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cis-pt in colon cancer cell line HT-29.  We examined the effects of 
selenite on the colon cancer cell line HT-29 pre-treated with selenite 
(sodium selenite) and co-treated with selenite (sodium selenite) and 
cis-pt.  Although it has been demonstrated by this study that cis-pt 
is capable of blocking proliferation when administered at plating, 
we were able to show that cis-pt is not as effective when given after 
colonies have had the opportunity to form.  Unfortunately, this loss in 
effectiveness observed once colonies have formed is the situation that 
is most physiologically significant.  Chemotherapeutics would only 
be administered after cancerous polyps has developed.  Our study 
demonstrates that combination therapy of cis-pt and selenite increases 
the number of dead cells found in colonies even when administered 
after colonies have had the chance to form, making cis-pt a potentially 
viable option for colon cancer patients despite previous studies 
suggesting it is not an appropriate first line treatment.  Although we 
hypothesized that pre-treatment with selenite would have this effect, 
and this was not observed in our study to the extent that co-treatment 
was effective, co-treatment of se with cis-pt is the clinically relevant 
treatment regimen.  

Materials and Methods 
Monolayer culture 

HT-29 colon adenocarcinoma cell line was purchased from 
American Tissue Culture Collection (ATCC).  Cells were grown with 
standard monolayer culture techniques at 37o C in a humidified CO2 
incubator.  The media consisted of Dulbecco’s modified Eagle’s media 
(DMEM) with 4.5 gm/l glucose containing 10% fetal calf serum 
and 0.1% penicillin-streptomycin.  Monolayer culture was used to 
establish IC50, to give a starting dose for agarose experimentation, and 
to expand the cell line.  

Introduction 

The debate regarding selenium and cancer has remained 
unresolved [1,2]. Research has been completed examining the cancer 
preventative affects of selenium and have suggested a preventative role 
for selenium while others concluded that there is no preventative effect 
[3-7]. In addition to these differences, clinical evidence demonstrates 
that some cancers are more resistant to traditional therapies such 
as cis-platin (cis-pt), thus necessitating improved therapeutic 
options either through combination therapy.  Slow growing colon 
cancer cell lines are among those that have greater tendencies to 
develop resistance and are less susceptible to cis-pt and other metal 
coordination therapies [8-10]. Strong evidence suggests that selenium 
supplementation with chemotherapeutic agents can decrease the 
nephrotoxicity from these drugs [11-14].  Similarly, selenium seems 
to play some role in decreasing the development of resistant cell lines 
[15-18]. 

Selenium is linked to a decrease in oxidative damage due to its role 
in the selenoenzyme glutathione peroxidase.  Glutathione peroxidase 
(GPox) is responsible for the breakdown of hydrogen peroxide into 
water via the oxidation of reduced glutathione.  A flavin dependent 
enzyme, glutathione reductase is responsible for regenerating the 
reduced form of glutathione using NADPH as an electron donor.  It is 
expected that selenite supplementation would increase the availability 
of glutathione peroxidase among other selenium dependent enzymes 
[19,20]. 

The majority of the studies thus far have focused on how to 
either increase reactive oxygen species (ROS) selectively in cancer 
cells or manage ROS in normal cells thereby protecting them from 
damage [21-24]. Here we present data suggesting that controlling 
the amount of ROS in cancer cells may improve the efficacy of 
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XTT assay for determining IC50 values

 Studies to determine the IC50 values of cis-pt in the HT-29 cell 
lines were conducted using the XTT assay according to manufacturer’s 
specification (Sigma-Aldrich).  Na2SeO4 and cis-pt were purchased 
from Sigma-Aldrich. All treatment compounds were dissolved in 
dimethylsulfoxide (DMSO) and mixed with media prior to adding 
to cell cultures.  DMSO concentration in cell culture did not exceed 
0.1%.  The XTT assay, which measures mitochondrial activity, was 
used to determine IC50 values for the cis-pt.  The assay was conducted 
according to manufacturer’s directions, and results are reported as 
percent of control.  

Agarose cell culture methods

 HT29 cells were grown in monolayer and then suspended in 
agarose.  Details of this agarose method are described in Kinder and 
Aulthouse 2004 [25]. In brief, 10µl of single cell suspension (5x105 cells 
in 1ml of 0.5% low temperature agarose) were plated on 35 mm tissue 
culture dishes which were previously coated with high temperature 
agarose.  The cell/agarose suspension was allowed to gel and were 
grown for 7 days.  The cultures were fed/treated at plating (day 0) 
and at day 4 with complete media change.   Cultures fed DMEM 
only served as controls and cultures treated with dimethylsulfoxide 
(DMSO) served as vehicle controls.   Final DMSO concentration was 
0.1% in all cultures.  The cultures were treated with Na2SeO4 or cis-pt 
(prepared as for monolayer above).  The media consisted of Dulbecco’s 
modified Eagle’s media (DMEM) with 4.5 gm/l glucose containing 
10% fetal calf serum and 0.1% penicillin-streptomycin.   

Rationale for using the agarose cell culture method

 The use of the agarose cell culture provides several advantages 
over monolayer culture.  Long term experiments, up to two weeks, 
can be conducted.  Plating of single cells suspended in agarose allows 
analysis of both cytotoxicity (trypan blue exclusion) and mitotic 
activity (number and size of cell clusters).  In addition, this culture 
method is amiable to determine enzyme function.  

Control (DMEM only) and vehicle control (VC, DMSO) cultures 
were established for each experiment and for all treatment groups 
(n=6 for each treatment group).  All cultures were analyzed for 
viability using the trypan blue exclusion assay and for mitotic activity 
by counting both single cells and cell colonies (clusters of 2 or more 
cells) using an Olympus IM inverted microscope.   Cultures were 
examined on day 4 and day 7.  For analysis on day 7, the cultures 
were first centered at 4x and then counted at 10x to prevent bias.  
Approximately 30% of the cell culture was evaluated.  The amount of 
single cells and cell colonies alive and dead, between treatment groups 
were analyzed using a t-test and controlled for overall error using a 
modified Bonferroni.

Reactive oxygen species breakdown assa

 ROS breakdown was determined using the Total ROS detection 
kit available from Enzo.  Cells were collected from agarose culture by 
homogenizing the agarose cell mixture in lysis buffer supplied by the 
assay kit.  Correlation from absorbance values to ROS breakdown was 
determined as specified by the manufacturer.

Results 
In order to estimate appropriate cis-pt concentrations for 

experiments, the IC 50 for cis-pt was determined in the HT-29 cell 
line.  Using the XTT assay in monolayer culture we estimated an IC50 
of 70µM.  The XTT assay can be used as an indication of cell growth 
inhibition, but does not answer the question of cytotoxicity.  HT-29 
cells grown in monolayer were treated with selenite (as Na2SeO4) 
at increasing concentrations.  Selenite is not considered a cytotoxic 
agent, but has an LD50 in rats of 1.6 mg/kg.  At 29 µg/ml, the number 
of cells present had dropped to 80% compared to control.  The results 
of the monolayer studies suggest there is a cytostatic or a cytotoxic 
component to selenite at higher concentrations.

Supplementation with selenite:  cell growth inhibition and 
cell death in agarose

Figure 1: Dietary Supplementation with selenite.  Treatment of HT-29 cells 
with selenite from 0.05 – 0.33 μg/ml (0.29-1.9 μM).  There were no statistically 
significant differences noted between treatment groups.  VC = vehicle control; 
SC = single cells; SC-D = single dead cells; Col = cell colony; Col-D = colonies 
containing dead cells.  Data is presented as a percentage of total cells.
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Figure 2: ROS Breakdown with Se Se 0.05 and 0.18 µg/ml shows more 
ROS breakdown compared to control.
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enough at all doses tested to result in increased cell death.  We 
repeated the experiment at lower concentrations.  

Figure 1 shows the results for the lower dose response with 
selenite including 0.05, 0.09, 0.18 and 0.33 µg/ml.  This data allowed 
us to determine the highest dose tested that did not show significant 
cell death from selenite alone.   Although it was possible that we 
could have increased the selenite dose beyond 0.33 µg/ml and still not 
have contributed to cell death, our data examining ROS breakdown 
indicated that a dose of 0.05 µg/ml was sufficient to increase selenite 
enzyme function over control (Figure 2).  Based on this data we 
progressed forward with 0.33 µg/ml selenite in the combination 
experiments, since it was enough to increase GPox activity and still 
not contribute to cell death.

Treatment with cis-pt

Next we completed a dose response for the HT-29 cells with 
cis-pt in agarose culture.  Again it was necessary to complete the 
dose response rather than compare to literature because the cells 
were grown in the three-dimensional agarose culture model, which 
is physiological.  Concentrations of 6, 12, and 24 µg/ml cis-pt were 
compared to vehicle control.  The data for this experiment is presented 
in (Figure 3).  There was a statistically significant increase in cell death 
for all concentrations tested compared to control.  By using both the 
trypan blue exclusion assay and cell counting, we were able to confirm 
that proliferation was stopped at all the concentrations of cis-pt tested.  
This can be confirmed by comparing the number of live single cells 
(untreated) to the increased number of treated dead single cells with 
less colony formation in the treated cultures.  Figure 3 shows that 
when untreated the majority of the cells become colonies with very 
few of those colonies containing dead cells.   

We also examined the ROS breakdown (as determined by GPox 

Figure 3: Effectiveness of Cis-Pt on HT-29 colon cancer cells.  Treatment 
of HT-29 cells with Cis-Pt.  Treatment with any of these concentrations 
blocked proliferation as seen in the number of single cells present at day 
7, with a concomitant rise in number of dead cells both in single cells and 
colonies.  VC = vehicle control; SC = single cells; SC-D = single dead cells; 
Col = cell colony; Col-D = colonies containing dead cells.  Data is presented 
as a percentage of total cells.

Figure 4 A and B:  Treatment regimines for two concentrations of cis-pt.  Data presented as ON/ON indicates treatment was present during the day 0-4 
interval and the day 4-7 interval.  OFF/ON indicated treatment was not present until the day 4-7 interval.  ON/OFF indicates that treatment was present during 
the day 0-4 interval but not during the day 4-7 interval.  Treatment of HT-29 cells with Cis-Pt showed greatest effect on cell kill before colonies were allowed 
to form.  However, treatment with Cis-Pt inhibited the formation of colonies when cells were exposed to the drug upon setting the plates.  The results from the 
12 and 24 μg/ml treatments were similar. VC = Vehicle Control; SC = Single Cells; SC-D = Single Dead Cells; Col = Cell Colony; Col-D = Colonies Containing 
Dead Cells.  Data is presented as a percentage of total cells.

In order to determine the minimum concentration of selenite that 
was required to observe an effect, but not high enough to contribute 
to cell death, we completed a dose response in agarose culture.  This 
was a necessary step since values estimated in monolayer are often 
not representative of those observed in agarose culture.  The dose 
response of the HT-29 cells to selenite was completed by treating 
cells continuously for 7 days with selenite concentrations of  0.75, 
1.5, 3, 6, 11, 23, and 45 µg/ml (data not shown).  Based on this data 
we determined that the original concentration of selenite was high 
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activity) for the cis-pt treated cultures.  Slight increases were observed, 
as expected, indicative of increased ROS production due to cis-pt 
treatment (data not shown).  Our goal was to mimic the clinically 
significant treatment regimen.  Using the agarose culture method 
, we were able to examine effects of treatment at plating compared 
to cultures which were treated after colony formation, which more 
closely represents the formation of a cancerous polyp.  In order to 
accomplish this we compared two cis-pt doses, 12 and 24 µg/ml, 
with multiple treatment regimens.  In one experiment we treated cell 
continuously with cis-pt starting at plating (day 0) until day 7, when 

cells were counted and assayed for viability.  

 Figure 4A shows the data for continuous treatment as “ON/ON” 
indicating that treatment was ON during both the day 0-4 interval 
and the day 4-7 interval.  In a second experiment, we allowed cells to 
grow without treatment day 0-4, and then with the midpoint media 
change, added cis-pt for day 4-7. Figure 4B summarized this second 
experiment by indicating that treatment was Off during the day 0-4 
interval and ON during the day 4-7 interval.  A third experiment was 
completed in which treatment was ON during the day 0-4 interval 
and Off during the day 4-7 interval.  This data demonstrates that cis-pt 
is more effective if given at the time of plating (day 0).  

 Figure 5 shows ROS breakdown for each of these cultures, 
which was considerable higher for cultures that were treated with 
cis-pt during the day 0-4 interval.  Less ROS breakdown, although 
not significantly less than with control, was observed in cultures that 
were treated once colonies were allowed to form (day 4-7).  Data from 
these experiments presented in Figure 5 combined with analysis of 
the cell mitotic activity and viability Figure 4 suggests that cis-pt is 
not effective when given after colony formation.  Furthermore, these 
data suggest that the activity of cis-pt is related to the level of ROS 
present during treatment times. 

In order to examine our hypothesis (control of ROS levels would 
increase efficacy of cis-pt), we explored treatment regimens including 
selenite.  Figures 6 and 7 summarize the experiments that compared 
selenite or cis-pt individual treatment with the combination treatment.  
These combination treatments explored both pre-treatment with 
selenite (day 0-4) followed by cis-pt alone day 4-7 and continuous 
treatment with selenite and cis-pt (day 0-7).  As seen in Figure 6, 
there was no significant difference between the control and cultures 
treated with selenite or cis-pt (6 µg/ml).  However, if colonies were 
allowed to form first (day 0-4), then combination treatment followed, 
there was a significant difference from vehicle control.  Figure 7 
shows similar results for the 12 µg/ml cis-pt.  The number of colonies 
containing dead cells was higher compared to cis-pt alone when 

ROS Breakdown with
Cis-Pt at 12 and 24 µg/ml

Gp
ox

 A
ct

iv
ity

/T
ot

al
Pr

ot
ei

n 
(u

ni
ts

/u
g)

NC

CisPt 1
2 Day 4-7

CisPt 1
2 Day 0-4

CisPt 2
4 Day 4-7

CisPt 2
4 Day 0-4

0.000

0.002

0.004

0.006

0.008

Figure 5: ROS Breakdown with Cis-Pt   For both Cis-Pt concentrations, 
less ROS breakdown compared to control was observed when colonies were 
allowed to form prior to Cis-Pt treatment (clinically relevant). Where cells were 
treated at plating prior to colony formation, ROS breakdown was increased 
relative to control.

Figure 7: Se then (or and) Cis-Pt  Cis-Pt blocked mitosis when treated at 
day 0.  Se and Cis-Pt combinations increased the number of dead colony 
cells when compared to no selenite at all. VC = vehicle control; SC = single 
cells; SC-D = single dead cells; Col = cell colony; Col-D = colonies containing 
dead cells.  Data is presented as a percentage of total cells.

Figure 6:  Treatment with Se and Cis-Pt.   There was no significant 
difference between VC and cultures treated with 0.33 μg/ml Se or 6 μg/ml 
Cis-Pt. There was a significant difference from VC if colonies formed prior 
to a combination treatment.  There was a significant increase in single cells 
both alive and dead,  a significant decrease in live colonies and significant 
increase in dead colonies .  VC = vehicle control; SC = single cells; SC-D = 
single dead cells; Col = cell colony; Col-D = colonies containing dead cells.  
Data is presented as a percentage of total cells.
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either pre-treated with selenite followed by cis-pt or when treated in 
combination.  When co-treatment was used the difference was larger 
as compared to cis-pt alone.  

Next we compared ROS breakdown activity for these cultures 
(Figure 8).  Figure 8  shows the combination therapy for both cis-
pt concentrations.  Pre-treatment with selenite followed by cis-pt at 
both concentrations was also examined (data not shown).  These data 
confirm that in combination therapy there is more ROS breakdown as 
compared to control or cis-pt alone, which agrees well with the data 
presented in (Figures 6 and 7). Likewise, there was also an increase in 
ROS breakdown for cultures that were pretreated with selenite (data 
not shown) but this difference was not significant.

Conclusion 
Results from this study confirm that at all doses tested, cis-pt 

was effective at decreasing mitotic activity and cell viability when 
administered prior to colony formation.  More importantly, our data 
shows that when colonies were able to form before treatment, less 
cis-pt cytoxicity was observed.  We were also able to correlate the 
decreased cytoxicity to a decrease in ROS breakdown.  Using dose 
response studies we confirmed that at optimal selenite concentrations 
(0.05 to 0.33 µg/ml), there was no cytotoxcity observed with selenite 
treatment alone and ROS breakdown still occurred.   This data 
suggests that the selenite concentrations used were not contributing 
to cell death, yet the ROS breakdown was still occurring.  This dose 
response observation is important because selenium supplementation 
will contribute to the ROS pool and will therefore require more ROS 
breakdown.  Since our dose of selenium at which the cells were treated 
did not contribute significantly to cell death, we were confident that 
the cell death was not related to the increased ROS pool.  Based on our 
results, we conclude that the increase in cell death observed was due to 
the co-treatment with selenite and cis-pt, not due to excessive selenite, 
which if high enough will cause cell death alone.  When considered 
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Figure 8:  ROS Breakdown with Se and Cis-Pt  Se combined with both 
concentrations of Cis-Pt showed increased ROS breakdown compared to 
control.  ROS breakdown was increased compared to control in all samples 
treated with both Se and Cis-Pt.

with the cis-pt selenite combination data, the potential link between 
cis-pt efficacy and ROS breakdown stands out.  Supporting this 
observation is the data showing clearly that cytotoxicity is increased 
when the selenite cis-pt therapy was given, even after colonies were 
formed.  

There are a number of possible explanations for the observed 
effects of the co-treatment ranging from increases in various 
selenoprotein levels to increased availability of cis-pt that may have 
been bound to glutathione.  One of the more common or well studied 
mechanistic possibilities is change in the level of selenoenzyme 
thioredoxin reductase 1, which when treated with cis-pt appears 
to increase insertion of an essential selenocysteine residue [26].  
Another explanation is that low dose selenium could be inhibiting 
repair of the DNA strand breaks induced by cis-pt, similar to what 
has been observed with resveratrol [27,28].  More generally, research 
has shown  that uncoupling protein 2 expression, which would also 
alter ROS levels, relates to cis-pt cytoxicity [24].  The mechanism by 
which selenite and cis-pt co-treatment increase cell death after colony 
formation is unknown and further studies are required to elucidate 
said mechanism, however, the above mentioned possibilities represent 
plausible starting points.

Our data clearly show that the combination therapy was more 
effective at killing cells in existing colonies.  This finding is important 
because existing colony formation relates more closely to the clinically 
significant existing cancer.  We were also able to show that pre-
treatment was able to increase the number of colonies with dead cells 
but only if the selenite treatment was continued in conjunction with 
cis-pt treatment after colony formation.  These data suggest that pre-
treatment is not necessary because we also observed that cells that were 
pre-treated with selenite and then treated with cis-pt were not killed 
as easily as those that were only treated with combination therapy 
days 4-7.  Our data suggest a potential for therapeutic application for 
co-treatment.  Although typically, cis-pt is not a first line treatment in 
colon cancer, if used in conjunction with selenite it may prove useful.  
More studies are needed in order to complete the translation of this 
potential therapy to bedside and our study highlights the importance 
of completing such studies.  

Abbreviations 
VC = vehicle control; SC = single cells; SC-D = single dead cells; 

Col = cell colony; Col-D = colonies containing dead cells; ROS = 
reactive oxygen species; Cis-Pt = cis-platinum; GPox = glutathione 
peroxidase; Se = selenite
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