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Regulatory role of circRIPK2 in proliferation and differentiation
of chicken primary myoblasts
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(College of Animal Science, South China Agricultural University/Key Laboratory of Chicken Genetics,
Breeding and Reproduction, Ministry of Agriculture, Guangzhou 510642, China)

Abstract: [Objective] To explore the function and molecular mechanism of circRIPK2 on the growth of
chicken skeletal muscle. [Method] The convergent and divergent primers were designed according to the back-
splicing site, and the circular structure of circRIPK2 was verified by Sanger sequencing. RT-PCR was used to
explore the expression level of circRIPK2 at different developmental stages. The circRIPK2 overexpression
vector was constructed. The effect of circRIPK2 on the proliferation and differentiation of chicken primary
myoblasts were detected using EdU, flow cytometry and RT-PCR technology. [Result] The electrophoresis of
PCR product and Sanger sequencing proved the existence of circRIPK2. RT-PCR result showed that comparing
with control, overexpression of circRIPK2 up-regulated the mRNA expression of cell cycle-inhibiting gene p2/
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by 20%, down-regulated the mRNA expressions of cell cycle-promoting genes Cyclin B2, Cyclin D1, Cyclin D2
and PCNA by 39%, 22%, 29% and 45% respectively, and up-regulated the mRNA expressions of differentiation
marker genes MyHC, MYOG and Myomaker by 39%, 56% and 25% respectively. The EdU assay and flow

cytometry analysis also indicated that circRIPK2 inhibited cell proliferation. [ Conclusion] CircRIPK2 may

inhibit myoblast proliferation and promote myoblast differentiation, thus affecting the growth and development

of chicken skeletal muscle.
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Table 1 Primers used in this study
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C-circRIPK2-F  GCATGTCAAAATGGCGTGTCA 56 FCER 4 5 (WS 5 1 4)
C-circRIPK2-R  ACAAGAGCTCGATGCGGAATG Verification of circRIPK2 (Convergent primers)
D-circRIPK2-F  TGAATCGCCGTGTATCCACAA 56 B 58 (R B 4)
D-circRIPK2-R  AAATCTGCAATCTGATGAGA Verification of circRIPK2 (Divergent primers)
CircRIPK2-F ATTGCAGATTTTGGCATGTC 58 5if% Cloning
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p21-R TTCCAGTCCTCCTCAGTCC
MyHC-F CTCCTCACGCTTTGGTAA 60 RT-PCR
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Fig.2 PCR amplification of circHIPK2 by convergent
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Fig. 7 Effect of circRIPK2 overexpression on cell cycle progression of chicken primary myoblasts

60

40

*
Hk

20

YRR &L/ %

Ratio of cell population

G2/M

G0/G1 S
1 L 3
Cell cycle

kTR A o IR R R 72 K F 0.05 1 0.01 1) R KT
(¢ K )

“*” and “**” indicate significant difference from control group at 0.05
and 0.01 levels respectively (7 test)

8 1FFRIZ circRIPK2 FHAEE ARGt 4E R

Fig. 8 Statistical results of cell cycle after overexpression
of circRIPK2

circRIPK?2 {2 R X A AL 4BRE 5714

e geid Rk 34K pCD2.5-circRIPK2. pCD2.5-
ciR Z XS 5 A R VLM i A, £ 4 M 35 FE O 90 %~
100% I, K 55 57 5 T 46 0y 23 A0 % 97 35k DL 3 UL
Rtk . %S 040 2 RITEAME RNA I
BEAT RT-PCR. 50 45 S R id KiX circRIPK?2 J&

2.4

_ @ A5G Test group W XFHEZH Control group

PCD?2.5-circRIPK2 PCD2.5-ciR

Hoechst Hoechst

Overlay

Overlay

9 EdU IRIEHME FRIA cireRIPK2 %F38 R X & AL 40
HIERE IR
Fig. 9 Effect of circRIPK2 overexpression on the
proliferation rate of chicken primary myoblast
detected by EAU assay

WL A bRic Xl MyHC. MYOG 1 Myomaker 1)
mRNA REKFEZE LI 39%.56% F125%
(E 11),



5 ]

K 8 45: circRIPK2 75X % LR A1 58 234 b ) T 424 25

20 -

HEGHAMMI I o E/%
>

Ratio of proliferating cell
)

W
T

RS0 o fEZH
Test group Control group
A5
Group
“en” ST RO RIEE] 0.01 1R BT (¢ KR)
“*%” indicates significant difference from control group at 0.01 level
(¢ test)

10 33RiX circRIPK2 /7 EdU IRIE RV ITHER
Fig. 10 Statistical results of EAU assays after
overexpression of circRIPK2

0 W X564 Test group B ¥R Control group

Hk

PIE euS

mRNA #
Reletive mRNA expression level

MyOG

MyHC
FEH
Gene

RV o3RI FROR X B2 2E R IA F) 0.05 A 0.01 R K
(¢ K 36)

“*” and “**” indicate significant difference from control group at 0.05
and 0.01 levels respectively (7 test)

B 11 FFRIE circRIPK2 FAL S WARIEEERIZEEL
Fig. 11 Expression changes of the myoblast differentiation
marker genes after overexpression of circRIPK2

3 WieSse

TENAESR RS RNA SR 1) HZ % 51, circRNA
|2 2 5 R R R I AOR KA R, A
PR B circRNA AMEAE SN )& 86 UL 61 a0 24 & %
Wi K& B EE UL /N Bl 8 UL B B LSS R 247
78, T H B A B 2Rk AP 20 R R R T A
LR F2 R 7 RO 5 R 7~ PAX 5210 55 1 4 B
WK BT FEZ 4P, circRNA fERIEALN K & L2

Myomaker

W E A P22 2RI, UL
circRNA Al 3B /F A miRNA 545 S 825 3 L)
A KRB ARYE AT, A TR IE AR 3 A
i 11 22 57 R I8 R IE PR RNA-cireRIPK?2, Ff Hid
it PCR Ml Sanger Ml ¥ 55 £ R I E circRIK2
H RIPK2 3L K5 4 55 9 4bE T R A B VI i
RT-PCR & circRIPK2 7E 3 /NI 22 5 K18,
XHEIR circRIPK2 A RELEXS B BEALA B IdfE B —
SE PR

A K circRNA X T L4l f 365 O A £
e SCRRIRIE o 7E K& H#NLH, RBFOX2 2 K 1)
AN AR TR IR IE A circRBFOX2.2-3,
circRBFOX2.2-4, ## ¥ 7] LI fff miR-1a. miR-
206 S 45X UL A0 B T FE Y . S Ak, FEAR
B R B, circLMO7 7] LL7E 24 miR-378a-3p
45, BT N 5E S P YR RNA KA HE LG 5
FEXT cireRIPK2 50 H, FRATT AR I XA circRIPK2
S o UK A L A, o 20 i 38 A AR P A 0%
H[K (Cyclin B2 Cyclin D1 Cyclin D2 F1 PCNA) ]
mRNA FIA 7K 235 B A, SR X 4 i 38 5 A 410 i1
ERIFRICIE R (p2)mRNA K52 Fif. FR
T A B AR L BAU 56 W I x5 4 A S B 5
Wi, &% SRt 2% 1 circRIPK2 0461 RS JUTL 40 M 16 184 3

circRNA & 7 142 LA 40 B 38 58, &% T LA
M ) At B EEAMER . Li S5 AR,
circFGFR4 fE4- LA i i R0, & ] LLE I AE A
miR-107 {77 48118 WNT3A K&, MIlHE
PR LA BRI 434k o £E/NR A cireZfp609 ] LA
W Bt miR-125b fif o0 N UESE 3L K] BCLAFT (471
Ve, IF BB 52 Myfs Al MYOG 133 [F] 240
G LR I N O G = N = o < - 3| N
circFOXO3 X B ILAH M 1) 73 Ak ik 72 A1 B A 4 ) 4
P, ARG R B3t R IE circRIPK2 J&, LA
LK MyHC. MYOG F1 Myomaker [f) mRNA ik
A B, IXAIE B 3k circRIPK2 S B AIL4H ffd 1)
LR BEHIE

DL &5 B B circRIPK2 E BB K &K & i
FErp B I E L SR1 circRIPK2 2 58 8L
25 (1 AR o R, A 1 Jo Bt — AR 9T

W 7R B circRIPK2 7E4H A% 40 ff i h 3
Fik, FAp e R S b TR A R Y
bl () B ot 7 XS S A RO 20 i 3298 circRIPK2
R AH S b 10 3 K 2R3k, AIESE circRIPK2 ] g i@ it
U081 5 JUL £ F 45 B, O 1 9 4% UL 4 A 43 A ik
s, N2 5 sl .



26

HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

42 B

SE MK :

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

LANDER E S, LINTON L M, BIRREN B, et al. Initial
sequencing and analysis of the human genome[J]. Nature,
2011, 409(6822): 860-921.

WU Q, WANG Y, CAO M, et al. Homology-independ-
ent discovery of replicating pathogenic circular RNAs by
deep sequencing and a new computational algorithm[J].
Proceedings of the National Academy of Sciences of the
United States, 2012, 109(10): 3938-3943.

YANG D, YANG K, YANG M, et al. Circular RNA in
aging and age-related diseases[J]. Advancesin Experi-
mental Medicine and Biology, 2018, 1086: 17-35.

CHEN L, YANG L. Regulation of circRNA
biogenesis[J]. RNA Biology, 2015, 12(4): 381-388.
MEMCZAK S, JENS M, ELEFSINIOTI A, et al. Circu-
lar RNAs are a large class of animal RNAs with regulat-
ory potency[J]. Nature, 2013, 495(7441): 333-338.

LI Z, HUANG C, BAO C, et al. Exon-intron circular
RNAs regulate transcription in the nucleus[J]. Nature
Structural & Molecular Biology, 2015, 22(3): 256-264.
HUANG A, ZHENG H, WU Z, et al. Circular RNA-pro-
tein interactions: Functions, mechanisms, and identifica-
tion[J]. Theranostics, 2020, 10(8): 3503-3517.

LEGNINI I, DI TIMOTEO G, ROSSI F, et al. Circ-
ZNF609 is a circular RNA that can be translated and
functions in myogenesis[J]. Molecular Cell, 2017, 66(1):
22-37.

LI H, YANG J, WEI X, et al. CircFUT10 reduces prolif-
eration and facilitates differentiation of myoblasts by
sponging miR-133a[J]. Journal of Cellular Physiology,
2018, 233: 4643-4651.

WEI X, LI H, YANG J, et al. Circular RNA profiling re-
veals an abundant circLMO7 that regulates myoblasts
differentiation and survival by sponging miR-378a-3p[J].
Cell Death & Disease, 2017, 8(10): e3153.

OUYANG H, CHEN X, WANG Z, et al. Circular RNAs
are abundant and dynamically expressed during em-
bryonic muscle development in chickens[J]. DNA Re-
search, 2018, 25(1): 71-86.

LI H, WEI X, YANG J, et al. circFGFR4 promotes dif-
ferentiation of myoblasts via binding miR-107 to relieve
its inhibition of Wnt3a[J]. Molecular Therapy Nucleic
Acids, 2018, 11: 272-283.

GONG Q, LONG Z, ZHONG F, et al. Structural basis of
RIP2 activation and signaling[J]. Nature Communica-
tions, 2018, 9(1): 4993.

MAGALHAES J G, LEE J, GEDDES K, et al. Essential
role of RIP2 in the modulation of innate and adaptive im-
munity triggered by Nodl and Nod2 ligands[J]. European

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Journal of Immunology, 2011, 41(5): 1445-1455.
MINCHENKO D O, DAVYDOV V V, BUDREIKO O
A, et al. The expression of CCN2, IQSEC, RSPO1, DNA-
JCI5, RIPK2, ILI3RA2, IRS1, and IRS2 genes in blood of
obese boys with insulin resistance[J]. Fiziolohichnyi
Zhurnal, 2015, 61(1): 10-18.

ZHOU W, CAI Z, LIU J, et al. Circular RNA: Metabol-
ism, functions and interactions with proteins[J]. Molecu-
lar Cancer, 2020, 19(1): 172.

r K, EIE, EH, S5 PR RNA FERE R G050
(AT ek R [T]. Hh I BE 2 4, 2020, 17(29): 45-47.
KRB, FERFR, MIREE, 5. ARG S RNA 7645 # L
KA PRI TCE R LI]. B E AR, 2018, 44(6): 75-
77.

HLAR. N BUE BEUR B AHSCHIR RNA % € FI ) fg
WEFE[D]. b5t P E AL AL, 2017.

EGE . R BT 4E S8R OC B circRNAs (1497 6 &
cireMYLK4 F)Zh B0 [D]. M PHAbAR MR K2,
2019.

MARTONE J, MARIANI D, DESIDERI F, et al. Non-
coding RNAs shaping muscle[J]. Frontiers in Cell and
Developmental Biology, 2019, 7: 394.

ZANOU N, GAILLY P. Skeletal muscle hypertrophy and
regeneration: Interplay between the myogenic regulatory
factors (MRFs) and insulin-like growth factors (IGFs)
pathways[J]. Cellular and Molecular Life Sciences, 2013,
70(21): 4117-4130.

WANG D Z, VALDEZ M R, MCANALLY J, et al. The
Mef2c gene is a direct transcriptional target of myogenic
bHLH and MEF2 proteins during skeletal muscle devel-
opment[J]. Development, 2001, 128(22): 4623-4633.
BUCKINGHAM M, RELAIX F. The role of Pax genes
in the development of tissues and organs: Pax3 and Pax7
regulate muscle progenitor cell functions[J]. Annual Re-
view of Cell and Developmental Biology, 2007, 23(1):
645-673.

YUE B, WANG J, SONG C, et al. Biogenesis and
ceRNA role of circular RNAs in skeletal muscle myogen-
esis[J]. The International Journal of Biochemistry & Cell
Biology, 2019, 117: 105621.

WANG Y, LI M, WANG Y, et al. A Zfp609 circular
RNA regulates myoblast differentiation by sponging
miR-194-5p[J]. International Journal of Biological Mac-
romolecules, 2019, 121: 1308-1313.

LI X, LI C, LIU Z, et al. Circular RNA circ-FoxO3 Inhib-
its myoblast cells differentiation[J]. Cells, 2019, 8(6):
616.

[RfEwiE £ ]


http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1080/15476286.2015.1020271
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.7150/thno.42174
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1002/jcp.26230
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1007/s00018-013-1330-4
http://dx.doi.org/10.1242/dev.128.22.4623
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.3390/cells8060616
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1080/15476286.2015.1020271
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.7150/thno.42174
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1002/jcp.26230
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1007/s00018-013-1330-4
http://dx.doi.org/10.1242/dev.128.22.4623
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.3390/cells8060616
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1080/15476286.2015.1020271
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.7150/thno.42174
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1002/jcp.26230
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1073/pnas.1117815109
http://dx.doi.org/10.1080/15476286.2015.1020271
http://dx.doi.org/10.1038/nature11928
http://dx.doi.org/10.7150/thno.42174
http://dx.doi.org/10.1016/j.molcel.2017.02.017
http://dx.doi.org/10.1002/jcp.26230
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1016/j.omtn.2018.02.012
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1038/s41467-018-07447-9
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1007/s00018-013-1330-4
http://dx.doi.org/10.1242/dev.128.22.4623
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.3390/cells8060616
http://dx.doi.org/10.1002/eji.201040827
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1186/s12943-020-01286-3
http://dx.doi.org/10.1007/s00018-013-1330-4
http://dx.doi.org/10.1242/dev.128.22.4623
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1146/annurev.cellbio.23.090506.123438
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.1016/j.ijbiomac.2018.09.039
http://dx.doi.org/10.3390/cells8060616

	1 材料与方法
	1.1 材料
	1.2 方法
	1.2.1 鸡原代成肌细胞的分离与培养
	1.2.2 circRIPK2过表达载体构建
	1.2.3 细胞转染试验
	1.2.4 RNA提取及实时荧光定量PCR检测
	1.2.5 EdU试验、流式细胞术检测细胞增殖
	1.2.6 核质定位分析
	1.2.7 统计学分析


	2 结果与分析
	2.1 circRIPK2的鉴定及细胞定位
	2.2 circRIPK2的时空表达谱分析
	2.3 抑制原代成肌细胞增殖
	2.4 circRIPK2促进原代成肌细胞分化

	3 讨论与结论

