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Lentivirally overexpressed T-bet regulates T-helper cell
lineage commitment in chronic hepatitis B patients
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Abstract. Chronic hepatitis B virus (HBV) infection is
commonly considered to occur as a result of disturbance of
the immune system. T-box expressed in T cells (T-bet) is an
essential transcription factor for T helper (Th) cell differentia-
tion and function. The aim of this study was to investigate the
effect of T-bet overexpression on Th cell differentiation and
the possible mechanism in chronic hepatitis B (CHB) patients.
CD4* T cells from the peripheral blood of 23 CHB patients,
8 acute hepatitis B (AHB) patients and 10 healthy controls were
isolated. T-bet mRNA expression of CD4* T cells was detected
by quantitative real-time polymerase chain reaction (PCR). The
T-bet DNA fragment was subcloned into the pGC-FU vector
containing GFP to generate a recombinant lentiviral vector,
pGC-FU-T-bet, while a no-load pGC-FU vector was used as
the negative control. After transduction into CD4* T cells from
another 22 CHB patients, the induction of Thl- and Th2-type
cytokines was assayed by an enzyme-linked immunosorbent
assay (ELISA), and RT-PCR and western blot analysis were
used to measure the mRNA and transcription levels of H2.0-
like homeobox (HLX1), GATA-3 and STAT-6. T-bet mRNA
expression in CD4* T cells from AHB patients was enhanced
compared with CHB patients and healthy controls. Thl-type
cytokines and HLX1 expression was upregulated, while
Th2-type cytokines and GATA-3 and STAT-6 expression was
repressed after lentiviral introduction of T-bet. In conclusion,
lentivirally overexpressed T-bet regulates Th cell lineage
commitment in CHB patients, which may be mediated by regu-
lating HLX1, GATA-3 and STAT-6 expression.

Introduction

Viral hepatitis is a necroinflammatory liver disease of vari-
able severity. Persistent infection of hepatitis B virus (HBV)
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is often associated with chronic liver disease that leads to the
development of cirrhosis and hepatocellular carcinoma. The
persistence of HBV infection is commonly considered as a
result of an inadequate host immune response. It is generally
acknowledged that the cellular immune response contributes
to viral clearance, particularly T-cell immunity for HBV (1).
The correlation between viral spread and CD4* T cell priming
determines the outcome of HBV infection (2). CD4* T cells are
classified into two types of T helper cells on the activation of a
certain antigen: Th1 and Th2. These cells differ in their pattern
of secreted cytokines. Thl cells secrete interferon-y (IFN-y),
interleukin-2 (IL-2) and tumor necrosis factor-p (TNF-f),
which aid in the clearance of intracellular pathogens, while
Th2 cells secrete 1L-4, IL-5 and IL-10 which help alleviate
extracellular infections.

Some discoveries have led to the identification of two
major transcription factors, T-bet and GATA-3, as the master
regulators of the Thl and Th2 differentiation programs,
respectively. T-bet is required for differentiation of Thl cells
defined by the expression of signature Thl genes, including
the cytokine IFN-y and the cell surface receptor (3,4). Th2
cell differentiation is usually associated with GATA-3
upregulation, while deletion of the GATA-3 gene blocks
Th2 commitment (5). The H2.0-like homeobox (HLX1) is a
member of the homeobox gene family which contains a helix-
turn-helix DNA-combination domain consisting of 61 amino
acids, whose expression closely correlates with the immune
system. It has synergistic effects on Th1 cell development with
T-bet. Activation of the transcription factor STAT-6 promotes
Th2 cell differentiation mediated by inducing expression of
GATA-3 and may directly transactivate the IL-4 gene (6).

However, the link between T-bet and the pathogenesis of
CHB remains unclear. In order to demonstrate the role of
T-bet in patients with chronic HBV infection, we analyzed
the expression of T-bet in CD4* T cells and the effect of
overexpression of T-bet on Th cell differentiation in CHB
patients.

Patients and methods

Patients. Between December 2010 and June 2011, 45 CHB
patients (31 males and 14 females; average age,38.0+12.1 years;
34 with positive HBeAg, 11 with negative HBeAg; average ALT,
227.1£163.3 IU/1), and 8 AHB patients (6 males and 2 females;
average age, 45.0+14.5 years; average ALT, 1775.4+835.7 TU/I)
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admitted to The Sixth People's Hospital Affiliated to Shanghai
Jiaotong University, Shanghai, China, and 10 healthy controls
were enrolled in the study. Of all subjects, 23 CHB patients,
8 AHB patients and 10 healthy controls were included in the
T-bet mRNA expression assay, while 22 CHB patients were
included in the lentiviral vector transduction study. All CHB
patients were seropositive for HBsAg and HBcAb for more
than 6 months, with HBV-DNA >1x10° copies/ml. Patients
with hepatitis C virus, hepatitis D virus or human immunode-
ficiency virus (HIV) infection, autoimmune disease, or with a
history of receiving antiviral or immunosuppressive therapy
within 6 months or alcohol abuse were excluded.

This study was approved by the local ethics committee,
and all patients provided written informed consent prior to
study enrollment.

Enrichment of CD4* T cells. A RosetteSep human CD4* T cell
enrichment cocktail (StemCell Technologies, Vancouver, BC,
Canada) was used for enrichment of CD4* T cells from whole
blood. A total of 1 ml RosetteSep cocktail was added to 20 ml
peripheral sodium heparin-anticoagulant blood samples,
which cross-linked unwanted cells to red blood cells. Whole
blood was diluted with an equal volume of phosphate-buffered
saline (PBS), layered over 20 ml Ficoll-Paque (StemCell
Technologies), and centrifuged for 20 min at 1200 x g at room
temperature. CD4*T cells were enriched at the sample/medium
interface. The purity of the sorted population was detected by
flow cytometry and was consistently greater than 80%.

Real time-PCR for T-bet mRNA. Total cellular RNA was
extracted using RNAiso reagent (Takara Bio Inc., Otsu,
Japan). Using the PrimeScript® RT reagent kit (Perfect Real
Time) (Takara Bio Inc.) and following the manufacturer's
instructions, reverse transcription was performed using 1 ug
of total RNA mixed with 5 ul of 5X PrimeScript buffer,
1 pl of PrimeScript® RT Enzyme mix I primed with 1 pl of
Oligo dT and 1 ul of Random 6 mers at 37°C for 15 min and
85°C for 5 sec. A total of 0.5 ul of cDNA was used for real
time-PCR using SYBR Premix Ex Taq (Takara Bio Inc.)
with primers specific for genes encoding T-bet as follows:
forward, 5'-GGTTGCGGAGACATGCTGA-3'; reverse,
5'-GTAGGCGTAGGCTCCAAGG-3'. The amplification
conditions were as follows: inactivation for 5 min at 95°C
followed by 40 cycles of amplification of 10 sec at 95°C,
20 sec at 60°C and 20 sec at 72°C. T-bet mRNA expression
was normalized to the transcript levels of the internal control,
the housekeeping gene GAPDH, with primers as follows:
forward, 5'-ATGGGGAAGGTGAAGGTCG-3'; reverse,
5'-GGGGTCATTGATGGCAACAATA-3". The amount of
target was calculated by 224, Three parallel reactions of each
sample and internal control were run.

Lentiviral vector transduction. Two recombinant lentiviral
vectors were constructed; one vector expressing T-bet and
GFP (pGC-FU-T-bet) and the other containing GFP only
(pGC-FU). There were two groups for infection, pGC-FU-T-bet
and pGC-FU. CD4* T cells were seeded at a density of
1x10° cells/well in a 24-well plate, then activated with 25 ul
Dynabeads® Human T-Activator CD3/CD28 and expanded
with 30 U/ml rIL-2 (PeproTech Inc., Rocky Hill, NJ, USA).
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After 24 h of culture, CD4* T cells were infected with 200 pul/
well of either lentiviral vector (1x10%/ml) with 100 p1 Polybrene
(50 pg/ml; Sigma, St. Louis, MO, USA). Infected cells were
examined daily until GFP expression was evident and the
supernatants were collected for the cytokine assays, while
the cells were collected for the HLX1, GATA-3 and STAT-6
mRNA and protein assays every other day.

Enzyme-linked immunosorbent assay (ELISA) for cytokine
assay. Cultured supernatants of infected CD4* T cells were
collected on days 3,5 and 7, and ELISA kits (R&D Systems
Inc., Minneapolis, MN, USA) were used to quantify the
concentrations of IFN-v, IL-2, IL-4 and IL-10.

Real time-PCR for HLX1, GATA-3 and STAT-6 mRNA.HLX1,
GATA-3 and STAT-6 mRNA were assayed by real time-PCR
using the method previously described. The sequences of the
primers were as follows: HLX1 forward, 5'-GCAGCAATC
ACCAACGCAG-3'; reverse, 5-GGGTCAAATTCCGCA
GACAAA-3'; GATA-3 forward, 5-GTGCTTTTTAACATC
GACGGTC-3"; reverse, 5-AGGGGCTGAGATTCCAGGG-3;
and STAT-6 forward, 5-GCCAAAGCCCTAGTGCTGAA-3,
reverse, 5'“GACGAGGGTTCTCAGGACTTC-3".

Western blot analysis for HLXI, GATA-3 and STAT-6.
Total proteins were extracted using RIPA Lysis Buffer
(Beyotime Institute of Biotechnology, Jiangsu, China), and
determined using bicinchoninic acid (BCA) protein assay
kits (Beyotime Institute of Biotechnology), loaded onto 10%
SDS-polyacrylamide gels and transferred to a polyvinyli-
dene difluoride membrane (PVDF) via electroblotting. The
membranes were incubated with rabbit anti-HLX1 (1:1,200;
Abbiotec, San Diego, CA, USA) and horseradish-peroxidase
(HRP)-conjugated anti-GAPDH (1:10,000; Abbiotec), respec-
tively, followed by incubation with HRP-conjugated sheep
anti-rabbit antibody (1:10,000; Abbiotec). Specific protein
bands on the membranes were visualized using the enhanced
chemiluminescence method (Amersham, Piscataway, NJ,
USA), and analyzed using Image J software (version 1.6 NIH)
to determine the relative levels of HLX1 defined as the optical
density ratio of HLX1 over GAPDH. Expression of GATA-3
and STAT-6 was also detected in this way using rabbit anti-
GATA-3 (1:3,000; Epitomics, Inc., Burlingame, CA, USA) and
rabbit anti-STAT-6 (1:500; Epitomics, Inc.), respectively.

Statistical analysis. All data are expressed as mean + standard
deviation (SD), and were analyzed with SPSS 13.0 for Windows.
Correlations were evaluated using the Pearson's correlation
test. Comparisons between groups were performed using the
independent-samples t-test or by one-way ANOVA for experi-
ments with more than two subgroups. Two-tailed P<0.05 was
considered to indicate a statistically significant difference.

Results

T-bet mRNA expression was significantly repressed in CHB
patients compared with AHB patients. To investigate the
correlation between T-bet and chronic HBV infection, T-bet
mRNA from CHB patients (n=23), AHB patients (n=8) and
healthy controls (n=10) were detected by RT-PCR. The expres-
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Figure 1. T-bet mRNA expression in CD4* T cells from chronic hepatitis B
(CHB) patients (n=23), acute hepatitis B (AHB) patients (n=8) and healthy
controls (n=10) ("'P<0.01). The results of T-bet mRNA expression demon-
strated relative expression of T-bet normalized to GAPDH. T-bet, T-box
expressed in T cells.

sion of T-bet mRNA in CD4* T cells from the peripheral blood
of CHB patients was demonstrated to be lower than that in the
AHB patients (P< 0.01), but higher than that in the healthy
controls (P<0.01) (Fig. 1).

Lentivirally overexpressed T-bet regulates Thl/Th2 cytokine
expression in CHB patients. Cultured supernatants of CD4*
T cells on days 3, 5 and 7 after infection were measured by
ELISA. Compared with pGC-FU transduction, IFN-y expres-
sion following pGC-FU-T-bet transduction was significantly
upregulated after 3 days (P<0.05), 5 days (P<0.01) and 7 days
(P<0.01) (Fig. 2). There was no difference in IL-2 expression
at day 3, but expression was significantly enhanced at days 5
(P<0.05) and 7 (P<0.05). Production of IL-4 (P<0.05) and IL-10
(P<0.01) was significantly downregulated at day 5, but was not
statistically different at days 3 or 7. These results demonstrated
that the Thl-type cytokines, IFN-y and IL-2, were increased,
while Th2-type cytokines, IL-4 and IL-10, were decreased
from CD4* T cells of CHB patients after pGC-FU-T-bet trans-
duction. This indicated that lentivirally overexpressed T-bet
may regulate Th1/Th2 differentiation and function.

Lentivirally overexpressed T-bet enhances HLXI expres-
sion and represses GATA-3 and STAT-6 expression. To
investigate the mechanism of T-bet overexpression regulating
Th1/Th2 differentiation, the expression of HLX1, GATA-3 and
STAT-6 mRNA were detected by RT-PCR and the proteins were
detected by western blot analysis at day 5 after transfection.
The results revealed that expression of HLX1 was significantly
upregulated after pGC-FU-T-bet transduction (P<0.01), while
expression of GATA-3 and STAT-6 were downregulated
(P<0.01) (Figs. 3 and 4). This indicated that HLX1, GATA-3
and STAT-6 may be involved in the process of lentivirally
overexpressed T-bet regulating Th1/Th2 differentiation.

Discussion

Persistent HBV infection is characterized by a weak adaptive
immune response, considered to be due to inefficient CD4*
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Figure 2. Cytokine assay of CD4* T cells from peripheral blood of
chronic hepatitis B (CHB) patients (n=22) following transfection with the
T-bet-expressing lentiviral vector (pGC-FU-T-bet) and the no-load lentiviral
vector (pGC-FU). The levels of (A) IFN-v, (B) IL-2, (C) IL-4 and (D) IL-10 in
cultured supernatants were determined on days 3, 5 and 7 using enzyme-like
immunosorbent assays (ELISAs) ("P<0.01, "P<0.05 ). T-bet, T-box expressed
in T cells.

T cell priming early in the infection and subsequent develop-
ment of a quantitatively and qualitatively ineffective CDS8
cytotoxic T-lymphocyte (CTL) response. The HBV-specific
CTL response plays a fundamental role in viral clearance
and pathogenesis of liver disease. The peripheral blood CTL
response in chronically infected patients is weak and narrowly
focused (7). During HBV infection a balance between the
virus and the host's immune system is established, and, apart
from CTL, the Thl-type cytokine IFN-y, may also exert a
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Figure 3. Expression of (A) HLX1, (B) GATA-3 and (C) STAT-6 mRNA was examined at day 5 after infection with the T-bet-expressing lentiviral vector
(pGC-FU-T-bet) and the no-load lentviral vector (pGC-FU) (“P<0.01). HLX1, H2.0-like homeobox; T-bet, T-box expressed in T cells.
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Figure 4. Expression of HLX1, GATA-3 and STAT-6 were examined at day 5
after infection with the T-bet-expressing lentiviral vector. 1, T-bet-expressing
lentiviral vector (pGC-FU-T-bet); 2, no-load lentviral vector (pGC-FU).
HLX1, H2.0-like homeobox; T-bet, T-box expressed in T cells.

control on HBV replication (8,9). Thl cells may predomi-
nantly contribute to recovery from disease by promoting
a cell immune response, which is mediated by producing
protective antibodies and enhancing the activity of natural
killer (NK) and macrophage cells, particularly CTL in CHB
patients (10,11). Host immune reactions biased towards Th2
with production of IL-4 in HBV-infected individuals have
been attributed to persistent HBV infection (12). Finally, an
imbalance between Th1/Th2 responses may be responsible
for the dysregulated immune status in the progression of HBV
infection. However, the molecular mechanism involved in this
process remains unclear.

T-bet is the master regulator of Thl development. A link
between T-bet expression and immune responsiveness causing
HBYV infection has been demonstrated by the identification
that T-bet expression in CHB patients was decreased when
compared with that of AHB patients. In accordance with this
finding, it has been reported that T-bet was downregulated
during chronic LCMV compared to expression in acute LCMV
infection (13). This indicated that deficiency of T-bet during

chronic viral infection may contribute to the stimulative effect
of T-bet on protective responses in chronic HBV infection.

Lentiviral introduction of T-bet into peripheral blood
CD4" T cells is a likely candidate for regulating the Th1/Th2
immune response. Lentiviral vectors are uniquely suited for
gene delivery applications due to their capacity for integrating
large transgenes into genomes, maintaining persistent gene
expression, efficient transduction of dividing and non-dividing
cells, low genotoxicity due to insertional mutagenesis, and
weak anti-vector host immunity (14-17). To further study the
function of T-bet overexpression in CHB patients, cytokine
production was assessed after CD4* T cells were transfected
with T-bet-expressing lentivirus. When T-bet was overex-
pressed, there was increased expression of Thl-type cytokines,
IFN-y and IL-2, and decreased expression of Th2-type
cytokines, IL-4 and IL-10. These results established that
overexpression of T-bet stimulated a Thl-dependent immune
response in CHB patients. T cell proliferation was found to
be indirectly promoted by activation of IL-2 transcription (18),
and Th1 differentiation required partial revision to include the
major, recently observed, contribution of IL-2 (19). Further
studies are required to identify whether IL-2 contributed to a
slight Th1 skewing induced by overexpression of T-bet.

In addressing the mechanism by which the polarization
of Th cells towards Thl type occurs when T-bet is overex-
pressed, the results highlighted the significance of HLXI1,
given the elevation of HLX1 in CD4* T cells transfected
with T-bet-expressing lentivirus. HLX1 was specifically
expressed in Thl cells at high levels. Kinetic studies have
demonstrated that HLX1 was expressed at a steady level in
naive CD4"* T cells, and upregulated upon commitment to Thl
lineage (20). Mullen et al demonstrated that HLX1 induced
by interacting with T-bet and enhanced T-bet-mediated IFN-y
production (21). HLX1 also induced IFN-y expression when
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overexpressed at an early time matching the natural time course
of HLX1 upregulation during Thl cell differentiation. When
expressed as a transgene in CD4* T cells, HLX1 prevented
the silencing of the IFN-y gene in CD4* T cells undergoing
Th2 cell differentiation, which resulted in additional cells
producing IFN-y (22). However, it remains unclear whether
HLXI is involved in T-bet-induced bias towards developing
a Thl cytokine response in patients with CHB. This study
elucidated these observations by examining the expression
of HLX1. The results demonstrated that HLX1 was elevated
in CD4* T cells with increasing Thl cytokine production
after lentiviral introduction of T-bet. Evidence supporting the
involvement of HLX1 in Thl cytokine augmentation induced
by lentiviral expression of T-bet has been observed, suggesting
a HLX1-dependent contribution to the shift of Th cells in favor
of Thl induced by T-bet in patients with CHB.

GATA-3 is considered a ‘master regulator’ of Th2 devel-
opment based on its ability to promote Th2 commitment
when ectopically expressed in cells under various regulatory
situations (23,24). Inhibition of GATA-3 using either small
interfering RNA or conditional deletion significantly limited
Th2 differentiation and cytokines (25,26). T-bet inhibited
GATA-3 binding to target genes, thus suppressing Th2 differ-
entiation (27). Based on these observations, it is plausible to
consider that GATA-3 is involved in the inhibition of Th2
cytokines induced by T-bet overexpression in patients with
CHB. In this study, a modest reduction in GATA-3 transcrip-
tion and mRNA in CD4* T cells infected with T-bet-expressing
lentivirus was observed, suggesting that repressed GATA-3
contributed to T-bet-mediated limited differentiation into a
Th2 lineage in patients with CHB. Th2 cells are also gener-
ated by activating naive T cells through TCR crosslinking in
the presence of exogenous IL-4 whose receptor signals are
transduced by STAT-6. STAT-6 which is involved in upstream
signaling of GATA-3, has physiological importance for the
Th2 program, which can be largely attributed to its ability to
synergize with TCR to upregulate GATA-3 (28). The expres-
sion of Th2 cytokines, including IL-4, IL-5 and IL-13, was
diminished in STAT-6" mice (29). The regulatory effect of
STAT-6 on GATA-3 function and Th2 cytokine production
raised the possibility that Th2 cytokine suppression induced
by lentivirally overexpressed T-bet was partly mediated by
STAT-6. CD4* T cells infected with T-bet-expressing lenti-
virus demonstrated significantly reduced STAT-6 transcript
and mRNA levels, suggesting that T-bet overexpression
destabilized Th2 cell development by interfering with STAT-6
expression. This observation established a link between T-bet
overexpression and STAT-6, and subsequently Th2 cell devel-
opment inhibition. However, it remains uncertain whether this
STAT-6 effect was or was not GATA-3-independent. Detailed
future studies are required to experimentally address this
possibility.

Based on the present findings, it is possible to conclude
that T-bet was suppressively expressed in CHB patients.
Lentivirally overexpressed T-bet induced regulation of Thl/
Th2 immune responses in CHB patients. T-bet overexpression
may be immunostimulatory for Thl type responses mediated
by HLX1, which have important implications for enhancing
weak immunity in CHB patients. In contrast, lentivirally
overexpressed T-bet suppressed the development of Th?2
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type responses via interacting with GATA-3 and STAT-6.
T-bet-expressing lentivirus warrants further investigation as
a possible target and as a candidate therapeutic measure for
stimulating the immune response and establishing control of
infection in CHB patients.
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