-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by Xiamen University Institutional Repository

R YRTS: 10384 nRE H %K
2. 21620100153920 uDC

B R

[ S VA 1 e

Dik2 & &A% B P H{ERMS

Study on Roles of DIk2 in Skeletal Muscle Development

- -

3

WEHITHL: £ 2 HI
+ b % AR mib A
WXARZ A M 2015 4 8 A
XA #2015 4 8 A
AT EH: 2005F A

EREARL: BET B
L RN

20154 8 H


https://core.ac.uk/display/84993289?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BiTRFEFAL IR 14 =R

ARNELZ AR SCRANAE TR T R, TOL 5 AT TERCER -
ARNAER GRS LA NS L R TURCR, B
H DLE =07 U B AR, IR S RIEAT (TR AR UL SRS

AL GRATIDs

HH, ZFEALRION ( ) R
(4D BIFFTERCR, G ( ) W (4D &gk
KB, £ ( ) SEEGE e, GEFERL BFES

VIR PR PR 2H 0 Dy N BSESG A PR, ARA LI B AR, ]
CAAEREA = 1 )

FIAN (ZE4):



B IRFEZEARCEERUE A AR

AN R R TR AR e N R ] 227 26 )8 AT S 70D
SN E R B AN FH LA 30, IR R 1T B BN IESE A
W CEFRAURARA B TR, VAR G TR B e &
LA P 8 ) A ) o AR N R SRR S 2 S 18 ST N 4 [l
il = S R SO B B AT R R, 18 S b AN B
Zwiifi, SRAHSCEN. 48 En ey e 7 NE B A A0 3.

REALRSE T

( ) LA EITRPAIRE R A2 B RS 2 AL1R 3,
T FOH HWE, EREM LR

( ) 2. ANMREE, JEH] ERARAL

CIEAE A LARRAE S NAT “ v 7 BUE BN N A . RE AL
NiE B4 ZITRFIRE R AL 2 AR, REE TR AR
T2 o W R AL U N AT AR ST o B IR ANHE |, EBRIA
AT, YEH FREAL)

PN (%4):



BH3x
SO |
R A e 1]
A 1= OO PR 1

11 BBRALREBEIR .....coooooeoeeeeceeee e 1
111 BB BB oot 1
112 AR B B R T oottt 3
1.1.3 BEULRE RETIBIERE ...cooooooeeeeeeeeeee e e 5
114 BEBULRBEAFIE S oo 8

1.2DIKS SBBRALE T ..o coovoeeeeeeeeee e 13
L. 2L DIKL oot 13
122 DIK2 ..ot 23

1.3 ATHBTEIEBIFIE S oo 27

2 R S B R e 29

P S >, b R 29

2.2 BT oot 29
2.2.0 B e 29
222 TUE oo 31

2.3 BB AR oo 32

R 5~ 34

B30 GTFHEMIZESTI oo 34
311 RNA BIIREL ..o 34
312 REFAF CDONA B ..o 34
3.1.3 TR RT-PCR ..ot 34
3.1.4 EBFIIETEE PCR oo 35

3.1.5 /N DIk2 ZF B 5a BEM S BIE AR oo, 37



EE

3.1.6 /N DIK2 IR T-IERABIIFEE ..o 38
3.1.7 B REERREERERBUTRL ...ccoooevveeeeceeceeevee e 39
3.1.8 Western Blotting BBEENTIE ...........ccvveveeeeeeeeeeeeeee e 40
319 BRIEFEUTIE ..o 42
3.2 GHBASEIE ..o 42
3.2.1 C2C12 ZHRBHIIEFRAIE S BILL e 42
3.2.2 WU FAE R LML B oo 43
3.2.3 ZHBUEEYL .ooooooeoeeeeeee e e 43
3. 2.4 MBI R IE e 44
3.2.5 TBIRTEIRYL ..o e 44
3.2.6 ZHHLARBETEIE .oooovevoreiseee s 45
3.2.7 BrdU ARic i ZH BT .......o.cooves s 45
3.3 INBRSEDE ..o 46
3.3 NBRBITR oo 46
3.3.2 ANRRIUBIBRE oo 46
34 BEDESEIE e 47
340 BEDEABTTE oot 47
3.4.2 I CRISPR/Cas9 RZiMIEE zDIK2 BEFRBETI L ... 48
3.4.3 Fo£R zDIK2 BB DA BRI ...ooooo e 54

A B R E DT oo, 56
41D EBBANKZBEIIREREITIE ..o 56
4.2 DIK2 ZERRAARRE LT IR RBIFRIE oo 57
421 C2C12 BRIVAMUIERL oo 57
4.2.2 DIk2 7 C2C12 BRI HIZRIE ..o 59
4.2.3 DIk2 ZE A 78 R 408 C3H10T1/2 AT R RIE ..o 61
4.3 R DIk2 A AL AR RRA S L EFERRAAREREE ... 62
43.1DIK2 R TIREARAIIE oo 62

4.3.2 BHAE DIK2 BEMA C2C12 FEILATA, oot 64



EE

4.4 3Rk DIk2 HPHIRLAABEFBEEAS L ..o, 69
4.4.1 $3RIE DIk2 B RITRIE DIk2 C2C12 AMAIEL........... 69
4.4.2 1Rk DIK2 #iifh] C2C12 BAMLHBEFAML ..o 70

4.5 DIk2 5 AL HBERSE AL T BREBIIER ..o, 75
4.5.1 BRI ZE AL RES DIK2 BIZER oo 75
4.5.2 DIK2 RV BEIEFEIRITRTR oo ovvoevreeeeeee et 79

4.6 DIK2 EEMREAL S LET S FHE oo 82
4.6.1 DIk2 5 Notchl BX BMP EBEHIK R ... 82
4.6.2 DIK2 0] IGF-AKt fZ 5B ..ot e 85
4.6.3 JEin IGF B8k Z I RIA DIk2 C2C12 YUK RALAALEE ST oo 86
4.6.4DIk2 5 IGF Z4F IGF-IR HEEG T ..o 88

4.7 DIK2 FEALABAEIIRRTRIE ..o 90

4.8 BHBR DI BB AR EIRME ..o 91
4.8.1 2DIK2 FERE S A EHAMRAE FHIRIE oo 91
4.8.2 CRISPR/Cas9 ®iB& zDIK2 BEI B RIER I ....ooooveececececeens 92
4.8.3 2DIK2 REBRBE D48 F1 AIRI BT oo 95

T - 2O 97

5.1 DIK2 PBIE B BRANE R EITNELER oo 97
5.1.1 R ERUERKIXNEMEAEER ..., 97
5.1.2 R EBUERKNEERAGSERE ..o, 99

5.2 DIk2 ATt SHRRRAVARB S EEE ..o, 101

5.3 DIk1 #1 DIk2 ZEEIE B RALERPIEERXRR ..o, 102

5.4 ZEBRIBER ..ot 103

e =l 105



CONTENTS

CONTENTS

ABSTRACT (ChiNESE) ..ovcvoiieceeieieeeeee ettt I
ABSTRACT (ENGIiSN) .oovveiceeeeeecceee et i
L INTRODUCTION ..ottt e 1
1.1 Overview on skeletal muscle development.............cooeieiiiiinniiiie, 1
1.1.1 Embryonic skeletal muscle development............cccevvviievievii i, 1
1.1.2 Adult skeletal muscle development ... 3
1.1.3 Key regulatory genes regulating myogenesis.........ccccceviieneivieiieesesreesnnns 5
1.1.4 Signaling pathways invovled in Myogenesis..........cccccoviviverenieieesesieinnan 8

1.2 Dlks and skeletal MYOQENESIS ........ccuoviiiriierieniiie it 13
0 ] |t USRS 13
O ] | USRS 23

1.3 Purpose and significance of the present Study ..........ccccceveienencncnenieeeenn 27

2 MATERIALS AND EQUIPMENT ..o 29
2.1 MALETIAIS ... e 29
A S LT 1o =] 1 PR PRR 29
2.2.1 CREMICAIS ...t 29
2.2.2 ANTIDOAIES ... 31

2. 3 EQUIPIMENT. ...ttt bbbt 32
SMETHODS ... 34
3.1 Molecular eXPerimeNtS .........cccoiiiiiiiiiieie e e 34
3. L1 RNA BXEFACTION ..o 34
3.1.2 ReVerse tranSCriPLION ........cveiii e 34
3.1.3 Semiquantitative RT-PCR ........ccccoiiiiiece e 34
3.1.4 Quantitative real-time PCR ... 35

3.1.5 Cloing of mouse DIk2 gene and construction of its overexpression

RV 2 T03 (0] 37



CONTENTS

3.1.6 Establishment of mouse DIK2 RNAI VECLOIS .........cccorvviniieieiineeenen, 38
3.1.7 Large-scale plasmid eXtraction ...........ccccceeveiieiieiesiieseece e 39
3.1.8 WeSEErn BIOTHING ...ocvveiiiie e e 40
3.1.9 Co-ImmMUNOPIeCIPItatiON .........ccoeiieiiiieieiere e 42
3.2 Experiments With CellS ... 42
3.2.1 C2C12 cells culture and myogenic INAUCTION ...........cccoveririnenciiiieninnn, 42
3.2.2 Separation of myotubes and reserve Cells............cocevvvveie i, 43
3.2.3 Cell tranSTECLION .....c.eiviiiiei et 43
3.2.4 Lentivirus PaCKagiNG........cciveiueiiieiiere e steesie e se e cae st eata e sie s sreene e e nee e 44
3.2.5 Lentiviral iNfECTION ........ccooiiiiieiiee e 44
3.2.6 Cell IMMUNOFIUOIESCENCE ........eiiieiieieee e 45
3.2.7 BrdU labeling of proliferating cell ..............ccooiiniiince, 45
3.3 EXPEriments With IMICE .........cccooiiiiiiiiiieie et 46
3.3 L IMIOUSE FAISING .vvevvineees ittt sttt ettt bbb 46
3.3.2 MOUSE MUSCIE INJUIY ...iiiviiiiiis et 46
3.4 Experiments with zebrafishes ..., 47
3.4.1 Zebrafish CUILUIE ........ccoiiiiiiee e 47

.............................................................................................................................. 48
3.4.3 Identification of Fo zDIk2- knockout zebrafishes.............cccoeinininne, 54

4 RESULTS AND ANALYSIS ... 56
4.1 Expression of DIk2 in skeletal muscle developmet............ccccoooieiniicnne, 56
4.2 Expression of DIk2 in myoblast differentiation.............ccccceevviviiiiieiieinnnn, 57
4.2.1 Establishment of the C2C12 myogenic differentiation model............... 57
4.2.2 DIk2 expression in the myogenic differentiation of C2C12 cells........... 59

4.2.3 DIk2 expression in the myogneic differentiation of C3H10T1/2 cells ...61
4.3 Knockdown of DIk2 has no effect the early myogenesis but inhibits the

TUSION OF MYOCYTES ...t nne s 62



CONTENTS

4.3.1 Construction of DIK2 RNAI VECTOIS ........ccccoiiiiiniiieienie e 62
4.3.2 Knockdown of DIk2 affects myogenesis of C2C12 cells..........ccceeneeen. 64
4.4 Overexpression of DIK2 impairs My0genesis .........cccoceveierenenenenisieeeeens 69

4.4.1 Construction of DIk2 overexpression vectors and establishment of

Dlk2-overexpressed C2C12 Cell lNe.......cocoveeiiiiiiiiieee e 69

4.4.2 Overexpression of DIk2 impairs C2C12 my0genesis. ........c.ccovvriiiienienne. 70
4.5 DIk2 is closely related to the myogenic differentiation potential of
L0)Y/0] o] F= ] £ S PS 75

4.5.1 Relationship among DIk2 and the density and myogenic differentiation

potential of MYODIASES..........c.coiiiiic i 75
4.5.2 Correlation between DIk2 and myoblast proliferation .............ccccco...e. 79
4.6 Molecular mechanism of DIk2 function in myogenesis ..........c.ccocvvvvrvernennen. 82

4.6.1 Relationship between DIk2 and Notchl or BMP signaling pathway ....82
4.6.2 DIK2 inhibits IGF-Akt signaling pathway ...........ccccoceviniieiininniien, 85
4.6.3 Adding IGF restores the myogenic differentiation of DIk2-

overexpressed C2CL2 CEIIS ... 86
4.6.4 DIk2 interacts with IGF receptor IGF-IR directly..........ccccccoevveveiinnnnn, 88
4.7 DIk2 expressed during muscle regeneration...........c.ccccceveevveveevccecce s, 90
4.8 Knockout of zDIk2 leads to developmental retardation in zebrafish........... 91
4.8.1 Expression of zDIk2 in early embryos of zebrafish............c.cccooiine, 91

4.8.2 Establishment of the zDIk2 knockout zebrafish using CRISPR/Cas9

) V251 (=11 PP UR T 92
4.8.3 Phenotypic analysis of the zDIk2 knockout zebrafish F1 juveniles........ 95

S DISSCUTION. ...ooii it 97
5.1 DIk2 plays dual roles in skeletal Myogenesis ..........ccccccvevveiiiiieciie e 97
5.1.1 Genes that play dual roles in myogenesiS........cccovvvvvvevieiieesie e 97

5.1.2 Siganling pathways that play dual roles in myogenesis .............cc.coc...... 99



CONTENTS

5.2 DIK2 is seemingly involved in maintaining the myogenic potential of

01 7/0] o] F= ] £ S SS PR 101
5.3 Relationship between DIk1 and DIK2 in My0QeNnesIS..........ccocvvvrvrereenennns 102
5.4 Conclusions and PEISPECTIVES........cceiiieririiesiieieee e 103
REFERENGCES. ... 105

ACKNOWLEGEMENTS ... 115



EES

HE

DIk2 (Delta-like 2 homolog) J& EGF #f5 & H, 5 ZK MR DIkl (Delta-
like 1 homolog) =B [FIY . BA BT A I DIKL 766045 fig 7 A2 A LI A BAE
M2 AR EERE I EEZE . (H52 HArxS DIk2 0T 7Tid 3 2 IR Tl 07 A2 B
R, JEA IR W DIK2 76 B 8 LA By T IR IE .

AW EIXEEE T DI EHEILLE TR 8%, @RS
RIS E RS D cDLK2 ERIE/KF, AT IILAE IR G B B LA 5 5 40)
Bom, MBEK G BT IZ BRI EAE 58 )5 4ERFBUIRK-F, U9 DIK2 W] REFEIR
NaE UL B PRI . 55, JATA A/ B4R & C2C12 B K
I, DIk2 7EFNLLHM 555 70 A T Rk K-F8GE, e S0 )a RilE B, #t—
A Ui B DIK2 3 & B A R A o R DIK2 J5 AN C2C12 Rl 74k
B2 HI5s 7 HVE BIRRE, U6 B  e sVL346 52 2] . i %98 DIk2 %) C2C12
S S L A R B A R 5 SR 2 0, AE R AR R e ) 0k . XM T T
7~ 1 DIk2 W] REAE 2 B BEWLAE By T BA W EAE A o #E— 22 7 #r DIK2 71753
ST VLR M P B R0, FRATT A I RSOV B 1) 2% B2 mT DA SR 4% DIk2 Rk, %
TR R 5 L I ULAR I AT e E UIAE 5, FRATTHEN DIk2 T ReS 54k
R UL B ) 7 AT BE

DT DIK2 4% BRI 2 A ) 27 WL, B e BRATTHE C2C12 4Rl 25 5¢
1 DIk2 5 Notch {55l g Z AR &R, KILEIRITRIL DIK2 51# Notch i@~
TN R Heyl BIZRZ/KF 25 B, (HXIFAZH Notchl 15 5 HHUEIE ik
1. FBE 5 —N 0 Heyl (5 Sl ——BMP ik, FRATAIN Heyl i i
ANJE 4 tH BMP-Smad1/5/8 {5 5 SE 8l . PRI FRATIHEN DIk2 7 g AN i g Noteh B
BMP {5 S8 K 2 B UL B 53— 7T, 3Rk DIk2 50 IGF il g Fk A 1gf2
kK3 T, 1 1gfbp2 A1 1gfbp5 Kk /K52 FiR . 3 — 2 5t &I DIk2
LA IGFs 44 IGF-IR BLZ45 & 40| IGF-Akt 5 53 e, s IGF-11 &
H Al DR E I 3RIE DIk2 C2C12 4RI 73 4L fE /1, il DIk2 REWS 4l IGF-Akt il
R R B B LA ko



EES

Fe NRBATR AN RN 5 5 E LRI T B L A AR DIk2 [l
BAREARAL, RITEIC IR DIk2 (AR R, J HHREEEARE Pax7 &
FEMRL, R Dk2 25 7 & 8 ULE A0 B B . s AT R A
CRISPR/Cas9 i AR%k1H | zDIK2 mybRIBE S fh, X Fo AT R 4]
KR, RISGE AT L zDIK2 mibRpt S ARG & & I R A .

28 LRTR, DIk2 255 R AG f IUL S0 R ANt i w UL R AR 1 5L
B, JE5YERE BUYLAE I E 7] 73408 Be B DIAH G, B TE BUVLAN I 23 A R R T e
PEXCE PR, R R 20850 &2 H IGF-Akt 8 B ST o

XHiA): DIk2; JEHRIE: BHHNUKE: C2C12 47l 3 D ; CRISPR /Cas9



ABSTRCT

ABSTRACT

The protein DIk2 (Delta-like 2 homolog) belongs to the EGF-like family of
membrane proteins. Accumulating evidence suggests that DIk1, highly homologous to
DIk2, is involved in several differentiation processes, including adipogenesis and
myogenesis. However, limited previous studies on DIk2 are almost directed to
adipogenesis, and its function in myogenesis has not been reported.

The present study concerned, for the first time, the roles of DIK2 in skeletal muscle
development. First, the expression of DIk2 mRNA in chicken skeletal muscle showed
a high level at the early embryonic stage and a gradual decrease during development,
finally followed by a stable but low level after hatch. This result provides a possibility
that DIk2 may play a role in embryonic skeletal myogenesis. Then using mouse C2C12
myoblasts as model, we found that DIk2 highly expressed in myoblasts before
differentiation induction but was greatly downregulated after that, which further
demonstrated DIk2 was involved in myogenesis. Knockdown of DIk2 did not affect the
expression of the early myogenic regulatory genes, but significantly impaired the fusion
of myotubes, indicating that the mid-late myogenesis was suppressed. Surprisingly,
overexpression of Dik2 showed, however, the similar results that the mid-late but not
the early myogenesis was inhibited. These seemingly contradictory results suggest the
possible dual roles Dik2 plays in myogenesis. By further analysis, we found a negative
correlation between DIk2 expression and the density of myoblasts. Moreover, in view
of the close relationship between the density and the myogenic potential of myoblasts,
it is implied that DIk2 may be invovled in maintaining the myogenic potential of
myoblasts.

To investigate the molecular mechanism by which DIk2 regulates myogenesis, the
correlation between Notch signaling, the antagonist target of DIk2 in adipogenesis, and
DIk2 was concerned first. Although DIk2 overexpression remarkably upregulated the
expression of Heyl, a Notchl downstream gene, that proved not to be induced by the

activation of Notchl signaling itself. Taking BMP pathway into account, which is
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thought to be another inducer of Heyl, we found BMP-Smad1/5/8 signaling not
responsible for the upregulation of Hey1, either. Therefore, we speculate that DIk2 may
not regulate myogeneis via Notch or BMP signaling. Otherwise, DIk2 overexpression
had a significant effect on IGF signaling. The expression of 1gf2 was dramatically
downregulated in DIk2-overexpressed C2C12 cells, while the expression of Igfbp2 and
Igfbp5 was markedly upregulated. Further investigation illustrated that DIk2 protein
could interact with IGF receptor IGF-IR directly and suppress IGF-Akt signaling,
which impaired myogenesis subsequently. Adding IGF-II restored the myogenic
differentiation of the DIk2-overexpressed C2C12. These findings demonstrate that
DIk2 can regulate myogenesis via IGF-Akt pathway.

Next we examined the expression of DIk2 during skeletal muscle regeneration
with the help of mouse TA muscle injury and repair model. Interestingly, DIk2 was
considerably upregulated during muscle regeneration, what’s more, following the
highly similar expression pattern with Pax7. This evidence suggests DIk2 participates
in the early stage of skeletal muscle regeneration. Finally, using the CRISPR/Cas9
system, we have successfully harvested zDIk2 mutant zebrafishes. By preliminary
observation on F1 mutants, we found the development of the mutant embryos was
evidently retarded comparing with wild type, which stated DIk2 was of importance to
embryonic development.

In conclusion, our research shows that DIk2 is deep involved in the embryonic
development and adult regeneration of skeletal muscle. It seems to play dual roles in
skeletal myogenesis and to be important to maintain the myogenic differentiation
potential of myoblasts. Furthermore, DIk2 functions in myogenesis at least partly via

IGF-Akt signaling.

Keywords: DIk2; Gene expression; Skeletal muscle development; C2C12 cell model;

Zebrafish; CRISPR /Cas9
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