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Indole-3-carbinol (I3C) increases apoptosis,
represses growth of cancer cells, and enhances
adenovirus-mediated oncolysis
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Epidemiological studies suggest that high intake of cruciferous vegetables is associated with a lower risk of cancer.
Experiments have shown that indole-3-carbinol (I3C), a naturally occurring compound derived from cruciferous
vegetables, exhibits potent anticarcinogenic properties in a wide range of cancers. In this study, we showed that higher
doses of I3C (=400 M) induced apoptotic cancer cell death and lower doses of I3C (200 M) repressed cancer cell growth
concurrently with suppressed expression of cyclin E and its partner CDK2. Notably, we found that pretreatment with low
doses of 13C enhanced Ad-mediated oncolysis and cytotoxicity of human carcinoma cells by synergistic upregulation of
apoptosis. Thus, the vegetable compound I3C as a dietary supplement may benefit cancer prevention and improve Ad

oncolytic therapies.

Introduction

Human adenoviruses (Ads) are double-stranded linear DNA
viruses that are able to infect and replicate in a wide variety of
cell types. The viral genome is divided into early and late genes
relative to the onset of viral DNA replication. The Ad ET region
contains two sets of genes, Elz and E1b, that are dedicated to cell
cycle control, apoptotic inhibition, and cellular and viral gene
regulation. Ad 4/1520 (also known as Onyx-015) with deletion
of the E16-55k gene preferentially replicates in cancer cells and
causes oncolysis." The oncolytic therapy of Onyx-015 has been
extensively studied in multiple clinical trials.>* With the meth-
ods of electron microscopy and in situ hybridization to viral
DNA, studies demonstrated that Onyx-015 can replicate in and
destroy tumor cells at the exclusion of surrounding normal tis-
sue in cancer patients.”® However, limited therapeutic effect has
been reported and further development of Onyx-015 was aban-
doned in the United States.” The rights of Onyx-015 were bought
by a Chinese company, Sunway Biotech, which has completed
phase III clinical studies with H101, an Ad structurally similar
to Onyx-015.? The company reported a 79% positive response
rate for H101 plus chemotherapy as compared with 40% for che-
motherapy alone in clinical trials performed on Chinese cancer
patients.” With these results, the Chinese State Food and Drug
Administration approved H101 for use in combination with che-
motherapy for the treatment of late-stage cancers. H101 is the
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only oncolytic Ad approved as a commercial anticancer agent for
cancer treatments.

The United States National Cancer Institute recommends the
consumption of 5 to 9 servings of fruits and vegetables daily to
reduce the risk of certain cancers. Vegetable consumption per
capital is generally higher in traditional Chinese diets. It is not
clear whether higher vegetable consumption may affect the out-
come of Ad-mediated oncolytic therapies.

Indole-3-carbinol (I3C) is derived from glucobrassicin in bras-
sica vegetables, such as cabbage, broccoli, cauliflower, and Brus-
sels sprouts. Epidemiological studies suggest that high intake of
cruciferous vegetables is associated with a lower risk of cancers.®
Experiments conducted primarily using laboratory animals and
cultured cells have shown that I3C as a dietary supplement exhib-
its potent anticarcinogenic properties in a wide range of cancers.
When I3C was fed in the diet of A/] mice induced by tobacco
smoke carcinogen, lung tumorigenesis was inhibited through
inhibition of proliferation and induction of apoptosis in tumor
cells.”!" Similar results were observed with mouse models of other
cancers, such as breast cancer'? and skin tumor."”® Limited and
inconclusive studies suggest that I3C may have anticarcinogenic
properties in a wide range of cancers; thus it is used as a dietary
supplement in the hope of cancer prevention.'"

In the present study, we investigate the effect of I3C on cancer
cell growth and Ad oncolytic replication. We observed that high
doses of I3C induced cancer cell apoptosis and that low doses of
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I3C inhibited cell proliferation and caused cell cycle arrest by
selective repression of cyclin E. We provide evidence showing
that the combination treatment with low concentration of 13C
and oncolytic Ad resulted in enhanced cytotoxic effects in cancer
cells by synergistically activating apoptosis.

Results

High doses of I3C induce apoptotic cancer cell death

To examine the effects of I3C on cancer cell viability, human
lung cancer A549 cells were treated with I3C at concentrations
of 0, 200, 400, or 600 wM for three days. The cell growth was
observed daily for 3 d (Fig. 1A). Treatment with 600 uM 13C
caused cell death and nearly 100% cells became debris by day 3.
However, 13C at 200 wM did not cause significant cell morpho-
logical change during the treatment. To examine the toxicity of
I3C, a cell proliferation MTT assay was performed (Fig. 1B).
Cell viability was decreased after treatment with higher doses
of I3C (400 and 600 wM), but there was no significant change
in A549 cell viability after treatment with 200 pM I3C in 3 d
(Fig. 1B). Thus, I13C at concentrations at or exceeding 400 wM
resulted in toxicity in A549 cells.

To evaluate whether the cytotoxic effects of I3C at high con-
centrations is related with apoptosis, a dual staining approach
with 7-AAD and Annexin V was conducted followed by flow
cytometric analysis. We observed that A549 cells treated with
400 or 600 wM I3C for 3 d increased both early (Annexin
V-positive/7-AAD-negative) and late apoptosis (Annexin
V-positive/7-AAD-positive), resulting in total 42.2% and 74.2%
apoptotic cells, respectively (Fig. 1C). In contrast, cells treated
with a low dose of I3C (200 pM) exhibited apoptosis similar to
that without I13C treatment.

Low doses of I3C inhibit proliferation of cancer cells by
selectively inhibiting cell cycle-related gene expression

As no significant effect on A549 cell viability was observed in
the presence of low dose of I3C (200 pM) for 3 d (Fig. 1), further
experiments were conducted to determine if long-term treatment
with low concentrations of I3C would affect A549 cell prolifera-
tion. A549 cells were treated with low concentrations of 13C (0,
50, 100, or 200 wM) for 28 d. To maintain cell culture conditions,
[3C-treated cells were passaged weekly and then equal numbers of
cells were added to fresh dishes for continual I3C treatments with
the same concentrations. Cell growth inhibition by low-dose 13C
was observed after 7 d and accumulation effect exhibited with
increased treatment time (Fig. 2A and B). The data obtained with
MTT assay confirmed that I3C long-term treatment at low doses
inhibited cell growth in a dose and time dependent manner. By 28
d, treatments with 50, 100, or 200 wM I3C decreased A549 cell
viability to 90, 75 or 65%, respectively (Fig. 2B).

To evaluate whether the cell growth inhibition of low doses of
I3C were due to cell cycle arrest, cells treated 14 d were stained
with propidium iodide for cell cycle analysis by flow cytometry.
Treatment with low doses of I3C increased cell population in
the G, phase of the cell cycle, with a concomitant reduction
of cells in the S phase in a dose-dependent manner (Fig. 2C).
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Flow cytometry profiles of nuclear DNA content in A549 cells
revealed that G, cell population increased from 51% to 75% and
S phase cell population decreased from 36% to 22% when 13C
increased from 0 to 200 wM (Fig. 2C). Thus, while high doses
of I3C induce cancer cell apoptosis (Fig. 1C), low doses of 13C
inhibit proliferation of cancer cells and cause cell cycle arrest
(Fig. 2C).

Activities of cyclin-dependent kinases (CDKs) are modu-
lated by interactions with cyclins. It is well established that
E-type cyclins interact with the kinase CDK2 and D-type
cyclins form a complex with the kinases CDK4 or CDK6 dur-
ing cell proliferation.'™” These cyclin—~CDK complexes phos-
phorylate retinoblastoma (Rb) protein family members, leading
to E2F release from Rb and regulation of cell cycle progres-
sion from the G, phase into the S phase.”® Therefore, cyclin E,
cyclin D, and their related CDKs have important roles in cell
proliferation. To investigate whether the I3C-caused cell cycle
arrest is associated with intracellular repression of cell cycle-
dependent proteins in cancer cells, western blot experiments
were performed. We observed that both cyclin E and CDK2
were downregulated at 14 d of I3C treatment in a dose-depen-
dent manner (Fig. 2D). However, no significant effect on cyclin
D, CDK4, and CDKG6 expression was observed. These results
suggest that low dose I3C-mediated cell-cycle arrest and cell
growth inhibition were associated with repression of cyclin E
and its associated CDK2.

The combination of I3C and Adhz63 synergistically inhibits
viability of cancer cells

To determine the effect of I3C on Ad-mediated oncolytic
therapy, A549 cells were pre-treated with various doses of I3C (0,
50, 100 and 200 pM) for 7 d and then infected with oncolytic
Adhz63 at MOI of 2 for 72 h. The cytotoxic effect was analyzed
by a crystal violet assay. I3C treatment increased Ad-mediated
cell death under the condition in which 13C alone had less effects
(Fig. 3).

To evaluate whether the combination effect is synergistic,
A549 cells were pre-treated with 13C at concentrations rang-
ing from 100 pM to 300 pM for 7 d, and then infected with
Ad5, Adhz63, or AAGFP at MOI of 1. After three days infec-
tion, cells were fixed and stained with crystal violet solution. We
confirmed that I13C sensitized cancer cells to Ad5 and Adhz63
infection. The relative A549 cell viability was 84% for Adhz63
treatment alone (Fig. 4B). When 300 uM I3C was combined
with Adhz63, the relative cell viability decreased to 19%. Similar
results were observed when 13C was combined with Ad5, whereas
I3C in combination with AdGFP, a negative control vector, did
not cause any significant increased cytotoxic effect as compared
with I3C alone (Fig. 4A and B).

To assess whether 13C act synergistically with Ad, we used
the Chou-Talalay method,” which quantitatively describes the
interaction between two or more drugs, where a Cl < 1 and a CI
> 1 indicate synergism and antagonism, respectively. As showed
in Figure 4C, the CI values were consistently less than 1 (ranged
from 0.42 to 0.95) for all concentrations of I3C in combination
with Adhz63 (Fig. 4C). The results indicate that co-treatment of
I3C and oncolytic Adhz63 is highly synergistic.
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Figure 1. For figure legend, see page 1259.
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Figure 1 (See opposite page). Effects of I3C on cell growth and apoptosis in A549 cells. Cells were treated with increasing doses of I13C (0-600 M) for
3d. (A) Comparison of cell proliferation in A549 cells. (B) Comparison of cell relative viabilities in A549 cells. Cell viability was estimated by MTT assay as
described in Materials and Methods. (C) Comparison of apoptosis induction in A549 cells. Flow cytometry analysis was performed using a dual staining
approach with 7-AAD and Annexin V.
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Figure 2A and B (For C and D, see page 1260). Effects of I13C at low doses on A549 cells. (A) Comparison of cell proliferation in A549 cells treated with
increasing doses of 13C (0-200 M) for various days. (B) Comparison of cell relative viabilities in A549 cells. Cell viability was estimated by MTT assay.
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Figure 2C and D (For A and B, see page 1259). Effects of I3C at low doses on A549 cells. (C) Comparison of the I13C effects on cell cycle. Cells were
exposed to I13C (0, 50, 100, or 200 wM) for 14 d, and then stained with propidium iodide and analyzed for DNA content by flow cytometry. (D) Effects
of 13C on expression of cell cycle related proteins. Cells were exposed to increasing doses of 13C (0-200 M) for 14 d. G, cell cycle related proteins were
analyzed by immunoblot analysis using specific antibodies against cyclin E, cyclin D, CDK2, CDK4, CDK6 and a-actin.

To ensure that the observed effect was not limited to this
specific cell line, we also tested other cancer cell lines with com-
bination treatment of I3C and Adhz63 at MOI 1 and 2. In
addition to A549 cells, we also observed that virus treatments
alone in this condition exhibited minimally toxic to H1299,

RKO, and HCT116 cells (Fig. 5). As we expected, enhanced
antitumor effect against these cancer cell lines with combina-
tion treatment was observed. These results indicate that I3C
can enhance Ad oncolytic therapy with different types of cancer
cells.
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Combinational treatment with I3C and A
Adhz63 results in synergistic activation of
apoptosis

To study the mechanism of I3C-enhaced Ad
oncolytic cytotoxicity, we examined whether
the combination cytotoxic effects of I3C and
Adhz63 were due to increased apoptosis in can-
cer cells. A dual staining approach with 7-AAD
and Annexin V was conducted followed by flow
cytometric analysis. A549 cells were pre-treated
with 200 wM I3C for 7 d and then infected with
Adhz63 at a MOI of 1 for three days. I3C alone
and Adhz63 alone did not affect A549 early and B
late apoptosis significantly (Fig. 6A). However,
the combination treatment of I13C and Adhz63
increased total apoptosis 2-fold from 18.3% to
36.6%. Notably, the early apoptosis was increased
5-fold from 3.2% for the mock control to 15.7%
for the combination treatment (Fig. 6A).

One of the earliest and most consistently

+Ad

50 100 200

13C (uM)

observed features during the execution phase

of the apoptotic process is the activation of cas-
pases, a family of cysteine proteases. Caspase 9,
the prime initiator protease, is activated during

the mitochondria-mediated apoptosis pathway

Figure 3. Effects of combination of I3C and oncolytic Adhz60 on A549 cells. A549 cells were
pre-treated with various concentrations of I13C for 7 d and then infected with oncolytic Ad
or without virus for three days. (A) Cell viabilities were analyzed using crystal violet stain-
ing. (B) Comparison of cell proliferation in A549 cells.

and triggers a cascade of caspase-activation. To

study the I3C and Adhz63 cotreatment-induced apoptosis in
cancer cells, caspase 9 activities were determined by caspase-9
colorimetric assay. Without Ad infection, caspase-9 activity in
A549 cells was not affected by I3C at the doses of 100 and 200
wM. However, Adhz63 infection increased A549 cell caspase-9
activity that was further enhanced by 13C, indicating the com-
binational efficacy of 13C and Adhz63 (Fig. 6B).

The activation of caspase cascade requires a series of proteo-
lytic processing in caspases.”? Thus, we further examined the
proteolytic cleavage of initiator caspase-9, effector caspase 3, and
the cellular target nuclear enzyme poly (ADP-ribose) polymerase
(PARP).* Figure 6C showed that combination of lower doses of
I3C and 1 MOI Adhz63 increase the levels of cleaved caspase 9,
3, and PARP as compared with I3C and virus treatment alone
(Fig. 6C). Taken together, these results show that I3C enhances
Ad cytotoxic effects by increasing apoptotic caspase activation.

I3C reduces adenoviral replication likely by inhibiting
cyclin E

We further investigated whether 13C may affect Ad replica-
tion. Our previous studies have shown that Ad infection induces
cyclin E expression®*? that activates CDK2 for efficient viral
replication.”® As cyclin E and CDK2 play an important role in Ad
replication, inhibition of cyclin E and CDK2 by I3C treatment
may affect Ad oncolytic replication. We first evaluated 13C effect
on cyclin E and CDK2 protein levels in A549 cells infected with
Adhz63. In this experiment, A549 cells were cultured in medium
without I3C or with I3C at concentrations of 100, 200, and
300 wM for 7 d, and then infected with Adhz63 at 1 MOI for 1
and 3 d. Cyclin E protein levels, but not CDK2, were repressed in
Adhz63-infected A549 cells pretreated with I13C (Fig. 7A).
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We further investigated the effect of 13C on Adhz63 replica-
tion. In this experiment, A549 cells were pre-treated with I3C at
concentrations of 200 wM for 7 d, and then infected with Ad5 or
Adhz63 at MOI of 1 for 3 d in the presence of I3C. After infec-
tion, viral titers were determined. Without I3C treatment, the
titers of Ad5 and Adhz63 were increased to 2 x 10% and 7 x 107
infect units (IFU)/mL in 3 d, respectively (Fig. 7B). I3C treat-
ment repressed Ad5 and Adhz63 replication; Ad5 titers decreased
5-fold from 2 x 10% to 4 x 107 IFU and Adhz63 titers decreased
18-fold from 7 x 107 to 4 x 10° IFU (Fig. 7B). Consistently, the
production of Adhz63 viral capsid proteins was also inhibited
in the presence of I3C (Fig. 7C). These results suggest that I3C
may partially reduce adenoviral replication by repressing cyclin
E expression.

Discussion

In the present study, we have shown that high doses of I3C
induced cancer cell death associated with increased apoptosis and
low doses of 13C inhibited cell growth by repressing cyclin E
expression. We also observed that I3C can sensitize cancer cells
to Ad-mediated oncolysis.

It has been reported that high intake of vegetables may be
associated with a lower risk of cancer.® Limited and inconclusive
studies suggest that I3C, a naturally occurring compound derived
from cruciferous vegetables, may have a variety of anti-cancer
properties.” In our study, we observed that high doses of 13C
(2400 pM) directly destroyed cells in 3 d after the treatment.
We further found that no obvious cytotoxic effect was observed
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Figure 4. Effects of combination of I3C and Adhz63 on A549 cell viability. (A) Cell viabili-
ties were measured using crystal violet staining. A549 cells were pre-treated with various
concentrations of I3C for 7 d and then infected with Ad5, Adhz63, AAGFP, or without virus
for three days. (B) The dye retained by the adherent cells was solubilized with 2% SDS, and
absorbance was recorded at 590 nm. Cell viability was expressed as the amount of dye in
treated cells relative to that of untreated control cells. (C) The combined effects of I3C and
Ad viruses were evaluated by combination index (Cl) using the CalcuSyn software (Biosoft).
Cl =1 indicates additivity; Cl < 1 represents synergism, and Cl > 1 indicates antagonism.

with low doses of I3C (<200 wM) after long-term treatments
(2—4 wk). Lower doses of I3C have an anti-proliferative effect that
was due to cell cycle arrest, accompanied by selective repression

1262 Cancer Biology & Therapy

of cyclin E and its related CDK2. Cyclin E has
two notable functions, controlling the entry into
the S phase of the cell cycle and increasing DNA
replication.””?® Expression of cyclin E is strictly
controlled in normal cells. The level of cyclin E
rises at late G, phase, peaks at the G /S phase to
promote the S phase entry, and decreases thereaf-
ter.”>* Ectopic overexpression of cyclin E causes
cell-cycle anomalies and genetic instability.?'%
Cyclin E over-activation likely relaxes the strict
control of the G /S transition, increases cell pro-
liferation and DNA replication, leading to the
accumulation of gene mutations. Cancer cells are
frequently associated with cyclin E overexpression
or dysregulation. Transgenic cyclin E was shown
to trigger dysplasia and multiple pulmonary adno-
carcinomas in transgenic mouse lung cancer mod-
els.’ In the current study, we demonstrated for the
first time that prolonged exposure of 13C at low
doses repressed cyclin E and its associated CDK2
expression and decreased cell growth (Fig. 2).
The cellular consequence of 13C-repressed cyclin
E expression and cell proliferation allow cells to
repair their mutations and prevent tumorigenesis.
Promising chemopreventive agents should have
greater antitumor efficacy without adverse effect.
Our findings suggest that long-term use of low
doses of 13C may safely prevent cancer develop-
ment by repressing cyclin E and its partner CDK2
activity without obvious adverse effect.

Oncolytic Ads as a single anticancer agent can-
not effectively eradicate tumors in clinical stud-
ies.®® One possible explanation is that some
cancer cells within tumors may be resistant to
oncolytic Ad replication. To complete the tumor
eradiation, oncolytic Ads have been tested in con-
junction with standard treatments of chemother-
apy and radiation therapy. Combinational thera-
pies have shown enhanced therapeutic effects in
vitro and in vivo compared with monotherapy.?”
There have been no prior reports of the benefit
of dietary supplements to oncolytic virotherapy.
In the current study, we discovered synergistic
effects of combination of I3C with oncolytic Ads.
E1b55K-deleted Ads have been tested in clinical
trials and achieved limited success. By far Onyx-
015 has not been approved for commercial appli-
cations in cancer treatments. However, a structur-
ally similar vector H101 seems having achieved
therapeutic responses in clinical trials in China
and has thus been approved as a commercial anti-
cancer agent for clinical applications.* In consid-
eration of diet traditions, cancer patients in China

likely consume more vegetables and compounds in vegetables
may affect the outcomes of virotherapies. In the present study, we
show that low doses of I3C enhanced Ad oncolysis synergistically
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Figure 5. Effects of I3C and Adhz63 on H1299, RKO, and HCT116 cell viability. Cell viabilities were measured using crystal violet staining. Cells were pre-
treated with various concentrations of I3C for 7 d and then infected with Adhz63 or without virus infection for 3 d. The dye retained by the adherent
cells was solubilized with 2% SDS, and absorbance was recorded at 590 nm. Cell viability was expressed as the amount of dye in treated cells relative to

by promoting cancer cell apoptosis (Figs. 4 and 5). The upregu-
lation of caspase 9 activities and cleavage of caspase 9, 3, and
PARP occurred in I13C-dose dependent manner in the cells
infected with Adhz63 (Fig. 6). Our results for the first time indi-
cate that I3C can sensitize cancer cells to Ads-induced cancer cell
death and that apoptosis events triggered by the combination of
I3C and oncolytic Ads may play a critical role in the synergis-
tic antitumor effect. We did not observe increased autophagy in
cancer cells after the combinational treatment with I3C and Ads.
We have previously shown that autophagy increases adenovirus
replication by degrading intracellular components for building
progeny virus particles.”” Therefore, autophagy is unlikely to play
an important role in I3C-reduced Ad replication.

www.landesbioscience.com

A phase I clinical trial studied tolerability and effects of I3C
in women.”’ In the study, subjects ingested 400 mg I3C daily
for 4 wk followed by a 4-wk period of 800 mg I3C daily. These
chronic doses were tolerated well by all subjects. In our in vitro
experiments, cancer cells were treated with 13C at concentrations
50, 100, or 200 wM for 28 d. 100 wM I3C is 14.746 mg/L or
about 737 mg in 50 Kg solution, which is within the range of I3C
doses used in the clinical trial. However, the concentrations used
in in vitro experiments cannot be easily converted to dosages for
in vivo and clinical studies because these are more complicated
and we have to consider many factors, such as drug bioavaibility
and distribution. Thus, animal studies are necessary to further
investigate the clinical relevance.
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Figure 6. Effects of combination of I3C and Adhz63
on induction of apoptosis in A549 cells. Cells were
pre-treated with I13C for seven days and then infected
with Adhz63 at a MOI of 1 for three days. (A) Flow
cytometry analysis was performed using a dual stain-
ing approach with 7-AAD and Annexin V for detec-
tion of co-treatmentinduced apoptosis. (B) Caspase 9
activities were determined by caspase-9 Colorimetric
Assay. Co-treatment of 13C and Adhz63 vs. I3C alone
control correspondence (*P < 0.05, **P < 0.001); vs.
Adhz63 alone control (P < 0.05). (C) The protein lev-
els of cleaved caspase 9, caspase 3, and PARP in A549

cells were determined by western blot analysis.
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We previously have reported that Ad EI1B55K protein is

cyclin E.** E1B55K-deleted Ads fail to induce
cyclin E expression in normal cells and there-
fore their replication is restricted.”” However,
E1b55K-deleted oncolytic Ads can still effi-
ciently induce cyclin E in cancer cells with dys-
regulated cyclin E and carry out sufficient onco-

226 In this study, we observed

lytic replication.
that expression of cyclin E was downregulated in
response to the treatment with I3C. As a conse-
quence of repression of cyclin E induction, pre-
treatment with 13C repressed replication of Ads
up to 10-fold (Fig. 7). These results support the
hypothesis that cyclin E induction is critically
important for Ad replication. Although I3C
reduces oncolytic Ad replication, the combina-
tion treatment still elicits synergistic antitumor
effects.

In summary, our results uncovered for the
first time that I3C enhances cytotoxic effects
of oncolytic Ads by synergistic activation of
apoptosis. We also demonstrated that I3C had
antitumor effects by induction of apoptosis
and by repression of cyclin E and cell prolif-
eration depending on the concentration used in
the assays. Our findings provide a novel ratio-
nale for the clinical potential of I3C in cancer
prevention and in Ad oncolytic therapies. The
combination of I3C and oncolytic Ads should
be further studied to evaluate the efficacy and
safety in animal experiments.

Materials and Methods

Cell lines and culture conditions

HEK 293 (ATCC® CRL-1573™), human
lung cancer A549 (ATCC® CCLI185™) and
H1299 (ATCC® CRL-5803™), human colon
cancer RKO (ATCC® CRL-2578™) and HCT
116 (ATCC® CCL-247™) cell lines were pur-
chased from the American Type Culture Col-
lection. A549 cells were grown in MEM-Alpha

medium; H1299 and RKO were cultured in RPMI11640 medium,

involved in the induction of cell cycle-related genes, including HCT116 in McCoy’s 5a Medium and 293 was grown in DMEM
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Figure 7. Effects of combinations of A Adhz63 day 1 Adhz63 day 3
13C and Adhz63 on expression of cyclin

E and CDK2 in A549 cells. (A) Cells were 0 100 200 100 13C (}JM)

pre-treated with various concentra-
CycE

tions of I13C for 7 d and then infected _

and CDK2 protein levels in A549 were
determined by western blot analysis
with specific antibodies. (B) The virus
titers were determined at days 1, 2 and
3 post-infection with the infection unit
method. (C) The viral capsid proteins
were determined by western blotting 1.00E+09 +
with a rabbit-anti-Ad protein virions Ad5

antibody.
1.00E+08 -
medium at subconfluence at 37 °C
in humidified air containing 5% 1.00E+07 - W Ad5
CO,. All media were supplemented ;
with 10% heat-inactivated fetal B Ad5+3C
bovine serum, 2 mM L-glutamine, 1.00E+06

and penicillin/streptomycin (100

U/mL). All cell culture reagents

were obtained from Gibco BRL and 1.00E+05 -

Corning Cellgro. dayl day2 day3
Adenoviral vectors and titration 1.00E+09

Wild-type Ad type 5 (AdS, ] Adhz63
ATCC no. VR-5) was used as a

replication-competent control. 1.00E+08 -

AdGFP, an Ad vector with EI

deletion carrying a green fluo- 1.00E+07 -

rescent protein (GFP), was used i

as a replication-defective control.

Adhz63 is an oncolytic Ad vec- 1.00E+06

tor constructed by our laboratory ﬁ

with the deletion of E1B55K region 1.00E+05 . .

similar to d11520.4" All of the vec-

tors created and used in this study day1 day2 day3
are based on the backbone of Ad5.
Total infected cells and culture
supernatants were collected at the

with Adhz63 at a MOI of 1. Cyclin E
a-Actin

w

Titer

T T -1

m Adhz63
OAdhz63+I3C

Titer

Day 3
I3C(uM) O 100 200 300 0 100 200 300

@)
@)
)
=

indicated time points and lysed to =
release virus particles with three - - - D
cycles of freezing and thawing. The :": : 5’
viral titers were determined by the p
infective unit method as described 0
previously.*>% Briefly, HEK 293 a
cells were seeded in 96-well plates .
at a density of 10° (cells/well) and —— o
then infected with 10-fold serially o
diluted viruses. CPE was recorded — . < a

and scored after incubation for 7 d.

Cell proliferation assay :
Growth inhibition of “ a-Actin
I3C  was evaluated wusing a
3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) assay. This assay 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
quantifies viable cells by measuring the conversion of the (MTT) to purple formazan, according to the manufacturer’s
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instructions (Boehringer Mannheim). The absorbance of the
supernatant was measured at 590 nm using a Synergy HT
Multi-Mode Microplate Reader (Bio-Tek). Based on the absor-
bance of the cell samples, cell viability can be measured. Cell
viability was expressed as the amount of dye reduction in treated
cells relative to that of untreated control cells. The data are pre-
sented as the mean + SD of triplicate samples from at least three
separate representative experiments and were analyzed by the
Student # test.

Crystal violet cell viability assay

The cytotoxic effect of drug combination of I3C and Adhz63
was analyzed by a crystal violet assay.* After the culture medium
was removed, cells were fixed with 3.7% Paraformaldehyde for
10 min and then carefully washed with PBS. Cells were incu-
bated in a solution of 1% crystal violet in distilled water for 15
min at room temperature, followed by washing with tap water
until excess color was removed and then set to air dry. Images
were scanned with HP Scanjet 4070 Photosmart Scanner. The
dye retained by the adherent cells was solubilized with 2% SDS,
and absorbance was recorded at 590 nm with a Synergy HT
plate reader (BioTek). The OD values were quantitated into the
cell viability % by the formula, cell viability % = (OD value of
experimental group / OD value of control group) x 100%. The
mock-control group was calculated as 100% of cell viability in
the assay.” The data obtained from the assay were also analyzed
by combination index (CI) method using the CalcuSyn software
(Biosoft), based on the principle of Chou and Talalay.?! CI = 1
indicates additivity; CI < 1 represents synergism and CI > 1 indi-
cates antagonism.

Flow cytometric analysis of DNA content

For cell cycle analysis, the CycleTEST™ PLUS DNA Reagent
Kit (BD Biosciences) was used according to the manufacturer’s
instructions. In brief, human lung cancer cells were plated onto
60 mm tissue culture dishes and treated with different concen-
trations (0, 50, 100, and 200 wM) of I3C. After 14 d, cells were
harvested. Cell nuclei were isolated and stained with a solution
containing propidium iodide. Acquisition and analysis were per-
formed by FACScan flowcytometer using Cell Quest pro soft-
ware with excitation between 580 and 650 nm.

Flow cytometric analysis of apoptosis

For detecting apoptosis, PE Annexin V Apoptosis Detection
Kit I (BD PharMingen) was used according to the manufactur-
er’s protocol. Briefly, to induce apoptosis, A549 cells were treated
with I13C at different concentrations and 1 MOI of Adhz63,
individually or in combination. Cells were harvested and washed
twice with cold PBS. A total of 1 x 10° cells were then stained
with 5 L of PE Annexin V and 5 L of 7-AAD for 15 min at RT

(25 °C) in the dark, followed by flow cytometric analysis using
Cell Quest pro software.

Measurement of caspase-9 activity

The activation of caspase 9 in A549 cells treated with different
concentrations (0 WM, 100 wM, and 200 wM) of I3C and 1 MOI
of Adhz63, individually or in combination, was assessed using
Caspase-9 Colorimetric Assay (R&D Systems, Inc.). Briefly, cells
were first lysed to collect their intracellular contents. Cell lysate
was then incubated with 5 pL of caspase-9 colorimetric substrate
(LEHD-pNA) in a 96-well microplate at 37 °C for 1-2 h. Colo-
rimetric readings were performed on a microplate reader using a
wavelength of 405 nm. The data are presented as the mean + SD
of triplicate samples from at least three separate representative
experiments and were analyzed by the Student 7 test. P < 0.05 was
considered significant.

Western immunoblot analysis

After indicated treatments, protein isolated from A549 cells
were harvested at different time points for western blot analy-
sis. Protein concentration was measured with the BCA protein
assay kit (Pierce). Fifty micrograms of protein was resolved by
10% sodium dodecyl sulfate PAGE and then electrophoretically
transferred to PVDF membrane. Rainbow marker was used as
the molecular weight standard. Membranes were blocked in 10%
non-fat dry milk in 1x TBST over night at 4 °C. The membranes
were incubated first with the following primary antibodies: anti-
cyclin D, anti-cyclin E, anti-CDK2, anti-CDK4, anti-CDKG6,
anti-cleaved caspase 9, anti-cleaved caspase 3, anti-poly (ADP-
ribose) polymerase (PARP), anti-cleaved PARP, or anti-viral cap-
sid proteins antibodies. Blots were subsequently incubated with
goat anti-rabbit or goat anti-mouse horseradish peroxidase con-
jugated secondary antibodies. Electrochemiluminescent western
blot analysis system (GE Healthcare) was used to visualize the
signals according to the manufacturer’s instructions. The pro-
teins were detected by autoradiography. Equal protein loading
was ascertained by the level of a-actin protein probed with anti-
a-actin antibody.
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