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Abstract

AIM: To use pyrosequencing to establish a
method for monitoring hepatitis B virus mutants
resistant to lamivudine.

METHODS: Plasmids cloned, sequenced and
constructed from the lamivudine-resistant
HBV mutants at rtM2041/V (YMDD motif) and
rtL180M were used as a standard. The frequen-
cies of mutation-site nucleotides were detected
by pyrosequencing in sera from 4 patients who
underwent lamivudine therapy. HBV DNA with
rtM2041, rtM204V and wildtype plasmids were
constructed for subtracting the background sig-
nal frequencies.

RESULTS: The frequency of background sig-
nals in all plasmids were between 0.1% and
3.9%, The frequency of background signals was
determined as 5%. In all 4 patients, HBV varia-
tions were detected from 4.5% to 33% before
lamivudine therapy. Virological breakthrough
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was monitored for 4 to 8 months along with the
gradually increasing HBV variations at positions
of rtM2041/V and rtL.180M.

CONCLUSION: Pyrosequencing is an effective
method to quantify and monitor HBV variations
during lamivudine therapy. HBV lamivudine-
resistant mutants exist before lamivudine treat-
ment and gradually increase during treatment,
and then virological breakthrough and clinical
resistance occur.
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dine; Pyrosequencing
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P K T AE R B AN R AL UE [ Br 2 podi
CHFREEHB V)25, L4z T8tk 2 2
JHF IR IT IRERE . AR M0 B G VA 7 1 TR FR) SE K (6
mo L)), FDNAZR G ) 56 7 s 2 1R - R 2 R
RAAR-RAEDIR(YMDD)(rtM2041/V) 48 57
) A 26 20 W 1 1y ik 314 %-32%(14E) . 38%(2
) 49%(34F) K 66%(44F) M, I HL AE e H
WA 5 rt L18OM AR S A5 W57 3R W R b K
FKEIVRTT HB VB G 3 (M35 5 rl A I HB VI
YMDDA 5 [ 805, 10 HLA 7 i s R A
A SR B AR ARG I A R JE R e
ST S R 1) 7 4. AT e SR P A IR
(pyrosequencing) /3 AT A48 F A7 i A% T R AR,
PLATIF R I 5 (HB V) A B X (rtM2041/V %
rtL18OM) A BIFFUNT 5, B ML LA b7 K e & A
IT 1S 1 £ B 9 FR S AR 9 A8 i R AR I B S
AL L.

1 MRRT5E

1.1 MBI CAIRT R B E I R LR F R
—BERE IS E, B S, 2 WhRERT 52005
R YE SR R B A FR bR AE, I HEBR LA R
DRI R PR Y DA 28 15 2R JH 9 05 2 T 350 40 7.
A5 15 R FHRK 9% 8 (% 100 mg, 17X/d) &2
48 wk, V0T E AT AR DA A L L
2 2 (HBeAgAllanti-HBe, J%[F Abbott AxSYM)
JHBV DNAE &/M(¥ [KCobas Amplicor
HBV monitor), FHAEFEAC . BIUMIE AR A, R
17 T-20°C VKA.

1.2

1.2.1 HBV DNA K QIAgen 4= IfiL %
22 BUR I (FE F Qiagen /A 7)), A7
U AT

1.2.2 A3 41 DN A I 5 AIF
B14: 54 YMDD. YIDD & YVDD/JHBV DNA
SRR, PCRFZHI(793 bp) 203t b vt i LIk 46
52 Ji, KHDNARIHERFI £(TIANGEN DNA
gel extraction kit(" [F LR AR BA PR 2
w)glitk, 15 S5pGEM-TE M (pGEM-T vector

ligation assay(Promega, USA))&E I AL IKZ
BRI E, Bed T &AW 55 RN R
i, 37°C, 16 h. BN FE ML FENLHRE AN v b
PeFPFS mL LAGH B R IR 56 h kAT 3 i B 5, 4
HUFORL(E.Z.N.A plasmid miniprep kit(Omega))J5,
M5 IPPIRP2HATPCRY MG, MFE5E. 514
P1(5'CTCWSCCATATCGTCAATC3' W = A/T, S
= C/G, 106-124 bp) MIP2(5’AACTYCCAATTACA
TATCCC3'Y = C/T, 879-898 bp).

1.2.3 (HIWFFRPCRY H: LA
FRRF G IWHBY DNAKFIR, L
S1MP3(5’ACAAAACCTWCGGACGGA
3'W = A or T, 572-589 bp)FfIP4(5'Biotin-
SAAAGGGACTCAAGATGT 3'S = C or G,
774-791 bp, 5" BV brad) Y 8 B AL
rtM2041/V JrtL180MAY i 1 v Bt (220 bp). #~
BfkZ: 2.5 uL ANTP, 5 pL 10X Buffer(5 47 1.5
mmol/L MgCl,), 1 uL Primer, 0.5 uL Hotstart
Taq DNAZ (S U/pL TaKaRa KiZEE4Y)
TREARAF), 4 nLEMR A6 pL ddH,0, i
RRS50 pL. &AM 94°C 5 minTAR Pk, 1M
Ji94°C 30 s+ 55C 20 sF172°C 20 s, SO
W, 5 J572°C 10 minfg4r fEAf. o 19 H BE
20 g/LEENEREEE I vk 5. (2) P EEDN AR
REIHES: FPCR™= W # 2 96FLPCRAR, J
45 uL 1 X Z5A 2P (10 mmol/L Tris-HCI.
2 mol/LNaCl. 1 mmol/L EDTAfI1 mL/L
Tween20)F14 nLEER % WiEE(10 g/L, Dynabeads
M280-55 75 Z Wi FK), 1400 r/minE>30 min, 78
SRS . W AERAER EPCR WIS
7750 mL/LZEE. 0.5 mol/L NaOH(ZZ P A{#
AR AR RAPEZE MM (20 mmol/LTris-
Acetate. 5 mmol/L MgAc)ddH,0H 435k
W1 min. Q)Mo WP 519P5(5'-
AGTGGGCCTCAGTCCGTTTC-3'645-664
bp, £FXIrtL180MA. &) ELP6(5'CTGTYTGG
CTTTCAGT3' Y = C or T, 720-735 bp, %%t
rtM2041/ VA7 50) T L5 D N ARBE R Bt f 2R % A\
4ASuLEPEE M IF 51910 pmol/L), 7
80°C 44483 min, A HI 2 . (4)FIHPSQI6MA
DU FASC (P RE B8 A 5 R LRI 5T T A PR 2 =] 2486
FISNPIiE &7 & (Pyrosequencing AB/A ], Fii
B, FLACHS AR S U B EATPCRYSNP
M EEREIR I, 43 A et L18OMAY s (CTG)
rtM2041/ VA 1 (TATATGGATGAT) HH 248 A7 1
(A% T IR A %6
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< 1.0E49 | 1300 3
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1.0E+15 [ Hepatitis virological 1 350
1.0E+12 } breakthrough 1300
1250 =&
1.0E+9 | 1200 §
LOE+6 | 1150 &
1100 <
1.0E+3 50
real-time PCR cutof ~ & ¥ = *
1E+0t—r-——r——— 1y
0 1 246 812 18 243036424852 wk
—=— HBV-DNA —-ALT
1.0E+12 [ Hepatitis 300
Virological 250
1.0E+9 breakthrough Clinical 200 :—ET
1.OE+6 resistance 150 g
=
100 £
1.0E+3
real-time PCR cut off 30
10E+0 b+ v v

— 0
01 2 46 8 1218243036424852 wk

B 1 ApSMZ B B R KBS HBY DNAFIALTEVEIASZS L. A male 32 ;B:male21 ;C:male37 ;D:male19 .

2 BR
2.1 HBV DNA ALT
445105 1t £ R 9 SR AR 2 oK R A
J7 )5, HBV DNAYE -2 wk/& i 5 % 12 ¥ 50 b
%, 4-8 wkiag tHIL— i VEALT T &1, 105 FiEbl
#HBV DNARiE—& T FEMALTH S H BT
G2 N 2. SRR YT 18-36 wkG ANAIFE & L
¥)kE THBV DNAF R BE(virological break-
through, Jp3 55 2% SO, A1 Rl AP BEALT 1) F- X
Tt =i (clinical resistance, Il R Z9)(E1). 461
MIGIT FFUR B 4501, FF4HBeAg(+) X HBeAb(-),
AR 2 A ML 2 e ke
2.2 HBV DNA YMDD, YIDD YVDD
A TR I 7 e P
K2, PRk 184 Tl i, ORI P4 E 4 R 4 K3,
HI I3 th, A3 (B)R T A I el R 2148
JEERR(1/7).
2.3
A 3 S A 2 AN [ AR S 248 2R (1 e 1A I
ki, 45 R BRSO T IR AN A 11.0.1%-3.9%
ALk T IR R, 0 5% W S
U A T RR AN, A A A U R R A 43 A R
SRR AT LUIK 35%. Ak F ot A 1) = B3 1R e
(dATPaS) A =R I T (dATP) 5, & v LA
A R A DN A SR S BRI F i A L5 2 U031,
AT “A” WG S e, BT ASER 5
TR “A” I BRI “A” IR IE(E
Pe86% i, HAHTIEL “A” S,
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B 2 HBV DNA
YMDD, YIDDF0
YVDDFRAIAIE
TRE.

mpR \
Lacz*

{ pGEM-T/HBV variation

restriction
endonuclease J
sites y

Aim fragment
793p

restriction
endonuclease
sites

2.4
rtL180MA A5 (CTG)FrtM2041/V
P7 S (TATATGGATGAT) 5, KRR ATF
BI4PT 7. BEAR i ild %5 i1 A4 . Leu(CTGAHI
TTG). Met(ATG). Ile(ATT. ATC M ATA)FI
Val(GTG), A% A Ak A8 bk L
11243 rtL180MA. £, BFARRIIT o LU 49 1-A%, A%
SRR b7 ELB A A%; rtM2041/VAL 1, YMDDJT
it LE ) G2%-G 1%, YIDDFT i E il 4 1-G2%,
YVDDJIT 5 Ll A G1% (Kl 4).
2.5 %
IR T ARSIk 2 R 5 AR R % b oK
T E VR IT IN IR MLV v AR S AR L) S, 4491
S VR ITHILE R TR I AR S 1R B AR
(4.5%-33%). BlF 6T I TR IR RE K, A8 590 5 ik
(R EL) S 8 2 1R a5 (181 5). 456 IR B8 kO 5
B MALT) AT, JEIBIN 25 R AL )5, R AR

PCR
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OW GL SPFLLAQF TSAICSUURR AFPHCLAFSY MDDUULGAKS
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B 3 R TREERANSEEEER.

32 Sk K R T 24 76 I 1) B AR — 2L, $eoR
A RES A AT %, AR R A G IR
QP RN R RTINS

3 e
19954 R KR A A IR R HL 2 M H
1 RBTHB VIR 24549, B T8 B AIG 2 i
HTHBV DNA W35, H H 8 I 52 . AR
B85 36 9T I TR) IR ZE K, 9 BT 24 114 1) R Bk
S BAF I RS B e VR TT S R AR I i
275 O AR SRR AR R AL A, B AR S
BEPR 1) 80 AN [R] 5 S 3 B AR A L A 1 S B
HH T o R EAIAS ()77 A 50 A S S 1) 222 S (1L
A 2 DAL AR I 25 Th AR SR> 5% 0 SR T
AR S, AT R M AR 7 AR S R ST 2 (10 4]
DAL, i 245748 S ks W, L dE A oA e, AR S
o E R BT o B A, 2 a D) R AR
PR i) ),

FRIT, 8 R A% S s 1 1k 1) 7 2k AT
WA 428 (line probe hybridization)®. SZIF~
WA 1E R G PCR(real-time amplification
refractory mutation system PCR)"LL 2 5 4 i
BSOS N (PCR)Y . sofe . %o Sl 4.
H o 13 T5VE AT BEAF A U AU AR (S PR R B
BUBME g N AR SR> 10% DL b R i ) Ho 4
PR B 46 7] J. AL RR I S (pyrosequencing)
S FH ATl R A0 1 ] — B N A4 5% v 1) T 4 1A
SRS, A W s AR R N Rl
dNTP, ¥ iZdNTP AR AR, 55 gt i LUK
B N RGPy vh I RE T8O 5 B IR B ) A TR
SEH(PPL). PPin] 54k v WoLfs 5, JFth
Pyrogram TM# A g — /M, 285 N —Fir
dNTP, ZKEEDNABEMI 5. B BN D e
FE 5 N BN LR H e LG, i LA

A C: 63.2% G: 100.0%
A: 30.2% A: 0.0%
T: 6.6%

Wild-type: 1-A% eg. 69.8%
mutant-type: A% 30.2%

B A: 72.3% T: 39.6%
G: 27.7% C: 0.0%
A: 7.3%

G: 53.1%

\ I I R B B
ES GT A TAGTCAGCA AT
5

10
Wild-type: YMDD: G2%-G1% eg. 25.4%
mutant-type: YIDD: 1-G2% 46.9%
YVDD: G1% 27.7%

B 4 ZTRUKRBBENZERMEXZRENESHEHRN
EEB). A: rtL180M; B: YMDD.

AL 2 A OGS, X BORH H 5 DNA
(DNA pooling)E RAHE &, KWFFTA R4 DNA
b PP A DR R . A F SR S 1% 7 iR
1) A T T A% 15 SIZ o 1) A 7 TR A0 % A DG 1k 1A
97%-99%, HUBAEZ 2%, DA A i i R T fE
S B SUE T U, A S0 8 T A I A A
() A AR 3R B A ke A e PR R B T TR, 45 S I
N R RAINEAE0.1%-3.9% 2. AT
B S, B2 5% kT S S I R R
AR, AR A A U0 R T R AR 43 BT 1R U T A
L25%. FAMEEARE G ARG ATHER
FeYL LRI [ 2 bric . il . P (961~/10
min). &5 R EME AL

I K I V6T G, AR S AR I
HUIAT PP, — 2R Ul, B A ARIRA T
RATAE A T 5 3 (PR 7K R 8 AN B AR S99
BERR. KR 2 167 Hh A R S 2R,
A S 3 BE IR e A S AL A B bR, H AT 2 4k
BRI UL AR SER 4612 O R E R YT
U4 AT RS 2048 S0 BEAR (4.5%-33%), 15 [F 4h2
BRI A IR A R B R
SAEU, 2 SR AT R TR (204 T
B /00 b AT 1 14 7 9%, ARG 0 28] 7% S 9 A
U REHERR 5 5 B S AT RE, FRATIA N
A fig 5 Pk 1) e e A A D (R A2 2 Bk 307 e
B /43 b ) B b A T A e 3 5 AR BT o 1R BE AR R
(AT BE<5%) 11 0%, A SEE0 45 Gl R TR i 25
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B 5 HKKEBSSPESHREHRMLISOMFINM2041/VIHEITSEL.

B NALTY T 8o, BRI ] AL, 22
SR BE AR A L] 20 2 Ak . (HE S DA R i
iR, R R R 2 Sk A I PR TR 24 75 IR
8] AV 8, AT RE L AR SR RE R AS B 110 52
HE 1 (VA Y7 18 5300 35 K L 491 B 28 30 48 2 L
PRI G B TR AT G, AT fs Tk — P SE
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