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• LIVER CANCER •
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Abstract
AIM: To evaluate the function of the longer transcripts LPTS-
L in hepatocellular carcinoma cell line SMMC-7721.

METHODS: SMMC-7721 cells were transfected with LPTS-
L expression construct and stably transfected cells were
selected by G418. Multiple single clones formed and were
checked for their phenotype. In the study of the effect on
telomerase activity of LPTS-L in vitro, GST-LPTS-L fusion
protein was expressed in E.coli and purified by glutathione-
agarose column. Telomeric repeat amplification protocol
(TRAP) assays were performed to study the influence of
telomerase activity in SMMC-7721 cells.

RESULTS: Over-expression of LPTS-L induced SMMC-7721
cells into crisis. LPTS-L could inhibit the telomerase activity
in SMMC-7721 cells in vitro.

CONCLUSION: LPTS-L is a potent telomerase inhibitor.
Over-expression of LPTS-L can induce hepatoma cells into
crisis due to the reduction of telomerase activity.
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INTRODUCTION
Telomeres are a specialized structure composed of
deoxyribonucleic acid (DNA) with associated proteins in
the ends of chromosomes in the nuclei of all eukaryotic
organisms[1]. Telomeric DNA consists of long head-to-tail
arrays of repeated DNA sequences and the repetitive
hexanucleotide in human is TTAGGG[2]. Telomeres provide a
mechanism to compensate for under-replication of the linear
DNA ends, distinguish true chromosome ends from breaks in
DNA, and protect chromosome ends from fusing with others
or broken chromosomes. In some cells, telomeres also control
the positions of chromosomes within the nucleus[3, 4].

      Telomerase, a special reverse transcriptase enzyme,extends
the telomeric DNA using intrinsic RNA template and helps
stabilization of telomere length in human stem cells, reproductive
cells and cancer cells[5-7]. Telomerase activity has been found in
almost all human tumors, while in most somatic tissues, including
the liver, it cannot be detected, and telomere length is shortened
by 50-200 nucleotides with each cell division[8-10].
    The telomere and telomerase serve as a kind of clock
controlling life span, which forms the telomere and telomerase
hypothesis of cell aging and tumorigenesis. The prominent
hypothesis states that a signal is initiated to cease cell dividing
and induce cell senescence when the telomere is shortened
with cell doubling and reach to a certain threshold level. The
maintenance of telomere stability is required for the long-term
proliferation of tumor cells.Thus, escaping from cell senescence
and becoming immortal by activating telomerase, or an
alternative mechanism to maintain telomeres, constitutes an
additional step in tumorigenesis[8, 9].
     LPTS gene is a human novel liver-related putative tumor
suppressor gene (LPTS), identified by our laboratory[10]. It is
located in chromosome 8p23, a hot spot of tumor suppressor
in hepatocellular carcinoma (HCC) with a high frequency of
loss of heterozygosity (LOH). LPTS gene is transcribed to two
isoforms of mRNA. The longer transcript, referred to as LPTS-
L, encodes a 328-a.a. protein and is down-regulated in HCC
cell lines and tissues at both RNA and protein levels
(unpublished data). LPTS-L is highly homologous with PinX1,
identified as a telomerase inhibitor recently[12], with quite
different sequences in 3’ untranslational region.
      In this study, we determined the function of LPTS-L through
transfecting the LPTS-L into hepatoma cell line SMMC-7721,
and analyzing its effect of cell proliferation and morphology.
We also detected the effect of LPTS-L to the telomerase activity.
The results clearly showed that LPTS-L is a potent telomerase
inhibitor and could induce hepatoma cells into crisis.

MATERIALS AND METHODS

Cell line
The previously characterized hepatoma cell line SMMC-7721
was obtained from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China) and cultured in RPMI medium 1640
(Life Technologies Inc.) plus 10 % new-born calf serum at 37 
at a 5 % carbon dioxide atmosphere in a humidified incubator.

Transfection of LPTS-L into SMMC-7721
The coding region of LPTL was subcloned into eukaryotic
expression vector pcDNA3 ( Invitrogen, Inc., Carlsbad CA)
and constructed pcDNA3-LPTS-L. The plasmids were purified
with QIAGEN Plasmid Kit (QIAGEN Inc.) and transfected
with 2 mg of plasmid with LipofectAMIN (Life Technologies,
Inc.) according to the manufacturer’s protocols. Twenty-four
hours after transfection, G418 (Life Technologies, Inc.) was
added to the medium at a final concentration of 700 mg/L to
kill untransfected cells.
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Expression and purification of GST fusion protein
The coding sequence of LPTS-L was cloned in frame into the
E.coli GST fusion expression vector pGEX-4T2 (Amersham
Pharmacia Biotech Inc.), then the construct was transfected
into E.coli BL21(DE3). The protein was expressed with IPTG
induction for 3 hours and purified by glutathione-agarose
(Sigma) column.

TRAP telomerase activity assay[13]

HCC cells SMMC-7721were lysed in lysis buffer (10 mM
TrisHCl pH7.5, 1 mM MgCl2, 1 mM EGTA, 0.1 mM PMSF,
5 mM 2-mercaptoethanol, 0.5 % CHAPS, 10 % glycerol) on
ice for 30 min and centrifuged at 13 000 rpm for 30 min, the
telomerase was contained in the suspension of cell extract.
The protein of LPTS-L was incubated with cell extract for
10 min at 4  before subjecting to telomerase extension
according the reference[11]. Telomerase products were separated
on 10 % polyacrylamide gels, which were stained with silver.

RESULTS

Over-expression of LPTS-L in SMMC-7721 induces crisis
To investigate the function of LPTS-L in hepatoma cells, 987-
bp coding region of LPTS-L was subcloned into pcDNA3

eukaryotic expression vector to construct pcDNA3-LPTS-L,
then the construct was transfected into SMMC-7721 cell lines,
with pcDNA3 vector as control. The growth of hepatoma cells
transfected with LPTS-L became slow, possibly due to an
increase rate of cell death, as compared with control. In most
cases, the cells transfected with LPTS-L exhibited increased
size and flattened-morphology, with the characteristics
associated with crisis (Figure 1).

Figure 1  Morphologic changes induced by LPTS-L in hepatoma
cell line SMMC-7721. A. cells expressing control vector; B. large
flat cells in crisis expressing LPTL.

LPTS-L could inhibit telomerase activity of SMMC-7721 cell
extract in vitro
To study the mechanism of the induction of the hepatoma cells
into crisis by LPTS-L, we used telomerase activity assay in
vitro to determine the correlation between LPTS-L protein and
telomerase. Firstly, we subcloned the coding sequence of
LPTS-L into GST fusion protein expression vector in frame
and purified the GST-LPTS-L fusion protein by affinity
chromatography (Figure 2). The purity of the fusion protein
was enough for the next telomerase activity assay. We next
added the GST-LPTS-L protein into the cell extract of SMMC-
7721 and then performed the TRAP assay. The results showed
clearly that LPTS-L inhibited telomerase activity greatly, 1
mg fusion protein could almost inhibit the telomerase activity,
while 10 µg GST protein had no effect at all (Figure 3).

Figure 2  The expression of GST fusion protein with LPTS-L.
M: protein marker; 1. total protein before IPTG induction; 2.
total protein after IPTG induction for 3 hours; 3. purified GST
fusion protein by affinity chromatography on glutathione-
agarose column.

Figure 3  LPTS-L fusion protein inhibits telomerase activity in
hepatocellular carcinoma cell line SMMC-7721 by TRAP assay
in vitro. 1. SMMC-7721 cell extract alone; 2. plus 10 µg GST
protein; 3-6. plus 0.1, 0.5, 1, 5 µg GST-LPTS-L fusion protein
and the lane 7 is cell extract plus RNase.

DISCUSSION
Normal hepatocytes seldom divide, which is reflected by a
fact that their telomeres length does not decrease with age.
Telomerase activity is absent in the resting liver but transiently
reappears during hepatic regeneration. The telomere length of
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HCC cells is relatively shorter than that of the normal
hepatocytes, but is stable due to the activation of telomerase
activity[14,15]. The telomerase activity could be detected in all
HCC tissue samples smaller than 3 cm, regardless of the
patient’s age, sex, viral marker and degree of tumor
differentiation[16]. Telomerase activity was also detectable in
hepatoma cell line SMMC-7721 as assayed by TRAP assay.
Over-expression of LPTS-L in SMMC-7721 cells could inhibit
telomerase activity, and induce cells into crisis. From the results
above, we can conclude that LPTS-L encoded by LPTS gene
is expressed in normal liver cells and serves as a telomerase
inhibitor. In the HCC cells, LPTS-L was down-regulated or
absent, while transformed LPTS-L into HCC cells could stop
the cell proliferation and the cells became large, flat and dead.
LPTS gene must be inactivated to depress the telomerase
inhibitory activity during hepatocarcinogenesis.
    Recently, the correlation between telomerase and
immortalization of tumor cells, makes the telomere and
telomerase a hotspot in tumor molecule pathological study.
Reactivation of telomerase appears to be a universal and
obligatory step towards cell immortalization. Telomerase
activity has been found in about 85-90 % of all human tumors,
including liver cancer, but not in adjacent normal cells. As a
result, telomerase has become a novel target not only for cancer
diagnosis but also for the development of novel therapeutic
agents[17,18]. LPTS-L encoded by LPTS gene, which could
inhibit the activity of the telomerase directly, is an important
protein inhibiting telomerase activity. LPTS gene might be a
new target in the “battle” against hepatocellular carcinoma,
and could be used in tumor gene therapy through reactivation
of its expression in tumor cells.
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