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Abstract. The aim of the present study was to investigate the 
correlation between feature and genotype with regard to the 
tyrosine‑methionine‑aspartate‑aspartate (YMDD) mutation in 
chronic hepatitis B patients after lamivudine (LAM) therapy. 
A total of 30 patients with chronic hepatitis B were recruited, 
who underwent one year of LAM therapy. The patients' alanine 
aminotransferase (ALT) level and hepatitis B envelope antigen 
(HBeAg) seroconversion were evaluated, hepatitis B virus 
(HBV) DNA was genotyped using a new genotyping method 
and YMDD mutations were analyzed prior to treatment and 
at 6 and 12 months after LAM treatment. Furthermore, the 
secondary protein structure of the HBV DNA polymerase 
gene (P gene) was analyzed. Following treatment, the results 
suggested that LAM therapy improved ALT normalization. 
There was no correlation between clinical effects and ALT 
level before treatment. After 12 months treatment, the rate of 
HBeAg loss increased and the rate of HBeAg seroconversion 
decreased linearly with the rise of baseline ALT level. While 
ALT normalization and HBeAg seroconversion were highest 
in patients with HBV genotype B, HBeAg loss and HBVDNA 
loss were highest in those with genotype C. The effect was 
predominant in genotype D. No YMDD mutations were iden-
tified prior to 6 months of LAM therapy. The rate of YMDD 
mutations after 12 months LAM therapy was 12.12%. Two 
patients with rtM204V + rtL180M belonged to genotype C and 

another patient with rtL180M alone belonged to genotype D. 
The turn of secondary protein structure of P gene changed to 
β sheet when a rtM204V mutation occurred, and no change 
of secondary protein structure was associated with the 
rtL180M mutation. Thus, the present results indicate that one 
year of LAM therapy is able to improve ALT normalization. 
Long‑term LAM therapy may induce YMDD mutation and 
drug resistance.

Introduction

Hepatitis B virus (HBV) remains a major cause of morbidity 
and mortality worldwide  (1). It has been estimated that 
~350 million individuals worldwide are chronically infected 
with HBV. A proportion of these patients will subsequently 
develop hepatic cirrhosis, so therapy to control active inflam-
mation is important (1). The key to effective treatment is to 
inhibit the replication of HBV and prevent it from progressing 
to cirrhosis, hepatic failure and hepatic cell cancer  (2‑4). 
Lamivudine (LAM) is an antiviral agent, and large scale 
control studies have suggested that LAM is able to inhibit the 
replication of HBV DNA, enhance hepatitis B e‑antigen loss 
and seroconversion and improve the normalization of alanine 
aminotransferase (ALT), thus leading to histological improve-
ment  (5‑7). The tyrosine‑methionine‑aspartate‑aspartate 
(YMDD) motif of HBV is the binding site of LAM (8). When 
LAM is combined with the YMDD motif, LAM is able to 
inhibit the activation of polymerase, even in viral replication (9). 
However, long‑term LAM therapy may induce HBV DNA 
polymerase (P gene) mutations and LAM resistance (8‑13). 
The HBV polymerase is functionally and structurally related 
to human immunodeficiency virus reverse transcriptases (14). 
HBV DNA polymerase performs reversed transcription and 
exhibits a highly conserved YMDD motif. This motif, which 
is localized in the polymerase structural region C area, is the 
combing and functioning site of Lamivudine (a nucleoside 
antiviral). Lamivudine‑resistant HBV strains with YMDD 
mutations have been implemented in the failure of chronic 
hepatitis B treatment (15). It has been reported that the semi-
nested PCR products of the DNA polymerase gene exhibit 
intergenotypic divergence of ≥4%, which is in accordance 
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with the HBV DNA S gene sequence, with the exception of 
genotypes A and G, B and G, and F and H (16). Only geno-
types B, C, D, and A have been detected in China. Therefore, a 
fragment of HBV DNA polymerase gene can be used for geno-
typing hepatitis B in China (16). This genotyping method may 
also be used to predict antiviral therapeutic responses among 
HBV genotypes and the development of drug resistance due 
to mutations. It is a valuable tool for guiding the treatment of 
lamivudine‑resistant HBV in the clinical setting (16).

Different YMDD mutations can occur in different geno-
types during LAM therapy (5,14‑16), and the effect of the 
genotype on LAM therapy is different (5,17,18). Therefore, 
the present study aimed to investigate the correlation between 
feature and genotype with regard to the YMDD mutation in 
chronic hepatitis B patients following LAM therapy. Clinical 
features and YMDD mutations were assessed in Chinese 
patients with chronic hepatitis B following lamivudine therapy 
using serological tests, genotype analysis and analysis of muta-
tion and secondary protein structure of the P gene via an ABI 
sequencing system.

Materials and methods

Patients. A total of 33 patients with chronic hepatitis B (22 males 
and 11 females; mean age, 31.79 years) were enrolled in this study 
between July 2006 and June 2011. These patients received LAM 
therapy (orally, 100 mg/day; GlaxoSmithKine Plc, Brentford, 
UK) for at least 12 months. All patients were born and living 
in Shenyang (China). Patients who had received interferon‑α or 
other nucleotide analogs, or those co‑infected with hepatitis C, 
hepatitis D and human immunodeficiency virus were excluded 
from the study. This study was approved by the Institutional 
Ethics Committee for clinical study of Shengjing Hospital of 
China Medical University (Shenyang, China). The patients were 
enrolled after providing written consent. Serum samples were 
collected prior to treatment, and at 6 and 12 months after LAM 
therapy and were stored at ‑70˚C for further examination.

Serological tests. Serum ALT was measured using standard 
procedures. Hepatitis B surface antigen (HBsAg; SBJ‑H0844; 
Nanjing Lihong Chemical Science & Technology Co., Ltd., 
Nanjing, China), hepatitis B envelop antigen (HBeAg; GFD6511) 
and anti‑HBe were detected using commercial enzyme immu-
noassay kits (both Qingdao Jisskang Biotechnology, Co., 
Ltd., Qingdao, China). HBsAg, anti‑HBs and anti‑HBc were 
purchased from Abbott Laboratories (Abbott Park, IL, USA). 
HBeAg and anti‑HBe were acquired from Organon Teknika 
Corporation (Durham, NC, USA). HBV DNA was detected 
using semi‑nested polymerase chain reaction (PCR), as previ-
ously described (16).

Analysis of genotype, mutation and secondary protein struc-
ture of the P gene. All positive PCR products were sequenced 
by Shanghai GeneCore BioTechnologies Co., Ltd., (Shanghai, 
China) using an ABI sequencing system (Applied Biosystems; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). With 
the aid of DNASTAR software (DNASTAR, Inc., Madison, 
WI, USA), three primers were designed the sequence the 
HBV DNA polymerase gene (accession number, AF100309): 
HBV381 (nt381‑402), HBV840 (nt840‑861), and HBV801 

(nt801‑822). The following primers were synthesized by Takara 
Biotechnology Co., Ltd., (Dalian, China): 5'‑TGC​GGC​GTT​TTA​
TCA​TCT​TCCT‑3', 5'‑GTT​TAA​ATG​TAT​ACC​CAA​AGAC‑3' 
and 5'‑CAG​CGG​CAT​AAA​GGG​ACT​CAAG‑3', respectively. 
Two pairs of semi‑nested PCR primers (HBV381/HBV840 and 
HBV381/ HBV801) were utilized in the amplification reaction, 
whereas primer HBV381 was used in the sequencing reaction.

Briefly, HBV DNA was extracted from 55 serum samples 
obtained from infected patients. The fragment of the poly-
merase gene was amplified by semi‑nested PCR with two 
rounds of amplification. The reaction volume was 50 µl. The 
first round of amplification was performed with an initial 5 min 
denaturing step at 94˚C, followed by 30 cycles of denaturing 
for 45 sec at 94˚C, annealing for 30 sec at 50˚C, and elongation 
for 90 sec at 72˚C, with a final extension step (10 min at 72˚C) 
using primers HBV381 and HBV840. The second round of 
amplification was performed with an initial 5 min denaturing 
step at 94˚C, followed by 30 cycles of denaturing for 45 sec at 
94˚C, annealing for 30 sec at 55˚C, and elongation for 60 sec 
at 72˚C, with a final extension step (10 min at 72˚C) using 
primers HBV381 and HBV801. The reaction products of the 
semi‑nested PCR were visualized on a 2% agarose gel stained 
with ethidium bromide. Semi‑nested PCR reaction products 
were subjected to purification and sequencing using the 
HBV381 primer through a commercial company (Shanghai 
GeneCore Bio Technologies Co., Ltd., Shanghai, China) on an 
ABI sequencing system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.).

Purification, sequencing reaction, precipitation and 
automatic sequencing were performed on the positive PCR 
products, using a Wizard® PCR Preps DNA purification 
system kit and an ABI PRISM BigDye™ Terminator cycle 
Sequencing Ready Reaction Kit [Promega (Beijing) Biotech 
Co., Ltd., Beijing, China], as previously described (16).

The reagent boxes for use in PCR course were purchased 
from Fuhua Biomedical Engineering Co., Ltd. (Shanghai, 
China). Reagent boxes for purification were purchased from 
Promega Corp., (Madison, WA, USA). Automatic sequencing 
was performed by Shanghai GeneCore BioTechnologies Co., 
Ltd., using an ABI sequencing system.

First, the eight standard full‑length nucleotide sequences 
of HBV DNA were obtained from GenBank (http://www.
ncbi.nlm.nih.gov/genbank/), including genotypes A (accession 
no. AY128092), B (AB073858), C (AF461359), D (AY090453), 
E (X75664), F (X75663), G (AF405706) and H (AY090460). 
Sequences of the fragment of the P gene (~262 base pairs) 
were genotyped as described in previously by Ma et al (16). 
Then, the mutations and secondary protein structure of the 
P gene were analyzed by the CLUSTAL V method using 
DNASTAR  5.0 software.

Statistical analysis. The χ2 test was used to compare variables 
between groups. P<0.05 was considered statistically signifi-
cant. All analyses were performed using the SPSS software, 
version 14.0 (SPSS, Inc., Chicago, IL, USA).

Results

Outcome of LAM therapy. The mean ALT values prior to treat-
ment and at 6 and 12 months after treatment were 130.26 U/l 
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(15‑386 U/l), 27.48 U/l (8‑64 U/l) and 27.06 U/l (8‑110 U/l), 
respectively. No HBsAg loss or HBsAg seroconversion was 
detected following treatment. As shown in Table  I, ALT 
normalization, HBV DNA loss and YMDD mutation after 
6 months of treatment were 90.91, 33.33 and 0%, respectively. 
ALT normalization, HBV DNA loss, YMDD mutation, 
HBeAg loss and HBeAg seroconversion [HBeAg (‑), HBeAb 
(+)] after 12 months of treatment were 84.85, 33.33, 12.12, 
72.41 and 13.79%, respectively. Four groups of patients prior 
to treatment were classified according ALT level: ≥5x Upper 
limit of normal (ULN), 2‑5x ULN, 1‑2x ULN and ≤1x ULN. 
No significant differences were detected between these four 
groups in ALT level, and there were no differences in HBeAg 
loss and HBeAg seroconversion after 12 months of treat-
ment between the four groups (P>0.05). However, following 
12 months of treatment, the rate of HBeAg loss increased and 
the rate of HBeAg seroconversion decreased linearly (Table I).

Genotype and the association of genotype with the outcome 
after 12  months of LAM therapy. As shown in Table  II, 

only genotypes B, C and D were detected in the 33 patients 
with chronic hepatitis B prior to treatment, with 7 cases of 
genotype B (21.21%), 18 cases of genotype C (54.55%) and 
8  cases of genotype D (24.24%), respectively. The differ-
ence of intergenotypic distribution in these three genotypes 
was significant (P=0.001) and the differences of distribution 
between genotype C and genotypes B or D were also statisti-
cally significant (P<0.05). Table II also shows the association 
between genotype and the outcome of 12 months of LAM 
therapy. ALT normalization and HBeAg seroconversion were 
highest in genotype B and HBeAg loss and HBV DNA loss 
were highest in genotype C. All therapeutic effects were most 
marked in genotype D, including ALT normalization, HBeAg 
loss, HBeAg seroconversion and HBV DNA loss; however, the 
difference of intergenotypic distribution in these three geno-
types was not significant (P>0.05). Both rtM204V mutations 
(two patients) were detected in genotype C. A total of four 
rtL180M mutations appeared with three cases in genotype C 
(two mutations occur simultaneously with rtM204V), and one 
in genotype D (Table II).

Table II. Genotype at baseline and the effect of genotype on the outcome of 12 months LAM therapy.

Parameter	 Genotype B	 Genotype C	 Genotype D	 P‑value

Genotype at baseline, n (%)	      7 (21.21)	     18 (54.55)	    8 (24.24)	 0.001; BC 0.005; CD 0.012
ALT normalization, n (%)	 7/7 (100)	 14/18 (77.78)	 7/8 (87.50)	 0.369; BC 0.294; CD 1.0; BD 1.0
HBeAg seroconversion, n (%)	    1/6 (16.67)	  2/15 (13.33)	 1/8 (12.50)	 0.973; BC 1.0; CD 1.0; BD 1.0
HBeAg loss, n (%)	    4/6 (66.67)	 12/15 (80)	 5/8 (62.50)	 0.630; BC 0.598; CD 0.621; BD 1.0
HBV DNA loss, n (%)	 0/7 (0)	  8/18 (44.44)	 3/8 (37.50)	 0.102; BC 0.032; CD 1.0; BD 0.070 
rtM204V, n	 0	 2	 0	 0.412; BC 0.359; CD 0.326
rtL180M, n	 0	 3	 1	 0.518; BC 0.250; CD 0.786; BD 1.0

BC represents the P‑value between genotype B and genotype C. BD represents the P‑value between genotype B and genotype D. CD represents 
the P‑value between genotype C and genotype D. LAM, lamivudine; ALT, alanine aminotransferase; HBeAg, hepatitis B envelope antigen; 
HBV, hepatitis B virus.
 

Table I. Outcome of LAM therapy and association between ALT level at baseline and ALT level following treatment.

ALT level	 ≥5x ULN	 2‑5x ULN	 1‑2x ULN	 ≤1 ULN	 P‑value	 Total

Baseline
  Patients, n	 7	 11	 13	 2	‑	  33
  HBeAg+, n	 6/7	 9/11	 12/13	 2/2	‑	  29/33
6 months, n (%)
  ALT normalization	 7/7 (100)	 9/11 (81.82)	 12/13 (92.31)	 2/2 (100.00)	 0.566	 30/33 (90.91)
  HBV DNA loss	    2/7 (28.57)	 3/11 (27.27)	 6/13 (46.15)	 0/2 (0)	 0.529	 11/33 (33.33)
12 months, n (%)
  ALT normalization	    6/7 (85.71)	 10/11 (90.91)	 10/13 (76.92)	 2/2 (100.00)	 0.727	 28/33 (84.85)
  HBV DNA loss	   2/7 (28.57)	 4/11 (36.36)	   5/13 (38.46)	 0/2 (0)	 0.736	 11/33 (33.33)
  YMDD mutation	 1/7	 2/11	 1/12	 0/2 (0)	 0.235	   4/33 (12.12)
  HBeAg loss	      6/6 (100.00)	  7/9 (77.78)	  7/12 (58.33)	 1/2 (50.00)	 0.250	 21/29 (72.41)
  HBeAg seroconversion	      0/6 (0)	  1/9 (11.11)	  2/12 (16.67)	 1/2 (50.00)	 0.347	   4/29 (13.79)

Significance was calculated using the χ2 test. LAM, lamivudine; ALT, alanine aminotransferase; ULN, upper limit of normal; HBeAg, hepa-
titis B envelope antigen; HBV, hepatitis B virus; YMDD, tyrosine‑methionine‑aspartate‑aspartate.
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Mutations detected during LAM therapy and clinical symp-
toms. DNASTAR software analysis indicated no rtM204V/I 
or rtL180M mutations prior to treatment or at 6  months 

after LAM therapy. As shown in Table I, the rate of YMDD 
mutations after 12 months LAM therapy was 12.12%. Fig. 1 
showed the alignment of amino acid sequences of HBV DNA 

Figure 2. Secondary protein structure prediction of tyrosine‑methionine‑aspartate motif (A) before and (B) after the emergence of tyrosine‑methionine‑aspar-
tate mutation 12 months after lamivudine therapy.

Figure 1. Alignment of amino acid sequence of hepatitis B virus DNA P gene encoded after 12 months of lamivudine therapy.

  A

  B
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P gene encoded after 12 months LAM therapy, which showed 
that there were two patients with rtM204V + rtL180M and 
two patients with rtL180M alone. Other mutations detected 
uncommon mutations were also listed in Fig.  1, such as 
rtV207 L (1 case), rtC188S (1 case), rtP177R (1 case), rtS176R 
(1 case), rtV173 L (1 case), rtG172R (1 case), rtH160Q (1 case), 
rtF151Y (5 cases) and rtL145 M (4 cases). 

As shown in Tables  I and  II, the two patients with 
rtM204V  +  rtL180M belonged to genotype  C, with ALT 
levels 2‑5x ULN at baseline. One patient (HBeAg positive and 
abnormal ALT at baseline) was HBeAg positive, with ALT 
increasing and LAM resistance appearing after 12 months of 
LAM therapy. The other patient (HBeAg negative at baseline) 
was HBeAg negative, HBeAb negative, normal ALT and 
exhibited no drug resistance after 12 months of LAM therapy. 
The other two patients with rtL180M alone belonged to geno-
type C and D, respectively. No drug resistance appeared to 
develop following 12 months of LAM therapy (Fig. 1).

Secondary protein structure prediction of YMDD motif prior to 
and following the occurrence of mutations. Using DNASTAR 
software, the corresponding sequences were analyzed when 
rtM204V/I or rtL180M mutations did not appear at baseline and 
appeared after 12 months of LAM therapy. As shown in Fig. 2, 
the secondary protein structure prediction of YMDD motif 
prior to and following the emergence of rtM204V + rtL180M 
mutations, 69‑72 amino acids (AA) incurred a rtM204V muta-
tion, whereas 46 AA changed to rtL180M. When there was no 
mutation at baseline, the secondary protein structure of 46 AA 
and 69‑72 AA was β turn (Fig. 2A). When mutations appeared, 
the β turn of 69‑72 AA changed to β sheet; however, the β turn 
of 46 AA and the remainder of the secondary structure did not 
change (Fig. 2B).

Discussion

The results of the present study indicate that one year of LAM 
therapy can improve ALT normalization. The rate of HBeAg 
seroconversion was 13.79%, which is similar to the rate of 
reported after one year LAM therapy in Asia by Lai et al (10), 
and lower than the documented rate of Schalm et al (20) and 
Dienstag et al (21). Chien et al (22) suggested that ALT level at 
baseline could predict HBeAg seroconversion independently, 
as the rates of HBeAg seroconversion in patients with ALT 
>5x ULN, 2‑5x ULN and <2x ULN before treatment were 64, 
26 and 5%, respectively. In the present study, the rate of HBeAg 
loss was consistent with previous findings (23,24); however, 
the rate of HBeAg seroconversion was different, which may 
be associated with the small sample size. This study suggested 
that there were no significant differences among the genotypes 
in terms of improvement of ALT normalization, HBeAg 
seroconversion, HBeAg loss and HBV DNA loss during LAM 
treatment (Fig. 2).

Long‑term LAM therapy may induce YMDD mutations 
and drug resistance, which would limit the effects of LAM 
treatment. LAM therapy is effective in suppressing HBV 
replication to undetectable levels by PCR, in relieving liver 
disease and in achieving HBsAg seroconversion (25). The 
rate of YMDD mutations in patients after one year of LAM 
therapy was 14‑32%  (7,8,10,16,20). However, the rate of 

YMDD mutation after one year LAM therapy of the present 
study was 12.12%, which is slightly lower than a previous 
study  (15). Allen  (8) classified YMDD mutations into two 
categories: rtM204V + rtL180M and rtM204I, and the study 
suggested that rtM204V and rtL180M do not occur alone. 
rtM204I + rtL180M was identified in a study by Lok et al (26) 
Kobayashi  et  al  (27) detected YMDD mutations in HBV 
asymptomatic carriers who did not receive LAM therapy. 
Furthermore, the YMDD mutation was detected in patients 
with chronic hepatitis B that underwent pre‑therapy with 
LAM (28,29), which differs from the previous conclusion that 
LAM therapy induced YMDD mutations (30). In the present 
study, no YMDD mutations were detected at baseline and 
after 6 months of LAM therapy, while two common types of 
mutations: rtM204V + rtL180M (2 cases) and rtL180M alone 
(2 cases) were identified after 12 months LAM therapy, and 
no rtM204I was found. However, other types of mutations 
including rtV207 L, rtC188S, rtP177R, rtS176R, rtV173 L, 
rtG172R, rtH160Q, rtF151Y and rtL145 M were detected, 
whose characteristics are require further study.

As observed in previous studies, the mutations are 
commonly found among patients with genotype C, which is 
prevalent in East Asia and associated with more advanced liver 
disease (5,31). However, the overall incidence rate of rtM204I 
mutation in genotype B (45.61%, 26/57) was more frequent 
compared with genotype C (20.59%, 7/34; P<0.05), even if the 
incidence rate of other mutation patterns did not differ signifi-
cantly between genotypes B and C (19). In addition, a review 
analysis of 29 studies reported that 827 patients with a known 
hepatitis B genotype who underwent LAM treatment and 
developed resistance mutations (32). The present data revealed 
that genotype A is associated with the rtM204V, unlike the 
other major genotypes (P<0.001), and corresponds to a signifi-
cant difference in the mutation pattern of genotypes endemic 
in Asian populations. Furthermore, the rtL180M mutation is 
significantly associated with the rtM204V in genotypes A, 
B and C (18). The above studies show that HBV genotypes 
differ in their mutation pattern. In the present study, two 
rtM204V mutations were detected in genotype C, and a total 
of four rtL180M mutations appeared, three in genotype C, 
and one in genotype D. The present findings also suggest that 
these mutations are commonly found among patients with 
genotype C.

It has previously been demonstrated in clinical studies 
of LAM therapy that drug resistance may appear following 
YMDD mutation (33). The YMDD motif is the binding site 
of LAM (8,9); thus, the occurrence of YMDD mutations may 
affect LAM binding with the YMDD motif. In the present 
study, the possible mechanism underlying this process was 
investigated by analyzing the secondary structure of YMDD 
mutations. The secondary protein structure was analyzed prior 
to and following the occurrence of rtM204V + rtL180M. When 
the mutation appeared, although the β turn corresponding to 
rtL180M did not change, the β turn corresponding to rtM204V 
changed to β sheet. Thus, the change in secondary protein 
structure may affect the three‑dimensional structure of the 
protein, then affect the combination of LAM with the protein 
and lead to drug resistance. However, in the present study, 
drug resistance only appeared in one of the two patients with 
rtM204V + rtL180M. Recently, one report has demonstrated 
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that therapeutic effects continue to be associated with LAM 
therapy, even after emergence of YMDD mutations  (28). 
It remains unclear why no drug resistance developed in 
the other patient with the same mutations. LAM remains 
a viable antiviral therapy for HBeAg negative patients with 
chronic hepatitis B. The rates of maintained virological and 
biochemical responses to LAM decrease in time due to the 
selection of drug‑resistant mutants, leading to viral survival 
and duplication (25). The potential mechanism underlying this 
process requires further study.

In conclusion, the study present study performed in patients 
from Shenyang (China) indicated that there were no significant 
differences among the genotypes in terms of improvement of 
ALT normalization, HBeAg seroconversion, HBeAg loss and 
HBV DNA loss following one year of LAM treatment. YMDD 
mutations induced by LAM therapy appeared after 6 months 
of treatment, and the rate of YMDD mutations in patients after 
one year of LAM therapy was 12.12%. Two common types of 
mutation were detected: rtM204V + rtL180M and rtL180M 
alone. The mutations were also commonly found among 
patients with genotype  C. The β  turn changed to β  sheet 
following the occurrence of the rtM204V mutation. This 
may be the mechanism underlying LAM resistance. Further 
large‑scale population studies are required to elucidate the 
mechanism underlying LAM resistance with YMDD muta-
tions induced by LAM therapy.
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