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[ Abstract] Objective To determine the effect of doxorubicin (DOX) on abcb4 gene expression and the role of
Zebrafish embryos were treated with 2 mL/L DMSO, 10 pmol/L
DOX and 2 mL/L DMSO++10 pmol/L DOX, respectively. The zebrafish embryos treated with Eggwater served as

abcbd gene in multidrug-resistance. Methods

controls. Exposures started at 4 to 16 cell stage of the embryos and terminated 120 hours post fertilization (hpf).
The expression of abcb4d gene in zebrafish embryos was examined on 48, 72, 96, and 120 hpf with whole-mount in
situ hybridization (WISH) and quantitative real-time PCR (qPCR). Results Compared with the controls, DOX-
exposed embryos had higher level of abcb4d gene expression (P<C0.05), but not for abcb5 gene. WISH showed that
abcbd gene was expressed in the guts of zebrafish embryos. However, those exposed to DOX also showed strong
WISH signals in the brain and heart. Conclusion Doxorubicin increases the expression of abcbd gene in zebrafish
embryos. abcbd gene may play an important role in multidrug-resistance.
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Away™ Spin Columns(Ambion, 2 E); DNA % fit
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RAD CFX96™ Real-Time System X #4791, F"
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Table 1  Primer used for quantitative real time PCR of zebrafish
abcb4 and abceb5 and housekeeping genes with NCBI number

and amplicon length

Gene NCBI Primer sequence Amplicon
Y length
name number (5-3)
(bp)
abebd  ]Q014001 F: TACTGATGATGCTTGGCTTAATC 159
R: TCTCTGGAAAGGTGAAGTTAGG
abcbs  JQO14002 F:CGCTGGTCATTCTGGCTGTC 125
R: CTCCTCTGCTACCGCTCCAG
Bactin - NM_131031 F: CGAGCAGGAGATGGGAAC 158
R: CGTGGATACCGCAAGATT
GAPDH NM_001115114  F. AGGCAGAAGGCGGCAAAC 124

R: AAGACACCAGTAGACTCCACAAC
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P51 )7 5, I At st B g 2k R RN A R A
AL SIFH 5 F.5'-CCGGAATTCCCT
CACAGATGAGCCACTGA-3"; R: 5-ATAGTT
TAGCGGCCGCTGTGTGCTAGGAAAACAGTG
C-3", PCR ¥4 4k : 94 “C A5 ¥ 2 min; 94 °C A%
PE 15 5,58 ‘CiB k& 30 5,68 CZEAH 1 min 3t 35 KAE
Wife J5 A 68 °C 10 min, PCR j= ¥ K /NNy
564 bp,10 g/L Byl e Uk AT 58
1.7 W5 abcbd ERRSFTEARNME

Bt pCS2" Tk A E. coli DHSa B2 R P,
L SN PULPER BE T PR e R . B S R/
R & (Axygen, 36 BD 21 pCS2" Jii kL DNA, H
ReoR T VA J Not I AT WY, B 10 g/L 3hg
WHBE I HL UK 5 AT H B L. # abebd FEA ) PCR
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PP ReoR T LA K Not | W) 2 10 g/1 Bifig
BRE i FL K S o AT R el . K 2 R AE EL Y
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JORH e SR A5 B M R S AR IC 1Y abebd L SC mRNA £
)5 Nuc Away™ Spin Columns 2 1& W% [ff #% 1]
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WA A 1 hy J5 A6l & G 0 H S o bR i
abebd [ L mRNA #24F T 65 Chzgphadi. H
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Table 2 Relative abcb4 and abch5 mRNA expressions in zebrafish embryos
abebd abcbb
Group

48 hpf 72 hpf 96 hpf 120 hpf 48 hpf 72 hpf 96 hpf 120 hpf
Control 1.00£0.17 3.73+1.01 5.8641.24 27.80+£2.174 1.0040.17 0.75+£0.13 2.88+0.604 1.6440.23
DMSO 1.584+0.13* 5.2540.66 29.64+4,54%,4109.55+£7.47% L% 1.164+0.11 1.83740.06* 4.03+0.554 6.50+£0.31% -4
DOX 2.234+0.23*% 3.3940.42 30.11£2.75%-4 77.18%£7.75% -4 1.9040.39% 4.0440.54%-A  5,344+1.10%-A  5,8740.44% 4
DMSO+DOX 1.34+0.27 17.984+1.6* -4 35.0744,20* 4114, 04+11.45% -4 % 3.34+0.33* 3.254+0.28* 5.81+£0.66*-4  7,8041,27*-4

#* P<C0.05. vs. control group at the same stage; /\ P<C0.05. vs. other stages in the same group; # P<C0.05. vs. DOX group at the same stage
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Relative abcb4 and abcb5 mRNA expression in zebrafish embryos ( x P<0. 05, vs. control group at the same stage)
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Fig 2 Electrophoresis of RT-PCR product of abcb4 gene
1: DNA marker [l ; 2: abcbd PCR products; 3: Blank control
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Fig 3  Electrophoresis of double digested product of pCS2*-abcb4
recombinant plasmid

1: DNA marker [l ; 2: abcbd PCR products; 3: pCS2+t -abcbd
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CiRE

NN . PR E XY BT A abebd B TH 3K 1Y 5210 11

FEIE 0 BF A2 B X B rh 48.72,96 hpf IR iR
Y HIAE S 23k, 1 120 hpf iR 6 78 BE 5 £ /)
1 A R A PR B PR A 23S AR 5 (AN BT SA B 8
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72 hpf & i 5 %F B4 AH B A AR TC B 24 R R
DMSO 41 96,120 hpf JJRJIG 76 5 /N iz &6 47 H 8L i 24

- S
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I' 1

o

I

O FHPE A2 (55 (K 5B, 240 BB a5 k) . DOX 41
96,120 hpf i Jif I 35 78 Wl 350t 20 B I R €5 BH 14 4
A7 ARALE /N O WEFR AL H 30 G i T € B P 2%
ZEAF T (i 5C, B g A E k) . DMSO+DOX 4
96,120 hpf iR B 7E K /N 0 BE 247 1 SR 224 0 4 19
BB A5 5 (K 5D, 41 VBB AR i) .
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S5 AREAHN . HEMNKEDE abcbd BRFEMELTLER. X30
Fig 5 In situ hybridization of abcb4 gene. X 30
A: Control group; B: DMSO group; C: DOX group; D: DMSO-+ DOX group; 1: 48 hpf; 2. 72 hpf; 3. 96 hpf; 4: 120n hpf. In situ

hybridization of abcb4 gene was expressed in guts (black arrows) at 120 hpf in zebrafish embryos (A;). At 120 hpf, expression of abcbd gene

was observed in brains (red arrows) of embryos exposed to DMSO (B;), and abcb4 gene was specially expressed in hearts of embryos (green

arrows) exposed to DOX at 96,120 hpf (C;, C,). Strong WISH signal occurred in the brains and hearts of embryos exposed to DMSO and DOX
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domain,NBD) ,ix #& NBD {4 ¥ % ) 68 & 45 & Fl/K
fife ATP I FI) R HE O 19 B o 30 Wk BB B 6 iz )
Ji . NZEILPTTLLgR A% 48 A~ ABC ¥4z 8 1 . ixX 46
HEEA AN A~G T ATWREY . BK ABC
s k] LA A B A A EE A TR
REA ST 25 W S HE 3 o 2 77 A= IR 22 24 1t 245 1 O gk
J5 . i ABCBLCED P-gp) 5 Jii e 1) 22 24 it 245 1 %%
PIMIE ek 22 2y i B &R,

By 25 2% 0 — A e iR 25 9 3E 4 il RNA R
DNA W& 1 ik B A K Mg gl e i /e . E25 A
TP i X 2 I B A0 A I s Bk i 1
L5 545 5% 22 i e 93 40 e T LA 3 2ok BT 8 20 S A
B AT 24 A0 MRk . A0 N P I TR 24 20 Rk L LR
95 i 247 4 B AR N % I 9 T 245 200 J Ak L 445 i e T 245
O MBS . HLAE X — ST 24 40 Ik b L AT 3] ABC
U NNL F: ) | B N i R C R R R U]
ABC # iz (R Rk 19 & KR ABCBI 33k 5, fiff
o0 i = A 22 2T 2

WA AP E B T BRATT R BB T fa 3k P 4
FIIANIEAE abebl FEH B abebd  abebb % FE
K, HEBEH 4 abeb4,abeb5 5 A ABCB1 % L2 ¥
FARBLEE 4350 K 64 %6 F1 57 % . AR R A SCHRIR A .
Bt fh abebd FEMAAKN T 5 Z R HAL B Wi i %
PIAIE, H 2 5 B Ak 22 9 0 i e i . i A28
ABCB4 (B multidrug resistance 3, MDR3) f#1E T
N2 JHF 240 L P9 IR /N BB A 5 B 3 Tl R Tk IR e
ABRFEY FEBE  fa rp B R IE A R T 20w S
NRAE 5% & IR V. A BT N 28 ABCBA, Bt 5
abeb4 1y U fig W] B8 0 T L T ABCB1 H A A T
ABCB4™" | B2 abcbd FE IR 7E BE 1 8 2 24 i} 24 h
5 5 AN 58 AT A8 . I DAAS 2560 38 2o BT 8 3 1 24
Wy 5 S, X BE D AR abebd K2R 26 35 78 AL E AT BT
5% 91 5 N2 ABCB1 S B s iE— 25 T i
ABCB1 5 abcbd R TEM: .

A5 % BE £ R iR 35 AT 98 25 P B B K
2540 7 i S WA 24 ) 2 R S 1 A A I AR Y B
a8 ik S5 BP0 E B PCRORIE A 44 5 58
55 K BE 5 £ abebd FE R RIE B AR, SLH
SER W, abebd Fe K 7E BT A4 R BE S fa R G 1 /N
T A B Gk X AL T A28 ABCB1 SE I %
IREBAT 5 b SOk A A AT TR, 25 A
PR ZH 9 BE L 0 IR G abebd B mRNA 22 3k K - B
TR hIESE T DOX fig 51 B 5 i iR i
W oabebd BRI FIRNE R . TR A A2 A L L 24

Py ik BRZE 9 B 0 VR iR 43 0 A R o0 B A A A
1) abebd He P IR, X — F2 50 45 AW ENHIE T [ Ak ¢
T DOX Xt B 25 fa0 I & 6 5 0 (14 SCRR i aE . 3
F AR 7 A J2 . DMSO 4 i B 5 £ iR I abebd %
mRNA FRIKACE [FIFERS &, H abebd FEPITE iR
G o0 A7 AE A A1 g 2235 . HEI T B AL i #E DMSO
VEFITR o 240 Jf R52 308 375 P 185 Jonn o 500t 88 40 S S5 ) K i i
AL, DT OIS 22 2 it 25 BL L S abebd A
mRNA £k K 88 5. WrE S5 3D i abebd
FER W FE b T ZEHERR DMSO X H ™= A= i 2 i

FERTIA R A W5 B B b, B8 H 0 abed5 5
N2 ABCB1 &IPS MBI R 57%, SHE D
abebd B —FE, abeb5 KA R AN 2s ABCB1 3 FH
FEAERE — W FURE . O LA R 1S | o 2 W R B
REYIREH S abebd FH ) mRNA FIE (R #
ROK Otk AR R AT 7R B D
abeb KK 5 25 W 25 PEAE AR — 8 AR OCHE . 3
JETER A B K AL OB L AR S 2y A
YIR W gE o, B 5 abebd FIVE RS PiAb T Y W
21 B A 5 AR A T . v B 0 3 e o 4 A
Morpholino T W BEDh 8 abebd J PR 33k, 7T LU 1%
IR W AE IR G 4l 21 iy SRR R RN A F L A&
(A B S HL R abebS 3 PRUHI R A7 78 3 Fh 52 m o,
PLEE T 0 A 3 R 7 B £ 22 2 it 24 AL P
FHEE RN B B T 7 EE AU a8, e
ARSI R BN BE A8 abebS B F kA ALK I, 52
B2 R R abedS IR kA P HEHEA
abebd e R 3 w5 15 B WL 45 A BT & R X A%
ABCBI 3K Z 0, i — LIS T abebd
SLH 5 ABCB1 5 H 75 3% 35 5% W [ 58 B AH RIPE
H AT DA B, AR T BE S £ abebS FE L abebd B
(K7 Z 24 ik 245 HL i Hf nT ek 3 5 S B AR

Wezg b Bk A 98 & PR B K RS B B D
abebd BE R 32 3K K- 3 &, BLAE T3S & AL R BN
O MEFR AL o R B EUR  B HY JE S R E % 5 4 m
Bty abebd FER FIKKF-, GG Emai R Ity
A2 ABCB1 3R 47 L # . K BUAH I T abeb5 3
sabcbd FH 5 ABCB1 £ 1E R A L HA
AR . ESZBE S 0 abebd F2H 5 A2 ABCB1 %
LB B [l . AT A2E ABCBL TEMIE ) 2
25 245 ML B A E O HE T abebd FEDR Y R
KA TEBE Dt 22 25T 24 7 4R U HOE N 2 W) L
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