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Abstract. Increasing evidence indicates that the hepatitis B
virus (HBV) replicates in peripheral blood mononuclear cells
(PBMCs), but at a low level. The present study aimed to estab-
lish a reliable and sensitive method that effectively detects
HBYV viral products for monitoring antiviral therapy, organ
transplantation screening, and diagnosing occult HBV infec-
tion. In the present study, PBMCs (obtained from six healthy
volunteers) were inoculated with HBV, and cultured with
phytohemagglutinin (PHA) and interleukin-2 (IL-2) to stimu-
late cell proliferation. PBMCs were harvested, and quantitative
detection of HBV DNA in cell suspension and intracellular
hepatitis B surface antigen (HBsAg) was conducted on days 0,
1, 6 and 12, respectively. In situ hybridization, immunohisto-
chemistry and reverse transcription-polymerase chain reaction
(RT-PCR) were performed to analyze the HBV infection. The
results demonstrated that HBV DNA increased concurrently
with proliferation of PBMCs isolated from three of six healthy
volunteers, and the mean number of PBMCs on day 12 was
13.61 times higher than the initially seeded cell number
(P<0.01). The mean copies of HBV DNA at day 12 were
2.98 times higher compared with initial levels (P<0.05).
Furthermore, intracellular HBsAg levels increased concur-
rently with proliferation of PBMCs in one group of cultured
PBMCs, which was accompanied by increased HBV DNA
levels. In addition, HBV nucleic acids were detected in PBMCs
using in situ hybridization. Intracellular HBsAg was observed
in PBMCs and HBV RNA was also detected by RT-PCR. The
present study demonstrated that HBV replicates in prolifer-
ating PBMCs, which were induced by PHA and IL-2. This
method offers a novel investigative tool to detect HBV infec-
tion in PBMCs and to monitor the course of HBV infection.
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Introduction

The hepatitis B virus (HBV) is a hepatotropic virus that
predominantly infects and replicates in hepatocytes. However,
previous studies have demonstrated that HBV is present in
peripheral blood mononuclear cells (PBMCs) (1-3), which are
considered to be a reservoir contributing to chronic HBV infec-
tion (4,5). The risk for HBV transmission by infected PBMCs
has also been demonstrated. For example, HBV-infected
mothers may transmit the HBV infection to newborns during
the perinatal period (6) and livers from donors who were hepa-
titis B surface antigen (HBsAg)-negative, but hepatitis B core
antibody (anti-HBc)-positive may transmit the HBV infection
to recipients following liver transplantation (7). HBV infection
may occur as a result of blood transfusion and hemodialysis
using blood that is contaminated with HBV (8,9), in addition
to immunosuppressant therapy-induced hepatitis B reactiva-
tion (10). All of these transmissions are closely associated
with HBV infection in PBMCs. Thus, the detection of HBV
infection in PBMC:s is considered to be clinically significant.

HBYV replication in PBMC:s is at a low level (5) and current
methods, including polymerase chain reaction (PCR), are
not sensitive enough to detect the minute quantities of viral
products (11). It is particularly difficult to detect covalently
closed circular DNA (cccDNA), which functions as a template
for transcription and a marker for HBV replication. Currently,
it is unclear whether HBV replicates in PBMCs (12-16) and
whether the virus readily infects PBMCs (17) due to a lack of
cccDNA detection methods. Thus, further studies are required
to develop more sensitive methods to detect small quantities of
viral products in PBMCs, and eventually determine whether
HBYV infects and replicates in PBMCs.

El-Awady et al (18) demonstrated that hepatitis C virus (HCV)
infects PBMCs, and that phytohemagglutinin (PHA)-induced
proliferation of PBMCs increases HCV replication. Furthermore,
it was reported that woodchuck HBV replication is upregulated
in PBMCs with mitogen stimulation (19-21). Our previous
studies also suggested that HBV gene expression is increased
following expansion of bone marrow hematopoietic stem cells
isolated from chronic hepatitis B patients, via a non-specific
mitogen stimulus (22,23). Based on these findings, the aim of
the present study was to establish a method to increase HBV
replication in PBMCs via mitogen stimulation in vitro. It was
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demonstrated that the detection of HBV DNA and HBsAg in
PBMC:s is markedly improved following in vitro mitogen treat-
ment. Thus, this method may be used for evaluating antiviral
treatment responses, organ transplantation screening and for the
diagnosis of occult hepatitis B.

Materials and methods

Preparation of PBMCs. PBMCs were obtained from
six healthy volunteers (two males and four females; age,
32.3+10.7 years). All participants were negative for hepatitis
A, C, D, E, and HIV antibodies, and negative for hepatitis B
serological markers and HBV DNA. Participants exhibited
normal alanine transaminase levels and were not vaccinated
against HBV. The present study was approved by the Ethics
Committee of the Institutional Review Board of The First
Affiliated Hospital of Harbin Medical University (Harbin,
China). The experimental protocol was established, according
to the ethical guidelines of the Helsinki Declaration. Written
informed consent was obtained from individual participants.

PBMCs were separated from 20 ml ethylenediaminetet-
raacetic acid (EDTA)-treated blood by Ficoll density gradient
centrifugation (Tianjin Haoyang Biological Technology Co.,
Ltd., Tianjin, China) at 1,000 x g for 20 min at 20°C, resulting
in a yield of ~6.32+2.11x10° cells/ml blood. The cells were
washed three times with phosphate-buffered saline (PBS)
prior to seeding into culture wells.

In vitro infection of PBMCs with HBV and stimulation with
mitogen. PBMCs were seeded in 24-well plates at a final
concentration of 10° cells/ml with 0.95 ml RPMI-1640 (Hyclone;
GE Healthcare Life Sciences, Logan, UT, USA) and 0.05 ml
HBV-positive serum (HBV DNA 107 IU/ml, genotype C)
filtered through a Millex-GP 0.22-ym filter (EMD Millipore,
Billerica, MA, USA). The culture medium was supplemented
with 10% fetal calf serum (Hyclone; GE Healthcare Life
Sciences). Cells were stimulated by PHA (Sigma-Aldrich,
St. Louis, MO, USA) with a final concentration of 5 yg/ml and
interleukin (IL)-2 (Sigma-Aldrich) with a final concentration
of 20 U/ml. Plates were incubated at 37°C and 5% CO, for
12 days. This experiment was repeated six times with PBMCs.
Three wells of cells were harvested at day O, 1, 6 and 12. The
number of viable cells was estimated by 0.04% Trypan Blue
exclusion (Sigma-Aldrich). A mean of the cell numbers of
three wells was used for calculation at each time-point. Cells
were stored at -80°C for further analysis.

Quantification of HBV DNA within PBMCs. DNA was
isolated from 1 ml cell suspension using the Cobas AmpliPrep
automated extractor (Roche Diagnostics GmbH, Mannheim,
Germany), according to the manufacturer's protocols. HBV
DNA was quantitatively detected from the isolated DNA
prep using a Cobas TagMan 48 analyzer (version 3.3; Roche
Diagnostics GmbH). Data were analyzed with Amplilink soft-
ware (Roche Diagnostics GmbH). Cobas AmpliPrep/Cobas
TagMan HBV test kit (version 2.0) was used to measure the
lower limit of detection with primers located in the pre-C/C
highly conserved region (Table I) (11). The mean of the copy
numbers from three detection wells indicated that 20 IU/ml
was the lower limit of detection.
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Detection of HBV RNA isolated from PBMCs by reverse tran-
scription (RT)-PCR. PBMCs that were cultured as described
above were harvested at day 0, 1, 6 and 12, with a cell density
of 1.0x10°, 1.8x10%, 5.8x10°, and 1.1x10° cells/ml, respectively.
PBMCs were washed three times with PBS. Total cellular RNA
was extracted using 1ml TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), 200 p1 chloroform
(Tianjin Haoyang Biological Technology Co., Ltd.), 0.5 ml
isopropyl alcohol and 1 ml ethanol (75%; both Tianjin Fuyu
Chemical Co., Tianjin, China). Complementary DNA (cDNA)
was synthesized using Qiagen OneStep RT-PCR kit (Qiagen
GmbH, Hilden, Germany). The cDNA primer sequence
within the S region was used as previously described (Table I;
Boster Biological Technology, Ltd., Wuhan, China) (24).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) served
as an internal reference (Table I; Boster Biological Technology,
Ltd.). RT was conducted on a Mastercycler (Eppendorf AG
Hamburg, Germany) at 60°C for 1 min, 42°C for 10 min, 50°C
for 30 min, and 95°C for 15 min. The cDNA was amplified as
follows: 40 Cycles of 94°C for 30 sec, 56°C for 30 sec, 72°C
for 1 min; and 72°C for 10 min. PCR products (length, 452 bp)
were stored at 4°C prior to visualization via 1% agarose elec-
trophoresis. Electrophoresis was performed using 10 u1 cDNA,
6 ul DNA marker (D2000; Tiangen Biochemical Technology,
Co., Ltd., Tiangen, China) and loading buffer (Takara
Biotechnology, Co., Ltd., Dalian, China) at 110 V for 30 min.
Images were captured using a GL-3120 Compact Desktop
UV Transmissometer (Korea Biotech Co., Ltd., Seoul, Korea)
software.

In situ hybridization detection of HBV DNA in PBMCs. The
HBV-inoculated PBMCs that were cultured for 12 days, were
harvested and washed three times with PBS. Hepatitis B
virus nucleic acid in situ hybridization kit (Tianjin Haoyang
Biological Technology Co., Ltd.) was used to detect HBV
DNA on PBMC slides, according to the manufacturer's
protocols. Hybridization was conducted in a hybrid oven
(Abbott Stat Spin®; Abbott Laboratories, Chicago, IL, USA).
The hybridization signal was generated with fluorescein
isothiocyanate (FITC) fluorescent dye. Hybridization solu-
tion containing no specific probe served as a negative control,
whereas HepG2.2.15 cells, which were gifted from Professor
Hong Ren (Chongqing Medical University, Yuzhong, China),
served as a positive control. The HBV probe sequence
(Tianjin Haoyang Biological Technology Co., Ltd.) was
derived from a highly conserved region that is located in the
overlapped P and pre-C open reading frame (Table I). Slides
were examined under a Nikon Eclipse TS100 80i microscope
(Nikon Corporation, Tokyo, Japan) and Olympus BX53 fluo-
rescence microscope (Olympus Corporation, Tokyo, Japan).

Quantification of HBsAg in PBMCs. The same PBMCs from
the three wells described above were harvested at day 0, 1,
6 and 12 and washed three times with PBS. The cells were lysed
with 10 mM Tris-Hcl (Sangon Biotech Co., Ltd., Shanghai,
China) and 1% Triton X-100 (Solarbio Science & Technology
Co., Ltd., Beijing, China) and intracellular HBsAg was quanti-
fied using an Architect HBsAg assay (Abbott Laboratories),
according to the manufacturer's protocols. The lowest limit of
detection was 0.00-0.05 IU/ml.
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Table I. HBV primer and probe sequences.

Primer set Position
Primer designation Polarity Sequences (5' to 3') (5'to 3"
Quantitative PCR Pre-C/C Sense ACATAAGAGGACTCTTGGAC 1652-1671
Sense TACTTCAAAGACTGTGTGTTTA 1704-1723
Antisense ~CCCACCTTATGAGTCCAAGG 2512-2439
Reverse transcription PCR S Sense CTTCATCCTGCTGCTATGCC 406-425
Antisense  CAACGTTTGGTTTTATTAGGGTT 857-835
GAPDH Sense ACCACAGTCCATGCCATCAC
Antisense = TCCACCACCCTGTTGCTGTA
HBYV probe P/pre-C Sense TAGAAGAAGAACTCCCTCGCCTCGCAGACG

Antisense ~ CAGAGGCAAATCAGGTAGGAGCGGGAGCAT

HBYV, hepatitis B virus; PCR, polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Figure 1. Detection of HBV nucleic acid in PBMCs by in situ hybridization. PBMCs were co-cultured with HBV for 12 days, harvested and washed three times
with phosphate-buffered saline prior to hybridization. (A) Positive signals for fluorescein isothiocyanate fluorescence were detected within PBMCs. (A1) The
boxed section was magnified 2X and positive signals are indicated by the arrows. (B) Fluorescence signals were also detected in HepG2.2.15 cells (positive
control). (B1) The boxed section was magnified 2X and positive signals are indicated by the arrows. (C) No fluorescence signal was detected in the hybridization
solution without a probe (negative control). Magnification, x40. HBV, hepatitis B virus; PBMC, peripheral blood mononuclear cell.

Immunohistochemistry of HBsAg in PBMCs. At day 12,the  was performed using an Immunostain SP kit (Beijing
cultured PBMCs were collected, washed three times with ~ Zhongshan Jingqiao Biotechnology, Co., Ltd., Beijing,
PBS, and smeared onto slides. Immunostaining of HBsAg  China). A mouse monoclonal antibody against HBsAg
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Figure 2. Detection of HBsAg in the cytoplasm of PBMCs by immunohistochemical staining. PBMCs co-cultured with hepatitis B virus for 12 days were
harvested and washed three times with PBS. (A) The positive HBsAg (brown staining) was located in the cytoplasm. (B) No HBsAg was detected in the nega-
tive control in which the mouse anti-HBsAg was replaced with PBS. (C) HepG2.2.15 cells served as a positive control and the cytoplasm was stained brown.
(D) Mouse anti-HBsAg was replaced with PBS and served as the negative control for HepG2.2.15 staining. Magnification, x40. HBsAg, hepatitis B surface
antigen; PBMC, peripheral blood mononuclear cell; PBS, phosphate-buffered saline.
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Figure 3. Quantification of HBV DNA in PBMCs. PBMCs were co-cultured
with HBV, and stimulated with phytohemagglutinin and interleukin-2.
Quantification of HBV DNA was performed in PBMC suspensions isolated
at day 0, 1, 6 and 12. The initial number of cells was 1.0x10*/ml. The mean
PBMC number from three cases at day 12 was 13.61 times higher than the
initial density ("P<0.01). The results demonstrated that HBV DNA load
increased with cell proliferation in three of six PBMCs isolates. The mean
load of HBV DNA was increased by 2.98 times on day 12 compared with
the initial load ("P<0.05). HBV, hepatitis B virus; PBMC, peripheral blood
mononuclear cell.

(1:50; ZM-0122; Beijing Zhongshan Jingqgiao Biotechnology,
Co., Ltd.) was used as the primary antibody, whereas a
goat anti-mouse IgG without dilution (ZDR-5117; Beijing
Zhongshan Jinggiao Biotechnology, Co., Ltd.) was used as
the secondary antibody. The reaction was subsequently
visualized using 3,3'-diaminobenzidine (Beijing Zhongshan
Jinggiao Biotechnology, Co., Ltd.). HepG2.2.15 cells served
as a positive control.

Statistical analysis. All statistical analyses was performed
using SAS 9.2 statistical analysis software (SAS Institute,
Cary, NC, USA). Data are expressed as the mean + standard
error of the mean. The mixed-effects model was used to
analyze the changes in cell proliferation and viral replica-
tion with culture time. The same analysis was also used to
analyze the association between cellular proliferation and
viral replication subsequent to adjusting for the time factor.
P<0.05 was considered to indicate a statistically significant
difference.

Results

HBV DNA was detected in PBMCs by in situ hybridization.
The PBMCs inoculated with HBV and cultured for 12 days
demonstrated a positive signal following hybridization with
an FITC-labeled probe. A similar fluorescence signal was
also detected in HepG2.2.15 cells. No fluorescence signal
was observed in the PBMCs that were hybridized without the
specific probe (Fig. 1).

HBsAg was detected in PBMCs by immunohistochemistry.
The PBMCs were stained with the HBsAg-specific antibody.
The immunohistochemistry staining demonstrated the
presence of HBsAg in the cytoplasm of PBMCs that were
harvested at day 12. The same staining pattern was detected
in HepG2.215 cells, however, it was absent in the negative
control cells (Fig. 2).

Levels of HBV DNA were increased in proliferated PBMCs
induced by PHA and IL-2 in vitro. HBV DNA levels in the
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Figure 4. Hepatitis B virus RNA in PBMCs detected by reverse transcrip-
tion-PCR. PBMCs were washed three times with PBS following harvesting
at day 0, 1, 6, and 12. Expected PCR band (403 bp) was not detected until
days 6 and 12. Lane M, marker DL (2,000 bp); lane A, template of PBMCs at
day 6; lane B, GAPDH internal reference (452 bp); lane C, PBMCs at day 12;
lane D, GAPDH internal reference; lane E, negative control by replacing PCR
mix with PBS; lane F, negative control using PBS as the template. PBMC,
peripheral blood mononuclear cell; PCR, polymerase chain reaction; PBS,
phosphate-buffered saline.
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Figure 5. Quantification of HBsAg within PBMCs. HBsAg was detected
in three PBMC cultures in which hepatitis B DNA replication increased as
proliferation of PBMCs increased. Cells were harvested and lysed for HBsAg
detection. The intracellular HBsAg level was increased significantly with
cell proliferation in one PBMC culture. “P<0.01. HBsAg, hepatitis B surface
antigen; PBMC, peripheral blood mononuclear cell.

PBMC suspension isolated from three of six healthy volun-
teers were increased with the proliferation of PBMCs induced
by PHA and IL-2. The mean PBMC number isolated from the
three cases at day 12 was expanded by 13.61 times compared
with the initially seeded density (P<0.01). The mean load of
HBV DNA at day 12 was increased by 2.98 times from the
initial level (P<0.05). However, the correlation between the
proliferation of PBMCs and the increase in viral replication
was not identified as statistically significant (P>0.05; Fig. 3).

HBV RNA was detected in PBMCs by RT-PCR. To investi-
gate whether HBV genes are transcribed in the inoculated
PBMCs, HBV RNA transcripts were analyzed by RT-PCR.
No PCR amplicon was detected in PBMCs harvested until
days 6 and 12. The HBV RNA level was higher on day 12
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than on day 6, and the increase of HBV RNA transcription
was associated with an increase in HBV DNA level. Negative
controls replacing cDNA with PBS, and the PCR mix with
PBS, did not demonstrate any effect. GAPDH served as an
internal RT-PCR control (Fig. 4).

HBsAg levels increase with PBMC amplification.
Intracellular HBsAg was quantitatively determined and
increased HBV DNA replication was only detected in
one of the three PBMC cultures. Furthermore, the HBsAg
level increased as the proliferation of PBMCs increased.
Intracellular HBsAg was 0.043+0.0047 IU/ml at day O and
was increased to 0.48+0.12 IU/ml (Fig. 5) at day 12.

Discussion

PBMCs consist of various types of immune cell, including
T and B lymphocytes, macrophages and natural killer cells.
These cells circulate in the blood to fight infection and travel
to different organs to actively engage the immune response. It
has been suggested that PBMCs may be infected with HBV.
HBV-infected PBMCs compromise the immune response
of the host and potentially facilitate the persistence of HBV
infection (25,26). However, there is no robust method for
detecting HBV infection and replication in PBMCs, which
may be due to the HBV infection presenting at a low level in
PBMC:s. The proliferation of PBMCs is promoted by certain
non-specific mitogens, which may assist effective detection of
HBYV replication. In the present study, PBMCs were inoculated
with HBV in vitro, then stimulated with PHA and IL-2, and
cultured for 12 days. The levels of HBV DNA and HBsAg were
quantified at different time-points. HBV DNA was detected in
PBMC suspensions that were isolated from three of six donors,
and it was observed that the HBV DNA levels increased in
a time-dependent manner. In addition, intracellular HBsAg
was detected only in one group of cultured PBMCs that also
demonstrated the most marked increase in HBV DNA levels.
These findings suggest that HBV infects PBMCs, and the
infected PBMCs induce HBV replication. Furthermore HBV
DNA replication was increased with active cell proliferation.
Similar observations were reported by Budkowska et al (17),
no detectable cccDNA was observed when PBMCs were
co-cultured with a HBV binding factor-digested virus that
modified the structure of the envelope proteins and enhanced
the capacity of HBV to bind and enter into PBMCs. However,
the HBV DNA signal did not decline over time in the cell
culture (if there is no virus replication in PBMCs, a progressive
reduction of HBV products would be expected). Furthermore,
additional evidence supporting HBV replication was generated
in the present study; HBV nucleic acid, HBsAg and HBV RNA
were detected in PBMCs by in situ hybridization, immunohis-
tochemical staining and RT-RCR, respectively.

Various methodological approaches have previously been
used to investigate HBV infection in PBMCs. The present
study optimized experimental procedures and our findings
demonstrated that cell number influences HBV replication in
PBMCs. Once the cell number underwent proliferation under
stimulation, the HBV DNA level became increasingly detect-
able, suggesting that the HBV DNA did replicate, otherwise
HBYV DNA copies would have been diluted out due to multiple
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cycles of cell division. Previous studies cultured PBMCs for
7 days (16,25-27). However, the present study prolonged PBMC
culture to the logarithmic phase to ensure maximum prolif-
eration was reached. Secondly, to ascertain HBV replication in
PBMCs, the current study investigated the kinetics of HBV DNA
level over time, which was different from the previous studies
where the detection of HBV infection was performed at a single
time-point (16,22). The present study improved the procedures
for detecting particularly low levels of viral replication.

Southern blotting is the classic method for detecting
cccDNA in infected liver tissues, it is specific and reliable,
however, it is not sensitive enough to detect low levels of
cccDNA (28), and, thus, is not suitable for detecting cccDNA
in PBMCs. The results from the present study indicated for the
first time, to the best of our knowledge, that HBV was present
in PBMCs and that it replicated at particularly low levels.
This was supported by the evidence of detectable HBV RNA,
which had to be transcribed from the cccDNA template. The
results of the current study suggest that mitogen stimulation of
infected PBMCs may upregulate viral replication and increase
detectability of HBV infection that otherwise may be missed
due to the low level of HBV DNA in PBMCs. This procedure
may also improve diagnosis of the HBV occult infection, serve
as an effective screening tool for organ transplant donors,
and assess the efficacy of antiviral therapy. Limitations of the
present study were that the PBMCs were provided by indi-
vidual donors, which may have resulted in certain variations
and that the efficiency of HBV inoculation in PBMCs may
have affected detection and replication of the HBV infection.

HBYV reactivation in PBMCs has been reported following
liver transplantation, immunosuppression treatment and chemo-
therapy (10,29,30). Results from the present study support the
hypothesis that HBV may be harbored in PBMCs without being
recognized as targets by immune effectors (31,32). Once divi-
sion of PBMC:s is activated by mitogen stimulation, the resulting
proliferative PBMCs may facilitate productive virus replication
and lead to the reactivation of latent infection to a relatively
high level for detection (26). However, further investigations
are required to validate the findings of the present study.

In conclusion, the current study demonstrated that HBV
infects PBMCs, and HBV replication is upregulated in
mitogen-stimulated PBMCs. As HBV DNA in extrahepatic
tissues is usually at a particularly low level, ex vivo stimulation
of PBMCs using the conditions established in the present study
may improve detection of HBV occult infection, and enable
more effective treatment.
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