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ABSTRACT

High frequency of p16 alteration and high local recur-
rence rate of bladder cancer make this cancer an ideal target
for p16 gene therapy. However, a low transduction rate of
pl6 via adenoviral vector causes an inconsistent result. In
this study, we have tested adenovirus-p16 in several bladder
cancer cell lines and investigated a way of improving the low
transduction rate. Adenovirus-p16 showed a strong antitu-
mor effect on bladder cancer cell lines (253J and T24) with
strong Coxackie-adenoviral receptor (CAR) expression but
little antitumor effect on bladder cancer cell lines (J82 and
HT1376) with little CAR expression. In this study, we sug-
gest a simple way of overcoming the differential effects of
the adenovirus. The addition of butyrate to media was found
to increase the transduction rate of adenovirus remarkably
and increase the antitumor effect of adenovirus-p16 in blad-
der cancer cell lines with little CAR expression. Butyrate
effects were related with increased CAR expression on the
cell surface as well as increased transgene expression from
adenoviral vector. From these observations, application of
adenoviruspl6 gene therapy with butyrate can overcome
the obstacle of low gene transfer and enhance the antitumor
effect of adenovirus-p16 in bladder cancer.

Received 5/1/00; revised 10/24/00; accepted 10/25/00.

INTRODUCTION

Tumor suppressor gene therapy is one of the major types of
cancer gene therapy (1). Losses of tumor suppressor genes are
involved in many types of cancer, including bladder cang#6,
located in 9p21, is one of the tumor suppressor genes that are
involved in the G-S regulation of the cell cycle. Loss of p16
activity by deletion, point mutation, or hypermethylation of the
pl6 promoter has been detected frequently in bladder cancer,
resulting in a G regulation defect (2-5). 9p deletion appears to
be an early event in bladder carcinogenesis and has been found
in >50% of superficial bladder cancer (6). Allelic loss of 9p
could be a marker for the early detection of bladder cancer.
Seventy-five % of bladder tumors present as superficial lesions.
Superficial tumors can be treated by transurethral resection, but
the high reported rates of local recurrence require another treat-
ment modality (7). Furthermore, deletions of {h8"N"**2 gene
are related to high recurrence in superficial bladder cancer (8).
Gene therapy with tumor suppressor genes, sughléscould
be an ideal treatment modality for superficial recurrent bladder
tumor, which has an associated high incidence of genetic ab-
normalities and would be easy to apply by cystoscopy.

Adenovirus is a very useful method of gene transfer with
high efficiency and a high level of expression. Unfortunately,
recent studies have revealed that expression of €AR,im-
portant receptor of adenoviral entry, is frequently lost in bladder
cancer cells (9). This could be a new obstacle for adenoviral
gene therapy in bladder cancer.

In this study, we investigated CAR expression in several
human bladder cancer cell lines and the antitumor effects of
adenovirus-p16 according to the CAR level and p16 status and
also found a way to overcome the low transduction rate in
bladder cancer.

MATERIALS AND METHODS

Cell Lines. Four human bladder cancer cell lines (J82,
HT1376, T24, and 253J) were purchased from the Korean Cell
Line Bank, Seoul National University College of Medicine
(Seoul, Korea). All cell lines were maintained in RPMI 1640
8% FBS + penicillin/streptomycin. RmcB (CRL-2379) for
CAR antibody was purchased from American Type Culture
Collection (Manassas, VA).

Adenovirus-p16. We had already constructed adeno-
virus-pl16 and tested its efficacy in human lung cancer cell
lines (10, 11). Briefly, the p18%** cDNA in pGEX-2TK
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Fig.1 CAR expression status in human bladder cancer cell lines.
Moderate to high levels of CAR expression were found in 253J and T24. L
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Fig. 2 Addition of butyrate increased the expression of CAR in J82

and HT1376. CAR expressions were increased progressively, according

to the increasing concentrations of butyrate.

No butyrate Butyrate (0.5mM)

Fig. 3 5-Bromo-4-chloro-3-indolyl3-p-galactopyranoside staining
showed that addition of butyrate during transduction with@agal
increased the transduction efficiency in J&21fo butyrate: 8.5%b,

0.5 mv butyrate, 24.3%¢, 2.0 mv butyrate, 76.2%).

Butyrate (2.0mM)

pAC CMVpLpA (provided by Robert D. Gerard, University
of Texas Southwestern Medical Center, Dallas, TX). The
pAC CMV-pl6 and pJM17 were cotransfected into 293 cells
using the calcium phosphate method. Adenovirus-p16 with
CMV promoter was generated by homologous recombination
(11). For the experiment, adenovirus-null (recombinant ade-
novirus without any therapeutic gene) or gejal was used

as a control virus.

Transduction with ad-p16. Exponentially growing hu-
man bladder cancer cell lines were transduced with 100 moi of
ad-p16 fo 1 h inserum-free media and incubated with complete
media (RPMI 1640+ 8% FBS+ penicillin/streptomycin) until
use. When we used butyrate for the experiment, cell culture
before and after transduction was conducted in sodium butyrate
(0.1 to 2 mu, Sigma)-containing media.
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Determination of CAR Expression on the Cell Surface  proportion was measured by DNA histogram by the protocol of
by Flow Cytometry. Flow cytometric analysis for CAR was the CycleTestTM plus DNA reagent kit (Becton Dickinson, San
used to measure CAR expression on human bladder cancer cell®ose, CA).

Briefly, cells were detached with a scraper and were incubated  Analysis of Cell Growth Inhibition.  Four bladder can-
with a saturating quantity of primary antibody [mouse mono- cer cell lines were transduced with ad-p16 (100 moi), ad-null
clonal antibody against human CAR from the RmcB (CRL- (100 moi), or media as a mock infection in a six-well plate. Cell
2379) cell line] for 30 min at 4°C and washed with PBS. After numbers were counted daily by hemocytometer from days 1 to
incubation with secondary antibody [FITC-conjugated FXab 6. In two cell lines showing little growth inhibition by ad-p16 in
of antimouse 9G] for 30 min at 4°C, cells were analyzed normal media, we transduced and kept the cells in media with
immediately on a flow cytometer (FACSCalibre; Becton Dick- pytyrate (0.5 m in HT1376 and 2 m in J82). Cell growth was
inson, San Jose, CA). To measure the effect of butyrate on CARneasured by the same method.

expression, the same experiments were done with cells incu-

bated in media containing butyrate of various concentrations

(0.1 to 2 rm) for 24 h. RESULTS

Transduction Efficiency by ad-B-gal with or without Determination of CAR Expression on the Cell Surface
Butyrate. The effect of butyrate on the transduction rate wasby Flow Cytometry and Effect of Butyrate on CAR Expres-
investigated. Bladder cells were transduced with 100 moi ofsion. FACS analysis for CAR expression revealed high ex-
ad-gal and maintained with butyrate (0—2wmjacontaining  pression of CAR in 253J and moderate expression in T24.
media for 48 h. Ad3-gal transduction rates were compared by However, little expression of CAR in J82 was found and almost
5-bromo-4-chloro-3-indolyB-p-galactopyranoside staining. no expression in HT1376 (Fig. 1). However, the addition of

Western Blot for p16 and Rb Proteins. Four bladder butyrate of various concentrations from 0.1 to 2.@ mcreased
cancer cell lines were transduced with ad-p16 (100 moi). Afterthe expression of CAR in J82 and HT1376 (Fig. 2). CAR levels
protein extraction at 24 h of incubation, Western blot assaysvere increased progressively according to increasing butyrate
were performed using the ECL Western blotting detection sys-concentration.
tem and protocol (Amersham). The primary antibodies for p16 Transduction Efficiency of ad-B-gal Was Dependent on
and for Rb were polyclonal rabbit anti-p16 antibody (PharMin- CAR Expression and Improved by Butyrate. High trans-
gen, San Diego, CA) and monoclonal mouse antihuman-RHuction rates were observed in two bladder cancer cell lines with
antibody (PharMingen), respectively. moderate to high CAR expression; however, low transduction

Cell Cycle Analysis by FACS. To check cell cycle rates were observed in two cancer cell lines with low CAR
change attributable tp16 gene transfer, exponentially growing expression. In cancer cell lines with low CAR expression,
cancer cells were transduced with ad-p16 (100 moi), ad-nullputyrate treatment improved the transduction rate dramatically
and media as a mock infection. After 48-h incubation, cell cycleup to 60—-76% (Fig. 3; Table 1).
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Fig. 6 Growth suppression of bladder cancer cell
lines by ad-p16 transduction. ad-pl6 transduction
suppressed the cell growth of 253J and T24. How-
ever, in HT1376 and J82, ad-p16 transduction could
not suppress the cell growth in normal media. In =
butyrate-containing media, HT1376 and J82 became & *
very sensitive to ad-p16 transduction (Fige@&ndf). .
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Western Blot Assay for p16 and Rb Protein. Among with little to no CAR expression and with p16 expression (J82 and
four bladder cancer cell lines, endogenous p16 production wablT1376), adenovirus-mediated p16 did not inhibit the growth of
found in J82 and HT1376 but not in T24 or 253J (Figy).4 cells. However, addition of butyrate to the media restored the
ad-p16 transduction induced high expression of exogenous plgrowth-inhibitory activity of ad-p16 in J82 and HT1376 compared
in 253J and T24. In HT1376, ad-p16 transduction in normalwith control and ad-null transduced cells in butyrate-containing
media induced very little expression of exogenous p16; how-medium (Fig. 6e andf). These findings suggest that the increased
ever, addition of butyrate increased pl6 expression. In J82yansduction efficiency of pl6, even in pl6-positive cell lines,
exogenous p16 production was also increased by butyrate (Fignduced growth suppression.
4b). These data were also consistent with increased transduction
rate of adenovirus by butyrate as shown in Fig. 3 and Table 1.

Endogenous expression of Rb protein was found in 253J an®ISCUSSION

T24 in both the unphosphorylated and phosphorylated forms. In The endogenous status of pl16 and pRb are known as
J82, only small amounts of unphosphorylated pRb were founddeterminants of the effect of ad-p16 gene therapy. Ceaigl.
ad-p16 transduction in 253J and T24 induced the dephosphdi2) showed that antitumor effects of ad-p16 were strong in
rylation of pRb (Fig. 4). cancer cells with mutant or null-type f@16 and wild type for

Cell Cycle Analysis by FACS. Strong G-S arrest was pRh Antitumor effects of ad-p16 were weak in cancer cells with
found in 253J and T24. In 253J,,$% arrest was more profound wild type for p16 and nonfunctional pRb (12). This study also
(S-phase fraction: 0.97% in ad-p16, 25.38% in ad-null, and 36.60%howed the same results. Antitumor effects (cell cycle arrest and
in untransduced cells). In T24, the S-phase fraction in ad-pl@rowth suppression) were profound in T24 and 253J, which
transduced cells was 5.25% compared with 23.98% in untranshave no p1l6 expression but intact pRb expression. In J82 and
duced cells and 22.49% in ad-null transduced cells. HoweverHT1376 that have p16 expression and no pRb expression, the
minimal G-S arrest was found in J82 and HT1376 (Fig. 5). antitumor effects of ad-p16 were minimal.

Analysis of Cell Growth Inhibition. Adenovirus-me- In addition to p16 and pRb status, the expression level of
diated p16 transfer to cancer cell lines with CAR expressionCAR is another determinant for the effect of pilé gene
and no pl6 expression (253J and T24) strongly inhibited theherapy (9). FACS showed high expression of CAR in 253J and
growth of cancer cell lines. However, in bladder cancer cell linesmoderate expression in T24. In these two cell lines, ad-p16
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showed strong &S arrest and cell growth inhibition. Little 3. Orlow, I., Lacombe, L., Hannon, G. J., Serrano, M., Pellicer, I.,
expression of CAR was noted in J82 and HT1376 in that ad-p1@albagni, G., Reuter, V. E., Zhang, Z. F., Beach, D., and Cordon-Cardo,
showed little G-S arrest and weak growth inhibition. In contrast C. Deletion of thgpl6andpl5genes in human bladder tumors. J. Natl.
to a previous report (9), T24 expressed moderate numbers o?ancer Inst.B7: 15241529, 1995.

) 4. Ruas, M., and Peters, G. The §¥8%CDKN2A tumor suppressor
CAR on the cell surface. Unfortunately, these results did not,, i’ ciatives. Biochim. Biophys. Actd378: F115-F177, 1998.
allow us to determine which determln_ant_ls the major factor, _Niehans, G. A., Kratzke, R. A., Froberg, M. K., Aeppli, D. M.,
because the presence of p16 expression in bladder cancer cefigyen, p. L., and Geradts, J. G1 checkpoint protein and p53 abnor-
coexists with little expression of CAR. malities occur in most invasive transitional cell carcinomas of the

Li et al. (13) confirmed the role of CAR in adenovirus entry urinary bladder. Br. J. Cance80: 1175-1184, 1999.

and suggested adenovirus-CAR for increasing CAR density ané. Czerniak, B., Chaturvedi, V., Li, L., Hodges, S., Johnston, D., Ro,
improving adenovirus gene transfer efficiency. Hidakaal. (14)  J: Y., Luthra, R., Logothetis, C., Von Eschenbach, A. C., Grossman,
also suggested that CAR deficiency on adenovirus targets could H& B-: Benedict, W. F., and Batsakis, J. G. Superimposed histologic and

) . . . genetic mapping of chromosome 9 in progression of human urinary
circumvented either by supplying CAR by adenovirus or by mOd'bladder neoplasia: implications for a genetic model of multistep urothe-

ifying adenovirus fiber to bind to another cell surface receptor. jial carcinogenesis and early detection of urinary bladder cancer. On-
In this study, we suggest a simple method of overcomingcogene,18: 11851196, 1999.
the low transduction rate of adenovirus into CAR-deficient 7. Scher, H. I., and Motzer, R. J. Bladder and renal cell carcinéma.
bladder cancer cell lines, which involves the use of sodiumB. Fauci (eds.), Harrison’s Principles of Internal Medicine, Ed. 14, pp.
butyrate that has already been used to improve viral gen@92-596. New York: McGraw-Hill, 1998.
expression at the transcriptional level (15-17). We have previé: Orlow. I, LaRue, H., Osman, |., Lacombe, L., Moore, L., Rabbani,
ously used butyrate to increase the expression of transgene froF" Meyer, F., Fradet, Y., and Cordon-Cardo, C. Deletions offHeIA
- ne in superficial bladder tumors. Association with recurrence. Am. J.
adenoviral vector (ad-mB7; Ref. 18). However, we had somepathol.,115: 105-113, 1999.
reservations as to whether butyrate could improve the transdugy, Lj, v., Pong, R. C., Bergelson, J. M., Hall, M. C., Sagalowsky, A. I.,
tion rate in cancer cell lines with little CAR expression. Tseng, C. P., Wang, Z., and Hsieh, J. T. Loss of adenoviral receptor
In this experiment, we revealed that addition of butyrate toexpression in human bladder cancer cells: a potential impact on the
the media increased CAR expression in cancer cell lines witr£fficacy of gene therapy. Cancer Res9; 325-330, 1999.

; ; ; 10. Lee, J. H,, Lee, C. T., Yoo, C. G., Hong, Y. K., Kim, C. M., Han,
little CAR expression (J82 and HT1376). CAR expression wasg’ K., Shim, Y., Carbone. D. P., and Kim, Y. W. The inhibitory effect

dependent of the concentration of butyrate. Higher butyrat&; agenovirus-mediated16™<*2 gene transfer on the proliferation of
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) g 9 P y buly ) . H., Mudahar, B., Srivastava, S., Seth, P., and Cowan, K. Effects of
be still an important factor to overcome the low transduction adenovirus-mediated p16INK4A expression on the cell cycle arrest are
rate of adenovirus to CAR-deficient cell lines, this study determined by endogenous p16 and Rb status in human cancer cells.
revealed increase in CAR expression by butyrate is anothePncogenelé: 265-272, 1998.
important mechanism. The observation that butyrate could3. Li, D., Duan, L., Freimuth, P., and O'Malley, B. W., Jr. Variability
improve the expression of adenoviral transgene, even in CAR9f adenoylrus receptor density influences gene tran_sfer efficiency and

- . o . . therapeutic response in head and neck cancer. Clin. Cancer Res.,
deficient cell lines with induction of CAR expression, has avery 41754181 1999,
important impact upon the problem of the low transduction ratey4 igaka, C., Milano, E., Leopold, P. L., Bergelson, J. M., Hackett
of adenoviral vector in some tumor cell lines. This increasedn. R., Finberg, R. W., Wickham, T. J., Kovesdi, I., Roelvink, P., and
expression leads to marked growth suppression of ad-p16 in J8@rystal, R. G. CAR-dependent and CAR-independent pathways of ad-
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