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Identification and functional characterization of circular
RNAs in the liver of whitespotted bamboo shark
(Chiloscyllium plagiosum)

QIN Ping, ZHANG Wenjie, LU Zhengbing

College of Life Sciences and Medicine, Zhejiang Sci-Tech University, Hangzhou 310018, Zhejiang, China

Abstract: This study aims to identify the circular RNAs (circRNAs) in the liver of whitespotted bamboo
shark (Chiloscyllium plagiosum) and to explore the effect of the overexpression of circRNAs on the
proliferation and migration of hepatocellular carcinoma HepG2 cells. We conducted high-throughput
sequencing for prediction of the circRNAs and then designed forward and reverse primers to verify them.
Further, we constructed overexpression vectors for transient transfection of circRNAs into HepG2 cells.
Finally, we employed CCK-8 assay and scratch assay to measure the proliferation and migration of the
treated HepG2 cells. A total of 4 558 circRNAs were predicted, among which 14 circRNAs were
confirmed. The gqRT-PCR showed that circRNA 13-566, circRNA 4-475, circRNA 5-402, circRNA
294-177, and circRNA 30-219 were transiently overexpressed in HepG2 cells. The overexpression of these
five circRNAs inhibited the proliferation and migration of HepG2 cells to varying degrees, and circRNA
4-475 and circRNA 294-177 had especially notable effect. This study provided a basic database of
circRNA genes that particularly active in whitespotted bamboo shark liver and demonstrated with

functional studies of these circRNAs potentially involved in normal and malignant liver cells.
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1 14 % circRNAs IE. & [E5[¥8 RT-PCR 5|#1F 5

Table 1 Sequences of forward and reverse primers for RT-PCR of 14 circRNAs

CircRNA  Divergent PCR primers (forward primer, = Product Convergent PCR primers (reverse primer, Product

names 5'—3") size (bp) 5'—3") size (bp)

8-517 F: AGCCAGTTTTCTGATACGTT 295 F: AACAAGGCCAAAGGTGG 353
R: CCAGGAAATTTTGAGTACGAT R:CCGCTCGAGTTGCGATTGCTGAGGTG

38-801 F: CGACAATGTGGCTGAATCACC 605 F: TCTCAAGGCCAGTTGACCC 450
R: GGTAGATATCTTGCACAGACCCA R: TCCTTCTAAACCTCCGGTGT

15-1452 F: GAGTGGATGAAGCTGGTCT 867 F: AATACCCAGTCCATCCCTC 1 080
R: ACTGTTGGAGGAGGGATG R: GGTTTCACAGTTGCTCCAT

13-566 F: TCTAAATGGGTCCAGTCATGC 554 F: AGAACCCTAACTGTAAACCAC 379
R: ACTCCTGTCCTTGTCTACTTT R: AGGCAAATAACTGCTCGT

185-1702 F: GTCCCATTTCAAGCACGTT 828 F: TCTCAAACAGAACGGGCTCT 737
R: AGCACGAGGAGATATTACACT R: GGAACCTATGTCAATAATGCCCTT

10-1507  F: CAATTCAACTGTTCGCCTGA 1179 F: CACGGTTAAATCAGTATGGC 752
R: GATGCCATACTGATTTAACCG R: TTGCTGCTAGAGCTTTCGAC

11-467 F: AAACGTGAAACAGTTCTGC 389 F: TAGCCTTGCAACAGTATCCAA 253
R: GCTATTTTGTCCCAGCGTTC R: AGTCTCTGTGGATAATGCCTC

8-731 F: TCACCAATAGACGGGTAAGT 628 F: CACTGTCTTCCCCATCCAA 361
R: TAGTGAAAGTTGGCGAAAGC R: CAGTTGAATACTTACCCGTCT

9-859 F: CTTCGACTTTTCCAGATCCCC 809 F: CAACAACTCTAACTACGAGCAA 462
R: TTCTTCCCATCCAGTGGCATA R: CAACTTTCTCCGAAGTAGCG

11-474 F: TTCCCAAGATCCTCCGACCAC 276 F: GTCCTTCCAGCGATGTCCAGT 408
R: CCCTTGCCCAGGTGAATGTCT R: CTCATGCCCTGGGGTACCAC

7-472 F: AATCGACCAATCAGAATCCAC 267 F: TGCATTTGTCCTGACGAGT 472
R: GCACAACATTCACTACCCTG R: GGAATGTCAAGTGTCAAAGGGA

4-475 F: AGTTTAGTGAGACGCAAACCT 206 F: ACACCAGTGAAGTGAAAGTGGA 471
R: TCCTTCCCCATGATGTCACAG R: GCTGCTGAATGGATCATTTTGGA

5-640 F: AAGCCATTAATTCATTGTACGAG 337 F: TTAGTGCAACTTCGTAGCC 455
R: AAATCTGCTTTGAGTTGGCTAC R: TTTTCACTTGGACTGCCAT

5-402 F:AAACAAGGCCAGATCTGAGGTGA 402 F: GTTGTTGGCACTACCCCAGG 395
R: TCTCATTGATGGCCTCTTCCAC R: GCTGCGGTGATAGTAGAACCAAG

F: sense primer; R: reverse primer.
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LA 125 pL Opti-MEM 35555, 2.5 pg JFk:
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TR BT A i rh 33K cireRNA 1500,
e YL IS A A Trizol 1 ALARHUANARLE RNA, 2
%45 B cDNA, | primer 5.0, 7E circRNA %
S WIS gPCR 5141, NS JE 18S
rRNA JEH (8 2). qRT-PCR Sz iz 1 R
¥ SYBR"Green Pro Taq HS iR qPCR &
& (% ROX), 20 uL F2%igcf4H: 2xSYBR®
Green Pro Tagq HS Premix (ROX Plus) 10 pL, #&
#2 cDNA 2 pL, 5¥ F (10 umol/L) 0.4 uL, 5%
R (10 pmol/L) 0.4 pL, RNase free water 7.2 puL,
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BSUF cireRNA BB 7E -9 40 i Hp ol e 38 f5 4
HEAT 40 MK SF B el B, B UE A Rk Y
circRNA i JH-J5 4 A /% 5% i 43 1) 8 12k CCK-8 Fil
VIR SES . CCK-8 SEin H USIh e g 5 it 3R
IR ORI RESORL e A, Bl ZE 96 LAk
RAEFLIIA 100 pL, 2 000 4, 40525
HAMXTHRARE 5 MELL, & 0. 24, 48,
72 h 196 h WFE] L, 2 2 RAUMNGEE SN
0 h, LI 10 puL/ALA CCK-8 &R INE] 96 fLAk

%2 QRT-PCR 5|#IF%I
Table 2 Primers of QRT-PCR

Primer name

Primer sequences (5'—3")

q-PLC-circ13-566-F  GGGGACACTGTACTTCGT
gq-PLC-circ13-566-R ~ AGTTAGGGTTCTGCTTGG
q-PLC-circ4-475-F GCACGGCACAGAATCCC
q-PLC-circ4-475-R TGCTCGCCCTGGCTAAT
q-PLC-circ5-402-F TCAAACCGGGATTACAG
q-PLC-circ5-402-R TTGGCTCATCGTCACAT
q-PLC-circ294-177-F  ACGTCACGAAGTGATGT
q-PLC-circ294-177-R  TGCAGGTTCTGGATAAA
q-PLC-circ30-219-F  ATGCTGGAAACAGACGC
gq-PLC-circ30-219-R ~ AAAAGCACTTTGTGACCTCT
18S rRNA-F GGGCCACTTGGCATACA

18S rRNA-R CGAACCTCCGACTTTCGTTCT
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ipu-miR-143 Fl hsa-miR-143-3p R+1 1ss21CA),
HYEAT microRNA sponge T, 18 3 #c /4 F
AR circRNA A BS54 19 miRNA,

2 BEREAW
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14 2% circRNAs IE 7 #IS[5] PCR BYZ5R, M7
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circRNA 30-219 i3z} Sanger W )7 45 5 15 7571
S5 HM R BHTX L, B8, WP
SIRHE SCE e (B 1, PRI A=) TR )
W2 R fHE) , HerpARLrER A B 0 R B 5,
M HEM cireRNA BRI 500 : 574 bp.
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XA 20-50 bp FAUERS , DF4ZHT R PHEHER
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1 14 % circRNAs PCR ¥ &

Figure 1 Identification of 14 circRNAs by PCR. M1 is DNA marker DL 1 000; M2 is DNA marker DL
2 000; In the figure, lanes 1-28 are respectively forward and reverse PCR results of circRNA 8-517, circRNA
38-801, circRNA 15-1452, circRNA 13-566, circRNA 185-1 702, circRNA 10-1507, circRNA 11-467,
circRNA 8-731, circRNA 9-859, circRNA 11-474, circRNA 7-472, circRNA 4-475, circRNA 5-640, circRNA
5-402,1.e.,1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27 were their forward PCR results, and their reverse
PCR results were respectively. Namely: circRNA 8-517 (forward 295 bp, reverse 353 bp); circRNA 38-801
(forward 605 bp, reverse 450 bp); circRNA 15-1 452 (forward 867 bp, reverse 1 080 bp); circRNA 13-566
(forward 554 bp, reverse 379 bp); circRNA 185-1 702 (forward 828 bp, reverse 737 bp); circRNA 10-1 507
(forward 1 179 bp, backward 752 bp); circRNA 11-467 (forward 389 bp, reverse 253 bp); circRNA 8-731
(forward 628 bp, reverse 361 bp); circRNA 9-859 (forward 809 bp, backward 462 bp); circRNA 11-474
(forward 276 bp, reverse 408 bp); circRNA 7-472 (forward 267 bp, reverse 472 bp); circRNA 4-475 (forward
206 bp, reverse 471 bp); circRNA 5-640 (forward 337 bp, reverse 455 bp); circRNA 5-402 (forward 402 bp,
reverse 395 bp).

FeReo 5 B A o8 2 —8ny, JUHEYIMAL 2.2.2  cireRNA I RIAEH BRI R RGN

FAEBA A, AT UL H Y cireRNA JR ) £ 5 HABURFGE, BURAE, I RNA,
P FR A RS RWARS, NFZET 2T qQRT-PCR K2 circRNA 1 ik B AL AT
20 K- D RE 0 IE S IR 4R 14 i S LAl A A FR IR XS N cireRNA 1500, ALHE AR
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250

13 14 M2 bp

1 000

250

2 14 % circRNAs EHEFAEYEE

Figure 2 Identification of recombinant vectors for
14 circRNAs by enzyme digestion. M1 is DNA
marker DL 1 000; M2 is DNA marker DL 15 000; In
the figure, lanes 1-14 are circRNA 38-801, circRNA
13-566, circRNA 185-1 702, circRNA 9-859,
circRNA 11-474, circRNA 7-472, and circRNA
respectively recombinant vectors corresponding to
circRNA 5-475, circRNA 5-640, circRNA 5-402,
circRNA 328-177, circRNA 294-177, circRNA
50-170, circRNA 30-219 and circRNA 28-273; The
target band sizes were 819 bp, 574 bp, 846 bp,
449 bp, 479 bp, 493 bp, 658 bp, 407 bp, 187 bp,
188 bp, 178 bp, 228 bp and 278 bp, respectively.
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(P<0.000 1), HIAIHI circRNA i i%l_ﬁﬁsﬁ
FHR ) cireRNA 76 -9 240 i v ol 1 338
SEERAE ] AT T — DI RR IS UE S5
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Figure 3 Expression of circRNAs in the
overexpression group and empty plasmid group.
**%%* indicates that the expression of circRNAs
in the experimental overexpression group is

particularly significant compared with the control
group, P<0.000 1.
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Fege i i R ik circRNA BRL S, ASHF
JE T CCK-8 SEHG, WE 5 Al A [E]
i, A CCK-8 G, B BRI E 3 hn
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Figure 4 Effect of circRNA overexpression on the proliferation of HepG2 cells detected by CCKS8 assay.
The five figure represent the absorbance values of the five circRNAs expression groups and their control
groups at a wavelength of 450 nm in five time periods. (A) Represents circRNA 13-566, ***: P<0.001,
indicating that the experimental expression group has a more significant effect on the proliferation ability of
liver cancer cells than the control group. (B) Represents circRNA 4-475, and ****: P<0.000 1, indicating that
the experimental expression group has a particularly significant effect on the proliferation ability of liver
cancer cells compared with the control group. (C) Represents circRNA 5-402, *: P<0.05, indicating that the
experimental expression group has a significant effect on the proliferation of hepatoma cells compared with
the control group. (D) Represents circRNA 294-177, *****. P<0.000 1, indicating that the experimental
expression group has a particularly significant effect on the proliferation of hepatoma cells compared with
the control group. (E) Indicates circRNA 30-219, **: P<0.01, indicating that the experimental expression
group has a very significant effect on the proliferation ability of liver cancer cells compared with the control

group.

http://journals.im.ac.cn/cjben



B &/RUBMTEFEINE RNA BfEiE . EERBEDT

PLC-circ294-177 7£ 48. 72 #1 96 h SZE4] OD
EREmTXEE, 7] ILid3Rik circRNA J5 41
L By 34 5 B ) B e A A

RRSEE, PEM T 5 > circRNA SZER2H
PLC-circ13-566 ., PLC-circ5-402 . PLC-circ4-475 .
PLC-circ294-177 F1 PLC-circ30-219 X JI1-4 4 if
TR R, FEPEM L FRIBHNL cireRNA
J I 98 A L R IR A B R By R0, 45 2R
Kl 5 Fine 5 SEEH S 3Rk circRNA &,
AN S A 5 O REAL AR H L R A0 e )R 5E
JEARAR IR K, LA RWARM, AT 0L 40 M
i 7% BE J7 80T B4 T AR A R Eg ,
PLC-circ13-566 . PLC-circ4-475. PLC-circ294-177
SRR AH A BEEZE R (P<0.01), ZERHAT
HAEGIFE L WEMRRSLRS R 5 4
circRNAs 7EAFRZIM HepG2 HhiditHik)m, H
BavE FNIE RS e ) B o B o g A AR Y 3
JaRE I RERSRE 1 SXTRRAIAH L, #0A BN
ANFIRREE R RS, PO T e A s 5 A A% .
PLC-circ4-475 . PLC-circ294-177 . PLC-circ30-219
X 3 4% circRNAs I 2 FEAIRH-J 4 i 7Y 185 7 e
41, T PLC-circ13-566 , PLC-circ4-475 . PLC-
circ294-177 X 3 4k circRNAs X 24 Jifd 3T 5% i 3 7l
WAR W, Al PLC-circ4-475. PLC-circ294-177
XTI cireRNAs 34§l 8 25 10 ) JH- 98 240 it 7y
WA MITRERE JT o PR SR BN B E Yy
circRNA FI RN A . BRSPS
HEEMTAEER, Xeegs foh Rt — 2R
circRNA DIEBIRUESH KM, oM /R R
ST AL BT R
2.2.4 circRNA Y microRNA sponge Tl

circRNA fix FE— )82 5 mRNA S5 44
4 miRNA, REHEMHYT mRNA BFoi . @
LI cireRNA _FVETESS G0 miRNA, 44173
1T miRNA 2R TSR R 645 circRNA 1]

: 010-64807509

AERZ MY mRNA, KHEM circRNA 1] fE7E 2L
A=) R v A TR TN I BE . A5
FIFH M 28 E48 T. H. RNAhybrid FlI miRanda %K
F, 55 6 Fras, TR E] -9 240 i A
W E M circRNA 4-475, circRNA 294-177
circRNA 4-475 5# 2% miRNAs ipu-miR-143 #l
hsa-miR-143-3p R+1 1ss21CA #fEHH H.# 5&E Fl
754 . Hod circRNAs #1 miRNAs # /B i fig
#°5-19 kcal/mol, FWH circRNA 4-475 5W4>
miRNAs Z5G R AR . X E7-FRATT circRNA
4-475 XoF JH- 98 240 B A% 41 36 4 FH AT i o e 5
o A 454 miRNA SE R mRNA, R
S RV 9 AN M G A A . W R AT 5
—MEFH B35 19 circRNA 294-177 W] fig i i 1
by 38 B AL B A 2 2o R ok I T g A0 e Y
BB TR, Al W A E B circRNAs Xf
JHF 92 20 B X 5 . 3 RS %) 52 e 4 AL RN 38 4%
EZMERDN, WARRNEZSZHTRR
R
3 Gtk

EA 5T W circRNA HA RS H R AL |
Ay e T R e A R U B R S A A
EYIERE S, HEFREMTR/E R BLE &
AT T T AR EAR R A USSP (H 2
X F 2R G BT E I EN circRNAs K HAE i
VEFIY circRNA #1 et A HaE o,

A5 2 IR T 2% S0 BEAT 8 T I v v
1 circRNA, #4177 3280k . 3k B s,
I3 3k 4 LK P T RE S g R Y H TR I AR RN
JH9EE R AR L R R e R A 1 AR ) D e R
FAPLE . 5SS S8BT I IIERY circRNA
PEAT T R Y, W TR 2N
circRNA, IONESEEGHGIN T 14 2% circRNAs A E
S s LR A R EE s SRR AR FL O AR A T

B<: cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q A=# T #2244t  Chin J Biotech

PLC-circ13-566 B Mock PLC-circ4-475 PLC-circ4-475

A Mock PLC-circ13-566

0Oh

12h

Wound closure percentage

D Mock PLC-circ294-177 PLC-circ294-177

0.6

Oh 0.4

12h

IMIOCK FLU-CIIC3U-21Y

=
0h--
12h--

FLU-CIIC3VU-21Y

P

Wound closure percentag:

Bl 5 XIREIKM circRNA i3 ik xf B 22 40 A #% D a9 200

Figure 5 Effect of circRNA overexpression on the migration of HepG2 cells detected by scratch assay. The
five figures represent the changes of scratch width between the experimental group and the control group of
five circRNAs at 0 h and 12 h of scratching. (A) represents circRNA 13-566, **** represents P<0.000 1,
indicating that the experimental expression group has a particularly significant effect on the migration ability
of liver cancer cells compared with the control group. (B) represents circRNA 4-475, **** represents
P<0.000 1, indicating that the experimental expression group has a particularly significant effect on the
migration ability of hepatoma cells compared with the control group. (C) indicates circRNA 5-402, *
indicates P<0.05, indicating that the experimental expression group has a significant effect on the migration
ability of liver cancer cells compared with the control group. (D) represents circRNA 294-177, ****
represents P<0.000 1, indicating that the experimental expression group has a particularly significant effect
on the migration ability of hepatoma cells compared with the control group. (E) indicates circRNA 30-219, *
indicates P<0.05, indicating that the experimental expression group has a significant effect on the migration
ability of liver cancer cells compared with the control group.

http://journals.im.ac.cn/cjben



B &/RUBMTEFEINE RNA BfEiE . EERBEDT

circRNA 4-475: 5"

ipu-miR-143: 3" CUC

circRNA 4-475: 5

hsa-miR-143-3p R+1 1ss21CA: 3" AAUC

% 6 circRNA #1 miRNA 185 ¥ E 70 &

CUAUA GCU
GAUGU CGA

A

CCUC  CCUG U3
UCAUCUC
AGUAGAG
CA Us

CCUC  CCUG U3
CUAUA GCU UCAUCUC
GAUGU CGA AGUAGAG

CA U5

Figure 6 Prediction of binding between circRNA and miRNA.
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