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Abstract

To provide a basis for improved prevention and treatment of hepatitis B virus (HBV) re-infection after liver
transplantation, variations in the S and P genes of HBV under immunosuppression in vitro and their association
with patient prognosis were investigated. For the in vitro study, HepG2.2.15 hepatocellular carcinoma cells
stably producing HBV particles were treated with the immunosuppressants methylprednisolone (MP) and
tacrolimus (FK506) at doses found to be non-toxic by the methylthiazolyl tetrazolium (MTT) cell viability assay.
MP dose-dependently inhibited HBV DNA expression in HepG2.2.15 cells, while FK506 did not, as determined
by quantitative real-time PCR (qRT-PCR). By gene sequencing, both MP and FK506 were found to cause
variations in HBV S, P, and S/P overlapping regions. MP- but not FK506-induced mutations were common in
the glucocorticoid response element of the P region, while both immunosuppressants caused mutations outside
the nucleoside analogue resistance sites. For the in vivo study, 14 patients with HBV-related end-stage liver
disease re-infected after liver transplantation, and 20 cases without HBV re-infection as controls, were studied.
Seventy-five percent of re-infected recipients showed multi-loci amino acid mutations at different sites besides
lamivudine (LAM)-resistant loci in the P region, including in the glucocorticoid response element. Fifty percent
of re-infected recipients had mutations in the “a” determinant region and flanking sequences. Re-infection was
associated with negative serum hepatitis B immunoglobulin (HBIG), as measured by a microparticle capture
enzyme immunoassay. Nucleotide mutations in the S region caused missense or synonymous mutations, which
caused synonymous mutations in the overlapping P region. These results showed that effects of immunosup-
pressants on HBV genes in vitro were different from those in clinical recipients. Positive HBV DNA and gene
mutations pre-transplantation were factors affecting re-infection post-transplantation. Multiple mutations found
in the P and S genes suggest that the formation of quasispecies contributes to HBV re-infection after liver
transplantation.

Introduction vudine (LAM) are the currently accepted regimens for

prevention and treatment of HBV re-infection. Although HBV

VERY YEAR IN CHINA MORE THAN 300 THOUSAND PATIENTS

die of end-stage liver disease. Of the more than 30 million
patients with chronic liver disease in China, 80% are infected
with hepatitis B virus (HBV). The most effective treatment for
HBV-related end-stage liver disease is liver transplantation,
but without effective prophylaxis, the risk of HBV re-infection
after transplantation may be more than 80% (1,18), which may
lead to graft failure and the need for a second transplantation.
The common use of anti-HBV and immunosuppressant
agents has greatly improved the long-term effects of liver
transplantation, and combined low-dose hepatitis B immu-
noglobulin (HBIG) and nucleoside analogues such as lami-

re-infection after transplantation is significantly reduced by
these treatments, approximately 10% of cases still fail (17,1),
threatening the long-term survival of the graft (23).

During long-term infection, HBV needs to adapt to the
host environment, medications, and vaccines, leading to
variations in the genome. HBV gene heterogeneity is asso-
ciated with HBV re-infection after transplantation. HBV
belongs to the hepatotropic virus family, and its genome is
an incomplete double-chain circular DNA. The long chain
contains four regions, namely the pre-C/C, X, pre-S/S,
and DNA-P regions (16). A recent clinical study associated
HBV re-infection, among other factors, with LAM-resistant
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mutation sites in the P region (3,7). Methylprednisolone (MP)
and tacrolimus (FK506) are the most commonly used im-
munosuppressants after organ transplantation, and some
studies unfortunately have shown that immunosuppressants
can increase HBV replication. The glucocorticoid response
element region in the HBV genome, activated by engage-
ment of the glucocorticoid receptor, has been shown to in-
crease gene transcription and HBV replication, thereby
accelerating the process of HBV re-infection in the graft (22).
Other researchers have found that glucocorticoid stimulates
HBV release outside the liver tissue, and the low level of
released HBV is reactivated and expressed again (26).
However, recent studies showed that not all immunosup-
pressants increase HBV replication, and some even show
inhibitory effects. In a study by Xia et al. (30), cyclosporine
was shown to dose-dependently inhibit HBV replication
in vitro, while FK506 had no effect.

Recent studies correlated HBV re-infection after trans-
plantation with variations in the S and P regions, which
render resistance to high-titer HBIG and nucleoside ana-
logues (28). However, the nature of the quasispecies and
drug-resistant HBV induced by the combined use of immu-
nosuppressants, nucleoside analogues, and HBIG, is not
known. Specifically, whether HBV re-infection under im-
munosuppression correlates with variations in the S and P
regions, and whether other in vivo factors are involved in this
process is not clear. In this study the factors associated with
HBYV re-infection after liver transplantation and variations in
the S and P region of HBV under immunosuppression were
investigated both in vitro and in vivo.

Materials and Methods
Cells and reagents

The human hepatocellular carcinoma cell line HepG2 was
obtained from the Chongqing Institute of Hepatology. The
HepG2.2.15 cell line was donated by Wei Lai of the Hepa-
tology Institute of Peking University Affiliated Hospital. MP
was purchased from Sigma-Aldrich (St. Louis, MO). Tacro-
limus (FK506) was donated by Fujisawa Pharmaceutical
Co. Ltd. (Chuo-ku, Osaka, Japan). Methylthiazolyl tetrazo-
lium (MTT) and dimethyl sulfoxide (DMSO) were obtained
from Amresco (Solon, OH). Propidium iodide (PI) and the
DNA extraction and detection kit were purchased from
Shanghai Kehua Bio-Engineering Company (Shanghai,
China). Plasmid extraction reagents were purchased from
Shanghai Chaoshi Biotechnology Company (Shanghai, China).
DIG-High-Primer was purchased from Roche (Shanghai,
China). Elecsy, Multikan Ascent microplate reader and the
DEM-1 ELISA plate washer were purchased from Roche.
Other equipment included the fluorescence-based ABI 7500
quantitative real-time polymerase chain reaction (qQRT-PCR)
detection system (Applied Biosystems, Foster City, CA),
automatic fluorescence quantitative flow cytometry (Perkin-
Elmer, Waltham, MA), and RT-6000 automatic microplate
reader (Bio-Tek, Winooski, VT). PCP10 was donated by
Professor Cheng Jun from Beijing Ditan Hospital.

Patients

Three-hundred twenty patients receiving liver transplan-
tation due to HBV-related end-stage liver disease between
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June 2002 and December 2003 were followed up for 18-
36 mo, until September 2005. Among them 20 recipients were
diagnosed with HBV re-infection based on clinical manifes-
tations, laboratory examinations, and liver biopsies. Infec-
tions with other viruses were excluded. Fourteen HBV
re-infected recipients with complete medical records were
selected as the experimental group. Twenty recipients with-
out HBV re-infection were randomly selected as the control
group. Of all the patients, 31 were male and 3 were female,
and their ages ranged from 25-66y (mean 42+9.8y). Among
the HBV re-infected transplantation recipients, 7 were diag-
nosed with HBV-related liver cirrhosis before transplanta-
tion, 4 had severe hepatitis, and the other 3 had HBV-related
cirrhosis combined with hepatocellular carcinoma. In
the control group, 10 were diagnosed with HBV-related
liver cirrhosis before transplantation, 4 had severe hepatitis, 5
had HBV-related cirrhosis combined with hepatocellular car-
cinoma, and the remaining patient had liver cirrhosis due to
infection with both HBV and HCV (Table 1). The study was
approved by the hospital’s research and ethics committee.

Cell culture

Human hepatocellular carcinoma HepG2 cells were cul-
tured in high glucose DMEM (Gibco/Invitrogen, Carlsbad,
CA), containing 10% heat-inactivated fetal bovine serum
(FBS), penicillin 100 U/mL, and streptomycin 100 mg/L, in
an incubator at 37°C with 5% CO,. HepG2.2.15 cells were
cultured in high glucose-DMEM containing 10% heat-
inactivated FBS, 200mg/L G418, 6 mmol/L glutamine, peni-
cillin 100 U/mL, and streptomycin 100 mg/L, in an incubator
at 37°C with 5% CO..

Methylthiazolyl tetrazolium cell viability assay

Monolayers of cultured cells were digested with 0.05%
trypsin for about 15min, and then a single-cell suspension
was prepared in medium with 10% FBS. After counting, the
cell concentration was adjusted to 5x 10 cells/mL, and 200 uL.
of the cell suspension (1 x 10* cells) was added to each well of a
96-well plate, which was incubated at 37°C with 5% CO,. The
cells were treated with different concentrations of MP or FK506
for 24, 48, or 72h. Then MTT solution (20 uL at 5g/L) was
added to every well and incubated at 37°C with 5% CO, for
4h. After terminating the incubation, the medium was aspi-
rated, DMSO (150 uL) was added to each well, and the plate
was placed on the shaker for 10min to fully dissolve the
crystals. The absorbance value (A) at 490nm was measured
using an automatic microplate reader, and the cell survival rate
was calculated as follows: survival rate=(A of test well — A of
blank well)/(A of control well — A of blank well)x 100%.

Methylprednisolone or FK506 treatment
of hepatocellular carcinoma cells

Three generations of cells were drug treated. The cells
were treated with fresh medium containing different con-
centrations of MP or FK506. Cells cultured in drug-free me-
dium were used as the control group. Concentrations of MP
were categorized as low (10 and 50 (g/L), and high (100
and 250 (g/L). The concentrations of FK506 were also cate-
gorized as low (50 (g/L), and high (100 and 500 (g/L). After
treatment for 24, 48, or 72 h, the cells and supernatants were
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TABLE 1. GENERAL CHARACTERISTICS OF HBV RE-INFECTED LIVER TRANSPLANT RECIPIENTS

HBsAg/Ab HBeAg/Ab  HBcAb HBV-DNA Re- HBsAbD
Genotype/  before before before  before transplant infection concentration
No. Gender Age Primary disease serotype  transplant transplant transplant  (copies/mL)  time (mo)  (IU/L)
1 Male 60 HBV-related cirrhosis C/adr +/— +/— + 1.22x10° 6 0
2 Male 46 Chronic severe C/adr +/— —/+ + 9.05%10” 5 0
hepatitis B
3 Male 50 HBV-related cirrhosis C/adr +/—- +/- + 6.57 %107 14 92.3
4 Male 52 Primary hepatocellular C/adr -/- —-/+ + <10° 14 0
carcinoma with
hepatitis B
5 Male 31 HBV-related cirrhosis C/adr +/— +/— + 1.7%10° 9 0
6 Male 40 Chronic severe C/adr +/— —/+ + <10° 18 67.6
hepatitis B
7 Male 47 Primary hepatocellular C/adr +/- +/- + 1.75x10° 3 0
carcinoma with
hepatitis B
8 Male 51 HBV-related cirrhosis C/adr +/—- -/+ + 435%10° 7 0
9 Male 50 HBV-related cirrhosis C/adr +/— +/— + 1.43%x10° 18 62.7
10 Male 40 Chronic severe B/adw +/— -/+ + <10° 8 80.1
hepatitis B
11 Male 40 HBV-related cirrhosis C/adr -/ -/- + 1.28x10° 19 61.8
12 Male 47 Primary hepatocellular C/adr +/= —/+ + 1.22x10° 8 128.7
carcinoma with
hepatitis B
13 Female 37 HBV-related cirrhosis C/adr +/- -/+ + 9.95%10” 10 298.3
14 Female 51 HBV-related cirrhosis B/adw +/— -/— + <10° 12 0

HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBsAb, hepatitis B surface antibody.

collected and preserved at —80°C for subsequent DNA ex-
traction for qRT-PCR analysis of HBV DNA and detection of
HBV covalently-closed circular DNA (cccDNA).

DNA extraction from HepG2.2.15 cells
and culture supernatant

Twenty-four hours after subculture, the HepG2.2.15 cells
were treated with different concentrations of MP or FK506.
When more than 95% of the cells survived, we deemed the
concentration as safe/non-toxic. After treatment for 24, 48, or
72 h, the supernatants and cells were collected and preserved
at 4°C for subsequent detection. HBV DNA was extracted
using the Shanghai Kehua DNA extraction and detection kit,
and cccDNA was extracted with Shanghai Chaoshi plasmid
extraction reagents.

Determination of HBV DNA in supernatants
by gqRT-PCR

The supernatant HBV DNA levels were tested using a real-
time PCR kit (Shanghai Kehua), according to the manufac-
turer’s instructions, on an ABI 7500 real-time PCR system
(Applied Biosystems). The automatic fluorescence quantitative
flow cytometry (PerkinElmer), and RT-6000 automatic mi-
croplate reader (Bio-Tek) were used for analysis. This kit was
approved by the State Food and Drug Administration of
China for in vitro diagnosis with a low detection limit (21).

Detection of cccDNA in HepG2.2.15 cells

The following HBV cccDNA primer sequences were de-
signed based on the sequence of GenBank NC_003977: 1 (GI:

21326584): F: TTCTC ATCTG CCGGA CC (HBV genome
position 1560-1576); P: FAM-ATGT CCTAC TGTTC
AAGCC TCCAA-TAMRA (HBV genome position 1852—
1871); R: GGC ATGGACATTG ACCC (HBV genome posi-
tion 1898-1914). The primers were synthesized by Shanghai
Jikang. For each reaction, the total volume was 25 uL, con-
taining 2.5 uL. template DNA, 300nM/L primers, probe at a
final concentration of 150nM/L, and 12.5ul. MIXI. The
amplification conditions were one cycle at 95°C for 5 min and
40 cycles of 95°C for 30sec, and 58°C for 90 sec. The positive
control was the PCP10 purified plasmid containing double
copies of the whole HBV genome (kindly provided by Cheng
Jun, Beijing Ditan Hospital). The negative control was DNA
extracted from HepG2 cells. PCR products were analyzed by
2% agarose gel electrophoresis.

Gene sequencing

The HBV DNA (HepG2.2.15) U95551.1-GI:2182117 whole
genome sequence and highly conserved sequences of the S
and P genes were found in Genbank of the National Center
for Biotechnology Information (NCBI). A set of primers was
designed to amplify and clone genes from the S and P re-
gions (Table 2), and to determine the genotype and muta-
tions. HBV DNA was extracted using a kit from QIAGEN
(Valencia, CA), and gene sequencing was performed by
Shanghai Jikang Biotechnology Company (Shanghai, China),
using the 3700 DNA sequencer (ABI, Carlsbad, CA), with
universal forward and reverse primers for the cloning vector.
The DNA products were analyzed using DNA Star software.
After sequencing, the amino acid sequences of the HBV
genes were analyzed in order to identify the mutations.
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TABLE 2. PRIMER SEQUENCES FOR AMPLIFYING THE S AND P REGIoNs oF HBV

Gene Primer sequence Amplified fragment

S gene Upstream nt 56-72 5'-CCTGCTGGTGGCTCCAG-3’ 796 bp
Downstream nt 824-842 5-TTAGGGTTTAAATGTATAC-3’
Upstream nt 247-266 5-CCTGCTGGTGGCTCCAG-3’ 600bp
Downstream nt 740-759 5-GGGCATTTGGTGGTCTATA-3

P gene Upstream nt 481-495 5-ACT TCC AGG AAC ATC-3' 804 bp
Downstream nt 1270-1284 5-TAG GAG TTC CGC AGT-3’
Upstream nt 561-575 5-CTT GTT GCT CTA CAA-3’ 517bp

Downstream nt 1172-1186

5-CAA ACA CTT GGC AGA-3’

HBV, hepatitis B virus.

Regimen for immunosuppression
and anti-HBV treatment

All recipients received triple immunosuppressants, including
FK506 and MP. LAM was taken at least 2wk before trans-
plantation. A high dose of HBIG was infused during the op-
eration, and the combination of LAM and HBIG was used after
transplantation. HBIG titers were measured by microparticle
enzyme immunoassays (AXSYM AUSAB; Abbott, Wiesbaden,
Germany), according to the manufacturer’s instructions.

Detection of mutations in the S and P regions
of HBV from patients by gene sequencing

The whole genome sequence of HBV and highly con-
served sequences of the S and P genes were obtained from
NCBI Genbank under accession number HBV-DQ986376. A
set of primers were designed based on these sequences to
determine mutations in the S and P regions (Table 2). Ex-
traction and detection of HBV DNA was performed as de-
scribed above. The DNA products were analyzed using
DNA Star software to compare with published adw and adr
subtypes to determine the genotype and gene mutations (13).

Statistical analysis

SPSS 10.0 was used for statistical analysis. Data are pre-
sented as means *standard deviation. Univariate analysis of
variance was used for comparison between groups, and the q
test for comparison between two groups. Dunnett’'s C
method was used when the variance was not homogenous.
Count data of the patients between the re-infection groups
and non-re-infection groups were compared by the chi-
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FIG. 1.

square test. The relationships between drug concentration
and variable indexes were tested by bivariate correlation
analysis (Pearson test). The level of p<0.05 indicated a sta-
tistically significant difference.

Results
Effects of MP and FK506 on HepG2.2.15 cell survival

HepG2.2.15 cells were treated with different concentrations
of MP and FK506 for 24, 48, and 72 h to determine the survival
rate. There was no significant difference in the survival rate
(viability) between treatments for 24, 48, and 72h. Fig. 1
shows the survival rate under treatments with different con-
centrations of MP/FK506 for 72h. For HepG2.2.15, the MP
concentrations of 0-250 (g/L, and FK506 concentrations of 0-
500 (g/L were safe, indicating that the cells were not signifi-
cantly inhibited (survival rate >95%).

Effects of different concentrations of MP and FK506
on HBV DNA and cccDNA expression
in HepG2.2.15 cells

HepG2.2.15 cells were treated with different concentrations
of MP to determine the effects on HBV DNA expression at
different time points. The results showed that HBV DNA
expression decreased with MP treatment in a concentration-
dependent manner. The differences were statistically signifi-
cant between each concentration and the control group (0 ug/
L), as shown in Table 3. These results suggest that MP had a
dose-dependent (but time-independent) inhibitory effect on
HBV DNA in vitro. When treated with FK506, HBV DNA ex-
pression of HepG2.2.15 cells showed no significant difference
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Survival rates of HepG2.2.15 cells treated with different concentrations of MP and FK506 for 72 h.
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TaBLE 3. EFrFECTS OF DIFFERENT CONCENTRATIONS OF MP anD FK506 on HBV DNA 1nv HErG2.2.15 CeLLs (N=23)

HBV DNA (logq copies/mL)

Medication Concentration (ug/L) 24h 48h 72h
%15 0(1) 7.0940+0.2389 6.7511+0.0577 6.3799+0.3973
MP 10(2) 6.4632+0.2961 5.5023+0.2925 5.7821+1.1861
mpP 50(3) 5.3705£0.3239 5.1875£0.2211 4.67301£0.4476
MP 100(4) 4.7231+0.0879 4.8842+0.1091 4.7865+0.0398
MP 250(5) 4.5739£0.0735 4.4997£0.0248 4.1468 £0.1016

F 69.053** 73.358** 30.366**

r -0.957 -0.927 -0.917

p 0.000 0.000 0.000
FK506 Control group(1) 5.1126+0.1331 5.5691+0.1907 6.2491+0.1761
FK506 50(2) 4.6379£0.3692 4.7083£0.1963 6.1639£0.1354
FK506 100(3) 4.5368+0.2338 4.8246+0.3577 6.0457+£0.1181
FK506 500(4) 4.4856+£0.2583 5.2264+0.5135 6.0644£0.1817

F 3.579 3.987 1.110

r -0.676 -0.232 —-0.498

p 0.016 0.469 0.099

“p <0.01.

HepG2.2.15 cells were treated with different concentrations of MP and FK506 as indicated to determine the effects on HBV DNA expression at

different times. The results showed that HBV DNA expression decreased with increasing concentrations of MP. The differences were statistically

significant between each concentration and the control group (0 ug/L). These results suggest that MP had a dose-dependent (but time-independent)

inhibitory effect on HBV DNA in HepG2.2.15 cells. FK506 showed no significant effect on HBV DNA levels compared with the control group.
MP, methylprednisolone; FK506, tacrolimus; HBV, hepatitis B virus.

compared with the control group (Table 3), suggesting that
FK506 had no inhibitory effect on HBV replication in vitro.

The effects of MP on cccDNA expression were also eval-
uated. After HepG2.2.15 cells were treated with different
concentrations of MP determined to be safe, cccDNA ex-
pression significantly decreased compared with the control
group (Table 4 and Fig. 2). These results suggest that MP
had an inhibitory effect on cccDNA. Although it was not
related to time of exposure, the inhibitory effect increased as
the MP concentration increased (r=—0.957, —0.927, —0.917;
p<0.001), suggesting that MP had a dose-dependent inhibi-
tory effect on HBV cccDNA in vitro.

When the HepG2.2.15 cells were treated with different
concentrations of FK506 for different time periods, there was
no significant difference in the expression of cccDNA com-
pared with the control group (Table 4 and Fig. 3). This result
suggested that FK506 had no inhibitory effect on cccDNA
replication in vitro (p>0.05).

Effects of MP and FK506 on HBV gene
sequences in vitro

The effects of MP on HBV gene sequences were evaluated.
In the S region, as the concentration of MP increased,

TABLE 4. EFreCTS OF DIFFERENT CONCENTRATIONS OF MP AND FK506 oN cccDNA 1N HepG2.2.15 CELLS (N=3)

HBYV cccDNA (copies/mL)

Medication Concentration (ug/L) 24h 48h 72h
MP 0(1) 6.9279+0.0278 6.9480+0.0119 6.8164+0.0752
MP 10(2) 6.2319+0.4287 5.9526+0.0454 5.8975+0.0295
MP 50(3) 6.1858 +0.7162 5.5906+0.1751 5.7471+0.0524
MP 100(4) 5.7439+0.8762 5.5800+0.0979 5.1162+0.0038
MP 250(5) 5.1583+0.3957 5.1427+0.3142 4.8272+0.0364
F 3.956* 49.283** 842.499*
r -0.762 —-0.902 —-0.972
p 0.001 0.000 0.000
FK506 0(1) 6.2142+0.1357 6.3327+£0.0224 6.3972+0.0824
FK506 50(2) 5.9847+0.1808 5.9449+0.2451 6.4222+0.1501
FK506 100(3) 6.0663 +0.0502 5.8854 +£0.2664 5.7476+£0.3293
FK506 500(4) 5.59033+0.0449 5.6382+0.4164 5.5517+0.6007
F 3.791 3.251 4.790

*p<0.05; *p<0.01.

HepG2.2.15 cells were treated with different concentrations of MP and FK506. The cccDNA levels were significantly decreased by MP in a
concentration-dependent (but time-independent) manner compared with the control group (r= —0.957, —0.927, —0.917; p<0.001). FK506 had
no inhibitory effect on cccDNA replication in vitro (p>0.05).

MP, methylprednisolone; FK506, tacrolimus; HBV, hepatitis B virus; cccDNA, covalently-closed circular DNA.
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FIG. 2. Effect of MP on cccDNA in HepG.2.2.15 cells. Control: DNA extracted from HepG2 cells as negative control. Lane 1:
PCP10-purified plasmid as positive control. Lanes 2-5: HepG.2.2.15 cells treated with MP at concentrations of 10 ug/L, 50 ug/

L, 100 ug/L, and 250 ug/L, respectively.

changes in nucleotides and amino acids decreased, and there
was no mutation in the “a” determinant region. In the P
region, MP induced mutations at the nucleotide and amino
acid levels, especially at high concentrations, and the muta-
tions were in rt148-170 and rt307-379 (Table 5). Mutations
induced by MP were found in the glucocorticoid response
element (nt1080-nt1234) of the P region: ntT1082A change,
ntl086C insertion, ntT1091A change, ntC1094G change,
nt1095G insertion, ntl1137T insertion, nt1146T deletion,
nt1154T deletion, nt1160G deletion, ntA1163T change, and
nt1164T insertion.

Effects of FK506 on HBV gene sequences were also de-
termined. In the S region, FK506 induced mutations at the
nucleotide and amino acid levels, but most were nucleotide
deletions, insertions, and mutations. Amino acid mutations
were common in 203-221, but there was no mutation in the
“a” determinant region. In the P region, FK506 induced
changes in nucleotides and amino acids at rt138-184 and
rt354-382, with few mutations in the glucocorticoid response
element region (Table 5).

Effects of immunosuppressants on serum HBV
DNA after transplantation

Based on serum HBV DNA before liver transplanta-
tion, the 14 re-infected patients and 20 non-re-infected pa-
tients could be divided into three groups: (1) 4 re-infected
patients with <10® copies/mL (28.57%) versus 14 non-
re-infected patients (70.00%); (2) 2 re-infected patients
with >10%* copies/mL (14.28%) versus 2 non-re-infected
patients (10.00%); and (3) 8 re-infected patients with >10°
copies/mL (57.14%) versus 4 non-re-infected patients

Confrol
group

Marker )

300bp e

(20.00%). Serum HBV DNA levels in the re-infected recipi-
ents after transplantation were in the range of 1.75%x10%-
1.05% 10° copies/mL.

The re-infection risk increased as the level of serum HBV
DNA increased. When the patients were categorized ac-
cording to whether HBV DNA was more than 10° copies/
mL, the difference in the ratio between the re-infection
groups and non-re-infection groups was statistically signifi-
cant (y*=5.673, p=0.017).

HBYV gene mutations after transplantation

Results of gene sequencing in the S region before and after
transplantation are shown in Table 6. Sequencing of the “a”
determinant region (124-147) revealed the mutations T126],
T131N, S143T, and G145R. Within the sequences upstream
and downstream of the “a” determinant region, the muta-
tions L110F, 1113S, and T160K were found. The number of
mutations increased after transplantation, except that there
was a S167 stop mutation instead of T160K.

HBIG titers and HBV gene mutations were determined
post-transplantation by microparticle capture enzyme im-
munoassay (MEIA) and sequencing, respectively. In the “a”
determinant region, mutations were found in all seven HBV
re-infected recipients whose HBIG levels were undetectable.
N131T (seven cases) and T126I (six cases) were the most
common, in addition to G145R /T (two cases) and S143T (one
case). The other seven HBV re-infected recipients whose
HBIG levels were detectable also showed mutations in the
“a” determinant region. The most common were NI131T
(seven cases) and T126I (two cases), and there were no other
mutation sites.

2) (3> 1)

4mmm cccDNA

FIG. 3. Effect of FK506 on cccDNA in HepG.2.2.15 cells. Control: DNA extracted from HepG2 cells as negative control. Lane
1: PCP10-purified plasmid as positive control. Lanes 2—4: HepG.2.2.15 cells treated with FK506 at concentrations of 50 ug/L,

100 ug/L, and 500 ug/L, respectively.
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TABLE 5. ErFrects oF MP anDp FK506 oN HBV GENE SEQUENCES IN HEPG2.2.15 CELLS
HBYV gene sequence
Amino acid mutations in S region Amino acid mutations in P region
Concentration MP FK506 MP FK506
Control No mutation No mutation No mutation No mutation
Low K2Q; P211L; C221G rtK148E; rtF1511; rtA307G; rtY339T; No mutation
concentration L213M; C221G rtD354G; rtA355R; rtT356N; rtP357K
High L213M T5I rtY335N; rtG361G; rtM364H; rtH367S;  rtP138K; rtK154E; rtl169T;
concentration 1.2151 L213M rtQ368A; rtV370A; rtR371L; rtG372E; rtP170L; rtT184l; rtD354G;
L213F rtP373T; rtS374R; rtA375L,; rtP376L,; rtA355R; rtT356N; rtP357K;
C221V rtL.377C; rtP379S rtA382G

Underlined mutations in the P region are at nucleoside analogue-resistant sites.

MP, methylprednisolone; FK506, tacrolimus; HBV, hepatitis B virus.

Synonymous amino acid mutations in the S region of
HBYV in re-infected recipients before and after transplantation
were determined (Table 6). The number of nucleotide mu-
tations in the S region showed no obvious change, but the
mutation sites were slightly different (T274C and T538C

TABLE 6. AMINO AcCID MUTATION SITES IN THE S GENE

before transplantation versus A493T, G529A, and C586T af-
ter transplantation). Interestingly, a mutation that was syn-
onymous in the S region caused the missense mutation
rtL180M in the overlapping P gene. This result suggested
that while some nucleotide mutations did not change the

AND RT REeGION OF THE P GENE IN PATIENTS (N=14)

Mutation in S region amino acid

Mutation in P region amino acid

Outside LAM-resistant Outside LAM-resistant
Group a-determinant a-determinant mutation mutation
Before 1126T(2), 11265(3), S3N(13), G10A(4), Q30R(2), rtL180M(2),  rtE11E(10), rtR18T(4), rtT38T,
transplant ~ A128A(1), G130G(2),  N40N, F41S L42R(3), rtM204V(2)  rtF49L, rtS505(3), rtS53N,
51365(1), S143T(1), A45A(3), T47A(3), TA7K(3), rtT545(2), rtH55R(4), rtH55Q(2),
N146N(2) T571, N59S, P62L(3), S64C, rtN65Q, rtQ67Q, rtT70T, rtL72V,
168T(6), F69L, G71G, F85C, rtN76N(3), rtS78T, rtL93L,
L98V(5), Y100Y(4), L110F, rtS106C(5), rtP1095(2), rtT118]I,
1113S, T115T, T118T, K122K, rtN1211, rtY124N, rtG127R,
A128A(2), Q129K(2), G1455(2), rtD131IN, rtH133H, rtD134E(4),
T148T, S1555(2), T160K, rtS137Q, rtN139H, rtL145M,
$1715(2), L175stop, L176L, rtF151Y, rtR153Q, rtK154Q,
L176Q, V177V, V184A(3), rtL155L(2), rtL157L, rtL164P(2),
A185E(2), L186L, I1195M(3), rtK168K, rtF183L, rtT184l,
L209L, F212L(3), F212V(7), rtS185N(2), rtR192C, rtL220V(4),
T538C(2) rtF221V(3), rtV217V
After T125M, T125T(2), S3N(5), T4l, T5A, F8S, R24K, rtL180M rtE11E(5), rtH12H, rtP13R, rtl16T,
transplant ~ I126T(3), 11265, A45T, D45D, T47A(4), T47K, rtK32K, rtS53N, rtH55R(3),

G130G(6), TI31IN(4),
S1365(3), S143T,
D144D(3), N146N(4)

P49L, P56Q, T57I, N59S,

S64C, 168T(3), R73R, 1821,
F85C, Y100Y, L110F, L110R,
T113T, T115T(2), T118T, K122K,
T125T, 1126T, G130G, G145S,
T148T(2), S1555, T160K,

F161Y, S167stop(2), S1715(2),
L175stop(2), V177V(2),
V184A(2), M1981(2), W199L,
12038, F212V(3), A288T

rtH55Q, rtP64P, rtN65Q(2),
rtQ67Q, rtL72V, rtN76N(3),
rtL81M, rtL93L, rtP109S, rtT118I,
rtT118T, rtT118D, rt122F,
rtY124H, rtY124N(2), rtG127R,
rtDI31N, rtD134N(2), rtD134E,
rtD134D(5), rtN139Q(3),
rtN139H(3), rtL145M(4),
rtL145M, rtF151Y, rtR153W,
rtR153Q, rtR153W(2), rtK154Q,
rtL155L(5), rtL157L(2), rtL164P,
rtK168K, rtI1691, rtS176G(2),
rtF183L(2), rtS185N, rtR192C(2),
rtV207M(2), TtL220V(2)

Synonymous mutations in the S region before and after transplantation are shown in italics only. Underlined mutations are those in the RT
region in the P gene overlapping the “a” determinant region of the S gene. Mutations that are both underlined and italicized are those in the
RT region of the P region gene overlapping the S gene outside of the “a” determinant region. Numbers in brackets are frequencies of the
mutations; no brackets indicates 1 frequency of mutation.
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amino acids in the S region, they could affect the protein
sequence in the P region.

Missense mutations in the S region of HBV in re-infected
recipients before and after transplantation were also deter-
mined (Table 7). The number of nucleotide mutations in the S
region showed no change before and after transplantation
(both 21). Missense mutations were found in the S region and
likewise in the overlapping P gene. The frequencies of mis-
sense mutations such as rtR153Q, rtT184I, rtM204V, and
rtV2071, which have been associated with immune evasion
and resistance to nucleoside analogues, increased after
transplantation. The nucleotide mutation sites were different:
A289T, G633A, and T790G before transplantation, versus
A167G, T176C, G748A, and G750T after transplantation.

HBYV gene mutations in the P region
after transplantation

Before transplantation only the L682M mutation was
found in the glucocorticoid response element region (nt1080-
nt1234 and aa664-713) of the P region in HBV, but after
transplantation the number of mutations increased to include
P671T, T672N, L682M, Y685-, A688T, A699V, and T704N.
The result suggested that immunosuppressants could lead to
multi-site amino acid mutations in this region.

Mutations in the RT sequence of the P region in HBV such
as rtl1691, rtL180M, rtM204V, and rtT184I, have been asso-
ciated with nucleoside analogue insensitivity, but most mu-
tation sites were not related to drug resistance. In the P
region three HBV re-infected recipients with genotype C had
a LAM-resistant mutation before transplantation, while nine
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recipients showed multiple mutations (=5 amino acid mu-
tations) besides the LAM-resistant mutation after transplan-
tation. Recipients with genotype B showed no LAM-resistant
mutation before transplantation, but they did have multiple
mutations (<5 amino acid mutations) after transplantation.
The results suggested that HBV re-infection was related not
only to mutations in the YMDD motif, but also to multi-site
mutations in the glucocorticoid response element region and
P region (Tables 6 and 7).

Discussion

HepG2.2.15 cells stably expressing HBV were derived
from the HepG2 cell line by transfection with cloned HBV
DNA. Our preliminary experiment confirmed positive ex-
pression of HBsAg and HBeAg in the supernatant of the
HepG2.2.15 cell culture, as reported by Sells et al. (20). As a
liver embryonic tumor cell line able to express HBV antigens
and secrete complete HBV particles, the HepG2.2.15 cell line
is the most appropriate cell model system for studies of HBV
replication, HBV effects on hepatocellular carcinogenesis,
and hepatocyte response to medication. The mechanism of
HBV DNA replication is complex and unique (9), and de-
tection of HBV DNA is the gold standard and most sensitive
method for directly observing HBV infection and replication.
The HBV DNA replication cycle is a continuous process that
begins with cccDNA serving as a template for the tran-
scription of pre-genomic RNA using host cell enzymes, fol-
lowed by reverse transcription to minus-strand DNA,
synthesis to plus-strand DNA, and then double-stranded
DNA maturation to cccDNA (32).

TABLE 7. EFFECTS OF MISSENSE MUTATIONS IN THE S REGION ON MuTATIONS IN THE RT REGION
OF THE OVERLAPPING P GENE IN PATIENTS

Mutations in the Mutations in the
Missense mutations RT region of the Missense mutations RT region of the
in the S region before overlapping P gene in the S region after  overlapping P gene

No transplantation (aa) before transplantation (aa) Frequency (%) transplantation (aa) after transplantation (aa) Frequency (%)

1 G10A rtR18T 28.57% (4/14) T5A rtP13R 21.43% (3/14)
2 A45T rtS53N 7.143% (1/14) F8S rtI16T 7.143% (1/14)
3 A45A 1tT54S 14.29% (2/14) G10A rtR18T 7.143% (1/14)
4 TA7A rtH55R 21.43% (3/14) A45T rtS53N 7.143% (1/14)
5 T47K rtH55Q 14.29% (2/14) T47A rtH55R 21.43% (3/14)
6 T571 rtN65Q 7.143% (1/14) T47K rtH55Q 7.143% (1/14)
7 S64C rtL72V 7.143% (1/14) T571 rtN65Q 7.143% (1/14)
8 F69L rtS78T 7.143% (1/14) S64C rtL72V 7.143% (1/14)
9 L98V rtS106C 35.71% (5/14) F69L rtS78T 7.143% (1/14)

10 L110F rtT1181 7.143% (1/14) LISV 1tS106C 7.143% (1/14)

11 1113S rtN1211 7.143% (1/14) L110F rtT118I 7.143% (1/14)

12 11265 rtD134E 28.57% (4/14) 1113S rtN1211 7.143% (1/14)

13 TI3IN rtN139K 21.43% (3/14) 11265 rtD134E 35.71% (5/14)

14 S143T rtF151Y 14.29% (2/14) TI3IN rIN139K 21.43% (3/14)

15 G145R rtR153Q 14.29% (2/14) S143T rtF151Y 7.143% (1/14)

16 T160K rtK168K 7.143% (1/14) G145R rtR153Q 14.29% (2/14)

17 L176Q rtT1841 7.143% (1/14) L1760 rtT1841 7.143% (1/14)

18 VI84A rtR192C 7.143% (1/14) VI84A rtR192C 14.29% (2/14)

19 1195M rtM204V 14.29% (2/14) 1195M rtM204V 14.29% (2/14)

20 F212V rtL220V 28.57% (4/14) M1981 rtV2071 14.29% (2/14)

V199V
21 F212L rtF221V 21.43% (3/14) F212V rtL220V 21.43% (3/14)

Mutations in the “a” determinant region and S gene outside the “a” determinant region are shown in italics. Underlined mutations are
related to immune evasion or nucleoside analogue resistance. Bold mutations were different before and after transplantation.
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Our in vitro studies showed that after treatment of the hu-
man hepatoma cell line HepG2.2.15 with non-toxic concentra-
tions of MP, HBV DNA decreased in the cell culture
supernatants, and the inhibitory effect was found to be MP
dose-dependent. MP also inhibited the expression of intracel-
lular cccDNA, and its inhibitory effect was closely correlated
with the MP concentration, suggesting that MP could inhibit
HBYV replication in vitro. However, FK506 showed no inhibi-
tory effect on HBV replication. A possible reason may be that it
does not affect the mitochondrial permeability transition pore
complex (MPTP), which plays a key role in the course of HBV
DNA replication (4,14). Though binding with cyclophilin D
prevents conformational changes of MPTP, leading to inhibi-
tory effects on HBV replication (29), FK506 binding protein has
not been determined to interfere with MPTP.

MP and FK605 could cause changes in the HBV gene se-
quence in our in vitro studies. Higher concentrations of MP
induced more mutations at the nucleotide and amino acid
levels in the S region. High concentrations of MP could also
induce mutations in the “a” determinant region. Meanwhile,
FK506 also induced mutations in nucleotides and amino
acids in the S region, but mostly nucleotide deletions, in-
sertions, and mutations. Amino acid mutations due to FK506
mainly occurred in the 203-221 sequence, and few mutations
were observed in the “a” determinant region. MP and FK506
both induced mutations of nucleotides (rt148-170 and rt307-
379, respectively), and amino acids (rt138-184 and rt354-382,
respectively), in the P region, none of which were in nucle-
oside analogue resistance sites.

There are three open reading frames (ORF) in the S gene of
HBYV, designated as the pre-S1, pre-S2, and S region (5,15).
The “a” determinant region of the S gene is located at the
HBV genome sequence at 124-147. Mutations in this region
may change the HBsAg structure and allow escape from host
antibody neutralization, which would promote HBV repli-
cation (31) and re-infection in the transplanted liver (12).
Chen et al. (6) reported that mutations in sequences down-
stream of the “a” determinant region also influence neu-
tralization. Since the S gene and polymerase P gene overlap,
mutations in the S gene may affect the polymerase gene, and
vice versa (24).

This study confirmed the inhibitory effects of MP on HBV
replication in vitro, while FK506 did not show the same ef-
fect. MP inhibited not only HBV DNA, but also intracellular
cccDNA, and this knowledge may help guide anti-HBV
treatment after transplantation. Combination therapy of MP
with other types of anti-HBV medications may result in
synergistic antiviral effects. In addition, understanding the
effect of immunosuppressants on HBV cccDNA may provide
useful approaches to screening for anti-HBV drugs. In our
study, most mutation sites in the P region induced by MP
were only in the glucocorticoid response element region (27),
which may be one of the reasons that MP affects HBV rep-
lication in vitro. However, this idea still needs to be sup-
ported by further clinical observation and research.

Having studied the effects of MP and FK506 on HBV
in vitro, we investigated the clinical relevance of the effects of
immunosuppressants on HBV in vivo after liver transplan-
tation. Patients receiving liver transplantation diagnosed
with HBV-related end-stage liver disease were selected in
our center for analysis of serum HBV DNA, liver histology,
and HBV gene mutations. HBV re-infection was not corre-
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lated with positive histological detection of HBsAg/HBcAg
pre-transplantation, but it did show a positive relationship
with HBV DNA serum load before transplantation. Twenty-
one (61.76%) of the selected patients were infected with ge-
notype C, and 13 (38.24%) with genotype B. In the 14 HBV
re-infected recipients, 10 had more than 1000 copies/mL of
serum HBV DNA, of whom 9 were genotype C and 1 was
genotype B. The difference in genotype distribution was
statistically significant (p <0.05), suggesting that HBV repli-
cation was related to the genotype, and replication of geno-
type C was higher than that of genotype B. Each patient’s
genotype did not change after transplantation under im-
munosuppressant therapy.

Some studies have attributed mutations in the S gene to
immune pressure from HBIG (8,10,19). Of the 14 HBV re-
infected recipients, 7 had undetectable HBIG titers (0IU/L).
Further gene analysis of the “a” determinant region in the S
gene showed mutations of T126I, N131T, and S143T, of which
the 126th amino acid mutation was the most common. Mu-
tation of the threonine at position 126 may have caused im-
mune evasion that could not be prevented by clinical
treatment with HBIG. YMDD mutations have been shown to
occur in 14-39% of HBV-infected patients receiving liver
transplantation (2,11), and in our clinical study this rate was
14.3% (2/14). However, there were only two patients with
YMDD mutations who were re-infected, suggesting that there
may be other causes of HBV re-infection after transplantation.

Other mutations outside the P gene (e.g., S gene mutation)
may contribute to HBV re-infection post-transplantation.
Torresi et al. (25) reported that rtT128N and rtW153Q in the
P region, accompanied by gene mutations P120T and G145R
in the overlapping S region, can partly recover the replica-
tion of LAM-resistant HBV. The P gene has the longest ORF,
from nt230 to 1621. The starting segment overlaps C-ORF,
the middle segment overlaps S-ORF, and the last segment
overlaps X-ORF.

Our gene sequencing analysis of the S region showed that
because of its overlap with the polymerase region OREF,
mutation of nucleotides in the S region could cause synon-
ymous and missense mutations of the corresponding amino
acid, as well as missense mutations of the corresponding
amino acids in the overlapping HBV polymerase P region.
This missense mutation may be one of the reasons for HBV
re-infection.

Our study found HBV gene mutations in recipients after
liver transplantation, and the HBV quasispecies formation
was related to antiviral drug and immunosuppressant
treatment. After transplantation, immune status, viral qua-
sispecies, and gene mutation would all affect the efficacy of
antiviral treatments. Additionally, some patients may al-
ready have had mutations in both the S and P regions and
formation of quasispecies before transplantation.

In conclusion, the effects of immunosuppressants on HBV
genetic characteristics were different in vitro from those seen
in vivo. The immunosuppressants showed no significant ef-
fect on the number of HBV gene mutations, but did affect the
mutation sites. Thus, using immunosuppressants after liver
transplantation introduces mutations in the HBV genome
that make the task of inhibiting the virus more complex.
HBV re-infected patients receiving long-term combined
treatment with LAM and HBIG after transplantation showed
not only mutation of the YMDD motif, but also multi-site
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mutations in the S and P genes, although it cannot be ruled
out that some of these mutations were present before trans-
plantation. These findings suggest that the HBV genotype
and interactions between the S and P gene mutations should
be taken into account when using regimens such as com-
bined treatment with LAM and HBIG for prevention of HBV
re-infection after transplantation. Immunosuppression plays
an important role in the variations seen in the S and P re-
gions of the HBV genome, both in vitro and in vivo, especially
in re-infected patients after liver transplantation.
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