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Abstract

AIM: To investigate the expression of coxsackievirus
and adenovirus receptor (CAR) and adenovirus-mediated
reporter gene transfer in five human colon cancer cell
lines.

METHODS: Expression of CAR-specific mRNA and protein
was analyzed by reverse transcriptase polymerase chain
reaction and Western blotting, respectively. Adenovirus-
based gene delivery was evaluated by infection of cells
with adenoviral vector carrying the green fluorescent
protein (GFP) gene.

RESULTS: All the colon cancer cell lines examined (HT29,
LS180, SW480, SW948 and SW1116) expressed CAR
full-length mRNA and an alternatively-spliced variant
that lacks the transmembrane coding exon. All cell lines
were detected as CAR-positive by Western blot analysis.
Further, all cells we examined were efficiently infected
with adenoviral vector-GFP.

CONCLUSION: The data indicated that the five colon
cancer cell lines tested expressed adenovirus primary
receptor and could be efficiently infected by adenoviral
vectors. Therefore, these cell lines will be useful for
adenovirus-based gene transfer and research.
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INTRODUCTION

Colorectal cancer is the third most common cancer and
among the three top fatal malignancies. In 2007, there were
an estimated 153760 new cases and 52180 deaths from
colorectal cancer, which corresponds to approximately
10% of all newly diagnosed cancers in the United States”.
Gene therapy has been considered a potential innovative
approach for the treatment of colorectal cancer” . To date,
over 600 gene therapy clinical trials have been initiated
in the US, 60% of which are cancer-related”. Currently,
adenoviral vectors are the most frequently administered
vectors”, This is because of their advantageous features
such as a broad range of cell targets, the ability to be
produced in high titers, and their accommodation of
relatively large segments of DNA™.

Adenovirus initiates infection as well as does
adenovector-mediated gene transfer by attachment of the
fiber knob to a cell surface receptor, the coxsackievirus
and adenovirus receptor (CAR)P. CAR, the primary high-
affinity receptor for adenovirus, is a 46-ku transmembrane
glycoprotein and belongs to the immunoglobulin
Superfamﬂym’m. The human CAR gene, CXADR, encodes
a 365-amino acid protein, and four pseudogenes have
been reported on chromosomes 15, 18 and 21 (two
copies)“zj. Alternatively spliced variants of CAR have also
been identified"”. Thoelen et al has described three splice
variants (-, 6- and §-transcripts) of the CAR gene in
addition to the normal a-transcript.

Expression of CAR has been studied in numerous cell

lines including those of head and neck carcinoma, renal
[16] [17,18]

> >

cell carcinoma'”, bladder cancer'”, ovarian cancer
cervical cancer'"”, lung and pancreatic cancer™, prostate
cancer”! and gliomalzzj. In all these studies, high expression
of CAR correlated with increased adenoviral infection
efficiency; cells lacking or expressing low levels of CAR
were tresistant to adenovirus infection.

Since CAR expression has not been studied in colon
cancer cell lines, we examined the expression of CAR at
the mRNA and protein levels, along with its splice variants
in five human colon cancer cell lines. Adenovirus-mediated
reporter gene transfer was also evaluated.
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MATERIALS AND METHODS

Cell lines

Five human colon cancer cell lines HT29, SW480, SW948,
SW1116 and LS180, as well as the human embryonic
kidney (HEK) cell line (CAR-positive) and Chinese
hamster ovary (CHO) cells (CAR-negative) (ATCC
numbers: HTB-38, CCL-228, CCL-237, CCL.-233, CL.-187,
CRL-1573, CCL-61) were obtained from the National Cell
Bank of Iran (NCBI). Cells were cultured in RPMI 1640,
Dulbecco’s Modified Eagle’s Medium, Minimum Essential
Medium, or L-15 medium. All cells were maintained
with 100 U/mL penicillin, 100 pg/mL streptomycin and
100 mL/L fetal bovine serum (FBS). Cell lines were
cultured either in 10-cm culture plates or in flasks at 37°C
and in 50 mL/L CO:z2 in a humidified incubator.

RT-PCR

Total cellular RNA was extracted from each cell line by
Biozol reagent (Bioflux, Japan). Two micrograms of total
RNA were converted to cDNA by reverse transcription,
using Moloney murine leukemia virus reverse transcriptase
(Fermentas, Lithuania) and random primers (Roche,
Germany) as described previously'” | with minor
modifications. Since pseudogenes have been identified for
the CAR gene, the CAR mRNA sequence was aligned with
the pseudogenes (multiple alignment at http://bioinfo.
genopole-toulouse.prd.fr/multalin/multalin.htm). CAR
ptimers (CARf, 5-CGTGCTCCTGTGCGGAGTAGT-3";
CARt, 5'-GACCCATCCTTGCTCTGTGCT-3") were
designed in exons 1 and 7 with intervening introns of
approximately 51 Kb, in a way that would align only with
CAR mRNA and mismatched the pseudogenes in at least
one nucleotide at the 3'-ends. Phosphoglucomutase-1
(PGM-1), human house keeping gene primers (PGMI,
5"TCCGACTGAGCGGCACTGGGAGTGC-3"; PGMr,
5-GCCCGCAGGTCCTCTTTCCCTCACA-3" or murine
B-actin house keeping gene primers (actinf, 5'-GAACCCT
AAGGCCAACCGTGA-3'; actint, 5'-"AGGAAGAGGAT
GCGGCAGTGG-3") wete used as internal controls.

The PCR protocol consisted of an initial denaturation
for 5 min at 94°C; followed by 32 cycles of denaturation
for 30 s at 94°C, annealing for 30 s at 62°C, and extension
for 60 s at 72°C. The final cycle had a prolonged extension
time of 7 min at 72°C. PCR products were analyzed
by electrophoresis on a 1.5% agarose gel, stained with
ethidium bromide and visualized under UV light. The
length of the expected product was 1068 (oi-transcript) or
806 (B-transcript) bp for the CAR gene and 382 and 374
bp for the PGM1 and B-actin genes, respectively.

Cloning

Amplification products of the CAR B-transcript were
cloned using InsTAclone PCR Cloning Kit (Fermentas)
following the manufacturer’s instructions. In brief, PCR
products were ligated into a pTZ57R/T vector and
transformed by a heat shock method into competent
Escherichia coli. Transformants were selected in LB medium
containing ampicillin, X-gal and IPTG. The presence of
the expected insert was confirmed by PCR and sequencing;
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Immunoblotting

For immunoblotting analysis, cells were lysed for 1 h at 4°C
in lysis buffer containing 50 mmol/L Tris (pH 8.0), 150
mmol/L NaCl, 10 mI./L Nonidet-P40 (NP40), 0.1 mL/L
SDS and one tablet of complete, mini, EDTA-free
protease inhibitor cocktail (Roche, Germany) per
10 mL lysis buffer. After the removal of cell nuclei by
centrifugation, protein concentrations were measured by
the Bradford protein assay. Equal amounts of protein
(15 pg) from each cell lysate were diluted with SDS loading
buffer, heated for 5 min at 95°C and electrophoresed on
a 10% SDS-polyacrylamide gel. The separated proteins
were then electrotransferred to a nitrocellulose membrane,
which was blocked with 50 g/L non-fat dried milk in
Tris buffered saline-Tween (TBST) buffer to block non-
specific binding sites. The blot was then incubated with
polyclonal rabbit anti-CAR primary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA; 1/1000 dilution in
TBST and 0.01 g/mL BSA) with gentle shaking for 1 h
at room temperature. After extensive washing, polyclonal
anti-rabbit horseradish peroxidase-conjugated secondary
antibody (1/1000 dilution in TBST and 0.01 g/mL
BSA) was applied for 1 h at room temperature with
gentle shaking. Bands were visualized using an ECL kit
(Amersham) according to the manufacturer’s instructions.

Adenoviral vector

Adenoviral vector expressing the green fluorescent protein
(GFP) gene driven by the cytomegalovirus promoter[w
was used to assess the colon cancer cell lines infected with
adenoviral vector. Virus titer was determined by optical
absorbance at Az (1 Az unit = 10" particles/mL).

Adenovirus-mediated GFP gene transfer

To evaluate reporter gene transfer by the adenovirus
vector, five colon cancer cell lines were plated in 24-well
culture plates at a density of 5 X 10* cells/well and
grown at 37°C in a humidified incubator. After overnight
incubation, cells were infected with Ad5-GFP at a
multiplicity of infection (MOI) of 50 virus particles/cell.
Two hours later, cells were washed twice with PBS and
600 pL fresh complete medium was added to every well.
After 36 h, cells were evaluated for GFP expression by
fluorescence microscopy.

RESULTS

CAR mRNA expression in colon cancer cell lines

We first examined the expression of CAR by RT-
PCR. Integrity was evaluated by running RNA on 1%
agarose gel and the quantity of RNA was measured
spectrophotometrically. cDNA was then synthesized and
CAR specific sequences amplified using CAR-specific
primers (CARf, CARr). As shown in Figures 1A and 2,
CARf and CARr primers generated a seven-exon-
encompassing fragment with the expected length of
1068 bp in all the colon cancer cell lines. These primers
could not amplify the pseudogenes (Figure 2, lane 1), and
therefore the bands observed in lanes 2-6 were generated

by just the amplification of cDNA. Any probable
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Figure 1 A: Multiplex RT-PCR of expression of coxsackievirus and adenovirus
receptor, PGM and p-actin (internal controls); B: CAR mRNA level in different cell
lines. 1-6 refer to HEK (positive control), HT-29 (colon), LS180 (colon), SW480
(colon), SW948 (colon) and SW1116 (colon) cells, respectively.

contamination of cDNA with genomic DNA could be
disregarded.

CAR protein expression in colon cancer cell lines

We examined the expression of CAR by Western blotting;
For immunoblotting, cell lines were cultured, harvested,
lysed in appropriate lysis buffer and finally analyzed with
anti-CAR antibodies. As shown in Figure 3, a band of
about 46 ku was detected in HEK, HT-29, 1.s-180, SW480,
SW948 and SW1116 cell lines but was not observed in the
negative control CHO cells.

Alternatively spliced variant of CAR

After electrophoresis and staining of RT-PCR products, an
additional fragment of 806 bp was also observed (Figure 2).
This shorter band produced by CAR-specific primers was
cloned and sequenced, which revealed that this fragment
was the result of an alternative splicing event between
exons 4 and 7, lacking exons 5 and 6, of the CAR normal
transcript, and was therefore the previously determined
B-splice variant. All the colon cell lines studied expressed
the B-splice variant although the band intensity of the
splice variant was low when compared with the intensity
of the normal transcript.

Detection of GFP gene expression in colon cancer cell
lines
As shown in Figure 4, Ad5-GFP vector entered the cells
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Figure 2 Expression of CAR in colon cancer cell lines. Two micrograms of total
RNA prepared from several different human colon cancer cell lines were subjected
to RT-PCR analysis. RT-PCR revealed B-transcript expression in addition to the
normal CAR gene transcripts.
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Figure 3 Western blot analysis of CAR protein in colon cancer cell lines. Total
protein from five human colon cancer cell lines was separated by SDS-PAGE,
transferred to nitrocellulose membranes, and reacted with the correct anti-CAR
antibodies.

and expression of the GFP gene indicated the efficient
infection of these cells by the adenoviral vector.

DISCUSSION

Gene therapy is a therapeutic modality for malignant
cancers. For this, the recombinant adenovectors Ad2
and Ad5 derived from the human adenovirus subgroup
C are attractive gene transfer vehicles for cancer gene
therapy[zs‘m. As therapeutic efficacy has been demonstrated
to correlate with the ability of adenovirus to entet target
cells, expression of CAR has been studied extensively.

Several tumor cell lines including those for ovary
cancer'” head and neck carcinoma renal cell
carcinoma” prostatem and bladder"” cancer have shown
relatively low CAR expression; although high expression
of CAR mRNA has been reported in osteosarcoma
cell lines™”. In the present study, CAR expression was
investigated in five colon cancer cell lines, and it was
shown that CAR was expressed in all of them, although
some variations in band intensity of RT-PCR products
were observed among the different cell lines (Figure 1B).
The mismatch between specific primers and CAR
pseudogenes made us certain that only cDNA could act
as the source of amplification in RT-PCR. The existence
of CAR pseudogenes has apparently not been taken into
account in previous studies that have investigated CAR
expression "%,

Alternatively spliced products of the CAR gene have
been identified; B-variant mRNA has been detected
in multiple human tissues such as heart, brain, lung,
liver, kidney and pancreasm, and has also shown to be
expressed in osteosarcoma cell lines”, Hel.a cells”™ and
musculoskeletal tumors™!. The B-transcript is predicted
to encode a 252-amino-acid protein that can be released
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Figure 4 Sensitivity of colon cancer cells to adenovirus infection. Cells were plated in 24-well culture plates and infected with Ad5-GFP at an MOI of 50. After 36 h, cells
were evaluated for GFP expression by fluorescence microscopy. GFP was expressed when recombinant adenoviruses infected the cells.

from cells to the culture medium because of the absence
of a transmembrane domain®. CAR cytoplasmic and
transmembrane domains are not necessary for virus
attachment””, so the anticipated B-variant protein might
be as effective as the full-length variant in binding to
adenovirus. In the present study, the -transcript was
demonstrated to be present in colon cell lines, in addition
to the normal o-transcript.

To evaluate whether CAR mRNA expression
correlated with CAR protein expression, Western blotting
was carried out. CAR protein was shown to be present in
the colon cell lines investigated; therefore, they could be
considered as CAR-positive on the basis of CAR protein
expression. In addition, no alternative protein band that
could be attributed to the B-transcript-encoded protein
was observed. Western blotting was carried out using a
commercial polyclonal antibody against amino acids 1
to 300 of the original protein and cell lysates. Thus, the
absence of any alternative signal (B-variant protein) could
be explained as very low or undetectable intracellular
level of this shorter variant and its secretion from the
cell surface. However, B-variant protein is not detected in
extracts of HeLa cells that express both - and normal
variants™. Therefore, the potential translation of CAR
alternative transcript and its proposed tegulatory role in
antivirus defense mechanisms”™ remains to be confirmed.

Experiments with the Ad5 vector carrying the GFP
reporter gene showed that the colon cancer cell lines studied
were sensitive to adenovirus infection, and after 36 h
GFP gene expression was easily detected by fluorescence
microscopy.

In conclusion, the results of this study suggested that
adenovirus-based gene delivery was efficiently applied to
the five colon cancer cell lines. However, to clarify the
efficiency of adenoviral-mediated gene transfer in colon
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tumors, further studies will be required to explore the
expression of CAR.

COMMENTS

Background

Vectors based on human adenovirus serotypes 2 and 5 show increasing promise
as gene delivery vehicles, and currently adenoviral vectors are the most commonly
administered vectors for cancer gene therapy. Adenovirus initiates gene transfer
by attachment to cell surface receptor, the coxsackievirus and adenovirus receptor
(CAR).

Research frontiers
Reports show that the efficiency of adenoviral infection is dependent on the

expression of CAR on target cells. However, adenovirus-mediated gene transfer is
in practice hindered by the relatively low expression of CAR on tumor cells.

Innovations and breakthroughs
This is believed to be the first report to examine the expression of CAR in human

colon cancer cell lines at the mRNA and protein level.

Applications
These results might be of potential value in adenovirus-based gene transfer and
research in colon cancer cell lines.

Terminology
Gene therapy: to replace a malfunctioning mutated gene with a normal wild-type

gene or to express a therapeutic gene in target cells. A prerequisite for efficient gene
therapy is to determine a system for delivering the therapeutic gene to target cells.

Adenovirus: non-enveloped, icosahedral, particles with double stranded DNA
genome that in humans, is divided into six species (A-F) and 51 serotypes. CAR:

primary cellular receptor for attachment of both coxsackie B virus and adenovirus
subgroup C to target cells.

Peer review
This manuscript by Yassan Abdolazimi and co-authors is presented in a clear style.
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Experimental details are provided accordingly. Relevant controls were included in
the study. The authors’ findings are discussed with the relevant literature.
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