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Summary: 

 

Cancer cells are characterized by  abnormal growth and often increased resistance to apoptosis. 

Rapidly growing tumor cells have been found to be more dependent on glycolysis for their 

increased energy requirements than on other possible modes of energy productions. This fact has 

been exploited in the current study in order to sensitize tumor cells to different types of 

chemotherapy drugs, that is, by inhibiting glycolysis and bypassing the resistance to many drugs. 

The study was performed on two different types of cancer cells. 2-deoxyglucose (2DG) and       

3-bromopyruvate (3BP) were used as glycolysis inhibitors. WST-1 cell viability assay and 

ELISA based approaches namely M30 apoptosense assay (specific for apoptosis) and M65 total 

cell death assay were used to quantify cell viability, apoptosis and total cell death respectively, at 

48h of drug treatments. 2DG and 3BP were found to potentiate apoptosis/cell death induction by 

some but not all the of the drugs tested.  
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Introduction: 

 

Background: 

Living cells regulate their growth and proliferation via complex signalling networks. 

Growth factors and their receptors are regulators of many pathways that are involved in 

determining when and how a particular cell should undergo differentiation, proliferation or 

death, and thus connect the extracellular signal to an intracellular response. However, due 

to certain specific mutations some cells may become independent of growth factors and 

show aberrant regulation of cell growth and proliferation leading to tumor formation or 

cancer. Almost all cancer cells are known to possess six major characteristics: 

self sufficiency in growth signals, insensitivity to growth inhibitory signals, evasion of 

programmed cell death, uncontrolled replicative potential, sustained angiogenesis 

(development of new blood vessels) and tissue evasion (invasion to secondary sites by 

tumor from its primary origin) and metastasis (Hanahan & Weinburg 2000). 

 

The almost unrestricted growth of cancer cells involves increased macromolecule synthesis and 

increased energy requirements. In 1930 Warburg found out that for partially unknown reasons 

there is often an increased dependence on glycolysis rather mitochondrial oxidative 

phosphorylation for energy/ATP production even under aerobic conditions therefore this property 

of cancer cells is named as Warburg effect. It is also shown  that increasingly altered energy 

metabolism correlates with tumor progression (Cuezva & Krajewska  2002). 

 

Cancer is treated in several ways, usually surgery and/or chemotherapy. Chemotherapy includes 

DNA-damaging alkylating agents (cisplatin, melphalan), topoisomerase inhibitors (etoposide, 

doxorubicin), metabolite analogs (methotrexate) and microtubuli inhibiting agents (taxol) etc. 

These drugs are anti-proliferative via different mechanisms that include cell cycle arrest, 

apoptosis, necrosis and mitotic catastrophe. 
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Development of resistance is a major clinical problem. Single-drug treatment is therefore seldom 

used; instead drugs are given in more or less empirically determined combinations. Should the  

first-line treatment fail, the regimen is changed to a second-line option. In addition, the drugs 

may have different side effects such as bone marrow suppression, neurotoxicity, nephrotoxicity, 

anxiety, thrombosis, blood pressure, constipation, dehydration, nausea, diarrhea, depression, hair 

loss, headache, heart problems etc. 

 

Resistance often correlates with mutations in the p53 protein, but also with upregulation of  

anti-apoptotic proteins such as Bcl-2 and with expression of P-glycoprotein (P-gp) which acts as 

a pump to remove the drug from the tumor cells (Hanahan & Weinburg 2000). The p53 protein is 

activated by  post-translational modifications in response to stress stimuli and serves as a 

transcription factor, activating other genes’ expression whose products can bring about cell cycle 

arrest, senescence, apoptosis or DNA damage repair (fig.1; Ryan & Vouseden 2001). In some 

cases it may act as a modulator of certain proteins by directly binding to them.  

 

The importance of p53 was first shown in p53 deficient mice that showed increased incidence of 

multiple tumors (Donehower et al. 1995). Therefore, an important function of  the p53 pathway is 

to protect the cell from undergoing abnomal growth  that could ultimately lead to tumor 

formation. (Sionov & Haupt 1999) and it is thus regarded as a tumor suppressor protein. 

However, it is also reported to be involved in DNA damage repair (Vougelstein et al. 2000). 
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Figure 1: Cell cycle control by p53 protein. The active p53 protein directs the cell to 

undergo programmed cell death or apoptosis under the conditions of excessive DNA damage  

However if the DNA damage is repairable, the active p53 protein directs the cell to undergo 

DNA damage repair via cell cycle arrest and, cell cycle resumes. 

 

After DNA damage the p53 protein directs the cell to undergo DNA damage repair and acts via 

the p21 protein to arrest the cell cycle in order to allow repair before replication  

(Ryan & Philipps 2001). However, if the DNA damage is excessive, the p53 protein directs the 

cell to undergo programmed cell death, usually  called apoptosis (fig2). Hence, the p53 pathway 

is regarded as one of the most important guardians of cell growth and proliferation. 

 

Apoptosis induction has been a center of interest for many researchers over the last two decades. 

It is known to be mediated by the so-called intrinsic and extrinsic pathways, both of which 

converge at the activation of certain caspases (apoptosis specific proteins that direct the cell to 

undego apoptosis once activated by the release of cytochrome c from mitochondria) and finally 

the degradation of DNA and ultimately death via disintegration of the cell into apoptotic bodies 

that may be phagocytosized. However, under conditions of starvation and/or energy depletion the 

mode of death by the cell system is necrosis rather than apoptosis, since apoptosis activation  

   Stress 

  DNA Damage 

   p53 Protein (active) 

Cell Cycle Arrest 

DNA Repair  Apoptosis 
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requires ATP while necrosis involves swelling and lysis of the cell rather than formation of 

apoptotic bodies. 

 

                   

                                           Apoptosis by death factors 

Figure 2: Programmed cell death or apoptosis. If the DNA damage is excessive the p53 

protein directs the cell to undergo apoptosis via mitochondrial release of cytochrome c to 

activate apoptosis specific proteases. Extrinsic factors that bind to death receptors may 

induce mitochondria independent apoptosis via caspase-8 (Nagata 1997) 

 

 

Hypothesis: 

Tumor cells often depend uniquely on a high glycolytic rate. Therefore it was hypothesized that 

combining chemotherapy drugs with glycolysis inhibitors like 2DG and 3BP will potentiate the 

cell death/apoptosis induction by the drugs and result in higher cell death in comparison to drugs  
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only treatment. This co-treatment will require only low doses of chemotherapy drugs thereby 

leading to less undersirable side effects and less risk of resistance development. 

 

Aim: 

The aim of the present project was to test whether glycolysis inhibitors had the hypothesized 

effects, to examine which type(s) of chemotherapeutic drug(s) are potentiated in combination 

with 2DG or 3BP, and to see if highly resistant cells such as the MDA-231 human breast cancer  

cells can be sensitized to chemotherapy-induced apoptosis. 

 

Measuring Cell viability and Cell death: 

The WST-1 (tetrazolium salt) colorimetric method quantifies viable cells remaining after 

treatment with drugs. The WST-1 tetrazolium salt is reduced to a coloured product via plasma 

membrane electron transport based on production of reactive oxygen species in the cells  

(Berridge 2005). The absorbance at 470 nm reflects the level of reduced WST-1 salt, and thereby 

the relative level of viable cells in relation to the level in untreated control samples. 

 

Cytokeratins are intermediate filament proteins that are released from the epithilial cells in  

soluble form from dying tumor cells (Linder et al 2004). Cytokeratin-18 fragments are produced 

by  caspase cleavage during apoptosis and can be identified using the M30 antibody that 

selectively recognizes caspase cleaved fragments of cytokeratin-18, indicative of apoptosis 

 (Linder et al 2004). The M30 apoptosense assay is an ELISA based assay and a convenient 

method to specifically quantify apoptosis. Since the cleaved fragments are stable, the method 

quantifies accumulated apoptosis, thereby presenting an advantage over the standard methods, 

e.g., caspase-3 activity, which only gives ”snapshot” assessments.  

 

Quantification of total cell death levels was based on the M65 antibody that selectively identifies 

total soluble cleaved and uncleaved – cytokeratin-18 released mainly during necrosis, when cells 

lyse rather than decompose into apoptotic bodies (Linder et al 2004).  

 

 



 8 

 

Results: 

 

Dose Response to DG and BP: 

Dose-response assay with 2DG and 3BP were performed using four isogenic subclones of two 

different cell types HCT116 wild type-p53 and p53-null mutants, MDA-231 p53 mutant and 

MCF-7 wild type-p53  in order to compare the sensitivities of the cell lines towards these two 

energy  metabolism inhibitors. Cell viability and total accumulated apoptosis was measured at 

48h of treatment using the WST-1 tetrazolium salt and M30 Apoptosense assays respectively. 

 

The cell lines showed  differential sensitivities to different treatments of 2DG 

(5, 10 and 20 mM fig.3a) and 3BP (10, 20, and 50 µM fig.3b). MDA-231 breast cancer cells were 

resistant to both 2DG and 3BP, as seen using the M30 apoptosense assay. Therefore the decrease 

in cell viability seen in the WST-1 cell viability assay could be due to the cell cycle arrest or 

necrosis (fig.3a). This necrosis was later confirmed by different experiments in this lab using a 

different assay (data not shown).  Of the colon cancer cells, the HCT 116 wild type-p53 cells 

showed decreased cell viability in response to 2DG treatments unlike the HCT116-p53 null 

mutant cells, where 2DG had little or no effect (fig 3a). No apoptosis was observed in either of 

these cell types and the decreased cell viability was due to cell cycle arrest or necrosis. MCF-7 

breast cancer cells showed decrease in cell viability with increase in 2DG concentration and some 

apoptosis as well that also decreased with increased 2DG concentration.  

 

MDA-231 cells were also resistant to 3BP treatments and showed neither decrease in cell 

viability nor  apoptosis (fig.3b). HCT116 p53-null mutant cells showed both decrease in cell 

viability as well as apoptosis upon 3BP treatments. However their wildtype counterparts showed 

decrease in cell viability but no apoptosis after treatment with 3BP, possibly due to necrosis. This 

was also the case with MCF-7 breast cancer cells. 
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2DG     -     5    10   20          5   10   20          5   10   20          5   10   20 mM 

                                                        (A) 

                 

 
  3BP  -    10   20   50         10   20   50         10   20   50          10   20   50  µM   

                                      (B) 

 

 

Figure 3: (A) Cell viability (grey) and apoptosis (black) with SD bars of HCT116 colon 

cancer cells (p53 wild type and p53 null mutants) and breast cancer MDA-231 (p53 

mutants) & MCF-7 (wild type p53) cells treated with 2DG, as measured with WST-1 cell  

viability & M30 Apoptosense! assay at 48h of the drug treatments. (B) Cell viability (grey) & 

apoptosis (black) with SD bars of  HCT116 colon cancer cells and breast cancer MDA-231 &  
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MCF-7 cells treated with 3BP, as measured with WST-1 cell viability & M30 

Apoptosense!assay at 48h of the drug treatments. 

 

 

 

Drug Combinations: 

 

Six drugs were tested in the presence or absence of 2DG or 3BP. The drug effects were measured 

after 48h using WST-1, M30 and M65  assays.  

 

2-deoxyglucose and 3-bromopyruvate potentiated cisplatin (cDDP) 

Cisplatin (cDDP) induced apoptosis was potentiated in HCT116 wild type-p53 and in HCT116 

p53-null mutant cells by 3BP at 50 µM (fig.4). The fraction of viable cells was also decreased by 

this treatement. cDDP induced apoptosis was not potentiated in HCT116 wild type-p53 cells by 5 

mM 2DG but was potentiated in HCT116 p53-null mutant cells. The fraction of viable cells was 

shown to decrease in both the cell types suggesting involvement of  necrosis and/or cell cycle 

arrest  in HCT116 wild type-p53 cells and apoptosis in HCT116 p53-null mutant cells 

respectively. Similar results were obtained with chloro-triethyl-phosphine gold (TEPAµ)±BP 

(data not given) in HCT116 wild type-p53 cells. 

 

2DG at 5 mM potentiated cDDP (5 µM and 10 µM) induced apoptosis in MCF-7 breast cancer  

cells. 3BP at 50 µM potentiated cDDP (5 µM) induced apoptosis,  whereas  necrosis was likely  

involved in the potentiation of cDDP at 10 µM. By contrast, MDA-231 cells remained largely  

unaffected by the cDDP, cDDP+2DG and cDDP+3BP treatments confirming their resistance  

towards these treatments. It was shown that HCT116 wild type-p53 cells also responded with 

apoptosis to VP16±DG (data not given) treatments. 
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cDDP  -      -       -      5      5       5                     -       -     10     10    10    µM 

2DG   -      5       -      -      5        -                    5       -       -       5      -    mM 

3BP    -      -      50     -      -      50                     -      50     -        -     50    µM    
                                                                         (A)  

 
          cDDP   -     -     -    5     5    5   10  10  10         -     -    5    5    5    10  10  10    µM 
         2DG     -     5     -    -     5     -    -     5    -         -     5     -   5     -     -    5    -    mM 

           3BP     -      -   50    -     -   50    -    -   50         -     -   50    -   50    -    -    50    µM 

                    (B) 

 
Figure 4: (A) Cell viability (grey) & apoptosis (black) with SD bars of HCT116 colon cancer 

(p53 wild type & p53 null mutant) cells, treated with cDDP, 3BP, 2DG & cDDP±2DG/3BP, as 

measured with WST-1 cell viability & M30 Apoptosense assay at 48h of the drug treatments. 

(B) Cell viability (grey) & apoptosis (black) with SD bars of breast cancer MDA-231 (p53  
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mutated) & MCF-7 (p53 wild type) cells, treated with cDDP, 3BP, 2DG & cDDP±2DG/3BP, as 

measured with WST-1 cell viability & M30 Apoptosense assay at 48h of the drug treatments. 

  

         

 

2-deoxyglucose and  3-bromopyruvate could not potentiate oxaliplatin 

Oxaliplatin induced apoptosis was not potentiated either by 2DG or 3BP at drug  

concentrations of 10 µM and 20 µM, neither in HCT116 wildtype-p53 colon cancer cells nor in 

MCF-7 and MDA-231 breast cancer cells (fig.5). 3BP at 50 µM potentiated oxaliplatin induced  

apoptosis only in HCT116 p53-null mutant cells. The fractional decrease in cell viability within  

all the cell types treated with oxaliplatin±DG and oxaliplatin±BP suggested  cell cycle arrest  

and/or necrosis to be involved. 

 

 

 

 
Oxalip.  -    -     -   10  10  10  20  20   20         -    -    10  10  10  20   20  20   µM 

2DG      -   5     -     -    5    -    -    5     -          5    -     -     5    -    -     5    -   mM 

3BP      -    -    50    -    -   50    -    -    50         -    50   -     -   50   -     -   50   µM 

           (A) 
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Oxalip.  -    -    -   10  10  10  20  20  20         -     -   10  10  10  20  20  20    µM 

2DG      -   5    -     -    5    -    -     5    -         5     -     -    5    -    -    5     -   mM 

3BP       -    -   50   -     -   50   -    -   50         -    50    -    -  50    -    -   50    µM 

              (B) 

 

Figure 5: (A) Cell viability (grey), apoptosis (black) and SD bars of HCT116 colon cancer 

(p53 wild type and p53 null mutant) cells treated with oxaliplatin, 3BP, 2DG & 

oxaliplatin±2DG/3BP, as measured with WST-1 cell viability & M30 Apoptosense assay at 

48h of the drug treatments. (B) Cell viability (grey) and apoptosis (black) of breast cancer 

MDA-231 (p53 mutant) & MCF-7 (p53 wild type) cells treated wtih oxaliplatin, 3BP, 2DG & 

oxaliplatin±2DG/3BP, as measured with WST-1 & M30 apoptosense assay at 48h of the drug 

treatments.  

 

 

                                                                           

2-deoxyglucose and  3-bromopyruvate potentiated echinomycin in breast cancer cells. 

2DG and 3BP at 5 mM and 50 µM respectively, potentiated echinomycin (20 µM) induced  

apoptosis in breast cancer cells MCF-7 & MDA-231 (fig.6). No potentiation of  echinomycin-  

induced apoptosis was seen in the HCT116 wildtype-p53 and p53-null mutant colon cancer cells  

and the decrease in cell viability suggested cell cycle arrest or necrosis.  
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Echin.     -   -   -  20 20 20      -   -  20 20 20      -   -  20 20 20     -   -   20 20 20    µM 

2DG       -   5   -   -    5   -      5   -    -   5   -      5   -   -   5   -      5   -   -    5   -     mM 

3BP        -   -  50  -    -  50      -  50  -   -  50      -  50  -   -  50      -  50  -    -  50    µM        

   

Figure 6: Cell viability (grey) and apoptosis (black) with SD bars of HCT116 colon cancer 

cells and breast cancer MDA-231 & MCF-7 cells treated with echinomycin, 3BP, 2DG & 

echinomycin±2DG/3BP, as measured with WST-1 & M30 apoptosense assay at 48h of the 

drug treatments. 

 

Oxaliplatin and Chloro-triethyl-phosphine gold (TEPAµ)  induce necrosis 

Oxaliplatin and TEPAµ induced necrosis in MDA-231 breast cancer and HCT116 wildtype-p53 

colon cancer cells as seen using the M65 total cell death assay (fig.7). In HCT116 wildtype-p53 

cells, necrosis dominated apoptosis in response to TEPAµ+2DG/3BP and Oxaliplatin±2DG/3BP. 

However, MDA-231 cells also underwent necrosis in response to TEPAµ+2DG/3BP and 

Oxaliplatin+2DG. 
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TEPAµ   -     -     -     5     5     5    -     -      -           -     -     5     5    5    -     -     -    µM 

Oxali.   -      -     -     -     -      -   10   10   10          -      -     -     -     -   10   10  10   µM 

2DG     -     5     -     -     5      -    -     5      -           -     5     -     5     -    -     5    -   mM 

3BP      -     -    50    -      -    50   -     -     50          -      -    50    -   50    -     -   50   µM 

   

Figure 7: Apoptosis (grey) and Total cell death (black) with SD bars of HCT116wild type-

p53 colon cancer and MDA-231 (p53 mutant) breast cancer cells treated with 

TEPA,µ,  oxaliplatin, 3BP, 2DG, TEPAµ,±2DG/3BP & oxaliplatin±2DG/3BP, as measured with 

M30 apoptosense and M65 assay at 48h of the drug treatments 

 

Involvement of Reactive Oxygen Species 

Using the WST-1 cell viability assay  some anti-tumor agents (cDDP, TEPAu, CPT and 3BP) 

were paradoxically observed to induce higher signals than untreated controls while at the same 

time the M30 apoptosense assay for these treatments showed a higher degree of apoptosis. As 

stated earlier, the WST-1 cell viability assay depends on the formation of reactive oxygen species 

(ROS) that support the trans-membrane electron transport leading to reduction of the WST-1 

tetrazolium salt to a colored product (Berridge 2005). It is well known that drugs like cDDP, 

TEPAu and camptothecin (CPT) are ROS inducers. Therefore the increased signal of WST-1 

cell viability assay could be due to drug-induced levels of ROS. We tested this hypothesis by 

incubating drug-treated cells with the superoxide scavenger- Tiron 1-2h before addition of the 

WST-1 reagent and 2-3h before the colorimetric reading. Tiron treatment was found to decrease  
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the WST-1 signal in drug-treated cells, supporting the hypothesis that the paradoxically high 

WST-1 cell viability signals indeed were due to hyperrinduction of ROS (data not shown). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 17 

 

Discussion: 

 

The present study was aimed at finding combinations of glycolysis inhibitors and chemotherapy 

drugs that could sensitize the tumor cells to undergo apoptosis. This is because the dying necrotic 

cells release certain factors that could result in inflammatory response, and certain growth factors 

may promote wound heeling, proliferation and angiogenesis (Zeh & Lotze 2005). These growth 

factors may also stimulate the re-growth of surviving tumor cells. Apoptotic cell death on the 

other hand results in rapid phagocytosis and clearence of the cell debris (Zeh & Lotze 2005). It is 

also speculated that development and progression of human cancer is characterized by the switch 

to necrotic cell death rather apoptosis, ultimately contributing towards resistace to apoptosis in 

human tumors (Zeh & Lotze 2005). 

 

Both  the colon cancer cell lines, the HCT116 wild type-p53 and p53-null mutants showed 

decrease in cell viability in response to 2DG and 3BP per se, although no apoptosis was 

observed. Similarly, the breast cancer cell line, MCF-7 showed little apoptosis in response to 

2DG, while MDA-231 was found to be comparatively more resistant than other cell lines used in 

this study. At the concentrations of the glycolysis inhibitors used in these experiments, we 

suggest that the likely high levels of  necrosis are due to the energy depleting effects of 2DG and 

3BP. Both are known to target glycolysis, which would ultimately lead to depletion of ATP and 

cell death. It is speculated that since cancer cells depend on these pathways to meet their 

increased energy requirements than do other cells, blocking these pathways and depleting the  

energy reserves would  ultimately lead to cell death via necrosis, since the cells require certain 

levels of ATP to undergo energy dependent cell death via apoptosis. 

 

2DG and 3BP successfully potentiated some drugs in different clones. HCT116 wild type-p53 

cells responded with increased apoptosis to cDDP 5µM+BP 50µM, echinomycin 20µM+DG, 

chloro-triethyl-phosphine gold (TEPAµ)+BP (data not shown) and etoposoid (VP16)+DG (data 
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not shown) suggesting that HCT116 wild type-p53 cells were sensitized towards these drugs by 

glycolysis inhibitors.  

 

Unlike their wild type counterparts HCT116 p53-null mutant cells never showed apoptosis upon 

treatment with the lower concentrations of drugs like cDDP, echinomycin, TEPAu and VP16, 

and were sensitized only towards these drugs at higher concentrations, either alone or together 

with 2DG and 3BP. Interestingly, 2DG and 3BP potentiated some drugs’ effects in these cells 

despite their inability to express p53 tumor suppressor protein because of which these cells 

bypass the strict cell cycle and apoptosis-regulating control of the cell machinery. Likewise, 

breast cancer MDA-231 cells that carry a mutation in p53, a mutation in Ras and express the 

P-gp protein were  resistant to most treatments, as shown using the M30 apoptosense assay. The 

M65 total cell death assay, showed necrosis in these cells in response to most treatments. The 

MCF-7 breast cancer cells on the contrary, were  sensitive to cDDP+DG/BP treatments and 

showed a higher degree of apoptosis. 2DG in particular was very effective in potentiating the 

effects of cDDP towards MCF-7 cells. 

  

Some drugs were potentiated in achieving apoptosis by 2DG and/or 3BP in the four cancer cell 

lines used here. However, the most efficient combinations found were that of cDDP+2DG and  

cDDP+3BP, except in MDA-231 breast cancer cells that remained resistant or marginally 

affected to these treatments. MCF-7 breast cancer cells were also quite resistant to most 

treatments, but interestingly, although 10 µM cDDP alone induced little apoptosis, these cells 

were clearly sensitized when cDDP was combined with 5 mM 2DG. 

 

Reactive Oxygen Species (ROS) effects 

It was also shown that the increased signals in the WST-1 cell viability assay to the samples that 

showed apoptosis when measured with the M30 apoptosense assay were due to the hyper 

induction of ROS by  cDDP, TEPAu, 3BP, CPT and VP16 etc. The literature suggests that ROS 

can induce oxidative damage to cells (Lin 2003). This study  shows that cDDP, TEPAu, and CPT 

were efficient in inducing apoptosis in most instances when used in combination with 2DG and 

3BP, specially cDDP+2DG/3BP has been shown to induce much more apoptosis in many of the 
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cell lines that we used as compared to other anti-tumor agents. However, ROS induction alone 

cannot explain the efficient potentiation of cDDP in inducing apoptosis within these cell lines  

since it is also observed in this study that other ROS inducing drugs like e.g; etoposoid (VP16), 

were not potentianted by 2DG and 3BP as efficienty as cDDP.   

 

Future Prospective 

Screening for agents that sensitize cancer cells to chemotherapy drugs is an important approach 

to overcome chemotherapy side effects as well as resistance. 2DG is being used for several 

purposes since it is well tolerated at higher doses in humans of upto 200mg/kg body weight. 

There are several studies that describe the use of 2DG as a potential anti-cancer agent  

(Lin 2003 and Zhu Z 2005) and 3BP has also been shown to eradicate tumors in animal models 

(Geschwind et al 2004). 

 

At present, effects of other energy metabolism inhibitors with the similar types of drugs are being 

studied in detail. Future studies might involve the testing of successful drug plus energy 

metabolism inhibitor combinations on tumor slices and on spheroids. Since most of these drugs 

are already in clinical use the successful outcome of the study of tissue slices and spheroids could 

lead to animal model studies that will bear a great significance on pre-clinical research.  
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Materials and Methods: 
 

Cell types: 

HCT116 wild type-p53 and p53-null isogenic subclones of  human colon carcinoma cells were 

grown in McCoys 5A medium (Invitrogen) at 37oC supplemented with 10% Fetal Calf Serum, 

glutamate 4 mM, penicillin 1000 units per liter and streptomycin 1 mg per liter. MDA-231 human 

breast carcinoma cells harboring mutant p53, mutant Ras and P-gp proteins and MCF-7 wild 

type-p53 human breast carcinoma cells were grown in Dulbecco’s Modified Eagle Medium 

(Invitrogen) and Roswell Park Memorial Institute (Invitrogen) medium respectively ) at 37oC 

both supplemented with 10% Fetal Calf Serum, glutamate 4 mM, penicillin 1000 units per liter 

and streptomycin 1 mg per liter. 

 

Drugs: 

Cisplatin (cDDP), oxaliplatin and chloro-triethyl-phosphine gold (TEPAu), are organic metal 

compounds with DNA-binding and damaging properties and the potential to induce reactive 

oxygen species. 

Echinomycin, etoposide (VP16) and camptothecin (CPT), are plant alkaloids with DNA-binding 

and damaging properties; etoposide and camptothecin inhibit topoisomerase 2 and  

topoisomerase 1 respectively. 

All the drugs were obtained from Sigma-Aldrich. 

 

Cell treatment: 

Cells were seeded at a cell density of 12,000 cells per well on 96 wells tissue culture plates and 

were allowed to grow overnight at 37oC. Cell viability was measured at 48h of the drug 

treatments by adding 10 µl of WSffT-1 (Roche) reagent to each well containing 100µl of the 

medium and cells. The sample wells were incubated for 60-80 mins. after which absorbance was 

measured at 470 nM.  However, for monitoring the possible effects of ROS (reactive oxygen 

species), Tiron, a ROS scavanger was added 2h prior to the addition of WST-1 reagent to the 

sample wells at a concentration of 5mM. 
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Apoptosis and total cell death were measured at 48h of the drug treatments using the M30 

Apoptosense assay (Peviva AB) and M65 total cell death assay (Peviva AB). Cells were seeded  

and treated in a similar way as in cell viability assay. However for measuring levels of apoptosis,  

cells were lysed by addition of 1 µl 40% NP40 lysis buffer ( 1% Nonidet-P40 or 1%Triton X-100, 

0.15M sodium chloride, 0.01M sodium phosphate, 1% Trasylol) per100µl of medium on a 96 

wells tissue culture plate. ELISA was performed as given in the supplier’s protocol. 

For total cell death, cells were seeded and treated similarly however, the 96 wells plate was 

centrifuged after 48h of the treatment and supernatants were used to measure the total cell death 

and release of intact as well as caspase cleaved cytokeratin-18 fragments. Method was performed 

using the supplier’s manual. Colorimetric measurement in both M30 and M65, was performed at 

450 nm. 
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