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Abstract

AlIM: To construct a recombinant adenoviral vector carrying
AFP promoter and EGFP gene for specific expression of EGFP
gene in AFP producing hepatocellular carcinoma (HCC)
HepG2 cells.

METHODS: Based on the Adeno-X™ expression system, the
human immediate early cytomegalovirus promoter (Pcwy ic)
was removed from the plasmid, pshuttle, and replaced by a
0.3 kb a-fetoprotein (AFP) promoter that was synthesized
by polymerase chain reaction (PCR). The enhanced green
fluorescent protein (EGFP) gene was inserted into the multi-
clone site (MCS), and then the recombinant adenovirus
vector carrying the 0.3 kb AFP promoter and EGFP gene
was constructed. Cells of a normal liver cell line (LO2), a
hepatocarcinoma cell line (HepG2) and a cervical cancer
cell line (HelLa) were transfected with the adenovirus.
Northern blot and fluorescence microscopy were used to
detect the expression of the EGFP gene at mRNA or protein
level in three different cell lines.

RESULTS: The 0.3 kb AFP promoter was synthesized
through PCR from the human genome. The AFP promoter
and EGFP gene were directly inserted into the plasmid
pshuttle as confirmed by restriction digestion and DNA
sequencing. Northern blot showed that EGFP gene was
markedly transcribed in HepG2 cells, but only slightly in LO2
and Hela cells. In addition, strong green fluorescence was
observed in HepG2 cells under a fluorescence microscopy,
but fluorescence was very weak LO2 and Hela cells.

CONCLUSION: Under control of the 0.3 kb human AFP
promoter, the recombinant adenovirus vector carrying EGFP
gene can be specially expressed in AFP-producing HepG2
cells. Therefore, this adenovirus system can be used as a
novel, potent and specific tool for gene-targeting therapy
for the AFP positive primary hepatocellular carcinoma.
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INTRODUCTION

In recent years, research in tumor gene therapy has made
great progressin laboratory, However, thereis an urgent need
for genetherapy in clinical practice. Recombinant adenovirus
is one of the most popular and promising tools for gene
therapy!*2l. But how to construct a proper recombinant
adenovirusvector carrying theinterested genethat is specifically
expressed only in target tumor cells has become the bottle neck
which restricts the application of the vector in clinical gene
therapy for tumorg34. The aim of this study wasto construct a
recombinant adenovirusvector carrying a0.3 kb AFP promoter,
and to investigate the expression of enhanced green fluorescent
protein (EGFP) gene that was inserted into the vector in AFP
positive hepatocarcinoma cells.

MATERIALS AND METHODS

Reagents

EX Tag DNA polymerase, T4 ligase, DNA isolation and
purification kit were purchased from Promega (USA),
restriction endonucleases and the DNA marker from Takara
Biotechnology, Dalian (China), Lipofectamin™ 2000 from
Invitrogen (USA), and RPMI 1640 medium and fetal calf serum
from Hyclone (USA).

Cell lines

Hepatocarcinoma cell line, HepG2, was a gift from Professor
Wei-Xue Tang, Department of Pathophysiology, Chongging
University of Medical Sciences. A normal hepatocyte cell
line, LO2, and human cervical cancer cell line, HeLa, were
preserved in our laboratory. Low-passage HEK 293 cellswere
obtained from the Ingtitute for Cytobiology, Chinese Academy
of Sciences, Shanghai. All cells were cultured in RPMI1-1640
medium containing 10% fetal calf serum at 37 °C in saturated
humidified air with 5% CO,. The cells were subcultured once
every three days.

Vectors
Adenovirusvector Adeno-X™ expression system and pEGFP-
C1 were purchased from Clontech Corporation (USA).

Polymerase chain reaction (PCR)

PCR was employed to amplify human AFP promoter and
EGFP gene from HepG2 cell genomic DNA and pEGFP-CL1,
respectively. Specific primers for AFP promoter were as
follows: 5" -GCG CTA GCA TTCTGT AGT TTGAGG AG-
3 (sense), 5’ -ATG GGC CCA TTG GCA GTG GTG GAA-3

(antisense). Nhel and Apal siteswere introduced into the sense
and antisense primer, respectively, as underlined. Specific
primersfor EGFP genewere asfollows: 5 -AAG GGC CCT
TTA GTGAACCGT CAGAT-3 (sens),5 -GCCTTAAGT
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TAT CTA GAT CCG GTG GAT-3' (antisense). Apal and
Aflll siteswereintroduced into the sense and antisense primer,
respectively.

To remove the pewy (e from the pshuttle, PCR was used to
amplify the 99-744 region of pshuttle, and specific primers
were as follows: 5" -AGC CAG TAT CTG CTC CCT GCT
TGT G-3' (sensw), 5’ -ATG CTA GCG GTG CCA AAA CAA
ACT CCC A-3 (antisense). Nhel site wasintroduced into the
antisense primer.

PCR was performed in atotal volume of 50 pl consisting
of 1 uM each primer, 200 uM each dNTP, 5 pl 10xpolymerase
reaction buffer, 1.25U EX tagq DNA polymeraseand 1 pl DNA
template. The sampleswere heated to 94 °C for 5 min followed
by amplification for 30 cyclesat 94 °C for 305,55 °C for 30 s,
and 72 °C for 50 s. After the last cycle, afinal extension step
wasat 72 °C for 7 min. Then 5 pl of each product was analyzed
by 1% agarose gel (containing 0.5 pg/ml EB) electrophoresis.
PCR products were purified from the agarose gel using DNA
purification kit.

Construction of the adenoviral vector

pshuttle and the PCR products of 99-744 region were both
doubly digested with Mlul and Nhel, and the digested products
were ligated with T4 ligase. Mlul site was 256, and the Nhel
was 921 in pshuttle. The 256-921 region of the pshuttle was
removed from the plasmid, and replaced by the region of 256-
744, then the 744-921 region containing the peuy e Was
removed from pshuttle. Thus, a new plasmid pCMV® was
constructed.

Subsequently, the pCMV® and AFP PCR products were
doubly digested with Nhel and Apal. The 0.3 kb AFP promoter
was inserted into the pCMV®, which was called pAFP. Then
the pcwv 1= Was replaced by the AFP promoter.

To insert the EGFP gene into the pAFP, both the pAFP
and EGFP PCR products were doubly digested with Apal
and Aflll. The digested products were Ligated to construct
pAFP-EGFP.

The newly constructed plasmid pAFP-EGFP was then
doubly digested with PI-Sce/l-Ceu | (New England Biolabs.
UK), and the purified product was ligated with Adeno-X
genome DNA. It was amplified in E.coli DH5a. The HEK293
cellswere transfected with recombinant adenovirus which was
linearized with Pacl, as described in the manual. In brief, the
HEK 293 cellswere cultured in a60 mm plate, and 10 Wl Pac |-
digested Adeno-X DNA was added in the culture medium when
the cellswere 50-70% confluent, then the cellswere transfected
with Lipofectamin and incubated for another week. For virus
collection, the cells were lysed with three consecutive freeze-
thaw cycles, and the virus was collected from supernatant. The
titer of theviruswas about 1x10” pfu/ml, which was determined
with end-point dilution assay.

Northern blot analysis

HepG2, LO2 and Hel a cells were cultured in 6-well plates,
and the medium was removed after 24 h, followed by addition
of adenovirusat multiplicity of infection (M.0O.l) of 100 plaque-
forming units (pfu)/cell, and fresh culture medium was added
4 hlater. After 48 h of normal culture, total RNA was extracted
from the cellsfor Northern blot. In brief, 10 pg total RNA of
each sample was added to 10 g- L* formaldehyde denatured
agarose gel, and electrophoresis was performed. mRNA was
transferred onto the nitrocellular (NC) membranes by
capillary blot, and exposed to 254 nm ultraviolet for 1 min
(600%100 pJ- cm?) to fix mMRNA. The NC membranes were
pre-hybridized for 3hat 42 °C. The cDNA probeswerelabeled
by a random primer method. The probes were added and
hybridized at 42 °C for 20 h. Then the membraneswere washed,

dried and used for X-ray film autoradiography at -70 'C in a
black box for 48 h. The relative amount of EGFP cDNA was
semi-quantified from relative optical density of the band, using
aBio-image analysis system (Bio-Rad Doc Gel 2000, USA).

Fluorescence microscopy

The cellswere cultured and transfected with the recombinant
adenovirus as described above. Fluorescent images were
captured at 490 nm using a Nikon Eclipse E1000 microscope.

RESULTS

PCR amplification and DNA sequencing of AFP promoter
Electrophoretic results of PCR product of the human 0.3 kb
AFP promoter are shown in Figure 1. The sequence of the
promoter was described as below:

gegctagcat tctgtagttt gaggagaata tttgttatat ttgcaaaata aaataagttt
Nhel -229

gcaagttttt tttttctgcc ccaaagagct ctatgtectt gaacataaaa tacaaataac
GRE

cgctetgctg ttaattattg gecaaatgtee cattttcaac ctaaggaaat accataaagt

HNF-1

aacagatata ccaacaaaag gttactagtt aacaggcatt gcctgaaaag agtataaaag
HNF-1

aatttcagca tgattttcca tattgtgcttc caccactgcc aatgggecca t

+25 Apall

The AFP promoter region of -229 to 25 was indicated with italics;

GRE: glucocorticoid response element;

HNF-1: hepatocyte nuclear factor;

tata: TATA Box.

100
250

500
750
1000

2 000

Figure 1 Human 0.3 kb AFP promoter.

Enzyme digestion analysis of the recombinant pshuttle
The plasmid pshuttle and the 99-744 region of the PCR product
were both doubly digested with Mlul and Nhel (Figure 2). A
670 bp fragment was released from pshuttle, and replaced by
a 490 bp fragment that was digested from the PCR product.
The peuv e Was removed from the pshuttle.
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Figure 2 Plasmid pshuttle and PCR product doubly-digested
with Mlul/Nhel. M: marker, 1: the PCR product of 99-744 re-
gion of pshuttle, 2: the product of PCR doubly digested with
MIul/Nhel, 3: pshuttle, 4. doubly-digested pshuttle with Mlul/
Nhel, a 670 bp fragment was released from pshuttle.



188 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

January 15, 2004 Volume 10 Number 2

Specific expression of EGFP gene in HepG2 cells

Asshown in Figure 3, strong expression of EGFP mRNA was
observed in HepG2 cells but was weak in AFP negative LO2
and HelL a cells, only 38% and 17% of that in HepG2 cells,
respectively.

Under fluorescence microscopy, green fluorescence
indicating expression of EGFP was strong in HepG2 cells
(Figure 4A) but very weak in LO2 (Figure 4B) and invisible
inHeLacdls.
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Figure 3 A: Transcription levels of EGFP shown by Northern
blot in three different cell lines, B: Transcription levels of EGFP
gene detected by semi-quantity analysis in three cell lines. Lane
1, HelLa cell; lane 2, HepG2 cell; lane 3, LO2 cell.

Figure 4 Expression of EGFP mRNA in HepG2 cells (A) and
LO2 cells (B) x200.

DISCUSSION

Hepatocellular carcinoma (HCC) is one of the most common
malignanciesworldwide. All thetreatment strategies used today
had a poor outcome®>”. Gene therapy might be a promising

way'®9, Gene transfer into specific tissuesor cell typesisakey
technique in the development of genetherapy. A tissue-specific
promoter has been found to be potentially valuable for the sudy
of specific gene function and for genetherapy™®*, asit permited
alinked cytotoxic or any other geneto be expressed specifically
in target cellg*>*1. The AFP could be re-expressed in the
majority of hepatocellular carcinomas®®¥, and thus utility of
the AFP promoter for gene therapy against HCC might be a
rational approachi®-2,

Adenovira genetransfer isone of the most reliable methods
for introducing genes into almost all types of mammalian
cells and for expressing the genes at high levels since many
cellsreceive multiple copies of the recombinant genome. Gene
therapy using replication-competent adenovirusthat selectively
propagates in tumor cells might be an effective treatment for
cancer(?*24 \We developed an adenovirus carrying an AFP
promoter, thus the replication of the target gene was restricted
specifically in AFP-producing HCC?®., The full length AFP
promoter was 5.1 kb2 previous studies have shown that
the 0.3 kb of the AFP promoter had an enough activity to
stimulate AFP transcription containing a glucocorticoid
response element and two binding sites of hepatocyte nuclear
factor (HNF)-1, a hepatocyte-specific transcriptional factor,
and aTATA box, but no typical CCAAT segquencel®?,

In this study, primers containing specific enzyme-cutting
sites were designed to amplify the 0.3 kb AFP promoter from
human genome, and the 0.3 kb sequence was cloned into the
plasmid pshuttle to replace the primary CMV promoter. EGFP
gene as atarget gene was inserted into the downstream of
AFP promoter. Then AFP expressing hepatocarcinoma cells
(HepG2), AFP negative normal hepatocytes (LO2) and HelL a
cells were transfected with the recombinant adenovirus.
Northern blot showed that EGFP gene was dramatically
transcribed in HepG2 cells, however, in LO2 and Hel a cells,
thetranscription wasvery weak. Under fluorescent microscopy,
green fluorescence was strong in HepG2 cells, but very weak
in the other two cell lines. Therefore, this recombinant
adenovirus carrying the 0.3 kb AFP promoter can be used asa
proper vector to expressthe interested gene in AFP expressing
hepatocarcinoma cells or tissues.

It has been reported that the promoter activity of 0.3 kb
AFP promoter was limited for transcription of downstream
gened®3l, For thisreason, severd enhancershave beeninserted
into the upstream of the promoter in order to upgrade its
activity®%!, |n our study, the original enhancer in pshuttle
was reserved, which might contribute to the satisfactory
transcription of the downstream gene using the 0.3 kb promoter.
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