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HBV 5% circRNA 1% 52 K& T EeRf 5t R

PR

N T HEfRA A (MRNAs. miRNAs 1 circRNAs) /KP4l g Xt 28 T 95 9
£ (Hepatitis B virus, HBV) FIBGLRIE, MAF A KPR HBV EK4LfE HBV
K< AT 4N (Hepatocelluar carcinoma, HCC) J7 T IVE F R ML . AHE 70K H
EIERENFEAR, 8T HepG2 4ifii R (n=2) Al HBV B4 HepG2.2.15 4l
A(n=2)FJRNA KL . 5 HepG2 4H iyt Lt , 10114(6452) ML #E HepG2.2.15
Yife A = CRO A, 37 (33) A~ miRNA _E CF) . 74h, 75 HepG2 # HepG2.2.15
53 I 5672 F1 13026 4~ circRNA, A 186 (65) /> circRNA 7£ HepG2.2.15 1
FE CF) i (P<0.05 FDR<0.05), Bt HBV &4 FE 41 mRNA. miRNA
A1 CircRNA ISR AR B AR o I PR I 2H SURE A A &1 -9 200 ff v 1) 2
FRIEN) mRNA FI circRNA #E47 7 360AIF, 25 5 SRl PR 412U A mRNA (1)
RIEKT IR S A e 4 R AR — 3. 7340, @i Xt HBV BHME4H
HepG2.2.15 4l & h 2% 7 %A K mRNAs. miRNAs Al circRNAs 3404,
7 HBV FHYE4H N circRNA-mIRNA-MRNA M 4%, & 3L circRNA
circ FIRRE 1 (chrX: 130870155~130928494 ) 4} %] 5 NovelmiRNA-631
NovelmiRNA-969 #H H.E ], 4% 86 F1 22 4 mRNAs [#)7KF; circRNA circ_FIRRE
2 (chr 11: 22696396-22777499) 5 NovelmiRNA-323 #H EH.1F FH 5 22 2 mRNAs K]
KFo GO Fl KEGG EHEMITAER TR, circRNA-MIRNA-mRNA 45 W 45 1 1)
FREER F R AR AL E, MR RAIBURTHE 557 SE@mTh . HBV EYK
BT A RNA FRIEBR, HIEAE HBV AR R A . RIBHREL T
LR,

H i 2 DL DNA i B 1) s AR ] LU s 1] BYHE T 7 circRNASs, i 73K
iE HBV 2B REE K circRNA, ¥ HBV FH P FHE 41 il HepG2.2.15 [ circRNA il 7
H5 5 HBV Ji #p bt A AR AT LU, RIL 1 % HBV FTRESR DI circRNA,
JPH 5 R R4 | 489-2985 nt X IHILHL, KEZ) 2.5kb, 4N HBV circ_1. AT
458 HBV Fifid circRNA [ EL S, FIH K 05| ) 38E47 I /) PCR, PCR = #J1) Sanger



TR E HBV 4RI circRNA B35 R RERTIT

ML R ER, HBV AR circRNAHBV _circ 1 FIRE1ELEBTHE(#) Junction site,
H LA e 51 5 v &0 5 45 5 — 0. M SRR Junction site IS5 A% H R IR ET 23R4T
Northern blotting ¥,  #—Z i\ HepG2.2.15 il rh 7£4E HBV circ_1. 4R
PR AR TR, HBV_circ_1 tWF7ET HBV MHXHHSEIRAEAF . i HBV
pgRNA (pre-genomic RNA) 5 HBV_circ_1 #51, Il HBV circ_1 &J5 T pgRNA,
& HBV i) — 81 RNA 73T bk, HEUS R g 7R,  HBV_circ_1
FE e 2 2 () FRak KT B e = T 55 141, IR HBV _circ_1 Al RE S 5 JIH 4
YR T E W

N TR HBV cire_1 e, FIAF MR 5T 7 HBV_circ_1 X 4
MR AU AE AR, 45 REoR,  HBV circ 1 /23 HepG2 4 M (1458 . £ s J& 141
AR AUMUER, H0HIFE IR TS . RNA pull-down FIXUSEG 2 B3 R 2 R 4
SZIG 5 oR, HBV circ_1 fiES hsa-miRNA-6124 HAE ™5 R 40 3L K (Suppression
of tumorigenicity 7, ST7, GenBank: AK297510.1) #ik, HEW s 1) & A A/ K
J& 52 %] HBV_circ_1-hsa-miRNA-6124-ST7 M4 115 . RNA pull-down. RNA 4
EEARZEUTIE (RNA Binding Protein Immunoprecipitation Assay, RIP) 454 5
rHTXF HBV circ_1 45 &8 kT 745 5E, KI HBV_circ_1 fig 5 J& A& F #:
PEEEE 1 Ccyclin-dependent kinases 1, CDK1). EAZ#1% &1 AT (Elongation factor
1-alpha 1, EEF1A1) ZEL R A HAE. 4HH0%0% %< & Western blotting 33— 5AlE
52, HBV_circ_1 fig5 CDK1. EEF1A HAE, B/~ HBV_circ_1 Arl il 55 A
HARW 4 ) R BURE . thAh, FRATIE AL HBV circ_1 A€ i HBV &,
RS CDKL EHAK¥F. £8 HBV G/~ 4 Thhett HBV circ 1, @id
HBV_circ_1-hsa-miRNA-6124-ST7 %%, L CDK1 #l EEF1A HAE, £ HBV iK%
HHE R RETHPHEEZE MG, HBV circ_1 A RECNIGIT HBV BE 14
THERL

Rt HBV circ_1 FIDiRE, AT AETEFHKPHEFE T HBV_ circ _1
X it PR R A Uy e, 45 R EBoR, fE3RIA HBV_circ _1 1¥) HepG 2 4fifH,
¥ 147 N EFREER. SRAMEMLLL, f 57 MEREFELE, 90 A4
FERIFRIA T, ZRRRRERRERLIR TR, ZRrRIAERNEEE PIK-Akt,
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MAPK F1 Hippo %55 i Jed #H e )45 5 18 % . b A, 72 HBV circ_1 i R 1A H HepG
2 A, FER & S FE R B R i 2 AR T e AR o I e A5 B 4T T iR HBV  cire
_17& HBV AH 1 FH 4 p e b e IR AL 7482

R OHRTE, PR RNA, ¥osrd, e
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Identification and function of circRNA encoded by
HBV

Abstract

In order to understand the cellular response to HBV infection, and to further
investigate the mechanism of HBV infection in HBV-associated HCC at whole
transcriptome (MRNAs, miRNAs and circRNAS) level, whole transcriptome sequencing
was conducted to characterize the expression profiles of RNAs in HepG2 (h=2) and
HBV-positive HepG2.2.15 (n=2) hepatocelluar carcinoma cell lines, and correlated
expression networks of circRNAs-miRNA-mRNA were constructed. Compare to
HepG2 cell line, 10114 (6452) gene expression were up(down)-regulated, 37 (33)
miRNAs were up(down)-regulated in HepG2.2.15. Moreover, 5672 and 13026
circRNAs were found in HepG2 and HepG2.2.15, respectively, 186 (65) up
(down)-regulated (P < 0.05 and FDR < 0.05) in HepG2.2.15. GO analysis showed that
the hosting genes of dysregulated circRNAs were mainly enriched into cellular
processes, biological regulation, metabolic regulation and catalytic activity. KEGG
analysis revealed that the hosting genes of dysregulated circRNAs were mainly
involved in p53 signaling pathway, pathways in cancer, viral carcinogenic, Ras
signaling pathway, mTOR signaling pathway etc. Based on the correlation analysis
between the differentially expressed circRNAs, miRNAs and mRNAs, 86 and 22
MRNAS could be regulated by interaction of circRNA
(circ_FIRRE1,chrX:130870155-130928494) with NovelmiRNA-631 and
NovelmiRNA-969, 22 mRNAs could be regulated by interaction of CcircRNA
(circ_FIRRE2,chr11:22696396-22777499) - NovelmiRNA-323, these co-expressed
genes in circRNA-miRNA-mRNA network were mainly enriched in positive regulation
of transcription from RNA polymerase Il promoter and cytoplasm and protein binding
GO terms, and carcinogenic and antiviral signaling pathways KEGG pathways. These
findings suggest that HBV infection changes the expression pattern of RNA
hepatocelluar carcinoma cell, and provided a novel clue to understand the HBV-related
HCC.

At present, it has been found that transcripts of some DNA viruses can form

v



HBV 5% circRNA 1% 52 K& T EeRf 5t HLHE

circRNA by back-splicing. In order to verify whether HBV can form circRNA, the
circRNA sequencing of HBV-positive HepG 2.2.15 hepatocarcinoma cells and HBV
virus genome data were compared with HBV genome. It was found that there is a
possible circRNA encoded by HBV, and its sequence matches the 489-2985 nt region of
HBV genome. The circRNA is about 2.5 kb and was maned HBV circ_1. To further
identify the authenticity of circRNA encoded by HBV, reverse PCR was performed with
divergent primers. The results of Sanger sequencing of PCR products show that there is
indeed a spliced junction site in HBV _circ_1 and its paralateral sequence is consistent
with that of high throughput sequencing. The presence of HBV _circ_1 in HepG2.2.15
cells was further confirmed by Northern blotting with oligonucleotide probe targeting
the junction site. Tissue in situ hybridization showed that HBV _circ_1 was also present
in clinical samples of HBV related HCC. Comparing HBV pgRNA and HBV circ_1
sequence, it is suggested that HBV_circ_1 originated from pgRNA, as a new RNA
molecule encoded by HBV. Moreover, the results of tissue microarray analysis showed
that the expression level of HBV circ_1 in HCC tissues was significantly higher than
that in paracancerous tissues, suggesting that HBV _circ_1 might be involved in the
carcinogenesis and / or development of HCC.

To investigate the function of HBV circ_1, the effects of HBV circ_1 on the
phenotypic characteristics of HCC cells were detected by flow cytometry. The results
showed that HBV circ_1 promoted the proliferation, cell cycle progression and cell
migration of HepG2 cells, and the apoptosis was inhibited. RNA pull-down and
dual-Luciferase reporter assay system showed that HBV _circ_1 could interact with
hsa-miRNA-6124 to regulate the expression of ST7 (Suppression of tumorigenicity 7,
GenBank: AK297510.1), suggesting that the occurrence and / or development of HCC
is regulated by HBV_circ_1-hsa-miRNA-6124-ST7 network. Furthermore, the binding
proteins of HBV_circ_1 were identified by RNA pull-down, RNA binding protein
immunoprecipitation assay and mass spectrometry. It was found that HBV_circ_1 could
interact with CDK1 (cyclin-dependent kinases 1, CDK1), eukaryotic translation
extension factor (Elongation factor 1-alpha 1, EEF1A1l) and other proteins. Cellular
immunofluorescence and western blotting further confirmed that HBV circ_1 could
interact with CDK1 and EEF1Al. These results suggested that HBV circ_1 may
regulate the phenotypic characteristics of HCC cells by interacting with proteins. In
addition, we also found that HBV _circ_1 could promote HBV replication and increase
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the level of CDKL1 protein. These results suggest that HBV can produce functional
HBV _circ_1, which plays an important role in the development and development of
HBV-related HCC through HBV _circ_1-hsa-miRNA-6124-ST7 network and interacting
with CDK1 and EEF1A. HBV _circ_1 may be a molecular target for the treatment of
HBV patients.

To further understand the function of HBV circ_1, we studied the effect of
HBV _circ_1 on the expression pattern of cellular genes at the whole genome level. The
results showed that a total of 147 differentially expressed genes were identified in HepG
2 cells over-expressing HBV _ circ _ 1. Compared with the control cells, 57 genes were
up-regulated and 90 genes were down-regulated. Annotation of differentially expressed
genes showed that differentially expressed genes were enriched in tumor-related
signaling pathways, such as PIK-AKT, MAPK and Hippo. In addition, gene fusion and
alternative splice events were both changed in HepG 2 cells over-expressing HBV_ circ
_ 1. These results provide a clue to understand the role of HBV_ circ _ 1 in HBV-related
hepatocellular carcinoma.

Key words: Hepatitis B virus, circular RNA, whole transcriptome, hepatocellular

carcinoma
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-5 wEkk
1 CircRNA iR

1.1 CircRNAs f&jig

IR RNA 437 (Circular RNAs, circRNAs) s&3E4ii% RNA (ncRNA) Hif)
—2, HAREAT SRR TR 35KN poly (A) JEE, I Hm 8w p i 7]
EWIRIAEmRS RNA 707 AR FRIMMAE . B8 HIEM RNA 70T
A2 EE (Viroids) DAL NI T B 485 (hepatitis delta virus, HDV)
FER MO, A P EOR S, RN, R, B, ARUKFESE
A R BLT KEWNETE circRNA B AR, SXRIRIR 551 4 41 A A
AL B /IR 5% AR R R R AR e ), JE BB AR e I Thee, wnidest
3 A AR AR A5 DA R B Rk i M CircRNAS AT LUd i 3 R R 41 27
NE T R X ROSCIX BARRR IR X (1 S [ B9 8 i)™, e ) B 43 1 F20
N B RN i BTS2 AR 2 IR R AU ML), AR circRNAs #gii, H 3%
RN =2: AMEFIR RNA  (EcircRNAS). #ME-F & 735 RNA (EICiRNAs) Al
AR T RNA (CiRNAs) B8, 5 = circRNAS & HH A [F] (1 PR ML= A2 1 (B
LD, BFEA ST IAMNDN, BRI, NE TR RNA 44655 (RNA
binding protein, RBP) ZXzh I3 4LIT, H fr 24 % 1 circRNAs A I T4 &+ 1)
K ZHI8, EARFRIZEET, circRNAs FIRIEACPARE, RAAFRAKE P25
T circRNAs BT, 75 A3 -8 78 i #5#:  (Epithelial-Mesenchymal Transition ,
EMT) i FEH W% 3] T circRNA, F 54 EMT [FIAHIC T HE AT 820 8] 70 58 40 A s 7%
=02 —IX YL circRNAs HIP=4 %3] RNA 4548 Quaking HIZIAHE,
Quaking 7E circRNA HJE sl 72 Ht (2 b AE ), 5 4b, 4+ NF9O/NF110 5
XUHE RNA 255 BERATI00, W& T HANT S /EE, (23 T circRNA 4%
IR . L9 F RS T, NFOO/NF110 A circRNA & &Rt sk, I
5% 5 mRNA 454, M52 NFOO/NFL10 M A% FE 7 B0 R, HEimi S a8k
CircRNA Fikgyk/b 20, ghabh, FUS & ] LS 5 & BB B0 1) N & 745
A RHAT circRNA A R A R, Rz ESA L (HNRNPL) i & m g
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F—E HBV %A% circRNA [ %58 R ThRERF 5T
25T circRNA BRI 0, 2G50 F YRR ITER RS, X
CircRNA FIHARAEAERIX, —HLAK, circRNA #0872 RNA BIHZR R4,
FH mRNA JE s F2 i — MR BT SRR AP, i BORZ 4L cireRNAs Rk 7K-F
ECASUAIR 5 AR L ) 2 A e i A AR B SR AR o AE AR T A R ) 2 RNAS 1Y
KPRk, (HiEGcHifkiE, —% circRNAs FFRIAFEFEEATMZ T RNA H
P, al, WFRCEIR T circRNAs fEAZURIZR B R B iz /0 A PIRel )R %
CIrcRNA [ 7T P S, (H CAESE A7 KB circRNA 207 HA7 (micro RNA,
miRNA) 4R/ . 5 RNA 4548 (RNAbinding proteins, RBPs) HAE. Z5
R, BTSRRI AEY) - ThRe, JFEAMINTE . k. A EEET
2 M i R AN 22 s 1 A P R R 1 A R A1

CircRNA biogenesis

Exon 1 LLUCLR B ExoR 21LICIIA Exon 3

GU rich C rich

Intron pairing RBP binding Lariat

\ | / 3
- LQA mnr?;llx ]‘_ tem O

_______________________________________________________________ o S |
CircRNA functions Nucleus Cytoplasm
A. Promote gene transcription B. Compete with pre-mRNA splicing
L —
; ) e
OciRN
Aot ecircRNA
w

0 C. miRNA spong

E. Translate p
RBP) Ribosom:
- /o)
T T —> : @ [
miRNAs o_) V@

Protein

D. RBP sp

1.1 CircRNAs FRHSI R A TR

Figure 1.1 Formation mechanism and biological functions of circRNAs

1.2 CircRNAs &Y THEErA5T

CircRNA %A~ (non-coding RNA, ncRNA) B 784538 o (I 7t 35 i, e Y

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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AR O AR 7T 5.  CircRNAs FIAEY= D EE 0] 5 N AATT
[f: 76249 miRNA HEAR AR DAMHI L DI BE, 78 25 s B 30 = 2 1A 42 R 1 AT i 42
SRAFERIHIFRIE, FEN pre-mRNAs L FEME R, 58 B R 4h & A & B i
PE. SHEE AR E SR A 80 E B B RENE, E v R B .
1.2.1 CircRNAs 753 miRNA 1§45
T4 PENYE RNA (competitive endogenous, ceRNA) A miRNA NZ& ot

(microRNA response element, MRE), #Jiliid MRE 34+ 454 miRNA. A iit,
ceRNA R LI miRNA 73R RIE M ThRE. oK, KEMFTRY circRNA 7]
782 miRNA [fE4RRES] ceRNA [FEMH . #lin, BFCER, FhE 7 RIEN
CiRS-7/CDRlas (miR-7 i CDR1 HI¥FIR RNA #E45) ARVE T M5 ke 5 Y
(sexdetermination region Y, SRY) circRNA #5H] LLZ5 4 miRNA, MTI#1S miRNA
HUAEIE RIE L A, BT LA circRNAs 2 AEYIA MR ceRNA 48 . Hansen
s N R I AR AR 8 1 1 Ccerebellardegeneration-related protein 1, CDR1) 7] &#1%
PE AN AR XM ERAERER 1R R NN E X T
(cerebellardegeneration-related protein 1transcript, CDR1as). CDR1as 7] 5 miRNA
gh4y, JFH AT miR-671 (micro RNA-671) F&fif. B FEIESE miR-671 n] 5 CDR1as
FEa HANEI R M . #— B W TIESE CDR1as &4 21k 70 4> miR-7 K45 & 47
A, JEHAE 5 KERTAA T (argonaute, AGO) Zh4r. X LG4y [a] ity FL M 1
5% | CDR1as fUAREE, (T AR L& miR-7 4545, 54b, U3k CDRlas
B IERIE miR671 ARSI miR-7 FUAEFRIA K. thst, 7EMLHL T
CDRlas &3k, Memczak 5 NAEBE il fifi %15 CDR1as, ¥iBk CDRI,
S5 RO R S PR AR B . DF TSN A RIS T miR-7 DhReskiR, 45 REY]
MIR-7 THREGRA G | B3 S P XA g b, XLt 45 R 78 70iEW] CDR1as X
miR-7 [iEZafE A, Zheng Qiupeng 25 N K I A4 3F RNA circHIPK3 1E
mIRNA 47 eI T miR-124 AT #4040, J78K circHIPK3 i HIPK3 mRNA
FRIK IR AN KA DAL B 0 A AR AR 25 4 o USROG 3R I i R 48 S i
B 1 circHIPK3 ] LAIK Bt 9 Ff miRNAs, J HiE 05 18 4 BEH) miRNA 45517
b, circHIPK3 Hi5 miR-124 254, ] miR-124 . W7 RE N R
T HIE MRNA ] circRNA 75\ AR i b B s EH .
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F—E HBV ZRA%H circRNA % & K ShRERT 52
1.2.2 CircRNAs BERT pre-mRNA By
MR T circRNA FTLLS 2L pre-mRNA B2 55 4+, Ashwal-Fluss
S TR IUIX — IR AE NS R BT A4V I A fA5F . “muscleblind”
FH (MBL) 5 circRNA JEEFE%, MBL fgfgidt muscleblind 25 —#h & 734k IE
& RNA circMbl, 1 cireMbl B 53 A4 & 5 — B AF MBL 45& 6250, MBL
65 H & RNA P24 1) circRNA RSt 454, i s a5 cireMbl (4 . 15
SRR RN S PN B A AR 2 BT FE A RE DD cireMbl AR R, IE BAT ETIRMERE
AP pre-mRNA BIHEAHTE SS9 SR T — AP IPIRAS . R
B circRNA 7] LLiE T pre-mRNA 18Iz, M52 2 )50 11 28 B
1.2.3 CircRNAs BEIIZRAZF KL
SR IHALIE G circRNA E AL T4, {H—2%E circRNA fEA Iz N &
B TaFE, efIaEE S R ERIHE AR DURCIE R 7 oisnE £ sm k.
Li S57E N RA M I T 5 /b —Fhml 5 SRS BELIUAE TLAE FH 1 circRNA, X FR4h R F
HAGH R RNA TR B T AN MR 72 [ N &7, BT LAY AN 2 7 & 72 RNA
(EICiRNAs). EIciRNAs ({40 circEIF3J,circPIAP2) EE M THEWN, A5/

WERZ R AUk UL 3L (small ribonucleoprotein particle U1 subunit , U1 snRNP)
PRI AH AR F TR SR AR B PR i 321 52 R ABL, L 55 % 30 circ-ITCH & ITCH
) 3UTR XA MFEM miRNA Z&0im. P ARE, miR-7. miR-17 H
miR-214 4 circ-ITCH 48 % i LI ITCHCItchy E3 ubiquitin protein ligase, ITCH)
RILIK PR,

124 ReEEA4E, MHEREE. SEEOESENASSBAEEAN

CircRNAs FIAPIThEERR T 7] LLE A miRNA 4Rk W (e 2t 3 R i 5%, &
WRES ARG, WHIE AN SRR E 0 A AR A 23 B R R R S
Y. Du 55K circRNA circ-foxo3 7 ifies 240 i v 22 I B -5 4 i J&] SRR A 5C
(251, TR IR circ-foxo3 RERS AR HEANARIGTE, 1M A7 3K circ-foxo3 I 41 ffa
JHREREZ 240 . circ-foxo3 8- 4 i JE 128 1 A 240 B J 09 2 1 2 Ceyelin
dependent kinase 2, CDK2) F14H o i #H 85 A A PR g Fm i 1) 1 (p21) 456, M
I 7 circ-foxo3-p21-CDK2 = uE &%), 1%, CDK2 Re 540 AHE A A Fi4l
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MRS E E 4G stm e sk mHeERe, m— H p21 B Nl <41 CDK2 54
HAE 1 1) 45 & M BEL L 20 it & 35933 B3, cire-foxo3-p21-CDK2 =7t 8 &Yk
i@ 7 CDK2 HyThRe, AW 140 E . 534h, Du S5EE KB IR /K
P circ-foxo3 BEIFI} 5 MDM2 (MDMZ2 proto-oncogene) A1 P53 3 45 & M 1
5% MDM2 5 P53 2 [ A FLAEH, MDM2 fef i P53 172 2 4k LL I B 5 () 4 A AL
i P53 b FI%/KF- « 1T 243 2R3 cire-foxo3 &R 1 MDM2 55—/~ B ki £& (1 FOXO3
(MDM2 proto-oncogene) ANe472 ZALBEA#, K4 circ-foxo3 i FOXO03 454 M
1} B FOXO3 il MDM2 Z A5 F - P53 /KT~ B Al FOXO3 £ F/K-F1 7t
REfdf FOXO3 Ti##EJE P Puma (BCL2 binding component 3) & & ) 7 & MR 1
R T4, Yang 25 A LEZF circMotl1 AT c-myc L@ A F4ufir%, Wi 2 (8] 1A
TAEH 53 c-myc ¥ G IEB7 1IEFEf# . CircMotll 767 i th Bl i, Jhilid 5
c-myc [RIAH ELAE FH T i 3 Fifrieg 1) o AR B8
125 CircRNA 1ENBHERIEAR 18 5 B R S5
S cireRNA #58 SUAFESRTS RNA B)—/ME2K, (HECKREZ FEER I, 6
43 circRNAs ELA #1285 11 (17 77 B A (9 SCHRARIE 2 circRNA H B LU R RFAE
I5f, AT RAHESE circRNA RABIBEE AR IIAE: (A circRNA B R K I Il
BLHE Copen reading frame, ORF) X th 2k mRNA & AT L FH % (B
B AT 538k S 1A BT U8 A7 A (backsplicing junction) ff) ORF; (C) ORF il EH
B UA AT B AAE — e BT o, QR AR % PR IR PN AR A T N A
(Internal ribosome entry site, IRES) LA 7EC UG %05 T B i FH LB (mBAD.
CircFXBW?7 # cricSHPRH #i 2 ¥4k RNA Beflie s B s A () 7, EA I e 19
KA R A& BENE L. CircFXBW7 fefmid—A~ 21-KDa MHA, 4N
FBXW-185aa. it L& M 17— M & 52 B A BE B[ circFBXW?T IRES 7
BB R AR R G LA IRES FIEPE, 4R EW, HAKEEHER
CircFBXW7 IRES A A mifilk. 8Ja, K circ-FXBW7 ZARAIF IS AR e A
AL, PR PR PUAR MO 03 BRI B S VA R FBXW-185 aa, 45 R AEHT,
circ-FBXW 7 .75 4w it 7 2 14 13 /7. FBXW7-185aa £ i1t 5 USP28 (ubiquitin
specific peptidase 28) $EFPELEA M KFEMREIEH, B USP28 C(ubiquitin specific
peptidase 28) 5 FBXW 7o (F-box and WD repeat domain containing 7) 454, MM
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] USP28 551 c-myc fa g M. Circ-FBXW 7 Al FBXW 7-185 aa 7 i i £ 2 fd
Jog P U, 0 200 L 8 R 4 R R B9, 534, B SHPRH (SNF2 histone
linker PHD RING helicase) & [X 26-29 #b & [A] B # il 1 PR 1R RNA
circ-SHPRH thAE4mTD 17KDa 14 SHPRH-146aa. SHPRH-146 aa AJ {44
SHPRH K A% DTL (denticleless E3 ubiquitin protein ligase homolog) % 5 HiZ
FAEM, MEEMNL E3 SIS SHMEMMZGURE (proliferating cell
nuclear antigen, PCNAD 132 Z& . . 78 i 51 BE4H e v, circ-SHPRH 1 SHPRH-146aa
P T R, TR A 2 e AN bR A AR O — AN SRR TR BEAE S TS RNA
LINC-PINT (long intergenic non-protein coding RNA, p53 induced transcript) HJ¥IR
RNA g% — M 87 MR IIAKEL, & REAIHI K 5T BE2H Ay Jee 5 A1 1)
e A,

1.2.6 HAhIThEEHLA]

IR AR S G ik oy S AU S B R G B 1, T HAE R AR RlE 1) circRNA
J Guarnerio 5 N\ &I Fh EH 3 Ak 55 467 1 7 A2 (1) 7 5 fusion-circRNA: - f-circM9 #
f-circPR. WFALEK XA circRNA 51 R L KIEA L,  fusion-circRNA
IR AR A B AR A7 AR T BA B XA, thAh,  Tan SATETERLG ZEFH
EML4-ALK Z75 1A 3b &2 5 hi ) H2228 4 &I T RIE T EML4-ALK & 3%
I NIETE F-circEA. F-circEA AMUAFLE T AR/ N fitie 2L 230, i Has A7 4E T
EML-ALK 5 f g i ifn g fp ), 5x W F-circEA AJ AR N TELE (43 FAG bR &

1.3 circRNA S &RIARHE

CircRNAs &M e RNA Biot, REWEE % s Bl s Ja 7K T R 45 5L ]
[l3i5 . TR E RN, —2 circRNAs 7EATJ#% (Hepatocarcinoma , HCC)
PEAFRRERRE, HHRZERRE S mAREA TS A VKR, circRNA H]
I g i 2 RN EE ) AN RN miIRNAs (RFAMRAIGSE . 1058 (RZBFFER NI AE
HCC MK FEd b R E EEAEH] . JEkiE, cireMTOL 72 i 4 23 [ ik 7K
BE NI HHRIL S HCC BETEA RA K. FEMRIMIRE N 2 2 5)
PR, R cireMTOL fUERIA/KF, miR-9 B3 LM, HERELM p21 Fik &k
(INITRS S € TR TR L N /AT P 1 R e 3 (A I e Y SRR R
i rf, ZKSCANL 2 [AJE B VERIFRR I PIAT RNA, RIZEPER) ZKSCANL mRNA K
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AR circZKSCANL, HIXPHFZRAL RNA [RIEK T B SAR T 1F 5 4L 4UR14H
Ml ZKSCANL HMIR/KF2RIAAN 5 e RN 2 AAH SR, (H circZKSCANL HIfIR/K -3
BEZRIGERSHAE, SRMERE. EL. MERE, Rl RENUK
iR . AERTEE SR R circZKSCANL 1 A /KA 5 2 Insmam fp s i . iF
B I A2 2800 FT . BRI 0 S0 45 B 5 400 i S 56 225 SRR ). SRIET SNF2 42K
%+ PHD RING fii el 2L K 26-29 4h 5. 73R RNA hsa_circ_0001649 7t £ Fi
FEE R IBE KPR, BHE HCC, B &NRE . 5K, hsa_circ_0001649
()R 7K P 21 20 B AR T 55 A 4, HL SR IE KT 5 iR K /N AN e e
THRAMK. EYME R HE W hsa_circ_0001649 HA £ F RNA 254 H F M
TEIESE AT A, AHE U2 4B T 65 kDa I3 (U2AF large subunit, U2AF65).
HAZ B IEK T 4A-II Ceukaryotic translation initiation factor 4A3, EIF4A3) FITLE
XHFESEAT 1 (UPFL), XEMF hsa_circ_0001649 R AE{E M A i i 4 ol i % 1A
PP RIEVE PO, i & 524k (androgen receptor, AR) i 5 ADAR1 (adenosine
deaminase RNA specific) J& 3145 51455 ADARL #5815, ADARL fgflii] RNA 1
1k, FrEh AR FIIEE Ei ADARL FERIE R T HHRAIML ) circRNAs HIJERL, A
1 B LW R A circRNAs [ & L. RIET 2R EED 1 HEH
(poly(A) binding protein cytoplasmic 1, PABPC1) [t] circARSP91 #7 ADAR 1 .
T, (EAREREMZ, circARSPIL (#5747 F2ik i DL A I3 5 . A= K RIZ 2%,
a7~ AR/ADAR1/CircARSPIL 1% [ £ X HCC [ & A AP il 22 57t &2 O E 2D,
CSMARCAS5 7 i 24 tp 3205 KU, 1X 21 RNA fi#Jiglis DExH-Box Helicase
9 WML, cSMARCAS [3RIE 5 @ IR 28 P RRAE 2 UIAH OC,
CSMARCAS jdf & i 7 410 1) JH a8 240 B 1 389 5 A GE #2181 9 55 2H UM L
Circ_0067934 7EfHEAHL AR mIIRIE, i@ miR-1324/FZD5/Wnt/B-catenin
B4 X 28 8 3 P90 4 PR ) 3 A 6 A2 1491, Chen 25 AR B circHIPK i 15 JiT-8 4 ity
RIS TEANIE RS, SR P S50 UE B B Re it e Rl R AELRE 1 AR KL, Lin S8 AR T
— T HI PR RNA circCDK13 78 K AR I R i 22 e ik o 5 A0 B (19 55 4L 24
FHEE, HCC e 4143 circCDK13 ERIAFE(K, circCDK13 id ik R B 401 i
FEAN TR AR 28 Re 70, ELAM S 4t i B ke BY. CircRNA_ 100338 )5
fr 155 HCC B A fF R K.  MER I A it 72 G 5CB4. CircC3P1 1B
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— R AR R, AN BB A 1) PP 4 L PR R R AR 2%, A 1 e £ A 1 3
FEAIMR LA 130, CircRNAs HA a3 B Al de @ R E 2 it 4, 1X R B circRNAS
7 HCC HARMAEYIZWibrid. SR, S53HAM ncRNAs (41 miRNAs AT LncRNAs)
FHEG, circRNAs £ HCC B Fli kb TREAZHr Be . 124 M1k, XAE HCC k3l
T T D ER DI RENE circRNAS.,

2 HBV ZBFwEEt

HCC 2 B E H 0L IR 1 g 2 —, At LA 40T R 1) PP J8 38 K 20 25 541,
U 1) o B & 205 50 /5 ~60 J3 NP JFH K K AR R RIS I 2 18R 2 I oy
TAMFERSCE, WK W2, IR PE T S5 A 2 IR 3R 3 T 3 EURE 1R R
{BZ IR %% Chepatitis B virus, HBV) G52 H A5 2500 7 B 1) 35 225 A
BN, HBV 25l CAEFR (RFROH) MR AR, &R DNA B EERHI R .
HLEE T £ PP B R BURL 5 0 1 200 = b REROBBORL (BEARZY 42nm). /NERTEZ A
R (ERZ) 22nm) FVERIIRL. KPR 52 B R sR T, AR “Dane $0kL”,
MRS R AR . BT 5 HBsAg. R RIS . %0 B0k & A 1%
DA (HBCAQ). PR HBV-DNA Fil HBV-DNA R4 1, k&5 e B R,
HA B o /N BRI FURL AN PR JORE 208 2 R -5 993 2 65 7] 1) i 2 2 )
A T2 HBsAg TE U 2 ORI ZH A, AN DNA F1 DNA &8, ARA LG
Yo JE3E & H/NERIERL P R IR AT AR, FLA RS /INERTE R 1) 28 A [R]50)

HBV H ALY, AE IR G N2 RS, i T4 AR B A4 2H 2y 25
Bifhio HBV MG KA RIBEIIBE LSS IR, HBV I B i ai Mg A i
M 7 32 JFF 20 M 45 5 R A P A R P S A . ARk, RIS &
RS RS R RIS AR T BOW HBV AR R A R 4%
JTHIHHT TIRANBIREFE, X HBV MG IR A RIBRI S FHLEIE T — L8
WIREN B, A8 HBV FEEE LT AN HS S HCC MRA: a) i
DNA 51 E QB S, b) TG LR EE HBx B L 5| A i 1E 3= HE R 4
AFEEMER N © BUSSRIEETE M d) HBx Al HBc & A 512 (R BH L1516 e
REFE L (BPAERRSR R AR 5 IR ) 2 o 400 i BE 1 A B A5 5
B R 2, HBX A& HBV Zmfil ¥ — N EEE 1, © AR I BB % P I 5%



HBV 45K circRNA 1% 52 & T EeRf 9T =

A B e 1A T 40 B 5T P (0 4 A 5 T K T (A1 A B s R x84 HBx BB S
PRMT1 (protein arginine methyltransferase 1) & SETDB1 (SET domain bifurcated
histone lysine methyltransferase 1) 455, MIMAREREATN HBV B s (R4 /E A2
BEI B L [ (1 B IOON00L HBX B 1 AR #E I AL R, B AR S K E A AR
HAF A 2 ML 2t AT A s A (B 1. 2) . HBx 4h 45 1 82 F AL 3 40 B S S
MIBETS . Fesf DNA BEMKINE N . X 2 THE R AR 7Lk
RGHINR . Z AT, AR AR LRI 700 B 3 A rh T2 i AR R 2R DR RN R 4%
LA, RIARGYS RNA B E B, EHAERMEAL KT e e sx
Ja KA JE R ) 2R AT 2 5 e s B A B R . BRI, 3R R B FT HBV
FRFT ARG RNA (ncRNA) 1IBIRE LS HBV MR KL KRR R,
s R R A RIERI 2 THLE . SR Tia T RE AL RO S BRI T 4
Yy, st—B iRy K R EEE L.

HBx

&

)
GEN HBX oy
S b T @
E cDNA
@ @-’ﬁ“““ i m ‘ \
l I'fréﬁé'?;ﬁ&'a’l'l Ac Ac <’ itochondria
i__ activation__ | j 9_?
@ - | = \ Cytochrome C
e | ® e
i \
H ’@([U A Me e <- Y
| A \
L
,,,,,,,,,,,,,,, caspases
I N
TFs activati | EEessssemn
| | | Apoptosis |
Deregulation of |
gene expression - TEE;:;@;ET
,,,,,,,,,,,
. ) [ Autophagy |
“u 'S v "
| HCC development/progression | ‘ HBYV replication

1.2 HBx {EFMZ&2

Figure 1.2 The network of HBx?

HBV & DNA Jji 2, JER4H 2 X% . fanthERk DNA (Relaxation circular DNA,
rcDNA) , K/N2)3.2kb. FEATFAIRORZ A, reDNA ] BEE 41 i i DNA & A1
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Ak s B 1 A S0 P& AR DNA (covalently closed circular DNA , cccDNAD .
i FE A cccDNA 1 AR FE 5t H 3.5 kb ATZEFIZL RNA (pre-genomic RNA,
PgRNA) , LK 2.4 kb, 2.1 kb F1%1 0.8 kb ] mRNA, J:rh pgRNA A3 55 i 3t
K12 DNA 1E A4t 55 4% 0 B A0 5 Gl 2 1 RO AEAR 1OTI08], HBY BTl I s oAk
HE B B SO AR AT i, B AR 30w e 2 IR RS 510, B
BBHE SR A I 2 B BT B8 22 R, A a0 % 5 55 1) & i 58 DNA 1Y
HrlE A, H R BRIT T T BN X L 2 E 1) HBV RNA s A H] BE#S B A B2 1)
TR0, R (B 25 B AR AERE B Z M 55 )R A% 5 . Wi DNA [11#5
DU U B9 cccDNA. LLEOKRE T cccDNA [F4 S AR (i RIB K, (H2
KILHBV & 8 RNA 7K 5 HCC K A= 1 KU A2 AE AR R L)L IX BEifF 5T 35 W] HBV
RNA HFARAMUA R R 88 1 & A28 DNA ZHIEAR, 7T eicEA 7 4b
F1ThREZ 5P I AR

3 JREIESRAD RNA iR

NCRNAs FL7 15 40 M 1 5 « 20 J8 0 BT SR IR 28 4% B AR WA bk
NCRNA TJRePE VK 2 S BUM B S50 1K E . HBxX BERSIE I 177 2 Fl ncRNAs
Rk, (3t HBV FHCF 4 M 4. HAT, miRNA Al aEE4miS RNA (long
non-coding, INCRNA) S5 KA . KRG 7UBCNIRAN . 7E HBV FHICHE:
I, KER) miIRNA #55E H BA (2t HBV MH5CH) HCC 4Hfiuig e (lef-7.
miR-101. miR-132). #IH|HIHT: (miR-21. miR-331-3p. miR-29¢). fiFHiTF
{228 (miR-148a. miR-143. miR-29a) LKAt 5 AR (miR-148a. miR-221,
miR-122) 4510081, 7£3#% % IncRNA 25 i 1) A i #2wt 72 o & B, Lne--SchLAH
Wik s FUS HAE, ) 7R . Lnc-UCAL RE62 N id 40 i 5 JH 2R,
A -4 B 8 B AT ZH B 12031, IncRNA DBH-AST 7 DL i 0% ERK/p38/INK
MAPK {5553 %, S5 40 o 5 T A i 4n p 404, IncRNA HBXx-LINEL %5 ST
Y1 iy Wnt/B-catenin {5 5@ MHEE, 10H] E F5R 8 (E-cadherin) ik, MG N
JER VAT AN e . 1R ZBATAEUY, IncRNA-Dreh 7 HBx 2T & A i f v
TER—AIR G T, feieds & IF NIRBEE A (vimentin) FIRIL, S8 T IE
WA B R, AT T A TR AR EP). IncRNA HULC 511
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TNM 733, FNER . R R IEHE, fefgidid Eil SPHKI (sphingosine kinase
D) RIS AR Mg i AR U 7E FHm 4 i i R IX IncRNA SPRY4-1TL {21 T
it 4 i ) B A AR U
5 EAR, WEERZEEA RN E R TRk, s oA He
AT BR B0 2 R AL AE i 3 AR A7 IS B e — A )il . BORGBR 22 O BIT 90 R W 2 A BRI 2
Br T REGRIDEE A, IERT LR A ARGRED RNA, I ELZE R 1540 f 50 35 A 5 (L R &
IB T 75 T A HE AR VR, AR, SGTRE neRNA 2 5505 (1 1 2 14 151 A
Jilk% . EB J%57 (Epstein-Barr virus, EBV) Zwfidf/NEmE RNA (EBER) H4%
S40A SR (nasopharyngeal carcinoma, NPC) &I, HAMIF 5 KN, EB s
FmID ) EBER BEHKIT & Flids 5 4 B 3 T B0 SISO A B T 4k 57 11 225 0 bk E2 5%
(Burkitt #REJRD (EERA . 727 407 40 b 4 EBER JE X A% B 2 CR 4 41 il
A5 Fas (Fas cell surface death receptor) 415 fIFEMEAE BT, A K052 (Human
adenovirus) Zwf%i7 B A< RNA (VAT and VAID, VA | 78 44 i s 75 52 1 30 1) .
A RNAFIPEF, i RNAT JTERE SN RAEAE B HBY i) HBV-miR-3
WL 4EA HBY L EE (HBo) ) mRNA, [k HBc EEARIE, UKL S HBV
HIAZE R pgRNA, I HBV BRI, X AT 8 BTk HBV B2 tnfiy
B2 A A 17 LA S ST AN 5 B 5 A S e, Simian virus 40 (SVA40)
TS MIRNAs 25 450 15 5L R 1) A AN PR IR AR TR 1 T 4t 5 k192,
y-herpesvirus Kaposi’s sarcoma-associated herpesvirus (KSHV) 4% 7% [F R AE 2 B Th
REPE MIRNAs. KSHV miR-K12-1 Ji#id Fiff p21 [ RIAKF N2 20 #5155 F
FROIFRE AR, Ak, KSHV miR-K12-10a Mgkl fE AL 4 B, BT fg
i miRNA, KSHV & Ee4mH5 INCRNA.  SRIE T KSHV i 2 3 P 2H 1) K i AR g )
RIRTFLIZ RNA - (Polyadenylated nuclear RNA) REAE 1 55 /K T 42 1 T2 A9 5 3
DRl 80, B Bt A I R ZH (R 0 55 RNA. Sl AR B, R E 12
Rl ZH ik BE T RY circRNAs. Ungerleider %5 AF| A RNase R-sequencing 77 VA7E I, 11, 111
=AIE ORI EBV G AH L AST vh 255E Y EBV e 9 circRNAS, IX 25 circRNAs
HIRIE EEHR T EBV By RE LS AR AL i B oK1, i ELARAT T3 B 4
AR RS P T), k et A l R  E— DI 7RI 28 EBV #mfiB ] circRNAs 7E EBV
FHOCPIR A D RESR AL 1 0o B FEAIE AT B35 . Toptan S5 A\ ILIIR DNA e
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2 (EBV Ml KSHV) BEZmAZHIR RNA, R& EBV 4T circRNA B £ 7y
ATEAUMT H, OREE 9T 1 cireRNA W IHILTEAEMIRZ P, TSRS KSHV £
ZH 1% circRNA FE2H fifd 53 A1 280 % h #5234 l88). 5 7 circRNAs 7T LAEY RNA A=
Yt e AT R G, RN E AT M 21 /0N T BR A R A T TR R s 1
i FLIP B R AL PR 78 40RO, IXE8955 3 circRNAS 7R 85 E R 411 5t R %
DR o

Har 2 &8 HBV A =4 Th gt ncRNA, Sekiba 28 A& B HBV [f] pgRNA fig
P24 circRNARY, {H HBV Ztid it circRNA 3 i AW e AE 2 2 AuF R &I
1 HBV 4l ] — AN circRNA, SER 1% circRNA 7£ HBV AH G & 4EJ7
Tl A I S RT R A 2 - A LA, IXAMUAT A HBV circRNA 35X — 3§ /1 2 2 i
HBV 2 5 HBV #HCHE MR A RIEMZ-FHUH, R8I &K HBV K
IS (R0 TT 23R LT IO SE A o
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D ARIEAFFHNT, 456 EWE BFBARMIE HBV Jfd ) circRNA.

2) SRR HITEE HBV circRNA (HBV_circ_1), 7EfFE4NM, AT
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F=F EFRAKT HepG 2 LARARXT HBV BULHI R &

HE.

N T HEfRAR A (MRNAs. miRNAs 1 circRNAs) 7K-TF4lEst HBV
PN &S, HE— A5 WA FE ALK TR HBV I AE HBV A% HCC J T (4E F KL
file ABFFCRHEEENFEAR, 7247 7 HepG2 4HiiAR (n=2) Hl HBV FHIER
HepG2.2.15 #fifi & (n=2) ] RNA £ixtizl. 5 HepG2 4iffgsHtl, 10114 (6452)
ANERTE HepG2.2.15 4 b CF) i, 37 (33) A miRNA £ CF) . H4h,
7F HepG2 "' HepG2.2.15 47k Bl 5672 F1 13026 4> circRNA, HH 186 (65) 4~
CircRNA 7E HepG2.2.15 H1 | ('F) # (P < 0.05 , FDR < 0.05). i8] HBV /&4t
FEAM mRNA. miRNA 1 circRNA FIA B AU A4 B 22840 . F I PR s 21 23
AR S AA A BT e 20 B PR Y 22 57 A ) mRNA AT cireRNA 2547 T 30AIE, 45 5 BRI R
P H R A mRNA 1 FRIE7KCP IR SRS TR A R IEEA—8. 74, &
1EX HBV BH: 4 i HepG2.2.15 4l £ Hh 22 7 455 i) mRNAs.miRNAs A1 circRNAs
G i, A5 T HBV BHAEZIE P ¥ circRNA-miRNA-mRNA i 4%, &I
CircRNA circ_FIRRE 1 (chrX: 130870155~130928494) 4345 NovelmiRNA-631
A1 NovelmiRNA-969 AHE/EH, {= 86 Ml 22 % mRNAs fI/KF. circRNA
circ_FIRRE 2 (chr 11: 22696396-22777499) 5 NovelmiRNA-323 #H E.1F F % 22 4%
MRNAs 7K. GO Ml KEGG &£/ #r4i R iR, circRNA-miRNA-mRNA 4%
2 e (B R R B2 ARAE SR A 45, IR ORIPUR B8 5 5 355 1848 P . HBV
R T B A RNA RIBHER, NEE HBV MCIHEERE . K
PR TR R

R HepG2 MU &, HepG2.2.15 4 &, ZMWK#&E (HBV)
circRNA-MiRNA-mMRNA 35 ¥ 4%

][l
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Fa . AR RIAZURE ko Sy i . 52kME RNA AL, circRNA B i &
f¥) 3°F0 5°ufy, WM AEBS M HEPT RNA SMDIEGIR. Ak, I8 KRB circRNA & IncRNA
—FE, BEFE N mIRNA #4572 miRNA FE PRI, CircRNAS 751 % N J850%
R IEHEE(ER, WRRIHFERAEC), FeF4iqbl, AN FLARREE., v A A g
RECINOL, - Sy 41, A AR DRI FUARIE SR AR N 12 22 U T 19 circRNAs [r15R
KR, NZERERFE (Simian virus 40, SV40) JRYLE, B UREIE Vero 4i i
LRI 134 4> circRNAs B g 7= 7 3kik, Hrdf 103 4~ Bl 31 AN JERFEDhae
R K KEGG 3@ #70 Hr & I SVAO B4k ] BE 2l il i3 22 7 R IA 1) circRNAs 5%
7N DR K 5 M 5 P e R A DX 108 I 2 4 i S e e i, 0.9 p53 i, toll RS2 A i
Janus WEG-(5 51k FE R R BT BRGS0 N ILRE ) RNAS
(mRNAs. miRNAs #I circRNAs) KA AR T WE%, HI1EW A, H
g 170 4> circRNAs 253 Rik. Hu 28 A% 2 7R IEH mRNAs. miRNAs Al
CircRNAs 1) # & 73 #1 ., M & 7 &% o BOAF W & 3 5w AN ik i m
circRNA-MIRNA-MRNA #2502, 7 RIFF 958 (HBV) B G% i 4Bk 3 21 {g
R R, HBV A DURINETE 3 i S SN, 5 SSURT 200 it 55 1 2H 23 1 s 45344
SR, MRS /KTF (mRNAs. miRNAs A1 circRNAs ) ¥ i 40 g%t HBV
SRR IR AR G IR A FUR F A3 AL A/ RNA DI 0 757, HoAs
HepG 2 4 &A1 HBV FH: A Hepg2.2.15 4t & circRNAs. miRNAs 1 mRNAs
RIERE, BRSO HE T circRNA-mIRNA-MRNA 5% %, K3 HBV &
Lo AR T R AH L H RNAS 146 5K, 22 7 3R IE 1 circRNAS A Gl i 5 miRNAS
HAEAT HBV A% HCC MIRAEFMK . BHASRNE—L T i HBV AHCIENT
T I RIR BRI AR R &R

2. MRIEEE
2.1 &EypaEl

HepG 2 2l 5 HH 75 M K2 BE il 2 2 5 A WAL 22 B i RIREZ U, HBV
FHIE4H B &2 HepG2.2.15 WY i MITO-BIO Ad] . 4MMHEH 10% I i )
DEME-High (HyClone, 3E[E) };F=EE7E 5% CO2. 37<T %M F i, HBV fHIE
JFHE AL ZURT HBV B M A8 21 BUR BTV 7508 3 M T 95 M K22 5 — M = Bt
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2.2 LX)

RNAiso Plus i 7#/Jt) H TaKaRa 2 ml. sl &% real-time PCR iz 77l]
X EA e AT,

2.3 =L RNA 2B

M RNA H2HY, %F mirVana™ miRNA ISOlation Kit (Ambion-1561) 5 &:,
TSR A
2.4 FERANF

HepG 2 4Hfifd (n=2) F1 HepG2.2.15 4ififd (n=2) HAT&IEKANM T . BFxA
W7 A# ] Hiseqd000 65, 755 1 RNA H B rRNA, AR RR 1 S,
BT o W5 IR 10Gh A%, AR 20T B 7R M S ME R AR P 2 B A TR
AT SERR, DB R GAEE C_EAE 2] T NCBI B, Hr AR IEEE & %5 N:
SRR7812047, SRR7812048, SRR7812046, SRR7812044. /N RNA J& 4% ¥ 2 5%
54: SRR7892716, SRR7892716, SRR7892713, SRR7892717.

2.5 MFEEIFS

i3 paired-end W7 34T 7 KB BIFEAR B . Sy 1 HEBRBOE B R S0 45 SRV 5
M, S SR AR EE AT R AL, R EEAN T I AR P Y reads BT SR

R TRAL HE D IR -

1) i EPACJT Y reads, R BIME 20, K SI{H 35bp.

2) M 3°uit S BRAG R RS 5 R RME 20,

3) VIFx reads 1 N #3751 KA I{E 35bp.

2.6 Clean reads EREALLITOHT

i | HISAT2.0.1 Chttp://ccb.jhu.edu/software/hisat2/fag.shtml) A4 % 3815 1
reads #E1T mapping, AT FTIRIS B EL SRR
2.7 mRNA QI EUELL IR ST

2.7.1 mRNA KL K434
MRNA 8% /K 548 H FPKM(EEH 5 fragments HoKk B 3 — A
THIEK 1 fragments $LH) 5. FPKM A5 R T 0 79 B %t fragments 11411
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SO, W5 R T S AKX fragments THEIISEIR, A& H AT B S B A
Lk KR 7. FPKM iHE AR R

Ev X 2 ZE F A fragmentsET .
EeXT 2 AT A 2 A 8 EfragmentsEi x ZEANKE

FPKM 31515 B e s AR R A 5 1) B4 F T EURCAS [RIRE i 8] 1) A s AR R IA
E 5t

2.7.2 Z53RE mRNA 7%k

F} DESeq %4 (http://bioconductor.org/packages/release/bioc/ntml/DESeq.html) X
FFEA mRNA ) counts % H #EATFR#EACAL R CR A basemean B KAl S RIEHD,
THHRZERGE, JRA NB (A I Ak 7 0 X reads #4772 7 B &k
RS, e AR 22 e A i e 22 e Wl 2 MR A e R i gk 22 e R A

TRYE RNA-seq Hedhi LI BT A i mRNA )2 7 3808 KIS, SR BLR
“/MbRfE: —J2 FoldChange, PHFESHH A — mRNA K& KPR 48; =2
p-value 5, FDR(adjusted p value), *§%:/ mRNA #4T p-value 11574 %] FDR &,
FFH] FDR iRZEFEHIEXS p-value 1F 2 EARBAGIALIE . BROIATREZ 7 B9 56 1F
P<0.05 H. FoldChange >2.

2.7.3 Z53RI1E mRNA 1) GO Al KEGG & 7 #r

N T EMRZ 3235 mRNA AP Dh6E, $27 HBV YL 5 4i /K- B4
Y25, AT % 7 F£iE mRNA #3517 GO (Gene ontology) =754, WHID)
REREATHIR . iR GO 2% H Tl & U ZE 7 mRNA N, JFiE T L o A
K36 7t HA S GO 4 H 2 5% mRNA B ERE S, RGiHESR—NEHE
SEMER P H, PEB/NERZER mRNA 7£1% GO 4 H h &£ B %, HitHA
L :

FPKM(A) = 10°

Enrichment score 115 AN :
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Enrichment score =

Hrb, NPT mRNA FHA GO iR mRNA £H; n o8 N hZERRIE
MRNA F1 5 A GO VR mRNA #H : M AT mRNA HyER N EARE GO term
[f) MRNA #H : m AR IR E GO term )22 7:3K1A mRNA #H . 7] LURYE
GO 7 THISE R, S5 AW SONT kit Ja SR FT ) mRNA $R 2R

KEGG (Kyoto Encyclopedia of Genes and Genomes) &4 5% Pathway )3 5\
JEE R, FIFH KEGG $UE E Xt 2 5% mRNA #E4T Pathway 73 #r (45 & KEGG 738
g5 ), s U oA ke 7 kT SRR Pathway 2% H 22 53 mRNA & 4R &
EVE, BREUTEARR-NEEEENN P H, P EHB/INRRER mRNA 1Ei%
Pathway 7% H g ol 2, HitH ARSI GO B & . WX % % mRNA
() Pathway ‘&S0 Hr, AT LA HRAS[RIRE 0 22 57 mRINA BT £ R0 L 201 Jf 368 526 1)
A Ko AHFFAFERINK P {H X B N<0.05, HRERT 30 )25 73 RIBET /04 -

2.8 /N RNA IR IE ST

2.8.1 FRAILERTAERE

Small RNA F2K% %, {5 miRNA. tRNA (tiRNA. tRFs). rRNA. piRNA.
SNORNA %5, A 1 6Hll P45 B i H)/ RNA 3ET 28958, 4 clean reads 5 Rfam
Bz e Chttp:/irfam.xfam.org). cDNA /7% Chttp://www.ncgr.ac.cn/grasscarp). 4
FhEE 5751 (http://lwww.repeatmasker.org). miRBase ##iZ% (www.mirbase.org)
BEATXT EEERE

2.8.2 H1) miRNAs Tl

¥ small RNA (sSRNA) i /7 oo AN [A) i dfs 22 bexk, RATRE L BR tRNA.
snRNA. rRNA 2% sRNAs, BiJ5#id /a1 41 miRBase %4 fE LLxS, #EATC
K1 miRNA BIGEit. XERFER ERFPAIEAT# Y mIRNA Fill, B novel miRNA
Prediction . Novel mIiRNA ) % & f{f H Mirdeep2  # f

( https://github.com/rajewsky-lab/mirdeep2) . iZ#AEHI T 715K, Hi%E L L
ST miRNA (17551 [R5 R A7 B AT LU, mie NP I B 2 /0 ia 2] 18 bp, I
Re % mapping b % " . X H RNAfold %% {4+

27



B=F HBV %A circRNA F) %52 R DI RERF 7T
(http://rna.thi.univie.ac.at/cgi-bin/RNAWebSuite/RNAfold.cgi), XTRE®E mapping
FEPRAH () 7 S AT e M T, AR REAETE S mIRNA KR T4 FF B1A A AT fe
SRR miRNA 741 S T H ) miRNAs (18247 51 LA & star strand /7251,
[ 347 novel miRNAs [#)5E &3 #r .

2.8.3 MiRNAs ik /KT RAK It

BRI Bt s BEAT AR BARE TH 58, JRARE AR LR B e AT 0 25, A TTRe
HATMF T RE B VI R 1K) miIRNA RESEE, HBIRET miRNA FIThREEC AN
MIiRNA FIRFITEE, HEWHR BILFEIZS S R — QU A B i s i . DAAN A S22
R 25 5 miRNA ] TPM(Transcripts per million, TPM=miRNA reads %{>10%/total
reads) {EH YRR, #A4T/Z 5K (hierarchical clustering) 7341

2.8.4 miRNAs 415 X 7t

WHFE miRNA AV D se AR FIDLHI R OS82 ER IR miRNA FUEEIE A
MIiRNA J8id 454 RISC, FHER TAEZEI) 3°UTR X455, A T e At L e ] 4 )
PRI o T TN miRNA SEJ A A SR000 008  JA5 L R LA R : 1. miRNA
HyeRh 3 X S HEIE ) 3'UTR X BEAE B ANSCR s 2. 48 R A8 22 M)A 8] B Fr 91 A2 TR 5
175 3. miRNA S5HERERJE BB EE S5 1 (A ARG e M 4. BRI IR R S R AAE p
A 1 ] 32 ER T () 52 o 2 BB JER DU SR B miranda Chttp://miranda.org.uk/)
BAF, X miRNA 741 LLRSH R R ZE K 2 cDNA 7 #1347 7T g A7 sCFl .

%5+ miRNA [F#EIER ) GO 1 KEGG B &M kS )7k 2.7.3.

2.9 circRNA U FEUEL IR S 1T

2.9.1 circRNA il

A I v R R T cireRNA e ok B 10 J5 32 SR S A BT 81, g
M43 2] clean reads 5 ANJRIEKIHFFHILLXT, H T HO 45 LA H CIRI 2.0

(https://sourceforge.net/projects/ciri/ > FAFFIMIEEL circRNA HIHT G A E1E S

2.9.2 CircRNA KL & 4T

HAT, X748 K200 circRNA T 5 #fE AR e 5 41, Rl H
circRNA /] back-splicing 7 & 4 9 junction reads kit B H KL E, KH
SRPBM(spliced reads per billion mapping)*} reads #:47)3—4L AL, St AEFKIA
JKFF circRNA [FI50E DL BAS circRNA 3R 1A7/KF. SRPBM = circular reads %/
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HBV 4 circRNA F %52 K hRERF 7T =
ELXt reads %% Cunits in billion) /read £ . #4122 57 B35 ARl (225 circRNA &
AR 2 f5 LA E H FDR<=0.05) #EATHk, Ziit circRNA &3 PE2E 7 RIE B
Lo

% 5 circRNA SRIFE A ) GO 1 KEGG & #£4r#T 171k S I 51k 2.7.3.

2.9.3 circRNA 5 miRNA A .1 F il

MR RNA —/> B E DI AE 2 ] LAE A R A 2 2] miRNA MR ER], PRz
NFEFTENTE RNA (ceRNA), BETEFIELE S miRNA, MR B R A .
M miRBase Chttp://www.mirbase.org/) % %k 2 AT A miRNA BT 51,
K F A miranda 3 circRNA 5 miRNA [ A7 4

2.10 Real-time PCR

RIGIE 4 A 45 5, F TRizol reagent 22 18 15 B 45 025 R M 1<10° HepG
2 Al HepG2.2.15 4 sk 0.05g A 4H 23 1 #2 B RNA. Nanodrop 2000 5 RNA
W, HL2ug B RNA, ZE4 R 41 First Strand cDNA Synthesis Jx #5687 & ik
455 B cDNA. FEHLIEHEL 7 22 5 R 1) mRNA FH B € & 5| ke il ik
K (R 3.1, A2 ST RIEN circRNA I, & RNA T4 1 RNase R Bl 1t
% 1U RNase R Bg7H /L 1ug RNA JNFE, DLVHBRZEME RNA 1T, R85 HL 2 pg RNA
FABEAL S Y0 e 3 6 % cDNA, 3 3.1 F1 Y circRNA JE & 5 0k I e AL B 5
MNZEFRIER] circRNA. LA g-actin ZEFE AN S, B 22T 115 RNA 1)
Fix/KF. Real-time PCR Jx Bifk & A: 2xTransStart Tip Green gPCR SuperMix 10
ul, . FHSI% 0.5 ul (1 umol), cDNA #iHR 0.1uL, n/KZ 20 uL. Real-time
PCRAEFIWEINT: 95°CTIANE: 3 min; [fi)5 39 MEH: 95°C 10sec, 60°C 1 min.
BAFEMER 3K,

2% 3.1 Real-time PCR FTFES |4

Genes Name Forward primers (5°—3”) Reverse primers (5°—3”)

Circ_ CREBBP CTGGCTGAGACCCTAACGCA ATTCTCCTCCATTGGGTATC
Circ_PDES8A ACGGTCTAGGGCTTCTGTCA CTGCCCTGAGTTGTCCTGTG
Circ_RAB3IP CCTGTCCATTGTGGGCTCAT GCTGTTCTGGAGGCTGTGGA
Circ_RNF220 AGGGAGGCCAACCAGCACTT GGTTGATGACACTGGGAAGA

chr14:40124049-40125012 CCCATTTAGGAGAACATCCA AGCTTTCTGATGGGTTCACA
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E== HBV 4RA5 1% circRNA (1% 52 & ThEeRf o

B -actin CTCCATCCTGGCCTCGCTGT GCTGTCACCTTCACCGTTCC
myc GGAGGCTATTCTGCCCATTT CGTAAGTCCTGTGAGATGGG
exosc4 CGTAAGTCCTGTGAGATGGG GTCCCACCATCTGCCTGTAG
zscan22 GCCAAACCTCACCTCCCAAG AACATCTTCCTACACTCGCG
Znf775 GGTGGTCGTCCCTGAAGATC GGTGCTGCTTCTGGCTGAAG
gbx2 TTACAGCCACACCAGAAGAC CGCAGATTACAGCAGAGGTT
hoxdl GTTTGGGATGGAGGTGGGAG GGCAAAGATAGCAGCGGAGC
neu4 CAGGAGCACAGATACAGAGC TGCACACTCTCCTCTGGGCT

2.11 RS

f#1 ] GrapPad Prism 6 X HAE TG b Bl R A haiE 2. Wil

Z ] #¥) RNA-SEQ F1 QRT-PCR H(#f 1) 7% e i A v 1Y t A 36 13047 LU A /£ RNA-SEQ

ZERH, ERERIETAEE>2 B CircRNA/MRNA #1733 —25 41, P<0.05 #ik
NEBGI R E .

3. ERENH

3.1 HBV REYETEMAE RNAs RIARIUHRIA

W AR FAME, 75 HepG 2 Al HepG 2.2.15 4Rl & h 346 M 3] 7 269,814
% mRNAS, 19,422 4% circRNAs Fi1 2,487 4% miRNAs. mRNAs [ RPM ik &
circRNAs ] SRPBM ik & anl¥ 3.1A. & 3.2B Fion. H A Flll i circRNAs 5
SV circRNAs #4 F circBase Chttp://www.circbase.org/) 47 ELXt, & E 17,929
A~ circRNAs C#7E R, 1,493 R FIH circRNAs. il id 5 %4 2 Rfam
Chttp://rfam.xfam.org/ D EL X}, & B 804 > miRNAs W47 ER, 54 1,683 4> miRNAs
Tl miRDep 2 T K (3R 3.2). F4k, 1E HepG 2.2.15 41 & A I 21
circRNAs =14(13026) % T~ HepG 2 40/ &4 2 1.5 4 (5672)  (J&3.1C). BR
T circRNAs S EA RS, circRNAs #2881 5 LA E], Hodr, SRIET/MNE 71
CircRNAs, HepG 2.2.15 4iffl &Lt HepG 2 4t 2%, 1M KIET W& T circRNAs
ARJE T FE R A] X 3507 circRNAs I L HepG 2 411 & /0 (18 3.1 D).

7% 3.2 RNA N FE0EAISeLT

RNAs HepG2 Cell Line HepG2.2.15 Cell Line
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HBV ZHL K] circRNA %52 R ThEet 5 H=F

Sample Al Sample A2 Sample B1 Sample B3
Mapped Total Mapped Mapped Mapped
Total Reads Reads Reads Reads Total Reads Reads Total Reads Reads

CircRNAs 100665256 100607521 90513114 90464351 131110504 130356317 153849734 153109296

miRNAs 39522937 31386184 40160951 32242728 32952252 26132456 29830221 26555071
mMRNAs 85714064 84518118 76699406 75508222 109095960 107503034 127355796 125373062

A 1 I : B . C

HepG2 HepG2. 2. 15

: i
i i
i 1
H
g jma 9290
* (62.1%)
o

D 100 o m Exon
@ [ntron

|

i
{
M

W Intergenic

50 50

3.1 RNA RUARIAET,
A, 4 AR mRNAs B RPM FRIXE, ALFT A2 3 HepG 2 4HfEE,B1 71 B3
X3 HepG 2.2.15 IR, B, 4 HEFAF circRNAs §J SRPBM FRILE. C, HepG
2 AEEFN HepG 2.2.15 AREHLTER] circRNA 1, D, HepG 2 4HAEFN HepG 2.2.15

YRR circRNA B8535,

Figure 3.1 Overview of RNAs profile.
A, Box plots of RPM value of mRNAs in four samples. Al and A2 represent HepG 2
cell line, and B1 and B3 represent HepG 2.2.15 cell line. B, Box plots of SRPBM value
of circRNAs in four samples. C, circRNAs identified from HepG2 and HepG 2.2.15 cell
lines. D, The types of circRNAs in HepG 2 and HepG 2.2.15 cell lines. The circRNAs
were classified into 3 types (exon-, intron- and intergenic- circRNAS) according to its

sequence composition.
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32 EFRAERETESS RNA[ERE. MEREEAFN ps3 5S8R

I FKPM {E PPl mRNA 7E 2 i R IA 2= 5, RILA — 40 i R AR B
A TA) FE R Lk AR, HepG 2 Al HepG2.2.15 4R [A] i mRNA Fis R A7
RFEES (B32A, B). PRI ZRLIE mRNAs 16,566 1~ (LG E
>2.0, P<0.05), 10,114 13RiE FiA, 6,452 NRIE N IHE 3. 2C). NIUEFE
SR 45 5, BENLIZEL T 7 1 mRNAs( myc, exosc4, zscan22, znf775, gbx2, hoxd1,
neud)id it real-time PCR X} H 3Kk /K147 5600E - Real-time PCR 25 3 541 ig 4 5%
HM PP R SRS —8, RPFNFERAER . 7{E (& 3.2 D). R, #f
T HBV FHYERT HBV B ZF 7 i mRNAs [F5RIE K, 45505K, 5 Ff
MRNAs (22435 HBV FHPEAN M )22 e 35— 2 (18] 3.2 D), #iH] mRNA 74K
P R AR AR A 5 AR ST P 1 2 SR AR — B

N TP EE HBV I8 HCC AR RGN, X2 57 &I mRNAs #
77 GO E&HENH, 4iRE/R: ZERFIAERNFEEEAMMER Ccellular
processes), A=A (biological regulation), FANAYIAIAYHERE (single organism
and processes), fE{LIEYE Ccatalytic activity), £5&3ETE (binding activity), 4l
28204 (Organelle part), ZHfZE 4> Ccell part) F4HAE %S Corganelle) ZEMV2E (K 3.2
E). KEGG HXEL B R, ZERKREMEREES L RNA EfE (RNA
degradation), 4 A i # Ccell cycle), p53 15 =i i (p53 signaling pathway (&1 3.2 F).
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gE== HBV ZRA5 ¥ circRNA [R1% 52 & ThEet 5t
A, BEEDHTINEZR HepG2 #1 HepG2.2.15 ABEIERFRIANER, d4B8RKFS

RANEE, FEAXRERLIANER. B, XIEBRREENMENS M. C, &

HepG2.2.15 g _EIEFI TERYERE RNA NEYL, D, 181 real-time PCR £ HepG2
HepG2.2.15 4. HBV fRI%F0 HBV [RI4AIAHEARAHIIEERFRIAIER RNA
RIRIAKF, KA - HERERFERKFE, E, ERFENERN GO 572
Hr. y 3R GO £H, x FRTEZ GO FEFEENEREMY. F, KEGG §
EHTRIRT 30 KBRS, x MFRTEERTF, y MERTEREIR. [REVAIMUERE
—MBRFEENERSE, M~AIEENER Qualue SEEL

Figure 3.2 Differently expressed genes between HepG2 and HepG2.2.15 cell
involved RNA degradation, the cell cycle, and the p53 signaling pathway.
A, The clustered heat map showing differentially expressed mRNAs from HepG2 cell
line compared with HepG2.2.15 cell line. Red indicates high expression circRNAs,
green indicates Low expression of circRNA. B, Wolcano plot shows the number and

distribution of mMRNAs in the same plane. C, The number of upregulated and

downregulated mRNAs (fold change>2, P<0.05) in HepG2.2.15 cell line. D,

Validation of mMRNAS expression with real-time PCR. Validation of mRNAs expression
with real-time PCR in HepG2, HepG2.2.15 cell lines, i HBV-positive and HBV
-negative liver cancer tissue. The expression of mMRNAs was analyzed from the whole
transcriptome sequencing with real-time PCR. The 2722t was used to normalize the
relative gene expression data. E, GO enrichment analysis of dysregulated mMRNAs. The
y-axis shows the GO term, and the x-axis shows the number of dysregulated mMRNAS in
the term. F, The 20 most enriched KEGG pathways based on dysregulated mRNAs. The
x-axis shows the enrichment score, and the y-axis shows the rich factor. The point size
represents the number of genes enriched in a pathway, and point color represents Qvalue

range.

3.3 ERFIA miRNAs FEEFTEEE T SEERXIIESERT.

EL 8 miIRNA #5540 % 45 B 5 or, HepG 2 #1 HepG 2.2.15 41 f#) miRNA ik
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BAA BEMEZ R (X 3.3A, B). 7 HepG2.2.15 4R 3LAa 3] 70 2 R RKIEH
mMiRNAs (2 1k f5%0>2.0 F1 P<0.0 5), A1 37 ARk B, 33 NRIA (K 3.3C).
AT B HepG 2 4R miRNA RIEXT HBV UL N ZL, X £ 5 RIEN
miRNAs FJ#EIL AT 1 GO M KEGG 70#r. fifiik P {<0.05 £ GO % H, #% P &
P HBATHEF . SR, HMERN T EEEAR LY (single organism
processes), & B FE (development processes), ZHfi#tFE (cellular processes), 4
Y1iE¥z (biological regulation), N )vi (response to stimuli), AE)HEFE AR
I (metabolic processes in the biological processes), fE{LiFPE (Catalytic activity),
ZEETETE (binding), #iaiAiEYE (transporter activity), ZHA4H4> (Cell part) Al
KO TEEY (macromolecular complex) Z5F2% (K 3. 3 D). b4, KEGG B
TR, ZRERIEN miIRNAs R F 22 5 AR (S S, Wt
(R 55 5 $2 5 Ctranscriptional misregulation in cancer), p53 15 5@ (p53
signaling pathway ), J#JE 2K 4 2 HEiE M (proteoglycans in cancer), Ras 5 5 i@ %
(Ras signaling pathway), PI3K-Akt {5518 (PI3K-Akt signaling pathway), Hippo
{& 518 (Hippo signaling pathway) A1 ~ME 5 15 B EF(MAPK) 558 2% (the
mitogen-activated protein kinase (MAPK) signaling pathway). (& 3.3 E).

B Volcano plot { A-VS-8 ) C
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D Enriched GO Term ( A-VS-B )
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g 3.3 ERFER MiRNA BEETESS5MERXNESEIR
A, BRDITRERRR HepG2 FlI HepG2.2.15 4AIRIAIERFRIART miRNA, &M
EERAR MRNA, ZERFMEFRIXL miRNA, B, XILESESR mRNA FIEE
oM. C, 7E HepG2.2.15 B EIEFI A miRNA N, D, ZERFEANE
EEY GO BEDHT. v iR GO £H, x liFREZ GO £EFEEMER N,
E, KEGG EEDHTHIAT 30 KBS, xHiFRrs5EF, v TR BEER. <9
RIVEFRE—NBEPERNERHE, MAIEMENRZE Qualue SEEL,

Figure 3. 3 Target genes of differently expressed miRNAs involved carcinogenesis
related signaling pathways.

A, The clustered heat map showing differentially expressed miRNAs from HepG2 cell
line compared with HepG2.2.15 cell line. Red indicates high expression circRNAs,
green indicates Low expression of circRNA. B, Volcano plot shows the number and
distribution of miRNAs in the same plane. C, The number of upregulated and
downregulated miRNAs in HepG2.2.15 cell line. D, GO function enrichment of
dysregulated miRNA target genes. The y-axis shows the GO term, and the x-axis shows
the number of dysregulated miRNA target genes in the term. E, The 30 most enriched
KEGG pathways based on dysregulated miRNA targeting genes. The x-axis shows the
enrichment score, and the y-axis shows the rich factor. The point size represents the

number of genes enriched in a pathway, and point color represents Q value range.
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3.4 ZERFRIA circRNAs NEAERTESSEE. MiEiumsiIHaERES
RS SEES

CircRNASs Il > 45 5 2 7%, HepG 2 F1 HepG 2.2.15 #Hi it & [¥) circRNAs Riksitk A
WEEE (K 3.4 A) e L EITRE 255 8 TR A5 72 57 KI5 circRNAs 251 5% (424
54 >2.0 #1 P<0.05) (K] 3.4B), HH 186 4M7E HepG 2.2.15 4 a5k i,
65 MRIA N H(E 3.4 C ). NRALMFPEIER A, BEHLESR 1 51 circRNAS
(Circ. RNF 220 , chr 1 : 44877653-44878394 ; Circ_ RAB3IP , chr 12 :
70193989-70195501 ; chr 14 : 40124049-40125012 ; Circ_PDE8A , chr 15:
85657104-85658718; Circ CREBBP, chr 16: 3900298-3901010) it & &i5|¥yiE
it real-time PCR Al H: 221X /K 7. Real-time PCR 45 55 41 i 4= i S 4L N e 45 S —
B, RUPMFERAE (K34D) .

ik — PRI HBV 445 circRNAS (1) 51 ik 5 HCC [FoCEk, X2 ik
[¥] circRNA I3 A BE K 14T GO Il KEGG ‘& %4 #r (P {<0.05), 4% P {<0.05
H) GO % H, 4% PAEXS HHHATHEF . 45 REK W BoR 22 73R4 circRNASs 2R A (]
T EEEAMMIFE C(cellular processes) , AT (biological regulation) , 1%
BT, EIIEYE Ccatalytic activity), 45&3E?E (binding activity), Ko FHA
%) (macromolecular complex). g #3207 Corganelle part) 14 g4 5> (Cell part)
EFK (B4 E). KEGG B = LR, % 5KIA circRNAs FIoEA LR 3 2 E
S RE A DG I S Im S, i Wt {55388 (Wnt signaling pathway ), p53 155 iH %

(p53 signaling pathway), JEJEEEE (pathways in cancer), &M AEIER (viral

carcinogenesis), Ras {55 (Ras signaling pathway), mTOR {5 5i#E#¥ (mTOR
signaling pathway), hippo 55 Chippo signaling pathway) #1 MAPK {55
# (MAPK signaling pathway) (& 3.4 F). It4bh, & —L2 3Kk circRNAS 55
AERZ G T AMPUREE AN SOEAR KBS Sl 0 T 2 A4S S Eeg (T
cell receptor signaling pathway), Z M 4%i&1% Chepatitis B pathway), 41k 7
¥ (Ccell adhesion molecules), P J& &b H AN 5L E 4 Cantigen processing and
presentation pathways) (/& 3.4 F), 3 BIX 7= 7 3RIA 1 circRNAS FISEAIE K 7] fE
Z 57X HBV R R N E, IFReR B HBV il feyikik. 4h, —sx R
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E Enriched GO Term ( A-VS-B) F A-VS-B
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B 3.4 ERFER circRNA BFEFBETESSERE, MERHSIARAMRIE
HHKIER

A, BRESEDITREIZR HepG2 71 HepG2.2.15 AIBIAIERZRIARI circRNA, &
RiERIA circRNA, £REBAFRITERIX circRNA, B, XILEIER circRNA RIEEH
270, C, £ HepG2.2.15 AR _EEFITIERY circRNA PN, D, 18IS real-time PCR
£ HepG2 01 HepG2.2.15 4HREIALAR HBV fRME #1HBV PRAIFHEERPIGIEE

FARIARY circRNA BUSRIAKTE, KA - HEERERIAKFE., E, EFREN
circRNA BIREAEER GO EEDHT. y MFRR GO £H, x WFTEiZ GO &£H
HERNEERNL, F, KEGG EEHHTHIAT 30 KB, x MFRREREF, v il
RRBEER. RNXMEBEE—NMEEFEENERHE, MANABRE

Qvalue 5B,
Figure 3. 4. Hosting genes of differently expressed circRNAs are mainly involved in
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E== HBV 4RA5 1% circRNA (1% 52 & ThEeRf o

carcinogenesis, cellular antiviral, and cellular inflammation-related signaling
pathways.
A, The clustered heat map showing differentially expressed circRNAs from HepG2 cell
line compared with HepG2.2.15 cell line. Red indicates high expression circRNAS,
green indicates Low expression of circRNA. B, Wolcano plot shows the number and
distribution of circRNAs in the same plane. C, The number of upregulated and
downregulated circRNAs in HepG2.2.15 cell line. D, Validation of circRNAs
expression with real-time PCR in HepG2, HepG2.2.15 cell lines and HBV-positive and
HBV -negative liver cancer tissue. The expression of six circRNAs were analyzed from
the whole transcriptome sequencing with real-time PCR. The 2-“ was used to
normalize the relative gene expression data. E, GO function enrichment of dysregulated
circRNA hosting genes. The y-axis shows the GO term, and the x-axis shows the
number of dysregulated circRNA hosting genes in the term. F, The 30 most enriched
KEGG pathways based on dysregulated circRNA hosting genes. The x-axis shows the
enrichment score, and the y-axis shows the rich factor. The point size represents the

number of genes enriched in a pathway, and point color represents Qvalue range.

3.5 circRNA-miRNA-mRNA & EER A TR SHEXNE SEE
IR0, circRNA 154 miRNA [543, G e 5 miRNAs 45
A, AR R @it HBV FHEAM HepG2.2.15 4 5 2 7 KA 1
MRNAs. miRNAs F1 circRNAs [ % & 708, #E 7 HBV FH P28 L A i)
circRNA-miRNA-mRNA 2 M 2% . KILFIAIKF EIK circRNA CIRC_FIRRE 1
(chrX: 130870155~130928494)43 75 Novel miRNA-631 F1 Novel miRNA-969 .
YEif$Z 86 A1 22 45 mRNAs [J7/KF, R circRNA CIRC_FIRRE 2 (chr 11:
22696396-22777499) 5 Novel miRNA-323 HAE iz 22 25 mRNAs fJ7KF- (3.5,
A&, CIRC_FIRRE 1 1 CIRC_FIRRE 2 #>k 3[4 FIRRE  (firre intergenic
repeating RNA element), FIRRE 2 —ME& HEEFAIK KRS RNA, ERELE
PR AP A IS FE AR mRNA ffae .
N TG circRNA-MIRNA-mRNA 4% 28 i /E A 15 ) 2 i 22
FFRIEM mRNAs 47T GO vERE, 45 R B R M4 I mRNA 322 & 47T
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CIRC_FIRRE 2-Novel miRNA-323-ECM1 B 40 i i SHE AR A A T2 h4h,
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2-Novel miRNA-323- CD 40 Z 51ii## 1 Toll F£5244&(5 5@ (& 3.5, 3.6 B).
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Figure 3.5 CircRNAs potentially regulated cellular genes by competitively binding

cellular miRNA.
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The ceRNA networks were based on circRNA-mMiRNA-mRNA interactions. The edges
represent sequence matching. A round node represents a protein-coding gene, a
triangular node represents a miRNA, and a diamond node represents a circRNA. Blue

indicates up-regulation, red indicates down-regulation.
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Figure 3.6 GO function and KEGG pathway enrichment analysis of the target
genes in the network of circRNA-miRNA-MRNAs in HepG2.2.15 cell line.
A, GO function enrichment of the target genes. The y-axis shows the GO term, and the
x-axis shows the number of dysregulated target genes in the term. B, The 30 most
enriched KEGG pathways based on dysregulated circRNA hosting genes. The x-axis
shows the enrichment score, and the y-axis shows the rich factor. The point size

represents the number of genes enriched in a pathway, and point color represents Qvalue
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range.

4.3118

HBV & 5| A A0 A0 200 B s &5 7™ 5 (0 S s, i, 184 HBV J&Rg
A2 A s AR I R R R IRL, 7R R LR, SRR KA. KR
BUHIAE 70 32 224 AL 2 AN M 4 A% ) mRNAL miRNA 1 IncRNA. Ik,
RPLT —FiE RNA XA B8 7245 1 circRNA 437, HET, circRNA £ A7
SRR, FE ALY AR el B el DRSS R B, circRNA 5
TR R R R YIRS, CRONEIE HBV HH 5T LE P IR 22 505 (1 A= ke
bR G R0 AE 1 3R 9T B s B0 Huang S N 4 20T AR % BT R AN LR 55 1
CircRNAS [ IE A S DhREJEAT T LU T, KIAE HBV R E LT, A
GURE 55 20 21 circRNA (2B 10Uk AR B i 2, HCC 41l 4 i A 41 it
T KR R RN A 1 LR, anbuE 29 nmi 58, AR DG ¥ B W 5 0 T
FelRAR, - Rif, Rixt HBV &Y, HCC 4HAEM circRNAs ik K P W i 224k 21 i
A SRR RIEEFIRRBRIATE . AT HepG2.2.15 4l Ayt
A, Sl R AN, MRS AR T HBV BRI, RKIAE
FHELZE N mRNAs. miRNAs Fil circRNAs [ IERI A AT A . &5k, JRATRI
ESFRIEN mRNA FESE RNA BEFE. U0 R IR p53 %5 5 i@, 40/ 1
A1 p53 A5 B SR B VIAH R IME Sl . 4k, BATIE RN Z 7KL
MiRNAs 18I R0 5 22 53 A OC (5 S IE K, REUVEREAA G mRNA 1
MIRNA #3X% HBV YL 7 W% . 4h, 7E HepG 2.2.15 Fil HepG 2 Zifg A 4 71l
FIKT 13026 1 5672 4~ circRNA, £ HepG 2.2.15 1 HepG 2 4 f L3Rk
CircRNA 71, HepG 2.2.15 4iifiiu 75 186 4 circRNA FiA/KF L, 65 NFikK
R, FH HBV FURPAM S E T circRNAs B, B3 d g4 7k
. DMERIRT RS R E R, NF 90/NF110 (HBFRA ILF 3) ERE4IurZ s, A1
#E circRNA 7245, (HRRERERGLG, NFOO/NFL10 A MANAuAZiE NG0B iR, 1%
NF90/NF110 Jik/b 52 circRNAs FKIA T B4 A 7L 1) RNA B 4 7 45 R TR,
HBV [t HepG 2.2.15 ZHf, NFOO/NF110 fIZEiA/K b0, Fkal LIk K
NFOO/NF110 i s ik T8 HBV B 5 40T circRNA i, F R FE1IR.
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HBV [ 3 ZRHIE 2 — 72 & ] DAk B 2R (TG v S R4, I HnTrE s 1)
HENE Ay R AR ), AR S AR HBV 18 M 5 HCC MRAER
ZY)RFRE, HBV R A E DA E S T S AE S, 4% preS1/preS2/s,
preCore/Core, X 1 POLP, jE4Esk, MOREZ MUFIER, HBX {E i K ak
P R CE MBI IR 7, BT B0AE MAPK {5 5385 . PISK/AKL {5 5@ B Al p53 i
RSB AR (I TR (1 R AR PON28RST AR T rh, BRI AR T, R T
CIrcRNA i 21 550 3 IR YL RN A0 75 S s L5 2 RN RV E R R HE T S
FiE circRNA [IZEARFE K I circRNA-mIRNA-mRNA 1% ) mRNAs [ KEGG i
s R T R I HBV B AT 5200 22 Fh EUE (5 5 18 M (W1 Wint. p53 1 PI3K/AKt 15
SR S S (I T Ak, BURALEE, RB(E 5@, toll FEZ S
). RNA M FEIEZR, HBV A0 AKT F1 ITGB 4 K [ %k /K F
il DAEMEE RS R SR, AKT 5Myga /i HEMZEEA S, AKT
FE N JIiRg AR iR 40 i 0 0 R B LI e 2 — B0, kA, ik ITGB
4 JE DRI I R BT B AR BT F Rt 45 e i R AR B fE AR SR, JE x4
B AME SN KB, AKT M ITGB 4 % i& # f % 7|
CIRC_FIRRE1-NovelmiRNA-631-AKT #1 CIRC_FIRRE1-NovelmiRNA-631-ITGB 4
W2 R, B HBV 4L T CIRC_FIRREL (1%, i#id 5 NovelmiRNA-631
BAE, #m AKT. ITGB 4 K&K, MR EEM R B A R o Bl i — IR 5t 3% 9
SV40 YL T] RE 2 M AR 4 U5 I Vero ZHRLA circRNA KRB, ZRrE
L) circRNAs 2 5 & Fls iEAH S B, tbal, A CHEH, circRNAs e 5
B2 MU B AR AR P 5 5 R 1 BB X e SR, WA S, ML
[¥) CircRNA Ik /KT 2 (M AR R R, AT S MR i A DI 6 o DR G 3RAT T,
HBV J8& % J 160 I 31 135 43 22 57 R IE 1) circRNAs 7] §E 2L A Cir-ITCH. CiRS-7 AU
IR R, 2 g i S R R PRI DR 3300340 R 22 FRIE 9 22 B, #4073 CircRNAS
A LA 5 AR 5 AR AR AR, mOm s e 1 A A R ARy 2GR B R 1 H
[BOIST) AT 9 & B 22 57 3K 1K) circRNA J2& 75 6 5 8% 11 R 45 45 BBl 28 2 1 LA ik
HCC MIRANA R T3t — LI L. A2, TR 2 4Ly s m s 2
HBV JEE ZH I A A — 24 circRNA FIRER H T 8. BT 8K IE circRNA 3k
EAEH AR, 1M RIE circRNA =& HA YIS I6E? H Tk &A A5 TH i)
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WEFUARAE , R AT e S0t 7 U FE 58 HBV 2w Y circRNA )48 € J2 HAE HCC
KA TR D REAIAE FHBILA T i o
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HNE  kiETF HBV By circRNA B4 E

HE.

H T DL 7 DNA 99 2 1 s AR v] DU J 7] BT 3 TR L cireRNA, 73R
iE HBV &2 5 REE K circRNA, ¥ HBV FH % & 412 HepG2.2.15 [ circRNA %4
5 HBV Wi gk R ZHHHR AT LLXT, RIL 1 2% HBV Wl Re4ifid circRNA, 755
FERH | 489-2985 nt [X I 5E & ULHE, KEZ) 2.5 kb, 4N HBV circ_1. N T %
€ HBV Zift circRNA B F 2, HIHIAHS I 3247 ) 7] PCR, PCR 41 Sanger
MR ER, HBVEIER circRNAHBV circ_1 FIHEIELETTHEM) Junction site,
H A7 1) 5 e & 245 R — 20 FIAEE A Junction site S5 A% H IRIRET 1E4T
Northern blotting &,  #F— P #fiA HepG2.2.15 il F 17 {E HBV circ_1. 4R
MR LR TR, HBV_circ_1 HAFET HBV MEAHEIRIRFEAF . LE HBV
pgRNA 5 HBV circ_1 J#51, #Elll HBV circ_1 #J5T pgRNA, J& HBV Zil K] —
ANHTRNA 731 4h, HES R ta RS R, HBV_circ 1 fEFmA R %R
KPP TR 52 44, WS HBV cire_1 T 2 5 FF 40 M Jee 10 5 A A/ ek
J&.

K88 circRNA, HBV, HBV circ 1, %5

1 P —

Al

il

W& R TFBABT S, R T BB Z 1) circRNAs.  H TR 745 Rk
WA circRNAs H PUREREHLE= AR (B 1D, SN T HAMDE, ERIKSIH
WAk, W& TR RNA 25680 (RBP) IKSIFFA LM, il 4 RNA 7+
Xt RNase R BHEUR, 1M cireRNA & — MRG0, B irs i 57 K& 370, A
4 RNase R it 52 1% HAT45E circRNAs 8% BT 72 & 45K RNase R i
ALY RNA #3E17 circRNA mRd &0 7 B35 Wit & Ba9 (divergent primers),
PCR ¥4 circRNA Jx [ B33 H7 i (back-splicing  junction site), i#—
Sanger |7 36AIE A7 S B IERAYERL, cireRNA BI38E 5 ¥ S5l H 4P RNA 15
WIS, B — BT AR BRI . Bk, circRNA BHE5 | )75 W THE
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junction site P{I], #f{# PCR 41 A B A4S junction site, JLJRFRANE 4.1 Fios. H
TFIREE K54 cireRNA MIERENAL S (unction site) AT PRI IER ], N
et AT e A A B AR B G B AT 51 e, W divergent primer (8 SR IGIE— BT A
IR, T convergent primer ASRY 4 RNA. - 4k, I60T BLERXT junction

site ¥ it R4 Northern blotting. R A7 24382575714 5 circRNAS.

A — —)
I I
— —

B Junction site

S

& 4.1 circRNA 385 [47iR1HRIEEE
A, REE TSN RNA oF ERYREE. B, XWMAIRMES YRR RNA 5F
FHREE,

Figure 4.1 The schematic diagram of circRNA primers
A, Schematic Diagram of divergent primer on linear RNA. B, The corresponding
divergent primers on the circular RNA.

SHMEAR, WEEREEEA RN AR 78708 e R R 48T
e 5 5E 22 (15 R /2 i B 5518 LA AR — FhEL 2EHEmE . MOk OB AR W
FERIZHRR T Regmid s (1, R LA ARG RS RNA, I ELZE 5 40 B B 2 A4< 5 1)
FeHFIA AR EEAE AR, L, KT neRNA S 5500 1D 2 4k id
k% . EBJiE (Epstein-Barr virus, EBV) Zwidf/NENTE RNA (EBER)
B 3520 B (nasopharyngeal carcinoma, NPC) )& i, EB J% #5:4m 15 1) EBER
REHCHT & Fi i T 20 ML A T AR T A B T 4R (A 22 Re bk 28 (Burkitt #RELRD (1
ENERT, 7R 407 b, #5Y: EBER RPAEW] BAR AN Z Fas M ST
Ml NZEER%# (adenovirus, ADV) AI4Ridfi#EAHIC RNA (VAL Fil VAID),
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o3 EE E B AN A T ITR] VA | AT 0] RNAT I/ER, BLIE RNAI TTERE &Pk
VRIS, R (Simian virus 40 , SV40) A 4iA% miRNAs, 1505 8 2E K
MR M PR RA M BRI T 40 5 B, R RIE S i 5 (Kaposi’s
sarcoma-associated herpesvirus, KSHV) %8 [FFEREE BN RENE miIRNAs. kB
B, KSHV miR-K12-1 AJ3@id T i p21 JE [ A2k /K TR HEm 215 5 10 s T2
B, tb Ak, KSHV miR-K12-10a & A il 15 F e 2 B, B T Re g il
miRNA, KSHV £ fegmit K45 IE4 S RNA C(long non-coding RNA, IncRNA). K
J5T KSHV K85 gm i B iR T4 4% RNA  (Polyadenylated nuclear RNA) fg 7 #
STKP RS T A R AL R R 00 . R it e s B, B T B SR AR R
FE 1k circRNAs 4b, DNA i EBV Al KSHV H A W& 17 5 ) 5 s At T
DL I 7] B 3 B circRN A2,

b TR AAE R R HBV G T 4L cireRNA B /KF, HA Al fg
i IT circRNA-MiIRNA-mMRNA W57 HCC IR KJE. A2 circRNA
Jp 45 RN HBV FHEI4H M AT BEA74E HBV IR circRNA, Rk, TEARF 5T
rh R AR B i) PCR. Sanger 5. Nothern blot. 22345 F itk —#1FSE HBV fig
2w circRNA, JH3L HBV 4ifi5 (¥ circRNAs £ HBV 5% 1 T Mo 55 AL 2R rh (36
KKFAEAEZE 5, IS 78 HBV Zwfg i circRNAs T 52 5 T 40 s (1) & B AnTel k Jg
XARENWTFT HBV MR R L . R ENLHIR BRI A, A TR HBV
O e 2 O R B B3 1) 3 A

2 MR5EHEE

2.1 KA

Taq DNA F 4~ Fermentas 2 5] 7= il . DNA BRI T S Axygen A &) 7=
i DNA 5 #E 775 Marker vt 5t 4345 2 7 7 il - RNAiso Plus iX71)Jl) B TaKaRa
Ao [T & 2 real-time PCR a7 & 40 H 1k 54 504 A 7 . Northern
ARG, Je e B Abcam 2w, il A R bRiC KIZ R & B Thermo
Fisher /A %] . Ribonuclease R ( RNase R ) & H Epicentre A&l JRAL A4 AR £
W H F LR A, HREALS W E B AR . HBV K] S HH
PR H Abcam  Aw]. DAPI W H B REWEAR LA HmFhridil A&
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T HRP ARG FEHt i 196G —HiW H Protech 2 ] .
2.2 SEENFHRADTTREERERES
e B R AR A S BB A R 2 R = AR 5 07 2.3 K 2.4
2.3 HBV 4@f3HY circRNAs Tl
H findcirc #FET HBV EK4H 7 51115 B X circRNA #4710l . F Bowtie2
( http://bowtie-bio.sourceforge.net/bowtie2/manual.shtml ) ¥ HBV [H ¥ 41 i
circRNA Il 5 AT 35 ) clean reads 5 HBV 2% 3R LL X, KA & B #
(back-splice) M%7k M unmapped reads 2 1] BT U junction, & K F#
HUH circRNA 1ERIBE HBV 4wt circRNA.
2.4 [ PCR
R 5 v 3 0 TN 25 B, 4% HBV circ_1 ) junction £7 & 81 ¥ & B S
¥y (divergent primers)(primer set# F489: TTGAGCAGTAGTCATGCAGG #1 R2985:
GATTCTTTCCCGACCACC). #HUi RNA (JrikFAFT—#75), #8J5F RNase R

B 2: B2k RNA, X 2ug BN H RNA FBENL S| ¥ 8% 5% i cDNA, KRG
PCR# 1, PCR&KZUWIT:

10xPCR buffer 2.5 uL
Mg2" 2 uL
dNTPs (2.5 mmol/L) 1 ul
PR cDNA 1 uL
5% 1 (100 pmol/L) 0.5 uL
51% 2 (100 pmol/L) 0.5 uL
Taq B (1U/uL) 1 uL
ddH20 #h 2R 25 uL

PCR R P BN : 94°CTAE 5 min, 94°C7EHE: 50s, 58°CH 505, 72°C
M 30s, 35 MEHM, fJg 72°CHEH 10 min. PCR F=4it AT EX AE AR e B vk, [A]
W H B, sobEdE T 8k 515 B4 T T Sanger i/

2.5 Northern blotting

1D se5eds FL A RNA B B0 T /b 24

2) BCHAEPEBE NG R RN . PRI 1g BiEHE 22 90ml DEPC /K#HATREZ, ARl
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JE A IO 10 ml RS, S5

3) #E® RNA HUKAE M : 20 ug RNA 5 5uL loading 223 A& 1uL gel red 7%

4> L) 5Viem HLyK 30 min, FHRUKZE RS FH ORI 0 LF IR AR R A R R 4
AR GE: PRI AR KK

5) RHMIRGEBAT RN, Fe R4 53R4T 204N Bk

6) THAZ: TiAAZ 68°CHH, ARJGMMEIE -, 42°CHiZ3Z 1h

70 % XX - YW ® B o K K EH ( 5Biotion-
GTGGTTGAGGATCCTTGTTGGCGTCTG ) H_EiA T4k, H 10 pM 4l 42°C
P

8) WEME: FHARHR LB AE IR AR R YR 2 4k, &K 5 min, KGR
58 JRE I MBSV LE 2 A8 Ui P R BRI 2 Ik, R 2 miin

9) HE I TR A Z bR ic AL R B R A I 4 22 5 5

2.6 HEG R

2.6.1 AH IS HC il

1) TPBS: 1>PBS HiIA i S 4AFR 0.05% ) i i a5 o

2) EDTA BUJRBEM: 50 <EDTA (pH=9.0) k% 1x,

2.6.2 SEER IR

D il BHLE BN 63°CHAERE 1h, 255, BRREIKIEATIE,
s i B R . AR 2 IR, BFIK 15min—JE/K 28 2 ¥, BHR Tmin—>90% Z.FF 1
K, Tmin—>80% L BE 1 ¢k, 7min—70%ZE 1 K.

2) BUHE A ddH20 ik 3 ¥k, BRIR 3min (Mt FE K EDTA $ilEB S
HEATINHO .

3) PiEEE: EDTA HUEBEBMMMEE, K& RBON, I 20min.

4) BEIT s I A R T N YR M A B BELIT 7 (38.4 mI Bk
I EE+12 ml 30%3K FE ) H202+9.6ml ddH20), H5ts Fi2 ABHIT I & 10min.

5) —HEE: BUHSH, H 1PBS Skt 3 ¥k, —Kk 5min. NS &
FERPL (1: 10000, TE&EH 4°ChEF K.

6) —“PUIFHE: MACHUEEE, FE 1h 20, PBST Syt 3K,
K 5min. AN FITC ARic FIEPTR 40 (1: 4000, BEHFHE 1h, PBST ZErfilit
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F 3K, HX5min,  ddH20 ¥ 1 K.

7) DAPI #ft: j&n DAPI (1: 10000), 5% 10min.

8) PBST Zeyili A 10 min, H FIE Fr, fEifk.

2.7 WEFIRCHRETHIE

1) lug DNA it (ZEHEEGEZEE) oA dd H20 Hh & 28 1E4RFH 16uL.

2) DNA BB 7K 3 10min /EARMEARER, 2814 J5 S RISk Epr k& Ch
R ERURARIL Y, B Z5E AR T )

3) B EEAric BRI At dig-high primer (3 1) J8%4), B 4uL I AR
] DNA ™, JRAIERIAE L, AR5 37°CHEE 1h B AR, GEK I N E b
D
4) Ji 2uL 0.2 M EDTA £ 1k 3 8% 65°C 10 min Kif .

&
ajT|
y\
=

2.8 [RAZAAZ

1) s KLU TN 63°CHEAEHEE 45 min, HUESERUS, TNFEIKEEAT
i, Bl AR 2K 3R, WK S min—> oK ARE ETRRYE 10 kB
E— B E TR ZEE 1R, 5 min—96% ZFF EFIREE 10 k—96% 8 1%,
5 min—70% L b RIR % 10 Ik—70% 4 5 min—1xPBS % 2 ¥k, Ak 5 min.

2) |ABHHA, BB B BN 3% g Bp MR 1 B & A lE (1ml 3%
PRI 2 FRAE T B AR

3) TARAS: FHCE RN 60uL TA A, SRIETRNIR A 37°CIFE 4 h,

4) I3 MBEERENR 0.5-2ug/ml, I 60uL #REF, 37°CARAZIIW .  (GER:
F NI A

5) RAZJEWEH: EEEET, 37°C & NIRRT G: H 5>SSC 1E 37°C
AT R 5 min —H] 2>8SC £E 37°C& M T k% 2 X, % 5 min—H] 0.5>x8SC 7
37°CE&AF ¥k 15 min— 0.2>5SSC 1& 37°C& 4 Rk 2 Ik, &K 15 min,

6) JINE A 37°C 30 min,  (AJZEKEF IR [A] 4 2h, $EEAFRE) o

7 W hnAE EA Rt E ¥ 37°C 60 min 8% 120 min, 485/ 0.5M PBS
W4 Ik, &K 5min.

8) ¥l SABC: 37°C 20 min 5§ %% 30 min, /KJ5H 0.5 M PBS ¥ 5 min>4 /X,
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Q) W EM R E LS : 37°C 20 min B{ = iF 30 min, /XJ5 0.5 M PBS
P& 5 min>4 K.

10) DAB & ff: B 1 ml6>xDAB, f 5ml TBE #%, M 2uL Ho0, fic il i &
. WG G, ERME TR G, 30 min DIN, S RFHHSERA,
I JG 785 7K B o

1D FIARRE G HZAMKER S —~ AR R A%, iR E 5-10
min— E KK MBE 5 min—F 0.1% 2 #&- L8274k 10-30s (H /K LBERCHiI 0.1%
MIERER) — HR/KPE 1 min—7E PBS/PBST it 4 ) b 30-60s— [ K /K¥E 5 min—
1 95% LEEBK PR, R 5 min—fE FZRAEHFHE IR, SR 5 min— 2550
£, .

2.9 Real-time PCR I&iFIfARBLAEFEAF HBV _circ_1 AIFKRIAKFE

HBV BH 4 i 2H 2R 55 2 23 VLT3R 48 50 T 5 M K 2% 38— it JB R e Wi
T2 1 i B 15 F RNAiso Plus #2253 0.05g i 2H 23 /9 55 240 23 1) 2. RNA . Nanodrop 2000
€ RNA %, RNase R i1k RNA, #% 1U RNase R B 1L 1ug RNA Ik,
PAVHBRZ 1% RNA BT, 285 2 ng THALJG 1 RNA I BENL S Y I 7% 5 A B cDNA,
HF 4.1 TH i) HBV_circ_1 JE & 51 PRI 22 57 1K 1) circRNA. BLA B-actin ZE 1R
NHNSER, H 22T L5 RNA [RIA/KF. Real-time PCR VKR N:
2xTransStart Tip Green qPCR SuperMix10 uL, b+ TH#E5140% 0.5 uL (1 umol) ,
cDNA HiHz 0.1uL, 7K % 20 pL. Real-time PCR 25 % & 41 K : 95°CHiAE 1% 3 min;
BEJ5 39 MIEFR: 95°C 10sec, 60°C 1 min. &FANFEMESE 3 K.

X 4.1 HBV circ_1 =54

Genes Name Forward primers  (5°—3) Reverse primers  (5°—3")
HBV _circ_1 TTGAGCAGTAGTCATGCAGG GATTCTTTCCCGACCACC
B -actin CTCCATCCTGGCCTCGCTGT GCTGTCACCTTCACCGTTCC

2.10 FEALE

X H] GrapPad Prism 6 ¥4 X £ e it 40 b1, *48%K P {H<<0.05, **LER PEH<
0.01, ***{{3% P {5<C0.001.

55



P HBV ZRH5H circRNA 1% 2 R ThEert 5t

3 HR5SHR
3.1 HBV A48 HBV circ_1

NT R HBV 2 & AESwAY circRNA, AR HepG2.2.15 HF i 40 Mo it 1T
CircRNA Ml /7, 4 ANRe -5 40 i B R VT 1 e Z it 28 HBV B[R4 (3.2 kb)), &
1 ANEAE HBV 4% circRNA, H 515 R 4 | 489-2985 nt X I VLAC, K&
#] 2.5 kb, fiv %44 HBV_circ_1. HBV FI|F JL 2 [KI2H cccDNA 1E Mg % 5% H 3.5 kb
ALK ZH RNA (pgRNA), BLA 2.4 kb, 2.1 kb 1% 0.8 kb ff) mRNA, Lb# HBV
pgRNA. 3 F mRNA 5 HBV_circ_1 J¥%1, FATHEN HBV circ_1 KT HBV )
pgRNA, 1K 4.2 Fizn, pgRNA F a. b BN Sl BT YK Ak junction 47 4,
ifi7E pgRNA FESielf ¢, d Mgt e, f BT HINHAKIEMERFH), (HIE
HBV_circ_1 * HARE 7 — AR B EEZFH, BAVEN ¢, d fe, fH
G P A ] Red il A T RO T A, mEATE— 1 2.5 kb (1 circRNA.

T EAE HBV circ_1 B934, R4EEEENFH HBV circ_1 &K 73
HBV HEH4 FA S, ¥it kG149 (divergent primers), Fif% HBV circ_1 ¥R
2k (back-spliced junction) F Bt $2H HepG2.2.15 AT ¥ 4 i Bk 5. RNA, H ribo-zero
BRI Z R AZFER RNA, H] RNase R A £BRZME RNA, R RNA FHBEHLS]
Y 56 cDNA,  F R 514 primer set# F489 Al R2985) #E4T PCR #7#%, PCR
PG RN RUK)S, RIS I, SUBEBERUASS, #EAT Sanger MIF K E, 4
BEIR HBV ) HBV _circ_1 IFAIELE a. b AN A (B 4.2) FERLH junction site
Fa, H5EEEn A &P HBV circ_1 ) junction site /751 —% (& 4.3A), i
£ HepG2 KUF cDNA FE & F489. R2985 1 R B4F 71 (1) Fr B, T HALE
HepG2.2.15 #iijfid H 47 7E HBV HZYE T circRNA.

R 72N HBV circ_1 MIFAAE S 8L, FRATAE HBV circ_1 34k

(back-spliced junction) Ab#cit 1AM Z=ARCH 4 DNA #R%F, FIH Northern
blotting #:ill£2 i3 RNase R 4L FRiT ) HepG2.2.15 4Rl RNA,  FRIh6 I 2) BH 1445
5, U4 RNase R B4 FE L 1) HepG2.2.15 4 il RNA FRAZ4E HBV circ_1 (& 4.3
B). BT HBV_circ_1 /& 7E HBV BH 44 (1 -9 40 i v A LT, BRIt B AT 13— 25 H HBV
ff) S B APUAR HBV_circ_1 5 T HEREHG I HBV AHSC I R G IR FEA, 45 R &
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ANAE HBV AR S ZH 208 v v mT AR U 2 B 2 1) S 5 B A =2 (5 5 (&1 4.3 C),
XA, W HBV FH R A 2 A77E HBV Zwtid HBV circ_1. &1t 4y
TSR AL AS K IS RE A6 2] HBV _circ_1 FIFELE, 681 HBV circ_1 Afiszr=4:
T HBV FHPEA AT RAEA

A . T~ agh

a
20850t %

4.2 HBV_circ_1 FZRkHEI
A, HBV EHBAREFFNIEE (open reading frame, ORF) REE, LRKEBFRR
HBV %R AIFERPEIR pre-genomic RNA (pgRNA) . BEBRILRR
HBV circ_1 £ HBV EREHEFHME. B, B pgRNA R AAIFRIR RNA

HBV circ_1,

Figure 4.2 Formation mechanism of HBV _circ_1
A, The diagram of HBV genome and its open reading frame. Green line represents the

transcription intermediate of HBV pre-genomicRNA  (pgRNA) . Blue line represents

the genomic locus of HBV _circ_1 in HBV genome. B, a circRNA HBV_circ_1 derived
from pgRNA.
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L &
A B \\;\ \\.-,\
Back-spliced juction r |
/’ NN 4 Divergent =——s
i GTTC
I-IQ.V ¢ ‘I GTT( o ©— HBV circ 1
HBV _circ_1 (]
\ HitL
. : {11 H [~ TS
—>» divergent priraer AL b AR :
. Sanger sequencing HBV circ 1
corvergent prraer e
C ; DAPI S-protein antibody Digoxin-HBV_circ_1 probe

0 pm 50 0O pm
|

0O pm 50
S — |

4.3 HBV circ_1 BYEE,

A, RT-PCR # Sanger MFIEIUE, AEZFRRERE HBV circ_1 U5 R ~EE,
HhEEZ RT-PCR F4JEEIKE, HEIRZ RT-PCR P4 Sanger MF. AEHF, &

SskRZRRMS 1Y, Bk 1S HBV _circ_1 R AIBIHIEREIR, £ G853 Sanger
WFFEEIRYESLIR. B, Northern blotting 3&iE, C, JRAZRAIGIE. LHFA HBV
PRMEROFPEEZR, THE HBV FRMFHEER. FEIRR S EAYUR, 1
=7~ DAPI, HESELRRMEFIRCH HBV circ_1 RrF IR,

Figure 4.3 Validation of HBV _circ_1
A, RT-PCR and Sanger sequencing validation of HBV_circ_1. Left: the diagram of
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primer design for identification of HBV_circ_1. Middle: the electrophoresis RT-PCR

products. map. Right: Sanger sequencing of RT-PCR products. Black arrows represent
divergent primers, which are used to amplify the genome region of HBV circ_1
containing the backsplice junction site. Red arrow represents the circRNA back-spliced
junction site by Sanger sequencing. B, Northern blotting validation of HBV _circ_1. 18S
represents 18S rRNA, as the internal control. The total RNA per lane was 30 ng. DNA
probes were labeled by biotin, crossing back-spliced junction site. C, Validation of
HBV _circ_1 in tumor tissue with hybridization in situ. Upper: HBV negative HCC
tissue. Lower: HBV positive HCC tissue. Green fluorescence indicates the
anti-S-protein polyclonal antibody, blue indicates DAPI, white arrow indicates the

Digoxin-probe specific to HBV _circ_1 probe. The first anti-body is rabbit anti-S protein

polyclonal antibody (1:1000) and the second is FITC-conjugated goat anti-rabbit 1gG
(1:200) .

3.2 HBV_circ_1 fEfFEARPRIKESTES

N T BRI HBV circ_1 /2 5 s kik, ATIFE 80 41l HBV AH K
(HCCT) AgEsmdl4y (HCCPT) &R, FIH R A2 vFE 17 HBV circ_1 1E Il
IREEA I FRIZKT, Giitgs RigoR, HBV_circ_1 fEPRBA S FRIE KT B3
P T 52404 (B 4.4 A, B). real-time PCR il 45 5 27, HBV circ 1 7F
P AL R Th R 2RE K L1 R S5 4L 2R 20 1% (K 4.4 C) BRIEZANRATIE RN
HBV_circ_1 P N A E B 2AK T HBV circ_1 BIPERIW A (18 4.4 D)
UEAEN HBV _circ_1 W RES: 55 JH-4H s (1 R AR BRUKR SR 1E R
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[ C3 &
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S ~ 60
5 T
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- 2% 101
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E 0.5
Y 0N
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{ : AN 7’ »
—— HBV_circ_1I positive
B P D 1.0 —— HBV circ_I negative
T 151 * ;
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‘E § —_——————— ooogeee
23 0- —— 0.0 T T T 1
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E -5 T T Survival days
HCCPT HCCT >

4.4 HBV _circ_1 fERHEARPRIOKESFESHEHR
A, RN FFEFER RS R HBV circ_1 BIFRIAIKIE, B, fFHE (HCCT)
MEFELR (HCCPT) ShIRMZRAZERAISGE. C, reai-time PCR A&iATE
(HCCT) FEIRAREL (HCCPT) #AF HBV circ_1 RIRIAKFE, Ak P
{§ < 005, D, HBV_circ_1 [AMRIASEESRENFEREX.

Figure 4.4 The expression level of HBV _circ_1 in HCC tissues is higher than that
in paracancerous tissues.

A, The expression of HBV circ_1 in HCC and paracancerous tissue microarray was

detected by in situ hybridization. B, Statistics of in situ hybridization results in

hepatocellular carcinoma and paracancerous tissue microarray. C, Detection of

HBV _circ_1 expression in hepatocellular carcinoma and paracancerous clinical tissue

samples by reai-time PCR. *reprents P value < 0.05. D, Positive expression of

HBV _circ_1was correlated with worse overall survival in patients with cancer.
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4 TR

JUEHE EAZ R P E R LK E R circRNA, {HA4 5595 7 /& 75 A T K circRNA?
FRARIEEH D BHitFidigsett, J& T DNA F#E I EBV Al KSHV tHAETE L
circRNAs. Ungerleider %% AF|H RNase R-sequencing /7 vA7E 1, I, I =FRE R Y
[¥) EBV J& JL 4 B2 7Y o 2558 Y EBV REZAY circRNAs, J K ILIX L circRNASs {3
5 FFHT EBV G SRR URAH AL B3 K, A6 A0 A A e S .
ZRBUNTE A EBV 4ifi ) circRNAS £ EBV AHSSHIR IS RER ML T 3L &R,
Toptan 5 A tH R BIIAIR DNA 8% 3 (EBV Al KSHV) RegmitIfik RNA, EBV
it ) KA AR 1 circRNA 58 22 b 7 A 7E4H IS A, 17T DR BE 74 1) circRNA
T PR A A% A s T KSHV 4t ) circRNA 220 i J5 A 4 i A% b #8234 14,
HBV & J& TV T DNA Ji 8 B — Rl DNA WisE, JEFHRA 3.2Kb, Aesli
AMERISMERT R, I SETEAL SRS, RS RET, 5 HBV s
AL AP TS AR & — AN BRI A BRI A B 1 . A 70 I\ H AT 78845 circRNASs
T, EW HBV BEJE K 2.5kb [ circRNAs, Bl HBV circ_1. HBV FJFH H Rk 41
CCCDNA E bR % 536 H1 3.5 kb BTFE 41 RNA (pgRNA), LLJ 2.4 kb, 2.1 kb Al
#1 0.8 kb [t mRNA, 1 pgRNA ] 55 5% HU L R 2H DNA 7E 4l 2 4% 00 55
ANEE AR A AR A0S, % HBV circ_1 5551 5 HBV RS A 7 710E T i,
HBV circ_1 7EFF4 K/ E 5 3 7 mRNA # 5 AR [H, K AT BAAA N HBV circ_1
A JiT HBV ) mRNA #3A, ¥ HBV circ_1 #4515 pgRNA b, 44
CircRNA [T 3, BATHEN pgRNA R A 3.1 fitn it 7 20l it — IR BT AL,
X ERIET EBV F1 KSHV [ circRNAs ITE 7 A . EBV Fl KSHV Zwh it
CIrcRNA S5 ki T B N & 7RISR 7 1 A0, i HBV_circ_1 R H TH:3%
R fA pgRNA.

HORARZAEYE R W circRNAs 7£ HCC 4 ZURNIE 8 4141 R A7 AN R R FE IR 35
H H. circRNAs 122 7 %3k 5 IhEE . HCC IR BRI TG #1319 & . W Cul2
circRNAR, circHIPK3R, hsa_circ_ 0016788118124 7E HCC R hRiL/K & T IE
WHL, HEGZAIMIGIE . T8 KR 2RI IR IR . hsa_circ_0016788 it /24 iy
PTG R T A, circSMAD2M, circC3P12%, ¢SMARCASGPY, Z7E HCC
HLPRIEKE T, AATER ARG A0 M35 58 . L 4% J 1298, cSMARCAS5 #l
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circMTO1PLERefE st T EABE i, HBV AR SR 4 ZUE R AL A4 A2 A0
I PR 2L PV A B RG  485 BR 440 2 7% HBV_cire_1 7 R 2 43 1 36 i /K - S5 3 1k v
T2, iR HBV _circ_1 A gEIR7E HCC 2 53R IA 4 Ml circRNAs —
MG TR RRIEREET, 2 5FHRENRAEBURERRE, XN
AE S 70 HBV HIA) 2= ThRe AL 7 o7 1l

H BiA R FEIE B circRNA RGBT 2>, Wi FEE BT circRNA 2 5 H A
AEPEETNRE? TEIRIR RS RA R 2 WAME. BRI, ARSIk
FEWR IR L ZAREA T R T HBV BE4HY circRNA, BEIt 5 22058 HBV _circ_1 IThAE
Je A FINLEIA 7T e R B0 T 8 EUR ML FE RS 4, R &
FIERE o 57 circRNA 7] LLVE A RNA A0 FU R B R R 48, (RS
T2 NI BRI 2 /N L3845 8 S5 B R 13 i R 2H B R ), 1X 48 circRNA 7E
TR FE R AL T 5 N SR SR A SRR I HBV _cire_1 H 1A B T e i) K &
A TATH T RE S L B HNAYT B A S m v SRR R 4,
HBV_circ_1 /£ HBV #2159 55 41 Rk K T 11 28 M 35 TR % 8 i) A
YE8 HBV MR I B e A bR . B AT HBV 9 B33 BARE FE 5 BRI T
CRFWRT N I B DNA [RS8 RNA AT REFE REARRTE F 4R P (1978 206 KR
e, BATRMEEIE RGN . R0, 21 RNA 2T 5 5 1
BEf, SXOMRTINTT SR T AME. circRNA BA & IREEH, XL RNA SRR
fift, FasEMEE, Bk HBV circ 1 AJREME N HBV RS K12 Wibr .
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$AE HBV circ 1 £MFMEERESFHHIRR

WE: 4 IR HBV circ_1 fIZhRg, FMRAMLAI T T HBV circ_1 X
T 40 B R BURRAE FO s, S5 R EoR,  HBV_circ_1 {28k HepG2 413 . 4
PR BAERE . AIERE, A0 T2 RNA pull-down FRU ' 2R B 2 (R 4R
H R 9 B, HBV circ_1 At 5 hsa-miRNA-6124 T {E 145 ST7 (Suppression of
tumorigenicity 7, GenBank: AK297510.1) ik, T H) A& A=A/ el k& e 52 2]
HBV _circ_1-hsa-miRNA-6124-ST7 2% 111847 . RNA pull-down. RNA 548 H 4
#EUiE (RNA Binding Protein Immunoprecipitation Assay, RIP) 454 i i/ #r %t
HBV_circ_1 MG EEHAT V%82, KU HBV_ circ_1 R85 A& A K 13
(cyclin-dependent kinases 1, CDK1). A% #H ¥ 4E{# K]+ (Elongation factor 1-alpha
1, EEF1AL) EZMEHHEAE. %76 Western blotting #F—iESE,
HBV circ_1 f£5 CDK1. EEF1A HAE, WiR HBV circ_ 1 Al Rgild 5H& A LA
VTR AR R BURE . UhAh, BATIERIL HBV circ_1 Al {Eidt HBV il 4
il CDK1 & H/KF. KB HBV BEJE L IIRETE: circRNA, HBV _circ_1 7 HBV #H
KM R RIBHEEEM M, HBV_circ_1 G MIRERCNIAIT HBV B4
70T HE R

S:457: HBV; HBV circ 1; ST7; CDK1; EEF1A; HepG 2

1 BIS

HAT, CircRNAs FJAEY)Z IR 2 K% 6 JiTH: 7824 miRNA 4544 LA
HIhae, A MEEERY S FAEE T NmiRERAERT RIS, Ei
pre-mRNAs HIEFEMEBIHE, 5 A4S Nmiisl s A, SEEAORE A4
(RI2H 4 B 45 2 S e e, MBI BRI S A A . 72 miIRNA Bl
HE AR CircRNA A MY ThEE. mIRNAs i — ik (A 1 5
T, BRI B4 A mRNAs 53 mRNA B & & RP), circRNAs FR4
A MiRNA 25407 45, IS A LA mRNA Te4+PEH 5 miRNA £54 . A /MiKAs
FHOREE A 1 #5%k A(cdrlas 8L CiRS-7) & A 70 Z /MR SF I miR-7 45447 Bl.CDR1as
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5 miR-7 45 A FT miR-7 #1 Ago 2 & FRF - PEAH B, AT BH IE miR-7 5 %E mRNA
Meh Ao KIETHER e Xk Y (Sry) (1) circRNAs f8 1 16 > miR-138 145 &
s, N4 circHIPK3 RENRET miR-124 M i 3% 4 A 2 K51, JTER circHIPKS
1M HIPK3 mMRNA FRIE KA A AR IR B0 T 20 A e i 25 410 o XU 3R i
i RGELIGUEY] 1 circHIPK3 7 LU B 9 # miRNAs, Jf Hit 5 18 AN FIRER
MiRNA 45 A7 . HA, circHIPK3 Hi#% 5 miR-124 454, ] miR-124 i1k
CircRNAs [/ 1E8 miRNA M4 1R41, BB REIE N AE4A. circRNAs it 55
A4 G, BREARHRE. AT EEENE. SRS EEARE SR .
il circ-foxo3 7E ifiJes 240 i v = 2% HL 5 40 i A gk R A OGO, T BR s
circ-foxo3 REMS (L REANMIIGTE, 17 5 =y 2R3 circ-foxo3 T4 i J) 41 AR 52 4 i o
circ-foxo3 BE-5 40 i Ji 1 5 ORI 40 i R S B B0 2 (RO A 7 R EE
il 2, CDK2) A4 1 & A MO vE s Al 1) 1 (p21) 454, MM
circ-foxo3-p21-CDK2 —JuE &). 8%, CDK2 e M i Biarm A 4 & B
HH E Gt R, m—H p2l Bus W< H] CDK2 5 BEH
) 85 A AT BELLE 2 i ) 3933 20D, cire-fox03-p21-CDK2 =t & &¥n i 1
CDK2 [FJZhig, MifiBHIr 7 40 3 ERE . tEAh, circ-Amotl 1 i85 c-myc. STAT3
(signal transducer and activator of transcription 3). PDK1 (pyruvate dehydrogenase
kinase 1) 2 AKT1 (AKT serine/threonine kinase 1) 45 & {233k 5 7 3 N 400 4% ,
T 8 5 5 5 R ) IR
R CAEEAZ AN R IR circRNA, (HEIERHIIREH4E % A IR,

TR BT TR BILE) circRNAs 25 T 2Rt K AR R EEL, SR1, 2417
LR TiEE circRNAs DJRefIHkiE .. A 1 B HBV circ_1 Zhge MERMLE], £
W5 HBV _circ_1 X e 40 i 38 UL 52 ma ) JE Atk |, JEF circRNA 7] DIE A
MiRNAs K 2 [ <4k, A HBV circ_1 M HAE miRNA K& AT 7%
€, WY HBV HHRHI VR TT 2500 RS2 BEAE s

2 MREREE

2.1 SCIRFAHY

2.1.1 AR R
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PLCDH-CIR H AN AR EFEAF 7 ah, pmirGLO WL REBE, HW'E W ICERIA
¥i pRL-TK A Promega 2 7175 i o

2.1.2 R

Lipofectamine 3000 14 [ Invitrogen A&, A ZEARICH NTP A% KA K
i, DNATaq &84 Fermentas 2 =] i, DNA JEIBGAF G Axygen A\~
i, DNA FRifE 5+ & Marker b 5T 4 204 24\ 77 i, RNAiso Plus i 71)1% H TaKaRa
AT o S ARG K real-time PCR A AR &3 B Ik n{ 44 A =], DNase 1.
T4 DNA IE# .RNA pull-down( & H )i 57 &% B Thermo fisher 24 &, Ribonuclease
R ( RNase R ) & Epicentre 2], W& BN EIW H Promega 2 F .
CFSE %4kl H Thermo fisher 22w, 4Hi A A& (P1E) WHESXK,
YU A IR & (Annexin V-PE/7-AA) T H By, 4iRiE /N5 A Costar
AFE A . CDKL LR H I A A4 EEF1IAL, PHB, U2AF35 #ifk, CY3
PRIC I EERE R E GenTex A#].

2.2 HBV_circ_1 ITRIAF A2

N7 Mo HBVircl i R & 41 L ok, @ I 5 W
pLCDH-HBV_circ_F/pLCDH-HBV _circ R (% 5.1) ¥ 1% HBV _circ_1 K&K F41,
IRJGWTEREFIFRR RNA %A%k pLCDH-ciR ] EcoRI /BamHI 3k 4 ki
pLCDH-HBV_circ_1 (K] 5.1A). N T BiFZEMAEAR N TE K HBV circ_1 [ fE
439 0.5ug Al lug pLCDH-HBV_circ_1 Jfiki % %% HepG 2 4iiffl, 48h J5Ui&E4n i
FEHLRNA, 81t RT-PCR, Sanger 7 36 i1F 244 B (1) A 14, FF38 1T real-time PCR
il HBV_circ_1 KR IA/KF. RT-PCR #il real-time PCR &l HBV_circ_1 fiiH 5]
YirlE, WK 5.1,

% 5.1 BERERIMERERIGIE HBV circ_1 FrgE5 |14

Genes Name Forward primers  (5°—3’) Reverse primers  (5°—3’)

LCDH-HBV circ GAATTCTGAAATATGCTATCTTACAGGA  GGATCCTCAAGAAAAAATATATT
P - TCCTCAACAACCAGCACG CACCTTGTTGGCGTCTGGCCAGG
HBV circ_1 TTGAGCAGTAGTCATGCAGG GATTCTTTCCCGACCACC

B -actin CTCCATCCTGGCCTCGCTGT GCTGTCACCTTCACCGTTCC
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2.3 {K9MEEE HBV circ_1
EIGH T7-HBV_circ_1 ERiF51%) (3 5.2) 3@l PCR ¥ 3R 1G7 A T7 J52)
T I HBV _circ_1 IEAKFH, F LA DNA (ERIRIMNE IR, T7 th4h

SRARRUNT
10xT7 RNA Polymerase Buffer 2 ulL

50 mM DTT 2 ulL

ATP, CTP, GTP, UTP each 2 mM
RNase Inhibitor 20 units
Template DNA 20 ng-1 pg
T7 RNA Polymerase 50 units
DEPC 7K #h 3] 20 uL

37°C/ M 2-3h. MG, M 2 uL DNase I BT 1L DNA iR, 2 )5 F
My, SAT4ik RNA. SR)EH 40 RNA it T4 RNA Ligase i 2 p3r, 4
IR RN

10 x Reaction Buffer 2 uL

RNA 50-100 pmol
T4 RNA Ligase 1 uL

Rnase inhibitor 0.5 uL

10% PEG8000 4 uL

DEPC K%k % 20 pL

25°CJ ¥ 2 h, 83 16°C = ML, 98 J5 FH RNase R EEVH LA A 26 P RNA,
AR R UNT

RNA 15 ug
RNase R 1ul (15U)
10 < Reaction Buffer 2 uL

DEPC 7K #h %] 20 uL

37°C ) 20 min, SRJEIEEE . S04k RNA. I ERER 5 41 % circ_gfp
VERRHIR . AR AR circRNA IS, B ANE Sk R Nk 22 Pl NTP
HONEYIEARICH NTP,
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% 5.2 {RIMIGARREES 14

Genes Name Forward primers  (5°—3”) Reverse primers  (5°—3”)
. TAATACGACTCACTATAGGCAAGCTGAC
T7-circ_gfp COTOAAGTTC GTAGTTGTACTCCAGCTTGTG
. TAATACGACTCACTATAGGGATCCTCAA
T7-HBV_circ_1 C AACCAGCACG CTTGTTGGCGTCTGGCCAGG

2.4  YHREFREMFAEIGN

2.4.1 2 0 1 e A )

1) CFSE ficiil: F DMSO RCHil#HE N 5 M [¥] CFSE figf79, 5 FH i F JC if i
P RE R AR A 5 pM. AR

2) 1x10° HepG 2 #MMuki7% 24 h, SRJ5H 4% 40 pmol R4 L SHIE M I
HBV circ_1 1 circ_gfp, 24 h J5i4T CFSE 4Lft,

3) CFSE #fh: ML REHHELE, F 500 pL o MG IR A g4, oA
SEORARIY CFSE AR, 37°CHEOGIFE 10 min. (g & A2 AR08 J L4 o BIR A1 1%
F)e

4) WP Hia 4 g 2 1k CFSE Buth, bt v de iR & ig=2: 1,
IONTRA B 375 f5 = A E 5 min, 203 1iE.

5) PR REVE M, 3000 < g 2.0 5 min, AN SR FRILRE % 24 h
Ja i AN AS A% (CoulterFC500, 3% [E Beckman) A&l 41 i 4 55 .

2.4.2 2 L JE A

D) ZHRE S AES . FERRETE AL BRI AR, 1000 g #5.0r 3-5 min, JLHE4NAL.
ANOIR R EF, iR IGE AR, AT RABREE 2 S0l 54 R TR . FHZY Iml T4
[ 1>PBS H M, HEHEZE 1.5ml B.O0E N . FIREQUEAM, N0
%, ATRABRE 2 S0pL 22 A BRE IR . iR A st B0 R LG 2 2 AR L, e S 4
F e o

2) MM E: RN NS Iml TR ) 7T0% LBE T, BRBRRITIRS), 4€
[l € 2 h BEACES (). [&]5E 12-24 h ATRERAR B AL, 1000= g &0 3-5 min, JTIEA
o /NOIR R 35, BREAZ) S0uL A AT 70% 2% s o B 4HE . I NZT 1ml T4
¥ PBS, EEAAE. PR OUTEAM, ANOIRER 136, wTRABREIZ) 50uL 7245 1
PBS. iy B0 I DUIE 2 7 B A, 8k S 4t i ]
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3) Yeft: AEEANALAES NN 0.5 ml ML T nE YL i, R8T TR RN
UUUE,  37T€ B 30min.

4) AR Hr: R AN ARACTE SR B K 488nm I8 K AR 4T €25k,
7 A 00 ' e AR 0 o

2.4.3 0 T AR

1) F ddH20 % 1:4 FRREEEG 8 (Aml 25522 0ili+12ml £ 877K,

2) FH 4°CTive i) PBS WEdlML 2 ¥k, H 250ul S5& el =gy, HT
FHE R 1>408/ml;

3) HU 100ul AR T S5ml maEH, I SuL Annexin V/PE, =i
WEOELIEE 5 min.

4) [ 4B R N 10pL 7-AAD &

5) TER N EF N 400ul PBS,  Jil4iffif (FACS) 43#T.

2.3.4 AT A A

1) ¥ BD A=l Matrigel #B 8 %, WHX 50 uL 4T Transwell /N=H) F2
JE b, SRJETF 37°C 7CE Y- h i Matrigel & R -

2) dHfHREERTE AL, SRR, AN 110°/ml, [A] Transwell
/NEI EEN 100 uL A8, = 600uL & 10% FBS 35773,

3) 7 24hh J5, FELERE, NOIUE EE, FHEMRSEEE AR
F PR 2 A

4) A% R E 10 min f5, FHEEBSYREAT G0, KB, T, BURK
FLUEHE, 8 BT AN B4 .

2.5 RNA pull-down  (f5EE{E miRNA)

2.5.1 ARk A il

1) ZRBER R

KCI 0.37275¢
Tris-HCI 0.1576 g
MgCl; 0.050825 g
NP-40 250 uL

DEPC /KAt E A2 50 ml, i pH £ 7.5
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2) TENT ZziR

NaCl 0.7305¢g
Tris-HCI 0.0788 ¢
EDTA 0.0146 g
Triton-100 250 uL

DEPC /Kt il 42 50 ml, i pH £ 8.0

2.5.2 LB IR

1) WL 1<10° (1) HepG 2.2.15 4, H 1 ml FiA [ 1>PBS B0k 2
R (BRI 1000 >g, 4°CE5.C 5min), 2RJ5 M4 A 500 pL i) 2 2 MR S AR

CEFI AT N 100 U/ml RNAase IR0 8 EGH0HIFD RV, 12k
247 10 min,

2) YHHIZLARIR 12000 xg, 4°CE.0r 10 min, YE EiE&H .

3) B 150 i 4 24 AA 3, N 200 pmol A & FRic FI3R4ER (55 Northern
blotting I it H IERET 21— 30, AR5 FHINA 100 pl TENT Z2ifil, =i ie e iR
%1 1h,

4) RO EEFEHERTE, W50 Wb £ 15 ml #ofEd, A TENT Zhiis
PeBifliE, 1000xg, 4°CE 0 5min WELE, KRMR S HERERERATRSY, =
IR9%E 30 min.

5 FEHLKHEAMEOLEER, 7 L.

6) [ PLE I 1 ml TENT ZZnbti%, 1000 x<g, 4°CESL> 5 min, 3 EiF,
HH 5K

T PLEE AV RNAiso Plus $#2HL RNA, FIAH miRNA #5514
Has-miR-6124-RT #E4T e CGPERFIRT), RJFiH1d real-time PCR & ill miRNA
BEIKT, RIS RE RS YN 5.3,

2% 5.3 miRNA REERH] PCR 3|47

Primer Name Sequence (5°—3’)

Has-miR-6124-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCCTCCC

Has-miR-6124-F GCGCGGGGAAAAGGAAGG

Has-miR-6124-R ACCTCGGACCCTGCAC
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2.6 MRS CERBBE MR N CREE E R

2.6.1 R %O FR B 15 FE R 44k

N T BE—BIRIE HBV circ_1 5 has-miR-6124 [ E B AR, FATHIE T XX
Xt R® M O OEF Bk . H/ & o I B RNAhybrid 2.2

(https://omictools.com/rnahybrid-tool) il has-miR-6124 5 HBV _circ_1 [ 45 &7
mOBL Je ST7 AR 3UTR M 45 & 6 s, MR W4 R ik sl Y
HBV-miR-6124-Forward/HBV-miR-6124-Reverse D\ M 5l Y
ST7-3’'UTR-Forward/ST7-3’UTR-Reverse , 4+ 5 F T ¥ # has-miR-6124 7%
HBV circ_1 E&E &A1 (1179—1378nt) 741 LAz ST7 2[4 3°UTR 45 &1r
A5 (GenBank: AK297510.1, 1811—2030nt) /741, ¥ 34 DNA F BFH Sac1 1
Xba IBEVI 5, 73 BT 5e et 444 pmirGLO. ¥4 % (1 B 4L TR 45 4 a0 5.5 Fim o
3R 5.4 WSO RIS IR SR EEARTRS 1)

Genes Name Forward (5°—3”) Reverse (5°—3”)
HBV-miR-6124 GAGCTCTGATTAGGCAGAGGT CCAAGGTCTTACATATCTAGA
ST7-3’UTR AACTTTGTCATGGAGAAAGT ACAGCTTTTAATATGGAATA

2.6.1 G FR M MEAS I

HepG 2 ZH i LL 1>10°/FLAMLE 24 FLAR T 359% 24 h, K 0.4 pg I EEZH pmirGLO
JRKL, 0.04ug ' %6 KB R pRL-TK LA 2 pumol miRNA il {4 i it
Lipofectamine 3000 415344 453t HepG 2 4Hf. 3577 60hh, ] 1PBS ¥E4HMI 2 7K,
SRIGTERFLAIA NN 1001xuL 4HHZLMR GRF & 5>l ddH20
MREZ 10, =ERAME 15min 5, VEEMBRAMAR, 200 L3, Nanodrop2000
58 B R P o k) 6 U B T o K RSO R R B 5 G R RO IR
100ug FOER A RE B 2 ShEe kA ¢ GloMax Muti Jr , f#[E Promega) 7£ 465nm
WK NI R IAE . B Ja THEARX SOG R BE T, RIS e F B M1
FSERBEETENE . R ER LA B A Mimics-NC . miRNA B i
FOEE AR AR, FAI R 5.5,
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2% 5.5 miRNA &R FF
Genes Name Sense (5°—3) Anti-sense  (5°—3”)
Has-miR-6124
o GGGAAAAGGAAGGGGGAGGA cucccccuuccuuuuccuu
mimics
Mimics-NC UCACAACCUCCUAGAAAGAGUAGA UACUCUUUCUAGGAGGUUGUGAUU

2.7 siRNA T2k HBV circ_1 FRiX

N T HepG2.2.15 4HE ik HBV circ_1 /K7, #R¥E HBV circ_1 [
back-spliced junction £7 £t T 3 2% siRNAs LA B L FEHLHES siRNA-NC ([
XTI . SIRNA B Bl R AR A%, P8I LK 5.6.

2 5.6 siRNA F45

Genes Name Sense (5°—>3”) Anti-sense  (5°—3’)

siRNA-1 CAACAAGGAUCCUCAACAAuUU UUGUUGAGGAUCCUUGUUGgc
siRNA-2 AGACGCCAACAAGGAUCCUuu AGGAUCCUUGUUGGCGUCUgg
siRNA-3 ACGCAACAAGGAUCCUCAuU UGAGGAUCCUUGUUGGCGUcu
NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

2.8 RNA pull-down {515 circRNA B{EFE&EH

D WM, &R A 1<10° (¥) HepG 2 40, FH 1 ml T4
1>PBS B ORI 2 % (£F% 1000 >g, 4°CES L 5 min), RJ5 40 i 500
ul B & AR TR, R IREARAE, 7EUK EZEA# 10 min, 12000 xg, 4°C
B0 10 min, YitfE B3, Nanodrop2000 5 ¥ FE & 45 .

2) WEERTALER: /N EERHEER, TR 40 uL #4EkE 1.5 ml nuclease-free 50>
B, RN RO E T2 EUERIER, F 2 A58 0.1 MNaOH Bk 2
%, 50 mMNaCl & 1 ¥k, 100 mM A HEEE/K¥E 1 1K,

3) AW EFFICH RNA S8R BRGSO

©  HKEBOEE TR, SFRHERTINEE, 519,

@  FSERUY 20mM Tris  (pH 7.5) R4 H BT

®  EESRO-O.
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KB 0 B TR FIERER, 3 1.

IMNEERFR 1RNA FHIREIR, i E Bk,

[ REER NN 40 pmol AR FRILH) RNA, BRERRS.
FEBSNFE 15 - 30min - (HLIE 4CE A, I A 10x RNA-
HAZGGWE 10

4) RNA 5EA%E

© KELEETHAL, WEE, 7 EE.

@  IIANZEAEF 20mM Tris  (pH 7.5), AR IR 51 H 2Tk .
® HEPRO-Q.

@ =H=HHEO.

©

[ EEERP I 100 uL 1>RNA-FEHE S W, RRBEAEBEEOEE T
158 ESEERERR, F .
@ RNA-FHEAZAEHEAWT

10> Protein-RNA Binding Buffer 10 uL
50% glycerol 30 uL
Lysate (>2 mg/mL) 30uL
DEPC water #h%2 100 uL

AR N R DR 100 uL RRBDRAWR, FIFIRE), 4°CHitn g
30-60 min.
5) RNA-FE A& H YT
K0 E TS, WS, 7 1iG.
[IREER AN 100 uL 1 PefiZEphil .
2 WOPBROM.
HELRO,
® IMANEE AR 50 ul 5 95°CHN# 5 min, fEfi SDS-PAGE HLjk 4 #T
2.7 WSk %E:
D [5E: HEURBCE T Eel+h, A E 30 min;
2) Btk BRE THAE, ¥ E 30 min;
3) 50 mL B F/KIEHEEER, BE 3k, BHIR 5 min. CJEHEEER 1Y [F B e il

®» @ O
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FRERVETR . B RN 2 1B D5
4) A 50 mL LR, BOCIEAR A 3 min, I8 TAKEYE 1 min;
5) M 50 mL ik CAb s IR m (L), 5HBIE &0 %
I, BRI R 2R, SRR 10 min, BHRE T 4°CIRAE.
6) [BINLE R4, ZHE LMAvRLET A i A BB A B A AT IR i
2.9 5 HBV_circ_1 7RO RI s

HepG 2 4HALL 110 #EFITE 24 FLAR H 1577 24hh, S8 )5 43 il 1) 4H P o 7 % 35
pmol V) ZFRILH HBV circ_1, M FEbrid 1444k HBV circ_1 &AM #ErL
() circ_gfp, etk HBV circ 1 K circ_gfp /FAxtIE. 1%9% 48hh 5,
USSR 2 M AT e R, B BR IR

D WA 1>PBS 3 &k, RJEH 4% )% 5 HEER E 10 min;

2) PBST ¥ 3 &, K 5min, ZR/EMA 0.1% Trixon-100, #EGHEE 5 min;

3) PBST ¥t 3k, FK5min, SRJEHNIA 5% BSA =& 2h &L |

4) N H 5% BSA ke () CDKL Hifk (1:400) o3& EEF1AL $iifk (1: 400),
FimELIFE 2h;

5) PBST %t 3k, %K 10 min, AJ5MAH 5% BSA ¥R CY3 drid A
PEyUAR (1. 30000 1 FITC #RiciFEHi%e —Hi (FITC frid, 1:300), =i
¥ H 1 h;

6) PBST ¥t 3 ¥, &K 10 min, A5 PBST #iF:f¥) DAPI (1:10000),
WEEHEE 5 min;

7) PBST ¥t 3 %, BIK5 min, . KE4pe ) BCH BT, M 10 plL B KH)
B, ROLIEE RS (Leicadm2000 led, ffFE3ER) M5 o

2.10RIP (RNA Immunoprecipitation) C3&

2.10.1 AH 235 e il
1) 10> Hu 24 A 2% i ik

KCI 1M
NP-40 5%
MgCl; 50 mM
HEPES-NaOH, pH7 100 mM
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2) 5xNT-2 ZZ M

NaCl 750 mM
Tris-HCI  (pH 7.4) 250 mM
MgCl; 5mM
NP40 0.25%

fEFHRT, NT-2 Z2MWBAT R MoBERK 1<, IR EDTA (pH 8.0), DTT, RNAase
581 7500 2 A R R R 2GR BE 23 9 20 MM, 1mM, 100 U/ml.

2.10.2 RIP 525

1) AHAUSCER S22 FHIBREE T AL 0, R 4R RIS ER AE TV (1) 1>PBS H (f3il
10" ZHMLnA 2 ml PBS), Pkl 2 ¥k, &% 1000 >g, 4°CESL» 5 min, AJ51A]
A N SEAR AR B A0 MR, R AR IR B, AEUK B2 20 min. ZH AR
7 12000 x<g, 4°CEC» 10 min, YdE Fids4 .

2) BfEHEER S PUAES: protein-A/G B B EFEEk e > EE G, 50 i
£ 1.5 ml BB —NT-2 M b 2 k—in 100 pl NT-2 2Pl &2k 1, I 2
g Hirpuik (CDK1 RPU/EEF1IAL RPU/PHB HHi/U2AF35 #di), =IIEEI 1 h
—5000 xg, 4°C&.0r 1 min, F _EFE—IIN 1 mlNT-2 Sl TR ~), 5000 %
g, 4°CESL 1 min, 7 EJE, BHE 5 K—MA 900 pb NT-2 2Pl S22k 1, UK
#%H

3) HX 100 pl FIZH AR 900 il NT-2 P E B2k T, 4°CHEE
SR

L HEBLBESYELEEIR, 7 EF.

5) [FYTIEHFMA 1 mlNT-2 Z2riile%, 1000 <g, 4°CE.C 5min, 3% B,
HHE 5.

6) MYLIEE AP I RNAIso Plus #2850 RNA, RNA $HPL K Jz #3530 3§
[EHT, SR8 real-time PCR /&l HBV circ_1 & #/KF

2.11 Western blotting

D M. ARSSRH R MO (PVDR) i, 8% 775,

@© BB IO 7R KN T E.

@ BIEUFIEERC A [F] A /NE) PVDF AT K 4% (Whtaman 3MM).
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® ¥ PVDF JER N HEE L 5~10 min, KK AR IR % 22 M IR

@ ¥WKAR. B PVDF . WROKAK IR BT FE 00 b, 4% 2 1A
(RN DN IR ZZ i, ORI 56 2

® @ O LTNRE, BH@E YR, 7E 100V HE FEHE 1h, HUH PVDF .

2) FHA: H PBST Bk IR ER BRI, A& 3 % BSA/ PBST,
EEH, 4CHEER.

3 —PrabE: MBI R I B,  PBST WEIRENIEE 3 K, FHK
10min, AN —PUARIRE M E 2 ho (3 % BSA/ PBST Fifk—#H14 1:1000, CDK1
X FiEl EEF1AL 40,

) P B U EZE I PBST ¥ B EV R 3 Ik, #K Smin,
A HRP FRic BEPL 5 19G —PUisil (FRRELbsy 1: 100000, #kF%HFE 1h.

5) . M ECL O (L), # AWM BIREERY, H 2O/
IS SRR, ARG — R AR AR SRR b, TR A R UM,
SR 5 FALS N Clinx ChemiScope 6300 14,27 & AT B Y

2.12 Real-time PCR &3l ST7. HBV P EEZFRIAKF

RNA #2280, S5 J real-time PCR A R AR F e R =% . E &350
% 5.7, B-actin ANZ.

2% 5.7 Real-time PCR Z|#J

Genes Name Forward primers  (5°—3’) Reverse primers  (5°—3’)

ST7 ATTAACACCGAAGTTCTACGTGG TGAATGAAGTTCCGTATTTGCGA

HBV P 2 [A ATCCTCAGGCCATGCAGTGGAAT CAGAACAGGGTTTACTGTTCCTG

B -actin CTCCATCCTGGCCTCGCTGT GCTGTCACCTTCACCGTTCC
2.13 FED ST

X H] GrapPad Prism 6 ¥4 X4 £ e it o0 b1, *48%K P {H<<0.05, **LER PEH<
0.01, ***{{3% P {§<C0.001.
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3 HBRE57

3.1 RIMNERIENIERY HBV circ_1 & HBV_circ_1 FRIAFARLETE

N T WAL HBV _circ_1 7EFAMSE T 1 D fE, FATBvHRITR 2 T LRI AL
i 2R3k HBV circ_1 i A% KA #H 4k pLCDH-HBV _circ_1, @R &K W& 5.1 A
ffizx. RT-PCR J Sanger 745 5275 pLCDH-HBV_circ_1 #RAAR7E 40 i 3 2 5 1)
HBV_circ_1 HJ junction site KU FF3 5 #igFr5]—3 (K 5.1B, C), K
pLCDH-HBV_circ_1 RIhTE4HE N K HBV _circ_1. Real-time PCR £l & B/
HepG 2 4 #4447 1ug pLCDH-HBV _circ_1 Jii ki 40 HBV circ_1 HIZiA/K
LS 0.5ug pLCDH-HBV _circ_1 FiKIHIE 4 % (K 5.1D), UMK EE
B BE NS SEIL HBV cire_1 7EAIfE P 0Kk .

N TGS T, A E AR SN A T HBV circ_1(W1E] 5.2 FR),
BRSNS B HBV _circ_1 4% HepG 2 418, 48 h J5#2HUE RNA, £ Rnase R i
TG [ cDNA, 2R 5 Fl HBV circ_1 %5 51493347 RT-PCR LA A Sanger il
Fr. &5 B IRRSNE S HBV circ_1 1 junction site )55 1) 5 B8 7 51— 5L,
R AR BRI & R T HBV circ_1.
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A « }\\\; « }\\\\: B
s & N ¢
& o8 § &
S ® J
& & ‘.‘\‘-b &
o <® * <&
chnam%ﬂ
 EcoR] ISy BamH 1
20 bp specific sequence HBV circ_I 20 bp specific sequence 250 bp
100 bp
C HBV circ_1 junction site D

1

*

Relative expression of HBV _circ

Sanger ¥l 7 0.5 pg 1.0 ng
pLCDH-HBV_circ_1

[ 5.1 HBV_circ_1 id FRiA S IEFITEE R AR FRIEKFE
A, HBV_circ_1 iS5AEAMIFETRERE, B, 1X10° HepG 2 93 BIHE5 21y pLCDH
#0 pLCDH-HBV _circ_1 #fK, 48hj5, EEUR RNA, £ Rnase R EgiEL, RER
JEF3 HBV_circ_1 £ 5 ##1T PCR, B&&TSLF7R RT-PCR BAYF ™. C, RT-PCR
7= Sanger URFE], &SRR HBV circ_1 REEIANERZEM R, D, 1x10°
HepG 2 93 BlEE4 0.5y F0 1pg pLCDH-HBV _circ_1 K, 48 h j5i@id real-time

PCR #&illl HBV _circ_1 FRiAKIE,

Figure 5.1 Construction of HBV _circ_1 overexpression Vector and Verification of
the expression level

A, Construction schematics of HBV _circ_1 over-expression vector. B, Transfection of

HepG 2 cells 2|y pLCDH and pLCDH-HBV _circ_1. 48 hours later, total RNA was

extracted and digested by Rnase R, and then reverse transcription. PT-PCR was

performed by HBV_circ_1 identification primer. C, Sanger sequencing of RT-PCR
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products, red arrow indicates the back-splicing junction site of HBV _circ_1. D, 0.5 ug
and 1 ug pLCDH-HBV_circ_1 vector was transfected into 1 x10° HepG 2 respectively.
48 hours later, the expression of HBV _circ_1 was detected by real-time PCR.

A B C

HBYV genome

Liner HBV circ_1 DNA l -~ bp Junction site

with T7 promoter

T7 promoter 8000

| o 5000 [

d 3000

Liner RNA 2000

l hSMRIF 1000

750
500 §
250 &

100

Sanger sequencing

Cyclization in vitro

5.2 {9ME%E HBV circ 1
A, URIMERY HBV circ_L ifitiZE]. B, {AIMSAAY HBV circ_1 385¢ HepG 2 4R,
48h f5, $EEVELRNA, £2 Rnase R BgiE(L, RELREF HBV circ_1 £7E5 1417
RT-PCR, JKi& 1 FRaAREEFAI HepG2 4l , ikiE 2 FR7EEHY 7 HBV _circ_1HJHepG2
g, HEESLRRBRET, C, RT-PCR 4] Sanger MFE, ABFILER

HBV_circ_1 R [EEEIRNEZ R,

Figure 5.2 Synthesis of HBV_circ_1 in vitro
A, Flow chart of in vitro synthesis of HBV _circ_1. B, Transfection of HepG 2 cells with
synthetic HBV _circ_1 in vitro. 48 hours later, total RNA was extracted and digested by
Rnase R, and then reverse transcription. PT-PCR was performed by HBV circ_1
identification primer. C, Sanger sequencing of RT-PCR products, red arrow indicates
the back-splicing junction site of HBV _circ_1.

3.2 HBV_circ_1 /N FHEMEREMSE

IR B A L B2 R IA 344 pLCDH-HBV _circ_1 %% 44 N\ 3 JFF5 40 i ¥k HepG2,
DU pLCDH-ZF 8 B RE2H . I m N4 AR 2 17 HBV _circ_1 %} 41 i
JE (CFSE #eftid). M (P13 AT (Annexin V-PE/7-AA &5 &D
St O i 26 A AE R 2, 25 B SRR 5 % pLCDH-HBV _circ_1 i) HepG2 4 fitu i G2/M
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WA B3 N, AR R Itk (B 5.3), FRHIE T2 B4 (K 5.4 A,
FHIHBV _circ_1 REME HE 40 MUk HepG 2 IG5 L &3 354071 1 S 41 i bk Hep G2
[ HAPE T . Transwell #6300 45 5 78 HBV_circ_1 iEi HepG2 4l )it (18 5.4
B). MRAFIXLLYIE TS5 R, HEM HBV circ_1 ATREZ 5 HBV A< AT 41
RAFR L RE

2 % at 180.81
4 % at 161 62
7 % at 142.43
28 % at 123 24
56 % at 104 .05
47 % at 84.86
0 % at 65.67

TCT YDEZED 000000000

Precursor Frequency: 0464282

Background: 0.00 %

10 o 20 wa Number of Cells Analyzed: 11078
is (FL1 LogFL1 Loa) Reduced Chi-Square: 16.897

Background: 0.00 %
Number of Cells Analyzed: 10846
Reduced Chi-Square: 1.143

NC HBV _cire_1

B £ pLCDH
i B pLCDH-HBV _circ_I|

pLCDH pLCDH-HBV _circ_1

5.3 HBV_circ_1 i@ Fi& XSRS TEFN4HpE R HI RS20
A, FtzU pLCDH-HBV _circ_1#1 pLCDH $ALAHARAYARARIEIE (CFSE i%). B,
F: Il pLCDH-HBV circ_1 1 pLCDH #AC4BRERIEIHAER. A: St
RIS AR, IRRARINES R, 0 10°MAR. HBV circ_1 i
/> G1 HAZHAE, #HN S#0 G2 HAZARE, (***P {E<0.001, *P {§<:0.05, Error bars, n
=3)

Figure 5.3 Cell proliferation and cell cycle were regulated by HBV _circ_1 by flow

cytometry (FACS) analysis.

A. Cell proliferation of HepG2-pLCDH-HBV _circ_1- and HepG2-pLCDH-transformed
cells were determined by flow cytometry. B. Left: Cell cycle of
HepG2-pLCDH-HBV_circ_1- and HepG2-pLCDH- transformed cells were determined
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by flow cytometry. Right: Results of FACS analysis were presented as the percentage of
total cells. Expression of HBV _circ_1 decreased the number of cells in G1 phase and

increased the number of cells in S and G2 phases. (***P value<0.001, *P value<<0.05,

Error bars, n = 3)

ET 2 E ] 2
A ] :
I.'—; W‘—E
=) ; g
i. 10" é 10—
=3 L
- - P
s 0 I I T : e MR
10 10 10 10 10° iy 10 10
Annexin V-PE Annexin V-PE
pLCDH pLCDH-HBV_circ_1
B
pLCDH
pLCDH-
HBV circ_1

& ,c‘ g P‘), b LT, ST o T

B 5.4 HBV_circ_1 id ik B4 RiE T FNHBRIERS
A,5%10° 4™ HepG 2 ZRRBIEFITE 6 FLARPIESR 24 h, 3 BlRAM AL 2 |y pLCDH
1 pLCDH-HBV _circ_1 #ffk, 48 h FUEMIERICNMEETIER. EaEE
BERTREATRIMEE. B, 5<10°4 HepG 2 HBIEFE 6 FLIR1EF 24 h, 5
[AZAREREE5 2 g pLCDH #1 pLCDH-HBV _circ_1 #{K, 24 h [FiE{tAREIT
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Transwell SIS NBIRERERE D, V=D 10°MAE. BALNEST 3K,

#1, #2. #3 AREXILHRAIRS.

Figure. 5.4 Over-expression of HBV_circ_1 affects cell apoptosis and cell
migration

A, HepG 2 cells were seeded in 6-well plates at 5x10%well and cultured for 24 h. The
cells were transfected with 2 pg pLCDH and pLCDH-HBV _circ_1 vector. 48 hours
later, the cells were collected and the apoptosis was detected by flow cytometry. B,
HepG 2 cells were seeded in 6-well plates at 5x10°/well and cultured for 24 h. The cells
were transfected with 2 pg pLCDH and pLCDH-HBV_circ_1 vector. 24 hours later, the
ability of cell migration was detected by transwell assay.

3.3 HBV_circ_1/hsa- miRNA-6124/ST7 ETI

CircRNA Ji i 5 90 S miRNA AH BAE F AR R A2 R i i Rk 4556
HEWIREEH. N7 HBV_ circ_1 5 miRNA FIFHE/EH KRR, FAT@EITA
YiE Bt 75 HBV_ circ_1 A BEAH TAE A ) miRNAs fi7 s, 45 R BoR
HBV_circ_1 HA 235 4> miRNAs 540 s, HEM HBV _circ_1 AT fEfE A miRNA
MR TR R R R, 25 HCC RAM K IR . MR 4R T 25 547 53 A
B LR 5 5 IR AHOG, FRATM A BkiE 7 T R8-S HBV_circ_1 A7EAH HAFH]
) miRNA, FF& i IX 76 /Y miRNA 2234514, FJH RNA pull-down £A, 5
5 HBV_circ_1 AHHAEH K miRNA 70 (B 5.5 A). it PCR 4 & FI 5 < I -
has-miR-6124 Fl has-miR-194-3p 7] & 5 HBV_circ_1 f7-1E B 7L AR EAFE % & (
55 B, Fi®ID. AT E#E—L M HBV circ_1 5 has-miR-6124 I HAEX R,
AT RNA pull down P=##E47 T real-time PCR 2047, 45 B 7~ 7E Fl HBV circ_1
15 SRR A 3EAT 1 pull-down 724 (HBV _circ_1PD) &l %] HBV circ_1 .3 &
T-BH B pull-down 724 (Bead PD), #6H] HBV circ 1 fefig 3% & 4
has-miR-6124 (F55C).

NT W HBV circ_1 5 has-miR-6124 [ EBA EAEH, BATE
has-miR-6124 A7 5 (P& 5.5 D) Fp 41 o fie 1k 5 o F R R 4R 5 # 4 pmirGLO #
a2 E 2 #AA pmirGLO-veircRNAL. ¥ has-miR-6124 ) mimics 5 5 20 5% ) X i 3 [
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Ak pmirGLO-veircRNAL JL#4 3% HepG2 i, T S AEM I 45 B BoR, iy
has-miR-6124 ] mimics 41 %<t B AR T 52 4% mimics-NC X2 (& 55F)
Ui HBV circ_1 5 has-miR-6124 44 ; MRE(E B 045 R, has-miR-6124 [1){x
HEHLELR A ST7 (AK297510.1). Ktk K ST7 Z:K 1) 3°UTR 741 v f& ik pmirGLO
AR luc2 R 5 SVA0 InRE 5 FHIZ 1], a5 ' 3 B A R 4 i B4k
pmirGLO-ST7 (K 55E) , #fk pmirGLO-ST7 5 has-miR-6124 1] mimics B X i
mimics-NC L4 I H4i i, K INEL YL has-miR-6124 [¥] mimics 4H (1) YL B % 1A
¥ % mimics-NC X2 (|8 5.5 G) ¥l ST7 2K 3°UTR A A has-miR-6124
IR AT, ET BIRGESR, FRATHEN HBV circ_1 " LLEIT 5 hsa- miRNA-6124
HAEPATY ST7 BRI, AT 5 Me s 20 0 HEAR .
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5.5 HBV_circ_1/hsa- miRNA-6124/ST7 t8E{EF

A, circRNA 5 miRNA pull-down L3675 35 RFEE ., B. RNA pull-down =4 RT-PCR

@, C. RNA pull-down =4 real-time PCR #&], Bead PD R INLEMIZ=IFC

AURET RN B RIFAENERY pull-down 74, HBV_circ_1PD RN EMERIFC
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AY HBV _circ_1 %53 MHERETAY pull-down =¥, D, has-miR-6124 £ HBV circ_1 LA
K ST7 3UTR EWESRIRAIE. E, RNRBERRSHAEHTEE, &
mMIRNA E&N A XI®D B/ has-miR-6124 7£ HBV circ_1 LAK ST7 EE 3°UTR £
NEEURF, FAMG, 0.4 g BEEEXRKICREEER pmirGLO-ST7/ERAIS
0.04 g IEEERL pRL-TK LAKZ 2pmol miRNA HEH AR 10° B9 HepG 2 4HfE,

60h [EZARARE, BX 100pg ERNIER X BRSSO =M FRRTREIRY

FeFE., (**P{E <0.005, *P{E <0.05, Error bars, n = 3)

Figure 5.5 The interaction of HBV _circ_1, hsa- miRNA-6124 and ST7
A, Flow chart of circRNA and miRNA pull-down experiment. B, Detection of RNA
pull-down products by RT-PCR. C, Detection of RNA pull-down products by real-time
PCR. D, Predicted duplex formation between has-miR-6124 and the has-miR-6124
binding sites was indicated. E, Construction diagram of luciferase vector. F and G,
HepG 2 cells were seeded in 6-well plates at 5x10°/well and cultured for 24 h. The cells
were co-transfected with 0.4 pg recombinant firefly luciferase pmirGLO plasmid, 0.04
pug pPRL-TK and 2pmol miRNA mimics. 60 hours later, the cells were lysed and 100 pg

protein was taken to determine the activity of luciferase. (**P value <0.005, * P value

<0.05, Error bars, n = 3).

3.4 HBV_circ_1 = ST7 BIRIAKF

1 miRNASs # circRNA WRBHiF, g F4HHE N miRNA [f sS4,
A LLIE G gRT-PCR 6 I 5K B miRNA /& 75 W B o BRI A BT 70 48 9 7T RE 1Y
HBV_circ_1/hsa- miRNA-6124/ST7 il 75 M 4% , il it 12 %18 HBV _circ_1, fR#5 miRNA
MWL ST7 ERIE /K, [REEAS HBV circ_1 XF miRNA-6124 ¥ T REHIH .
¥ HBV _circ_1 FiA#44& pLCDH-HBV_circ_1 Fix} B4 pLCDH-null 43 5% 4L
FFEE4ufe, @id real-time PCR ¥l ST7 FEKFRE/KF, KBt FRE HBV circ_1
RE S i ST7 ERIA/KF (B 5.6 A i — DA X dE T RNAI @4 HBV circ_1
KA ST HERIFRE KR . Bkl 17 3 % siRNA 7E HepG 2.2.15 1 il
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HBV circ_1 %R, 455 27x siRNA-3 Tl HBV circ_1 /K FHI%E K (K 5.6
B), FUb/ELEsH KA siRNA-3 @ifk HBV circ_1 /KF. ¥ HBV_circ_1 [
SIRNA-3 FIX HE siRNA-NC 735l 3% Je - 4 il HepG2.2.15, 48 h J5 FI ] real-time
PCR #aill ST7 FE[RIFE K, 45 R BIRUTER HBV circ_1 HIFRIA /K-, T35 1 b
Perm T ST7 2 PIRIB /K- (K 5.6 C), K ST7 HF 1A /KF 32 %] HBV _circ_1
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5.6 HBV circ_1 #% ST7 BEFRAKE

A, 5X10° > HepG 2 HIEHEEMTE 6 FUMRHIESA 24h, RIS 2 g pLCDH #
pLCDH-HBV_circ_1 #kf&, 48 h [532EUE RNA 18Id real-time PCR @il ST7 EEF
RILKFE, B, 5X10° 4 HepG 2.2.15 HIEEFPTE 6 FUARHIES: 24h, DalE4HAEH
#£5¢ 5 Lmol siRNA (siRNA-1, siRNA-2, siRNA-3, siRNA-NC) , 48 h [S1ZEU
RNA 181 real-time PCR #&ll HBV circ_1 FRiAK¥E, C, 5x10° 4 HepG 2.2.15 4
BBEEFRTE 6 FLIRAIEFE 24h, DRIEARFIEZ 5 pmol siRNA (siRNA-3,
SiRNA-NC) , 48 h JS2EUsl RNA @i real-time PCR #&3 ST7 FRiAKE, (*** P
& =<0.001, *P{H <0.05, /MFMEN 3R, B LIES 3R, Error bars, n =
3)

Figure. 5.6 HBV _circ_1 inhibits ST7 gene expression
A, HepG 2 cells were seeded in 6-well plates at 5x10%well and cultured for 24 h. The
cells were transfected with 2 g pLCDH and pLCDH-HBV _circ_1 vector. 48 hours
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later, the total RNA was extracted and the expression level of ST7 was detected by
real-time PCR. B, HepG 2.2.15 cells were seeded in 6-well plates at 5>10°well and

cultured for 24 h. The cells were transfected with 5 pmol siRNA (SiRNA-1, siRNA-2,

siRNA-3, siRNA-NC). 48 hours later, the total RNA was extracted and the expression
level of HBV _circ_1 was detected by real-time PCR. C, HepG 2.2.15 cells were seeded
in 6-well plates at 5x10%well and cultured for 24 h. The cells were transfected with 5

pmol siRNA (siRNA-3, siRNA-NC). 48 hours later, the total RNA was extracted and

the expression level of ST7 was detected by real-time PCR. (***P value <0.001, * P
value <0.05, Error bars, n = 3)

3.5 HBV_circ_1 HHE{FRERRFIESEE

YafkiE, circ-Foxo 3 BE-5 40 i 191 A AR SRR ) 1 (P21) B 4 M A
FAHE RS 2 (CDK 2) AHEAE TR B =J0 5 &P A2 40 i FHE . 78 A af
i, FARPT HBV_ circ_1 R AW AT Re 5 E B FAH AR KD RE. JATEd
RNA pull-down S25 45 & R (B 5.7A) % HBV circ_1 ik HAE & A R 47
T A2 E - RNA pull-down JTUE E &4 SDS-PAGE il 45 8 7w, 5 circ_gfp
XHEALAILE, 7 35 kDa BN BAFEZ A B A (5.7 B)o ZFRA0H IR I 45 €
5 nER 5.8 Wor, fEATRES HBV circ_1 M BAEH BEEE B A S8
SRSF1, SRSF2, U2AF1 %, tBA7 54 IMHoCH CDKL, CDK18 bl 5#lF
HHICH) EEF1AL,
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WS
i i § S Biotinylated circRNA
s’ “(CH2)e-CH
HBV circ_1
1 Incubated with cell lysates

o
MNJJ\NN
M—U—H
it Complex of protein and
} Biotin-HBV _circ_1

1L‘apmre with streptavidin

o magnetic beads
‘ ‘HWANTH
e H
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S” "(CH3)e-& )

1 ‘Wash
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}

SDS-PAGE and Mass spectrometry
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5.7 RNA pull-down SZ2IfY5E S =iiEk- HBV circ_1-BAS&YIAY SDS-PAGE
baLii

A. RNA pull-down fif2E]. B.1R#E RNA 1ZEURAZE, 1 HepG 2 HiEAIS4

IR SEYIERFFOHI HBV circ_1 5., B3 SDS BRRIARIRR SEARER K 4T RNA

pull-down F=4, IEBESLFIGERES.

Figure 5.7 SDS-PAGE analysis of Streptomycin-Magnetic beads-HBV _circ_1
protein complex obtained by RNA pull-down
A, The RNA pull-down flowchart. B, according to the RNA pull-down flowchart,
whole-cell lysates from HepG2 cells were incubated with biotinylated probes against
HBV circ_1. The products of pull-down were detected by SDS polyacrylamide gel

electrophoresis and by western blotting, and the red arrow represents a specific band.

Z< 5.8 RNA pull-down f5iE3R15HY HBV_circ_1 BEfFEERIRIESEE

] Pep Count/Unique Peptide
Protein Name
Pep Count Sequence
SRSF1: HUMAN 11/9 K.DIEDVFYK.Y/
Serine/arginine-rich-splicing factor 1 R.DAEDAVYGR.D
PHB: HUMAN Prohibitin 8/8 K.AAIISAEGDSK.A/

K.EFTEAVEAK.Q
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RACK1: HUMAN Receptor of 5/5 K.DVLSVAFSSDNR.Q/

activated protein C kinase 1 K.IWDLEGK.I

ANXA2: HUMAN Annexin A2 4/4 K.AYTNFDAER.D/
R.DLYDAGVK.R

U2AF1: HUMAN Splicing factor 4/4 K.AVIDLNNR.W/

U2AF 35 kDa subunit R.NPQNSSQSADGLR.C

SRSF2: HUMAN 3/3 K.VDNLTYR.T/R.VGDVYIPR.D

Serine/arginine-rich-splicing factor 2

CDK1: HUMAN Cyclin-dependent 11 R.SPEVLLGSAR.Y

kinase 1

EEF1A1: HUMAN Elongation factor 1/1 K.IGGIGTVPVGR.V

1-alpha 1

CDK18: HUMAN Cyclin-dependent 11 R.ASGALPR.Q

kinase 18

SNRPB2: HUMAN U2 small nuclear 11 R.DALQGFK.I

ribonucleoprotein B

ZNF26: HUMAN Zinc finger protein 1/1 K.SLTQNSAPSR.S

26

EXOSC6: HUMAN Exosome 11 R.GGGPAGAGGEAPAALR.G

complex component MTR3

MAPKAP1: HUMAN Target of 11 K.QSAQELK.S

rapamycin complex 2 subunit

HE— UG TEIX R i B 2 75 BN REF) HBV _cire_1 AH ELAERT, FRATTHI FIAH
RKEHMPUARIT T RNA & E A RZUTERS (RNA Immunoprecipitation,
RIP), £5 R 27~ CDK1 $ifk.EEF1AL HikReds & 4E R =7k ¥ HBV _circ_1(/4 5.8,
R G 9% G SR IR 25 B2 7R HBV circ_1 5 CDK1 fEZ4H )it h 3t e fr (&1 5.9), T
5 EEF1AL FEAEMM P AAAESL e, D EILEM AR (K 5.10), 1MLkt
1bi) HBV circ_ 1 5% CDK1 P EEF1AL AfFEfEdtefs (B 5.9-10). £
HBV circ_1 5 4 CDK1 PL % EEF1AL {3t E A& HBV circ_1 KRk thAb,
i3 western blotting 7] 7£ ] HBV _circ_1 #:TH) pull-down KI3THE & A4 A 46 2]
T CDK1 1 EEF1AL FEH (K] 5.11), #i—iksk [ HBV circ_1 fe 58 H CDK 1
M EEF1AL KAEMBAEH
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Figure 5.11 RIP (RNA Immunoprecipitation) experiments show that CDK11 and
EEF1A1 can enrich HBV circ_1.

DAPI CDKl-antibody ~ CY3-streptomycin Merge

Biotin-circ_gfp

Biotin-liner
HBV circ 1

Biotin-HBV _circ 1

5.9 HBV._circ_1 S5EH CDK1 H5E(d

1x10° /™ HepG 2 $ZF7E 24 FARP1EFF 24h, 1§ 20 pmol EEMIZRIFICHY HBV circ_1

EESA ARG, AEMDERIRCRY circ_gfp LUREYIRIFCAIZIE HBV circ_1 {E3IRR.
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TSR CY3 ARCHAENERIUA, BETEET COKL fifk, B3R DAPI,

—19 CDK1 %&#1 (1: 1000), ZH1 FITC FricRIE G (1: 200), &4
=T CY3 IR S =,

Figure 5.9 Co-localization of HBV_circ_1 and protein CDK1

HepG 2 cells were seeded in 24-well plates at 1x10%well and cultured for 24 h. The
cells were transfected with 20 pmol biotin-HBV circ_1, biotin-circ_gfp and
biotin-liner-HBV _circ_1, respectively. Red fluorescence indicates the CY3-conjugated
anti-biotin antibody, green fluorescence indicates the anti-CDK1 polyclonal antibody,
blue indicates DAPI. The first anti-body is rabbit anti-CDK1 polyclonal antibody (1:500)
and the second is FITC-conjugated goat anti-rabbit IgG (1:200). The CY3-conjugated
anti-biotin antibody is CY 3-streptomycin (1:200).

DAPI EEFI1Al CY3-streptomycin Merge

Biotin-
circ_gfp

Biotin-liner
HBV

Biotin-
HBV circ_1

5.10 H BV_circ_1 SEE EEFIAL HEf
1>10° 4 HepG 2 BeM7E 24 FURPEEFR 24h, 1§ 20 pmol AEHIFRARICH HBV circ_1
ESUAYAME, VI EARCRY circ_gfp LURAEMIERIRCRIZME HBV circ_1 {EAXTHR,
TEFEFR CY3 IRCHEMRNAR, SRENRT EEFIAL fHilk, BERTR
DAPI, —#1/9 EEF1AL &4 (1: 500), —Hi/9 FITC #RCAIEHSR (10 200),

EMRTAS CY3 IRENHEEE,
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Figure 5.10 Co-localization of HBV _circ_1 and protein EEF1A1
HepG 2 cells were seeded in 24-well plates at 1x<10%well and cultured for 24 h. The

cells were transfected with 20 pmol biotin-HBV circ_1, biotin-circ_gfp and
biotin-liner-HBV _circ_1, respectively. Red fluorescence indicates the CY 3-conjugated
anti-biotin antibody, green fluorescence indicates the anti- EEF1A1 polyclonal antibody,
blue indicates DAPI. The first anti-body is rabbit anti- EEF1A1 polyclonal antibody
(1:1000) and the second is FITC-conjugated goat anti-rabbit 1gG (1:200). The
CY3-conjugated anti-biotin antibody is CY 3-streptomycin (1:200).
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5.11 Western blotting $&ifll RNA pull-down E&%9h CDK1 1 EEF1A1 EBH
HBV _circ_1 pull-down E&%I7 A CDK1 #ii{KaJ+#@lZ) CDK1 &H, £ circ_gfp
pull-down EEMHTESHS, FAFA EEFLAL FUARTIRNE) EEFIAL BH, &

circ_gfp pull-down EE¥HHEEESET.

Figure. 5.11 Detection of CDK1 and EEF1AL in RNA pull-down complexes by
Western blotting
CDK1 protein was detected in HBV _circ_1 pull-down complex by CDK1 antibody, but
no signal was in circ_gfp pull-down complex. In the same way, EEF1AL protein was

also detected by EEF1A1 antibody, and no signal in circ_gfp pull-down complex.

3.6 HBV_circ_1 g8 LI CDK1 B9ERK¥E

HBV _circ_1 # & BLAE I PR 40 A o S i gt R, iy HL RE 55 40 1 A A0 5C B
CDK1 MHHEAEH . CA LY CDK1 /& CDK ZR M A I BIARR 5L, ERE 540
FE 9T A 1 45 A (e A P R STt e, L RAK KT (0 e i R A 2 3 S M A A
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[RIZE AL - HBV_circ_1 A0 A AU E 5 CDKL BAE, i3 W] e CDK1
EAN A FIERIE Ko O T UERIX —HEMN, FRAT@ I Western blotting #&ill i3
% HBV_circ_1 X} CDK1 HH/K TR, Z5RExR, SXMAMIL, Rk
HBV_circ_1 f4ifurh, CDK1 R [ /K P _EiF (B 5.12 ), ST 25 75 2 /) RNA-seq
Ha R WKL HBV circ_1, AHE4HIE+ CDKL 1 mRNA JK-FIF 347 &2 T =i,
B LAFATTHEI HBV _circ_1 5 CDK1 TAE# s | CDKL HIAGE I M i e 1 40 i i
.
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[ 5.12 HBV _circ_1 8Ii§ CDK1 FEMEPRIERKE
5x10°/™ HepG 2.2.15 4BAEERPTE 6 FLIRHF157 24h, S Bl ZHRE 44 2 |y pLCDH
#0 pLCDH-HBV_circ_1 #{K, 48 h [FIEENEEREIT western blotting #&3ll CDK1
FILKFE, A, Western blotting £55R, B/ NKEZERNIFFE 30 g, B, Western
blotting ZAIREEDITESR, (**P{E <0.005, SCIGES 27K, Error bars, n =

2)

Figure. 5.12 HBV_circ_1 affects the protein level of CDK1 in cells
HepG 2.2.15 cells were seeded in 6-well plates at 5x10°%/well and cultured for 24 h. The
cells were transfected with 2 g pLCDH and pLCDH-HBV _circ_1 vector. 48 hours
later, the total protein was extracted and the expression level of CDK1 was detected by
western blotting. A, The results of western blotting results. The amount of protein added
in each lane was 30 pg. B, Gray value Statistics for western blotting bands. ( ** P value
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<0.005,, Error bars, n=2)

3.7 HBV_circ_1 {Ei# HBV mEERERIX

DAL AR, A i 75 T AP AR DhRE RS RNA,  AMUTE 4578 E 4
SR ik 5 T R FE EEAE A, RIS A B IR RIELT, TR
HBV_circ_1 %I HBV JEKERER g2, FRATE HBV FHYER HepG2.2.15 41t 7
A siRNA JTER HBV _circ_1 FiA ML FiA HBV circ_1, X5 real-time PCR |
HBV P RN FRIAKT, 4R ERA si-RNA JIEL HBV circ_1 %ikJG, PRI
KIEKFL AT 4465 (B 5.13A), Midskik HBV circ_1, P Z:RF )R IEKF |
W 1.5 f% (K 5.13C), FW HBV circ_1 AEfE#HREEA & 3 H I FKIE
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5.13 HBV circ_1 {Riff HBV BExRIX
A, 5x10° 4 HepG 2.2.15 fRBEIEFNTE 6 FLARHP1E5R 24h, D BIEZ 5 pmol siRNA-3
F1 siRNA-NC, 48 h [512EU= RNA ji&Bid real-time PCR #&31 P EEFRIAKE, B,
C, 5%10°/™ HepG 2.2.15 fHREHEEFPE 6 FUIRPIEFR 24h, D BIHEER 2 g pLCDH #]
pLCDH-HBV_circ_1#{, 48 h [FIREUE RNA J@id real-time PCR#&ill HBV _circ_1
P EEFRIAKE, (**P {H <0.005, * P {E<0.05, FMEREN 3%, 8N

SCIGEEE 2 )X, Error bars, n = 2)

Figure 5.13 HBV _circ_1 promotes the gene expression of HBV
A, HepG 2.2.15 cells were seeded in 6-well plates at 5x10°/well and cultured for 24 h.
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The cells were transfected with 5 pmol siRNA-3and siRNA-NC. 48 hours later, the total
RNA was extracted and the expression level of P gene was detected by real-time PCR.
B, C, HepG 2.2.15 cells were seeded in 6-well plates at 5x<10%well and cultured for 24 h.
The cells were transfected with2 g pLCDH and pLCDH-HBV _circ_1 vector. 48 hours
later, the total RNA was extracted and the expression level of HBV_circ_1(B) and P

gene(C) was detected by real-time PCR. (*** P value <0.005, 0.005, * P value <
0.05, Error bars, n = 3)

4 Vg

AR, A circRNA [ HA &M & FER A DhRE . I E TR, circRNA
A UE N7 4R miIRNAs BUE R, I B i i 42 5 R (0 2 Bl e 2
FIThRE. AL circRNA EER AT IgwmtS iR E i, JAT0, 4HMgmb5 1) circRNA 1R
TEAR KRR PR A M. R ORGSR H DNA 0] LA EL circRNA, {HZ%
AABTEIREE A DT circRNA [ THRERF 72 - FRATTIH 77 245 3Ll 7R HBV _circ_1 7E HBV
FH 2 I P8 4L 43 b 30K 1 T 5% IE #4140, I HBV _cire_1 AT RE R ThREME
EH. BRtFLiEH, HCC U maRik M4 circRNAs 2 4ifg 5. T, 1=
Z8 1) I R U3 AR 72 & B HBV_cire_1 BE XU FFHRE 41 B R B4R, B HE(E
I E AR HepG2 MSGFEANJE JHIERE, R4tk HepG2 iT#8 K #Mii
MR HepG2 HIVET:. £H HBV circ_1 &5 4 K AR Ei#E. ©
AWFRFE, £ HCC 1, ZREIEH circHIPK3E!, circRBM231, circSMADL!
PIREAE N mIRNA 47 R R IEAE FH R 40 iR BURREROAE A . Uk HBV cire_1 A
AL circRNA-miRNA-mMRNA W45 AR . AEWE B2 0 i B,
HBV_circ_1 B4 235 MEER miRNA 4G 00 51, #E— B HSLIRiE HBV circ_1
AEH has-miR-6124 255 . X6 R Mg Rk 5 RS woR ST7 52 has-miR-6124 HI4L
R, HEIRATHEN HBV circ_1 mJ LU 5 hsa- miRNA-6124 HAE R TT/ST7 RiA
Ko EHFAE circRNA-mIRNA-mRNA 5 /2541, mRNA FI7KF32E] circRNA
MIEEE, MEART TR RIL, IR IE HBV circ_1 8w E M| ST7 [HRIEKF,
F L, SIRNA JTER HBV circ_1, ST7 FIRIEAK T, Uil ST7 ZEH [FRIEK
52 F HBV_circ_1 Y50, XARFE A NE] miIRNA 25 &£ [ 3°UTR
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il R R e e E mRINA BEFEIIHLAN . SRTTBEA B 2% miRNA B Ft ki =
A — LRI, miIRNA 7T LGE T 5 8 27 BAERGE T FE sl F itk
%54 ST7 Ja8h 7 L Al e 47 /£ hsa- miRNA-6124 T {E {7 s, 38 3 [P 3
Chttp://mirwalk.umm.uni-heidelberg.de ) Tl & i hsa- miRNA-6124 £ ST7 ] 5’ UTR
AWML G R WAHTRA NS5 ST7 EE M XRE T 23
hsa-miRNA-6124 {142, MTsZNA ST7 BIRIABIKF. BFFLRH, ST7 & ARG
ik 79311 IR 2 —, SEREM 7 S Y R TR B AR e S I AT
B PC3 i i U AR, SelEF A o R I 7q S A F0EI R A . 3P
It SR, ST7 REAIH] PC3 J 4 R ZE AR BRUA4 P gl b4h, Charong %5 A%
I STT FRIE/KF-5 4 A HAAE O . 7E40 f J SRR A IE ST7 Rk i v, > 40 P 3
BENGI 7 ZLIRZS I, B0RE N R, Kk, HBV circ_1 N ST7 HIRIE/KT
B FRFE_F AT LR LA e 4 A bk Hep G2 1) 1 B AN HEAR (¥ 43 F- L o
CircRNAs [IAEMIThEER: T Al LM miRNA FIThRESE, SR REME N AR
WEZRAR, VR AT . Bt circ-foxo3 78 i 4N i v i ek I HL 5 4 e 3
BERRARGE, B RS CDK2 i p21 454, MK AL circ-foxo3-p21-CDK2 =i H &
¥). %, CDK2 fES4ifufE s A MR A (1 E 45 &30k e 2k 4 i 1
BERE, T H p21 S 230 CDK2 5 ISR (s &, AN BEL -2 fta & 32t
2009, circ-fox03-p21-CDK2 = e B WML RGEH]) T CDK2 KIThEE, MIiRHE T
A0 A R . O T R HBV circ_1 AT A2 T RE I 2> T-HL, 3RAT19%
¥ 75 HBV circ_1 HEAFHEEH, 459 RER HBV circ_1 fé'5 CDKI1,
EEFLA HE I AEARELAR FH o 200 M0 30 10 ot 4 o 0 e o 2 R PR o 4 i ) 3
P IAZ R AL BR A A0 A A BRI A A B A M B 1 I (CDIKO, 4 i
JE3AEEE (Cyclin A1 CDKs) 5 #3KIA, 5L CDK il 8 (1 Bk L #T 5] 4t i
JESARIZEEL, M-S B I G A, RS EUEAL . CDKL s CDK FKGH I
FIGIAR R IR, & BE 55 20 M 0 5 1 45 ST R 4 e ) 8 gt Je 119200, Neganova 4%
KL COKL B H#EA 2533, G2/M Wik, A -5 ohaelt. AT+,
FATKI HBV circ_1 fit5 CDK 1 HEEMEAEH, JFHAE HepG 2 i Kik
HBV circ_1 £k CDK1 FE AP Eif. FELIATAN HBV circ_1 12 3E 4w A
HAHERE AT B A2 5 COKL AR ELAE A & L1 CDKY ¥ 88 1A /K3 R F f145
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JEIIE, CDK 12 cyclin A fl cyclin B (&5 &8 A2, HBV_circ_1 5 CDK1 HAE
JETE R HBV circ_1 5 cyclin A Fl cyclin B [45 &4 5t — 5 7. EEF1AL 2
EEF1A FER GG — AN, 7R EEFIAL S5aiFIBRMR . IE o (1 & 4
B R AR, HBV circ_1 5 EEF1AL A TLAE 1 AT BE 2 500 18 40 i 35 B A 1
— Mg

N T AEMR B IE HBV_circ_1 i€ HE ORI SO BE T, FRAT o Rk
HBV_circ_1 LA 4% pLCDH # & 1) HepG 2 4 d: e B4R B R, (P Rh 4 3
I RE S 1IE A it — P M Gt

SEMBEAE, 55 HEE A RN G R Aol 7853 FFH EAT A IR 4
DA AETE 3R PTREGRASIR 2 (M5 5, X BRI 5 U E . AFsiiath, AL
FRIENAHRR T RegmiD EE LR, 16 RT AP A JESmTS RNA, JF HAE TR E A 5 1)
LR FRIE IR BB, AR, KIET HBV [ HBV circ_1 id £k
REMLE HBV Wi R 185, SiRNA JTER HBV circ_1 31k, HBV 15452 2IH0H]
PRI RFEE B e C BN IAR AR, ZFHRIT AR H 2 Mk # 2
il A, HBV_circ_1 A RAEAN—ASHPURFEIR T #E A
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ENE HBV _circ_1 gEATIATE4MAE HepG 2 FUEE SR
IAE

WE:

Rt P HBV circ_1 BIRE, FRATMNATEFHKPHEFE T HBV_ circ _1
P B R R AR A o, S5 R BoR, FE3RIA HBV_circ _1 [ HepG 2 4,
LU 147 M ERRIEER . SRR, A 57 MERERE LA, 90 4
REELE T ZRREERTEERSERE R, ZREIEEFEEE PIK-Akt,
MAPK F1 Hippo 455 & A < AE 58 % . 1b 4k, 78 HBV circ_1 i KX H) HepG
2 A, BEDR b SRR R B ARS8 R A T U L IR R 2 SR AT T iR HBV_ cire
_1 7E HBV AH S I -4 e b i 1 R A TR

SE#E: HBV circ_1, RNA-seq, R:HFLeE, A48T

1 BIS

AR, cireRNA A DR AW 87K,  circRNA 1E& M AEY TR il
FHEIEH . SR, 4KZH circRNAs FISREFEIR KREEE B3R A MK, JAR
e, g E AR T BN R R4 & LG B HA N R R A 7 1)
REFRAE T HRORIMER] . Yang SR & & AR A =R T IHEA R T IOR RNA
CDR1as 1% M4, N4 IEI Wt CDR1as 7514 8 [ 5 1 IS AE 4R (4t 1 —Fh Al 5.
R T i,

E—ERATE KM HBV circ_1 ATLUEE 5 miRNA. HE EAERIEDIRE, N
T4 AR HBV _circ_1 RIThER K AT REMIMLE], FRA13E—H R RNA-seq
FAR M AFEFHKERT ST T HBV circ_1 %15 HepG 2 4 it 3k Rl 2 iA B = iy i,
KEL HBV_circ_1 A Al fE# T 4 4% PIK-Akt. MAPK 1 Hippo %5 5 g A < {5 5
TP R PR TR Ko o TR i B ok R B e AP 1 e 4 )
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2. MR 5 RE

21 HEESR

¥ 510° Y] HepG 2 4l it B E 44N 11 cm IR R MR 55 9% 24 h, SRJ5
[ 20 A o 23 5 4% 10 pg pLCDH-HBV _circ_1 % 10 pg pLCDH Jfikii, 48 h JUsise
A H

2.2 mRNA-sequencing

1 TRIzol Reagent #2H 40 RNA, AR¥E 5 ARSI E7) & NEBNext®
Ultra™ RNA Library Prep Kit B8 B . RIEUH, B EAAFZR T HSCE
Hn#EE] lumina HiSeq™ 2500 54+, 4T 2> 150 bp paired-end (PE) ¥,
%731 LA K base calling J&1# fil HiSeq Control Software (HCS) + OLB +
GAPipeline-1.6 4% fill KA HEAT 1o 32 5 AL B AN G047 2 95 ] S ME R A 7] 40 b o )3
HJE e & EAL 2] T NCBI ¥ 2, 4% pLCDH-HBV_circ_1 A1 pLCDH 4l
RNA-Seq Il 5 £ 45 15 5% 5 73 71y SRR8209229 11 SRR8209230.

2.3 mMRNA FRIAKEDH

FIF Hisat 2 (v.2.0.1)%3 444 clean reads L 2R AR AR A | mRNA
RIEACP RS 5E =5 2.7.1 J7iEAIF

2.4 ZEFFRIA mRNA RITFE

Z 15 mRNA WLk 58 =% 2.7.2 J71EMAE .

25 ERFRIX mRNA B GO 1 KEGG E&ESHT

Z5R1E mRNA ] GO Al KEGG & HE AT ik 5% =5 2.7.3 J5i%MFA

26 HERSHEMHDT

RLGHER, R A B AN R g b X AR, B T R — B P51 (|
FEET . WET . RS AT I ZIET) BT MBI G R . il
A RIE OB S E AN TR T RIE HBV _circ_1 /& 5254 HepG
2 4 Mo S A& F M & B ® mo, A Al STAR-Fusion

(https://github.com/STAR-Fusion/STARFusion/wiki#Outputs) £ s 20 7 #7 3L K]

A 3. STAR i bbox 2 3 DR AL AL AR Fh UK B (pairend) 98 & HI 751 -
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A (1 B R R

2.7 BEEAIEZEISHT

FIARBY AR — AN LA 2 A mRNA B35, AH mRNA ] GE R R AN A
HH,

b, G AR AR R AR 2 AN E A, ORI N T S 2 R
AHFR TIRIEE RIS HBV_cire_1 & Xt HepG 2 4 (1) v A8 BY Y13 fsd sz i,
FIH IMATS (3.25) B0 AT AR BY U SEA R 3R AT 22 5 40 A, R Rsr U0 g &5 SR e e 22
BB ME (FDR<=0.05, IncLevel Differenc>0.02) #4717k, 4iit 2 F a4 8]
IR o

2.8 Real-time PCR

T Bk RNA-Seq 45 R TT5EME, BEMLESE 5 AN E@E T Real-time PCR Xt
RNA-Seq 45 R #EATRE. RNA 25, [ LK real-time PCR 44 R AR 7 1€ [A]
B, ERIIYNE 6.1

=% 6.1 Real-time PCR B[4

Genes Name  Forward primers  (5°—3") Reverse primers  (5°—3”)

ATOH7 CTGCACTCTCCGACAGCTAC TGGGAAAGCCTGAGACTCCT
MAPK13 GGACGTCAACAAGACAGCCT TTGGCGAAGATCTCGGACTG
IKBKGP1 GAGACACAGGAACCAGCAAGG GCACCATCATTTTCTCCTCCTCA

HISTIH4K  CGCCGTGACCTATACAGAGC GAAAGGGACGCTCAACCACC

SPINK6 AACCTCAGCTGGACAAAGCA CACAGTCAACCTGTCCTCCC

2.9 BURGTH T

X:H GrapPad Prism 6 ¥4 X 5 St it o0 tr, *483%K P {H<<0.05, **LER P H<
0.01, ***f{3 P {i<0.001.

3 HZER5SMH

3.1 HBV_circ_1 BEEFTEMAE HepG2 RIRRERIART,

NATHRT HBV circ_1 FIThEeFEIENLH], XF# 4 pLCDH-HBV_circ_1 fll
pLCDH-7F# HepG 2 4ifuidt 1T RNA MllJ[F (RNA-seq). i g 2 MEIE S,
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WA o B LIRS 62762232 F1 74450816 4%i%, b 59826594 4 Al
70850742 ZiAUAT X BIANRIERA F. KA RPKM kit HEERERE R, ¥
RPKM #H%E T 1 fERABEREEREMBMER. /£ pLCDH H
pLCDH-HBV_circ_1 % JL4f g+ 43 A I 21 11398 1 11342 ML FRIA . i — 41
HT R I pLCDH-HBV_circ_1 1 pLCDH 7 % 1A% YL 41 Ffd 18] fr) 36 R R i A58 20 [ (&
6.1A, B), HEEW 147 MERRILEFRER (KR >2.0,P<0.05) (B
6.1C, K. H, FHFERER ST A, TIHRIAFERE 904, F29 MERE
BEE HTE pLCDH T ERMMPERE, H 16 M ERREEK HIE
pLCDH-HBV_circ_1 %% JL4f s B3Rk . ek e & 7y 2 i e 12, BE LIz 3%
54N K (ATOH 7.MAPK 13.1KBKGP 1.HIST1H4K #1 SPINK 6 )7 H] real-timePCR
(5 A I Rk KT, 459 EoR, real-time PCR AIASINZE 5 RNA-seq (1145 #
FEAR—F, BAMRATELE HepG 2.2.15 4ifu-F ] siRNA T3 HBV circ_1 (K I%,
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6.1 pLCDH-HBV circ_1 #1 pLCDH {{L4IBIEAY mMRNA BiXERARE

£ 110" 4 HepG 2 fHREEFPERRR)T 11 om RORREIEAMIESs 24h, HRIER
10ug pLCDH-HBV #1 pLCDH [&#I, 48h f5, 4§ pLCDH-HBV circ_1 (& B) #0
PLCDH (H£f A) HAIEIXNT mRNA U, A, BEDTTRERRAMEE
MIRIEIERFRIARI MRNA, IERFKEFRE mMRNA, FERFRMEFRIX MRNA, B,
KILEIEZ7R mRNA RYZ(E/ D, C, #£ pLCDH-HBV_circ_1 ${L4RER_EiFRN
TEAY MRNA N24, D, Real-time PCR #&ill]l mRNA BIZRIE. KA 24 1T mRNA

RIRIKFERIDHT.

Figure 6.1 The mRNA profile of HepG2-pLCDH-HBV _circ_1- and
HepG2-pLCDH-transformed cells was different.
1107 HepG 2 cells were seeded in cell culture dish of diameter 11cm and cultured for
24 h. The cells were transfected with 10 ug pLCDH and pLCDH-HBV _circ_1 plasmid,

respectively. HepG2-pLCDH  -transformed cells ( sample A ) and

HepG2-pLCDH-HBV _circ_1-transformed cells (sample B) were sent to company for

MRNA sequencing. A. The clustered heat map showing differentially expressed mRNAs
from HepG2-pLCDH-null-transformed cells compared with
HepG2-pLCDH-HBV _circ_1-transformed cells. Red indicates high expression mRNAs,
green indicates Low expression of mRNA. B. VWolcano plot shows the number and
distribution of mMRNAs in the same plane. C. The number of upregulated and
downregulated mMRNAs in HepG2-pLCDH-HBV _circ_1-transformed cells. D.
Validation of mMRNAs expression with real-time PCR. The expression of five mMRNAs
were analyzed from the mRNA sequencing with real-time PCR. The 2—*2 was used to

normalize the relative gene expression data.

3.2 ERFAERTES SHESEIR

N TR E R RSN ThEE, W ERRIEMERIET T GO HEHE M, 4
KRR, ZRRIEMENEEEELET 66 1~ GO KHT (P<0.05) , AfFELSH
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(binding) . fEALIEME (catalytic activity) . HizfAiETE: (transporter activity) .
S5 SEME (signal transducer activity) . 044> Ccell part) . ZH AL 5
(membrane part) . gHfU#s2H%> Corganelle) . ZHfHERE Ccellular process) . 4
Y)iE=T (biological regulation) « i (response to stimulus) Fl4% R4t FE
(immune system process) 52K (K] 6.2 A) . KEGG ik s £t | 2573 H
AIREVS IS, 1B 6.2 B Ron 1 E S 30 2% KEGG @i (P<0.05) , i
ISR FEIN 15 5 il % . PIK-Akt 15 58 E . MAPK {5 5@ A hippo 15 5 1@ .
£ MAPK {5 5 i@+ L CACN Z: X RE AT 4N b 5E, HAth g 5L P3g 1
Hogl i&REVAF 20 M 1, %45 REDUE T HBV _circ_1 {R3F4H A E . inssk 4 o 1
THRIZR . 5 PIK-Akt {5 58 H, BIFRIEE ECM A ITGA BLK T H GF
5155 4 it ) T RN 40 B R SRR 0% . S 41, Hippo {5 S i@ dRASSF A 1) F i
RE VR4 ML AN T B2~ HBV_circ_1 @it PIK-Akt J# . Hippo i#
VR TS M A, (A B AN T AR, B — e AR IR B SR
K ENGURERIZ S S, 1 RIG-1 K#E2MA(E il (RIG-I-like receptor
signaling pathway) , toll F£52 {415 5 iEEE ( toll-like receptor signaling) LA JE &
P A 12 B B 3 % (primary immunodeficiency) 25 (B 6.2 B) . Ui B #MJE 4 1) circRNA
A7 R B8 0 20 ) SR

A Enriched GO Term ( A-VS-B) B A-VS-B
Toxoplasmosis -
Toll-like receptor signaling pathway -
TNF signaling pathway =
Starch and sucrose metabolism -
Shigellosis -
Salmonela infection - @

transcription

RIG-I-iike receptor signaling pathway -

Riboflavin metabolism - Gene_Number
Renin-angiotensin system - 1
Regulation of actin cytoskeleton - [ ]
Rap1 signaling pathway - o3
Primary immunodeficiency - @ °:
PI3K-Akt signaling pathway
- factor(Type) g Pantothenate and CoA biosynthesis - s O
& molecular_function ’% NOD-ike receptor signaling pathway - [ B
o . cellular_component ;g Melanoma -
© biological process  § MAPK signaling pathway - fly = Qualue
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i o Fatty acid elongation - oo
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ECM-receptor interaction -
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Breast cancer -
Biosynthesis of unsaturated fatty acids -
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Adrenergic signaling in cardiomyocytes -
10 20 30 40 002 004 006 008
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A, ERFAERED GO BESHT. y HiF R GO 8, x MiFREi% GO LB

EEREREML. B, KEGC BEESHTHIAN 30 KB, x MERTEERTF, vibE
BB, RIAIMURE—MERTERNERSE, M<AIBIENZR Qualue

Figure 6.2 PIK-Akt signaling pathway, MAPK signaling pathway, Hippo signaling
pathway may be regulated by HBV _circ_1.

A. GO function enrichment of dysregulated mRNAs. The y-axis shows the GO term,

and the x-axis shows the number of dysregulated mMRNAs in the term. B. The 30 most

enriched KEGG pathways based on dysregulated mMRNAs. The x-axis shows the rich

factor, and the y-axis shows the pathway names. The point size represents the number of

genes enriched in a pathway, and point color represents Qvalue range.

3.3 EEMESEHZ HBV circ_1 @

H G oA A S R 2 R & A AW R — P W BE R A, JF B
FUE M EIR S R B, =481k, % HBV_circ_1 5 5 PR fil A (1 B2 8 A LR
8, 0 s T R AT B R A AT, R RORIER Y pLCDH-HBV _circ_1
A1 pLCDH ZF# 1) HepG 2 4iffurh, RER@g&FFAEREER. WE 63 AMB
Ffio~, fE#5 Y% pLCDH-HBV circ_1 1 pLCDH 754k ) HepG 2 4 ffd. 43 51l 6 ) 51 89
ANFT 67 AEEIER, Hr 40 RS BRI AEE T 44 pLCDH-HBV _circ_1 )4
i s (4 RPSEKBL &K 5 VMPL JE A il , RPS6KB1-VMP1; CLDN 7 2:[5 5 DLG4
FHFA, DLG4-CLDN 7), 18 ANl & LR R AFAE T4 4 pLCDH-TE I 4H i .
SRR TIE A FE X e il A BRI D Be, (A2 A SN SE R R Dh e T AR flE R 2%
HBV_circ_1 X J& DA il 5 19 5 M DA R 36 A il - 255 [R] ) Th R A5 5 7 8E— 2D R

107



BAE

HBV 4RA5 1% circRNA (1% 52 & ThEeRf o

18 49
(16.8%) (45.8%)

pLCDH-null transformed
cells

pLCDH-null transformed
cells

A N/

40
(37.4%)

pLCDH-HBV circ 1
transformed cells

e

%, 335
%, ¥ " \ o

% :)/. -~ 3
%o
/7

N\ a0
4 \
N

hrd

NS
5

pLCDH-HBV _circ 1
transformed cells

6.3 HBV circ_1 £l HepG 2 EENEERS

A, 7£ pLCDH-null 1 pLCDH-HBV_circ_1 #{tAAIEPRISERIRIGER 4. B,

REEERET. GFErERRGEHNAE, MERiRRIERRRRERSGH

2E&,

Figure 6.3 HBV_circ_1 affects gene fusion of HepG 2 Genes.
A. The number of Genes fusion identified from HepG2-pLCDH-null- and

HepG2-pLCDH-HBV _circ_1-transformed cells. B. Fusion gene display. Lines indicate

the occurrence of a gene fusion event, and the gene at both ends of the line indicates the

gene that has fused.
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3.4 HBV _circ_1 BT ERATE]

A AR BT R — MR A Z D mMRNA B, AA mRNA ] BE#E AN F)
HHE. B, @A AR AR RS ER, RN T EE 2R
4 (Black, 2003; Stamm, 2005; Lareau, 2004) . /£ 7 #i HBV _circ_1 ) RNA pull-down
PRI RS o A, AT R Rk E S RNA BIRAHSC, s
HBV_circ_1 Rl RES I HT SR A nT AR BY B2 . K RNA-seq 508 FI FH 814 IMATS

(3.2.5) BN A AR Y S BT 2R, SR ER, ERIA HBV circ_1 &
B RN 3w ] AR B Y R A AR, 76 NSRRI 3w T AR B IR EUE b, 65
PRI 33 T AR BT YR B> o AN 29 ANIERI 570 AT AR BT, 46 NI
JFAM T8I, 35 ANk R OR B N & 1 BT D) S 28 ANk R AN B T BRER BT DI AE 22
% (K 6.4). F£HW HBV circ_1 AJfe 2 5ilis R H K a2 8T,

80+
& up
down
60+
40+

number of genes

K I
LT B _

) S < S $
S S < )
N s RNy

»
6.4 HBV circ_1 I HepG 2 BEERAIEEE]

A3SS: 3’ime] 3B ; ASSS: 5’imR] 5], MXE:ERMNEF; Rl (RERSF;

SE:SMNBEFHkER.

Figure 6.4 HBV _circ_1 affects of alternative splicing HepG 2 Genes
A3SS represents 3’ splice site; ASSS represents 5’ splice site; MXE represents mutually

exclusive exons; RI represents retained intron; SE represents skipped exon.
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4 TR

LA, circRNAs [ITIREC A5 3] TIRAFIL, BRES 52 MM ER
JeB, SR, TR EEGRAD N circRNA MRS B G HUE . AT R I HBV
REJE & circRNA, El HBV_circ_1. i#t—F#If 5t %KH HBV circ_1 f¢5 miRNA &
H|EEAE, FHMERIL HBV circ_1 fefEit HBV P JE[K )Rk . 4R1M, HBV circ_1
G2 5B Sl g, & RAMLEORAINTIRE. AW FiET RNA-Seq W42 FI4H
KPS T HBV circ_1 WAL RIR BB R . 4R ER, H HBV_circ_1
FiE T2 R RIE RN KB PIK-Akt {5585 . MAPK {5 58 Hippo {5
SRR, CHRBFARERY] PIK-Akt {5 5. MAPK {5 5@ A Hippo {5 5 il
PR S A0 MR L 20 M T A T ORI A S s B, b — s e A A R
27N, HBV_circ_1 BEs2m - A0 M RS, R4 di g i A s T, DR 3RAT]
HEI HBV circ_1 7] R I 4% PIK-Akt {5 51 1% . MAPK 13 5@ A1 Hippo 13
530 B A PP 2 RO AE 4R 4R, HBV g% X & 3 (HBx) ] LLI 5 ncRNAs
E 2 0 4 B 9 TR R B 4 o B AR S T BE - Lu S5 N EI HBX RE T R miR-1
FIZRIB/KE, SRS PISK/AKL 155 i@ KB, b4k, miR-216b FIi@Ed MAPK 55
WS TR, H HBx BEHNH] miR-216b fVEHER. HBx & A LAY
INcRNA, %1 DBH-AS1. DBH-AS1 geidid % MAPK 15 518 175 3 40 i A S A%
(101, (7 HBV_circ_1 34 1 HBX ) 5¢ B HIFF U BEAE , AT LERAT 145 48 HBV _circ_1
T BRI I A% HBX &5 SR A AH G (1415 510 I DT VA9 240 B o 9 4t P b e 55
BbAh, ZERRIEWEERIES 5 T — % 5506 R G ez &8 (Bl RIG-1 #4155
WD . RIG-1 FAE SR ER1E FHURTER 1 R b i ocsim s sl o B w Tk
W, TEARARZAER CircRNA B80S RIG-1 A SHIR IR Gl 80, HRAHI: 75 R e
RIG-1 RERIAEFAN H F ) circRNARA,  FATTHEN HBV _circ_1 {EA—FikE T
B AMEE circRNA RERS T RIG-I {5 5 i@ .

B AR E M2 B B0l A 2 R R S, G AR R A R R SR T T2
FISGVE, RN EANTAT Be R T AE (R e S VR T #E R, — el G R R A AR IR
7837 M, 4 BCR-ABL, EML4-ALK 1, R-spondin %) RSPO2 #1 RSPO3
FEAE 45 B e P i LI R A 2L R 22—, R-spondin flE AT AT Wit {5 5, 4l
RSPO3 il & 4451 35 g 14 A= K C8ISY, oy b m WLAFF S i & B TR+ 0 T B . R A
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i, fE Y% pLCDH-HBV circ_1 A1 pLCDH ZS#/) HepG 2 2 ff o fil & 3k PR A7 AE
SRS N S N (L e~ DLG4-CLDN 7 #1 RPS6KB1-VMP1 R 7
PLCDH-HBV _circ_1 it &A1 HepG 2 41l th e Rk o BARIRATTIE A FiE ix 4
RLGHERIR ThRE, (H AT SN DR Th RE T DASR h2k 2R . Hidiid, RPS6KBL Ji&[X
BEXS MTOR {5 5Bl RN, dEi (Rt 8 & e AR KRN GE s 5l , X
5 N REA <20, CLDN 7 Cclaudin 7) 2 PRI7E A [ 2 20 4tk e vt i B
(U3 PR gk, AT HE U @ 4 2L K DLG4-CLDN 7 F1 RPS6KB1-VMP1 7%
pLCDH-HBV _circ_1 it Fik K HepG 2 4 i 4 5 1 R A T e 5 e A 5% .

R KB 22 P9 E 475 2 B R4 BY D) 7E Tl ik 2 18 PR A SR i 2 v R A 28 00 B A
F, BB R E AR 2R, IR REEAS U FE IR 40 K/ 15 1 R 188
SR 44 E AR, 7 | — 24535 RN Apull-down 236341 1R B HBV circ_1
e SRS E A EA/ER], 40 SRSF1, U2AF35(%£ 5.8) . A RNA-seq
145 L HIAE HepG2 4 i ik HBV circ_1 A5 5| o i ik K AT 28 57 4) o 4B 28
W, A 141 ANFEBRI 37 0 P AR BT 5] 52 52 00 AR B0  FRATTRS AEX TT gt HBV _cire_1
5 BT HAH I S AR AR A5 R

AN HBV R circRNA HBV_circ_1 14 £ i & 3115 &1 o 134 5 2 dl ik
5 CDK1. EEF1IAl 4 & Wl & m CDK1 #H H &2 & M % & 12,
HBV_circ_1/hsa-miRNA-6124/ST7 G AE A= 40 38 5 . T8 DL R 4n e 98 0 o
HBV_circ_1 & RefiEidt HBV [ P R [RIR 1A KF, B HBV_circ_1 {2 it 73 # 34 JE (&
6.5) . XLLLERRY] HBV circ_1 /& HCC KAEM (8D KERIERERET, 7L
YENHEFIRTT HCC DL AHUR 2L s 534h, HBV circ_1 i RE 1A% 15 KRt &
FAUL OIS 5 SRSFL. U2AF35 BAE AT AR BT Y], (H & IX Lo K fl & 5 P AR BY
VIR HCC KAM (B KBEMKIEHHE—LRIE.

111



FAE HBV 4RA5 1% circRNA (1% 52 & ThEeRf o

J’ HBV cire 1 ) J l

hsa- miIRNA-6124 Y

‘ *)
O =0 IS

HBV P
0 J
v
(+) ) Gene fusion

0 ) © -
I alternative splicing ;
Y

apoptosis Cell proliferation Cell cycle HBV replication

_________________________

HCC development/progression

& 6.5 HBV circ_1 HITHREMIZRE]

Figure 6.5 Functional Network Diagram of HBV _circ_1
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Et+tE FLS50H=R

IS 7

1. fENRAAHZUKFIER T HBV ReftrBifE 3 1878 R 4872 HBV_circ_1;

2. HBV_circ_1 BefedtAifutsE . iT#, FMHIET, Cae g .

3. HBV circ_1 ft5 miRNA-6124. miRNA-194 454, FFiH#E miRNA-6124
[RIFEIE R ST7 ik

4. HBV_circ_1 fé5% H CDK1. EEF1A HfE

5. HBV_circ_1 RECGAR AT 41 HepG 2 A R 3Rk 15 5

BT K

IR T CireRNATE P . 25l IR SR 2 A e A £ 10 S5 0
VAR FH AR HE M circRNATE IR 1) AR J R 47 o B B2 Ay 8 o AN 52 2R S R I
HBV ®] UL /= 4 Ih g 1% HBV_circ_1, Jf ik 5% HBV_circ_1 i i HBV_circ_1-
MIiRNA-6124- ST7M %% it 5CDK1. EEF1AH 1 LI K SSe i i 32 9 ) 6 i 4 2 2%
(e PG TE . IER8, MR, FEHBVAHICIT R R ARk R R A% 22
Tk, HBV_circ 1 I REAEAIRITHBVIEGL ¥ HZ 4 1 4E47 .
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B R—

WA R

% 5 YL AR 4
bp Base pair
cDNA Complementary DNA
mRNA Messenger RNA
miRNA Micro RNA
CircRNAs Circular RNAs
DEPC Diethyl pyrocarbonate
FBS Fetal bovine serum
GO Gene Ontology
KEGG Kyoto Encyclopedia of Genes and Genomes
ORF Open reading frame
PCR Polymerase chain reaction
pvalue Probability value
RNAI RNA interference
RNA-seq RNA sequencing
RT-PCR Reverse Transcription PCR
UTR Untranslated region
HBV Hepatitis B virus
RBP RNA binding protein
EMT Epithelial-Mesenchymal Transition
HIPK3 Homeodomain interacting protein kinase 3
MBL muscleblind
EIF3J eukaryotic translation initiation factor 3 subunit J
U1 snRNP small ribonucleoprotein particle U1 subunit
ITCH Itchy E3 ubiquitin protein ligase
Foxo3 Forkhead box O3
CDK2 Cyclin dependent kinase 2
MDM2 MDM2 proto-oncogene
Puma BCL2 binding component 3
IRES Internal ribosome entry site
USP28 Ubiquitin specific peptidase 28
FBXW 7 F-box and WD repeat domain containing 7
SHPRH SNF2 histone linker PHD RING helicase
DTL Denticleless E3 ubiquitin protein ligase homolog
PCNA Proliferating cell nuclear antigen
LINC-PINT Long intergenic non-protein coding RNA, p53 induced transcript
EML4 Echinoderm microtubule associated protein like 4
ALK Anaplastic lymphoma kinase
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HCC
ZKSCAN1
U2AF65
EIF4A3
UPF1

AR
ADAR1
PABPC1
PRMT1
SETDB1
pgRNA
cccDNA
IncRNA
RIP
CDK1
EEF1A1
ST7
AKT1
ATOH7
MAPK13
IKBKGP1
HIST1H4K
SPINKG6

Hepatocarcinoma
Zinc finger with KRAB and SCAN domains 1
U2AF large subunit
eukaryotic translation initiation factor 4A3
regulator of nonsense transcripts
androgen receptor
adenosine deaminase RNA specific
poly(A) binding protein cytoplasmic 1
protein arginine methyltransferase 1
SET domain bifurcated histone lysine methyltransferase 1
pre-genomic RNA
covalently closed circularDNA
long non-coding
RNA Binding Protein Immunoprecipitation Assay
cyclin-dependent kinases 1
Elongation factor 1-alpha 1
suppression of tumorigenicity 7
AKT serine/threonine kinase 1
atonal bHLH transcription factor 7
mitogen-activated protein kinase 13
inhibitor of nuclear factor kappa B kinase subunit gamma pseudogene 1
histone cluster 1 H4 family member k

serine peptidase inhibitor, Kazal type 6
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fR=

HBV circ_1 /%1

GATCCTCAACAACCAGCACGGGACCATGCCGGACCTGCATGACTACTGCTCAAGGAACCTCTATGTATCC
CTCCTGTTGCTGTACCAAACCTTCGGACGGAAATTGCACCTGTATTCCCATCCCATCATCCTGGGCTTTC
GGAAAATTCCTATGGGAGTGGGCCTCAGCCCGTTTCTCCTGGCTCAGTTTACTAGTGCCATTTGTTCAGT
GGTTCGTAGGGCTTTCCCCCACTGTTTGGCTTTCAGTTATATGGATGATGTGGTATTGGGGGCCAAGTCT
GTACAGCATCTTGAGTCCCTTTTTACCGCTGTTACCAATTTTCTTTTGTCTTTGGGTATACATTTAAACC
CTAACAAAACAAAGAGATGGGGTTACTCTCTAAATTTTATGGGTTATGTCATTGGATGTTATGGGTCCTT
GCCACAAGAACACATCATACAAAAAATCAAAGAATGTTTTAGAAAACTTCCTATTAACAGGCCTATTGAT
TGGAAAGTATGTCAACGAATTGTGGGTCTTTTGGGTTTTGCTGCCCCTTTTACACAATGTGGTTATCCTG
CGTTGATGCCTTTGTATGCATGTATTCAATCTAAGCAGGCTTTCACTTTCTCGCCAACTTACAAGGCCTT
TCTGTGTAAACAATACCTGAACCTTTACCCCGTTGCCCGGCAACGGCCAGGTCTGTGCCAAGTGTTTGCT
GACGCAACCCCCACTGGCTGGGGCTTGGTCATGGGCCATCAGCGCATGCGTGGAACCTTTTCGGCTCCTC
TGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCAAACATTATCGG
GACTGATAACTCTGTTGTCCTATCCCGCAAATATACATCGTTTCCATGGCTGCTAGGCTGTGCTGCCAAC
TGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCTGCGGACGACCCTTCTCGGG
GTCGCTTGGGACTCTCTCGTCCCCTTCTCCGTCTGCCGTTCCGACCGACCACGGGGCGCACCTCTCTTTA
CGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGTGCACTTCGCTTCACCTCTGCACGTCGCA
TGGAGACCACCGTGAACGCCCACCAAATATTGCCCAAGGTCTTACATAAGAGGACTCTTGGACTCTCAGC
AATGTCAACGACCGACCTTGAGGCATACTTCAAAGACTGTTTGTTTAAAGACTGGGAGGAGTTGGGGGAG
GAGATTAGGTTAAAGGTCTTTGTACTAGGAGGCTGTAGGCATAAATTGGTCTGCGCACCAGCACCATGCA
ACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATGTCCTACTGTTCAAGCCTCCAAGCTGTGCCTTGGG
TGGCTTTGGGGCATGGACATCGACCCTTATAAAGAATTTGGAGCTACTGTGGAGTTACTCTCGTTTTTGC
CTTCTGACTTCTTTCCTTCAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATCGGGAAGCCTTAGA
GTCTCCTGAGCATTGTTCACCTCACCATACTGCACTCAGGCAAGCAATTCTTTGCTGGGGGGAACTAATG
ACTCTAGCTACCTGGGTGGGTGTTAATTTGGAAGATCCAGCGTCTAGAGACCTAGTAGTCAGTTATGTCA
ACACTAATATGGGCCTAAAGTTCAGGCAACTCTTGTGGTTTCACATTTCTTGTCTCACTTTTGGAAGAGA
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AACAGTTATAGAGTATTTGGTGTCTTTCGGAGTGTGGATTCGCACTCCTCCAGCTTATAGACCACCAAAT

GCCCCTATCCTATCAACACTTCCGGAGACTACTGTTGTTAGACGACGAGGCAGGTCCCCTAGAAGAAGAA
CTCCCTCGCCTCGCAGACGAAGGTCTCAATCGCCGCGTCGCAGAAGATCTCAATCTCGGGAATCTCAATG
TTAGTATTCCTTGGACTCATAAGGTGGGGAACTTTACTGGGCTTTATTCTTCTACTGTACCTGTCTTTAA
TCCTCATTGGAAAACACCATCTTTTCCTAATATACATTTACACCAAGACATTATCAAAAAATGTGAACAG
TTTGTAGGCCCACTCACAGTTAATGAGAAAAGAAGATTGCAATTGATTATGCCTGCCAGGTTTTATCCAA
AGGTTACCAAATATTTACCATTGGATAAGGGTATTAAACCTTATTATCCAGAACATCTAGTTAATCATTA
CTTCCAAACTAGACACTATTTACACACTCTATGGAAGGCGGGTATATTATATAAGAGAGAAACAACACAT
AGCGCCTCATTTTGTGGGTCACCATATTCTTGGGAACAAGATCTACAGCATGGGGCAGAATCTTTCCACC
AGCAATCCTCTGGGATTCTTTCCCGACCACCAGTTGGATCCAGCCTTCAGAGCAAACACCGCAAATCCAG
ATTGGGACTTCAATCCCAACAAGGACACCTGGCCAGACGCCAACAAG
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(i

MisRPY RNA pull-down =47 miRNA U F R E B RIE

—. MiRNA M|

hsa-miR-6124 MIMAT0024597
GGGAAAAGGAAGGGGGAGGA
G GGG ~ s G G AGGGGG AGG A

o

hsa-miR-194-3p MIMAT0004671
CCAGUGGGGCUGCUGUUAUCUG

CCAGTGGGEGGEGETGETGT FAT C T 6
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—. JRit
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HBV ZHL K] circRNA %52 R ThEet 5 MFE

MIRE FREE

1. pmirGLO #/jkEit

SV40 late
MCS  poly(A) signal

SV40 early
enhancer/promoter

hRluc-neo
fusion

pmirGLO
Vector
(7350bp)

PGK
promoter

Synthetic
poly(A) signal ;_

5°...GCAAG ATCGC CGTGT AATTC TAGTT GTTTA AACGA GCTCG CTAGC

ﬁ l | | I I
luc? Pmel EcolCRlI  Nhel

Dral Sac |

ICTC}GA GIFCTA GA"GTC GACCT GCAGG... 3

|
#hol Abal Sall

Accl Shfl
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2. pLCDH-CIiR 4k &3t

HBV ZRA%H circRNA K% 52 X ThEER 5T

_ RSVipromoter
——— HIVILTR
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N CMV7 promoter
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HBV %S circRNA % %2 K ShR8HT 5T MxA
= L H
MisR7< JRIGETE
P 1. BOF A F 47 5dE (mRNA)D
Sequencing in Real-time PCR Real-time PCR in
HepG2.2.15 in HepG2.2.15 HCC tissue
R LF (log2foldchange) (log2foldchange) (log2foldchange)
myc 1.567000 5.260000 2.700000 4.284955 2.127230 -1.402780 -2.065770
exoscd 2.020000 2.460000 1.220000 4.420091 0.029200 1.773943 0.770388
zscan22 1.100000 1.430000 4.100000 1.246537 0.278643 0.446069 3.692865
znf775 1.300000 0.5199997  0.5299998  -0.032890 -0.272630 -1.024810 -0.517560
gbx2 -4.800000 1.220000 -3.919992 0.787005 0.958815 1.624794 2.703373
hoxdl -2.540000 -1.430000  0.2999995  -1.152840  -0.613490  -3.914460 -1.193370
neu4 0.350000 -3.710000 -3.530006 6.850748 2.168136 -0.374980 0.890356
2R 2. BOAE A A EdE (circRNA)
Sequencing in Real-time PCR Real-time PCR in
HepG2.2.15 in HepG2.2.15 HCC tissue
LR AR (log2foldchange) (log2foldchange) (log2foldchange)
Circ_ CREBBP 0.6940395 -1.393802 4.271335 1.625087 3.980666  4.088961
Circ_RAB3IP 0.5512483 -0.7157422 -7.934790  -2.491150 -5.591240
Circ_RNF220 2.788299 2.555052 -3.738300 0.344750 -2.352820 -0.677310
Circ_ GTDC1 -6.751069 -6.342222  3.338870 1.181610
Circ_PDESA -0.2943003 -1.580663 0.408232 6.219613 2.406073  4.703584
chr14:40124049-40125012 6.388204 3.830658 -0.290340 0.830648 1.214829
B42% 3. HBV circ_1 it # Ak
iijilal Actin CT 1 HBV circ_ 1 CT 1 ZaACt
pLCDH-HBV_circ_1(0.5) 15.2515.5115.47 29.2329.5229.68 1
pLCDH-HBV_circ_1(0.5) 16.3816.4316.36 28.2028.9028.51 3.09
pLCDH-HBV _circ_1(1) 15.0614.9614.81 26.8527.0927.19 1
pLCDH-HBV _circ_1(1) 16.0616.4716.38 26.9926.8726.75 3.36

M3 4. CDK1 western & B {H 5 th e

i CDK1 KFEME Tubulin K FE{E CDK1/Tubulin
pLCDH 9410.74 13367.33 0.704011
pLCDH 23088 27578.92 0.837161

pLCDH-HBV _circ_1 24201.95 22624.26 1.069735
pLCDH-HBV _circ_1 10933.376 9628.548 1.135516591
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it

ZHE (FRENGHEEF) FEXER CHEEIHN: “<KXtE, 75
YZighkte; SePRE, BRI, "HEmEERNS L, MBRIIASIRAZE
EXFA. BEXRT, UETERNLEEETRIVERERR. THRMS, 5
KAGX+F, BRAEZIRPEREBIREN R, 7 ETHET, e
FHIIRSEABRING, BREFLRPALXFSBBHNER, BEMIRE
PR ERYSCIRRIBNASIALFTE WRI—AEBX, BERELTIRIMEAKIGE B BTl
R BRIREL.

FEREEY., EXTFE, RBRINETHEBIRE, BREIRERIEE
B4R, BERXEWNRAR, X, RESSHERIEN. EX/IFE, —£A
EEF LAWY, ERATSKFERPHTETESINE. RR=GEHb. T,
AEREERMRRERE, BRE—FEHENEZ: BFFIEER, EREMIKE
AYFFIR. BCAEMIAIATIEERE, BITREERMRIRHES BRI ERY
WAFE, —FRETEIEFTDIME, MAOPFELFAS, BERERE
W, FEXEIZER, FRERFMORS=FR—IBAHNEIN, RA%, ARMRA.

B, RERGENSIMEMREIR. NMUBEHEXBRIEINEIRIE IR
S, RERGSEE T =FHRNAIHENER. = FRBENES EZR T
ZMANHEREE, METHMAZRE, HRMETE. LBFKE. 8—REd

PAZE, BEERGAERITENEY, NESLHNBR THAMEE,

ZAMERE, HAMESHE, SENGRTRERES ERXERITR, EicE
BERIANENREMTF=HFNE, BBARTA—TEARASE. —EBRIESIK,
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RIS FRAFRIIMSRIDER], RIMIE—EFZIEFUFKIRE AR "%
BREEFRETD" |, (MIZBBARIZTZHEN, BAREENRET, SMRIIE—RERE
BEiFGE—ERFR (PS: BEABECEAREI T =+MIMAIFR) . BSIRIKE
B BV IR Mo IMERA], BaSHX =FEBHAT—EHBIFRIETE, XMIZEFH
MBI AEPREFHIATIC. RFIFRTANER, WSEMNBToLE, RES
HURE(LAER.

RSP R IR . FSFERITRMENITR, (REREF—TET
HEm. RMIN—ERRE, —FEXUNSMASIHRERERITINE. [
T 30 FRETRIERS, B—LENRH T IR(IITFARIXRZNZERE. ANERIE—
TITEBRABRFERIM—EERR3TFHE, EERRRZBMRIZEL. /R
IEfs® LA LRSS, BETHRERAERENES. RMINELR
BFERXBNERX TRAMHNEREENE. ABLUSHK, HEKEIIRE).
BHRRCARNRIE S SERE, 8FRETRIESE, 8FBANES, Bt
ERERRERT LS F RIS 532, ROGIBIEXI IR, B/ IMKIKTE
INREBRIRHRZF I PE/INRTRITESRR. /NRRIERT, IVNFTHE
HMEER AR ER, INREABEETMRAT ML (%K) . REEEREHEAIA
Prtk, ROBITERSRETIE]RRERTERID.
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