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(HE] HMY RS R 8 E g 21 (matrix metallopeptidase 21, MMP21 ) BE R 231K 8 X 3t 5
IR R BRI, Jiik TERED ARG 1 ~2 20 R T2 G000 S el ubk B LS5 4% 1 R (- morpholino
antisense oligonucleotides , MO) {7715 i MMP21 JER A9 335, 10 4953 H RT-PCR J7 48 MMP21-
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HHBE S ARG G 24 .48 [ 72 hoL AR FIIN B 25 IR G 32K 5 72 h a0 2 004 43 %L (ventricular
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Effect of matrix metallopeptidase 21 knockdown on cardiac looping in zebrafish
Liu Lan, Tan Yuting, Zhang Pan, Liao Yunxi, Xu Ying ( Department of Anesthesiology, Ministry of Education Key
Laboratory of Child Development and Disorders, China International Science and Technology Cooperation Base of Child
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University, Chongging, 400014, China)

[ Abstract ] Objective To determine the effect of down-regulation of matrix metallopeptidase 21
(MMP21) on the development of zebrafish embryos. Methods The expression of MMP21 gene was down-
regulated by injecting morpholino antisense oligonucleotides (MO) in zebrafish embryos at 1 ~2 cell stage.
The effectiveness of MMP21-MO was detected by RT-PCR at 10 somite stage. Four different concentration
gradients of MMP21-MO injection groups, that is, 0.5, 0.75, 1 and 1.5 mmol/L, and 2 control groups
(Con-MO injection group and wild-type group) were set up in this study. The development of zebrafish
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embryos was observed with stereoscopic microscopy, and the deaths and malformations in different groups were
observed. Whole-mount in situ hybridization was used to examine the expression of cardiac myosin light chain
2 (cemle2) at 24 and 48 hours post fertilization (hpf). Cardiac morphology of the living embryos was observed
at 72 hpf for cardiac looping, and embryonic heart rate at 24, 48 and 72 hpf were counted and the ventricular
contraction fraction ( VSF) in each group at 72 hpf were measured to identify the effect of down-regulation of
MMP21 on cardiac function in zebrafish. Results ~MMP21-MO microinjection effectively knockdown the
expression level of MMP21 in a dose-dependent manner. The rate of malformation was the highest and the
mortality was low in the group of 1 mmol/L. MMP21-MO. The main manifestations of malformation were edema
of the anterior region of the heart, abnormal cardiac looping, weakened heart beat and slow heart rate. The
results of whole-mount in situ hybridization showed abnormal phenotypes of cmlc2 at 24 and 48 hpf, which
suggesting abnormal cardiac jogging and cardiac looping. At 72 hpf, zebrafish cardiac morphology also showed
abnormal cardiac looping in the MMP21-MO injection group. Compared with the control groups, the heart rate
was slowed down, and the VSF was decreased in the MMP21-MO injection group. Conclusion Knockdown

of MMP21 gene results in abnormal cardiac looping and cardiac dysfunction. MMP21 may play an important
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role in the cardiac looping.
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VI [ EE 1HF AE YRR i A %o BE DL RT-PCR 5 v K Y
MMP21 B:H] mRNA (3535, 1IEm 5191501 T 3 S50
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PREUIRNG S RNA  $30 i S i) & 100 BH 5 4 L3 e 5
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0.5 mmol/L 213 45(21.1)" 21(9.9)°
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2 1 mmol/L MMP21-MO ;§{AZHE/F 72 h i &
BREBTREER (HRAIME x45)

2.3 MMP21 B &R TR 5L &0 JEERAE) 7

GG 28 h I S A8 45 R s O I AR
IR Bt (cardiac jogging ) BY1F L « BF A= BUBE £ 2P0
B A M (B 3A) o 1 mmol/L MMP21-MO {34}
2 I R R LM O T R (B 3B) FiZk
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J SRS B ] s O e W IR, H 22 S A ST 2 R
X(E4),

250 —aWild Type

——Con-MO 1 mmol/L
200 F —* MMP21-MO 1 mmol/L
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O MEPRAEIE O MBI 25 e AR A P ) — AN EE 2P
TR O HEFR S5 AT E 5 2057 = W) B e 77 48 38 LA S s
B RS B00 Ji LS =2 18] 2026 ) B ), e 2%



434 B =B RS, 2017,39(5)

http: //aammt. tmmu. edu. cn

2 Tk
- &

FilE e

cmlc2

el
100 ¢
90}
: T80t
=70}
ol m ik
=50t Cpet]
% 40 | LRR(L
30t
20|
% 10 E
0
WT Con-MO MMP21-MO
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ARWF5E Ry i — LR MMP21 36 PR 7RO JIE R HP 1 4R
FHBEE T LA, Rl 28 1 P8 KA O I A& s IR, hy
FINZ WA T S R AR O IEE SR A TR R

SE k-

[1] Mittal R, Patel A P, Debs L H, et al. Intricate Functions of
Matrix Metalloproteinases in Physiological and Pathological
Conditions[ J ]. J Cell Physiol, 2016, 231 (12): 2599 -
2621. DOI:10. 1002/ jcp. 25430

[2] Tokito A, Jougasaki M. Matrix Metalloproteinases in Non-Ne-
oplastic Disorders[ J|. International Journal of Molecular Sci-
ences, 2016, 17(7) . 1178. DOI.10.3390/ijms17071178

[3] Marchenko G N, Marchenko N D, Strongin AY. The struc-
ture and regulation of the human and mouse matrix metallopro-
teinase-21 gene and protein[ J]. Biochem J, 2003, 372 (Pt
2): 503 -515. DOI.10. 1042/BJ20030174

(4] wEoil, BRI, FONE, 5. RGEEN E NS L
R OMER B K AR ]. HEEIELBHE R, 2014, 9
(4):252-259. DOI.10.3969/]. issn. 1673-5501.2014. 04.
003
Yu Zhangbin Han Shuping Chen Xiachui, et al. Systematic
review of the prevalence of perinatal congenital heart disease
[J]. ChinJ Evid Based Pediatr, 2014, 9(4) . 252 - 259.
DOI:10. 3969/j. issn. 1673-5501. 2014. 04. 003

[5] Minner J. The anatomy of cardiac looping: a step towards the
understanding of the morphogenesis of several forms of con-
genital cardiac malformations[ J]. Clin Anat, 2009, 22(1) .
21 -35. DOI.10. 1002/ ca. 20652

[6] Ramsdell AF. Left — right asymmetry and congenital cardiac

defects: getting to the heart of the matter in vertebrate left-

right axis determination[ J]. Dev Biol, 2005, 288 (1): 1 —
20. DOI.10. 1016/j. ydbio. 2005. 07. 038.
[7] Liu J, Stainier D Y. Zebrafish in the study of early cardiac
development[ J ]. Circ Res, 2012, 110 (6): 870 - 874.
DOI:10. 1161/CIRCRESAHA. 111. 246504
[8] Bakkers J. Zebrafish as a model to study cardiac development
and human cardiac disease[J]. Cardiovasc Res, 2011, 91
(2):279 -288. DOI;10. 1093/ cvr/cvi098
[9] Guimier A, Gabriel G C, Bajolle F, et al. MMP21 is mutated
in human heterotaxy and is required for normal left-right a-
symmetry in vertebrates [ J |. Nat Genet, 2015, 47 (11):
1260 — 1263. DOI;10. 1038/ng. 3376
[10] Stainier D Y. Zebrafish genetics and vertebrate heart forma-
tion[ J]. Nat Rev Genet, 2001, 2(1): 39 —48. DOI:10.
1038/35047564

[11] Khodiyar Varsha K, Howe Doug, Talmud Philippa J, et al.
From zebrafish heart jogging genes to mouse and human or-
thologs: using Gene Ontology to investigate mammalian heart
development. [ J ]. F1000Res, . DOI; 10. 12688/
{1000research. 2-242. v2

[12] Zhang M, Zhang J, Lin S C, et al. B3-Catenin 1 and B-cate-
nin 2 play similar and distinct roles in left-right asymmetric
development of zebrafish embryos[ J]. Development, 2012,
139(11) : 2009 —2019. DOI;10. 1242/ dev. 074435

[13] Nakaya M A, Biris K, Tsukiyama T, et al. Wnt3a links
left-right determination with segmentation and anteroposterior
axis elongation[ J|. Development, 2005, 132(24) ; 5425 -
5436. DOI.10. 1242/dev. 02149

[14] Linask K K, Han M, Cai D H, et al. Cardiac morphogene-
sis: matrix metalloproteinase coordination of cellular mecha-
nisms underlying heart tube formation and directionality of
looping[ J]. Dev Dyn, 2005, 233(3):. 739 —753. DOI.
10. 1002/ dvdy. 20377

[15] Gao W, Xu L, Guan R, et al. Wdrl8 is required for
Kupffer's vesicle formation and regulation of body asymmetry
in zebrafish[ J]. PLoS ONE, 2011, 6(8): ¢23386. DOI.:
10. 1371/journal. pone. 0023386

[16] Ablooglu A J, Tkachenko E, Kang J, et al. Integrin V is
necessary for gastrulation movements that regulate vertebrate
body asymmetry[ J]. Development, 2010, 137(20) ; 3449 -
3458. DOI:10. 1242/dev. 045310

(Y75 :2016-09-20 ; f&[H :2016-10-19)
(¥ X¥Fa)



