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Abstract
Aim: To study the effect of the overexpression of coxsackie and the adenovirus
receptor (CAR) on the growth of the human bladder cancer cell in vitro and in
vivo.  Methods: A retroviral vector pLXSN-CAR expressing CAR was constructed
and confirmed by restriction enzyme mapping.  The pLXSN-CAR vector and con-
trol vector pLXSN were transfected into the PT67 packaging cell line to generate
retrovirus with high titer.  The CAR-negative T24 cell was infected with the pLXSN-
CAR and the pLXSN retrovirus, respectively.  The positive clone cells were
selected with G418 for 2 weeks.  The expression level of the CAR protein was
detected by Western blot assay.  T24 cell growth in vitro was determined by 3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.  Anchor-
age-independent growth was measured by soft-agar colony formation assay.  In
vivo cell growth was determined by a nude mice xenograft model.  Results: The
pLXSN-CAR vector containing full-length CAR cDNA was successfully
constructed.  Western blot analysis showed that a 46 kDa specific band was
found in pLXSN-CA-transfected T24 cells.  MTT assay identified the growth
inhibition of T24/pLXSN-CAR cells.  The cell colony forming ability of T24/pLXSN-
CAR cells was significantly lower than that of T24/pLXSN and parental T24 cells.
There was a reduction in the tumor size in the T24/pLXSN-CAR group as com-
pared with that of the T24/pLXSN group and parental T24 group.  Conclusion:
The overexpression of CAR in T24 bladder cancer cells can inhibit cell growth
both in vitro and in vivo.
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Introduction
Coxsackie and adenovirus receptor (CAR) has primarily

been studied for its role as the initial cell surface attachment
receptor for coxsackie and group C adenoviruses.  CAR is a
46 kDa class I membrane glycoprotein with a carboxy-termi-
nal cytoplasmic domain, a transmembrane domain, and an
extracellular region consisting of 2 immunoglobulin-like
domains, namely, an amino-terminal immunoglobulin (Ig)
variable-related domain (D1), which is distal to the cell
surface, and a proximal IgC2 domain (D2)[1].  There is evi-
dence for the evolutionary conservation of CAR, with ho-
mologues of the human receptor, hCAR, present in several
mammalian species, including mice[2], rats, dogs, and pigs[3].

The presence of this protein significantly enhances the effi-
ciency of adenoviral vector-mediated gene transfer[4].
However, the normal physiological function of this mem-
brane protein is still not completely understood.

Recent studies suggest that CAR mediates homotypic
intercellular adhesion as part of the tight and/or adherent
junction[5].  CAR plays a role in tumorigenesis.  In this respect,
CAR expression has been correlated with both tumor sup-
pression[6] and malignant transformation[7].  More recently,
it has been shown that the expression of CAR in highly tum-
origenic CAR-deficient human prostate cancer[8] and malig-
nant glioma cells[6] leads to growth inhibition.  Given that
CAR is well positioned to participate in these roles, we in-
vestigated the effect of its overexpression on the human
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bladder cancer cell in vitro and in vivo.

Materials and methods

Cell culture and reagents  Retroviral packaging cell line
PT67[9], NIH3T3 fibroblasts, and human bladder cancer cell
line T24 were obtained from the American Type Culture Col-
lection (Manassas, VA, USA).  The T24 cell line was estab-
lished in 1970 from a urinary bladder carcinoma[10], which
was identified as CAR-negative in the previous study[11].
The cells were cultured in high-glucose Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Gibco, NY, USA) at 37 °C
supplemented with 10% fetal bovine serum (FBS).  Retroviral
vector pLXSN was purchased from Clontech Co ( BD Bio-
sciences Clontech, Palo Alto, CA, USA).  The plasmid
pTOPOCAR[4], including full length CAR cDNA, was
obtained from Dr Jer-tsong HSIEH (Department of Urology,
University of Texas Southwestern Medical Center, Dallas,
TX, USA).

Construction of CAR-encoding retroviral vector  An
EcoR I/BamH I fragment encoding human CAR was obtained
from pTOPOCAR and subcloned into a pLXSN backbone to
generate the retroviral vector, named pLXSN-CAR.

Generation of viral particles and infection of target cells
pLXSN and pLXSN-CAR were transfected into the PT67
packaging cells by Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA).  PT67 packaging cells were split and grown in the
selective medium with 500 mg/L G418.  After 2 weeks, the
G418-resistant colonies were picked and expanded in me-
dium with 300 mg/L G418, and the supernatant viral particles
were collected.  The titer of viral stocks was determined by
infection of the NIH3T3 cells[12].  The titer of pLXSN-CAR
and pLXSN retrovirus was 1.6×109 colony-forming units/L
and 2.0×109 colony-forming units/L, respectively.

For pLXSN-CAR retroviral transduction, the T24 cells
were cultured and allowed to grow to subconfluence.  The
medium was then replaced with a 1:1 precipitated mixture of
CAR retroviral supernatant and fresh complete medium.
Polybrene (Sigma, St Louis, MO, USA) was added to the
culture medium at a final concentration of 8 mg/L to enhance
the binding of the virus to the host cells.  The transduction
was repeated the following day.  Twenty-four hours post
final transduction, the cells were harvested,  resuspended,
and maintained in selective medium containing 0.6 g/L
G418 for up to 14 d.  The G418-resistant cell clones were
pooled, expanded, and tested for CAR expression.  The
control pLXSN retroviral transduction was performed as
that of the pLXSN-CAR retrovirus.  At last, 6 clones of
CAR-positive cells and 8 clones of pLXSN cells were

selected and expanded, respectively.  Six CAR clones con-
tinuously expressed high levels of the CAR protein, so all
the 6 CAR clones and 1 of the 8 pLXSN cell clones were
applied for further study.  The T24 cells successfully
infected with the pLXSN-CAR retrovirus and the control
pLXSN retrovirus were designated as T24/pLXSN-CAR and
T24/pLXSN, respectively.

Western blotting and immunofluorescence staining
Western blotting and immunofluorescence staining for the
CAR protein in T24 cells infected with the CAR retrovirus
and control virus were carried out as described in a previous
report[13].  Briefly, a total protein extract (30 µg) isolated from
harvested cells was then separated by 12% SDS-PAGE.
Subsequently, the separated protein was transferred to
nitrocellulose membranes (Bio-Rad, Hercules, CA, USA) and
the membrane was blocked with 5% non-fat milk in TBS for
1.5 h.  The membranes were then incubated for 1.5 h with the
primary antibody against CAR at a dilution of 1:600 (Santa
Cruz, CA, USA), and then hybridized for 1 h with the sec-
ondary antibody at a dilution of 1:5000.  Immunodetection
was performed using the ECL detection system (Pierce,
Rockford, IL, USA).  Protein loading equivalence was
assessed by the expression of GAPDH.

To confirm the CAR expression, bladder cancer cells were
fixed in 4% paraformaldehyde for 10 min and blocked with
goat serum for 30 min, respectively.  The cells were then
incubated at 37 °C for 1 h with mouse anti-human CAR mono-
clonal antibody (Upstate Inc, Lake Placid, NY, USA) at a
dilution of 1:150.  After washing 3 times with PBS, the
cells were incubated with tetramethylrhodamine isothio-
cyanate (TRITC)-conjugated goat anti-mouse antibody at
37 °C for 1 h.  The fluorescence staining intensity and in-
tercellular location were then examined by fluorescence
inverted microscope (Olympus IX 50, Tokyo, Japan).

Cell proliferation assay  Cell growth was evaluated by
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) (Sigma, San Louis, MO, USA) assay.  The bladder
cancer cells (1×104/well) were plated in 96-well tissue culture
plates in DMEM containing 10% FBS in a final volume of
0.2 mL.  After incubation for 1, 2, 3, and 4 d, the cells were
incubated with 20 µL MTT (at a final concentration of 0.5
mg/mL) at 37 ºC for 4 h.  The medium was removed and the
precipitated formazan was dissolved by adding 200 µL DMSO
(Sigma, USA).  After shaking for 10 min, the samples were
lysed and the absorbance at 570 nm was detected using a
Bio-Rad Technologies Microplate Reader (USA).

In vitro soft agar colony-formation assay  T24/pLXSN-
CAR1, T24/pLXSN-CAR2, T24/pLXSN, and parental T24
cells were collected and dispersed into a suspension of single
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cells in growth medium.  One thousand cells were resus-
pended in 2 mL growth medium containing 0.3% low melting
temperature agarose (Promega, Madison, WI, USA) and were
overlaid in triplicate on 2 mL solidified 0.6% low melting tem-
perature agarose in growth medium in a 6-well dish.  The
dishes were incubated for 2–3 weeks at 37 °C in a 5% CO2

atmosphere until colonies were formed.  Colonies larger than
50 cells were then counted.  Descriptive statistics (mean±SD)
on colony sizes were calculated.

In vivo tumorigenicity assay  T24/pLXSN-CAR1, T24/
pLXSN, and parental T24 cells were harvested, washed, and
resuspended in serum-free DMEM at the concentration of
5×107 cells/mL, and 1×106 cells were injected subcutaneously
into 6–8-week-old BALB/c-nu/nu mice (n=5 mice per group,
Shanghai Experimental Animal Center, Shanghai, China).
Tumor dimensions were estimated based on bisecting diam-
eters measured with a caliper, and the tumor volume was
approximated using the formula 0.5 (ab2), where a is the long
measured axis of the tumor, and b is the short measured axis
of the tumor[14].  Tumor volume was measured at least weekly
using the above formula.  The mice were sacrificed after 5
weeks to measure tumor weight.  All experiments on the ani-
mals complied with the Guidelines of Animal Care of Xi’an
Jiaotong University.

Statistical analysis  All data were expressed as mean±SD.
Student’s t-test was used.  P value <0.05 was considered
statistically significant.  All statistical tests were performed
with statistical analysis software (SPSS, Chicago, IL, USA).

Results

Determination of expression of CAR in the G418-resis-
tant stable T24/pLXSN-CAR transfectant  The pLXSN-CAR
vector containing full-length CAR cDNA was successfully
constructed.  The expression of the CAR protein was
detected by Western blot analysis and immunofluorescence

staining.  We found a high level of 46 kDa CAR expression in
the T24/pLXSN-CAR cell clones.  The CAR protein was un-
detectable in the parental T24 cells and control T24/pLXSN
cells (Figure 1).  Immunofluorescence staining was performed
to confirm whether the retrovirus could infect and express
the CAR protein in T24 cells.  The intensity of the CAR-
specific cell membrane immunofluorescence signal signifi-
cantly increased in the T24/pLXSN-CAR cells, while in the
T24/pLXSN and parental T24 cells, only a poor signal was
observed (Figure 2).

Effect of CAR overexpression on T24 cell growth  To
examine the effect of the CAR protein on the cell growth of
T24 cells, we determined the growth rate of the CAR
transfectant, control, and parental cells.  Both T24/pLXSN
and T24 cells exhibited a higher growth rate than T24/pLXSN-
CAR1 and T24/pLXSN-CAR2, which was statistically sig-
nificant (P<0.05; Figure 3B).  Noticeably, no significant dif-
ference in the cell growth rate between the T24/pLXSN and
T24 cells was detected (P>0.05).

Effect of CAR on anchorage-independent growth  The
increased expression of CAR in T24 cells caused a signifi-
cant reduction in the number of colonies formed by the T24/
pLXSN-CAR1 cells (71±9) and T24/pLXSN-CAR2 cells
(80±12) compared with the number of colonies formed by

Figure 2.  CAR expression was analyzed by TRITC labeling immunofluorescence staining (×400) in 2 cell lines.  (A) Parent T24 cells; (B) T24/
pLXSN cells; (C) T24/pLXSN-CAR cells.

Figure 1.  Increased CAR expression after recombinant CAR retro-
virus infection.  Six transfectants were chosen with a G418-resistant
phenotype.  Lanes 1–6, 6 clones of bladder cancer T24/pLXSN-CAR
cells; lane 7, T24/pLXSN cells; lane 8, parental T24 cells.



898

 Acta Pharmacologica Sinica ISSN 1671-4083Zhang LL et al

parental T24 or T24/pLXSN cells (216±24 and 202±14,
respectively, P<0.05; Figure 4).  In contrast, no significant
difference was detected in the clone number between paren-
tal T24 cells and T24/pLXSN cells (P>0.05).  Since anchor-
age-independent growth is considered in vitro tumorigenic
assay, these data suggested that the overexpression of CAR
could cause tumor inhibition in vitro.

Reduced tumor growth of T24 cells with elevated CAR
expression Tumor xenografts were established by subcuta-
neous injection of 1×106 cells from parental, control and CAR-

transfected cells into the flank of 6–8-week-old BALB/c-nu/
nu mice (n=5 mice per group).  The mean tumor volume on d
7, 14, 21, 28, and 35 are shown in Figure 5A.  T24/pLXSN-
CAR1 tumors were much smaller than T24/pLXSN and pa-
rental T24 tumors (P<0.05).  The volume of the T24 tumors
was not significantly different from that of the T24/pLXSN
tumors (P>0.05).  On the thirty-fifth day after implantation,
the average weight of the T24/pLXSN-CAR1 tumors was,
significantly lower (217±30 mg) than that of tumors formed
by the parental T24 cells (651±84 mg) and T24/pLXSN cells
(600±52 mg, P<0.05; Figure 5B).  The overexpression of CAR
in T24 cells resulted in a significant inhibitory effect on the
growth of the T24 tumors.

Discussion
CAR is a 46 kDa transmembrane glycoprotein, first iden-

tified as a high affinity receptor for both coxsackie and ad-
enovirus (types 2 and 5)[1,2].  The presence of this protein
significantly enhances the efficiency of adenoviral vector-
mediated gene transfer[4].  Structurally, CAR is a typical Ig-
like molecule with 2 Ig domains that interact with the ad-
enovirus fiber protein.  Most likely, the structure of this
protein suggests that CAR may have other functions in ad-
dition to being a virus receptor[1].  Recent reports have in-
dicated that CAR has homophilic interactions and appears
to form a complex with ZO-1 in the tight junction of polar-
ized epithelial cells[15].  Also, the loss of the CAR expression

Figure 3.  Growth curves of T24/pLXSN-CAR1, T24/pLXSN-CAR2,
T24/pLXSN and T24 cells.  Triplicate sets of the cells were measured
at d 1, 2, 3, and 4 using MTT assay.  Data represent mean±SD.

Figure 4.  In vitro  soft agar colony-formation of T24 cells trans-
fected with CAR.  (A) cell colonies formed by parental T24, T24/
pLXSN, T24/pLXSN-CAR1, and T24/pLXSN-CAR2 cells.  (B) data
represent mean±SD of 3 independent experiments.  bP<0.05 vs T24/
pLXSN or T24.
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is associated with high grade cancer[16], and hence, it is
involved in cell differentiation.

Using semiquantitative RT-PCR, an apparent down-
regulation of CAR mRNA levels in the invasive tumors com-
pared with superficial bladder cancer specimens has been
documented[16].  Moreover, the study using immunohis-
tochemical staining indicates that bladder cancers reveal a
marked downregulation of CAR associated with stage and
grade[17].  This suggests that altered CAR expression would
be involved in the progression of bladder cancer.  In addi-
tion to bladder cancer, the downregulation of CAR is also
reported in ovarian cancer[18], melanoma[19], and head and
neck cancer[20].  It has also been reported that the increased
expression of the CAR gene leads to the inhibition of several
of these tumors.  However, the detailed characterization of
the biological function of CAR is still lacking.

In the present study, we have examined the effect of CAR
on bladder cancer cells based on cell growth in vitro and
tumor growth in vivo.  Using a highly efficient retroviral

vector, we found that pLXSN-CAR-infected T24 cells grew
much slower than the control retrovirus-infected or parental
T24 cells.  Noticeably, elevated CAR in T24 cells caused a
significant reduction in the number of colony formations
when T24 cells were plated on a semisolid agar plate.  To
support the in vitro results, animal xenografts have resulted
in the same conclusion: tumors formed by T24 cells infected
with the CAR retrovirus grow significantly slower than those
by T24 cells infected with empty retroviral or parental T24
cells.

Our findings have demonstrated that CAR serves as a
potent tumor suppressor in bladder cancer cells both in vitro
and in vivo.  Nevertheless, some reports suggest that the
downregulation of CAR will reduce the volume of lung can-
cer in a mouse xenograft model[21], implying that the biologi-
cal effect of CAR in different cancer types may vary.  There-
fore, further study is needed for elucidating the different
mechanisms of the action of CAR in the development of
different types of cancer.

Figure 5.  In vivo tumor growth of T24 cells with increased CAR expression.  (A) tumor volume was measured weekly after implantation.  n=5.
bP<0.05 vs T24/pLXSN or parental T24.  (B) tumor weight was measured on d 35.  bP<0.05 for a significant difference between tumor weight
of T24/pLXASN-CAR1 vs T24/pLXSN or parental T24.  (C) photograph exhibiting different tumor volumes from each mouse on d 35.
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