
• VIRAL HEPATITIS •

YMDD variants of HBV DNA polymerase gene: Rapid detection

and clinicopathological analysis with long-term lamivudine

therapy after liver transplantation

Fei Pei, Jun-Yu Ning, Jiang-Feng You, Jing-Pin Yang, Jie Zheng

EL SEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                          World J Gastroenterol  2005;11(18):2714-2719

www.wjgnet.com                                                                                                                                              World Journal of Gastroenterology  ISSN 1007-9327

wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Fei Pei, Jun-Yu Ning, Jiang-Feng You, Jing-Pin Yang, Jie
Zheng, Department of Pathology, Health Science Center, Peking
University, Beijing 100083, China
Supported by the National Natural Science Foundation of China,
No. 30170363; the Major Science and Technology Program of
Ministry of Education, No. 01003; the Major State Basic Research
Development Program of China, No. 2002CB513100; the National
Key Technology Research and Development Program of China during
the 10th Five-Year Plan Period, No. 2001BA703B05
Correspondence to: Professor Jie Zheng, Department of Pathology,
Health Science Center, Peking University, Beijing 100083,
China.  zhengjie@mail.bjmu.edu.cn
Telephone: +86-10-82801731    Fax: +86-10-82801731
Received: 2004-11-12    Accepted: 2005-02-18

Abstract

AIM: To look for a rapid low-cost technique for the detection
of HBV variants.

METHODS: Two patients who underwent orthotopic liver
transplantation (OLT) for HBV infection were treated with
lamivudine (100 mg daily) and HBV infection recurred in
the grafted livers. The patients were monitored intensively
for liver enzymes, hepatitis B surface antigen (HBsAg)
and HBV DNA in serum. Liver biopsy was performed
regularly. HBV DNA in a conserved polymerase domain
(the YMDD locus) was amplified from serum of each
patient by PCR and sequenced. HBV genotypes were
analyzed by restriction fragment length polymorphism
(RFLP) of the PCR products generated from a fragment of
the polymerase gene.

RESULTS: YMDD wild-type HBV was detected in one
patient by PCR-RFLP and DNA sequencing 19 mo after
OLT, and YIDD mutant-type HBV in the other patient, 16 mo
after OLT.

CONCLUSION: PCR-RFLP assay is an accurate and simple
method for genotyping lamivudine-resistant HBV variants.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Chronic hepatitis B is a common disease with about 350
million HBV carriers according to the figures of  World
Health Organization[1]. The persistence of viremia in patients
often leads to progressive liver diseases including cirrhosis
and hepatocellular carcinoma. For HBV-infected patients
with end-stage liver disease, antiviral treatment cannot
significantly alter their clinical course; orthotopic liver
transplantation (OLT) is the only option. Because of  the
very high HBV reinfection rate of hepatic allografts and
the rapid progression of  HBV-induced disease in allografts
[2], it is essential to prevent HBV reinfection of hepatic
allografts after OLT. Interferon has been shown to be
beneficial to some patients with chronic HBV infection;
however, the overall response rate to interferon alpha is
less than 40%[3]. Lamivudine, an enantiomer of -L-2’,
3’-dideoxy-3’-thiacytidine (3TC), is a potent inhibitor of
RNA-dependent DNA polymerase of HBV and HIV
reverse transcriptase[4,5]. Treatment of  HBV with oral
lamivudine can suppress virus replication and reduce hepatic
necro-inflammatory activity[6].

Although lamivudine can prevent HBV reinfection of
hepatic allografts, long-term therapy can lead to lamivudine-
resistance of  HBV[7-9]. Furthermore, lamivudine-resistant
HBV strains, with amino acid substitution in the YMDD
(tyrosine, methionine, aspartate) motif of DNA polymerase,
have been found in patients after OLT and immunosuppressive
therapy[5]. The amino acid substitution from methionine to
valine or isoleucine at amino acid 552 of the YMDD motif
of the HBV polymerase gene is the main mutation responsible
for resistance to lamivudine treatment. The reported rate
of lamivudine resistance is 14% in patients with chronic
HBV infection and 27% in patients with recurrent HBV
infection after OLT[10-13]. The low incidence and late
occurrence of  YMDD mutant viruses suggest that such
mutant strains originate from wild-type by point mutation
during the course of therapy. Once lamivudine resistance
occurs, a combination antiviral therapy (such as interferon
and hepatitis B immunoglobulin) may be necessary to prevent
exacerbation of hepatitis[14-17].

Occurrence of lamivudine-resistant HBV variants is
commonly detected by direct sequencing of HBV DNA.



However, this assay is excessively time-consuming for a
large number of clinical samples. In this study, the frequency
and characteristics of variants at codon position 552 of
the HBV polymerase gene were examined by restriction
fragment length polymorphism (RFLP) of the products
generated from the HBV genome after amplification
by PCR. The results of this analysis were compared with
those obtained by direct HBV DNA sequencing, alanine
aminotransferase levels and liver biopsy.

MATERIALS AND METHODS

Patients
Between 2000 and 2004, 72 patients underwent OLT for
the end-stage liver disease secondary to HBV infection in
our institute. Seven of these patients developed recurrent
HBV infection in the grafted liver confirmed by serological
examination and liver biopsy. All patients received standard
immunosuppression treatment with cyclosporine,
azathioprine, corticosteroids, anti-HBsAg immunoglobulin
injection and oral lamivudine (100 mg daily). The patients
were closely monitored for serum liver enzymes, hepatitis
B surface antigen (HBsAg), HBeAg, and HBV DNA. Liver
biopsies were performed before and after OLT. YMDD
variants of HBV DNA polymerase gene were detected by
direct sequencing in the YMDD motif of HBV and PCR-
RFLP. YIDD mutant was found in one and wild-type
YMDD in six of the seven patients. The following two
patients served as their example.

Patient 1 was a 34-year-old man, his liver function was
abnormal 15 years ago without any treatment. Two years
ago, he developed oliguria, abdominal distension, anorexia,
profound fatigue and edema and was diagnosed as cirrhosis
secondary to chronic HBV infection, liver dysfunction and
portal vein hypertension. He received liver protective and
urinative therapy. He developed headache, furor and
unconscious behavior after oral losec and was diagnosed as
stage II hepatic encephalopathy 6 mo ago. His condition
improved and was discharged after 20 d. Fifteen days ago,
he was found to have a 1.8 cm×1.7 cm solid mass in the
anterior lobe of right liver by B ultrasound, and MRI of
portal vein showed occlusion and tumor thrombosis of the
right liver branch of portal vein, and he was admitted on
September 11, 2000. Blood test showed HBsAg (+), anti-
HBs (-), HBeAg (+), anti-HBe (-), anti-HBc (+), HBV DNA
(+). He underwent OLT on November 3, 2000. The
resected liver showed poorly differentiated hepatocellular

carcinoma with cirrhosis. Liver biopsy showed mild to
moderate acute hepatic allograft rejection 1 wk and 9 mo
after OLT, and acute viral hepatitis 19 mo after OLT, the
immunohistological staining of HBsAg was positive.
Metastatic hepatocellular carcinoma of the right adrenal
gland was found 20 mo after OLT, which was confirmed
by pathology. The patient stopped lamivudine therapy
himself because of bad financial condition.

Patient 2 was a 56-year-old man. He suffered from
viral hepatitis 22 years ago and improved after treatment.
He developed cirrhosis 6 years ago. CT and B ultrasound
examination showed a 10.3 cm×10.3 cm solid mass in liver
and tumor thrombosis in portal vein. He was admitted on
December 26, 2000. Blood test showed HBsAg (+), anti-
HBs (-) HBeAg (-), anti-HBe (+), anti-HBc (+), HBV DNA
(+). He underwent OLT on January 16, 2001. The resected
liver showed cirrhosis secondary to viral hepatitis with
massive coagulative necrosis. Liver biopsy showed no acute
cellular rejection and other lesions 3 wk after OLT, and
acute viral hepatitis 16 mo after OLT, the immunohistological
staining of HBsAg was positive. He died of upper
gastrointestinal hemorrhage and hepatic encephalopathy
25 mo after OLT.

Amplification and sequencing of HBV DNA polymerase gene
fragment including YMDD motif
HBV DNA was extracted from 200 L of serum samples
after digestion with proteinase K (0.8 g/L) at 56 ℃ for 4 h
in 20 mmol/L Tris-HCl (pH 8.0), 10 mmol/L EDTA, and
1 g/L sodium dodecyl sulfate. After a final extraction by
chloroform, DNA was precipitated by absolute ethanol
and dissolved in 50 µL of  H2O. For amplification of  the
DNA polymerase gene including YMDD motif, PCR
was performed using primers BF105 and BR112 (Table
1 and Figure 1)[18]. The PCR reaction mixture contained
1 µL DNA template, 0.5 µL primers, 1.5 mmol/L MgCl2,
200 µmol/L dNTP, 0.5 u pfu polymerase, 12.5 mmol/L
KCl in a total volume of 25 µL. The amplification
conditions included an initial denaturation for 4 min at
94 ℃, 35 cycles of amplification with denaturation at 94 ℃
for 1 min, annealing at 58 ℃ for 1 min, extension at 72 ℃
for 3 min, followed by a final extension at 72 ℃ for 7 min.
PCR-negative samples were further amplified by nested
PCR using 1 µL of the above PCR products by primers BF111
and BR109 under the same PCR conditions. PCR-amplified
DNA was purified after agarose gel electrophoresis and
sequenced directly.

Table 1  Primers used in the present study

Primer                Nucleotide Sequence                 Nucleotide Direction

BF105                5’-TCCTGCTGCTATGCCTCATC-3’ 411-430 Sense

BF107                5’-CCAGGAACATCAACCACCAG-3’ 485-504 Sense

BR112                5’-TTCCGTCGACATATCCCATGAAGTTAAGGGA-3’ 895-865 Antisense

BF111                5’-TCGGACGGAAACTGCACTTG-3’ 581-600 Sense

BF108                5’-ATGCCGTTTCTCCTGGCTCA-3’ 655-674 Sense

BR109                5’-AAGGGAGTAGCCCCAACGTT-3’ 870-851 Antisense

YNSspI                5’-TTTCCCCCACTGTTTGGCTTTCAGTAATAT-3’ 711-740 Sense

TMPpu10I                5’-CAGACTTGGCCCCCAATACCACATCATGCA-3’ 769-740 Antisense

TMApaLI                5’-CAGACTTGGCCCCCAATACCACATCGTGCA-3’ 769-740 Antisense
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Sensitive and specific detection of YMDD mutant by PCR-
RFLP-based assay
To detect two YMDD mutants, YIDD and YVDD, we
designed PCR primers that could introduce a restriction
enzyme recognition site into only PCR products amplified
from mutant viruses. To detect YIDD mutant, 1 µL of  the
extracted HBV DNA solution was initially amplified using
primers BF108 and BR112. Twenty-five cycles of  PCR (at
94 ℃ for 1 min, at 58 ℃ for 1 min, at 72 ℃ for 1.5 min)
were performed after initial denaturation at 94 ℃ for 4 min,
followed by a final extension at 72 ℃ for 7 min. The second
PCR was performed with primer YNSspI, which introduced
SspI site into only mutant PCR products (Figure 1), and
BR109 using 1 µL of the first PCR product and similar
time–temperature conditions. Five microliters of the second
PCR product was digested with 5 units of restriction enzyme
Ssp I (Takara, Shuzo Co., Kusatsu, Japan) and was subjected
to electrophoresis on 40 g/L agarose gel.

To detect YVDD mutant, similar amplification was

performed using primers BF107 and TMPpu 10I in the
first PCR, and TMApaL I and BF111 in the second PCR.
Digestion by the restriction enzyme ApaLI, which digested
only DNA fragment from YVDD mutant, was performed
before agarose gel electrophoresis.

To enhance the detection of  both YMDD mutants, we
used the restriction enzyme FokI that could digest amplified
DNA from wild type but not YIDD mutant, and Ppu10 I
that could also digest DNA fragment amplified from the
wild type using primer TMPpu 10I but not YVDD mutant.
The first PCR products (1 µL) were digested by either of
the two enzymes, and used in the second amplification as
described above.

RESULTS

Clinicopathological data
The clinicopathological data of patient 1 before and after
OLT are summarized in Figure 2A. The patient developed
HBV reinfection 19 mo after OLT. Liver biopsy showed
that the portal tracts were slightly enlarged because of mild
to moderate chronic inflammatory cell infiltration with focal
piecemeal necrosis. Disarray of single necrotic hepatocytes
and chronic inflammation were found in the parenchyma
(Figure 3A). Cholestasis was evident in both hepatocytes
and canaliculi. Knodell score was 3 (1 score for periportal/
bridging necrosis, portal inflammation, and lobular necrosis
respectively; 0 score for fibrosis; the total score was 3).
Immunohistochemical staining was positive for HBsAg in
most hepatocytes (Figure 3B).

The clinicopathological data of patient 2 before and
after OLT are summarized in Figure 2B. The patient
developed HBV reinfection 16 mo after OLT. Liver biopsy
showed that the portal tracts were enlarged because of
moderate chronic inflammatory cell infiltration and mild
fibrosis with obvious piecemeal necrosis. Disarray of many
necrotic hepatocytes and chronic inflammation were found
in the parenchyma (Figure 3C). Knodell score was 7 (2 scores
for periportal/bridging necrosis, portal inflammation, and
lobular necrosis respectively; 1 score for fibrosis; the total
score was 7). Immunohistochemical staining was positive
for HBsAg in hepatocytes (Figure 3D).

Figure 1  Schematic representation of analyzed partial DNA polymerase gene
and primers used to detect two YMDD mutants (A) and nucleotide sequences of
DNA polymerase gene including YMDD motif and primers for specific detection
of both YIDD and YVDD mutants (B).

Figure 2  Clinicopathological data of patient 1 (A) and patient 2 (B) before and after OLT.
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In short, patient 2 had more obvious hepatic lesions
than patient 1, showing more evident degeneration and
necrosis of hepatocytes, piecemeal necrosis and fibrosis of
portal tracts. However, the immunohistochemical staining
for HBsAg in patient 2 was weaker than that in patient 1.

Result of PCR-amplified HBV DNA sequencing and PCR-RFLP
The PCR-amplified products of a 289-bp fragment of the
DNA polymerase gene of HBV including YMDD motif
were seen in patients 1 and 2, but not in control (Figure 4).
They were purified and analyzed by direct sequencing.
Detection of YIDD mutant  A weak 159-bp and a strong
159-bp products were amplified by nested PCR with and
without FokI restriction enzyme digestion after first PCR.
The nested PCR product was digested with SspI restriction
enzyme, which did not cut the sequence, suggesting that
HBV of patient 1 was YMDD wild without YIDD mutant
(Figure 5A).

Detection of YVDD mutant  A strong 188-bp product
was amplified by nested PCR with and without FokI
restriction enzyme digestion after first PCR. The nested
PCR product was digested with ApaLI restriction enzyme,
which did not cut the sequence compared with IIC, suggesting
that HBV of patient 1 was YMDD wild, without YVDD
mutant (Figure 5A). The DNA sequence of patient 1 was
TAT ATG GAT GAT from positions 132 to 142 of nested
PCR product, its corresponding amino acid sequence was
YMDD (Figure 6A).

Figure 3  Liver biopsy of patients 1 (A and B) and 2 (C and D) 19 and 16 mo
after OLT. A and C: HE, ×20; B and D: positive immunohistochemical staining

for HBsAg in hepatocytes (IHC, ×20).
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Figure 4  PCR-amplified products of a 289-bp fragment of DNA polymerase
gene of HBV including YMDD motif in patients 1 and 2. N: normal; M: DNA
marker; 1: patient 1; 2: patient 2. Figure 5  PCR-RFLP analysis pattern of patient 1 (A) and patient 2 (B).



Detection of YIDD mutant  A strong 159-bp product
was amplified by nested PCR with and without FokI
restriction enzyme digestion after first PCR. The nested
PCR product was digested with Ssp I restriction enzyme,
which cut the sequence as a 134-bp fragment and a 25-bp
fragment, suggesting that HBV of  patient 2 was YIDD
mutant (Figure 5B).
Detection of YVDD mutant  A strong 188-bp product
was amplified by nested PCR with and without FokI
restriction enzyme digestion after first PCR. The nested
PCR product was digested with ApaLI restriction enzyme,
which did not cut the sequence compared with IIC,
suggesting that HBV of  patient 2 was not YVDD mutant
(Figure 5B). The DNA sequence of patient 2 was TAT
ATT GAT GAT from positions 132 to 142 of nested PCR
product, its corresponding amino acid sequence was YIDD
(Figure 6B).

Figure 6  DNA sequence of patient 1 (A) and patient 2 (B).

DISCUSSION

Both patients developed HBV reinfection 19 and 16 mo after
OLT, respectively. HBV was wild-type YMDD in patient 1,
and YIDD mutant in patient 2. The clinicopathological data
of patient 2 showed a sudden rise in HBV DNA titer during
administration of  lamivudine, suggesting the occurrence of
YMDD mutant of HBV DNA polymerase gene and
lamivudine resistance. Synthesis of HBV DNA genome occurs
within the viral nucleocapsid in a mechanically ordered fashion.
The nucleocapsid contains small pores that permit influx of
nucleotide triphosphates and metabolites of nucleoside
analogs such as lamivudine for DNA synthesis[19-22].
Lamivudine is a cytidine analog that has been shown to be
effective in inhibiting HIV and HBV replication[23-26].
Lamivudine inhibits HIV and HBV replication by suppressing
the activity of viral reverse transcriptase and acts as a chain
terminator. HBV DNA polymerase activity in the wild-

type YMDD motif is inhibited by lamivudine[27-30]. The
mutation of methionine to isoleucine or valine in the YMDD
motif of HBV reverse transcriptases confers resistance to
lamivudine[19] because the side groups of isoleucine and
valine of the YMDD mutants sterically prevent lamivudine
from appropriately configuring into the nucleotide binding
site of the reverse transcriptase. Moreover, in our cases,
the immunohistochemical staining for HBsAg of patient 2
was weaker than that of patient 1, indicating that the
replication rate of YIDD mutant HBV is lower than that
of wild-type YMDD HBV, being consistent with the study
of Seta et al[31]. In addition, patient 2 had more obvious
hepatic lesions than patient 1, suggesting that the pathogenic
mechanism of mutants may be different from that of wild-
type YMDD.

Furthermore, the prevalence and characteristics of
mutations identified by sequencing and PCR-RFLP are
completely identical to those of Chayama et al[18]. However,
our study found that the detectability of YMDD mutants
was good by direct nested PCR without Fok I/Ppu10 I
digestion of the first PCR product, showing that the test
steps are markedly simplified.

Occurrence of lamivudine-resistant HBV variants is
commonly detected by direct sequencing of HBV DNA.
Although sequence analysis is considered as the gold standard
for characterizing HBV DNA isolates, most laboratories
do not have the necessary experience or equipments to carry
this test. However, this assay is excessively time-consuming
for a large number of clinical samples. Several simpler
techniques have been developed to study the viral
polymorphism, including type-specific PCR, PCR and single-
strand conformation polymorphism (PCR-SSCP), PCR and
hybridization with specific probes, but not all are suitable
for identifying mutations in some fragments of the HBV
sequence. PCR-SSCP assay is one of the easiest and fastest
methods available for studying specific mutations and large-
scale screening of polymorphisms in the general population.
The advantage of PCR-SSCP over PCR-RFLP resides in
the fact that it is a single-step process and does not require
enzyme digestion of the PCR products. However, in a recent
study, to investigate the occurrence of lamivudine-resistant
HBV variants, a small fragment (only 58 bp) of  a conserved
sequence including position 552 of the polymerase gene is
amplified and 86 mutations are found in 4 638 nucleotides,
with no changes in the YMDD motif[32]. Since these mutations
occur in wild-type HBV, PCR-SSCP is not suitable for the
study of YMDD variants.

In summary, PCR-RFLP is a simple, rapid, accurate method
for genotyping lamivudine-resistant HBV variants without
requiring special equipments.
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