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Introduction

The hepatitis B virus X-interacting protein (HBXIP), origi-
nally cloned by Melegari et al from HepG2 cells", is specifi-
cally associated with the C-terminal of the X protein of the
hepatitis B virus (HBX) and negatively regulates the activity
of HBX. The hbxip gene encodes a 9.6 kDa protein with 91
amino acids". As a constitutive expressive protein, the ba-
sic physiological function of HBXIP remains unclear. Previ-
ous studies have indicated that the overexpression of HBXIP
suppresses hepatitis B virus replication in HepG2 cells in
addition to suppressing the transactivation phenotype of
HBX!". Furthermore, HBXIP forms complexes with survivin,
an anti-apoptotic protein that is overexpressed in most hu-
man cancers, to selectively suppress apoptosis initiated via
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Abstract

Aim: We previously found that the hepatitis B X-interacting protein (HBXIP) was
able to promote the proliferation of cells. Telomerase activity is known to be
critical in cellular senescence and its level is modulated by the regulation of the
telomerase catalytic subunit, telomerase reverse transcriptase (TERT), at both the
transcriptional and post-transcriptional levels. To investigate the mechanism of
promoting proliferation by HBXIP, the effect of HBXIP on human TERT (hTERT)
was investigated in human mesenchymal stem cells (hMSC). Methods: BMMS-03
cells and hMSC from the bone marrow of a 4-month-old elicited fetus, were tran-
siently transfected with the pcDNA3-hbxip plasmid encoding the HBXIP gene
and pSilencer-hbxip plasmid encoding RNA interference (RNAi) targeting HBXIP
mRNA, followed by the examination of the hTERT promoter reporter gene by
luciferase assay, and the detection of telomerase activity by telomeric repeat
amplication protocol, respectively, as well as the expression levels of h\TERT, c-Myc,
and Bcl-2 by Western blot analysis. Results: The overexpression of HBXIP led to
a significant upregulation of h"TERT promoter activity, telomerase activity, and
the expression levels of hTERT, c-Myc, and Bcl-2 in BMMS-03 cells. RNAi target-
ing HBXIP mRNA produced the opposite results completely. Conclusion: Our
data demonstrated that HBXIP significantly stimulated the transcription and ex-
pression of h"TERT and increased the activity of telomerase in BMMS-03 cells,
which provides a new insight into the mechanism of promoting cell proliferation
by HBXIP.

the mitochondria/cytochrome ¢ pathway™. HBXIP also
binds with hSuv3p, a human ATP-dependent RNA/DNA
helicase, and the parts of HBXIP binding is just the mito-
chondrial import domain of hSuv3p"™. HBXIP is also a regu-
lator of centrosome duplication, required for bipolar spindle
formation in HeLa human carcinoma cells and primary mouse
embryonic fibroblast cells. Most cells deficient in HBXIP
arrest in prometaphase with monopolar spindles, and the
overexpression HBXIP causes tripolar or multipolar spindles
due to excessive centrosome replication'™. We previously
found that HBXIP inhibited the apoptosis induced by HBX
in H7402 cells"”, and promoted the cell proliferation both in
cancer cells and normal cells by upregulating the expression
of cyclin D1 and cyclin E and downregulating the expression
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of p21 and p27'°”". Our previous studies demonstrated that
HBXIP promotes cell proliferation by regulating the tran-
scriptional activity of NF-¥B™®. However, the mechanism of
promoting cell proliferation meditated by HBXIP remains
unclear. HBXIP can bridge HBX and survivin together to
suppress the caspase activation in cancer cells. Because
both HBX and survivin are able to upregulate the activity of
human telomerase reverse transcriptase (h(TERT)®'?), In the
present study, we determine whether HBXIP promotes cell
proliferation via regulating the activity of hTERT.

Telomeres are repetitive sequences at the ends of chro-
mosomes that protect chromosomes from incomplete
replication, nuclease degradation, and end-to-end fusion
during replication"!!. Synthesis and maintenance of telom-
eres’ repeats are mediated by a specialized enzyme, known
as telomerase!"”. Telomerase is a ribonucleic protein DNA
polymerase that elongates the telomeres of chromosomes to
compensate for losses that occur with each round of DNA
replication. The human telomerase consists of 2 essential
components: the human telomerase RNA component and
the catalytic component, known as hTERT. Several other
protein subunits associate with these core components to
form the telomerase holoenzyme''. Among the multiple com-
ponents of human telomerase, only the catalytic subunit
hTERT seems to be the key component that determines
telomerase activity. Although hTERT is expressed and
telomerase is active during embryo development (telomerase
positive), TERT is downregulated, and the expression of
hTERT is repressed in mature somatic cells (telomerase
negative). The other components of telomerase holoenzyme
are usually expressed ubiquitously in both telomerase-posi-
tive and -negative cells!"*'¥, Telomerase activity is a com-
mon feature of tumor tissue and cell lines, and telomerase
activation has been suggested to be a late event in tumori-
genesis'"”. The transcriptional activation of the h"TERT gene
isacritical rate-limiting step in h\TERT function and telomerase
activity. The hTERT gene has multiple sites for transcrip-
tional regulation. Transcription factors, such as c-Myc, Spl1,
NF-kB, and upstream stimulatory factors have been shown
to upregulate hTERT transcription!"®¥, In addition, a previ-
ous report indicated that the overexpression of Bcl-2, which
is involved in the inhibition of cellular apoptosis, also greatly
increases telomerase activity!"’,

Mesenchymal stem cells (MSC) are a cell type with dif-
ferentiation capacity along mesodermal lineages, and
fortuitously, are easily isolated and propagated in vitro. MSC
are non-hematopoietic stromal cells that are capable of dif-
ferentiating into—and contribute to the regeneration of—
mesenchymal tissues. MSC appear to constitute a hetero-
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geneous population of undifferentiated and committed lin-
eage-primed cells, capable of homing upon engraftment to a
number of growth microenvironments, extensive proliferation,
producing large numbers of differentiated progeny, and func-
tional tissue repair after injury. MSC are identified by the
expression of many molecules, including CD105 (SH2) and
CD73 (SH3/4), and are negative for the hematopoietic mark-
ers CD34, CD45, and CD14. In addition, MSC are extensively
distributed throughout tissues, and bone marrow MSC pro-
vide the stromal component of the niche of hematopoietic
stem cells. Because they present several features setting
them apart from other stem cells, MSC may constitute an-
other paradigm for stem cell systems, where self-renewal and
hierarchy are no longer essential, but where plasticity is the
major characteristic. The properties of MSC make these cells
potentially ideal candidates for tissue engineering™ and
antitumor therapy™'.

In the present study, we first investigated the effect of
HBXIPon hTERT. Our data showed that HBXIP was able to
regulate h'TERT at 3 levels, including promoting the tran-
scriptional activity of h'TERT, telomerase activity, and the
expression of hTERT in BMMS-03 cells, suggesting that
HBXIP promotes the cell proliferation via the upregulation
of hTERT.

Materials and methods

Cell culture BMMS-03 human MSC (hMSC) with
CD105*, CD106% and CD34™ derived from the bone mar-
row of a 4-month-old elicited fetus, were used in this study.
All sampling methods and protocols used in the study con-
formed to the relevant ethical guidelines, and informed con-
sent for tissue collection was obtained from patient before
elicitation. BMMS-03 cells were maintained with DMEM
medium, supplemented with inactivated 10% fetal calf serum,
100 U/mL penicillin, and 100 pg/mL streptomycin in a hu-
midified atmosphere of 37 °C with 5% CO.,.

Construction of HBXIP gene in vectors The construc-
tion of pcDNA3-hbxip has been described”. In brief, total
RINA was extracted from H7402 cells using Trizol (Invitrogen,
Carlsbad, CA, USA) reagent following the manufacturer’s
recommendations. Prior to the first cDNA strand synthesis,
total RNA was digested with RNase-free DNase I (TaKaRa,
Tokyo, Japan) at 37 °C for 20 min and inactivated at 60 °C for
10 min. The first cDNA strand was synthesized in a 20 uL
reaction system with M-MLYV reverse transcriptase (TaKaRa,
Japan). In total, 1 uL. cDNA template was used in a 50 pL.
reaction volume with rTag DNA polymerase (TaKaRa, Japan)
and the oligonucleotide primers were as follows: 5'-
GACGAATTCATGGAGGCGACCTTGGAGCA-3'(forward)
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and 5-GATCTCGAGTCAAGAGGCCATTTTGTGCA-3"
(reverse). The resultant cDNA fragments were inserted into
a pcDNA3 vector (termed pcDNA3-hbxip).

Construction of HBXIP-specific siRNA in the plasmid
vector According to the report!"!, we cloned small hairpin
RNA targeting HBXIP mRNA containing the sense target
sequence (5'-GCAGCTAAGCTAACCTCTG-3') followed by
a 9 nucleotide hairpin loop complementary target sequence
in a pSilencer 3.0-H1 plasmid (Ambion, Austin, USA) under
the control of the H1 promoter. The resulting construct
pSilencer—hbxip was used to transfect mammalian cells. Af-
ter PCR amplication and enzyme digestion, identification of
the RNA interference (RNA1) fragment of HBXIP inserted in
the vector was performed by sequencing.

Assay of hTERT promoter activity The pBT-SE plasmid
containing the luciferase reporter of the hTERT promoter
was kindly provided by Prof Li-xin WEI, (Second Military
Medical University, Shanghai, China). A 1.7 kb DNA frag-
ment encompassing the ”TERT gene promoter was elongated
to the pGL3—-Basic vector (Promega, Madison, WI, USA),
allowing transcription of the firefly luciferase gene under the
control of this fragment. For the luciferase assay, the cells
were seeded onto 6-well tissue culture plates, cultured
overnight, and transiently cotransfected with plasmids, such
as 0.5 ug pBT-SE hTERT promoter reporter; 0.5 ug pRL-TK
(Promega, USA), containing the Renilla reniformis luciferase
gene as the inner control; 1 or 1.5 pg pcDNA3-hbxip, using
Lipofectamine 2000 (Invitrogen, USA); and 2 ug pcDNA3 and
2 ug pSilencer-hbxip were used as the control cotransfected
with pBT-SE and pRL-TK, respectively. The level of firefly
luciferase activity was normalized to that of Renilla reniformis
luciferase activity for each transfection. The cells were ly-
sed after 40 h transfection, and luciferase activity was deter-
mined using the dual luciferase reporter assay system
(Promega, USA), following the manufacturer’s specifications.
Luciferase and renilla luciferase luminescence were measured
by using a luminometer. All of the data shown in this study
were obtained from at least 3 independent experiments.

Transfection One day before transfection, the BMMS-
03 cells were collected and seeded into 6-well plates at 1x10°
cells per well (n=3, each group). The cells were transfected
with plasmids, such as 2 ug pcDNA3 empty vector, 1 ug or
1.5ng pcDNA3-hbxip, and 2ug pSilencer-hbxip by using
Lipofectamine 2000, respectively, according to the
manufacturer’s instruction. The transfection mixture was
removed after 6 h transfection and completed medium with
10% fetal calf serum was added. The transfection efficiency
in the cells was monitored by the cotransfection of 0.1 ug
pEGFP-C2 plasmid, which expresses the green fluorescence

protein.

Telomeric repeat amplification protocol assay The
telomeric repeat amplification protocol (TRAP) assay was
performed by using the TRAPeze telomerase detection kit
according to manufacturer’s instructions (InterGen,
Burlington, USA). The cells transiently transfected or the
untransfected controls were pelleted, washed twice with ice-
cold phosphate buffered saline (PBS), and then repelleted.
Each cell pellet was then resuspended in the 3-cholamidopropyl
dimethylammonio-1-propanesulfonate lysis buffer supplied
in the kit. Extension was performed for 30 min at 30 °C, and
the Taq polymerase was then added to each sample and PCR
amplification was performed as follows: 33 cycles at 94 °C for
30's; 59 °Cfor 30 s,and 72 °C for 1 min. Products were separated
on 12% SDS-PAGE and visualized by means of sliver staining.
Each sample was assayed for telomerase activity in duplicate,
starting from the protein extracts of the cell line. Telomerase
activity was calculated from the ratio of the intensity of the
telomeric repeat ladder by applying Glyco Band Scan soft-
ware (PROZYME, San Leandro, CA, USA), starting at 50 bp,
to that of the 36 bp inner reference.

Western blot analysis After transfection, the cells were
washed twice in cold PBS (pH 7.4). Total protein extracts
were prepared by lysis buffer, including 50 mmol/L Tris-HC1
(pH7.5), 150 mmol/L NaCl, 10 mmol/L EDTA 1% Nonidet P
40, 0.1% SDS, 1 mmol/L phenylmethylsulfonyl fluoride and 1
ug/mL each leupeptin, aprotinin, and pepstatin. Insoluble
proteins were discarded by high-speed centrifugation at 4
°C. The protein concentration in the supernatant was deter-
mined by using a commercially available assay (Bio-Rad,
Hercules, USA). Equal amounts of lysates were separated
with the use of SDS-PAGE and electrophoretically transferred
onto a polyvinylidene difluoride membrane (Millipore,
Bedford, MA, USA). The membrane was blocked with 5%
non-fat dry milk in PBS containing 0.1% Tween-20 (PBST)
and incubated overnight at 4 °C with the following specific
primary antibodies: mouse anti-hTERT (Santa Cruz
Biotechnology, Santa Cruz, CA, USA; 1: 800 dilution), mouse
anti-c-Myc (Santa Cruz Biotechnology; 1:500 dilution), mouse
anti-Bcl-2 (NeoMarkers, Fremont, CA, USA; 1:500 dilution),
rabbit anti-HBXIP' (1:1000 dilution), and B-actin (Sigma, St
Louis, MO, USA; 1:20000 dilution). Subsequently, the mem-
brane was washed with PBST buffer and incubated with the
appropriate secondary antibody and developed with the use
of an enhanced chemiluminescence system (Amersham
Pharmacia Biotech, Buckinghamshire, UK). All experiments
were repeated 3 times.

Statistical analysis Comparisons between means was
tested by Student’s #-test and P-values less than 0.05 were
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considered statistically significant. The data are expressed
as mean+SEM.

Results

Promotion of hTERT promoter by HBXIP Because the
catalytic subunit of telomerase is a primary target for activity
and its gene expression is mainly regulated at the transcrip-
tional level, we measured the hTERT promoter activities in
BMMS-03 cells using the pPBT-SE plasmid by dual luciferase
reporter assay. The HBXIP expression vector pcDNA3-hbxip
or the HBXIP siRNA vector pSilencer—hbxip was cotransfected
along with the pBT-SE plasmid into BMMS-03 cells. The
results showed that the activity of luciferase was signifi-
cantly increased in a dose-dependent manner compared to
the control when HBXIP was overexpressed in the BMMS-
03 cells, whereas RNAi targeting HBXIP mRNA led to a de-
crease in the activity of the hTERT promoter (Figure 1).
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Figure 1. Regulation of HBXIP on hTERT promoter by the mea-
surement of luciferase activity. Presented results are relative lu-
ciferase activities. Transcription of the hTERT promoter could be
upregulated by the overexpression of HBXIP in BMMS-03 cells. °P
<0.05, °P<0.01 vs mock, Student’s t-test.

Enhancement of telomerase activity by HBXIP In order
to determine if HBXIP could mediate the endogenous
telomerase enzymatic activity, the TRAP assay was used to
measure the telomerase activity in BMMS-03 cells. The re-
sults showed that the overexpression of HBXIP was able to
increase the telomerase activity by TRAP assay (Figure 2),
whereas, RNAI targeting HBXIP mRNA resulted in the de-
crease of the hTERT activity.

Upregulation of the expression of hTERT, c-Myc, and
Bcl-2 by HBXIP Transfection efficiency revealed that ap-
proximately 70%—80% of cells showed green fluorescence
(Figure 3). The above data showed that HBXIP was able to
upregulate the transcription and activity of hTERT. Next, we
investigated the effect of HBXIP on the expression of the
hTERT protein in BMMS-03 cells. After transfection, we
found that the overexpression of HBXIP upregulated the
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Relative telomerase activity

Figure 2. Regulation of HBXIP on hTERT activity by TRAP in
BMMS-03 cells. (A) PCR products were separated on electrophore-
sis and visualized by means of silver staining. Lane 1, negative
control; lane 2, mock; lane 3, negative control (lane 2 sample inac-
tivated at 85 °C); lane 4, transfected with pSilencer-hbxip; lane 5,
transfected with 1 pg pcDNA3-hbxip plasmid; lane 6, transfected
with 1.5 pg pcDNA3-hbxip plasmid; lane 7, positive control (sample
from kit). IR, inner reference. (B) bands were analyzed by Glyco
Band-Scan software. Each bar corresponds to the mean+SD for at
least 3 independent experiments. ®P<0.05, °P<0.01 vs mock, Student’s
t-test.

expression of the hTERT protein by Western blot analysis;
however, the hTERT protein was undetectable in BMMS-03
cellsin the control and treatment with RNAI targeting HBXIP
mRNA (Figure 4). In addition, the expression of c-Myc, a
transcription factor involved in the control of the hTERT
promoter, was examined by Western blot analysis in the
BMMS-03 cells. Bcl-2, an anti-apoptosis protein, was also
examined. RNAI targeting HBXIP mRNA had opposite re-
sults (Figure 4), which is consistent with our previous re-
sults by using MCF-7 or H7402 cells'®. It was confirmed that
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Figure 3. Examination of transfection efficiency of the pcDNA3-
hbxip plasmid. Cotransfection was transiently performed in BMMS-03
cells, such as (A) pcDNA3-hbxip plasmid and pEGFP-C2 plasmid and
(B) pcDNA3 plasmid and pEGFP-C2 plasmid.

HBXIP was overexpressed by transfection with the pcDNA3-
hbxip plasmid, and HBXIP was downregulated by transfec-
tion with the pSilencer-hbxip plasmid (Figure 4). We further
confirmed this finding by applying Glyco Band-Scan soft-
ware (Figure 4).

Discussion

HBXIP, originally cloned from HepG2 cells, specifically
interacts with the C-terminal of HBX so that it negatively
regulates the activity of HBX. Although some binding pro-
teins of HBXIP have been identified in the last few years, as
a protein of constitutive expression, the basic physiological
functions of HBXIP are still unclear. Because NF-xB is an
upregulator of the hTERT promoter™¥, we previously found
that HBXIP promotes cell proliferation via regulating the tran-
scriptional activity of NF-kB™, so we suppose that hTERT
involves the promotion of cell proliferation by HBXIP.
Therefore, in this study, we investigated the effect of HBXIP
on telomerase activity in hMSC.

Uncontrolled proliferation is a hallmark of cancer cells.
The maintenance of normal cell function and tissue homeo-
stasis is dependent on the precise regulation of multiple sig-
naling pathways that control cellular decisions to either
proliferate, differentiate, arrest cell growth, or apoptosis. Stud-
ies of both oncogenic processes as well as normal cell growth
control have revealed regulating the cell cycle to control the
cell proliferation. A number of other cell regulatory activities,
including NF-«xB and hTERT, have also been shown to con-
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Figure 4. Regulation of HBXIP on the expression of the hTERT

protein, c-Myc, and Bcl-2 by Western blot analysis. (A) BMMS-03
cells were transfected with 2 pg pcDNA3-hbxip plasmid, in which the
hTERT protein, c-Myc, and Bcl-2 were upregulated (B) bands were
analyzed by Glyco Band-Scan software. Each bar corresponds to the
meanSD for at least 3 independent experiments. *P<0.05, °P<0.01
vs pcDNA3, Student’s z-test.

trol the cell proliferation™*,

Telomerase is a key enzyme that catalyzes the synthesis
of telomere DNA participating in cell immortalization through
the stabilization of the chromosomal structure. It is mostly
expressed in human tumors and is low and difficult to detect
in somatic cells generally®®*", so it may be a useful molecu-
lar marker for cancer diagnosis and therapeutic strategies.
The hTERT mRNA expression temporally parallels changes
in telomerase activity during cellular differentiation and neo-
plastic transformation. The overexpression of h\TERT in can-
cer cells is thought to contribute to tumor development and
angiogenesis. Telomere shortening is a well-known mecha-
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nism for cell growth control. In order to continue indefinite
divisions of all immortal cells, single cell eukaryotes, for in-
stance L-O2, must maintain their telomeres through telomerase
expression. In this experiment, we first examined the effect
of HBXIP on telomerase activity in hepatoma H7402 cells
and normal liver L-O2 cells, but no significant changes was
observed between HBXIP-transfected cells and the controls,
which may due to the higher background of telomerase ac-
tivity in tumor cells and normal liver L-O2 cells transfected
with the hTERT gene. Although notimmortal, MSC have the
ability to expand many-fold in culture, while retaining their
growth and multilineage potential. Then we tried to test the
effect of HBXIP on human bone marrow MSC, BMMS-03,
because MSC have higher telomerase activity than normal
cells and lower telomerase activity than tumor cells. Our
results showed that the overexpression of HBXIP could
upregulate telomerase at 3 levels, including transcription
(Figure 1), activity (Figure 2), and the expression of hTERT
(Figure 4), whereas RNAI targeting HBXIP mRNA resulted
in the opposite effect. Although various steps at the tran-
scriptional and post-translational levels have been found to
modulate telomerase activity, the transcriptional control of
the h'TERT gene is the major contributor to the regulation of
telomerase activity in most cell types.

Many studies have indicated that telomerase activity
in telomerase-competent cells is linked to cellular prolifera-
tion™*7%, In contrast to the telomerase-competent cells
described, telomerase incompetent cells are always
telomerase negative. For example, rapidly growing primary
human fibroblasts are telomerase negative, and continuous
telomere erosion limits the number of population doublings.
This limited proliferation capacity could be overcome by
enforced expression of the catalytic component hTERT in
transformed fibroblasts™'!. RNAi targeting hTERT mRNA
could inhibit the proliferation of hepatocarcinoma cells spe-
cifically via the suppression of telomerase activity, h-TERT,
and c-Myc expression™. hTERT gene expression is the first
step in telomerase activation for continuous stem cell renewal
and proliferation. hTERT expression is often found to be
upregulated when cells are proliferating and downregulated
during cell differentiation. Many inducible transcription fac-
tors have been identified binding the hTERT promoters, such
as c-Myc and NF-kB, to regulate the hTERT promoter!'¥,
Regulation by these transcription factors suggests that the
induction of hTERT expression plays an important physi-
ological role. In our data, the Western blot assay indicated
that the overexpression of HBXIP was able to upregulate the
expression of c-Myc and Bcl-2 in the BMMS-03 cells, which

may contribute to the upregulation of hTERT activity®'?),
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c-Myc forms dimers with Max that bind to the 5'-CACGTG-3'
sequence (E-box) in promoters and transactivate target genes.
The Bcl-2 oncoprotein, as an inhibitor of cellular apoptosis, has
also been reported to modulate telomerase'**?. The mecha-
nisms involved in the regulation of telomerase activity are of
special interest since the modulation of telomerase activity
can be used to alter cellular life span and thus can be ex-
ploited in anticancer and anti-ageing therapies.

In conclusion, our findings demonstrate that HBXIP stimu-
lates the transcription of h"TERT and telomerase activity, as
well as upregulates the expression of hTERT, c-Myc, and
Bcl-2 in BMMS-03 cells. Therefore, HBXIP promotes cell
proliferation via the upregulation of NF-kB””and hTERT.
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