

















Combination effects of RSV and 5-FU on colon cancer cells

percentage surviving cells versus drug concentra-
tion. Verification for apoptosis was provided by flow
cytometric cell cycle analyses of sub-G, fractions
using propidium iodide (PI) staining for DNA
fragmentation.®

Cancer cell sensitivity to the drug treatment was
expressed in terms of the concentration of drug
required for 50% inhibition of cell growth (IC50). As
the percentage of control absorbance was considered
to be the surviving fraction of cells, the IC50 value was
defined as the concentration of drug that produced
50% reduction in control absorbance (by interpola-
tion). RSV enhancement of 5-FU-induced growth
inhibition was evaluated via dividing IC50 values of
cells treated with 5-FU alone by those obtained when
cells were simultaneously exposed to different concen-
trations of RSV in combination with 5-FU.

Cell cycle analysis. HCT116 cells were harvested
in 15-mL tubes, fixed with 70% ethanol, washed
twice with PBS and stained with propidium iodide
(PI) (50 ug/ml) and RNase A (100 pg/ml) for 30
min at 37°C. At least 10,000 events were analyzed
by flow cytometry (Coulter EPICS Elite ESP;
Beckman Coulter, Fullerton, CA) with the excitation
set at 488 nm and emission at 610 nm. Data were
analyzed using the software package WinMDI.

Figure 5. Combination effects of RSV and 5-FU on the cell cycle. Cell cycle analysis was per-
formed using Pl staining in combination with flow cytometry. (A) In p53+/* cells, RSV (200 puM)
in combination with 5-FU produced a greater increase in the sub-G; population compared to
5-FU treatment alone. In contrast, combinations of lower dose RSV (25, 50 or 100 uM) with
5-FU significantly reduced the sub-G,; fraction in comparison with 5-FU alone. Interestingly,
lower dose RSV (25 or 50 puM) in combination with 5-FU resulted in G,-phase arrest in the
p53+/+ cells, which was not observed with either compound alone. (B) In p537- cells, RSV
(100 or 200 pM) in combination with 5-FU produced a greater increase in sub-G, fraction
compared to 5-FU treatment alone. On the other hand, lower dose RSV (25 or 50 uM) in
combination with 5-FU did not significantly alter the cell cycle profile, as compared to 5-FU

treatment alone. F: 5-FU; R: RSV.

(San Jose, CA, USA). Peptide inhibitor of caspase-6 (z-VEID-fmk)
was provided by R&D Systems (Minneapolis, MN, USA).
Quantification of cell viability. Cell viability was quantified using
the Cell Proliferation Kit II (XTT assay) from Roche Diagnostics
(Penzberg, Germany), following the manufacturers protocol. Briefly,
cells in exponential growth were harvested by EDTA and seeded at
a concentration of 104 cells per 100 pl per well into 96-well plates,
and allowed to attach overnight. The medium was subsequently
removed and fresh medium along with various concentrations of
RSV and 5-FU, were added to cultures in parallel. Specifically, cells
were treated with RSV and/or 5-FU. 5-FU were added at 200 uM,
400 UM, 800 UM, 1600 UM, 3200 UM and 6400 UM either alone,
or in combination with RSV at 25 uM, 50 uM, 100 uM and 200
UM for 24 h. Control cells were cultured using the same conditions
with comparable media changes. Following treatment, the cells were
incubated with XTT reagent for 4 h at 37°C before absorbances were
measured at 480 nm using a 96-well plate reader. For each treatment,
cell viability was evaluated as percentage of control absorbance. The
growth inhibitory effects of RSV and 5-FU alone or in combination
were analyzed by generating dose response curves as a plot of the
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SDS-PAGE and Western blot analysis. Western
blot analysis was performed as described previously.®
Briefly, cell lysates were subjected to 15% PAGE
then transferred onto PVDF membranes. After
blocking 1 h with 5% dry milk in TBST solution
(50 mM Tris/HCI pH 7.4, 150 mM NaCl, 0.1%
Tween-20), membranes were washed three times
using TBST, exposed to primary antibody overnight
at 4°C with gentle shaking, washed with TBST
three times, exposed to secondary antibody for 1 h,
washed three times again in TBST, and eventually
subjected to chemiluminescence detection using the SuperSignal
Substrate Western Blotting Kit.

Determination of caspase-6 activity. Caspase-6 activity assay was
performed as described previously.® Briefly, cells were harvested and
lysed with 1X cell lysis buffer (BD Biosciences Pharmingen, San
Diego, CA). Cell lysate was added to a 2X reaction buffer (10 mM
HEPES, 2 mM EDTA, 10 mM KCI, 1.5 mM MgCl,, 6 mM DTT).
Fluorogenic caspase-6 specific substrate VEID-AFC (50 mM) was
then added followed by 1 h of incubation at 37°C. The protease
activity was determined by measuring the relative fluorescence
intensity at 505 nm following excitation at 400 nm using a spectro-
fluorimeter (TECAN Spectrofluor Plus, Austria). Caspase activities
were normalized with protein concentration and expressed as folds
increase in activity relative to the enzymatic activity obtained from
untreated control cells.

Calculation of combination index. The median-effect analysis
of Chou-Talalay® was used to determine synergism, additivity or
antagonism effects for combination of RSV and 5-FU. Median-effect
plots were obtained by plotting log (f,/f,) against log (D), where D
represents the concentration of each single compound alone, while
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/fa and fu stand for the affected (values between 0 and 1) and
unaffected (1-fa) fraction, respectively, at each concentration D.

For each of the drug combinations tested, the combination indices
(CI) were calculated by non-constant ratio analysis. From the median
effect curves, the x-intercept (log IC50) and slope m were calculated
for each agent and for the combination. These parameters were then
used to calculate doses of the drugs either alone or in combination
required to produce varying levels of cell growth inhibition according
to the equation Dy =Dic5 (£/(1 - fa))l/m. For each of the drug
combinations tested, the combination indices (CI) were calculated
according to the equation CI = (D)ggy/(Dx)pgy + (D)spy/ (DX)spy,
where (Dx)gqy, was the dose of RSV required to produce x percent
effect alone, and (D)gqy, was the dose of RSV required to produce
the same x percent effect in combination with (D)sp;. Similarly
(Dx)sp; was the dose of SFU required to produce x percent effect
alone, and (D)gp; was the dose required to produce the same effect
in combination with (D)ggy- A CI value <1 or >1 indicates synergy
or antagonism, respectively. An additive effect is proposed when a CI
value is close to 1 (i.e., between 0.9 and 1.1). The comformity of the
experimental data to the median-effect principle of the mass-action
law was confirmed in terms of the linear correlation coefficient (r
value) of the median-effect plots. In this study, the r values for RSV
and 5FU were greater than 0.9 (Fig. 3A and B).

Statistical analysis. Results are presented as mean + standard devi-
ation (SD) of data collected from three independent experiments.
Statistic analysis of mean values was performed through t-test by
ANOVA using the statistical software package SPSS (version 14.0). A
p < 0.05 was considered to be significant and is represented by *.
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