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Abstract 3). Recently, two different groups reported that CAR a common

receptor for adenovirus type 2 and 5 (6—8). The expression pattern of
There is great interest in the development of gene therapedutic strategies ¢ AR in either normal tissue or cancer cells has not been defined.

fqr the treatmgnt of benign and_malignant‘qisjeases. -Recomb-in_ant adeno- In our laboratory, we are evaluating the efficacy of gene therapy for

virus has a wide spectrum of tissue specificity and is an efficient vector , 4o nital cancer using replication-deficient adenovirus. Recently, we

delivery system. Successful gene delivery, however, requires viral entry observed several human bladder cancer cell lines that appeared to be

into the target cells via specific receptor-mediated uptake. Recently, a resistant to viral infection. Therefore, we decided to determine the

cDNA clone (the coxsackie and adenovirus receptor [CAR]) encoding a . Lo ’

46-kDa protein was identified as the receptor for group C adenovirus€.g., levels of CAR 'n_tho_se Ce_" .Ilnes. We founc_i that th'?_'?"e' of CAR
correlated with viral infectivity. Increased viral sensitivity could be

adenovirus type 2 and 5). Currently, little is known regarding the expres- : . . ; ;
sion of adenoviral receptor in normal tissue and cancer. In this paper, we restored in a resistant line after transfecting a functional CAR cDNA

have documented a significant difference in viral receptor levels that may Vector. We believe that these findings have significant biological and
be due to transcriptional regulation of the CAR gene in several human therapeutic implications.

bladder cancer cell lines. The differences in viral receptor levels in these

cells correlated with their sensitivity to viral infection. Transfection of ~ Materials and Methods

receptor-negative cell line with CAR cDNA led to increased virus binding )

and increased susceptibility to adenovirus-mediated gene delivery. our  All of the human bladder cancer cell lines except for SWBC1 and WH (9)
results demonstrate that the expression of adenoviral receptor is variable US€d in this study were obtained from American Type Culture Collection

among human bladder cancer cells. This variability may have a significant (Manassas, VA), and all of the cell lines were grown in T medium (10)
. . containing 5% FBS. The oligonucleotides were synthesized by Life Technol-
impact on the outcome of adenovirus-based gene therapy.

ogies, Inc. (Gaithersburg, MD). A mammalian expression vector, pcDNA3.1/
. V5/His-TOPO, was purchased from Invitrogen (Carlsbad, CA).
Introduction Primary Culture of Human Bladder Cancer Cells. The primary human

G tic alteration i f th . f i tt bladder cancer cell (SWBC1) was derived from a cancer patient diagnosed
enetic alteration IS on€ of the major causes ot malgnant raligs, oy asive transitional carcinoma {NgM,) after radical cystoprostatec-

formation and cancer progression It is conceivable that the malign%}hy_ The tumor specimen was dissected into 3-52mpieces and planted on
phenotype can be altered by replacing absent critical functional geaesb-mm dish with T medium containing 5% FBS. After cells grew out from
in target cells. Gene therapy is an innovative way to achieve this gaék explants, we carefully removed contaminated fibroblasts by trypsinization
The replication-deficient adenovirus derived from adenovirus typea®d continued to pass the cells. Biochemical analysis using both cytokeratin
(1), in contrast to other vectors available for gene therapy, is higfﬁ{:’d vimentin antibodies confirm_ed tha_t this cell is of epi_thelial origin. Cur-
infectious and capable of transferring genes into nondividing Celfgntly, these cells have been cultivatadiitro for 8 months with more than 40

- g ; . éjassages.
This vector system appears to be especially suitable for malignan I®Recombinant Virus Construction and Purification. The replication-de-

characterized by a low mitotic index. Adenoviral entry into target cellgient recombinant virus, AdACM\B-gal, was generated as described previ-
is the rate-limiting step of gene delivery. The initial binding obusly (11). Another replication-deficient recombinant virus, di312, obtained
adenovirus to the cell surface has been shown to be a recepfam Dr. Shenk (12), was labeled witfH]thymidine as described previously
mediated process (2, 3). The adenoviral fiber protein is responsible 63)- To produce a large amount of viral stock, the recombinant viruses were
attachment of the virus to the cellular receptor. The fiber protein charvested from the cell pellet after 36 h of infection and subjected to two cycles

be divided into three domains: head, spike, and base. It is known tﬁfa?sc' grad'e.m ultracentrifugation (10)' Aﬁe.r dialysis ox_/ermght, .the stock of
viruses was aliquoted and stored-a80°C until use. The titers of viral stocks

the head. domain of the fiber contains the re.CPTptor attaChme.nt S\Wére determined using the plaque assay in triplicate and viral concentrations
Some evidence (1, 4, 5) suggests that two distinct receptors intefggte measured bfteg

with group C (adenovirus type 2 and 5) and group B (adenovirus typeDetection of Virus-mediated Gene Delivery, Virus Binding, and Immu-
nostaining. To determine the viral sensitivity of human bladder cancer cells,
5 X 10° cells were infected with different concentrations of viruses at 37°C in
Received 9/15/98; accepted 11/25/98. a 5% CQ-humidified incubator. We determined the virus-mediated gene
The costs of publication of this article were defrayed in part by the payment of padelivery with two different approacheg:gal staining and activity assay. At
charges. This article must therefore be hereby maddertisemenin accordance with the indicated time, the infected cells were washed with PBS, fixed, and stained

18 U.S.C. Section 1734 solely to indicate this fact. . . . .
1 Supported in part by the National Institute of Health Grant CA 73017 (to J-T. H_jpr B-gal activity (14). The adenovirus-infected cells were counted microscop-

AI35667, HL 54734, and an Established Investigator Award from the American Hea@ally by the number of the positivg-gal-positive cells. In the second
Association (to J. M. B.). approach, thes-gal activity was determined as follows: infected cells were
2The first two authors contributed equally in this project.
2To whom requests for reprints should be addressed, at Department of Urology;
University of Texas Southwestern Medical Center, 5323 Harry Hines Boulevard, Dallas,* The abbreviations used are: m.o.i., multiplicity of infection; CAR, coxsackie and
Texas 75235-9110. Phone: (214) 648-3988; Fax: (214)648-8786; E-mail: Hsiela@enovirus receptof3-gal, B-galactosidase; GAPDH, glyceraldehyde-3-phosphate dehy-
utsw.swmed.edu. drogenase; RT-PCR, reverse transcription PCR; CMV, cytomegalovirus; Ad, adenovirus.
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Fig. 1. Determination of adenoviral sensitivity i v a' g
among human bladder cancer cell linds. both 2 _\"." '_~' =
T24 (1-3 and RT4 ¢-6) cells were infected with ® ol N s > 500
AdCMV-B-gal at m.o.i. of 0 { and4), 1 (2 and5), ’
and 10 8 and 6). Twenty-four h after infection,
B-gal staining was performed and photographed
(X200). B, dose-dependent binding of adenovirus ofﬁ
in four different human bladder cancer cell lines. 4

The regression coefficient were as follows: RT4,

0.95; 253J, 0.91; WH, 0.96; and T24, 0.9, @
adenovirus binding to human bladder cancer cell

lines. One million cells of each line were incubated

with 10° plaque forming units of dI312 at 4°C for 3000
1 h and then subjected to virus binding assay as
described in “Materials and Methods.” Each value
shown is the meart SD of triplicate samples.

Cell number (log)

O

Virus bound (cpm)

RT4 253J UMUC3SWBC1 WH TCC T24

trypsinized and washed once with PBS, and then the protein concentratiommmbrane fluorescence staining was performed on a single-cell suspension
each sample was determined by the Bradford dye-binding procedure (Bio-Rand FITC-conjugated secondary antibodies as described previously (17). Flu-
Hercules, CA).5-Gal activity (15) was measured in a 2p0-cell lysate and orescence-activated cell scanning was performed with a dual-laser Vantage
normalized to the protein concentration of each sample. flow cytometer (Becton Dickinson, Mountain View, CA) delivering 50 mW at
For virus binding assays’H]thymidine-labeled dI312 (1Oplaque forming 488 nm with an Enterprise air-cooled laser. Analysis was performed using
units) was incubated with 1 ml of cells ranging fronx510° to 1 X 10" at 4°C  LYSYS || software (Becton Dickinson, Mountain View, CA).
for 1 h, and then the cell suspension was loaded onto 3 ml of PBS containingCloning of CAR cDNA by RT-PCR and Construction of an Expression
2% BSA and 10% sucrose and centrifuged in a swinging bucket rotor at 2008ctor. CAR cDNA was isolated by RT-PCR with total cellular RNA isolated
rpm for 5 min (13). The cell pellet was lysed in 1900f 0.3 N NaOH solution  from poth 253J and RT4 cell lines. Two sets of primer were synthesized:
and subjected to liquid scintillation counting to determine the amount of virgsar1, 5-AATTCCCAGGAGCGAGAG-3: CAR2, 5-TCCCAGAGTACT-
bound. CAGAAGAG-3'; CAR3, 5-GCCTTCAGGTGCGAGATGTTAC-3 and
Cytometric analysis of viral receptor by monoclonal antibody (RmcB [16]Q:AR4, 5-GAACACGGAGAGCACAGATGAGAC-3. For amplifying the 5
end of CAR cDNA (nucleotides 2—684), first strand cDNA was synthesized
using Superscript Il reverse transcriptase (Life Technologies, Inc.) with ran-
dom primers, and then one-fifth of the cDNA was subjected to PCR (40 cycles
of 92°C [15 s], 55°C [30 s], and 65°C [3 min]) using primers CAR1 and CAR2.
The final PCR products were cloned into pcDNA3.1/V5/His-TOPO vector

Table 1 In situ B-gal activity among different human bladder cancer lines infected
with B-gal adenovirus

No. of blue cells (%}

Cell line m.o.i. 24 h 48 h and, to avoid any PCR-induced mutations, sequenced using the Thermoseque-
RT4 1 37 36 nase radiolabeled terminator cycle sequencing kit (Amersham Pharmacia Bio-

10 100 100 tech, Chicago, IL). Among these clones, we identified clone pCAR12s with the
253J 101 9381 11(?(? sense orientation to the CMV promoter of pcDNA3.1/V5/His-TOPO. For
UMUC3 1 27 80 amplifying the 3 end of CAR cDNA (nt 479-1192), first strand cDNA was

10 100 100 synthesized using Superscript Il reverse transcriptase with primer CAR4, and
SWBC1 1 12 34 then one-fifth of the cDNA was subjected to PCR (40 cycles of 92°C [15 s],
WH 1‘13 Bg’ 1fg 55°C [30 s], and 72°C [2 min]) using primers CAR3 and CAR4. The final PCR

10 30 58 products were cloned into PCR 2.1 vector (Invitrogen, Carlsbad CA) and
TCC 1 0 5 sequenced. Full-length CAR cDNA was assembled in an expression vector
Toa 12 g g (PTOPOCAR) by ligating a 573-bp fragment from theedid of CAR cDNA

10 3 5 (digested withpfIMI and Notl) with pCAR12s digested witpfIMI and Notl .

2 The results were obtained from two separated experiments. Numbers of blue Ce”SMeasurement of CAR mRNA and Protein Using Quantitative RT-PCR

were average counts of positive cells obtained by at least 100 cells by three investiga®Rd Northern Analysis. For quantitative RT-PCR, 2g of total cellular RNA
The SD is less than 10%. from each cell line was reverse transcribed into first strand cDNA as described

326



ADENOVIRAL RECEPTOR IN BLADDER CANCER

previously. One-fifth of the cDNA was subjected to a J00PCR (30 cycles ®
of 92°C [15 s], 55°C [30 s], and 72°C [2 min]) using both the CAR primer se
(i.e., CAR3 and CAR4; 1 ngll each) and the GAPDH primer set’(5
TCGTGGAAGGACTCATGACC-3 and B-TCCACCACCCTGTTGCT-
GTA-3'"; 0.5 ngl). The final PCR products (1Q.l) were electrophoresed in s
a 2% NuSieve agarose gel (3:1, FMC Bioproducts, Rockland, ME) ai
quantified with BioMax 1D image analysis software (Eastman Kodak, Roc
ester, NY). The relative level of CAR mRNA from each sample was norma
ized to GAPDH transcript from the same reaction. To determine the levels
CAR expression among human bladder cell lines, we performed Northern k
analysis as described previously (17).
Southern Blot Analysis of CAR Gene in Human Bladder Cancer Cells.
For Southern analysis, high molecular weight DNA was purified by th
procedure of Daviset al. (18). Twenty ug of DNA were digested with
restriction endonucleases overnight at 37°C and then subjected to Soutt
blot analysis as described previously (17) with a full-length CAR cDNA prob
DNA Transfection into Human Bladder Cancer Cells. T24 cells
(2 X 10° per p-35 plate) were transfected withp2) of pcDNA3.1/V5/His-
TOPO or pTOPOCAR using LipofectAMINE transfection reagent. Forty-eigl
h after transfection, cells were split and were selected for neomycin resist
clones with 60Qug/ml G-418. Resistant colonies were either pooled or clone ®
by ring isolation after 2 weeks of selection.
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tion. Previously, we demonstrated that recombinant adenovirus ¢ - o s i
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pears to be an effective gene therapeutic vector to deliver exogen L - [r— -~ 44k
DNA into a human bladder cancer cell line (253J) in an orthotop
animal model (19). However, when we extended our investigation
examine the effect of several different recombinant viruses on ma
other .Cancer cell I!nes, we observed a Va.'rlable level of pl’.OtEIn eX'Fig. 2. The characterization of CAR gene and its expression in human bladder cancer
pression among different human cancer lines (20). In particular, Bl lines.A, 2 ug of total RNAs prepared from several different human bladder cancer

detectable levels of exogenous protein were found in a transitiorgll lines were subjected to quantitative RT-PCR analysis. Relative levels of CAR mRNA
e as follows: RT4, 1.0; 253J, 0.32; SWBC1, 0.15; and T24, 0. GAPDH was used as

. . . - wer
carcinoma line (T24). Then led us to hypothesize that virus may f%ﬂaimernal controlM, 1-kb markerB, high molecular weight DNA (2Qu.g) was digested
to infect this cell line. with different restriction enzymes as indicated and subjected to Southern blot analysis

To test this hypothesis, we examined the infectivity of huma'P{ObEd with a full-length CAR cDNA probé.eft panel, BarHll digestion.
bladder cancer cells by a recombinant adenovirus, AdCBAyal. As
shown in Fig. A, the positive blue cells were very visible in the RTART-PCRs (Fig. 2) using RNA extracted from these human cancer
cells infected with virus at m.o.i. 1, whereas no blue cells were segslls, and we observed a significant difference (approximately 20-
in cells treated with the buffer control. The infectivity also increasefdld) in the intensity of CAR PCR product¢., 714 bp) between T24
with longer viral incubation (Table 1). In contrast to both 253J angihd RT4 cells with no difference in the intensity of the GAPDIg.(
RT4 cells, WH, TCC, and T24 cells showed either few or no blue cells52 bp) control. CAR mRNA levels paralleled the viral sensitivity in
even 48 h after infection; these results correlated with the previobgéman bladder cancer lines tested (Fig).2ZThe CAR PCR product
results obtained using different kinds of adenoviruses (20). Similariyas cloned into a PCR vector and sequenced. Sequences of this PCR
in the presence of the same amount of AdCM\gal, the B-gal product were completely identical to those of CAR cDNA previously
activity per cell in RT4 cells was at least 50-fold higher than that ireported (6—8). Using CAR cDNA as a probe (Fig)3we detected
T24 cells 48 h after infection (data not shown). Both RT4 and 253 least four different sizes.¢., 2.4, 4.8, 6.4, and 8.0 kb) of RNA
cells bound significantly more radiolabeled virus than T24 cells didanscript in human cancer cell lines as well as other cells (7, 8),
(Fig. 1B). As summarized in Fig. @ and Table 1, human bladdersuggesting that there may be a gene family or different splicing
cancer lines exhibited a wide spectrum of sensitivity to virus attactariants associated with the adenoviral receptor gene. CAR mRNA
ment and virus-mediated gene delivery. RT4 and 253J bound the m@st). 3C) levels were significantly higher in RT4 cells than in T24 cell
virus and were the most sensitive to {Bigal viral infection. TCC and line.
T24 bound the least virus and were resistant to viral infection. It is Such dramatic differences in the CAR mRNA levels detected in
known that the entry of adenovirus is mediated by the presence of 24 and RT4 prompted us to further examine the status of the CAR
specific receptor on the target cells (1-5). Therefore, these dgne in both cells. We used Southern blot analysis to determine
suggested that human bladder cancer cells may possess diffeveiméther gene amplification or DNA rearrangement of the CAR gene
levels of receptor for adenovirus and that receptor expression nwn be detected in human bladder cancer lines. As shown in Big. 2
correlate with sensitivity to adenoviral infection. the data indicated that the overall hybridization intensity of CAR gene

The Loss of Viral Receptor in the Resistant Human Bladder in both RT4 and T24 cells is similar to each other, indicating that gene
Cancer Line. Data from recent studies indicate that CAR is a comamplification does not account for the elevated levels of CAR mRNA
mon receptor for both coxsackievirus and group C adenovirus (6, #).RT4 cells. In addition, the restriction enzyme patterns of the CAR
Therefore, we decided to determine whether the presence of C4Bne in both RT4 and T24 cells were identical revealed by five
MRNA in these human cancer lines correlated with the dramaticatlifferent enzymes (such @&anHlI, EcoRl, Hindlll, Pst, and Mspl)
different B-gal activity detected. We first performed quantitativesuggested that no large gene alteration in the CAR gene can account
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Fig. 3. Enhanced viral infectivity in T24 cells transfected with a CAR expression vector. Individual clones of CAR-transfected T2#eceN®,(N3, and N4) and
plasmid-transfected T24 cells€., T6, T8, and T10) were characterized for the pattern of DNA integra#dngene expression using quantitative RT-P@&R&nd Northern analyses
(C), and protein expression using immunostainiBy. (A, high molecular weight DNA (2G.g) was digested witlindlll and subjected to Southern blot analysis probed witted
cDNA probe.B, total RNA (2 ug) was reverse transcribed as first-strand cDNA and then subjected to PCR containing both CAR-specific primers and GAPDH primers as an internal
control. Relative levels of CAR mRNA were as follows: RT4, 1.0; T24, 0; N2, 0.95; N3, 0.17; N4, 0.44; T6, 0; T8, 0; and Tl@ot@ RNA (20 1g) was used for Northern blot
analysis.D, the expression of CAR protein on the cell membrane was determined with immunofluorescence staining using either controlthitiboeyar RmcB antibody thick

line) and quantified with a flow cytometer.

for the low levels of CAR mRNA in T24 cells. In four other humanfected clones (T6, T8, and T10) were chosen based on their different
bladder cancer cell lines tested, their restriction enzyme patterns of DI€A integration pattern (Fig. A). Data from the quantitative RT-
CAR gene were identical. Taken together, these data suggested B@R (Fig. B) indicated that the levels of CAR mRNA expression
neither DNA amplification nor DNA arrangement of the CAR genamong those transfected sublines were-NAN4 > N3. The control
can be accounted for such dramatic difference in CAR mRNA levedsiblines were completely negative. Northern blot analysis indicated
in these human bladder cancer cells. Therefore, transcriptional rethat these three sublines expressed a single CAR mRNA band with a
lation of the CAR gene may be critical for modulating CAR levels impredicted size of 1.1 kb (only transcribed from the open reading frame
each cell line. More detailed analyses of the CAR gene in T24 cet§ CAR cDNA) that was identical to the 2.4 kb of CAR mRNA
are warranted. detected in RT4 cells (Fig.@. Furthermore, results obtained from
Increased Viral Infectivity after CAR cDNA Transfection. To virus binding ang3-gal activity showed that the N2 subline, consistent
test whether the CAR protein is responsible for adenoviral infectionwith its higher levels of CAR mRNA expression, was the most
human bladder cancer cells, we constructed a mammalian CAR egnsitive cell to adenoviral infection (Table 2). We also noticed that
pression vector and transfected it into T24 cells. After G-418 selettve B-gal activity 24 h after viral infection in N4 cells is relatively
tion, three independent clones (N2, N3, and N4) and vector-trarsgh, but the receptor binding, determingdlbh binding assay, to this
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Table 2 The adenoviral sensitivity among several CAR cDNA-transfected T24 sublineglenovirus type 5, which is frequently used as a viral vector for gene

B-Gal activity therapy, has been cloned (6, 7). Sequence analysis indicates that this
Cell line Virus binding (cpnf) (Aaos nn{r9)” adenoviral receptor CAR cDNA encodes a typical immunoglobulin-
T24 92+ 24 (1P 1.96+ 0.11 (1f like membrane protein with two immunoglobulin domains that may
N2 P 24.91= 2.82 (13) interact with adenovirus fiber protein. In addition to the extracellular
+30(3) 11.95+ 2.00 (6) ) ) . )

N4 94+ 10 (1) 15.01+ 2.49 (8) domain, CAR cDNA contains a 22-amino acid transmembrane do-
ig g(g) 8233 8-5 (8) main and a 107-amino acid intracellular domain that has a putative
T10 106+ (23 o 0.59+ 028 Eog tyrosine phosphorylation site. Based on the CAR protein structure, it

@Each value was determined in triplicate from two separate experiments. is likely that CAR not only may function as the receptor for adeno-
P Numbers in parentheses are fold induction was normalized to parental T24 cellsvirus but also may have other physiological functions, such as a cell
adhesion molecule.

Our Northern blot analysis indicated that there are four CAR
subline as similar to that in parental T24 cells. This may be due to théeRNA transcripts detected in RT4 cells using a full-length CAR
fact that the kinetics for virus binding in N4 cells is much slower thasDNA. Biologically, these RNA transcripts could represent various
the other two sublines. isoforms of CAR that are likely to have different viral binding

Because CAR is a membrane-associated protein, fluorescengfinities or other distinct physiological function. Based on our RT-
activated cell scanning using the monoclonal antibody RmcB WBER results using both CAR3 and CAR4 primers, including both
used to determine the presence CAR protein on cell membrane. tfshsmembrane and intracellular domains, we only observed one
shown in Fig. ®, RT4 cells exhibited a dramatic shift in the fluo-single PCR product from all of the human bladder cancer lines tested.
rescence intensity with RmcB antibodyick lin€) staining compared However, with both CAR1 and CAR2 primers, including extracellular
to control antibodythin line) staining, indicating that a high levels of domain, we did observe several larger size transcripts from RT-PCRs.
CAR protein expression was detected in RT4 cells. In contrast to RTAus far, we have sequenced at least 20 different clones, and none of
cells, parental T24 cells did not have any shift between RmcB afgem appeared to be CAR homologues (data not shown). Other studies
control antibodies, indicating that T24 cells did not have any detegfsing RmcB antibody also indicated that a single protein of 46 kDa
able CAR protein. However, the fluorescence intensity in the N2 cellgs detected by both Western blot and immunoprecipitation (6, 7).
with RmcB antibody staining had a moderate increase comparedtigken together, these results suggest that the higher molecular weight
control antibody staining (Fig. [3), indicating that N2 cells did RNA transcripts may be splicing intermediates of CAR mRNA.
express the CAR protein on their cell membrane. In addition, the aAithough neither CAR mRNA nor protein levels are detectable in
profile of CAR staining exhibited a wide spectrum of intensity 024 cells, the genomic structure of the CAR gene in T24 cells and
their cell membrane, suggesting that the levels of CAR protein exeveral other human bladder cancer lines is identical. This suggests
pressed in N2 cells were very heterogeneous (FY. Similar results  that DNA rearrangement or mutation of the CAR gene does not
were seen withB-gal staining (data not shown). Although, the totahccount for the dramatic difference between RT4 and T24 cells.
CAR mRNA levels in N2 cells were equivalent to that in RT4 cellsnerefore, transcriptional regulation of the CAR gene appears to be an
(Fig. 3C), the majority of N2 positive cells expressed low levels ofmportant aspect of modulating CAR gene activity. Obviously, un-
CAR protein on their cell membrane (FigD® With further cloning  derstanding the gene regulation of CAR leading to the induction of
of N2 cells, we did not obtain any single clone with the enrichedhgogenous CAR gene activity could be a new strategy for increasing
positive cells. We have found, on the basis of selecting more than @ efficiency of gene delivery.
clones from two separate transfection studies, that most clones hagasits from this study demonstrate that the expression of adeno-
only 10-20% positive cells (data not shown). Therefore, it is possiig 4| receptor is heterogeneous among human bladder cancer cells.
that the CAR protein levels in T24 cells may be modulated posttrafipis may have significant implications concerning the design and
scriptionally. o _ _ efficacy of gene therapy trials for human bladder cancer. Our data

The Biological Significance of Viral Receptor in Human Blad- g gqest that determining the receptor status of given patient's tumor

der Cancer Lines. Gene therapy is an innovative approach to thﬁrior to adenovirus-based gene therapy may be important.
treatment of malignant and benign disorders characterized by genetic

alteratlc_)ns that may serve as therapeutic targgts. Several p_ractlcal &Eﬂw owledgments

theoretical considerations (21) make recombinant adenovirus an at-

tractive vector for cancer gene therapy. One advantage is that th&ve thank Dr. Victor Lin for providing the primer set for GAPDH and Dr.
adenoviral receptor CAR is ubiquitous and is detected in a variety lofland Chung for providing the WH cell line.

organs (7). In this study, we observed a wide spectrum of adenoviral

sensitivity in several human bladder cancer lines (Table 1). Althougteferences

thos_e_ cell “_nes _Ongmate from the transitional eplthgllum, each I'nE:‘L Graham, F., and Prevec, L. Manipulation of adenovirus vebtoE. J. Murray (ed.),
exhibits a diversity of phenotypes and growth potential. For example, Methods in Molecular Biology: Gene Transfer and Expression Protocol, Vol. 7, pp.

the RT4 cell line is derived from well-differentiated transitional cell _ 109-128. Clifton, NJ: Humana Press, 1991.
2. Stevenson, S. C., Rollence, M., White, B., Weaver, L., and McClelland, A. Human

papilloma, and the T24 cell line is a rapidly growing transitional " agenovirus serotypes 3 and 5 bind to two different cellular receptors via the fiber head

carcinoma with a mutatecas oncogene. Obviously, more detailed domain. J. Virol.69: 28502857, 1995.

H : H Freimuth, P. A human cell line selected for resistance to adenovirus infection has
st_udles will be required to understan_d \_/vhether CAR levels correlaté reduced levels of the virus receptor. J. VirolQ: 4081-4085, 1996,
with the grade of cancer cells. If similar results can be observegl [onberg-Holm, K., Crowell, R. L., and Philipson, L. Unrelated animal viruses share
clinically, these data will certainly have an impact on the efficacy of reC;eptorS- Nalture (Lond-2ﬁ9: 6793681, 1976. 4 Boul g

. 5. Defer, C., Belin, M-T., Caillet-Boudin, M-L., and Boulanger, P. Human adenovirus-
adenOVIruts'baSEd gene therapy. . . host cell interactions: comparative study with members of subgroup B and C. J.
Adenoviruses are nonenveloped DNA viruses that can infect target virol., 64: 3661-3673, 1990.

cells by binding to cellular receptors. More than 40 human adenovirds Bergelson, J. M., Cunningham, Drouguett, G., Kurt-Jones, E. A., Krithivas, A., Hong,

t h b identified b d lei id h | J. S., Horwitz, M. S., Crowell, R. L., and Finberg, R. W. Isolation of a common
serotypes have been laentie ased on nucleic aci omo Cng'receptorfor coxsackie B viruses and adenoviruses 2 and 5. Science (Washington DC),

oncogenic potential, and their protein component. The receptor for 275:1320-1323, 1997.
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