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Hypophosphorylated Rb was shown to be a transcrip-
In order to investigate if the enhanced expression of tional repressor that is targeted to genes through inter-

Rb confers increased cellular resistance to adriamy- action with E2F, the transcription factor regulating
cin, we made Rb stable transfectants from colon carci- transcription of S-phase genes required for cell cycle
noma cells, SW620. Rb stable transfectants exhibited progression, G1 to S, and for DNA synthesis (11, 12, 13,5- to 10-fold more resistance to adriamycin than the

14). It interacts with Elf-1 and inhibits Elf-1-dependentcontrol cells. To study the correlation between en-
transcription in human T cells (15). The interaction ofhanced Rb expression and MDR1 expression, products
Rb with the transcription factors stimulates the tran-of the Rb gene and the MDR1 gene in Rb stable
scription factors-mediated transcription (16, 17). Rb,transfectants were measured by Western blot analysis.
also, stimulates Sp1- and ATF-2-mediated transcrip-These Rb transfectants showed increased MDR1 ex-
tion (18, 19). It was recently reported that Rb stimu-pression. Transient transfection of the MDR1 pro-
lated expression of cyclin D1 at the transcriptionalmoter-CAT reporter gene and the Rb gene demon-
level, possibly, through Sp1 binding sites (20). Thesestrated that Rb up-regulated MDR1 promoter activity

in SW620 cells. Rb may, at least partly, contribute to a results suggested that Rb might be a transcriptional
role in protecting cells from carcinogen exposure by regulator that controls expression of several genes.
up-regulating the MDR1 gene. q 1998 Academic Press MDR1 expression is regulated in response to various

stresses such as chemotherapeutic agents, cadminum,
heat shock, arsenite, and differentiating agents (21).
Several transcription factors have been suggested toRb has been implicated in suppressing apoptosis. Rb
be a mediator through which MDR1 expression is in-protects radiation-induced apoptosis in the human os-
duced by these stresses. The transcription factors suchteosarcoma cells (1) and inhibit ceramide-induced
as Sp1 and Egr-1 are involved in inducible expressionapoptosis in human bladder tumor cells (2). Rb is also
of the MDR1 gene by v-raf kinase and TPA (22, 23).known to be important for inhibiting apoptosis in other
The Y-box-binding protein binds the MDR1 promotercells. Cyclin D1-induced apoptosis is inhibited by Rb
and induces MDR1 expression, conferring on cells anin neuronal cells (3). Overexpression of Rb inhibited
increased resistance to some chemotherapeutic drugscytokine-induced apoptosis and prevented p53-medi-
(24, 25).ated apoptosis (4, 5, 6). These results are consistent

We observe that expression of the Rb gene was in-with the previous reports that massive apoptosis was
creased by exposure to adriamycin in colon carcinomadetected in the hematopoietic cells, central nervous sys-
cells. We were interested in studying if Rb might havetems, and the developing ocular lens of Rb-deficient
some role in protecting cells from toxic chemicals suchmice (7, 8, 9, 10).
as adriamycin. So we investigated the correlation be-It has been suggested that Rb regulates genes nega-
tween Rb levels and MDR1 gene expression. In thistively or positively through transcriptional controls.
study, we showed that enhanced expression of Rb
caused by adriamycin treatment resulted in increased

1 This work was supported by the National Nuclear R & D Program MDR1 expression. We carried out co-transfection ex-
of the Ministry of Science and Technology of Korea. periments with the CAT reporter genes under the con-2 To whom requests for reprints should be addressed at Laboratory

trol of the promoter of the MDR1 gene. Our results,of Experimental Therapeutics, Korea Cancer Center Hospital, Seoul
139-240. Fax: 82-2-977-0381. E-mail: ydy@kcchsun.kcch.re.kr. described in this study, demonstrated that Rb might
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have another role, protecting cells from toxic chemicals,
besides growth control and the regulation of gene ex-
pression.

MATERIALS AND METHODS

Cell culture. SW620 cell lines and the adriamycin-resistant cell
lines for SW620 cells were grown in RPMI1640 (Life Technologies,
Inc., Grand Island, NY) containing 7% fetal bovine serum (Life Tech-
nologies, Inc), 2 mg/ml sodium bicarbonate, 100 units/ml penicillin,
and 100 mg/ml streptomycin and maintained at 377C and 5% CO2.

Construction of Rb-overexpressed cell lines. Exponentially grow-
ing SW620 cells (5 1 105) were transferred to 60 mm tissue culture
plate containing 4 ml of RPMI1640 medium. After washing with
serum-free medium, cells were incubated with a mixture of 20 ml of
Lipofectin (Life Technologies, Inc.) and 4 mg of Rb DNA in 2 ml of
serum-free medium for 12 hours. The cells were then cultured in
RPMI1640 medium containing 500 mg/ml G418 (Life Technologies,
Inc.) for 2-3 weeks.

Plasmids. All the MDR1 promoters in the MDR1 promoter-re-
porter CAT gene were generated by polymerase chain reamplifica-
tion. Amplified DNA fragments, 01572 to /130, 0500 to /130, and
070 to /130, were cloned into promoterless CAT expression plasmid
(pGEM4-SVOCAT) using HindIII and KpnI restriction sites built
into the oligonucleotides used for amplification.

CAT assay. The MDR1 promoter-reporter CAT gene with or with-
out the Rb gene were transfected into the SW620 cells by the Lipofec-
tin method. After 48 hours, the cells were harvested and the protein

FIG. 1. (A) Rb expression in Rb stable transfectants. Rb stableconcentration of the cell lysates was determined by using the Bio-
transfectants were constructed as described under Materials andRad (Hercules, CA) protein assay. Equal amounts of protein were
Methods. Protein lysates were separated by SDS-PAGE and Rb ex-used to assay for the CAT enzyme.
pression was detected by Western blotting. Equal loading of protein

Cytotoxicity assay. Drug sensitivity to adriamycin was measured was confirmed by ponceau S staining after Western blotting. Lane
using a sulforhodamine B assay as previously described (26). 1, SW620; Lane 2, SW620-neo; Lanes 3-5, Rb stable transfectants

SW620-Rb1, SW620-Rb2, and SW620-Rb3, respectively. (B) Viability
Cell lysates and Western blotting. 2 1 106 cells were prepared by analysis of Rb stable transfectants SW620-Rb1, SW620-Rb2, and

lysis with 50 ml of RIPA buffer (150 mM NaCl, 1.0% Nonidet P-40, SW620-Rb3 after treatment with various doses of adriamycin. Drug
0.5% deoxycholic acid, 0.1% SDS, 50 mM Tris [pH 8.0]) containing sensitivity to adriamycin was measured using sulforhodamine B
phosphatase inhibitors (1 mM sodium orthovanadate, 30 mM NaF, assay after 72-h drug exposure. l, SW620-neo; j, SW620-Rb1; h,
and 30 mM NaPPi). Samples (50 mg/land) were resolved by SDS- SW620-Rb2; s, SW620-Rb3.
PAGE and blotted on nitrocellulose membranes. Filters were incu-
bated for 1 hr at room temp. with anti-Rb, #PC13 (Oncogene Science,
Uniondale, NY) or with anti-p-glycoprotein, C-19 (Santa Cruz Bio-
technology, Santa Cruz, CA). The antigen-antibody complexes were 1A). The Rb in SW620-Rb3 cells was expressed higherdetected by enhanced chemiluminescence, according to the manufac-

than in other cell lines. Adriamycin sensitivity wasturers instructions (Amersham, Little Chalfont, England).
measured for SW620-neo, Rb1, Rb2, and Rb3 cell lines.
Cellular response to adriamycin was evaluated using

RESULTS sulforhodamine B assay at various doses. The greatest
viability was in SW620-Rb3, which expresses more Rb
protein than other cell lines. The result demonstratesEnhanced Expression of Rb and Adriamycin
that enhanced Rb expression results in increased resis-Resistance
tance of SW620 cells to adriamycin treatment. We also
examined cell cycle distributions of transfectantsIn order to investigate the correlation between en-
(SW620-neo, SW620-Rb1, and SW620-Rb3). Fractionshanced expression of Rb and adriamycin resistance,
of cell population in the G0-G1 phase (in %) were 43,we established SW620 cell lines overexpressing the
54, and 64, respectively.Rb protein. Three G418-resistant clones, SW620-Rb1,

-Rb2, and -Rb3, were selected from G418-resistant
clones. Cellular Rb concentrations were determined by Rb Expression Is Associated with MDR1 Expression
Western blot analysis. An increased Rb expression was
observed in three G418-resistant cell lines as compared Multidrug resistance to anticancer drugs is associ-

ated with overexpression of the MDR1 gene. To exam-with SW620 cells and neo-transfected SW620 cells (Fig.
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FIG. 2. MDR1 expression in Rb stable transfectants. Protein ly-
sates from Rb stable transfectants were separated by SDS-PAGE
and Western blotting for p-glycoprotein was done. Equal loading of
protein was confirmed by ponceau S staining after Western blotting.
Lane 1, SW620-neo; Lanes 2-4, SW620-Rb1, SW620-Rb2, and SW620-
Rb3, respectively. FIG. 4. (A) MDR1 expression after adriamycin treatment.

SW620 cells were treated with adriamycin and maintained in culture
for 1 day and then Western blotting for p-glycoprotein was per-
formed. Lane 1, untreated; Lanes 2-5, treated with 0.64, 3.2, 16, andine which factor is involved in adriamycin resistance
80 ng/ml adriamycin, respectively; Left, location of the Mr 199,000of Rb transfectants by increased Rb expression, we
marker; arrow, p-glycoprotein. (B) Increase in Rb expression after

studied MDR1 expression in three Rb transfectant cell adriamycin treatment. SW620 cells were treated with adriamycin
lines. Cells were cultured in RPMI1640 medium with- and maintained in culture for 1 day. Rb expression after adriamycin

treatment was determined by Western blotting. Lane 1, untreated;out G418 for 3 days to eliminate the effect of G418
Lanes 2-6, treated with 0.64, 3.2, 16, 80, or 400 ng/ml adriamycin,in MDR1 expression and then Western blotting for p-
respectively; Left, location of the Mr 106,000 marker; arrow, Rb.glycoprotein was done. The highest level of MDR1 ex-

pression was observed in SW620-Rb3 cell line, which
had also shown the highest Rb expression among the

transfection with the MDR1 promoter-reporter and thetested cell lines (Fig. 2). In contrast, Rb expression in
Rb gene. The MDR1 promoter-CAT construct withSW620-Rb1 cell line was much lower than that in
CMV expression vector or Rb was transiently trans-SW620-Rb3 cell lines. MDR1 expression in SW620-Rb1
fected into SW620 cells and CAT activity was mea-cell line was slightly increased as compared with
sured. The minimal promoter construct pSVOCAT wasSW620 cells.
used as a control for Rb-induced nonspecific increasesFigure 3 shows that enhanced MDR1 expression was
in transcription. There was little induction in minimalcaused by increased Rb expression. Rb has been known
MDR1-promoter driven CAT activity. However, an in-to induce transcription of some genes. So, we tested the
crease in CAT expression of 01572 MDR1 promoter-ability of Rb to induce transcription of MDR1 by co-
CAT and 0500 MDR1 promoter-CAT constructs was
observed in the presence of Rb. The induction was abol-
ished when the deletion reached nucleotide position
070 (Fig. 3). These data suggest that Rb stimulates
MDR1 expression at the transcriptional level in SW620
cells.

Induction of Rb by Adriamycin

MDR1 expression could be modulated by adriamycin
treatment (Fig. 4A) and we showed that Rb stimulated
MDR1 expression at the transcriptional level in Fig.
3. We examined whether adriamycin treatment could
cause increases in expression of Rb. Figure 4 shows
that the expression levels of MDR1 and Rb were simul-
taneously increased after exposure to adriamycin in
SW620 cells. These results demonstrate that enhanced
Rb expression resulting from exposure to adriamcyin
may induce an increase in MDR1 expression.

DISCUSSION
FIG. 3. Stimulation of MDRCAT expression by Rb. MDRCAT

Rb has an important role in apoptosis, senescence,plasmids with deletions at their 5*-ends were co-transfected with
either CMV expression vector control or Rb. differentiation, and suppressing tumorigenesis. Func-
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tional Rb gene loss is seen in retinoblastoma and many the Rb gene. From this study we hypothesize that Rb
may have a role in protecting cells from carcinogenskinds of tumors (27, 28) and is associated with tumor

progression in bladder carcinoma (29). A low level of such as adriamycin by reducing the intracellular con-
centration of toxic compounds. Also, we cannot rule outRb is also implicated in shortened survival in acute

mylogenous leukemia (28). Deletions or mutations in that enhanced Rb expression may cause the growth
arrest associated with cell damage, which providestumor suppressor genes is associated with multidrug

resistance. There have been several reports that Rb time for DNA repair, thereby preventing adriamycin-
induced apoptosis. Decreased drug sensitivity in Rb-inhibits apoptosis. Massive apoptosis was observed in

Rb-deficient mice (7, 8, 9, 10). Rb prevents apoptosis overexpressing SW620 cells may be associated with
both increased MDR1 expression and enhanced repairand increases viability following treatment of radiation

in Saos-2 cells expressing Rb which originally lacked function associated with G1 arrest.
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