
Abstract. 1,1-Bis(3'-indolyl)-1-(p-bromophenyl)methane
(DIM-C-pPhBr) and the 2,2'-dimethyl analog (2,2'-diMeDIM-
C-pPhBr) inhibit proliferation and induce apoptosis in SW480
colon and Panc28 pancreatic cancer cells. In this study,
treatment with 10-20 μM concentrations of these compounds
for 24 h induced cleaved PARP and decreased survivin
protein and mRNA expression in both cell lines. However,
results of time course studies show that DIM-C-pPhBr and
2,2'-diMeDIM-C-pPhBr decrease survivin protein within 2 h
after treatment, whereas survivin mRNA levels were decreased
only at later time-points indicating activation of transcription-
independent and -dependent pathways for downregulation
of survivin. In addition, we also observed that Á-radiation
inhibited pancreatic and colon cancer cell growth and this
was associated with enhanced expression of survivin after 24
(SW480) or 24 and 48 h (Panc28) and correlated with previous
studies on the role of survivin in radiation-resistance. However,
in cells co-treated with Á-radiation plus DIM-C-pPhBr or
2,2'-diMeDIM-C-pPhBr, induction of survivin by Á-radiation
was inhibited after co-treatment with both compounds,
suggesting applications for these drugs in combination
cancer chemotherapy with Á-radiation.

Introduction

Survivin is a 16.5 kDa protein and a member of the inhibitor
of apoptosis (IAP) family of proteins that suppress caspase-3,

-7 and -9 and thereby inhibits both the extrinsic and intrinsic
apoptotic pathways (1-3). In addition to the anti-apoptotic
activity of survivin, this protein also acts as a subunit of the
chromosomal passenger complex and plays a role in cell
division and cell cycle control (4). Survivin expression in
normal tissues is variable (5-9); however, several studies
show that survivin is more highly expressed in precancerous
and tumor tissue derived from most solid tumors and hemato-
logical malignancies (3,5,10,11). Intuitively, overexpression
of survivin and other IAPs is not unexpected since cancer
cells and tumors typically exhibit deregulated proliferative
and survival pathways. High levels of survivin expression in
cancer cells are due, in part, to several factors which regulate
survivin at the transcriptional and posttranscriptional level.
For example, several cancer cell lines overexpress specificity
protein (Sp) transcription factors Sp1, Sp3 and Sp4 which
in turn increase survivin expression through interaction
with GC-rich cis-elements in the survivin promoter (12-14).
Nuclear factor kappa B (NF-κB) is overexpressed in multiple
tumor types and in some leukemia cell lines, expression of
survivin is regulated by NF-κB (15). In other leukemia cell
lines, Krüppel-like factor 5 (KLF5) upregulates survivin
expression and inhibits p53 which mediates suppression of
survivin (16,17).

Several studies report that survivin overexpression is a
negative prognostic factor for cancer patient survival (3,18-22).
For example, increased nuclear (but not cytosolic) survivin
expression was associated with a decreased overall survival
for breast cancer patients (18). Survivin expression in tumors
is not only a negative prognostic factor, but expression of this
gene has also been linked to drug resistance associated
with chemotherapy and radiotherapy (23-30). Resistance to
antiandrogen and cisplatin therapy for treatment of prostate
cancer is mediated by survivin (23,24) and taxol resistance
has also been linked to induction of survivin in cancer cell
lines and tumors (25,26). Radiotherapy is important for treating
several types of tumors and radioresistance is related, in part,
to induction of survivin in tumors undergoing radiotherapy
(27-30). These observations suggest that survivin may be an
important chemotherapeutic target for cancer chemotherapy
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and agents that decrease survivin expression could also serve
to ameliorate drug- and radiotherapy-resistant tumors in
which survivin expression is increased. 

Research in this laboratory has identified a series of 1,1-
bis(3'-indolyl)-1-(p-substituted phenyl) methanes (C-DIMs)
that inhibit pancreatic, colon, prostate, bladder and breast
cancer cell and tumor growth (31-36). C-DIMs containing
p-phenyl, p-t-butyl and p-trifluoromethyl substituents activate
peroxisome proliferator-activated receptor Á (PPARÁ) (31-34),
whereas p-methoxy and unsubstituted C-DIMs activate the
orphan receptor Nur77 (35,36). Other receptor-inactive C-DIMs
including 1,1-bis(3'-indolyl)-1-(p-bromophenyl)methane
(DIM-C-pPhBr) and the corresponding 2,2'-dimethyl
derivative (2,2'-diMeDIM-C-pPhBr) also induce apoptosis in
cancer cells through activation of ER stress (37,38). In this
study, we demonstrate that DIM-C-pPhBr and 2,2'-diMeDIM-
C-pPhBr decrease survivin expression in pancreatic and
colon cancer cells and in combination with radiotherapy,
these compounds decrease radioresistance and inhibit radiation-
induced survivin expression.

Materials and methods

Chemicals, antibodies, plasmids, and reagents. C-DIMs were
synthesized in this laboratory from the condensation of indole
or substituted indole plus a substituted benzaldehyde derivative
and confirmed by gas chromatography-mass spectrometry as
described previously (31,37,38). Cleaved poly (ADP-ribose)
polymerase (PARP) antibody was obtained from Cell Signaling
(Danvers, MA). Survivin antibody was purchased from R&D
Systems (Minneapolis, MN); ß-actin antibodies were purchased
from Sigma-Aldrich (St. Louis, MO); and proteasome inhibitor
MG132 was purchased from Calbiochem (San Diego, CA).
The pSurvivin-269 constructs containing survivin promoter
inserts (positions -269 to +49) linked to luciferase reporter
gene was kindly provided by Dr M. Zhou (Emory University,
Atlanta, GA). Reporter lysis buffer and luciferase reagent for
luciferase studies were purchased from Promega (Madison,
WI). ß-galactosidase (ß-gal) reagent was obtained from
Tropix (Bedford, MA). Lipofectamine reagent was supplied
by Invitrogen (Carlsbad, CA). Western lightning chemilu-
minescence reagent was from Perkin-Elmer Life Sciences
(Boston, MA).

Cell lines. SW480 human colon carcinoma cell lines were
provided by Dr Stanley Hamilton (M.D. Anderson Cancer
Center, Houston, TX). Panc28 cell line was a generous gift
from Dr Paul Chiao, The University of Texas M.D. Anderson
Cancer Center (Houston, TX). Human pancreatic Panc1
cancer cell line were obtained from the American Type
Culture Collection (Manassas, VA). The L3.6pl cell line was
developed at The University of Texas M.D. Anderson Cancer
Center. Cell lines were maintained in DMEM/F-12 (Sigma,
St. Louis, MO) supplemented with 2.2% sodium bicarbonate,
2.2% bovine serum albumin, 5% fetal bovine serum, and
10 ml/l of 100X antibiotic antimycotic solution (Sigma).
Cells were maintained at 37˚C in the presence of 5% CO2.

Cell proliferation assay. Pancreatic and colon cancer cells
(3x104 per well) were plated in 12-well plates and allowed to

attach for 24 h. The medium was then changed to DMEM/
Ham's F-12 medium containing 2.5% charcoal-stripped FBS,
and either vehicle (DMSO) or different concentrations of the
compound were added. Cells were then trypsinized and
counted after 24 h using a Coulter Z1 cell counter. Each
experiment was done in triplicate, and results were expressed
as means ± SE for each set of experiments.

Transfection and luciferase assay. Colon cancer cells were
plated in 12-well plates at 1x105 per well in DMEM/Ham's
F-12 media supplemented with 2.5% charcoal-stripped FBS.
After 16-20 h, reporter gene constructs [i.e. pSurvivin-269
(0.04 Ag) and ß-gal (0.04 Ag)] were transfected by Lipo-
fectamine (Invitrogen) according to the manufacturer's
protocol. Five hours after transfection, the transfection mix
was replaced with complete media containing either vehicle
(DMSO) or the indicated compound for 20-22 h. Cells were
then lysed with 100 μl of 1X reporter lysis buffer, and 30 μl
of cell extract were used for luciferase and ß-gal assays.
Lumicount was used to quantitate luciferase and ß-gal
activities, and the luciferase activities were normalized to
ß-gal activity.

Western blot analyses. Colon and pancreatic cancer cells were
seeded in DMEM:Ham's F-12 medium. Twenty-four hours
later, cells were treated with either vehicle (DMSO) or the
indicated compounds for 24 h or pretreated with the protea-
some inhibitor, MG132 (10 μM) for 1 h and then treated with
the compounds. Cells were lysed using high-salt buffer and
Protease Inhibitor Cocktail. Protein lysates were separated on
12% SDS-PAGE 120 V for 4 h. Proteins were transferred
onto polyvinylidene difluoride (PVDF) membranes by wet
electroblotting and the membranes were incubated with
primary antibody. After washing with TBST, the PVDF
membrane was incubated with secondary antibody in 5%
TBST-Blotto and the membrane was washed with TBST
for 10 min, incubated with chemiluminescence substrate for
1 min, and exposed to Kodak autoradiography film.

Irradiation. Colon and pancreatic cancer cells were plated
and exposed to varying doses of Á-radiation generated from a
Theratron 80 cobalt-60 teletherapy machine (Atomic Energy
of Canada) with a dose rate of 80.166 cGy/min (same as
0.8016 Gray per minute or 80.166 rads/min), for a 30x30 cm
field, at a source-surface distance of 80 cm. The irradiated
cells were then treated with the indicated compounds after
8 h, and cells were counted or lysates were obtained after the
indicated treatment times.

Real-time PCR. Total RNA was isolated using the RNeasy
Protect Mini kit (Qiagen, Valencia, CA) according to the
manufacturer's protocol. RNA was eluted with 30 μl of
RNase-free water and stored at -80˚C. RNA was reverse-
transcribed using Superscript II reverse transcriptase
(Invitrogen) according to the manufacturer's protocol. cDNA
was prepared from the SW480 colon and Panc28 pancreatic
cancer cell lines at different time intervals using a combination
of oligodeoxythymidylic acid and dNTP mix (Applied Bio-
systems, Foster City, CA) and Superscript II (Invitrogen).
Survivin primers (forward 5'-ATG GCC GAG GCT GGC
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TTC ATC-3'; reverse 5'-ACG GCG CAC TTT CTT CGC
AGT T-3') were acquired from IDT (Skokie, IL). Each PCR
was carried out in triplicate in a 20-μl volume using SYBR
Green Master mix (Applied Biosystems) for 15 min at 95˚C
for initial denaturing, followed by 40 cycles of 95˚C for 30 sec
and 60˚C for 1 min in the ABI PRISM 7500 sequence detection
system (Applied Biosystems). Values for each gene were
normalized to expression levels of TATA-binding protein
(TBP).

Results

Treatment of colon and pancreatic cancer cells with DIM-C-
pPhBr or 2,2'-diMeDIM-C-pPhBr induces apoptosis and
ER stress (37,38) and results in Fig. 1A show that after
treatment of SW480 cells with these compounds for 24 h,
there was significant concentration-dependent decrease in
cell proliferation. Both C-DIMs decreased cell numbers at
concentrations of 10 or 15 μM and at a concentration of 5 μM,
DIM-C-pPhBr also inhibited SW480 cell growth, whereas
2,2'-diMeDIM-C-pPhBr was inactive. Fig. 1B and C show
that both compounds also induce caspase-dependent PARP
cleavage (15 and 20 μM) and at these same concentrations
there was a parallel decrease in survivin expression in
SW480 cells. In addition, we also observed that both C-DIM
compounds decreased survivin mRNA expression after
treatment for 24 h (Fig. 1D). 

DIM-C-pPhBr and 2,2'-diMeDIM-C-pPhBr also inhibited
Panc28 pancreatic cancer cell growth (Fig. 2A) and significant
inhibition was observed at concentrations of 15-20 μM.

DIM-C-pPhBr and 2,2'-diMeDIM-C-pPhBr also induced
PARP cleavage and decreased survivin protein levels in
Panc28 cells (Fig. 2B and C) and this was also accompanied
by decreased survivin mRNA levels. All of these responses
were observed after treatment of SW480 or Panc28 cells for
24 h. IC50 values for growth inhibition after treatment with
DIM-C-pPhBr and 2,2'-diMeDIM-C-pPhBr were 10.8 and
8.3 μM (SW480) and 9.4 and 8.8 μM (Panc28), respectively.

We also investigated the time-dependent effects of
DIM-C-pPhBr and 2,2'-diMeDIM-C-pPhBr on survivin
protein and cleaved PARP expression using a relatively
high concentration (20 μM) of both compounds in order to
determine differences between the temporal expression of
both proteins. In SW480 cells, 20 μM DIM-C-pPhBr and
2,2'-diMeDIM-C-pPhBr decreased levels of survivin protein
within 2 h after treatment, whereas cleaved PARP protein
was observed only after treatment for 12 h (Fig. 3A and B).
Similar results were observed in Panc28 cells (Fig. 3C and D);
however, the extent of survivin degradation after treatment
for 2 h was lower in Panc28 compared to SW480 cells. These
results show that there was a lag between the loss of survivin
and induction of cleaved PARP in both cell lines. 

Fig. 4A and B illustrate the effects of 20 μM DIM-C-pPhBr
and 2,2'-diMeDIM-C-pPhBr on survivin mRNA levels in
SW480 and Panc28 cells. Both compounds either had no
effect or induced survivin mRNA levels after treatment of
SW480 or Panc28 cells for 2 h; significant inhibition of
survivin mRNA levels was observed in SW480 and Panc28
cells after 12 h; however, the magnitude of survivin mRNA
repression was more pronounced in the colon cancer cells.
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Figure 1. Effects of C-DIMs on SW480 cell proliferation and expression of survivin and cleaved PARP (c-parp). Concentration-dependent effects on
cell proliferation (A) and survivin and c-parp protein expression (B and C). Cells were treated with DMSO and different concentrations of DIM-C-pPhBr or
2,2'-diMeDIM-C-pPhBr for 24 h. Cells were counted (A) or whole cell lysates were analyzed by Western blot analyses as described in Materials and methods.
(D) Survivin mRNA levels. Cells were treated with DMSO or 10-20 μM of C-DIM compounds, and survivin mRNA levels were determined by real-time
PCR as described in Materials and methods. *A significantly (p<0.05) decreased response is indicated. ß-actin served as a loading control for all Western blot
analyses in Figs. 1-6.
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Thus, the effects of DIM-C-pPhBr and 2,2'-diMeDIM-C-pPhBr
on survivin mRNA levels were observed at later time-points
compared to the rapid downregulation (within 2 h) of survivin
protein (Fig. 3). We also confirmed that DIM-C-pPhBr and
2,2'-diMeDIM-C-pPhBr decreased luciferase activity in SW480

cells transfected with pSurvivin-269, a construct containing
the -269 to +49 region of the survivin promoter (Fig. 4C).
Results were not obtained in Panc28 cells due to low trans-
fection efficiencies in this cell line. Since DIM-C-pPhBr and
2,2'-diMeDim-C-pPhBr decreased survivin protein but not
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Figure 2. Effects of C-DIMs on Panc28 cell proliferation and expression of survivin and c-parp. Concentration-dependent effects on cell proliferation (A) and
survivin and c-parp protein expression (B and C). Cells were treated with DMSO and different concentrations of DIM-C-pPhBr or 2,2'-diMeDIM-C-pPhBr
for 24 h. Cells were counted (A) or whole cell lysates were analyzed by Western blot analyses aals as described in Materials and methods. (D) Survivin
mRNA levels. Cells were treated with DMSO or 10-20 μM of C-DIM compounds, and survivin mRNA levels were determined by real-time PCR as described
in Materials and methods. *A significantly (p<0.05) decreased response is indicated.

Figure 3. Time course effects of DIM-C-pPhBr (20 μM) and 2,2'-diMeDIM-C-pPhBr (20 μM) on survivin and c-parp expression. SW480 cells were treated
with DIM-C-pPhBr (A) or 2,2'-diMeDIM-C-pPhBr (B) and Panc28 cells were treated with DIM-C-pPhBr (C) or 2,2-diMeDIM-C-pPhBr (D) for 2, 12 or 24 h.
DMSO treatment served as a vehicle control. Whole cell lysates were analyzed by Western blot analyses as described in Materials and methods. 

1191-1199.qxd  8/9/2009  09:31 Ì  ™ÂÏ›‰·1194



mRNA levels within 2 h after treatment, we investigated
the effects of these compounds alone and in combination
with the proteasome inhibitor MG132 after treatment of
SW480 cells for 4 h (Fig. 4D). The results show that C-DIM-
dependent downregulation of survivin protein was partially
reversed by the proteasome inhibitor, suggesting that activation
of proteasomes contributed to the early decrease in survivin
expression.

Since DIM-C-pPhBr and 2,2'-diMeDIM-C-pPhBr inhibit
survivin protein expression, the interactions of these com-
pounds with radiotherapy were investigated. Fig. 5A illustrates
the effects of Á-radiation on proliferation of SW480 cells.
Cells were administered at doses of 2, 5 and 10 Gy using a
Theatron 80 cobalt-60 teletherapy instrument and the effects
of radiation on cell growth were determined after 24 and
48 h. This cell line was responsive to radiation-induced
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Figure 4. C-DIM-dependent effects on survivin expression. Changes in survivin mRNA expression in SW480 (A) and Panc28 (B) cells. Cells were treated
with 20 μM DIM-C-pPhBr or 2,2'-diMeDIM-C-pPhBr for 24 h, and survivin mRNA levels were determined by real-time PCR as described in Materials and
methods. (C) Effects on the survivin promoter. SW480 cells were transfected with pSurvivin(269) and treated with DMSO or the C-DIM compounds.
Luciferase activity was determined as described in Materials and methods. (D) Effects of MG132. SW480 cells were treated with DMSO, C-DIM compounds
alone (20 μM), 10 μM MG132, or a combination of C-DIMs plus MG132 for 4 h. Whole cell lysates were analyzed by Western blot analyses as described in
Materials and methods. *Significantly (p<0.05) decrease mRNA levels or luciferase activity (compared to DMSO) is indicated.

Figure 5. Effects of Á-radiation of cell proliferation and survivin expression. SW480 (A) and Panc28 (B) cell growth and expression of survivin in SW480 (C)
and Panc28 (D) cells. Cells were treated with DMSO (control) and irradiated with 2, 5 or 10 Gy for 24 or 48 h, and cell number and survivin protein
expression (from whole cell lysates) were determined as described in Materials and methods.
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inhibition of cell growth and after 24 h, significant inhibition
was observed using 5 and 10 Gy (but not 2 Gy) and all
three doses of radiation inhibited cell growth after 48 h.
Using a similar protocol, Á-radiation also inhibited Panc28
cell proliferation (Fig. 5B); however, this cell line was
clearly more resistant to radiotherapy than SW480 cells
over this time period and significant growth inhibition was
observed only after 24 h. The effects of Á-radiation on survivin
expression were also investigated in SW480 (Fig. 5C) and
Panc28 (Fig. 5D) cells and in both cell lines, 5 and 10 Gy
induced survivin expression after radiation for 24 h, whereas
induction of survivin was either decreased or not observed
after 48 h. Á-radiation also induced survivin and decreased
proliferation of Panc1 and L3.6pl pancreatic cells and both
cell lines were more responsive than Panc28 cells to the
antiproliferative activity of Á-radiation (Fig. 7).

The combined effects of Á-radiation and C-DIM compounds
on survivin expression are summarized in Fig. 6A and B.
Treatment of SW480 cells with 20 μM DIM-C-pPhBr or
2,2'-diMeDIM-C-pPhBr for 24 h showed that the C-DIMs
alone decreased survivin, Á-radiation alone increased survivin
and C-DIMs in combination with radiation decreased
radiation-induced survivin expression. Similar effects were
observed on cell numbers in SW480 or Panc28 cells (Fig. 6C);
however, the high concentrations (20 μM) of the C-DIM
alone significantly decreased cell proliferation so that the
interactions with Á-radiation were not apparent. We also
examined the effects of lower concentrations of DIM-C-
pPhBr and 2,2'-diMeDIM-C-pPhBr (5, 10 and 15 μM) on
inhibition of Á-radiation-induced induction of survivin in
SW480 cells (Fig. 6D). Inhibition was only observed using
15 μM concentrations of C-DIMs and these concentrations
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Figure 6. Interactions of Á-radiation and C-DIMs. (A) Effects of C-DIM on Á-radiation-induced survivin protein expression. Cells were treated with DMSO,
C-DIMs (20 μM), radiation (10 Gy), or C-DIMs plus radiation for 24 h. Whole cell lysates were analyzed by Western blot analyses as described in Materials
and methods. Effects of C-DIMs and radiation on proliferation of SW480 (B) and Panc28 cells (C). Cells were treated with DMSO, C-DIMs and radiation as
described in (A), and cell numbers were determined as described in Materials and methods. (D) Concentration-dependent effects of C-DIMs on Á-radiation-
induced survivin protein expression. SW480 cells were treated with DMSO; 5, 10 or 15 μM DIM-C-pPhBr or 2,2'-diMeDIM-C-pPhBr alone; or in
combination with Á-radiation for 24 h. Whole cell lysates were analyzed by Western blot analyses as described in Materials and methods.
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alone also decreased levels of survivin protein. These results
demonstrate that combinations of C-DIMs plus Á-radiation
decrease radiation-induced survivin which plays a role in
radioresistance.

Discussion

Overexpression of survivin in cancer cell lines and tumors
coupled with the negative prognostic significance of this
gene for the survival of patients with certain tumors has
heightened interest in survivin as a potential drug target
(3,5,11). It is also important to evaluate the effects of both
old and new drugs on survivin expression since it has been
demonstrated that increased expression of survivin by taxol-
like drugs and radiotherapy can lead to therapy resistance
(25-30). Several reports show that diverse drugs can down-
regulate survivin expression and these include: vitamin D3
and related analogs in leukemia and breast cancer cells (39);
PPARÁ agonists in breast cancer cells (40); doxorubicin,
histone deacetylase inhibitors and lovastatin (an inhibitor
of 3-hydroxy-3-methylglutaryl coenzyme A reductase) in
colon cancer cells (41-43); cyclooxygenase-2 inhibitors in
glioblastoma and pancreatic cancer cells (44) and Á-tocotrienol
in human embryonic kidney A93 cells (45). The mechanisms
of survivin downregulation by these drugs are dependent on
cell context.

Previous studies in this laboratory showed that PPARÁ-
active C-DIMs downregulate survivin expression in MDA-
MB-231 breast cancer cells after prolonged treatment; however,
this was not accompanied by apoptosis (33). In contrast, DIM
induced growth inhibition, apoptosis and downregulated
survivin expression in MDA-MB-231 cells (46).

DIM-C-pPhBr and 2,2'-diMeDIM-C-pPhBr do not activate
PPARÁ or Nur77 but induced apoptosis in colon and pancreatic
cancer cells, and activation of apoptosis by these compounds

was due, in part, to ER stress-dependent upregulation of
death receptor 5 (37,38). In this study, we used these same
compounds to investigate their effect on survivin expression
in colon and pancreatic cancer cells and their potential
interactions with Á-radiation. Like many other anticancer
agents, C-DIMs potentially activate multiple pathways and
we focused on some of the early responses induced by
these compounds within 24 h after treatment. Concentration-
dependent studies indicate that 10-20 μM DIM-C-pPhBr
and 2,2'-diMeDIM-C-pPhBr decrease survivin protein
expression in SW480 and Panc28 cells (Figs. 1 and 2) and
this is accompanied by caspase-dependent PARP cleavage.
Using a relatively high concentration (20 μM) of the C-DIM
compounds demonstrates that survivin downregulation occurs
within 2 h after treatment in both SW480 and Panc28 cells
(Fig. 3), whereas in the same experiment PARP cleavage is
not observed until a later time-point. This does not necessarily
completely uncouple loss of survivin with induction of
caspase-dependent PARP cleavage but indicates at least
that this rapid downregulation of survivin is not paralleled
by PARP cleavage. Interestingly, we also observed that rapid
downregulation of survivin protein in SW480 and Panc28
cells treated with DIM-C-pPhBr or 2,2'-diMeDIM-C-pPhBr
was not accompanied by decreased survivin mRNA levels
after 2 h since decreased transcription was not observed until
12-24 h after treatment in both cell lines (Fig. 4). Moreover,
the proteasome inhibitor MG132 blocked C-DIM-induced
downregulation of survivin protein after treatment of SW480
cells for 4 h (Fig. 4D). These results suggest that the C-DIM
compounds downregulate survivin expression by both tran-
scription-independent and -dependent pathways, and current
studies are focused on the mechanisms associated with
activation of these pathways by C-DIMs.

Resistance to radiotherapy is a serious concern in cancer
therapy and there is evidence that induction of survivin after
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Figure 7. Effects of Á-radiation on growth of Panc1 (A) and L3.6pl (B) pancreatic cancer cells and expression of survivin in Panc1 (C) and L3.6pl (D) cells.
Experiments were performed as described in Materials and methods. ß-actin was used as a protein loading control.
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radiation is a resistance factor (29,30). In this study, we used a
Theatron 80 cobalt-60 teletherapy instrument which emits
Á-radiation to investigate whether this type of radiation does
indeed increase survivin expression in SW480 and Panc28
cells. Á-radiation with 2-10 Gy decreased proliferation of both
Panc28 and SW480 cells; however, it was evident that the
latter cells were more responsive to the growth inhibitory
effects of Á-radiation (Fig. 5A and B). Á-radiation decreased
survivin protein expression in both cell lines after 24 h and this
was also observed in Panc28 cells after 48 h (Fig. 5C and D).
Similar but not identical responses were also observed in two
additional pancreatic cancer cell lines (Panc1 and L3.6pl)
and survivin protein was increased in these cells after 24 h
at doses of 2, 5 and 10 Gy (Fig. 7). These results clearly
demonstrate that Á-radiation induces survivin expression in
Panc28 pancreatic and SW480 colon cancer cells as previously
reported in other cell lines (29,30). Moreover, in irradiated
SW480 and Panc28 cells, the increased expression of survivin
was decreased in cells co-treated with 20 μM DIM-C-pPhBr
and 2,2'-diMeDIM-C-pPhBr (Fig. 6A and B) and similar
results were observed for 15 μM concentrations of these
same compounds (Fig. 6D). Thus, like other drugs such as
vitamin D3, PPARÁ agonists, doxorubicin, lovastatin, histone
deacetylase and cyclooxygenase inhibitors (39-45), the C-DIM
compounds also downregulate survivin and block Á-radiation-
induced expression of survivin. Previous studies with DIM-C-
pPhBr and 2,2'-diMeDIM-C-pPhBr demonstrate their anti-
cancer activity alone in both in vitro and in vivo (xenograft)
pancreatic and colon cancer cells/tumors and this is due, in
part, to their ER stress-dependent proapoptotic activity (38,39).
Results of this study demonstrate their potential clinical
utility in combination with radiotherapy where the C-DIMs
inhibit Á-radiation-induced survivin expression, a known
marker of radiotherapy-resistance.
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