESR O B e B e A
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[ Abstract] Zebrafish, a new type of model animal, has been widely used in many fields of biological research be-
cause of its low cost, ability of external fertilization, high fecundity, allowance of embryo transplant, and ectogenesis. Re-
cently, zebrafish and its embryos have been widely used in ecotoxicological studies and environmental monitoring. Further-

more, with the maturation of zebrafish transgenic techniques, a new era has come for environmental pollution monitoring.
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NZET kg o B A | R T £ 30 2 B 55 A6 T )
“TEGA T IR A 0 b P ER S AR A A hy SRR
It R DRI A £ 1 388 30— SRR ) o P AR £, 25
A AR, A R R AR, T80 B S B G TR TR i 1)
TH RSO R B B £ R S AG I K BOIR B

1 WE5&EKRHEMBREESSEZOE
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1.1 BSakHREREINESEIHRIHNA

2 AR g ] TP BT S e
8 TR AR A2 A HUR) BRER DRI LA R 25
SEW BT AR AR 22 [ o o 28 oM B R S 5 ]
Y MR AR DAY, 3 05 £ JY Jifs o 1 1o 7R 2R
AT PAF AU Nagel 251172002 4F (8 FBE D5 7 iR A
BRI 96 h B2 PEBEMESES . it T H R R ALK
PRI AV RS R — B AR 4 IR E P S g vh
¥R IS FH B BE 9 23X I 1) B A 8 ) I 7K i 9t v
SR EORIL M SRR VE SR P B 1 i iR 7
PESZE (fish embryo test, FET) ',

TEDE D i S R vE S rh )l 2 T £
JWIG A B i AR = AN B Be iy 2 BIE R E (median le-
thal concentration, LCy,) : IR 53122 IR (K2 3
hpf) , 4 8 JF 138 (72 hpf) 140 8037 % 8 (120
hpf) P B A PG I B2 S VRS & R AL 4
( Organization for Economic Cooperation and Develop-
ment, OECD ) 4 A7 Y £ & 5. 40 25 P 92 56 4 U ik
i

Kovacs %' 1] F BE I £ IR AR 19 bk B0 &
PEREPESCIRTT R T 4 FhEREE Tk B o iss 245 W i sk
PEMY, BLFE . 5-F IR 5 BE ( S-fluorouracil , 5-FU ) 4,
Z 1 (cisplatin, CisPt) 3% % F1 27 2% MH I 355 4 1 (eto-
poside , ET) 1 H fiff iR fF &5 & JE (imatinib mesylate,
IM) |, Ff-A 33 VO b 24 85 50 i i) B B 9 25 0 ) TR
BV o R BE S 8 ) BEPEAE A R R 2R it
0 R PRIX SE 25 R A A DNA S5 VR T A7 75 22
200 Ao 1 PR B 1 2 B AT IR AR, BT L SRE T £ R
HIRIG Y 2 I SR S 00 BE S 17 i FE
ARG SR — S IEAF B

Liu 21V R FHBE S f0 IR G P8 7 —Fh i A e
HLIG 4 W) ( persistent organic pollutants, POPs)—%=
T2 ( perfluorononanoic acid, PFNA ) 1Y 2 P4 5 P
WF5E, 23 PENA X BE S fa it in BAT & B etk , R
R TR A S BIEIE . 8 hpf F1 24 hpf 2L
FEHE BE (LCq ) 40 W) Ky 342 1 302 pmol/L, 400
wmol/L & 5% 55 1F F A MG 7E 8 hpf &3 F5ET, IR

RIET- R I 15 PENA U B2 5 TEAR G
1.2 HOaFEEESERIEHNA

AVEREME S0 A R RE LR A I ] A A IS )
Wr B BT Y BE PR (L | B0 BRI AR T 1Y J
WA A 27 ) B A PR 5 v ) B I T B AU L S R
B, T FRARR A 8 AT I [) 2% 5 ) 0 M 2 P S
I BRI AR e v R S SRR B B 2 LA
B S AR AR S S0 2 A R T35 2925 4],
TR R S B A D A BB R T 24 S
A R B A] B A A TR i K R R SRR R
T 3T T LS KRR | P S5 T 2 K /N B A5 I 1A
STCE: A . PRI A B B AR B R ]
PRSI N2 B A AR PR G TE . OECD i6 %
FTHIE 1T 02 14d FERFEMRS R HESL S0 7
ALY BT AR N I R Ge R 21d (26
ST

T T DA TRE B £ 7R ST P AR R R BN o3
T REPE LA SO0 1l A8 B R 55 T 4 g A TR
1.2.1  BESafe RO o b a1

JHE 2 BB B R R R A
H i, 7R 25 Y 808 BT TS Je etk e b AT59R AR
BRI B S PR S 6 0 P 40 A A1 52 5 A 0 245 ) 5
PR REPE S, (HIX 7 IR AR — L2 R PR
P, 5] G 24 s S5 36N B At s e 245 ) T G M AE A
PICEAEE T BT SO P 5 W6 147 S P RS2 06 2 )|
Py B A AR, EN MO R BB £
AT @ 2 R A\ BRI T T 25 515 444
PP BRI S T L 3RE 1 £ K S G A JH I 5
J7 B A E PR BB S R RS S 3R
( Replacement, Reduction and Refinement ) Ji )] (o1

Zhang %" 3 2 0 i) B8 B R Tk K 5 % o AT
R T 18 PENA JRga B85 gl fh 5 | JIFAE N 2R
FIG B IR AL, %€ T 57 DAl ES PFNA JiF
JIEBEPERB ARG Y 22 S R 1, E 2w ey At
IR =8 C AW T I g & Dt o ST 2 TR fA A L
JAE S #E— DR 25 SRR Y mR-
NA 57K AE AL, & AR H B KF 2246 5 mRNA
MR A IFA e 2 —3, #2787 PENA iR )5,
A IR BEAFAE A 52 A% 0 DR e S R 4 5 R 4
ML, Zhang AU SR PENA 3 K X 5 55 B T £
180 d FYBIFSE I i, P4l T PENA 7EBE S FFE Y 52
FBUK- R AERE RN . 455 R I8 M PENA 2 5%
SEEOME | e BE S £0 I Y S IE [ B ( Total cholester-
ol, TCHO) ) & 1 F+ 1 5 1M1 H 70 =W ( wiglyceride,
TG ) 1Y 7t FEME et 22 [A) A7 78 B S iy P 001 22 ) 1D
Mt b TR IS . X — RIS — LR R
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TR BERR 221 5 Y ( perfluoroalkyl acids, PFAAs)
A0 TN LY AH T 25 2R 240, B PFOS 1 PFOA
SRR R A OO R g Ry
N BEE 0 A REJE—AN T S 1A BFSY PFAAs 500 fH 5]
BB, (AR B PR 3R A 7K P22 Ak 4G
RIAEYE PENA 285 )5, IR IR 45 & 85 M (fatty acid-
binding proteins, FABPs) K& H: |- i i# 45 JE K i A fk
Y BRI 58 W) 005 32K ( peroxisome proliferator-acti-
vated receptor, PPARs) Fll CCAAT 343 ¥ 45 & 8 M
( CCAAT-enhancer-binding proteins, C/EBPs) % 5%
TR 5545 FLGT BRZEAE LY, 7 M £ v B 25 T o T M
R TR, AT TE H PFAAs BREEFTS1E
{14 35 PR 2 38 194 P ) ) 22 S AT RE R T XS PFAAs
R Rt R AN ] 3 o e A T o ok 2 1 2
Al BEsE T E I A L Fis i a =5k
K, ke 2 AT RE A TR A

Liu 28150 78 4 3 B FR BR ( perfluorodode-
canoic acid, PFDoA ) % 5 B  ff1 i £ 52 50 v & 91,
PFDoA FJ LA | B 56 B £ ] I8 1 U s B~ i 4,
HOE E AW 5 AL i ( superoxide dismutase , SOD) | 13
SEALE (catalase, CAT) FIAF JBE H ik ot %Ak ) it
( glutathione peroxidase, GPx) %5 & 4 i #7481k, I 4%
L EUTNENG it Ak . 2L UK F | PFDoA Ak
LI 25 1 I A v 5 2ok A BRI R A R AN S AL
FHOC B BE R B 38, BB 68 W 35 TR Hb 90 1 ppara,
cptl ,ucp-2 N bel-2 WFE 31k, UL PFDoA RE
A TS A e i 107 7R 4 A3, T T Pk
PR RE B A AR S 3006 A (reactive oxygen
species, ROS) (it m =it AL RS, A&
7 T A A 2495
1.2.2 BE A0 K R IRTE AR A N o e T A e P
ST

$IIG =7 N s RN W SR O WA = B U/ e
PERR A BIY 2 —, HETERE T E LKA 900
Z RPN 43 T3 (endocrine-disrupting chemicals
EDCs) , HA At 200 2R\ HA HER R %K
NN T LA SRAT IR T YL o BE I fh A B N 4y
WTREEE PSR )2 H K 1, Deng
%[17] WFoE %% B0 s =IRIK By ( tribromophenol, TBP) Ers
BB b0 120 d Jim, WFFEAR T BE S 77 I Car-
nevali 45" L K& B, S R R AR H R R (Di-(2-
ethylhexyl ) -phthalate, DEHP) 3 J&| J&5 , {2 & [ AI% T
- o

Wang LTI T BT f0 B £ SR R — Rl A LB
TR Tk BEL A TR - IR = (2,3 - 50N k) iR (ris (1, 3-di-
chloro-2-propyl) phosphate, TDCPP) 3255, & B TD-

CPP W] LA A 336 45 F, AR, I 2538 F, 104
RN B ROS & &, BTG 32, BEAR L i b HOIR
BRZK S F AR F, RIR a4y T3 8 3%
TR

Liu 551 JF /& BE 15 008 M R 58 PFNA 1 9055,
4R IR FE PFNA 180 d J5 , BE S F IUAT F, AL
BRI 3 ) T3 KPR Fo AR A
TR BRI 08 700 1% 5 B 2 200 R 5 0 et A
JEF I H ) B R MR % R 45 A 85 11 (transthyretin, TTR )
FE AR A W LT, F QB £ P A
PR PR A 4G W (3R % B8 i ( UDP-glucuronosyl-
transferases , UDPG ) 15 /K- i & 32 2 # il . PFNA
FYFRC I ZR ER AR T W S g R B R0
1.2.3 SRS fa KRR TR O A BE PR A5 Hh A 1
H

B0l T ARSI BRI B, W] L
TE AR T SE I ULEECo I AE A A 1, BT AR O I A8
WA & 12N ., Gerger A Pt
WA VEFT R I EE (Benzo[ a] pyrene ) 2 2 5L 5, & B
B TR R f AR A I A 0, O SR T R R IR
LR LU cypla FER FiA W B I+, R IF
EEXTBE Hy £ (.0 I R Ge A B IR0 2R AR
Zhang a2l e HAE ( phenanthrene , Phe ) % % B & i1
JR TR 52 50 v A i WA RE 8 40 0 B 5 £ 100 LA R
Ge, R T U E K 0 N REAR KAR /N T 4
A AP, T 5L 4 @ 8 1 9 (matrix metalloprotei-
nase-9 , MMP-9 ) 1] UL 2 fift JE 1 B P R0, i — 25 bif
TR, X —FE MRS TCF-B 38 MG A ¢,

Liu %5V R BE D e IR I 75T PENA 28R S0 5
I PENA W] REBE L fa iR iR & B IR 52, AL R %
L Z K FIEHES M, 535k, PENA %58 7] 1 2%
B RN ROS B & i, I AR — G AT
BES lfabp FN ucp2 FEH (/) 338 B4 THE , sod1 F mu-
ndl BRI IR 2 T REA G,

2 WE&aRKERREREENSIFEN
o ) F
2.1 FEKRGELVNHEERESFIENFHEA

G P v 4 S ¥ Gl b T Y 5 it 5
o J LR R b AT R 2R S E A R
EIRE NN R SRR A 8- - S U
KT TR DA e AR B T £ R £ m R R
) TG P 7 A ) s s A4 5 R 8 e 142 M sz e
KA EE R E ARG Y, B0, Ling % K3 —
BB, 245 SOD  CAT il £ Bk AH B ik #F ( ace-
tylcholinesterase , AChE ) %) i Jifi 4 %2 Cd . Zn =& H
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FEXTHEBE ( methyl parathion ) %) 2% 88 A8 4L, 3X = Ff
BT LA A A E G5 AR EY . Leite
S0 L BT T R R Cu® T i, AT SRR N, R
T, FFAEBE 9 0E SO0 A C I 18, tnf-a, cox-2
1 pge2 FE FRIL W AE L, Wang AU 4 SBE I £R
fE Cu®* ZR 88 ), WLOE R e Hh 5 i 48 R AR AH DG (1) — 2
miRNA ) F A&, W let-7, miR-Ta , miR-128 F1 miR-
138 RAETRBETM, XY C® MFMMHEk
AR BEPEARDC XS W35 A% 114 i A8 o T DU S A
HEJR IR AR EY)
2.2 TEEHLS RN R R A

WEEBR T ICHLE & Jm 5 Y 240 Ak | ok
188 22 I R I IR B vh G HIL T G ) o im A i
I Hask S F A LTS Y R0 85 S NSl e 52
M 285 R AT 22 R AV R BRI Z R 2 %
o H WA PG B -2 3555 12 (polycyclic aro-
matic hydrocarbons, PAHs) %%, 7 DA BE 5 £ 44
SRR G, W IEIE K E 450 DNA Jf H :B8UA
A3 =R A AR B DY
1M HAL 2352 00 148 R G0 & M AR G R R i 3%
S7 LR

R SER I AW (perfluoroalkyl and polyflu-
oroalkyl substances, PFASs) J&— P B4 A HEAT 1L
1Y) ARG A LTS AN PFASs
R ) BB AR, DRt Xf A KB A i
fet LA T E B B . 42 9UF BR ( perfluorooctanoic
acid, PFOA ) Fll 4 5 % 1 [iX ( perfluorooctane sulfon-
ate, PFOS) 2 WA 2R L EY,
TR RE SR BE Dt Y IR iR & 50 Du 207
SRR I, PFOS % 8 B 5yt i £0 5 | 5% e M 3= 32 4
AR RS ARTE M | RIS T S20R 7K P, T 1 —
IK; RN RFF 938 2% BR, PROS RES f 25 18 il FFER R
KB IFEH hhex F pax8 HIFRIK, AR 55 254 hL
FHICRE A FE R cypl 7, cypl9a F1 eypl9b BIFKIE | FH 5
PR E ()L ) RO OC FR RT3k L BE PR (1) SRk 284k
RS I S A — AN R AT %

Wb BELD A 7R 7K A v 25 ORI R AR 3R 5 S
W b A5 2 2 AT, Huang 457 B 93 % 3R
Byt T DK AT Ry 5 7K A o — 3 ) TR U TR
(deltamethrin, DM ) ¥k BEAT AR OCHE . ZKARH DM (%)
W BEIR B 1% SRR 5 5 f0 IOk AT R . 7R
8 PRI 2h PN, IRE B 08 K G R R B 2 52 30 B
S S AT SRy o I K B e E A I ot
G, 3 e BB D fh A JBE T R (%) B () R0 S 7K TR 1Y) B
)5 DM 288 Wk B2 Y B A8 BUH G LR , XA Z
T LIAE R X 537K A4 DM V5 G803 i B 224645 .

2.3 TEKMIMERBEHE BN FE N A

UEAF K, W58 A B — 2L B 4 PENA XU A
(bisphenol A, BPA) S5 £ {4 PN S 56 v 2% 1 13 20 e 4
FEAN ey FRAE K AR FR B T S A I —
I 2 0 25N, B FR A < PR BE E 3 2 ( xenoestro-
gens)” 01 Urbatzka 2V FHA A 11 FhEREE M &
PRV 5T (S T 2 2 ) YT 1Y) K 2 B TR 0 i £
21d &, 3t H 17a- 4 Fe M — 1 (17 a-ethinylestradiol ,
EE2) VE Ay BH P4 ot iR . i 0k HY sear . 17B-hsd1 . cyp19al
33 5 R AT 7K 1A 20 5 e 25 9 3R % 1 U,
Notch &1 LBE h it R A5 700 04 T 90 B3t S 2R 119
FRBRMEIE , BE S G HE O hpf BB HEAT EE2 ()%
&, JFTE 12 .24 48 72 1196 hpf BURERF ST, & IR AE
24 hpf B, BRI EEE A (vitellogenin, VTG) ) mRNA
HFRIRAKP T & B e, X — R R A2
AT LAAE Jy MR R 2 68 0 AR VIR )
2.4 HEARS&ERELNSITFNPHIEA

S A R £ N R R ) U H] T30
SRR/ s I (PSS e oy R L A S N e
Ak A5 ARG SR R A X A, DA R S B i R e
RGP RAN ST, Sl , B B HR 1Y
AW e B BRI R A H 4 o e B DR B £l
TR 8 22 by 87 FH T 245 49y s 36 R A 455 25 0 e 0 401 B
IAFR Bl B f0 IG5 | i
PRI R i e, H T, AR Z AP AR L
TR ] T B f0 i e L I E 5T, I GALA/UAS
LSRG RGN Tol2 T R4 R 9C31
AERE S,

HR, I T R W I A 2 R DR B £ F2 AT
DAR ORISR, 5 B 458 S0 T8 ((aromatic hydrocar-
bon response element, AHRE) 5EHL & To: (elect-
rophile response element, EPRE) | 4 J& & )2 ) JG
4 ( metal response element, MRE) M & 2 i JoiF
(estrogen response element, ERE) Fl14E H iR 125 4
HEAX }imiﬁﬁ:(retinoic acid and retinoid x re-
sponse elements, RAREs, RXREs ) 1461 Petersen
ST T — b 8 3R N G R A R DR B T g
(cypl19alb-GFP) FHFFREE 28 0 5 2% A Wl s TEWF
e AT 5 A (] 1Y) 20 58 e JR R 2 R e R P
ARG 96 h, 455K K B, Fir A TS AE 1 N 55 Y 2 K
FABREMEAI S, Chen %5 MY HE T — Rl 3L 8 B
Dt FEX R RN, R vigl 195 3 F IR
L EGFP MR35, B A I 7K 2158 Hh 1 e %
R Y, O IR B S B B Y
LRI, W LA E A WK R R A MEE R TS G
PR MERER IR AL T — AR T A
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3 BI=RE
BE b g0 JE— A AR AR Y (HE AR

BT 30 4F AR HESI ) K B AW A BN ZE P00

WO AR T EE AR, o —FEE s,

IO T AR S FE B T 5 N PRI W 4 4, B 5 24

P, o TR, AR SEIE 20N, JCHR TR

B PRI T £ it RS S, P T 5 M I %) £ B

Tt PRI R R Bt i PR SE 5 £ ] T P05 W L A A

B RR < E )1K7/S T N ) /1 P2 = GNP ) (| N 0 3R

[T REEIY  FEAN A BPREA , 5 3k DR B 5 40 23 1

S FREE IR BT I ) < I A=

ULAFR , 2157 (-omics ) AN | JEH e S 20

J B A8 1 BT 20 2 BORAE A 253 B2 Ul AL 3]

U R R TR BE AT ) T LA S £ S T ST A Y

WFFEIRIE 15 Qe W0 N AR A 35 R A= b -5 )

e, BEERHAER T B AW ot fok i B2

(R L DR (B e ) B £ i 22 ) T, SRy 3 AR

I Z AR PR S ey AR T RE A5 APl A AN

[F] JS2 %7 TC A 14 2 ke PR B £ B T IR BEPRLES l— A

HESNFEGLALAR AT LA ARG U 1 7K BRI v 45
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[ Abstract)

Experimental autoimmune encephalomyelitis (EAE) is a classic animal model for multiple sclerosis.

After more than 2 centuries of development, EAE can be established in mice, monkeys and rats,etc. Some animals can be

immunized by different immune antigens which have different features in sensibility and clinical characteristics. In this pa-

per, we will review the development of EAE, discuss the characteristics of EAE models produced by immunization of differ-

ent animals with different antigens. In summary, we explore the development of animal models of EAE.
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Tab.1 Characteristics of the rat EAE models established by different studies

di b (P53 HUR (A THAL) I PRAG R (R IRR/ % ) A/ d eI RAS 43
Animals Antigens Clinical course Peak The highest
(sex) (' Administration sites ) (Incidence rate) (days) Clinical scores
Lewis (F) GP-MBP + IFA + Mb( J5 B %) PN Ry 9~11 JE 155
Lewis (M) GP-MBP + CFA MC ( Iyt 45 i e ) SR (100) 10 JEloes
Lewis (M) MBP + CFA + Mb( &) Atk 10 ﬁ%’%ﬁﬁ%ﬁ i
DA (M/F) KB KBAEBESI I (JE R ) AT (83) 9~15 S B
DA (F) MBP + CFA + PT (JEME/L%E) S (100) 10 VU TE S
Lewis (F) GP-MBP + CFA + Mt (&%) SR 9 J o
Lewis (F) MOG + CFA + Mt (&) SR 14 JE 7155
DA (F) GP-MBP + CFA + Mt (JB#5) Sk 11 ~12 BT
DA (F) MOG + CFA + Mt (&) FSYe3 sy 11 J IR
BN (F) GP-MBP + CFA + Mt (&#)
BN (F) MOG + CFA + Mt (B#) Ak 13 J S
Lew. 1AVI MOG + CFA +PT (&%) HHE MOG {4547 2% L AL
Lewis (M/F) Efi?%ﬁﬁﬂﬁ + CFA + FHUREHE A (A B 10 ~14 Z%g’égﬂiﬁﬁﬁ
Lewis (F) KRB BESIK + CFA + Mu(JEREE %) (eaday i 10 ~12 VY A TE T
DA (F) KEHFESIH + TFA (BH) SR - T 9 ~27 ) e
DA (F) MOG + IFA (E#) R -G 8~16 J B 55

. BN , Brown Norway K : Lewis , Lewis jiﬁﬁ;DA, Dark-Agouti ﬁﬁ,CFA,%%J|5EEVjﬁU
THE R /0 5% e o 2 UM 25 M,

IFA , A 584 3R FGAR 77 s Mb , 3L AR HF 13 s MOG,,

JF MEME M HEYE ; GP-MBP, JIK BUBE N BB TR 1
GG AAT R PT, [ H %R,

Note. BN: Brown Norway rat; Lewis; Lewis rat; DA Dark-Agouti rat; CFA: complete Freund’ s adjuvant; F: female; M: male; GP-MBP . guinea
pig myelin basic protein; IFA : incomplete Freud’ s adjuvant; Mb: Mycobacterium butyricum; MOG ; myelin oligodendrocyte glycoprotein; Mt: Mycobac-

terium tuberculosis; PT; pertussis toxin.
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Tab.2 Characteristics of the mouse EAE models established by different regimens

HUE Antigens e/ d e e e R AR 43

S AP Animals A I AR A .
) i (?ﬁ%?ﬂﬁﬁ) . Peak The highest
(FEH]) (sex) (Administration sites) Clinical course (days) clinical scores
SIL/J (F) PLP + CFA + Mt(fllig /& ) B R -RifRe 15~ 19 Ji R
SIL/J (F) MOG + CFA + Mi(Jal % BH) B Ek-ZiRniE 40 VE kS
A.SW(F) MOG + CFA + Mt(Jal % ) Ztkmfe 60 ~90 Ja 155
F1 (SJL/J_C57BL/6) MOG + CFA + Mit(/GH 2% JBi) K E-Zm 19 B I J AR DU R TG
SIL/J (F) PLP + CFA + MGl % BH#)  BR-ZMiik 17 ~23 TR (145 PR DY TG )
F1 (SJL/J_C57BL/6) PLP + CFA + Mi(JGRE%E BiB) Atk 19 ~23 T A S TR DU TG
C57BL/6 PLP+ CFA +PT(fEET) TR 23 ~25 Ji g o
C57BL/6 MOG (fE ) 8 K-t 14 ~20 Jii PR
C57BL/6 MBP-PLP + CFA +PT(fliJfE ) 18 P iR 10 ~20 J5 TR

. SIL/TL,SIL/T /MR AL SW L AL SW /MR FIL SJIL/J_C57BL/6,SIL/) 5 C57BL/6 /NERAREE F1 48;C57BL/6,C57BL/6 /INEL; CFA, complete
Freund’ s adjuvant 5825 [CIE7; T, female MEPE; M, male ZEVE; PLP, proteolipid protein 2 A8 H ; MBP, myelin basic protein , fifi B 5 s 4 2
F1; MOG,myelin oligodendrocyte glycoprotein; Mt, Mycobacterium tuberculosis 25 4% 73T B ; PT, pertussis toxin. F H %13,

Note. SJL/J: SIL/J mouse; A.SW. A.SW mouse; F1 SJL/J_C57BL/6. SJL/]J and C57BL/6 mice, hybrid F1generation; C57BL/6. C57BL/6
mouse; CFA: complete Freund’ s adjuvant; F: female; M: male; PLP; proteolipid protein; MBP; myelin basic protein; MOG : myelin oligodendrocyte

glycoprotein; Mt; Mycobacterium tuberculosis; PT; pertussis toxin.

AN AR [ 5 3R A S 56 3h 0175 S EAE 1Y
5y T R RS i AN A, X VH T 2 A S Ak
BAERBER ZRMERIET . DX AR JE, 4
FhEIY N7 1) FAE BLRIZE MS WF I8 &R A —
ERE X, et 25 30 4E v, KRR/ B ST
EAE RZR LK shY), k2 Fran KR AT IRE
R 2R AR A EAE 324 T 0958 G5 S Ak & [y
BrrpL AT A R R AR RV 25 TR e
JEAIE DL, AT58R 7 1T 30 A i A S R Fn 4 —
TRUREME S KB EAE 095 B2 R AE 4 76 B 86 L I
TR S A O FE RS A A MR, KR
EAE AR5 AZE MS Ay 3 2R 5 2 B8 i 28 6 K R
ISR ST A . UL, 51 e ) o B B2 AR
ATRESE A AN G RE TN B e B2 R a5 A
AR At R e AR RN B K 2% fk s A b
Yool WREERE R AE . /N ST EAE BP0 S 4
MR R, ] IR LB R 3 2 | 7RG JE RN
g L 2= 0 Ty Sk

/NREEST. EAE 19 2 BB E AR F 2 oK L,
/NERGE H TME LB S EAE /N EAE AHXHHEHL,
TAER A 2295 2 R0 s R 18] 1) 25 57, LA B 7 B4R 590 4l
B, BT A H %R R AE B 7
AN AT B ST R AR AR

5 1 R K sh W (A te ) A AU ) | R g A2
Fpe st b HA B AR fE R K2Kks)
L EAE, 2RISR, S0k AE FI I A
W, PR AN T AT B G R T v A A R
MBP Fl MOG 553 R (B sh, R 0y 20k
WRRR , RELLLZ B e 0 IR SRBE | R
IR, DT 52 6 B 4 R A e ko AL AR
MOG FN5E 448 B AR 39 B L300 i B B i M EL 2
ToH H%EEZE 1 MBP & —Fh 5505 2

4 CFA 7 EAE #1532 dh iy 220

KZH EAE B #5777 v 3Rk H o6 4 o
A% F ( complete Freun’ s adjuvant, CFA) ,CFA J&Z
FIF 5 Hb g i o B4 B g8 A7 501 A2 00 A A 2 de et
FEARHILAA T T A IR | DA SEE 38 BLAA X T S 1 4
PEMNSZ o AR BEHT I B TR H, 550 D 228 ¥ 1T 457 82 114 %
MU RS IRE . 5356 78 EAE SRS a7 7 58
o Z2 R AT BT, DAY R0, B0 L4531
Az, FERE T AU S e 0

ARIE R T B B EST CRA, BA7 B T e 4
PGB8 RN SR BE . DN A 27 F B S e e
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FECNS I A Rl v 2 s Y
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255, AR RIS RN 0 25 52 56 sh i 5 N TR g il 7L
Y (SRR G F R R B K225 @MS 1Y
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Analysis of laboratory animal strain resources in USA

KONG Qi, XIA Xia-yu, ZHAO Yong-kun

(1. Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences & Comparative Medical Center,
Peking Union Medical College, Key Laboratory of Human Disease Comparative Medicine, Ministry of Health;
Key Laboratory of Human Diseases Animal Model, State Administration of Traditional Chinese Medicine, Beijing, 100021 China;
2. Institute of Military Veterinary Medicine, Academy of Military Medical Sciences, Changchun, 130122, China)

[ Abstract] Laboratory animal is an important support condition in life science and biomedical research. With the rapid
development of life science and biomedical industry, laboratory animals, and quantity and variety of animal model resource are
rapidly increasing. According to the statistics, there are more than 200 kinds of a total of more than 26000 strains, including 2607
strains of conventional laboratory animals in the world. USA is a big country of laboratory animal resource in the world, with most
of the laboratory animal breed resources and preservation organization. In this paper, we analyzed American laboratory animal re-
sources, and provided references for the development of laboratory animal resource in China.

[ Key words] Laboratory animal; Animal model; Strain; Resources
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How can standardised reporting of animal research
advance the 3Rs?
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This article is based on a presentation held at the Second UK-China Seminar on Research Animal Welfare and Ethics
in Beijing, 17 =19 March 2015.

t H

LR % - o 00T Adian Smith) ;B0 3R I 53T 5 ( Norecopa) HEE , Jel 4 % |
LU A T 1955 4F, 1979 4E SR A2 J 1 A BE R 2o i, i 0 [ AT IR A P BE BRI 1
L AR, F 1980 4R RERHIBAL . 1988 4, ML SE {3 S R ( Alopexlagopus) 8 JLI a9 |
b PO AL G, AR bR Al B B RIS S A L 1991 ~ 2000 |
TR 22 0 TR 2 B, T 55 S0 Sh AR G 1 4% R T, 2003 ~ 2011 4R fi, LAl L2z - 1
RN S AU 2 5, FEV B P BB B U L5 BT S |
TR A, 2 SR SR AR B R R R R A R AT B +
SR LA ; 515 17 S DS 4 B BB VIR L RO R 3R JFUN E R LT A, 2005 ~
2006 4F M4 G 3R B TAE, IE7E 2007 457 & 1E & W77, W Norecopa - £
T NAFB AT (www. norecopa. no)

1S U U G U A G S R

e

e
o e e ST

Adrian Smith

Title and affiliation :

Professor

Norecopa (Norway’ s National Consensus-Platform for the 3Rs)

Brief introduction :

Adrian Smith is a British veterinarian, born in 1955. He obtained his degree in Veterinary Medicine at Cambridge University in 1979.
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After a year in mixed veterinary practice in England, he emigrated to Norway in 1980. He took his doctoral degree on the “seasonal
changes in testicular activity in the blue fox ( Alopexlagopus)”and was appointed Professor in the health of furbearing animals and labo-
ratory animals in 1988.

From 1991 to 2009 ,He was employed at the Norwegian School of Veterinary Science in a range of positions, all related to the use
of animals in research.

He was a Diplomate of ECLAM ( European Collegeof Laboratory Animal Medicine ) from 2003 until he left the Veterinary School in
2011. He has collaborated closely with the Norwegian authorities, including development of national requirements for education and
training in laboratory animal science ;co-authorship of the draft of Norways current Regulation on animal experimentation; participation
in the creation of a course for the training of veterinary nurses;and the development of a national consensus — platform for the 3Rs.

He led the work of a temporary 3R — platform in 2005 — 2006 and became secretary of the permanent platform, Norecopa (www.
norecopa. no) , when it was established in 2007.

[FEHES] Q9533 [ Ek#RIEFE] A [XEHS) 10054847(2015) 05-0543-08
Doi:10. 3969/j. issn. 1005 —4847.2015. 05. 020

[ Abstract] Although the publication of peer-reviewed scientific papers is the major way in which scientists communicate with one
another, these papers often lack essential information about the conditions under which the animals lived and how they were treated during
the experiments. Without this information it may be impossible to evaluate the studies, replicate them in another laboratory, or use them
to advance the 3Rs in other animal experiments. This paper gives some advice on how the reporting of animal research can be improved.

[ Key words] Laboratory animal; 3Rs; Animal welfare
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Introduction

Good reporting of animal research is an essential
part of the quality control of the use of laboratory ani-
mals ( Figure. 1). Without it, researchers planning
new experiments will not be able to discover experi-
ments which have already been performed, and there-
fore risk using animals unnecessarily.

Despite that fact that it is in researchers’ own in-
terests to report experiments clearly, there is plenty of
evidence that this is not the case.

Jane Smith and coworkers''! examined 149 papers
published in 8 journals from 1990 — 1991. Among the
parameters not mentioned in these papers were

® Number of animals: 30%

® Number of animals per cage: 73%

® Sex of the animals; 28%

® Age of the animals; 52%

® Weight of the animals: 71%

® Source of the animals; 53%

® Room temperature: 72%

® Relative humidity in the room: 89%

® Daylength in the animal room; 72%

® How the animals were killed: 45%

Whereas there were often detailed descriptions of
the chemicals and equipment used and treatments per-
formed, little was written about the animals themselves
(where the greatest source of variability lies) , inclu-
ding choice of sample size and whether the animals
were randomised to the treatment groups or not. Many
of these omissions make it more difficult to advance the
3Rs, since practical techniques such as methods of
drug administration, blood sampling, anaesthesia, an-
algesia and humane endpoints all play important roles
in defining how much suffering the animal is subjected
to. Knowledge of the methods used may also be essen-
tial if the experiment is to be reproduced in another la-
boratory. Kilkenny and coworkers'> found similar re-
sults in 271 papers, mostly published in 2003 —2005.

Bearing in mind that large bibliographic databases
may only cite the title and abstract of an article, it is
crucial that these are used actively to promote any ad-

vances in the 3Rs which the paper may describe. Of-

ten, however, these are rather uninformative. All re-
searchers should be aware of the responsibility which
they have to disseminate information about new 3R
techniques, and should write their papers accordingly.

For example, the first paper which described the
use of the saphenous vein for blood sampling in mice
did not mention the technique in the title or abstract. It
was not until a separate paper was written with the title
Saphenous wvein puncture for blood sampling of the
mouse, rat, hamster, gerbil, guinea-pig, ferret and
mink that this technique became widely known'>'. This
paper has for many years been the second or third most
cited publication in the journal Laboratory Animals™*’.

Publication of a new 3R technique does not have
to be done in a high-impact journal. The most impor-
tant aspect is to make sure it is indeed published, so it
can be found by search engines and cited.

Ideally, the Materials & Methods section of a pa-
per should be so detailed that it is possible to repro-
duce the study in another laboratory. However, this in-
formation takes space. There are two solutions to this
challenge :

1. The first is to avoid all unnecessary or mean-
ingless words in the text in the journal, e.g. °drink-
ing’ water, ‘farm’ pigs, ‘standard conditions’.

2. The second solution is to publish the remaining
information elsewhere. Many journals now offer supple-
mentary online space ( which is generally unlimited )
where more information about the methods and results
can be posted. Failing that, most research institutions
have access to a website where this information can be
placed and referred to in the paper.

Increasing attention is now being focused on the
fact that negative results are not published as frequently
as positive ones. This automatically causes an incorrect
bias in the literature towards positive results. Negative
results may be just as important for the scientific com-
munity, even if they are less newsworthy. To counter
this, many medical journals require registration of trials
before they start, to prevent the under-reporting of neg-
ative results”). There are also now a number of jour-
nals dedicated to reporting negative results, such as;.

® the Journal of Negative Results'®’
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® the Journal of Negative Results in Biomedi-
cine'”
® the Journal of Pharmaceutical Negative Re-
sults'®

® The All Results Journals'®’.

Guidelines for standardised reporting

Good reporting helps researchers better plan their
own experiments to identify and ensure the quality of
the critical points which may fail if these are not suffi-
ciently attended to. Identification of the most critical
points in an experiment should be performed both for
animal welfare reasons and to ensure the scientific val-
ue of the experiment. When these points have been i-
dentified, sufficient resources can be allocated to pre-
vent failure.

Standardised reporting and increased implementa-
tion of the 3Rs is also dependent upon a culture of care
among staff at all levels of the animal facility. Quality
assurance can be achieved by putting in place a num-
ber of procedures at different levels in the system

® Standard Operating Procedures ( SOPs) which
describe how to perform the techniques

® Education and training in these procedures, to
ensure competence

® A checklist describing all the parameters to be
reported in the scientific paper. This checklist can then
used on a daily basis by all those involved in the exper-
iment. It can also serve as a contract between the re-
searcher and the facility, so that nothing is forgotten
and no doubt exists as to who has responsibility for
measuring parameters at the various stages of the stud-
y.

® A description of the operation of the facility.
The AAALAC Program Description template'®’ can be
very useful for this purpose, even if AAALAC accredi-
tation is not being applied for, because it covers all
four major areas of the operation of facility .

® [nstitutional policies on animal care and use

® Animal environment, housing and management

® Veterinary care

® Physical plant

® Finally, a Master Plan should be written, de-

scribing tasks which need to be performed during the
year and which otherwise easily get forgotten, particu-
larly if they are not performed often, such as service of
equipment.

In addition to these checklists, there now exist
several guidelines on how to report animal experi-
ments, to ensure that essential information is not for-
gotten. The most well-known ones are the ARRIVE

") which also are available in Mandarin'"’

guidelines!
and which have been adopted by many scientific jour-
nals. Among other similar guidelines is the Gold Stand-
ard Publication Checklist'”®’, the authors of which

have published a comparison with ARRIVE'"'.

Use of the Internet to find 3R re-
sources

With the free availability of information on the In-
ternet, it may be tempting to assume that literature
searching skills are no longer needed. The very oppo-
site is true, if relevant papers are to be located among
millions of other texts. Indeed, a quick glance at the
Internet shows that papers describing 3R advances are
not easy to locate.

The World Wide Web consists of two parts, that
have been called The Surface Web and The Deep Web.
The Surface Web, which is that part searched by the
search engines, is useful for locating a specific docu-
ment which the researcher knows exists, or for looking
for a starting-point for information on a specific topic.
Likewise , it is useful for finding so-called “grey litera-
ture” , such as reports which are not published in the
scientific literature but which may be available on, for
example, institutional websites. These reports may be
just as valuable scientifically as published papers at
some stages when planning experiments.

The Deep Web is several orders of magnitude lar-
ger than the Surface Web. The reasons why this mate-
rial is less accessible include:

® The use of encryption

® Password-protected sites requiring registration
or subscription

® Material which is not formatted for standard
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search engines, such as text in images or video files.
It should therefore be clear that scientists need ac-
cess to specialist sources of information if they are to

locate the resources they need to advance the 3Rs.

Databases, guidelines, information
centres, journals and discussion
groups

The fact that scientists all too rarely use 3R terms
in the titles, keywords or abstracts of their papers, is
made worse by the fact that many are not aware of the
many specialist databases, which should be searched
as well as the better known and larger bibliographic da-
tabases such as MEDLINE. There is also relatively
poor overlapping between these databases, so one
search in a large database, even if it returns thousands
of hits (many of which will prove to be irrelevant) , is
not sufficient. Neither do we have one “Journal of Al-
ternatives to Animal Experiments” to search in: the
advances that have been made in the 3Rs are published
alongside papers on very different topics.

In addition, the growth of the Internet has resul-
ted in an enormous number of websites containing in-
formation of relevance to the 3Rs and a large number of
specialist databases. Many laboratory animal facilities
have their own lists of resources, but these are often
rather random, infrequently updated and not particular-
ly comprehensive.

In 2005, Smith and Allen published a paper giv-
ing a global overview of available databases, informa-
tion centres and guidelines which may be of use when

[15] In

planning research that may involve animals
2014 this information was updated and transferred to a
database :

® 3R Guide'"'; information on approx. 320
guidelines, databases, information centres, journals
and discussions groups of relevance to the 3Rs ( hit-
tp://www. 3RGuide. info).

The 3R Guide database supplements two other da-
tabases hosted by Norecopa :

e NORINA'".

audiovisual products which can be used as alternatives

information on approx. 3, 600

or supplements to the use of animals in education and
training ( http ://oslovet. norecopa. no/ NORINA )

® TextBase''™

. information on approx. 1,600
textbooks and other literature within Laboratory Animal
Science and the 3Rs ( http://oslovet. norecopa. no/

Textbase )

All these three databases can be searched using
an intelligent search engine at http;//search. noreco-
pa. no.

World Congresses on the 3Rs

Another important source of information on the
3Rs, and a driving force for their implementation, is
the series of World Congresses on Alternatives and Ani-
mal Use in the Life Sciences which have been held ev-
ery 2 — 3 years since 1993. The most recent of these
was the 9th Congress in Prague in 2014'") where
there were over 890 abstracts and 1000 participants
from 49 countries. The next Congress is to be held in
Seattle in 2017.

National 3R Centres

Many national 3R centres now exist, such as the
NC3Rs in the UK'™ and the National Consensus Plat-
forms that are members of the European Consensus-
Platform on Alternatives, ECOPA"™".

welfare organisations have also scientific departments

Several animal

performing valuable tasks related to the 3Rs, and these
should also be consulted when planning a literature
search. These include UFAW'?! | FRAME'®! and the
RSPCA"™ in the UK.

Discussion Groups

The ease in which electronic discussion groups
can now be set up, using email, has led to a large
number of groups of relevance to the 3Rs. These may
be a useful starting point if an initial literature search is
fruitless. One of the largest and oldest is CompMed
( Comparative Medicine List) '*’.

be found in the 3R Guide database'*’.

Journals

More examples may

Likewise, there is a now a large number of jour-
nals of relevance to laboratory animal science and the
3Rs. Not all of these are well-known to scientists. A-

gain, the 3R Guide database provides a list, sorted by
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scientific discipline'”’” .

Many of these have published
theme numbers. The papers in these may be a good
starting-point for a literature search, even if they are a
few years old, because they help to identify key institu-
tions and researchers within the field. These can then
be contacted to access the latest knowledge in that are-
a.

Guidelines

Scientific papers which refer to guidelines on the
care and use of animals in research will indirectly con-
tribute to the advancement of the 3Rs by signalling to
other researchers that there are standards to follow.
Many guidelines have been produced locally, for exam-
ple by the institutional care and use committee, but an
increasing number have been produced by specially ap-
pointed working groups and are published in peer-re-
viewed journals. A search should always be made,
when planning an experiment, for relevant guidelines
for the various stages of the study. A global collection
of guidelines is available in the 3R Guide database ™’ .

Consensus meetings on areas of animal use may
also be useful sources of guidance for future research,
since these often discuss problem areas and suggest so-
lutions. For example, Norecopa has arranged interna-
tional consensus meetings on harmonisation of the care
and use of fish, wildlife and agricultural animals. All
presentations from these meetings are available on the
internet, where they function as a lasting resource, al-
so for those who did not attend. At these meetings, the
participants also wrote consensus statements describing
the strengths, weaknesses and challenges within each
area. Such documents are a good way of highlighting
areas of concern so that others can take up the chal-
lenge and work to solve the issues raised. A similar set
of meetings is being arranged in the UK.

At the 2nd World Congress in Utrecht in 1996, an
initiative was taken to form what became Aliweb ( Al-
ternatives to animals on the web) ™" in 1997. Altweb
is now one of several websites offering comprehensive
information on the 3Rs and a search guide. Similar

search guides have been produced by others, including

the Canadian Council on Animal Care (CCAC) """ .

Guidelines for good literature searches

Good reporting is valueless if literature searches
are not performed correctly. These are therefore an es-
sential part of the work to advance the 3Rs. Many sci-
entists need professional help to construct an adequate
search and advice on which specialist databases they
should use.

When performing a search, it can be equally frus-
trating to retrieve too few hits as it is to retrieve many
thousand. A combination of search efficiency ( mini-
mising the number of irrelevant or poor-quality results)
and search effectivity ( maximising the number of high-
quality results) must be sought after. Writing one long
search string into an Internet search engine will not
produce this result.

As a general principle, the following basic search
strategies should be followed :

® Define the search as well as possible

® Identify synonyms and 3R terms

® Remember the differences between British and
American English

® Use several databases (there is often little o-
verlapping)

® [earn the differences between the search en-
gines and their default settings

® Get used to using Boolean operators to expand
or narrow a search, and check which terms are suppor-
ted by the search engine

® Look for core articles and key authors

® Use the possibilities on the Internet to get in
touch with key research labs

Knowledge of which Boolean operators (e. g. the
terms AND, OR, NOT) and other commands are sup-
ported by the search engine in question is essential.
Truncation of search terms using wildcards (for exam-
ple ? or * ) may be a good way to increase hits, but
this may also lead to unwanted results. Time should be
taken to read the user manual before attempting a
search using any search engine.

Identifying suitable search terms may be a prob-
lem, particularly if the scientist is unfamiliar with the

field or has a poor grasp of the English language. In
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these cases a thesaurus or synonym list will be helpful.
A thesaurus is a closed list of terms used to index and
search databases. A synonym list is a collection of
words with similar meanings (e. g. “heart“and “cardi-
ac” ). Tt is often a good idea to start a literature search
with a database that uses a thesaurus. Examples of the-
saurl are:

® the MeSH ( Medical Subject Headings) used
by PubMed at the US National Library of Medicine,
where “animal use alternatives” is one search term'*’

® the US National Agricultural Library’ s thesau-
rus for alternatives to animals'*’

® EURL ECVAM’ s thesaurus within in vitro tox-
icology'**'

The Animal Welfare Information Center ( AWIC)
at the US Department of Agriculture has also made
some sample searches available for guidance'*’

In addition to these principles, the search itself
should be performed in several parts, and only after
this has been done should the individual parts be com-

d. By doing this, it is easier to refine ( in-

bine
crease or decrease) the hits obtained for each part of
the search. A typical research study involves three as-
pects:

® The animal model

® The intervention to be carried out on that ani-
mal model

® The disease or condition which comprises the
research interest

In many studies there is also a fourth component
the disease or condition in the target species (often hu-
mans) which the animal model is trying to provide in-
formation about. This is not always mentioned in the ti-
tle/abstract of relevant papers and it is therefore not al-
ways a good idea to add this component. *’

For example, in the following study there are four
Search Components (SC) :

The effect of (SC1) group-housing on ( SC2)
blood pressure in (SC3) rats used in (SC4) diabetes
research

Separate literature searches should be performed
for the components before they are combined into one

search string. By doing this, the search terms and re-

sulting number of hits for each component can be eval-
uated and adjusted before this information is pooled in
the final search ( SC1 AND SC2 AND SC3 ( AND
SC4)). This is explained in much more detail in a pa-

per by Leenaars et al. , 20127,

Search Guides

There are a number of good guides to literature
searching available. They include

® The EURL ECVAM Search Guide'”"’

® CCAC Three Rs Search Guide'*

® AltWeb: A step-by-step approach to an alter-
natives search'*’

® UC Davis guide to bibliographic databases for
alternatives searching'*"’
® [MPI I3R working party report on Searching for

3Rs Information - Published Literature Sources *"

The EURL ECVAM Search Guide

The EU Joint Research Centre’ s Reference Labo-
ratory for the validation of alternative methods, EURL-
ECVAM'* | has produced an excellent Search Guide,
single copies of which may be obtained free of charge
from the EU Bookshop®. The Guide includes

® Data sheets on

® Journals

® Databases

® Open Access resources

® Organisations

® [nternet search engines

® Data Retrieval Procedures

® A Check-list for searching for information on
alternative methods

® Tables comparing the features of

® Databases

® Journals

® Organisations

The Guide also contains Seven Golden Steps to
Successful Searching ;

1. Clearly define and be aware of your specific in-
formation need

2. Identify the fundamental components of your
scientific approach

3. Choose the most appropriate information re-
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sources

4. Compile relevant and necessary search terms

5. Start your search with a simple query in a 3Rs
specific context

6. Limit search results from more extensive re-
sources

7. Broaden the search horizon

A useful summary of how to approach the planning
of an experiment which may involve animals is provid-
ed by a flow diagram from the consortium of UK animal
welfare organisations Focus on Alternatives (FoA). It
may be downloaded free of charge from the inter-

[43)

net' ) | together with a worked example'**'.

Systematic reviews

Systematic Reviews are methodical and standard-
ised literature searches, as opposed to less rigorous
Narrative Reviews which are more frequently carried
out by researchers and are less comprehensive, and are
more likely to be influenced by the writer’ s knowledge
or interest in an area.

The great advantage of systematic reviews over
narrative reviews is that they make it possible to con-
duct Synthesis of Evidence by meta-analysis of the pa-
pers found in the literature. This is the use of statisti-
cal methods to summarize the results of independent
studies. In this way, new results can be obtained from
animal experiments which have already been carried
out, and which would not have been obvious unless a
comprehensive search and analysis of the literature had
been performed. This is clearly an important way of
advancing the 3Rs. Guidelines for systematic reviews

are available! %

Conclusions

The importance of ensuring that scientific experi-
ments are reported in sufficient detail and in accessible
sources is often underestimated. Without good repor-
ting it is difficult to analyse the scientific literature and
plan future studies where the 3Rs are given sufficient
attention. Guidelines for standardised reporting should
be adopted on a greater scale. To fully advance the

3Rs, it is also equally important that scientists are giv-

en sufficient assistance to conduct thorough searches of

the literature.
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