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Abstract

AIM: To investigate the dynamic changes of
hepatitis B virus (HBV) mutants in lamivudine-
resistant chronic hepatitis B (LAM-R CHB)
patients who received sequential monotherapy
with adefovir dipivoxil (ADV).

METHODS: Twenty-eight consecutive LAM-R
CHB patients with viral breakthrough or inad-
equate virologic response during ADV mono-
therapy were studied. The dynamics of HBV
mutants were analyzed over time by detecting
the quantity of HBV DNA using real-time fluo-
rescent quantitative PCR and by sequencing
PCR products. Additionally, PCR-TA cloning
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was performed to study the dynamics of HBV
quasispecies in 2 patients.

RESULTS: HBV DNA load fluctuated with the
evolution of HBV mutants. Of all patients, 24 de-
veloped LAM resistance-associated substitutions
during LAM therapy, and 4 had no resistance-
associated mutations; 13 had LAM resistance-
associated mutations, 11 had ADV resistance-
associated mutations, and 7 had no resistance-
associated mutations. Of 11 patients with ADV
resistance-associated mutations, 6 had A181V
mutation, 3 had A181T mutation, 1 had N236T
mutation, and 1 had A181T/V+N236T mutation.
PCR-TA cloning analysis showed that LAM-re-
sistant viral population was gradually replaced
by ADV-resistant viruses during ADV sequen-
tial monotherapy. We also detected rtI233M and
rtA194T mutations that are associated with re-
sistance to ADV and tenofovir, respectively.

CONCLUSION: Viral quasispecies dynamics in
LAM-R CHB patients during ADV sequential
monotherapy may manifest as various forms,
such as LAM resistance-associated mutations
with/without ADV resistance-associated muta-
tions, or absence of resistance-associated muta-
tions. Potential resistance quasispecies could be
detected by PCR-TA cloning.
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Idilman % %8 A
PR 84 B ] ZLAM
w2y Bk e A
ADVf R4k b 3k
AADV3IF® %
F &, 12Lees #
A A LAMAY 24 %
# e JAADV kb 3
JAADV & # %,
Vigano % R id 20
mg ADV Rt &
ALAMA=10 mg
ADV 4 57 49 LAM
w2 AR K E
FHOR T A

SHTEFREX T, T HEP2B BRI F
AT E S oA EHBV A 2h 4k sh & T AL,

ZEH: 284 Nk B HFHBV DNAH & [ 2%
TR Kk mokgh: A& A (7.65+1.04)
Log,,copies/mL, LAMY7 #2 ¥ s /KA 12 4 A
3.68 Log,,copies/mL; $ HLJ& 5 Ko K/ Fn bt
2h 2 7 0F 4 (6.87+1.16) Log,,copies/mL, %%
A ADV )G s AKAE P 4544 4 3.78 Log,,copies/
mL; % & B IAT 2 T FAEX AT A KRR
R AT 4(6.0410.93) Log,,copies/mL. & 57
XA R IR FRBIANEHBY DNARE
HHREH TR, LRHZ £ F A% FE
SL. 284 B HLAME 77 JG 244 £ A rtM2041/V
AR AR L1SOM S % -, 46 Tt 25 3 53 3
AADV #2535 R 657 B ImEs Rae, #
A7) - # ) dit 25 & B LAMA 25 % %1340 (&
36 % Eateh), ADVAE2h % 3114 (L3634
% Ent2h), Latsh T 774 L F1IHADVAE
% B tAI81VE F641 . rtA181TE 341 .
rtN236T & F Fort A181VArtN236 TE A & 57 &
14, 33245 B % o i HTA % 4R BLAD V25
Fr I AL AMAL 25 AR R 69 A2, BB A
AT ADV AT 25 #1t1233M % S Fo 5% 1548 & it
B tA194T % 5.
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B /R Y (nucleos/tide analogues, NAsS)VRTT
ek 4T 9 (chronic hepatitis B, CHB) & & i
BHROCGENDhhe, R4 2%%E#. HBeAg
TR MUTE AR I R sz Y. 2T
42993 B¢ (hepatitis B virus, HBV)SE &= 3'-5"
ANDIBERE NS e, RIEAEH BV P sk e 2 4k
FAEATRIERI. FENASVRIT I ik £ F S5
JR AT AR S HE PP AE Bk D0 A RR B P JE RIRTIX A% 7
JRATR Z5FE. 2K K2 (Lamivudine, LAM)IGYT
W ORAEYMDDIi 25748 57, B84 FlR(Adefovir

(¥ HBV DN A S AN P 2 R 2k e % iy
(alanine amino-transferase, ALT)7KJ"". Yeon
SEHHE AD VIATTLAMIf 24 8 5136 o
BLAD VIl 2575 1. A T i ADVIRTT LAMIN 24 i
FAANHBVHERIR A4, BATHLAMIRN 24 /5 e
MADV 257 SR a5 O B 78 70 B o7
[ %% (inadequate virologic response)Bl i 7324 58
fili(virologic breakthough)& & i 254k 5) J) 2748
WBEAT T HIZ WS

1 #RRT3E

1.1 ## 2002-03/2008-074F 3% B 112 84T B
WIS QR R . AR A20054F
AT M v 2 AL A B e U e v 2 B I
RASWbRE. B EFRHEL IS (1)HBsA g
P55 (2)HBV DNAPHYE; (3) i ALTHF&E 8k 2
BT (OIRHLAM 6 moll b HBIREEH R
Wk b/ F i 25 2% S (DN AW 238 Ja M4 a7 7
. HERRAREA RS NGRS A IR AL . LAl
18 Pk e 5 I3 WL A K T IE B RR, 121k
B, A oF S0 ™ 54 5 P ; AFPH] R
1, =100 pg/L. Jra B AR 4, T-70 TR
AR YRIT AT JT AR RE3 moilie mosRH %
Y6 E EPCRIZFIMHBY DNA( R AR
U ARSI R 4 F B e BT A, T i 2 58
B R HPCRA“I7EABI3 730 DN A H ) %¢
B e[ B35 14): 5'-CCTGCTGGTGGCT
CCAGTTCAGGAACAG-3'(nt 56-83); N34
5-AAGCCCCAACCAGTGGGGGTTGCGTCA-
3'(nt 1 188-1214), 514 H FifEH A A w45 R,
1.2 77 % W20 AD VI 25 H 35 1 R 40 I3 b A
FHIFEHBYV DNA(QIAGEN GmbHZ w7
), fEHBVE A EFRTX A-EX: P Il 5 11 PCR
514): RTS1: 5-CTAGGACCCCTGCTCGTGTT-
3'(nt 179-198), RTAS1: 5'-GCAAACC
CCAAAAGACC CA-3'(nt 1001-1019), RTS2:
5-AAAATCCTCACAATACCAC-3'(nt 224-242),
RTAS2: 5-GACATACTTTCCAATCAATAG-3'(nt
971-991), 519 b AR AW E AR A |l Rk
DL &SI HBY DNA R B, KX PCR
JIVEBEAT YR S B RS 4 ok
TRSIFIRTASI, Z25PCR A R 5 #RTS2
HMIRTAS2, PCRY™HG4AF47%: 94 °C 305, 56 C
60 s, 72 'C 45 s, HL35AMEIA, SVARFR K50 pL.
PCRY 14K H TaKaRa /A ] [f]Premix Taqlff. PCR
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P2 I R (i AR S ) TR PR A AR 10+ [ CIEE XA

2tk 5 HRE e, F K PMDI8-T Vector
TAE R £ (TaKaRaZs w))J vk & H B
vk, BHAE vE £E ABI3 730 DNA [ 5 2¢ 6l 7
A EREATI

Bt % b3 R Chromas2. 0% fF %/ HBV
DNA PR Jy BOA 11 1 4 AT 11 28 JE 2 11 22
FAG 2570 75 B, K Clustalx1.81.mswA 4%
HBVZE K7, KHISAS V8. 1G4k {443 7.

2 B8

2.0 N BERE. ALTR BT 7 £ 540 1f
2851 FEE BE NS, Hrh 52501, L35, Fig
18-60(°F4J36.67+10.54)% . NikIFHBeAgH P
CHB 24%1, HBeAgPH?:CHB 444; J7 b %5475
Bl ILHBe A gl 2%, SHIHERE 2 FFREAL, 240 &
. BT B E VIR FILAM 100 mg/d, 3
ZLALT }39-342 U/L("P47%4109.5 U/L), 57 #%
24-180("P A7 %572) wk, HJH LI B 5 A i/
i 25748 5, W6 97 FE 45 I ALT A 21-500( 47
#744) U/L. HILLAMIN 255 5UHADV 10 mg/d
BZGREEATT, ST RE24-180( P v $172) wk, FHIR
HH I R 27 S R 2R R

2.2 HBV DNA# 23 & £ 4k 280 Nk £ #HHBV
DNAZ i HE2E 4 (7.65+1.04)Log,copies/mL, 7E
24-180 wk LAMYT FiHH i IRHBV DNAZ & T %,
BARAE A /N TAEE T P %26.48Log ,copies/mL
(P17 %13.68Log ,copies/mL); tH I #2722
/AR 2578 S 26 1 W) AG ¥R T ITHBV DNAZL
H24(6.87£1.16)Log,,copies/mL, & 7E 4
ADV/5 X BIHBYV DNA# R, SR A
AINFHRGIAE R PR 427.01Log,,copies/mL(-H {7 %L
3.78Log,copies/mL); 280 F ¥ ADVf¥724-180
w kT G HE B9 B A O B 2 AR e AR
A%, JLITHBV DNAZ & 4 (6.04+£0.93)Log,,co-
pies/mL, EFHBV DNABIAARL L 1. Lk i
PRI B 27 S0 5 3N RUHBYV DN A ECE
B, SR HISNKAST 0 45 5L W3/ I AU P 2 [
ERBH G RN, X R SR R TR
i A K R 4y iR R A HBe Ag I iit 5 A5 5%
2.3 BFEMp T AR b A A XL X284
LAMIAYT I AN T8 5305 B 27 V. 2 B IS A AT
B DR 24 K0 & B reM204148 59451, v 2451
PEBErtL180MZ5 A% 5 rtM204 VAR F 124, Horp
OB A1 Brt L18OMZE AL 5 rtM2041+rtM204V A4S
S [ I AEAE24, JErh 14 fEBifirt L18OM AL 5. 5
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HBV DNA (Log,,copies/mL)
[e)}

ok BN, Rh RN, S

B 1 HHBVITIEOHBY DNAGIASAME. HAIC(E, . 256,
LAMSTFEFTHBY DNASEF R 72l i AR,
Z¥fH,: ADVITREFRHBY DNAS{REFHR 87 2SHi 2.

A, 1] K rtV207M+rtL180MAE 5, 4451 A Ky
MR 2578 5. NG Y BEAD VIR YT 2841 i
U IS 78 5300 B 2 N 2 B, PR EAT
BE DRI 240 A7 EL A MU 25745 531349 (43,453
il % FEiiif 2), ADViiif 2578 55 1145 (453 % &
M 2Y), Joii 27 5711, b 115 AD VI 25 i3
rtA181VAZ F64. rtA181TAZ 341, rtN236TAR
SEFIrtA181VArtN236 TR 5748 5 45 1451, L AMIMY
2y Ja # T ADV H 25 7 B1VR YT 1209 LAMIT 2428 53
M2, FeBHRYT i e 3)) ) F AR A AR SR R
3 (1)BEHBYV DNAZ T T B LAMINY 244k LA 9%
IR SE AR EE N BT R AE K, HBV
DNAZ, ADVIif 25742 5 tHHL(841); (2)4: H
ADVIRYT JG AN 853 #5272, 7EL AMIi 24 1k
(2R FHILAD VI 25748 5, RIXILAMAIADV
Y12 FEE 2522 5 R BH); B)FTADVIRIT A A
FEOII R EE B, LAMIM 25 REA AR A7 AE(10191]);
(HHHAD VIR Ja AN s o35 7 N, LAMI
PIRRTE R 5 R B B AR (441); (S)LAMFIADVIA
J7 IR R R A R N, ARG 25748 53
B(EE1).

2.4 24) B AR 69 3 A T AL ARWFI28M1
ADVJ7 FEHHBV DNARAEA 1241<10° copies/mL,
16451>10° copies/mL, J& 75 K A9 27 58 A W&
HILLEHBV DNAG K, 5B N K (7.02+
1.07)Log,copies/mL, 1A 787 W% 2H 4 (8.06 =
0.82)Log,,copies/mL(z = 2.76, P = 0.011). I
AD VYT FE 25 58 A N B (R 6) FIA 70 43 Y.
Z(RFE10) S 161, XHZ2651 B fELAMI 25 1 42
AD Viiif 2 H B3I 1) 55 74 L3754 AR Y. F TA
B [ 52 AR 53 BT - I8 18] 5 BEAE R R A L. iR
& O6{ELAMAIAD VYA YT J& KA H IR 56 40 2
SN (HLAMIAYT 180 wkHIADVIAIT 136 wk
IS 3 5ol R IRAH DG T 24748 57, P #EVAT7320 wk

AR A28 A 45
LAM % 77 & 3L
LAM A 25 )5 #%
FIADV #2455 %
BT R E IR
oo I 5
R FF RN
CHB &%, HBV
DNA Fe it 25 4 X,
AL HE AT OF 4
®, FFxfidd AR
SESHTT P2
5] B FHBV it 24
EAH ST,
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L AEE &1 28fILAM, ADVERAISESNREER
A S R AR T
ADV# % 5] %
FFLAMA 25 & % LAM ADV
I s - 2 v 1
wnraa2? RS R mwEwe mERa AWK B
X, #FHBVA 2 A 1 C 96  M204V 120 A181V
j?gi#if@lg 2 C 96 M204! 180 A181V
%ﬁga{%if&bﬁ 3 o 48 M204l 24 A181T
Jranr 4 C 96  M204V 120 A181T
5 C 48  M204V+L180M 96 A181T
6 C 180  M204V+L180M 136 A181V
7 C 24 2041+L180M 72 A181V
8 C 150  M204V+L180M 96 N236T+A181V
B 9 B 48 7 96 M204V+A181V
10 B 48  V207M+L180M 96 V207M+N236T
11 C 72 M204l 72 M2041+A181V+T184
C 16 C 96  M204I/N+L180M 48 M204I/V+L180M
17 C 72 M204IN 48 M204V+L180M
18 C 72 M204V+L180M+V207L 48 M204V+L180M+V207L
19 C 48  M204l 48 M2041
20 C 24 M204V+L180M 72 M204V+L180M
21 B 96  M204V+L180M 72 M204V+L180M
22 B 48  M204V 96 M204V
23 B 72 M2041+M250L 24 M2041
24 C 72 M204V+L180M 48 M204V+L180M
25 B 48  M204V+L180M 72 M204V+L180M
D 12 B 48  M204l 48 7
13 B 72 M204l 72 7
14 B 96  M204V+L180M 120 7
15 C 24 M204l 150 7
E 26 C 24 % 72 7
27 B 72 % 72 7
28 B 72 7c 48 7c

2 T o A7, T A8 BERLAE 5Kk JHF 4 . 2
H10/ELAMAIAD ViR YT i FE 38 R A2 AN 78 43
W E N, LAMIGIT48 wkFIADVIAIT96 wk
I3 A AR OGN 2572 7. 5 HBV DNA.
ALT. W45 5697 1 D043 il DL L2, TA v fe
3BT A3 181 45 I T 5099 25 P PR Jak B 43 ) L
FORE3, Hoh it 64E ADVIBIT 136wkiNf v [
H1/136rt A181V+rtI233MAR 53, B 104 LAM
169748 wkIN vE [ L 1/106rt V207M+rt A194T7A8
sr(El3).

3L

et 2R Bi6 7 CHB R 3 e A3 G HHB V A i,
RYEY7 SRR b T I B A S 300 1 AL,
P93 B 27 SR DR R 2578 S 5 kS . Allen 5 R
P HHGELAMIGTT H & AErtM204V/ 1L 88,
AFErtL180MAS 5. GaillardZ 4R iErtM204V/1

FlrtL18OM S s I 75 7% 5705 25 A 110 52 71 R
KRR R . TTADVIRYT B 2548 5 )5
DNAZ S KRR K4 1 B B, 1548
SRR B BE S RS AR I L AM
BLAD Vit 24748 5 J5 B0 75 2% S, R AR bk
(s 85 3 BRI IR, HAFERIM R, X
HRER N s (Dt 2548 5 S BHB VA HIfE 11 F B,
()B4 B tHILHBeA g 2k, BRIALE 4 (3)4T
Jod BE 2 PR AR SR AT A AR 59 IR R .
ADVA] i 3 R Y MD DA 5 55 1 1 i
HBV DNAJ#§EFIALTAKE, HYeon2G i
ADVifJ7T LAMI 25 & A7 85 = A D Vit 25 2,
1. 24T 25 %435 26.4% 25.4%. X fig5
LAMA i SreA181V/TAERA . A 5T M 52
FIADV/FHIATTLAMIN 25 84, HILAD Vi 2y
AR R RNt A181V/TA 7(9/1149), X 5ADV
F196 4 LArtN236 T8 53 0 EANIH]. VilletZE i
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| REASWFF
J % (inadequate
Bt HBV DNA virologic response):
) rMM204V+rl180M  rtM204V  HAIBIV  rAI8IV+ri233M  BFEtk 18387724 wk, &
(elEH)  (Logicopies/mL) 5 W HBYV DNAZ
L180(10) 8.31 80% 20% = - - FTTHREKR T2
A120(10) 3.54 = = 70.0% - 30% ioglzcogaies/mL 2
B 475 =2 000
— — [o) [ _ >
A136(13) 7.29 92.3% 7.7% U/mL & =10°
copies/mL.
. . . 2 JmAEF R
. VAN . . AN . . VAN
L180: LAM3S180 wk; A120: ADV3SI3120 wk; A136: ADVIAIT136 wk. (virologic break.
through): #§ 72 7&
= FidAEP, BRE
S AT » R
xR 3 FBEIOMAESARETE P
RAF 6 1R, A8
51 mo#y ik 4
N = )
B HBV DNA rv207M rV207M+ nMV207M+  rV207M+  riN236T BFaStE Kiod. fiEHBY
(ZekEH)  (Logcopies/mL) rL180M rA194T rN236T DNA £ & 1 35 /2
L48(10) 8.29 60.0% 30% 10.0% = = = BL G 8 SR ARAE
; #
A72(11) 5.01 36.4% = = 45.4% 91% 91% # LS8 K T
1Log,,copies/mL,
A96(10) 6.56 - = = 60.0%  40.0% - L

L48: LAM3&YS48 wk; A72: ADVEIT72 wk; A96: ADVIEIT96 wk.

9t rtM204V+rtL180M —=&—HBV DNA

. cirrhosis ——ALT 250
~
E 7t
@ 200
g
o3 [ ~~
& 5
o 5 150 =
° E
< 4
] 3 100
=

N

50

1

0 L L L L L L 0

LY N < 0 o o o o~ < © o~ o o o~ <

gEZ 3 s S8 degzIrdazg

E- 0 4 < < < < z = ﬁ ﬁ

twk

B, -

—=a—HBV DNA
——ALT

7 rtV207M+rtL180M

jan) rtV207M+rtN236T
= 250
&
2 .
2 6l
o 200 3
Lé =
25 2
S =
150 Z
Z 4 2
=
S
& F 100
I
2
F50
14
0 ; ; ; 0
32 % % 2 ¥ 3 2 R 8 ¢ 3
B— - - ~ < << < < < 5 3
twk

2 E£E6FBE10 HBV DNARIALTEIZ L. A: &6 B:
B0

rtA181V/TAR Sk A7 7E nT Al L AMBUBAE T B

5-111%, XFADVEUBE R [%2-56%, FELAMAI
ADVAS 25 (1 L. TdilmanZE! e 4 PR 1
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GGTATGCATTTGAACCCCAATAAAACCAAACGTTGGGGCTACTC
GMHIL NP NKT K RW G Y S

1) 0 i

AGGACTTTCCCCCACTGTCTGGCTTTCAGTTATATGGATGATATG
R T FPHOCL AF SYMDDM

B o i

3 ri233MRINAIATE BT IZEIE. HF6 r233MATS:
(Amino acid codon: ATA—ATG); B: HE10 rtA194TaE
(Amino acid codon: GCT—ACT)HFrtV207M45 5 (Amino acid
codon: GTG—ATG).

I TH) HLL AMITY 245 5555 I - AD VIE A e L 45
ADVHR H 2R3, (HLeeS "1k L AMIGH
IEFMHADVILHFHAD VIR £, Vigano
2EPHRIE20 mg ADVAAESE FILAMAN0 mg
ADVIBIT IILAMI 2 LR 98 535 AR 56 4 Y
%. ik, LAMAIADVIi 24 J& AR S i 24545 0%
BRI RORTT T %, AN H BTN [F] B4R E AF AE 2 S,
AR ERNTA.

A FCIE B R LA DV L E TR IT
L AMIiif 24 555 i 25 e M 3l ) 2 AR AF AL SRR
1 (1)FEHBY DNAZEHT T FELAMI 24 1k LA )3
IR SE AR R N BEST RIS K, HBV
DNAZEME, ADVIN 254 7 HIL; 2)#HADVIA
I7 S5 AT IR B2 N, TEL AMIR 24k 1) Sl
FHIBLAD VIl 25745 5, BRI LAMAIADVIZ
2548 SRR (3 HAD VIRIT Ja A 78 70 i 55

Peam it 26y A&,



1900

ISSN 1009-3079 CN 14-1260/R

BRENBHE

2010E6828H 25188  2518H

W@

TR 50 #7 A
T, A E, A
B E A0 L

FNE, LAMI 2 RAKRAELE; (4 AD VI
T JE AN TSR B N B, LAMI 258K 2% 5 B
J B, (S)LAMAIAD VAT i B2 o 75 2%
BIA T893 N2, ARG 2578 5. MNA4BI S it ik 37
W 3 i 2R S &4 T LU e BEYR YT
I [A] RE K, LA MU 25 0K 2 871 25, AD ViR 25 bk
R I, 3 R S T 24 S0 7 B[R] AN e —, Rt
PR Ak 7 0T BE AN S ik, LN 24 80 1 AR T
BT RREAR RIS, B FLAM %S
rtA181V/TAS " L AMYT F2 b ] fg =4 /b i
rtA181V/TA2 5 [JHBVHEFT, MAEADV HL.245 )75
TRTT IR 8 R BOA T 2400 3Rk

v B 23 BT R ILL AMIN 24 )5 # FHAD VI B
17, BEAELAMI 250K 2%, BT ADVHUR 5
RE LSS, AD VT R T 2 2% S 18T 2 bk
i L, HEIAD VAT I B SE K, B Rk
Wk, 2 NADVIZikk. B#H6IEADVIRIT136
wkIF FERE H 1/1360rt A181V+rtI233MAR 5, Hid
107ELAMIYA YT 48wk 5o [ H 1/1041rt V207M+
rtA194TA8 5, 1iirt1233M" Hilrt A194 T 925 573
MAD VA ERR T i 25, Bl IiE R ia 7 &
HI T RIAA194TA 1 pi [ i rtA194TA 57
LR UG B i 24748 S R AE FH 25 WA 7, rtA194T
5 HB VO 425 1 A 5 OB PR 5 80 Sk
SAHIGE S PR, %R H iirtA194TAR S R
FCA AL AR W 5 SR 7 A T e AR T
Al RE S EPOER EE S . 34, WS AD VIR
I7 e H I 2 S 1 A R REAS I 2 A D Vi
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