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(tDNA) Fll cccDNA $E 5115 | W) AR %, 11 3.44 X 10° ~ 3.44 X 10° copies/ul & HBV 4K 4H %51 (C
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13 18k ) BB B G R 4l 2R AN 10 BiHE £ 35 AL SUbR AR | SR 1% i RABUE e 15
JREUITH P DNA, B30 20 WE17 B0k 224 ATP AR DNA B (PSAD) B 5 57— B HIAE
4 tDNA FIB-globin K EEZS , 735347 HBV cccDNA tDNA HIB-globin & &Kl , L) p-globin %
L, X RS AL HBV cccDNA FIHDNA i i Thnififb. &R RIATFA 21 HBV cccDNA
F1DNA & 5 1942 R [l 14 3.44 X 10° ~ 3.44 X 10° copies/ul, #illl HBV cccDNA Fil HBV DNA
TBRIIR 3.44 X 10° copies/pl. 33 Bl £ I SR F0 13 8k £ ER 3 B FZH 2 HBY cccDNA
B & B 43514 0.003 copies/cell F110.031 copies/cell; #6110 173 3% £ T T8 H & 19 T4 bR AR 1
SBAYE . R PSAD A6 AT 20 23 b SR B DNA RTS8 BE 1, 32 55 cccDNA K i 325 4 57t B ik
7.24 X 10°4% o X 2 481 2 P 52 5 O P AL b A i ARG 5 O, Cu (B A A8 5 R EK 0.224% ~
0.609%. £EI® 27k R ARR RS, ERE VAT, 7T TR T4 21 HBV cccDNA.
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[Abstract] Objective To establish and optimize a sensitive and specific quantitative real-
time polymerase chain reaction (PCR) method for detection of hepatitis B virus covalently closed
circular DNA (HBV cccDNA) in liver tissue. Methods Specific primers and probes were designed
to detect HBV DNA (tDNA) and cccDNA. A series of plasmids (3.44 X 10°-3.44 X 10’ copies/u1)
containing a full double-stranded copies of HBV genome (genotype C) were used to establish the
standard curve of real-time PCR. Liver samples of 33 patients with HBV related hepatocellular
carcinoma (HCC) , 13 Chronic hepatitis B patients (CHB) and 10 non-HBV patients were collected to
verify the sensitivity and specificity of the assay. A fraction of extracted DNA was digested with a
Plasmid-Safe ATP-dependent Dnase (PSAD) for HBV cccDNA detection and the remaining was used
for tDNA and PB-globin detection. The amount (copies/cell) of HBV cccDNA and tDNA were
measured by a real-time PCR, using B-globin housekeeping gene as a quantitation standard. Results
The standard curves of real-time PCR with a linear range of 3.44 X 10° to 3.44 X 10’ copies/ul were
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established for detecting HBV cccDNA and tDNA, and both of the lowest detection limits of HBV
cccDNA and tDNA were 3.44 X 10° copies/pl. The lowest quantitation levels of HBV cccDNA in liver
tissues tested in 33 HBV related HCC patients and 13 CHB patients were 0.003 copies/cell and 0.031
copies/cell, respectively. HBV cccDNA and tDNA in liver tissue of 10 non-HBV patient appeared to be
negative. The true positive rate was increasing through the digestion of HBV DNA by PSAD, and the
analytic specificity of cccDNA detection improved by 7.24 X 10° times. Liver tissues of 2 patients were
retested 5 times in the PCR for detecting cccDNA and the coefficience of variations on cycle threshold
(Ct) were between 0.224%-0.609% . Conclusion A highly sensitive and specific quantitative real
time PCR method for the detection of HBV cccDNA in liver tissue was established and could be used

for clinical and epidemiological studies.
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1. %31 tDNA \HBV cccDNA 5| ¥ Fi#4l : 2%
Singh %5 T 5 W) K AREH IR IE 7 51, 4G tDNA
51 W) R £ (t-Tagman) BE 98 & I 423 5t 25 IR DNA
(relaxed circular DNA, rcDNA) 5 cccDNA, ¥ 4 A
B M 376 bp, MR reDNA (A 51 11) 55 cccDNA
(HH A FRIR) B 4540 22 5%, I 1T reDNA SR F 547,
AP 1 reDNA, HAGI H cccDNA, 734 B K 0
367 bp. GIYHHEREN N T HBV LRI A ~ GRS
X 48 , N H BLAST #k 4 (www.ncbi.nlm.nih.gov/
BLAST) X B 051 947 75k, 519 ARt
RN FI G B PR 1,

2. il #% #x W BT KL DNA ( E 4 Ok

®1 VAR R

519HRET A5 ~3") Ay
tDNA 54
t-F GCCAAAATTCGCAGTCC 305 ~ 321
t-R AAACTGAGCCAGGAGAAA 680 ~ 663
t-Tagman FAM-TTCCTCTTCATCCTGCTGCTATGC 403 ~ 427
C-BHQ
cccDNAG ¥
c-F GGGGCGCACCTCTCTTTA 1523 ~ 1540
c-R AGGCACAGCTTGGAGGC 1890 ~ 1874

c-Tagman FAM-TTCTCATCTGCCGGACCGTG-BHQ 1562 ~ 1581

pBB4.5HBV1.2) : L) pBlueBac4.5 Jy JERf M £ , 411 &
A HBV DNA 1.2 {5520 K, CHE B, adr E5Y
A 55 HBV JE [F1 41 1389 ~ 3215 nt Al 1 ~ 1969 nt J¥ 5]
(ARFLHZE AR ) o BURLEE % 5 FH UL G5 &
(A= B ARAT BR A B $2 5, IS5 oL BE AR
(3 [E GE /A 7] GeneQuant pro) 7E 260 nm i K T £
WSk S FE (C pg/ml) Je 2R . AR 4G BTk DNA 1Y
31 (M) S TR AR # 50 (A) THE 3 BTk DNA
H9¥5 U1 (copies/ul=C/M X A) , FHXNGEK 4T 10 4%
Fis B h 10° ~ 10° copies/ul 10> BEAE Jy br i i , 28
N7 cocDNA tDNA Rl bR 2R o i i o kb o
i 120 CLAAFE

3. 9&ERE B PCR VLR 2 A AT < W R
S T BRI, R BE A BOR 533 cccDNA
FIDNA 51 HE LI . DA cccDNA F S A4
Z 12 pl U DNA 28 PSAD BV G P H0/E i,
c-F (10 mmol/L) 0.8 pl, ¢-R (10 mmol/L) 0.8 pl,
c-Tagman (10 mmol/L) 0.4 ul, 2 X conc. lightcycler
480 probe master [ FastStart Tag DNA Polymerase,
reaction buffer, dNTP mix ( H{ dUTP {t#; dTTP) , 6.4
mmol/L MgClL,] 10 p1, PCR 7K 8¢ K B W 2& /K
(ddH:0) 6 pl, & S RLAR 3 20 ple 2 W A 36 2 8K
(lightcycler 480 system, Roche 28 F] ) : 95 °C #ii 2% P
10 min;95 °C 105,55 °C 205,72 °C 20 s, ¥ #5454
TEER . QI tDNA FY S AR R 2 2 pul 23X DNA
A I PSAD il U AE A/ S B, t-F (10 mmol/L)
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Control Kit DNA (Roche DNA Control Kit; Roche
Diagnostics) ( &% A1 51 % #8 £ ) Fl LightCycler ®480
Genotyping Master (Roche ) i 71 & 5 I JF-21 2 i)
B-globin, 73 hg DNA 7 & , 1153 H} JHT2H 21 41 g 4%
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PRI F5 DLEL
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P o5 A, TR R Th S Bk AR, # I QIAamp
DNA Mini Kit (Qiagen GmbH, Hilden, Germany ) i
B 5, R VRIS (U600 pl AW buffer 432 R iFEA T
Y, BR300 ), $RHUDNA. I I K 20 21 4 8
QIAamp DNA Micro Kit (Qiagen GmbH, Hilden,
Germany) i B - $2 H.  I FH 58 41 43 )6 06 BE 1 7E
260 nm P I E DNAWE , B - 20 CIKFRAT -

3. DNA 1y PSAD f# Y] : PSAD (Epicentre
Technologies, Madison, WI) 7£ 55 5 pH 254 T 1K 1k
2RI XUBE DNA (Z6 1% B5% DNA FIFRIR B DNA, Xt
A6 PR AU EE DNA S IR DNA Joii 4. B 25 ul
DNA JITA 1 ul PSAD (10 U/ul) . 10 mmol/L Mg*" |
1 mmol/L ATP 0.5 mmol/L DTT fit /i, 50 1 55 B 144
#,T37 C/Ki 1 hBEYITHAL 2R )5 70 “C7K 30 min
K& PSAD W, 2™ WIVE RN cocDNA [ S WARAR o

4. K DNA $EBGs R Maifb e - BaE I
I R I 2R 2 A IR B8 BB T A 2 0 ) s 1 o
X AR RN T AR R bR A ) DNA 2

17 PSAD i 15 1L , B VI =¥ cccDNA 5 45451 7
P 1 PCRAGIN , FLgh 55 C A o TR 245
FLAE, A P RO o L IR s v SR il )
4lifk (Biospin PCR /=¥ £lifkiX 71 & , Bio-Rad /A wl /™
i) Y, 5 ) R gl Ak RD IR S 00 bR v SR
cccDNA 5| W% #4T Rt-PCR , HLARHLGS 5, K6l 4l
TR DB

= R R R A A

1. R . bRvE BB DNA % LG B R 1141k
J& (10" ~ 10° copies/ul) , FH cccDNA 5 |9 S48 5t 4 7
PN it PCR, ARYEY 3G Hh R 3 OB ¢
FRIH REE . P IR Z S Lighteycler 480
System [ FRHE N &Y BERHORR B K, I E=10"%7F,
YRR E R FE R, s = (ER2) X 100%.

2. RS AR I A TSN [P
X BEAR A I 2L 21 3 A b o S5Ok 45 B DNA, A6 i
PSAD [ UJHiJ5 =9 . #:i HBV BH M AT 41 U5 A
PSAD BEIRTJE 7=4 K BHPERRAS N AR ok )
PASD B VIHT I 724 . B iF PSAD X reDNA A4
I cccDNA 5| FHREN B . cccDNA R A%
B2 i 3 HBV cccDNA Fr f il 26 11 58, B v=
-3.472X +41.34 (X ACRPRAC MR FE By X4, YRR G
{8, BEVIRT JGFRA T cccDNA 51 HEE AT 3
153 CoAE, WARAS 1 Co AR 22 B R B P AMEAR A bR
b A5 HARAR LR B, SR R T LR

3. B E U3 URE(10°,10°,107 copies/ul) Y
JECRIARE S M 2 71 HBs Ag B £ 3% 1) PR 20 R0
S L1535 5 6 A~ FE 2 LA, WEE PCR P11
RN AT RZE(CV%) ; A XT 1 5] HBsAg FHE:
BB I g 4 20 K 55 4] 4 04T 3 U8 B PCR A
W, MEL M S CVe

s R

1. K AF 412 cccDNA FITDNA F 7 ] 28 1) 2
A7 K cccDNA BRifE £k Y=-3.472X 1+ 41.34,
LR PEE I 3.44 X 10° ~ 3.44 X 10° copies/ul, 1 5%
RH IR F 7% (F 1) ; K DNA AR UERTZ R Y=
-3.432X+41.56, Z VL FI 2 3.44 X 10° ~ 3.44 X 10
copies/ul, ¥ HERHORH 7340 98% (&1 2) .

2. FEBGAR NSl A ORI A 56« [P X FR 2 40
JInA B 5 (10° copies/ul) brifE Uk 5 #EH DNA , A
MTARUETURL 10 F5 008 B DIy FEa R 2 0 AR
25H BEIA 10° copies/pl FRifE BRI FEAS A T8 e E 1
PCR, P Ci{H 535} 23.63 +0.24 1122.94 +0.10,
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log W ARHERT I B

B2 Fll HBV tDNA %G i PCR P 34 2k (A)
FkrvEZE (B)

UL 2R IRACR R A (R 3) . XFE A& (100
10° copies/ul B ) (A5 I BRI A PSAD B f5 7~
YRS FRERE T 245 A T4l4k, 5455 2 {550 B
HIFRE ORI AR PEAT PCR L ; 4lifk2H 10° copies/ul
55 10° copies/ul Ct{H 53514 21.88 £0.09 F126.13 +
0.10 , ARvEFCRLZH 4357 4 19.394£0.60 £1123.04 +0.11,
Al L4l ALf5 K DNA E2%  DNA R %, G I
Ft 5 1M PSAD B U] J5 AR AL FEA C {43110 19.42 &
0.00 F123.18 £0.18, ShnME Uk 24 Huise, AR —2L,

Vi I B ) i AS 4l Ak %t cccDNA Y TE 3 388 JC 500
g v SR DNA BK R REMERf AR H AR AS
HBV DNA %4, R it , Ak B G 24k (1 4) .

3. SR AT AR O R s A 2 S 55 4
LR R H cccDNA FTHBV DNA, Z T i

31.686
28.686
25.686
22686
19.686 yw
16.686 ey

2 13.686f ey

R loesef /S

7.686 36, C1:23.55;23.90; 23 44 A
4.686 €5, C1:22.87:23.01 4
1.686 - " P
510 15 20 25 30 35 40 45
TEF L

e 86 FAEXT HRJF L2 in A 10° copies/ul B FRE T4 PSAD
FEVIJEREA ;s €5:10° copies/ul BIARE TR 2 {5 M BEFEAS ;. # 9234N
# 9234N U143 5127 B Mt BT 2L PSAD BT i Je AR AR

m
RE}

{8
o]
=
[ 387
w

-
5 10 15 20 25 30 35 40 45
%

T s o a5 2B FEIR 10° copies/ul 5 10° copies/ul AR vfE TR 2 75
FEFRA ; B Bs 7331 2271 10° copies/ul 5 10° copies/ul FrifE Fiki PSAD
i U) G BRAS 5 yo.ys 5391 F2 7R 10° copies/ul 15 10° copies/ul A7 1 5
PSAD iUl 5 alifbpn A

B4 A s R
F L P A RER IS cccDNA #1 HBV DNA, i
DG RE TR 7 B R S R (K1 3) 6

FH T reDNA 1E fd% 5" v O30 4> 58 B A, JUH:
TE reDNA S AR = BU1E L N KL cccDNA IR 5 &
FUBRBAYE , T AR PSAD fil T tDNA REASN AL, 224
rcDNA 5200 . -~ T 5iF PSAD VR R e, B
3.44 X 10/l 5 3.44 X 108/l b i R 2EF T PSAD i
Y1, 5 2 158 B IRk FE A v ook [R] B E 4T cccDNA &
i K, H & Ce B 43 M 23.18 £ 0.18 F119.42 +
0.00; J5 % Ct{E/M34 23.04+0.11 FI119.39+0.60, 7]
L PSAD B2 TH L% cccDNA (K 4)

JHtDNA 519 M #5851 %5 1 4 HBsAg BH 1 Z /T 5
RS B R Al 2 S s L BV G S5 P b T
PCR, 2% W g 2 23 K e 55 A A I 1T Y Ce B 43 531)
A 23.80 + 0.15 Fi126.64 + 0.02, 7] J5 09 Ce B4 591y
26.1240.11 F1134.98 +0.14, 7] WLEGDT R KT EY)
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J& , BB PSAD [ fig 1 1k % % reDNA, 38 1 45 i
cccDNA H57 53 % . F] cccDNA 5| 9 K FR 51 K6 2 491]
HBsAg P 25 I A R 8 R 55 A 4t
HTH Ce B 43510 27.42 4 0.09 F1126.83 £0.03,27.14 &
0.03 F126.68 + 0.03; il U1 J 11 Ce {53514 33.60 £0.17
F131.9740.07,37.07£0.97 F133.63 £0.06; 7] i, PSAD
FFIT AT &5 coccDNA KHMARE B TK 7.24 X 10745

4. RELEHT : DA cccDNA FtDNA 586 5E
T PCRAREZ AT L, phZR 2R 56 R AP HERCR )
U« 2R VR ] R 3.44 X 10° ~ 3.44 X 10° copies/ul, §
RN 97% ~ 98% , Fe A U PR J2& 3.44 X 10°
copies/ul , £ Ml JFF 2H ZHFR At cocDNA 5 iK% 1 0y
0.003 copies/cell

5. AT BRAEFORL 3 SR (10°.10°, 107
copies/ul) J2 115 HBsAg P (# 1032) a2 2L
S AL RA AT 5 85 6 A~ F 2 LI cccDNA K, Ce
{8 43 91 2~ 29.29 & 0.10, 21.85 + 0.08. 14.70 £ 0.05,
33.60 £ 0.17 1 31.97 & 0.07, CV% 43 51~ 0352%
1.928% .0.362% .0.5029%%110.224% , ¥EA # 3386 Y AT
T RIS U AT 3 Y & PCRAGIN , Ci fi
351K 25.97+£0.17 F135.16 +0.16, CV9%453 5114 0.661%
F110.458%, 7] UL e B PCRILE B MR I (522) .

6. I PRER A : 10 BE 2 F 5 L 215K
5 %] cccDNA F1 HBV DNA ., 2 {5l HBsAg il I 1§
HBV DNA ¥ B4 5 -8 58 25 20 23 b 257 4 ) 21
cccDNA FTHBV DNA, 202! cccDNA FItDNA 7
439124 (0.004 F10.116,0.010 1 0.030) copies/cell,
Jifi 5% 4 41 cccDNA H1 tDNA 75 & 43 51 4 (0.007 £
0.147.0.009 #10.036) copies/cell, | i i %) 33 44l
HBsAg FH M 9 28 3 b, 14919 4 20 bk U &)
cccDNA #x fiX % & N 0.003 copies/cell, tDNA &
0.007 copies/cell; 75 1 {53 41 24U 21| cccDNA iz /51
T 5 o 27.110 copies/cell, tDNA A 1255.083 copies/

F2 POl PCREE ML R

cell, 13 18 1 2 1 55 3 I Kz 41 21 cccDNA Al
HBV tDNA 7K *F- i i £ 43 51 24 0.393 (0.031 ~
6.482 copies/cell) Fl 6.199 (0.195 ~ 1403.120 copies/
cell) , P % BB KA o 2 40 G (r=0.740, P=
0.004) ; 4351 5 IfL 7 HBV DNA %45 /K 75 5 A1
XM (r=0.889, P<<0.05;r=0.849, P<<0.05) , 5 ALT
HFHAEA R (P>0.05)

i

HBV cccDNA J&i% 05 75 7511 3 HF40 i Py 7 g%
YORZS A 2 B Hil i BB bR 2 — o IFA
cccDNA ITFTE S8 M Z IF BT #iA 7 id f v e A
25 Wit 7 5 24 S B 1 B LS PR IfLiE HBV
DNA /KA E B s B 21 20 N HBV [ I 5 |
00, PR A 7 — P R B RR S 0T RE D VAR DU T
ZH41P) cccDNA FIHBV DNA F Ak B EE L, &
I cccDNA B9+ A AW % 7% , W2 2% Southern blot 7%
N HE ARG W N A5 WLt =™
T8 M S 56 % E B PCR 973887 9k PCR 4 34
AR AR L %5 454 PSAD (ST fiff .4 T TR
fifti %5 XF ssDNA . rcDNA | % 45 DNA 45 H At JE X 1y
DNA HEAT I Ak, AN W4 Th A I 1) R B3 RS
BEFR O I HAC A FUR B, a0 < ik 5 5 1 A1k
HEFF PR PCR, 380 T NGRS Y (b1 2, [R5 i
T AR A5 A ME B 5 4R ARSI 32 1 S A F
Kt Bt TR 2 AR FEE

AWE5E 2 % Singh 551 T Y 5L I 2O E
PCR, 5| FHZF g Bt iR e 5 | At e 3,
I3 W Y Taqman K S ERE B WA sC 5L, il i
AL B AR Z A5, 3357 T K5  cccDNA T HBV
DNA 2P 56 R RAFIARiEMZE o Singh & 5T
SIH R A A ~ F 63 R RIS H B A< A
B, SR I RAR AR s, m AR 43 32 PR A

HORRASKE HY o 3858 cccDNA Ko il 1 45

Cif

s CV(%)

SR ARHFSE R T PSAD [ AL AT 4H

JORLHR JE (copies/pl)
3.44 X107 14.72 14.76 14.69 14.73 14.62
3.44X10° 21.74 21.94 2191 22.80 21.87
3.44X10° 29.19 29.25 29.23 29.36 29.44
FEA G5
#1032T" 33.75 33.61 33.65 33.49 33.78 33.33
#1032NT " 31.95 32.06 31.98 31.86 31.92 32.01
#3386T" 26.02 26.09 25.98 25.69 26.04
#3386NT "’ 35.21 35.32 35.35 35.49 35.64
#3386T

ZU{DNA, PSAD [ifi %} ssDNA .rcDNA %

14.70£0.05 0.362

21854008 1928 o B DNA 45 B A 35 46 7 T, i &t

29.29+0.10 0.352

cccDNA JEAE I, DA K i 42 5 17 7
RS 2 724 X 105, [, %3t
N HBZ BRI i 41 21 v B-globin
Sk, VR R TR T 20 R B
HBV DNA #il cccDNA & 2 51 20 ffd
(A% DL, DT 7 20 248 1l S o PR A K

33.60+£0.17 0.502
31.97£0.07 0.224
25.9640.16 0.609
35.40+0.17 0.470
26.00 26.23 26.13 25.69 25.83 25.78 26.02 25.98 26.04 25.97+0.17 0.661
#3386NT  35.00 34.83 35.12 35.20 35.20 35.22 35.21 35.32 3535 35.16%+0.16 0.458

TE: T .NT 2 HIFRATRELEY oS 43 BIFR PCR PRI PCR [ F 5 A PEAG T

PIFEA BLA RAFRY AT M. Singh 45
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60 7 v B A A BR 2 2.5 X 1042 DL/ B2 i, 46 1) 5]
20 8 N B ffK cccDNA ZKAF-J2: 0.05 copies/cell; A<
5% BRG] 2 3.44 X 10° ~ 3.44 X 10° copies/ul, ¥
T 20 240 Bt Y % I cceDNA 7% 1 4 0.003 copies/
cell, 7] WASHFFE AN T BRAIE T Singh 55 7577, R A
JEE E . HF A 2« Singh 278 PSAD B AL FE 5, XF
Fig ) e AR A alifk , n] Be = Az AR A 52 « O R A
B cccDNA HE—2 £ 08, S8 AT @
AR REAR AT Z AL BRAY , cccDNA 5 25 72 5 1] g
ANF) 5 TSR] He . A ST X
(AT SR U 11 J5 A 4l Ak S V) s 4l Ak g, &
PR T 2 5 SR B AR — B i ) i A D) A AR
MR e B, Ui W i D) 5 AR AR 75 2l 4k, A 2l 4 XF
cccDNA F 46 JC (. 25572 il , - e 50 MEAff S B R AR
HREIR & i X 3 VRS bR i B BHPERR A 1) 2
A H A AL LA A Z K PCR SR A , AR S 2
Bk 0.3529% .1.928% .0.362% .0.502% .0.224% .
0.661%7110.458% , 7] WL 8 &2 1 L 4f-.
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