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Amplification of hepatitis B virus covalently closed circular DNA in patients

with hepatocellular carcinoma using rolling circle amplification
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[ Abstract]Objective : To analyze the intrahepatic hepatitis B virus(HBV) covalently closed circular DNA (cccDNA) in hepatocellular
carcinoma(HCC) patients. Methods ; The specificity and sensitivity of rolling circle amplification(RCA) were investigated. The intra—
hepatic HBV c¢ceDNA in 13 pairs of tumor and adjacent non—tumor tissues were amplified by RCA and pre—S deletions were deter—
mined by sequencing. Results:The HBV cccDNA (10 copy/pl) could be amplified specifically by RCA. Among 26 samples,the HBV
cccDNA in 22 tissues were amplified successfully,and the pre-S deletions were identified in 8 samples(8/22,36.4%). In addition, the
rate of pre—S2 deletion was higher than that of pre—S1(8/8 vs. 2/8,P=0.007). Conclusion :The pre-S2 deletion of HBV cccDNA is
first identified in hepatocellular carcinoma patients, which would be benefit for understanding the relationship between cccDNA pre—S
deletion and HCC.
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KI5 LSRR 2 IR PRAEAS B AR HE A 7 45 TSI 4
bRl A7 T -80 CrkA & H .
1.2 83X H

SRR R B A TR GR) & (B2 [ QTAGEN A ],
(Promega /A 7)), 76 PCRIAG (34 [# ABI 23 7 ), Phi29
fiff (New England Biolabs 23 %), PSAD [iff (32 [E] EpicentreZy
), Premix Taq™ BEF PMD19-T 244 (TaKaRa /A7), PCR™
Waifbid & (Roche AR, B FHRE B LIS A R A
Ji, MEM £55%3 (Hyclone 2~ )
13 %k
13.1 405 2H40 HBV cccDNA 4200 HepAD38 Zififirh
HBV cccDNA FUH IS5 SCHk[ 4], B 28 . RAZA (10
mmol/L Tris pH=7.5,10 mmol/L. EDTA,0.6% SDS)ZH#AMM)5
4 CiE e, ARG 14 000 g BS.L> 30 min, JH Tris—H B -5 A E-
A (25:224:1) SNBE-SAAT (24:1) IR WL, ZBEUIE R
PSAD Ab#AH 5] cceDNA

HCHCC W A W BRI S5 L 2129 10 mg, R H Pro-
mega 2> 1) [ 420 DNA (19 45 R 7] & 42 UM 20 20 1)
DNA,JZ 2 ul DNA FH PSAD [iff 37 “CAFE 3 h, LAREAR T 4121
i MEFIBAEE O HBV DNA , M43 %] HBV cccDNA
1.3.2 96 it PCRORENER ) MIE A cccDNA 54t
T HBV 4 DR1 Fl DR2 KIS [AlAFAE B 1, B A AIF Y R
FHT 28 BEERET LR R - PER I HBV cceDNA, LA A
HBV L e 1) PCHO Bk b s, fi5 LR Rk 9 R EE
(10°~10% $8 DL/l ) R S5 I FEREH I FN L3 1, Dt it
PCR £1%:95 CHEM: 10 min, BT 40 MEER, 98 CAs 1
105,58 CiE X 55,62 CiH K 10 s,72 CHEMH 20 s,
1.3.3 RCA HBV cceDNA SR RCA J7 20355 v 4 4
MLV HBY cecDNAS, FEAHREREE) DNA 1584
it PSAD i Ab 5 FEEPERE M HBV #A5H0Y RC DNA FlELEE
DNA,SRJG7E 10 wl AR R HIIA 2 wl DNA 1 0.25 wmol/L )
RCA 5 ¥R (F 1), 28HE44F:98 °C 3 min, 50 °C 15 5,30 °C
155,20 °C 10 min, oK I, FHIIAEA 10 U 1Y Phi29DNA R
AR 0.25 wmol/L (51 ¥R G ¥ H1 0.4 mg/ml 1) BSA,
4 mmol/L 1) DTT 31 10 pul SR, 7% 30 CAMF T 19 h,
SRJG LA RCA SN P~ AR, PL A P2 51404 3E K 2 PCR
P14 HBV cceDNA 42J751:98 °C 10 5,66 CIFERIE k 15 s,
BAMERRE 1 °C, 7 MEER; 25 40 AMEEF .98 °C 10 5,60 °C
155,72 CFHEH 190 s,
134 pre-S XEGMY A CHk4E HCC 1 HBV DNA pre—
S X Bl T HAE pre—=S1 BY 3 ¥ Al pre—-S2 # 5 ™, L)
FEA TR 7 B A3 21 HBV cceDNA JgHHT , 28 RCA il PCR 13
F[%) HBV pre-S3113-270 X B DNA, ZlifkJ5 #2453 2
) T A % IR A AT
14 %itoprsasm

AR AT SPSS 19.0 et 4R FAb B, THETERER R
TN, R F LR ] Fisher B DIBER 2 K96 K E @=0.05,

F 1 RCA IR EEREERIS TR
Tab.1 HBV-specific primers and probe used for RCA and PCR

SIEERE FPAI(5°-3") oL
RCAG|H)
RCA1 AATCCTCACAATA*C*C 226~240
RCA2 GATGGGATGGGAA*T*A 615~601
RCA3 CCTATGGGAGTGG*G*C 637~651
RCA4 GCAACGGGGTAAA*G*G 154~1 140
RCAS ATGCAACTTTTTC*A*C 814~1 828
RCA6 TCCAAATTCTTTA*T*A 1930~1916
RCA7 TAGAAGAAGAACT*C*C 368~2 682
RCAS8 AGAATATGGTGAC*C*C 2 828~2 814
JERZL PCR 514
P1 (:(rgga'flagcttgACTT'ITI‘CACCTCTCC CT 319~1 840
AATC
P ceggaaagetigtc AAAAAGTTGCATGGTG 2231 804
CTGG
TGCGGGTGGAGCCCT-
:—SFP 3113~3138
pre CAVGCTCAGGGE
AGAGAAGTCCACCACGAGTCTA-
pre—SRP GACIC 270~244

PERE R PCR 5 FIRER (HBV cccDNA )

HBV cccFP CTCCCCGTCTGTGCCTTCT 1 548~1 566
HBV cccRP GCCCCAAAGCCACCCAAG 1903~1 886
HBVceeDNA FAM-  ACGTCGCATGGAGACCAC- 1 603~1 630

AT CGTGAACGCC- TAMRA
T 2w FORIEN S IIEIE TRRAC B
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1) cceDNA, 1115 210 Ml 5 UKL 1 ) HBV DNA (%45 4 A3 ikt
i) HBV RC DNA FlI85E DNA, K& H cceDNAB) AN BEH "
B RCA =25 HBV 2L M40 PCR REfEH 14 1H 3 200 bp
FEA 45T (I 1B) , Southern blot B RCA F=#2id Spe |
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Fig.1 Specificity of RCA
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PO PCRGETZ)RN T HepAD38 HHEUY cccDNA,
HHeE N 2.56 x 10° F£ D1/l 10 R B A [] 12 DL AR A RE A
(10°~10° 48 Ul /ul) , LA AR AT RCA S, ] 2 FeWIRCA
SN T AT ZE 10 35 01/l AR

19 329 bpl

4500 bp
3000 bp

A. RCA #3495 D15
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B. F K40 PCR
P19 RCA 77

E 2 RCAR#E
Fig.2 Sensitivity of RCA
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TEXT 13 5 HCC i A BR824 8L [ cceDNA
HE4T RCA H1 gPCR 914 )5, 22 Wl FEAS (84.6% ,22/26) P 1)
cce DNABERSYIAT R 388 (18] 3) , T HAY 4 filkEA i F414:
cceDNA F i ARMICMIASRRGED 5 K, LA LR A T HBV
DNA B Hs#1d gPCR RAEAR 4, LW RCA ¥ 351 3.2 kb
&Sk [ T AT Y HBV cccDNA, A& RC DNA,
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Fig.3 Tumor and adjacent non-tumor tissues amplified by RCA
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Fig.4 preS deletion in HCC

# 2 HBV E#A) HCC FFALH cccDNA pre-S X Byiksk
Tab.2 cccDNA pre-S deletion in HBV-related HCC

FEAGR S FEARAD  BROREH Tk X 3,
1-7-B-1  Jm4i PreS2 5~55
1-7-B-4  J@sds8l PreS2 1~44
1-6-C-1 e PreS2 8~57
1-6-C-4  J5HZl  PreS2 8~57
1-7-C-1  JmdL PreS1+ PreS2 3201~3215,1~45
1-7-C—4  JE554141  PreS1+PreS2 3201~3215,1~45
1-13-B-1  fE4I4 PreS2 15~56
1-13-B-4  J@s24148l  PreS2 15~56

33 #

HBV cccDNA 7855 B84 vh I HCC &4 i
HEENIER, X H A5 a5 Aa B T A B 7
H R IHLE 15 Southern blot Y71 AT X} cccDNA
PEAT S ARSI, (H R BB 00 2% 5 1T 28 ML 1 285 XL e
[T PCR K&ill HBV cceDNA W ARRESE 4 X4 RC DNA
il cceDNA, Hil 3 44t PCR 22 J5 153 1Y 5L R 2H 78
A3 77 R RS SR I R 01 R ZEPCR Y
W KA T — e REOTCIEE N 5 AE . el KR
) RCA A E—FiEIRAZIRY 44 i, A& PRk
DNA SR il i Z2 %5 45 () DNA 5197, 78 phi29 Jiff
YEF T sy BT i e ERAHIBR () 26K, Séverine
SO Y RCA 9788 HH HBV cceDNA, [RIREARSE
TESET RCA HBBEEEMEY 1M & FARIY cccDNA,
RV % DL (108 #% D1/l) i RC DNA tASHEBERCA
P38, A, BME7E =5 5 F (RC DNA:cccDNA=T:1
FEBITR A ) , cccDNA 2233 RCA 545 2545 (a1
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) JERIASINE] 10 $E01 /), B TR Y cceD-
NA BB AR (1~50) 5 D/l RO FH RCA 7] AT
R A B ZH 2 /D5 HBV cceDNA
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