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umor-specific expression detected with the use of
n expression vector driven by human telomerase

everse transcriptase gene promoter
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To construct the tumor-specific expression vector driven by human telomerase
reserve transcriptase gene promoter, we amplified a fragment of the enhanced
green fluorescent protein (EGFP) gene from the pEGFP-N1 plasmid and cloned it into
the multiple cloning site of the pLNCX vector, then named the recombinant as
pLNCX-EGFP. The fragment of human telomerase reverse transcriptase gene pro-
moter (hTERT) was amplified from the human genome with the use of human
telomerase reserve transcriptase gene–specific primers and cloned into the pLNCX-
EGFP vector, from which the cytomegalovirus promoter had previously been re-
moved through the use of restriction enzymes, in sense orientation relative to the
green fluorescent protein coding sequence. Then the expression vector pLNT-
EGFP—under the control of the human telomerase reserve transcriptase gene pro-
moter, which contains green fluorescent protein reporter gene—was successfully
constructed. To detect the transcriptional activity of the human telomerase reserve
transcriptase gene promoter, we conducted transient transfection of this specific
expression vector into human lung fibroblast (HLF) cell lines with high telomerase
activity and normal human fetal lung fibroblast (WI38) cell lines without telomerase
activity. The results of transient transfection showed that the pLNT-EGFP vector
strongly expressed the green fluorescent protein reporter gene in telomerase-
positive cells but not in telomerase-negative cells. (J Lab Clin Med 2004;144:302-6)

Abbreviations: bp � base pair; cDNA � complementary DNA; CMV � cytomegalovirus; EGFP
� enhanced green fluorescent protein; ELISA � enzyme-linked immunosorbent assay; GFP �
green fluorescent protein; HLF � human lung fibroblast; hTERT � human telomerase reverse
transcriptase; hTR � RNA component of human telomerase; kb � kilobase; mRNA � messen-
ger RNA; PCR � polymerase chain reaction; RT � reverse transcription; WI38 � normal human

fetal lung fibroblast
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ene therapy is a promising approach to the
treatment of malignant tumors, but problems
are associated with its use. One of these

roblems is nonspecificity: The delivery system may
onspecifically infect adjacent cells, many of which are
ormal. This indiscriminate transfection can prevent
he application of this technique in the treatment of
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alignant tumors. There are several approaches to
vercoming this problem. One is to manipulate the
urface proteins on the virus so that the virus can
pecifically infect certain types of cells. Another ave-
ue is to use a tumor-specific promoter to regulate the
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xpression of the therapeutic gene delivered into tumor
ells.
Telomerase is an RNA-dependent DNA polymerase

hat synthesizes telomeric DNA. Telomerase consists
f several components, but the most important compo-
ent responsible for the enzymatic activity of telomer-
se is hTERT, the catalytic subunit of telomerase,
hich is highly active in immortalized cells and in
ore than 85% of human cancers but quiescent in most

ormal somatic cells.1,2 Because hTERT expression is
egulated at the transcriptional level, the hTERT pro-
oter can be used to regulate the targeted expression of

he therapeutic genes. We therefore constructed a ret-
oviral vector driven by the hTERT promoter specifi-
ally to express a GFP reporter gene in cells with high
elomerase activity and evaluated its activity in vitro.

ETHODS

Cells. Human normal fibroblast HLF, WI38, and human
reast-cancer MCF-7 cells were purchased from the Cell
ank of the Chinese Academy of Science (Shanghai, China).
ells were cultured in RPMI-1640 medium (Gibco-BRL,
rand Island, NY) supplemented with 10% heat-inactivated

etal calf serum (Gibco-BRL), 100 U/mL penicillin, and 100
g/mL streptomycin under an atmosphere of 95% air 5%
O2 at 37°C. HLF and MCF-7 cells were positive for telom-
rase, whereas WI38 cells were negative.

Clone of the hTERT gene promoter. The 1.1-kb fragment
f hTERT gene promoter was amplified from the human
enome of circulating blood cells with the use of hTERT-
pecific primers (5=-AAAGGATCCGTCTGGATTCCTGG-
AAGTC-3= as forward and 5=-AAAAAGCTTGACG-
AGCGCTGCCTGAAAC-3� as reverse) in accordance
ith the method set forth by Wick, Zubov, and Hagen,3 then

nalyzed on an ABI Prism 377 automated DNA sequencer
Applied Biosystems, Foster City, Calif).

Construction of the expression vector driven by the
TERT promoter. We amplified the 720-bp fragment of EGFP
ene from the pEGFP-N1 plasmid using EGFP-specific primers
5=-CAAAGCTTATGGTGAGCAAGGGCGAGGA-3= as for-
ard and 5=-CAATCGATTTACTTGTACAGCTCGTCCA-3=

s reverse). This 720-bp fragment and retroviral vector pLNCX
ere digested with the use of Hind III and Cla I. After they were

ecovered and purified, the EGFP fragment and vector were
igated. The reaction mixture was transducted into Escherichia
oli JM109, and the resistance colonies were screened with the
se of ampicillin, after which the plasmids were extracted and
equenced. The CMV promoter region was removed from the
lasmid proved by means of sequencing with Hind III and
amH I, and the vector fragment was recovered. The hTERT
romoter fragment was digested with the use of Hind III and
amH I, after which the 1.1-kb promoter cDNA and vector

ragment were ligated. The reaction mixture was transducted
nto E coli JM109, and the resistance colonies were screened by
mpicillin. Next, plasmids were extracted and sequenced. The

esign of the specific vector is shown in Fig 1. s
Analysis of telomerase activity in cells. We assessed te-
omerase activity using a Telomerase PCR ELISA kit (Roche,

annheim, Germany) in accordance with the manufacturer’s
nstructions. We harvested 2 � 105cells and counted them
ith the use of trypan-blue staining. The extraction of telom-

rase and the telomerase repeat amplication protocol (TRAP)
eaction were performed in accordance with the kit’s proto-
ols. Conditions for the TRAP reaction are as follows: After
0 minutes’ incubation at 25°C for TRAP extension and 5
inutes at 94°C for telomerase inactivation, the reaction
ixture is subjected to PCR amplification in a thermal cycler

or 30 cycles, including denaturation at 94°C for 30 seconds,
nnealing at 50°C for 30 seconds, polymerization at 72°C for
0 seconds, and extension at 72°C for 10 minutes. After
RAP, we performed hybridization and ELISA in each sam-
le in accordance with the manufacturer’s protocol. Using a
icrotiter-plate reader, we measured the absorbance of the

ig 1. The design of tumor-specific expression vector driven by
uman telomerase reverse transcriptase gene promoter. An EGFP
ene fragment was amplified from the pEGFP-N1 plasmid and li-
ated with retroviral vector pLNCX after both were digested with
ind III and Cla I. The CMV promoter region was replaced with an
TERT promoter fragment digested with Hind III and BamH I.
amples at 450 nm (reference wavelength 690 nm). The
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xtract of human telomerase–positive embryonic kidney cell
ine 293 was used as a positive control, and heat treatment of
he cell extract for 10 minutes at 65°C before the TRAP
eaction was used to inactivate telomerase protein to produce
egative controls.

Transient-transfection assay. To determine whether GFP
xpression driven by the hTERT promoter is limited to te-
omerase-positive cells, we performed transient-transfection
ssays with the use of LipofectAMINE-mediated gene trans-
er (Invitrogen, Carlsbad, Calif) as described previously.4 On
he day before transfection, cells were seeded at a density of

� 105/mL in 6-well plates. Targeted expression vectors
nder the control of the hTERT promoter were transfected
nto the cells. Twenty-four hours after transfection, the me-
ium was changed and the cells were incubated for an addi-
ional 48 hours. Cells were visualized with the use of an
nverted fluorescence microscope to detect GFP expression
8 and 72 hours after transfection. We harvested cells to
etect the expression of GFP mRNA 72 hours after transfec-
ion.

RT-PCR analysis. We used 1 �g of RNA for first-strand
DNA synthesis with the TaKaRa RNA PCR Kit version 2.1
TaKaRa BIOTECH, Japan). Next we amplified the cDNAs
ith the use of PCR involving Taq polymerase(TaKaRa
IOTECH, Japan) and a GFP-specific primer set (5=-
AAAGCTTATGGTGAGCAAGGGCGAGGA-3= as for-
ard primer and 5=-CAATCGATTTACTTGTACAGCTCG-
CCA-3= as reverse primer). PCR was carried out for 30
ycles, each consisting of 2 minutes at 94°C for predenatur-
tion, 30 seconds at 94°C for denaturation, 30 seconds at
8°C for annealing, and 1 minute at 72°C for extension. Each
CR product was electrophoretically separated in 1.5% aga-
ose gel. The human Glyseraldehyde-3-phosphate dehydroge-
ase (hGAPDH) PCR products from the same RNA samples
ere amplified as internal controls.
Statistical analysis. Data are expressed as means � SD.

tatistical analyses were conducted with the use of Student’s
test. We considered P values of less than .05 statistically

ignificant.

ESULTS

Cloning of the hTERT gene promoter. Approximately
.1 kb of the hTERT promoter sequence was cloned,
hen analyzed on an ABI Prism 377 automated DNA
equencer. The nucleotide-sequence data reported here
atch the GeneBank nucleotide sequences with the

ccession number AF097365 (Fig 2).
Telomerase activity in cells. To detect the transcrip-

ional activity of the hTERT promoter, we selected
LF, MCF-7, and WI38 cells; HLF and MCF-7 cells

xpress telomerase, but WI38 cells do not. Next we
erformed TRAP PCR ELISA assays. As shown in
ig 3, telomerase activity was demonstrated in HLF
nd MCF-7 cell lines, but WI38 cell lines did not
xpress detectable activity. This finding corresponded

ith the results of earlier studies.5–7 H
Transcriptional activity of hTERT promoter in cells. To
onfirm that the transcriptional activity of hTERT pro-
oter is only observed in cells with telomerase activity,
e conducted transient transfection of GFP reporter
lasmids driven by hTERT promoter. As shown in
ig 4, the expression of GFP was observed in HLF and
CF-7 cells with telomerase activity 48 and 72 hours

fter transfection. In contrast, the expression of GFP
as not observed in WI38 cells, which were without

elomerase activity. To detect the transcriptional level
f GFP mRNA, we collected cells 72 hours after trans-
ection and analyzed them with the use of RT-PCR.
he results showed transcription of GFP mRNA in

ig. 2. The sequence of the hTERT promoter. Boldface letters rep-
esent the sequence used in this experiment.

ig 3. Telomerase-activity analysis of 3 cell lines with the use of
RAP PCR ELISA. HLF and MCF-7 cells (which express telomerase
ctivity) and WI38 cells (which do not) were selected for the assay of
elomerase activity. Telomerase activity was demonstrated in the
LF and MCF-7 cell lines, but WI38 cells lines did not demonstrate
etectable telomerase activity.
LF and MCF-7 cells but not in WI38 cells (Fig 5).
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ISCUSSION

Telomerase is a ribonucleoprotein enzyme that adds
elomeric repeats to the end of chromosomes.8 The vast

ajority of malignant tumors express telomerase
hereas most normal cells do not.9,10 Therefore, telom-

rase may be a good candidate for targeted therapy.
hree components of the human telomerase have been

dentified: hTR, the telomerase-associated protein
EP1, and hTERT. Although both hTR and hTERT are
ecessary for telomerase activity, their expression pat-
erns are different. The expression of hTERT is asso-
iated with telomerase activity, whereas the expression
f hTR is also detected in telomerase-negative cells.11

n other words, hTERT is the major determinant of
elomerase activity. The hTERT gene is highly active in
umor cells but repressed in most normal cells, and its
xpression is regulated at the transcription level. More
ecently, several groups have cloned and characterized
he promoter region of the hTERT gene.12,13 The tran-
criptional activity of the hTERT gene promoter was
bserved exclusively in telomerase-positive cells.14 We
herefore hypothesized that the hTERT promoter could
e used for the expression of the tumor-specific trans-
ene.
In the treatment of tumors through the transfer of

poptosis-inducible genes, it is essential to restrict the
xpression of the gene in question to tumor cells. If the
poptosis-inducible gene transduces all cells with
hich it comes into contact, normal cells will also be

ubject to apoptosis. We can solve this problem by
sing targeted expression vector. On the basis of the
nding that the hTERT promoter is active only in

ig 4. Transient-transfection analysis of hTERT-promoter transcrip-
ional activities. A, Inverted fluorescence microscopy of GFP expres-
ion of HLF cells 48 hours after transfection (original magnification
00�). B, Light microscopy of HLF cells 48 hours after transfection
original magnification 200�). C, Inverted fluorescence microscopy
f GFP expression of HLF cells 72 hours after transfection (original
agnification 200�). D, Light microscopy of HLF cells 72 hours

fter transfection (original magnification 200�). E, Inverted fluores-
ence microscopy of WI38 cells 48 hours after transfection (original
agnification 200�). F, Light microscopy of WI38 cells 48 hours

fter transfection (original magnification 200�). G, Inverted fluores-
ence microscopy of WI38 cells 72 hours after transfection (original
agnification 200�). H, Light microscopy of WI38 cells 72 hours

fter transfection (original magnification 200�). I, Inverted fluores-
ence microscopy of GFP expression in MCF-7 cells 48 hours after
ransfection (original magnification 100�). J, Light microscopy of

CF-7 cells 48 hours after transfection (original magnification
00�). K, Inverted fluorescence microscopy of GFP expression by
CF-7 cells 72 hours after transfection (original magnification

00�). L, Light microscopy of MCF-7 cells 72 hours after transfec-
ion (original magnification 100�).
elomerase-positive cells such as tumor cells, we con- c
tructed a tumor-specific expression vector driven by
uman telomerase reserve transcription gene promotor.
We observed the transcriptional activity of the

TERT promoter in 3 cell lines. The hTERT promoter

onstruct showed significant transcriptional activity in
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LF and MCF-7 cells, which express telomerase ac-
ivity, and the GFP gene could be transcribed and
xpressed, whereas transcriptional activity of the
TERT promoter was not observed in telomerase-neg-
tive WI38 cells. The telomerase-specific expression
ector driven by the hTERT promoter may therefore be
novel and promising targeting approach for the treat-
ent of tumors with telomerase activity. We can clone

n apoptosis-inducible gene into this vector, and the
poptosis-inducible gene is under the control of the
TERT promoter. The specificity of apoptosis-induc-
ble gene expression by the hTERT promoter could thus
estrict the therapeutic effect to telomerase-positive tu-
or cells and alleviate the detrimental effect on normal

ells without telomerase.
One of the major concerns with regard to the use of

poptosis-inducible gene driven by the hTERT pro-
oter is its potential toxicity to stem cells. However,

vidence suggests that hTERT is not active in the G0

tage, and stem cells are generally quiescent.9,15 Of
ourse, more experiments should be conducted to in-
estigate the therapeutic effect of the specific expres-
ion vector on tumors and the potential negative effect
n normal cells. In summary, we demonstrate here that
xpression of the tumor-specific expression vector
riven by hTERT gene promoter is restricted to telom-
rase-positive cells and is not seen in normal cells
ithout telomerase activity. We expect that this ap-
roach will increase the safety and effectiveness of

ig 5. RT-PCR analysis of cells transfected by GFP reporter plasmids
riven by hTERT promoter.
ene therapy.
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