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[fE] BH /5% HepG2 s e sbib R & 32 LO2 @M J& £ F & ik # 3R K RNA (circRNA) , 5 i@ it
ANEEFAM > ETRAEMBL AL ZLEFHER, FiE KEZ HepG2 I3tk 3 Fl 3 575 #9 LO2
e B F 3R A LO2 e AE A, R A Arraystar Human circRNA Arrays V2 % 5 #0  5F 4t 2 F &5 49 cir-
cRNA;#ATRESHHEA L 2 F KA circRNAL A ERH R AT ERGIER B 7 kit T F BiE, §F
HRAF circRNA AR AR A kit X AARS AR A aHLE S ANRTEARN SR EFIT AL T ER T &
S . R 2 HepG2 MMMt h 2249 LO2 M5 B 35 5569 LO2 ML IbiR, A 2 F A X B H(FO >2
H P<C0.05 A i AR, ik 3B 235 AN 2 F KA 89 circRNA, 2 4 50 A circRNA L3 &34 ,185 A circRNA F
PERE, ZAMEEF N, HEkE 5 AR LA circRNA (hsa_circRNA_ 0010044 . hsa_circRNA_009012,
hsa_circRNA_ 101016 .hsa_circRNA_ 100917 ,hsa_circRNA_007918) #= 5 A8 2 F 8 #9 circRNA (hsa_circRNA _
002082.hsa_circRNA 103128 .hsa_circRNA 092388.hsa_circRNA 007343.hsa_circRNA 071935), iX 2 cir-
cRNA £ HepG2 fafashith B0y LO2 M P LXK FEMALER—F., R EWBFLIARERZALL
FORELS WA HFRAT LA REFAEGHMBEMAPK EF@EX%S, Hi HFAeES5AWNE EAFS
NARTAEFBA L AKADEH circRNA,
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[Abstract] Objective To screen out the differentially expressed circRNA after hepatocellular carcinoma
(HCC) HepG2 cells derived exosomes treating .LO2 cells,and to predict and analyze its role in the occurrence
and development of HCC by bioinformatics. Methods The LO2 cells co-cultured with HepG2 cells exosomes
and normally cultured 1.LO2 cells samples were collected. The differentially expressed circRNA was detected
and screened by Arraystar Human circRNA Arrays V2 chip. The clustering analysis was performed, signifi-
cantly differentially expressed circRNA was screened, its preliminary verification was conducted by the real-
time fluorescence quantitative PCR method. cirRNA obtained by screening used the gene ontology and Kyoto
encyclopedia of genes and genomes to conduct the gene functional annotation analysis and signal pathway en-
richment analysis respectively. Results In the comparison LO2 cells treated by HepG2 cells exoxome and
normally cultured LO2 cells,with the differential expression fold (FC)>2, moreover P<C0. 05 as the screen-
ing standard, 235 differentially expressed cirRNA were screened out,in which,50 circRNAs were up-regulated
and 180 circRNAs were down-regulated. After the bioinformatics analysis,5 significantly up-regulated circR-
NAs (hsa_circRNA 0010044, hsa_circRNA 009012, hsa_circRNA 101016, hsa_circRNA 100917, hsa_cir-
cRNA_007918 and 5 significantly down-regulated circRNAs (hsa_circRNA_002082,hsa_circRNA_103128,hsa_circ
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RNA 092388,hsa_circRNA _007343,hsa_circRNA_ 071935 ) were screened out. The cirRNA expression levels

in LO cells after treating by HepG2 cell exosome were consistent with the screening results. The enriched host

genes were mainly involved in protein binding, cell cycle, transcription regulation and MAPK signaling path-

way. Conclusion The five significantly up-regulated and down-regulated circRNAs are screened out,which are

associated with the occurrence and development of HCC.
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B2 W AR bR AR . ARk A I AR AE i g s v
VE I B 2 — . AP IR & KB IR
EHJRFREYR. 25 T 40 M 2 () 540 i 5 41 2L
(A TR, 52 B R R L B . R RNA Ceir-
cRNADVE RSN IR ) 5 9 i — Fp A% R, BE 5 RNA
I 3 A R 2 R L K cireRNA B % BL5 b 9
KAWL, K T HEWHEEMN, BE
B T, e, LA R RE Bk I 8 R 3 0 A 0 — R
B A AR R L AR ST i X R HepG2 41
AR IR 5 IEH AR LO2 2[R 3% 355 circRNA 23k
HEAT B A, i B B UE T H A 22 F R IEM cireRNA, IF

T 3 M T HAE R A R BRI BRE T
1 #R5FE
1.1 XA 5MNE

AW A 2 B A & (36 B Thermo A dl) L &
RNA 2B & (S E Qiagen A H)) | Trizol 3] (3
Invitrogen 2 A} ), Arraystar Super RNA Labeling
Kit ( 3£ Arraystar 2\ A) ). Arraystar Human cir-
cRNA Arrays V2(3HE Arraystar A 7)) .SYBRGreen
R A4 BE4E B (polymerase chain reaction, PCR) 32 5|
& (L[ Thermo 22 A i 5% 5 5 & (3¢ [H Thermo
A FD JAB7500 %8 )6 5E i PCR X (3% H Applied Bio-
systems 22 A]) KR & R B O AL (3EE Sigma A F]D
Agilent Hybridization Oven, Agilent
G2505C,Nanodrop ND-1000 %, S22 % it PCR
Jr A5 i A T A TR C i) e A PR 2wl A s
AR 1,

Scanner

*x1 RN EE PCR R34

/BRI J7 I S5 (5'-3")
hsa_circRNA_0010044 1E Jia) GGAGAGTGTTGGAAGCCTGG
R I CTCCAATGCCTTTCCACTCCT
hsa_circRNA_009012 1E Ji1) TGCTTTCCTGAAGTCCTGCC
S I ACCGCGTGTTCCACATTGTA
hsa_circRNA_101016 1E J1) CTGCTTGCAGGCTTTCAGTC
S 1) CAGCCAGCGCATTACATCAT
hsa_circRNA_100917 1E Ji1) TTGCCAAACTCCCACCTAGC
S 17 GGAATGGCATCATCAACAGC
hsa_circRNA_007918 E AGATGCGTGGTAACCAGACC
S 1) AGAAGCAATGCCTGAGCCAA
hsa_circRNA_002082 IE [ ACCAGATCAGGATTTGAGCGG
S 1w GGCCTCTATTGCCATGTGCC
hsa_circRNA_103128 1E Ji1) TGACCAAGCACCAAAAGCAAG
2 1w ATCATCCTGATGGGGTGGGG
hsa_circRNA_092388 E i GCTGTAAGTGGCCTGGCTTC
S I TGCGGGGCATAGGATAGTCA
hsa_circRNA_007343 1E [ GGATACTGACCGCATGAGCA
S Ik CCTCTGGTACTCGATTGGCG
hsa_circRNA_071935 1E [7]) CCGGACGGGACTCTCAAAAA
S 1] ATGTCGTAGTGGTTGGCCTG
1.2 Fi* 4 °C .3 000 r/min &L 60 min, 5 L5, BT DLE R
1.2.1 ShabiRiziy 52 AN AA . FTCTE 1 X BEER R 2% ph T (PBS) H &

WedE A K B AR HepG2 41 i85 5 0 2 8 0 &
1,4 °C .3 000 r/min B> 30 min FUKE FIE R E D
BSOS AN IR BGRA ), 4 C ERIB T G H

SN AEAE T —80 C o . ad i A H B 4 i A4
oK AURE BRI 73 BT AXOKS iy i BCAY S AR HEA T 425
1.2.2 ARk b5 asm
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3 R %ok R CIE 3 TR 40 i LO2) #1092 3 20 [ IE 3 JiF
i LO2+ HepG2 40 1AM IAA (100 pg/mL) ], 4% H
SR X LO2 4i i iE 47 4b B, HepG2 40 i 41 3 1k 5
LO2 41 3E15 57 48 b J W SR 40 ML, i b Trizol 2¢f#
W B RNA 42 B0 ) & $2 LS RNA, #17 cir-
cRNA & 743 #7
1.2.3 9hskk a2 1LO2 Mt )E £ F £ X circRNA
i i

TE IS 36 2H AN FRZE AR A4S 2 1 5 RNA L il 56
[# Arraystar 22 6] B9 8x15K HJ Arraystar Human cir-
cRNA Arrays V2 iy i 7 Agilent Hybridization Oven
8% b 4T circRNA Z2 32 & 0, F Agilent Scanner
G2505C {U AR AT 45 3R B cireRNA SR 16 0 25045
F A R software limma package, LA P<C0.05 H2 7
FREE (fold change) >2 UKk 2Z R REM
circRNA, TEfi % 25 5 R ik cireRNA ik £ 1 0 Al
TR 25 S R AR BCHETE AT 5 AV Y cireRNA #E47 iF—
L
1.2.4 2% KK circRNA A %12 8554

A WA R SR A OB N 25 R R GK Y cir-
cRNA #7473 H A K12 (gene ontology, GO) & &40 HT
st AR 3 R 5 3 [ 2 ' Bl 42 45 (kyoto encyclopedia of
genes and genomes, KEGG) 15 5 i [ 4#r , T 2 S+
FIKM cireRNA M EH Y =TI 6E
1.2.5 Fr &KL E PCR BiE circRNA # &k &

it P 398 2t Sy ) 6 4 B A48 BB RNVAL 338 5 S
N cDNA., # 18 SYBRGreen PCR 5] £ i B 5t £7
SEEF SO E B PCR G DN 07 6 45 31 09 b AT I8 2% 55
FEIRHT 5 ALY circRNA AN kK F,

1.3 %itsdam

K HI SPSS 22. 0 et B 4F kA7 BdE 43 A 1 i 5
BERH o+ R, R e %, UL P<<0.05 HER
A Gt EE L
2 % R
2.1 PR ey iR R

B G LSS . N HepG2 4 Jifl 15 37 W v #2 B
B B PLTE W HIE 25 0 A BE 5 B JE I 16 45 7 19 /1
P, UL 1A BRI K/l 50~150 nm, WL 1B, A
I\ HepG2 4 g 15 77 Wk v 73 25 $2 MU B M AAR
2.2 CircRNA %R RIS —1b

CircRNA & A s o B B8R R T Agilent Fea-
ture Extraction A4 # 7 BRI, M R 155 lim-
ma FAFEAKHE Quantile 5 AL XS cireRNA 8 %L
PEIEAThRUEAL AN 35 — fb Ab B . 28 R oE AL R 32— fk 4k
RIS THBR T Y 00 fi 22 R0 RE BT Sk i o 25 B) 22 S 51 R
FER F Ik m AN [A] X RO S 30 A AR A circRNA 3
KBRS DT 5 i B — 3, W] — 2D AT
circRNA 5 [H 22 5 3R K53 #r .

2.3 R R E G ARE KR LA
CircRNA JE B F 76 %) B8 20 A2 9 20 2L 3% 57 JR
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FERGI L 10 017 4 circRNA, R 5 3% 1 1F % LO2 48
JH N A1 16 A Ak B A0 i 22 S R IR AL DL FC>2
H P<C0. 05 i 2 b o, 05 3 235 22 S KA WY
circRNA, H F 50 4 circRNA |33k, 185 4> cir-
cRNA T Zk; Hodt 10 478 5 A8 8 R 8 0
circRNA U3 2, R4 FC>2 H P<C0. 05 /E Rk
bRl SOl B, WK 2, 2 HepG2 40 i 4h W 4 ib B
LO2 )5 . circRNA AR A FE 2 TR Rk g .
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2.4 Pt A 2 JE LO2 48 B A8 £ circRNA 9 2 %
5

Xof 2 S 6 4 8 0 8 AR A AY cireRNA R A K
FHEAT R A R ILK 2. 2R FIBMW circRNA 1
LO2 4 Jifl 2 4 i AR Ab #1J5 IR FR A 1Y cireRNA 2T 5
FIEM cireRNAL WL 3. 5 k1l E o3 Hr g R —2.
2.5 & LO2 @b ik £ F &k 9 circRNA

AR AR T 1T 77 2 245 R Pk 3k b b R GA A B 2= R
RETHT 5 AFRB LI T A cireRNA, WL 2,
P85 B hsa_circRNA 0010044, hsa _circRNA _
009012 .hsa_circRNA_ 101016 ,hsa_circRNA_ 100917,
hsa_circRNA_007918 Ml F ¥ £ iA1 hsa_circRNA
002082 .hsa_circRNA_103128.hsa_circRNA 092388,
hsa_circRNA 007343, hsa_circRNA 071935 % cir-
cRNA 7E HepG2 4l s M WA PR AL BIF (9 LO2 20 33k
52Z A7 b 45 % — 8 WK 4, hsa_ circRNA _
0010044, hsa _ circRNA _ 009012, hsa _ circRNA _
101016 . hsa_circRNA 100917 .hsa_circRNA 007918
45 cireRNA By S AL 22 SN LA KR B8R B89 LO2 40 g v Y
FBAKFI R I, 25 EA 5 R L (P<<0.05);
hsa_circRNA_002082.hsa_circRNA _103128.hsa_cir-
cRNA 092388.hsa_circRNA_007343,hsa_circRNA _
071935 45 cireRNA #f SEAE 2 SN AR BE S 19 LO2 4
Mo ryRIEAKF B T, 25 A %% E L (P<
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YN - B DR IR R« AR AR RIS 0 O R PR &AM I IR A
) LO2 4 i ih AR 25K 5 20 €6 . 3L 7R 24N I 1R A 385 19 LO2 41 i Hh
Rk BEGZERE_ETEHRESR,
B3 E¥ LO2 % HepG2 dHRR SN i 4 4038 5
EFRIE circRNA BE S HHE

x®2 EE LO2 M2 HepG2 BN EAIBERIE LA TEAR circRNA(ZEBZHEFIZE BT 10 B9 circRNA)

circRNA p RC by T creRNA cire RNA cireRNA. type SHIREEIEH
AfpEH ORIFR A PIIIEHEER IR - Eq s
hsa_circRNA_001044 0.018 079 4 2.981 169 0 1M chr12 — sense overlapping SLC2A13
hsa_circRNA_009012 0.009 314 2 2.831 3518 AR chr7 — sense overlapping STXIA
hsa_circRNA_101016 0.011 635 3 2.813 044 0 S| chri2 — exonic DUSP16
hsa_circRNA_100917 0.036 493 0 2.798 301 3 M chrll — exonic PICALM
hsa_circRNA_007918 0.017 564 9 2.763 415 7 A chrl2 — exonic SLC2A13
hsa_circRNA_100913 0.037 210 3 2.750 609 2 M chrll — exonic PICALM
hsa_circRNA. 103855 0.010 042 8 27503486 I3 chr5 — exonic ADAMTS6
hsa_circRNA_006783 0.007 190 5 2.688 017 8 A chrl4 + intronic SIPAIL1
hsa_circRNA_002971 0. 026 638 4 2.633 430 8 AR chr6 + exonic SNX9
hsa_circRNA_101008 0.013 437 6 2.629 824 0 A chri2 + exonic RIMKLB
hsa_circRNA_002082 0.004 426 5 11. 402 459 0 Tl chrll + Sense overlapping MALAT 1
hsa_circRNA_103128 0.001 343 2 5. 648 528 7 Tl chr21 + exonic DYRKIA
hsa_circRNA_092388 0. 001 068 0 5.343 677 9 Tl chrll + Sense overlapping INCENP
hsa_circRNA_007343 0. 003 906 8 5.221 220 8 T chr5 + exonic TRIO
hsa_circRNA_071935 0.007 441 5 5.045 021 8 T chrb + exonic TRIO
hsa_circRNA_ 404643 0.007 997 8 4,985 613 3 T chrl — exonic PIK3C2B
hsa_circRNA_101996 0. 000 806 8 4.815 817 5 T chrl? + exonic SPECC1
hsa_cire(RNA_001691 0.021 440 2 4.457 308 6 TR chr? — exonic HNRNPAZBI
hsa_circRNA._101965 0.002 547 8 44469815 R chrl7 — exonic DHX33
hsa_circRNA_004796 0.000 282 1 4,310 470 6 T chrl7 + exonic KPNB1
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B 4 E#E LO2 iM% HepG2 MM EREBEEEZR
Fix FRAF T circRNA RE S A E

2.6 #£F &k circRNA 8 GO KEGG 2 # 4 %

GO BFHEMHTL HepG2 SN IMALLFEJE L.O2 41 0
H A LB R JERT 5 AN cireRNA T 3 38 R AJ fig
S5 EY R EE T EERL R VR RNA
WS 3075 i Rae 8 S S5 S0 EE,
M5 N A K R T A2 M5 5 1% 45 TTRE S 5 19 40 il
By R B B AR A AT A0 B R TR L A R S T RE
Z 5T EE S RAERAL S . DNA 254,
SRR IOE 45 A  N-C R FE B B 1S . KEGG 1/
ST R IS HepG2 Ak 4 3 5 LO2 41 il
ik EEL R IERT 5 0 circRNA (9175 3 5 5 40
JHa B | 22 38 00 AL B R (MAPKO {5 5 3 3 | B
M5 ILEE-3 T /28 1 i B(PISK/ Akt {5 538 % . #h
B FRE A T R & YL,
3 i i

A YA SR — Pl AT B2 i H5E 445 ) 1) 240 B 4 /N i
i JOHNSTONE 2£°) 75 1989 4F B 9% 1 34 14 45 F Y
LT MR & BRARGE . A1 I R 2 i < N -l -4
HE” 255 B R A2 0 50~ 140 nm 8 JE 5% 1 B I 4%
W)z A T A L FL T R T R L R
Gy Ech R BEE TR R BRIy
F R/ RNA (micro RNA, miRNA) K3k
g i RNA (long non-coding RNA, IncRNA) . cir-
cRNA &5 ] 8 1T A 00 55 25 W 3 14 ) 53 mT 76 20 M i)
PEATE S ALY, AN IR S 5 T 40 2 i) 5 40 i 5 20
RN MELFE LMY A ENEHBER L
B ok EEE MR REE EEEH, Bk
2 RIS R B L SN IR 2 5 T 240 i ] 38 TROFT A B
VAT, AT AR R B RS R RE Y K R 15 M 2 R
22 (5] A8 8 SO DA I 2 5 A 208 J5E 5T 41 A e A A
TEMIE 56 R L A vh B AR T 5 38 A% i A g R
RNA fith % b 27 it 25 P 75 5 I 90 0 1% S 1 5 4k, ol
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TG R BTG T S ek I L T AR A AR AR R T R
B T SR,

circRNA J&h 5" F1 3" K i 1 BB B B il — 1~ 4%
PRIIR 454 , 38 35 2 2R 0K 30 BR A0 R P T B X 3K 3l 3
T LY cireRNAN, H 45 by B i 16446 AR 5 B 1%
PR T R A . ITAFOR L Bt v s 0 B R A 15 R
“F IR KR cireRNA J 32 A7 75 F A 7] 2 ) 1 40 f
Firh, BoA Z RN R R e i A AR R
e B AL A5 e A M e R B Y R B
circRNA 15 miRNA %54, 56 4 P90 # miRNA 119
B S L RS R B A A LR E DL BeAh L A
25 ol W e v R B R B 1 A0 WA R TP A E R
ZE 5 RN cireRNA, #F 58 H 52 m g 24 4 & & 1
A=Y TRE AR S — B A W bR A ) AE R 2 W S
DA 45 T H A B R AT

JHF488 43 06 1 A I A TP 5 3 8 B A% R (miRNA | In-
cRNA (circRNA 48) . 76 0 &k A4E kR ol 5 & %2
BOVE T H AR W o R B gE A 2 — . R A
A3 B AR miRNA-21 GE{ T 220K 20 it 16 fik J2 A
S 1 B £T 2 A0 A 5 A 0 O MR o 2 2R L I v
5 109 JH 963 200 9 53 36 19 A0 I AR miRNA-1247-3p 1 B 4%
YRR ) BAGALT3 JE K2 A8 JiT 41 i g5 CHCC) 17 ifi
FEEERNS ) BeAb A K N B R ESE lineRNA-ROR
T JFF 968 40 AL 0 6 19 A0 I A rp 3R 38 T, i HCC 40 il
XoF & Hr 3E 8 B M R A L % L AR T 24 M T R AR T
U FENFRE HepG2.97L  LM3 258 41 il 2 43 W 1) 41
WA T B, cirePTGR1 5 (8] 5 % f2 #% AL H -+ (MET)
T PERE 5] miRNA449a 11 98 19 & 2 L & B,
T8 40 Y 49 W6 14 A I AR cire-100338 AT 3@ 13 7 FH A
Ll O T | A A i R - B
Circ-0061395 78 FFJiE 43 Wb A A0 Wb 44 v 2 35 384 Jin ] 3
it miR-877-5p/PIK3R3 Hili 5% i 4 A 3% 58 . {7 78 . i #%
B AL PR PG B & A L R S L TR 2 M 3 A 1
WA circUHRE1 26 35 38 s i A 4% 2% 405 40 i 2 i
Z fiL, circUHRF1 7] 3@ i F# f# miR-449c¢-5p L i
TIM-3 WALHIE S AR ARG A DI e T . 2 5%
PEIMH S BN FE TR 227 0 It P9 0 6 14 41 ik
P EaKEERY TR kA kR A
J7 R B R ¥R T AR L A6 IR 012 B R )S VR 9T
D5 B B R T, A A v T 2 1) R R HL A ) T g
Wt — IR,

AW i HepG2 4 Ml S WK 5 1E % LO2 21
Jif S [R) 1% 35 S5 A H circRNA Fak i k4T 17 4 mm i e
it FC>2 H P <C0. 05 Jy i BE b 1 , 0 %6 Hh 235 /> 22
HFRIKW circRNA, H Hp 50 4~ circRNA | i# %3k,
185 A4~ circRNA T ik, i k1l & R IR E A
AT 7E HepG2 4 i 7R IR 5 1E % LO2 41 g 3 [6] 55
FIGimkt 2 5 RA W8 EES TR 5 A cir-
cRNA, Jf i i 52 W 29¢ 5t % & PCR % UE hsa _
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circRNA_ 0010044, hsa_circRNA 009012, hsa _ cir-
cRNA 101016 ,hsa_circRNA 100917 ,hsa_circRNA _
007918 %% circRNA £/ WA A b B S 3 15 K F- B 2. |
V. 225 A% 1% 28 XL (P<0.05); hsa_circRNA _
002082, hsa_ circRNA _ 103128, hsa _ circRNA _
092388 .hsa_circRNA 007343 .hsa_circRNA 071935
2 circRNA £ 48 AR 4b Bl 5 2638 K- B0 i F o/, 22 5%
AYit R L (P<<0.05), @il GO.KEGG & %45
B+ 2 HepG2 SMBARLL RS LO2 4 b 3Rk 1R 5t
TAET 5 A cireRNA B 18 ERERATGES 5 T 4% 5%
P4 RNA REG0 115 2 7 509 8 45 10048 N 5k A
KN FZ W55 M. H AL A&  DNA 454 5%
7 3006 45 & 4 B 5 B8 MAPK {5 %5 i #% | PI3K-
Akt 5l A EREAFSHEE YR,
290 J6 ) 00 2 00 G 24 R0 A o 0 A L 5 A0 B G L
k%% DI AH G . T 4H i 31 78 2K 45 F R E &R LR TR
FRfE =z —1

22 b BT ik, hsa_circRNA 0010044, hsa_ circRNA _
009012 .hsa_circRNA 101016, hsa_circRNA 100917,
hsa_circRNA_007918 45 5 %35 il hsa_circRNA_
002082 .hsa_circRNA 103128, hsa_circRNA 092388,
hsa_circRNA 007343 ,hsa_circRNA 071935 % 5 4>
FKINT IR circRNA R] G852 0 FHE 0 A A VR B A
A RE AT TR AE AR S W, O 4 0 WS T 1Y R A
HLEIR O T Bk 4 . TR i AR F 5% 0 A7 7 — 2R
& o FR TS I A% 1 R TR A B R 22 S KGR Y cir-
cRNA HAEHML E AT 10020 0 30k H 3R 58 L O A
AT e Bk . PRtk , A 5 AT e 35 0 5 22 AH OC 3 9
Su B AR UE A Y U e L #E— B BESY circRNA 1E
JH 9 A R v AR AL .
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