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[Abstract] Objective To detect the level of hepatitis B virus (HBV) cccDNA in peripheral blood mono-
nuclear cells (PBMC) by magnetic nanoparticle enrichment DNA and rolling circle amplification (RCA) and
analyze its clinical value. Methods A total of 98 patients with HBV in the Affiliated Hospital of Southwest
Medical University were selected as the subjects (group HBV) ,and the other 100 healthy controls were nega-
tive controls. The HBV cccDNA of PBMC were detected by magnetic nano enrichment DNA, RCA and real
time fluorescence quantitative PCR by cross notched primers. The levels of HBV DNA, HBsAg and HBeAg

were detected. Inflammatory activity and fibrosis stage classification were performed by liver biopsy. Data were
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statistical analyzed. Results The methods based on magnetic nano enrichment and RCA detection technology

can determine the HBV cccDNA in PBMC. The positive rate of HBV cccDNA in PBMC was 62. 24 % (61/98)
in HBV patients. The positive rate of HBV cccDNA in PBMC with liver failure and liver cirrhosis were signifi-
cantly higher than that in acute HBV and chronic HBV patients (P<C0. 05). The HBV cccDNA in PBMC of
patients with =G, /S, stage significantly higher than patients with <G, /S, stage(P=0.001) ,the HBV cccD-
NA in PBMC of patients with HBV DNA >>1X10° copies/ml. was significantly higher than patients with <C
1X10° copies/mL(P=0.001). The level of HBV cccDNA in PBMC was positively correlated with serum HBV
DNA,HBsAg and HBeAg (HBeAg positive patients) levels(r=0. 437, P=0. 000;=0. 338, P=0.001;r=
0.521,P=0.001). At the 24th week (AUC=0.771,P=0. 005) and 48th week (AUC=0. 868,P=0. 000) af-
ter antiviral treatment,the HBV cccDNA level in PBMC could obviously predict the viral response. Conclusion

The HBV cccDNA in PBMC can be detected by magnetic nano enrichment and RCA technique,and its con-

tent were related to the progression of HBV disease and serum infection markers. It could predict the effect of

antiviral therapy.

[Key words| magnetic nanoparticle enrichment;rolling ring amplification;hepatitis B virus;cccDNA ; pe-
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mg/mL) A 5 mg [ & J7 25 il 7T 1 ik 52 1 P 94K
WOk 7E 4 C T EIRIR G H5F 24 h,PBS Z2 mil vk
V3 UK FH 206 1A TG R S A [ 2 09 K O % T 1Y
HHREME . EMRIFICHE X HBV cccDNA
S e S PRER 3 5 18 i 78 Rk 5 % 40 oK UKL 2 T Y o
AR BB, B HBV cccDNA % 1% 9 K ks . DL 3 A
HELHGK F & (Thermo, 3£ FH) #2 B PBMC P &
DNA, ™4 # B350 & vl W1 B 3647, 20 6B BEAY 260/
280 WG REMHAE 1. 6~2. 0 54 DNA FRA<, K15 3
i & DNA A PSAD [ ( Plasmid-Safe™ ATP-De-
pendent DNase) i V] 5 1k DA R 2= 3F cccDNA, —80 C
UKAE DR A7 25 1. R AL 2 2 HBV cceDNA I REfL

29 K KL B 4E 42 B HBV cceDNA. £ 40 #:4F 2 IE SC
HkL6].
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S K34 B33 8 455 HBV cccDNA IE 4% . 11 4
HAWEI Y CEAE T P A E 1, RCA B K
% :10 X Phi29 DNA %4 i Buffer 1 pL. 5% (R1-
R81) 4 uL.DNA 4 pL ddH,O %2 1 pL, SAFH 10
pL, 2595 °C 3 min 50 C 15 s,30 ‘C 15 5,20 C 10
min N5 - PRI A WO A Phi29 DNA R 481 oL
(10 U/pl) 10 X Phi29 DNA %4 8§ Buffer 1 pL. 5]
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B L HEAT 5 B D 5] P4 = 0 S5 B 9O 8 it PCR R
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5 U
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(P<C0.05); & % HBV. & HBV &[5 HBV
cceDNA fHMER LR Z R LS I #E XL (P>0.05),
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BEFARIT¥E X (Z=4.378,P=0.001), ¥
HBV %36 HBV DNA /K #4T 04, >1X10°
copies/mL g% HBV cccDNA /KF (Hpi%.6. 2 1g
copies/mL) B & & F/NF 1X10° copies/ml g3 (i
Pi:4. 1 lg copies/mL) . B4 tL i 22 R G il 24 &
X (Z=4.102,P=0.001), WK 2,
%2  RE HBV BME HBV cccDNA
PR LB [n(%0) ]
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H % PBMC Py HBV cccDNA 7K F 5 13§ HBV DNA
S E A M (5 =0. 437, P=0. 000), U, [& 3A,
HBV cceDNA 5 1fiy 3 8% e M 458 #5 A8 4 0 B B
PBMC § HBV cccDNA 7k 5 HBsAg & B & 1F 4
FME(r=0.338,P=0.001), ILIKl 3B;98 | B H
35 il % HBeAg B, HBeAg A1k B 3% PBMC N
HBV cccDNA /K 5 HBeAg /K - 52 8 5 1F A6 56 1
(r=0.521,P=0.001), JL& 3C,

9 175 B B n BA 1 FAPE 2" 2" (R —
Atk HBV 8 5(62.50) 3(37.50) £ 2] gedee  wnin
S I
f& 4k HBV 59 29(49.15) 30(50. 85) §4 2l —tafe =
iIRCEIA 23 3(13.04)% 20(86. 96) E 2 E 2] VAN Muann
JIT 32 v 8 0 8(100. 00> e <e/SH >6/S:H ’ <1X10° =140 gy oua
. } (g copies/ml)
& 98 37(37.76) 61(62.24) " 2 REFIES R HBY DNA kT &
+,P<0. 05,5 Z 1k HBV &b P<<0. 05, 518 HBV [ HBV cccDNA 7K 3 bk %5
2.4 HBV cccDNA 55 r A L8 HBV
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0 ?
2 6.00 8 6.001 '3 6.001
o o
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A 3 PBMC H HBV cccDNA 5B 355 XS 7
10 — R 0.917),P=0. 005,0. 868 (95% CI.0.767~0.969),
s g P=0.000, ROC #r# ., TG Y7 48 J& i HBV
. cccDNA 2 3. 2 1g copies/mL B} 0] 4 Sk $ ) 4 B0 975 B
w ] 7 25 AN D R DT T 24 8 Bk B A KL LA 4
H 30w #
HBV cceDNA i 15 T IE 21 40 3 At 8% e 41
02— 8 LA K P A7 7E B2 HL AT 5d F HBV i 4 (5 20
K RNA Bk HBV i #EfEfs ENEHl. HBV
o~ cceDNA [ R B A% 45 9 4 76 s P 2 0 24 245
HRE WEFE A AT B 4 i 4% HBV cccDNA &7 @ HBV &
4+  PBMCW HBV cccDNA MR 1T Yer bR . A HBV kY o A I I B 3 07 A G R
MR ROC #H %

2.5 PBMC |§ HBV cccDNA X} 35 9% 75 76 J7 3% 4R
ROC W&k srdr 245 40 BB E T L hom 877, U
HBV S8 EHU% 5 1097 Ja b B0 2 028 A b e, 0 A
HBV cccDNA X409 B 16 J7 R H W o (8. 7E Bt
FIAYT 12 B PBMC N HBV cceDNA % 9% 5 v
- TC B B T AE AL ROC |l 2R 1 AR (AUC) 2 0. 608
(95%CI:0.415~0.800),P=0. 268, {EH W TEIRIT
24 .48 JEBF PBMC N HBV cceDNA = 7] % %5 B v 2
B & 3 9. AUC 43 %1 2F 0. 771 (959% CI: 0. 625~

Frrr, B HBYV DNA X I 5K 43 8 B AT R BR 4
1Ml HBV cccDNA 7K 0 22 o] 55 #hAS s —F 255 57
Br &3 B LS S M R N HBV & il KOs R A fig
% Ay I A B2 46 T 6 A 9R 97 AR B . PBMC & %8 3%
4, HBV B I S HKPTRE 1 T B nl 6 5 0% 5
7E PBMC P30 52 1 1 3 B0 e e ThBE = LA & .
HBV #2218 PR Y PBMC 1] fE 2 5 £} S B AL 45
MG HBV & % 245 PBMC § HBV cccDNA
K515 AN 21 HBV J&R e . & il ol B — 5
1Y B HBV cceDNA 7 PBMC W /K 84K . 5% R



1466
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N Ah 22 B @ r 2 F HBV cccDNA K il Jy
5 T 40 P K PR ME AR S i 4l cccDNAL L
5 cccDNA H & A8 ¥ 3 i1 A 5% DNA (reDNA) T
P, 3 BRI Jr 35 AR ME LA SR AT FLAR A R A L Rk
YK E AR B AR R A W ok 2 T ) BB AL S A AR S 0%
FITNAE . T Fr S S B H #h B bR BAE A% T R Be
o A0S PR A B AN TR AL AE W 4 58 K 1
R 5 P G K JIURE () ) A5 PR REAR RIS ET . RCA H
AR B 6. T, 7 AL AT IR 2 A M L 40 SR A 4 A
L EA ) N A", 544 PCR L&,
RCA HAB7ERE MR A W /E T 44 7k DNA g2
M. AT A5 %08 % reDNA X cceDNA 7 84 i i, A
WF5E BB M oK = B B RCA AR I € PBMC
M HBV cccDNA, HA7 38 il 42 35 b L Js) , B £ e 1)
B AT,

AT A 98 ] HBV UL £ 3% , HBV cccDNA
BH 4 35 i 25 g 1 b i BH P 3R o Bt =2 389 n B A AL
JH 305 8 5 PBMC P HBV cceDNA [ 220 1 T 5
(P<C0.05), ifi & HBV DNA # & 52 % PBMC }
HBV cccDNA # Il 500 & 25 T HBV DNA # i
# . HBV DNA 1 5 HBV cccDNA 1 B i 1F #H ¢ M
(r=0.437,P=0.000),% B HBV DNA & | 7] g
i HBV cccDNA, HKF Al £ — & #2 B b e Bt HBV
cceDNA FEAEAG B . T IIE 20 255 B 4 3007 2 40 7 92 3 0k
B E K., =G6./S, W B & PBMC N HBV
cceDNA # DB B & F/ANF G /S, BT & (Z
=4.378,P=0.001),3&7x HBV cccDNA T8 FIA KN
Frel A7 Ae vl RE S B0k it e . HBV cccDNA J& HBV
DNA & #l#i47 . HBV cccDNA 7% B R 23 5 i JiF 20 241
05 . (A FLE i B HBYV DNA & 38 g 4K N
i T B DA SR R G HBV G JH 48 i i
A7 Wt T 35O kA 2032 Bt 1 1 S G 28 76 A0 i) PB-
MC &% HBV 0] 5823 fin 51 3 o B 24

HBsAg.HBeAg J& HBV DNA % 5 mRNA &
PEA R HBV H5 5 P 75 2 1 LG S LR B0 B
ML &2 7% . HBV cccDNA 7 i o 72 o o] & #5146 T B
AT R 58 43 0 AR g 4 R iR . PBMC Y
HBV cccDNA 5 i % HBsAg 2 B & 1F 41 3¢ (r =
0.338,P=0.001),# 7% PBMC § HBV cccDNA #J
e g HBV Rik., A& N LA HBsAg fi
A 2N HBV cccDNA £ 75 % 1§ HBeAg R A
WF5E & ¥ HBeAg FH 1 B % HBeAg 5 PBMC N
HBV cccDNA 77 76 B 8 1 AH &t (r = 0. 521, P =
0.001), HBeAg BHM: & HBV & il i Bk A5 & . HBV
cccDNA 7€ 40 il 4 3% 2 & 3 nT &8 & 1 %6 b
HBeAg 7K 717, {H )& HBeAg B 1 3 K fE % /R
HBV cccDNA 8 HBV DNA & FIETE AR S, IR

FHREZ 201955 A% 48 5% 9

oy B AATE HBV Wil C X487, HBeAg Rik %
FRei RNBEF L. PBMC /E e ib giie, BAFEE M
RIEAG 515 T 38 I . BE W0 40 U A% N HBV cccDNA
WAL (5 BT A 20 B, 2 i HBsAg. HBeAg %5 4§
FYEEARIL,

HBsAg BFE 4N N 721697 HBV 2 s 1 5 3 AH
R ABTESEPRPUI B 6 7 P 1 8 HBsAg 58 2 1 §%
9 i E > DL, X 1T R 5 2D i HBV cccDNA #E1%
FROEFERPE N ARG Z A YA —E LR,
YA P cccDNA 218 HBV 435 42 8 e 14 f 32 52 5
B IE B SHUR EIRIT R 2 A5G iH B HBV ceeD-
NA WA N BI697 HBV BB AR, A0F5 i —
4387 PBMC P HBV cccDNA X HBV 40956 51677
AL (B . 25 2R R FE DU IR YT 24,48 JH A
PBMC Ny HBV cccDNA 7K 3 AT % 9 7 I 25 0E 17 5
W, 75 48 J& i) B A 5 AR A B ROk . & W] PBMC 4
HBV cceDNA 7] L F3EM P03 5 1697 808 - fE IR T
1o A o TR AR O R S A i — 25T B PBMIC
N HBV cccDNA K 1 11 PR & o

25 I ik ASHESEE S HBV Al &% PBMC., |
A K & 4 & RCA v £ 1l PBMC Py HBV cccD-
NA. PBMC § HBV ccecDNA 5 HBV %t s —
EXA. W5 M HBV DNA . HBsAg. HBeAg 7k -
FHIG ATVE U 22 30 7 ROCR HE F bk, X HBV /3%
fi il PBMC § HBV cceDNA H A 5 ZLIG R L.
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