Contributions to enhance chemosensitivity of cells towards doxorubicin

Abstract
The tumor suppressor gene TP53 is one of the most commonly mutated gene which is found to be mutated in about 50% cases of human cancers. It plays an important role in genotoxic stress induced cell response. The present study exemplifies the importance of downstream signaling molecules of p53 pathway involved in chemosensitivity. We performed chemosensitivity experiments in a panel of solid tumor cell-lines which also includes an isogenic cell-line developed in our laboratory from MCF-7 breast cancer cell-line, the MCF-7As53 cells in which the expression of p53 was suppressed by stable expression of antisense p53 cDNA. Other solid tumor cell-lines used were breast cancer cell-line MDA MB-468 and lung cancer cell-line H1299. In this work we explored the chemosensitivity of MCF-7 cells which has wild type p53 and other solid tumor cell-lines which have either mutated or are p53 null. The abrogation of p53 results in enhanced chemosensitivity which was because of constitutively activated ERK in that cell-line as well as in other cells which were having mutant or null p53. The activated ERK involved functioned in both EGFR dependent and EGFR independent pathways.
Introduction
Multiple genetic alterations are involved in the development of cancer and p53 is one of the most commonly altered gene in human cancer. Inactivation of p53 function is a common feature of human malignancies and it correlates with poor patient survival, resistance to chemotherapy and radiotherapy and increased tumorigenicity (Martins et al., 2006). p53 is central player in regulating cell cycle, apoptosis, DNA repair, and maintenance of genome stability and lack of p53 leads to cancer development. A large number of publications have already documented the role of p53 in activation of apoptotic pathway. However, the influence of p53 on cellular sensitivity to irradiation or DNA damaging agents is controversial. Some studies have suggested inactivation of p53 results in increased resistance indicating that some pathways leading to cell death are p53 dependent. Whereas, in other cases the disruption of wild type p53 function has been correlated to increased drug sensitivity. The modulation of chemosensitivity by p53 is beginning to emerge, and the effect of altering the p53 status on chemosensitivity depends very much on cellular context. p53 may enhance chemosensitivity by promoting apoptosis via. transcription independent mechanism as well as transcriptional activation of pro-apoptotic genes such as Bax and transcriptional repression of anti-apoptotic genes such as Bcl2.

Previous work on cancer chemotherapy suggested that the curability of a cancer is related to cell type from which cancer originates rather than the quality of drug employed, which is clearly illustrated by high cure rates in certain cancer after chemotherapy (Savage et al., 2008). Among most prevalent tumors, breast cancer frequently responds to chemotherapy but complete remission is rare and relapses are universal after response. Therefore, it is imperative to search molecular determinants of chemosensitivity and it is conceivable to exploit gene mutations which are required for tumor maintenance for a better therapeutic outcome. One of the most common molecular alterations in breast tumorigenesis is loss of wild type p53 function. The exact mechanism by which lack of normal gene function leads to cancer formation and its progression is not well understood. Loss of wild type p53 is also correlated with increased MDR-1 expression and therefore increased drug resistance (Thottassery et al., 1997; Sampath et al., 2001). In contrast, in other cases the disruption of wild type p53 function has been correlated to increased drug sensitivity (Smith et al., 1995; Hawkins et al., 1996; Fan et al., 1997; Bunz et al., 1999). Also the status of p53 does not always correlate to chemosensitivity. Usually p53 abnormalities are associated with poorer clinical outcome, but preclinical model systems it was demonstrated that tumors with wild type p53 responded better to certain oncological therapeutic modalities than tumors with altered p53 status. The signaling pathways downstream of p53 are not fully unraveled. Additionally, it has been found by some investigators that inactivated and mutated p53 leads to malignant transformation via. oncogenic activation of EGFR pathway (Ludes-Meyers et al., 1996). Abrogation of p53 function in MCF-7 cells as well as mutated p53 transfected MCF-7 cells causes increase in EGFR receptor level and its activation (Rieber and Rieber, 2009).

In the present study we addressed the role of activated ERK in chemosensitivity of a panel of solid tumor cell-lines to DNA damaging agents. For this purpose we used an isogenic cell-line developed in our laboratory from MCF-7 breast cancer cell-line, the MCF-7As53 cells in which the expression of p53 was suppressed by stable expression of antisense p53 cDNA. In analogy to parental MCF-7 cells, MCF-7As53 cells have basal epithelial phenotype, morphology and estrogen receptor expression level in normal growth condition. Unlike parental cells, MCF-7As53 cells exhibited decreased doubling time due to depletion in G0/G1 cell-cycle phase which has been attributed to stabilized cyclinD1 expression. Besides no alterations in genes related to cell-cycle arrest and apoptosis viz. Bax, p21 and GADD45 has been observed in these cells (Chhipa et al., 2007). In addition to MCF-7As53 cells other solid tumor cell-lines including breast cancer cell-line MDA MB-468 and lung cancer cell-line H1299 were also screened for their sensitivity towards doxorubicin (DXR) and other DNA damaging drugs viz. mitomycin c (MMC), 5-fluorouracil (5-FU) and carboplatin (Carb). In this work we investigated the chemosensitivity of MCF-7 cells which has wild type p53 and other solid tumor cell-lines which have either mutated or are p53 null along with the isogenic MCF-7As53 cell-line lacking p53 protein and functionality. We have explored the role of activated ERK in mediating chemosensitivity of these cell-lines in both EGFR dependent pathway as well as in EGFR independent pathway.
Materials and methods

Cell lines and reagents
Human breast cancer cell lines MCF-7 and MDA-MB 468, lung cancer cell line H1299, and epidermoid carcinoma cell line A431 were obtained from American Type Culture Collection (Manassas, VA, USA) and maintained in our in-house National Cell Repository. MCF-7As53 cells derived in our lab from MCF-7 cells by transfecting pTRErevp53 (containing human p53 cDNA in reverse orientation under Tetracycline Regulatory Element) and pTK-Hyg plasmid (Clontech, CA, USA) which codes for hygromycin resistance (plasmids’ ratio being 5:1). Cells were selected on hygromycin (200 µg/ml) for 4 weeks. After screening several clones, we succeeded in developing few individual clones which expressed antisense p53.These clones were subsequently pooled together and designated as MCF-7As53 (Chhipa et al., 2007). MCF-7, MCF-7As53, and H1299 cells were routinely cultured in Dulbecco's Modified Eagle's Medium (DMEM) at 370C with 5% CO2 and MDA-MB 468 cell-line was cultured in Leibovitz-15 (L-15) medium at 370C without CO2. The medium was supplemented with 10% heat inactivated serum (Sigma, MO, USA), penicillin (100 U/ml) and streptomycin (100 µg/ml) (Invitrogen Corporation, California, USA). Carboplatin (Carb), mitomycin-C (MMC), doxorubicin (DXR) and 5-flourouracil (5-FU) were purchased from Sigma. Carb, DXR and 5-FU were dissolved in sterile glass distilled water to make a stock of 25 mM, 17.2 mM and 100 mM respectively. MMC was dissolved in methanol to make a stock of 5 mM. U0126 and AG1478 were purchased from Calbiochem and were dissolved in DMSO to make a stock of 50 mM and 168 mM respectively. Methylethiazole tetrazolium (MTT) was purchased (USB, OH, USA) and reconstituted in DMEM without phenol red to make 1 mg/ml solution. Antibodies against p53, phospho ERK-(Tyr204), ERK-2, β-actin, b-Tubulin, p-Tyr, EGFR, HSC-70, and HRP conjugated secondary antibodies were purchased from Santacruz Biotechnology (CA, USA). EGF ligand was purchased from santacruz and dissolved in sterile glass distilled water to make stock solution of 5 ¼g/¼l.
Methylthiazole tetrazolium (MTT) cytotoxicity assay
To assay cytotoxicity of drugs cells were seeded at a density of 1X104 cells in each well of a 96 well plate and allowed to adhere overnight at 370C. Cells were treated with indicated concentration of MMC, DXR, 5-FU and Carb for 24 h and further incubated for additional 24 h in drug free medium. In all inhibitor pre-treatment experiments U0126 and/or AG1478 were added to the cells for 1 h and then drug treatment was given in the presence of inhibitor.
Colony formation assay
One thousand cells plated in each well of a six well plate were treated with indicated concentrations of DXR, U0126 (20 µM), AG1478 (10 µM), EGF (100 ng/ml) as per experimental requirement. Cells were washed and incubated for 21 days with changing medium every 4th day. Plates were stained by 0.005% crystal-voilet stain for 1 h, images were taken and colonies containing more than 50 cells were counted by Image ProPlus software (Olympus).
Western blot analysis
Whole cell lysates were made and western blotting was performed as previously described (Chhipa and Bhat, 2007).
Cell transfection
For transient transfection experiment cells were transfected with Lipofectamine2000 reagent as per mahufacturer’s instruction. For transfection in 35 mm tissue culture plate almost 80-90% confluent cells were transfected with 3 µg of DNA including 1 µg of pEGFPN1 plasmids as an internal control to assess the transfection efficiency. Similarly for transfection in 96 well plate cells were transfected with 0.5 μg of pC53-SN3 or EGFP plasmid per well. 0.5 μg of plasmid was diluted in 25 μl Opti-MEM per well. Similarly Lipofectamine2000 was also diluted as 0.5 μl in 25 μl of Opti-MEM per well. They were incubated at room temperature for 5 min. Then the diluted DNA was mixed with diluted Lipofectamine2000 and incubated at room temperature for 45 min to allow the formation of Lipofectamine2000-DNA complex. One hour before adding Lipofectamine2000-DNA complex 50 μl complete medium with 10% FBS was added to each well of 96 well plate. Fifty micro liter of Lipofectaamine2000-DNA complex was added drop wise to each well of 96 well plate and mixed gently. Cells were incubated at 37 0C for 18 h. Thereafter, cells were washed thrice and processed as per experimental requirement.
Propidium Iodide staining
To detect apoptosis after drug treatment Propidium Iodide (PI) staining was done. Five thousand cells were plated in each well of multi-well slides (MP Biomedicals, OH, USA)

and kept for 24 h at 370C in humidified CO2 incubator for attachment. Medium was removed and drug treatment was given with indicated concentrations and further incubated for 24 h at 370C in humidified CO2 incubator. After 24 h medium was replaced with fresh medium and cells were allowed to grow for additional 24 h. After that cells were washed twice with 1XPBS and fixed with 3.7% paraformaldehyde and incubated for 10 min at room temperature. Further cells were washed thrice with 1XPBS (pH 7.5) and 1% glycine was added and incubated for 5 min at room temperature. Cells were permeabilized by adding 0.1% Triton X-100 and incubating for 10 min at room temperature. Cells were then washed twice with 1X PBS and were treated with RNase (200 µg/ml in PBS) for 30 min at 370C. Cells were washed twice with 1X PBS and 50 µg/ml PI was added in each well and cells were incubated for 30 min at 370C. Cells were washed 5 times with 1XPBS and vectashield mounting medium containing DAPI (Santa Cruz Biotechnology, CA, USA) was overlayed on the cells and sealed with cover slip. The images were captured in DP70 camera (Olympus, USA) at 10X magnification.

Images were subsequently processed by Adobe Photoshop software.
Results

The chemosensitivity and pERK level was more in MCF-7As53 cell-line as compared to the parental MCF-7 cells
To investigate the chemosensitivity of parental MCF-7 cells and isogenic MCF-7As53 cells MTT cytotoxicity assay was performed. MCF-7As53 cells demonstrated enhanced sensitivity towards all the four DNA damaging drugs used (MMC, DXR, 5-FU and Carb) (Figure 1A). In MCF-7As53 cells pERK level was more than the parental MCF-7 cells even in the absence of any external stimuli. MCF-7As53 cells harvested after 24 h and 48 h of culture and analyzed by western blot showed more pERK expression level, though basal ERK levels were similar. Under identical conditions the pERK level in parental MCF-7 cells was less than in MCF-7As53 cells (Figure 1B).
In the presence of pERK inhibitor there was increased survival in both MCF-7 cells and MCF-7As53 cells
As recent studies have suggested that ERK activation has role in DNA damage induced apoptosis (Singh et al., 2006; Upadhyay et al., 2008) therefore to investigate the significance of activated ERK towards the outcome of chemotherapy, chemosensitivity assay of MCF-7 and MCF-7As53 cells was performed in the presence of pERK inhibitor U0126 which is a specific inhibitor of ERK pathways that inhibits MEK mediated ERK activation (Dudley et al., 1995; Fawata et al., 1998). Cells were pre-treated with 20 µM of U0126 for 1 h and then drug treatment was given in the presence of inhibitor U0126 for additional 24 h. After 24 h post treatment growth in drug free medium, MTT assay was performed and results show that in the presence of ERK inhibitor the cell survival was more as compared to only drug treated cells. The cell survival was more in both MCF-7 and MCF-7As53 cells in the presence of inhibitor but the percentage recovery was less in MCF-7 cells as compared to the MCF-7As53 cells (Figure 2A and 2B). The cell survival in the presence of inhibitor was specifically more for DXR treated MCF-7As53 cells.
Cells with mutant or null p53 background were more chemosensitive than cells with wild type p53 background and Inhibition of activated ERK increased cell survival in these cell lines
In order to ensure the relationship between p53 status, activated ERK levels and the outcome of chemotherapeutic drug treatment we utilized other cell-lines having p53 mutant or null background in which ERK is also constitutively activated. Interestingly, MDA MB-468 cell-line with mutant p53 and H1299, a p53 null cell-line were also found to be more sensitive to various chemotherapeutic drugs than the MCF-7 cells which have wild type p53. Parallely, these cells also have higher basal pERK levels similar to that in

MCF-7As53 cells (Figure 3A and 3B). As we have already observed increased survival of MCF-7 and MCF-7As53 cells pre-treated with U0126 followed by drug treatment we further investigated the cytotoxicity of MCF-7, MCF-7As53, H1299 and MDA MB-468 cells towards DXR because in case of DXR the percentage recovery was more in MCF-7 and MCF-7As53 cells. We exploited the implication of constitutively activated ERK in cell-lines by utilizing ERK inhibitor U0126. In the presence of U0126 increased cell survival in all four cell-lines was observed although the percentage recovery was less in MCF-7 cells as compared to other cells (Figure 4A). The recovery in the presence of inhibitor was in the range of 15-35% and the maximum recovery was in case of MCF-7As53 cells. The same result is also shown in the photomicrographs of four cell-lines (Figure 4B).
Transient transfection of wild type p53 did not change the expression level of pERK in all four cell-lines
From our results so far the relationship between p53 and pERK levels in the cells is plausible to support the fact that p53 abrogation constitutively activates ERK in MCF- 7As53 cells. Moreover it is also likely that p53 being non-functional or absent is the reason for pERK levels being higher in MDA MB-468 and H1299 cells. To investigate the correlation if any between p53 and ERK activation status; wild type p53 was transfected in MCF-7, MCF-7As53, H1299 and in MDA MB-468 cells. No significant change in pERK levels was detectable after p53 over expression in all of the four cell lines indicating that no direct correlation between p53 and ERK activation exists (Figure 5A). Interestingly considerable change in chemosensitivity was noticed in p53 transfected MCF-7As53 and H1299 cells treated for 48 h with DXR. Cells were transfected in 96 well plate as described in the materials and methods section and treated with IC50 value of DXR (10 µM for MCF-7 cells, 5 µM for MCF-7As53 cells and 2.3 µM for H1299 cells) for 24 h and 48 h. Subsequently cells were further cultured in drug free medium for 24 h and then MTT assay was performed. In MCF-7 cells no change in survival was detected following 24 h and/or 48 h DXR treatment. In case of MCF- 7As53 and H1299 cells cell survival was not changed after 24 h DXR treatment. However significant increase in cell survival of transfected cells was observed after 48 h DXR treatment compared to the untransfected cells (Figure 5B). Collectively these results suggest that there is no change in pERK level even after p53 over expression though it appears that MCF-7As53 and H1299 cells survive better after 48 h DXR treatment. We next explored the involvement of other signaling molecules which are common in these cell-lines and could simultaneously be regulated by p53.
EGFR is upstream of ERK and is directly controlled by p53
To find whether molecules upstream of pERK are indeed a direct target of p53 instead of ERK, we focused our attention on EGFR/HER-1. EGFR/HER-1 is one of the signaling molecule found upstream of ERK and is also known to be regulated by p53 (Ludes- Meyers et al., 1996; Rieber and Rieber 2009). Interestingly EGFR/HER-1 level was more in MCF-7As53, H1299 and MDA MB-468 cells and moreover the tyrosine phosphorylation at 170 kDa band was also higher in these cells as compared to that in MCF-7 cells (Figure 6A). This result indicates that cells with elevated pERK levels also have increased pEGFR levels. Over expression of p53 in these cell-lines reduced the p-Tyr level at 170 kDa band and also decreased the level of EGFR (Figure 6B). This result indicates that there is a direct relation between p53 and pEGFR levels though same is not true for pERK levels. Further to investigate the relationship between pEGFR and pERK we checked the expression level of pERK in all four cell-lines in the presence of pEGFR inhibitor AG1478. It is clear from the results that in the presence of AG1478 there is decrease in pERK level but this decrease is significantly less than the decrease observed after U0126 (Figure 7A and 7B). These results indicate that although EGFR is upstream of ERK but its activation is only partly regulated via. EGFR pathway. Finally, in the presence of EGFR inhibitor AG1478 pERK levels decreased which suggests that its activation is at least partly regulated by EGFR pathway.
Inhibition of EGFR increased cell survival in MCF-7As53, H1299 and MDA MB-468 cells but not in MCF-7 cells
MTT cytotoxicity assay was performed in the presence of pEGFR inhibitor AG1478 and DXR in the similar way as done for pERK inhibitor U0126. Briefly, cells were seeded in a 96 well plate and pre-treated with AG1478 (10 µM) for 1 h then DXR treatment was given in the presence of inhibitor with IC50 value (10 µM for MCF-7, 5 µM for MCF-7As53, 2.3 µM for H1299 and 5 µM for MDA MB-468 cells) for 24 h. Cells were allowed to grow for additional 24 h in drug/inhibitor free medium before performing MTT assay as described in the materials and methods section. In the presence of inhibitor there was increased cell survival. This suggests that EGFR regulates the outcome of DXR treatment in MCF-7As53, H1299 and MDA MB-468 cells. Interestingly, in MCF-7 cells the survival in the presence of AG1478 did not change (Figure 7C) which correlates with the fact that in these cells EGFR protein was undetectable. Figure 7D shows reduced tyrosine phosphorulation at 170 kDa after AG1478 treatment for 24 h in all for cell-lines. From previous experiments it is clear that in the presence of U0126 cell survival increased in MCF-7 as well as other cells. Taken together this result indicates that sensitivity of all the four cell-lines to DXR is dependent on the activated ERK status in EGFR dependent and EGFR independent manner. This observation is also supported by the results obtained by western blot analysis of all cell-lines with and/or without U0126 and AG1478 treatment. Following AG1478 treatment pERK expression levels decreased though decrease was significantly less as compared to the decrease in pERK levels after U0126 treatment (Figure 7A and 7B).
Chemosensitivity assay in the presence of both EGFR and ERK inhibitors resulted in more survival compared to either inhibitor used alone
In order to further confirm the involvement of both EGFR and ERK pathways in sensitivity of all the four cell-lines, MTT assay was performed either in the presence of AG1478 or U0126 or in the presence of both of them together. It is evident from the result that sensitivity of MCF-7As53, H1299 and MDA MB-468 cells to DXR decreases in the presence both inhibitors and this decrease was more than that of either inhibitor used alone. This result suggests that in cell-lines having mutant or null p53 chemosensitivity is regulated by activated ERK in both EGFR dependent and EGFR independent way. On the other hand in MCF-7 cells which have wild type p53 in the presence of both inhibitors there was no change in chemosensitivity as compared to the DXR alone treated cells (Figure 8). The result obtained supports the conclusion that pERK is involved in sensitivity of cells in which p53 is nonfunctional and not in the cells

with functional p53 in both EGFR dependent and EGFR independent manner.
Activation of EGFR by EGF treatment in MCF-7 cells increased chemosensitivity of MCF-7 cells
All four cell-lines express EGFR and our results indicate that pEGFR levels have a role to play in sensitivity of cells to DXR, if so then activation of EGFR in MCF-7 cells should lead to increased sensitivity of cell to DXR. We activated EGFR in MCF-7 cells by treating the cells with EGF ligand before exposing them to DXR. MCF-7 cells were serum starved for 6 h before pre-treatment with EGF (100 ng/ml) for 6 h in the absence of serum. This was further followed by DXR treatment in the presence of 10% FBS and EGF (100 ng/ml). Drug and EGF treatment was together given for 24 h and cells were then kept for post treatment growth in drug/EGF free medium for another 24 h. MTT was

performed and result indicates increased cell killing in presence of EGF and DXR together in comparison to only DXR treated cells (Figure 9A). This finding was also complimented by results in colony formation assay (Figure 9B). EGF treatment is known to activate EGFR in various cellular models including MCF-7 cells (Ota et al., 2006), MDA MB-231 (Hui et al., 2008) and in lung cancer cell-lines (Ota et al., 2006; Gao et al., 2007). Our result from colony formation assay and MTT cytotoxicity assay suggests that EGF treatment enhances chemosensitivity of MCF-7 cells which is significantly more as compared to only DXR treated cells. Particularly the long term cell survival assay depicts that in the presence of EGF no cells survive and therefore no colonies are formed.
DXR treatment induced apoptosis in all four cell-lines
To investigate the fate of cells after DXR treatment nuclear fragmentation was checked by propidium iodide staining. MCF-7, MCF-7As53, H1299 and MDA MB-468 cells were seeded in multi well slides as described in materials and methods section. DXR treatment was given with IC50 values of cells viz. 10 µM for MCF-7, 5 µM for MCF-7As53 cells, 2.3 µM for H1299 cells and 5 µM for MDA MB-468 cells for 24 h before performing propidium iodide staining. Pictures were taken in DP70 camera (Olympus, USA) at 10X magnification. It is evident from the pictures that cells are undergoing apoptosis as nuclear fragmentation is observed (Figure 10). The small rounded nuclear staining represents cells undergoing apoptosis as nuclear disintegration occurs after drug treatment.
Discussion
In spite of significant therapeutic developments, breast cancer is still the leading cause of cancer related mortality worldwide and in USA it is the third most common cancer surpassed only by lung and colon cancer (Cancer Facts and Figures 2009). Currently the main focus of researchers is how to maximize the benefits of already existing therapies besides, finding better ways to treat all stages of breast cancer. Human breast cancer has multiple and distinct molecular alterations which presumably determine the diversity of histological patterns, pathological grades, and behaviors observed in these cancers. p53 is the most commonly mutated gene and it occurs in 50% of all cancers, although in the case of breast cancer the frequency of p53 mutation is 20% (Pharaoh et al., 1999). Germline p53 mutation in patients with Li-Fraumeni syndrome confers an increased risk of breast cancer (Malkin et al., 1990). The association between p53 alterations and its clinical outcome in breast cancer has been intensively studied. The type of p53 mutation and clinical phenotype of breast cancer has been well described. There are reports showing type of p53 mutation and clinical phenotype of breast cancer as mutations affecting amino acids critical for DNA binding were associated with aggressive cancer, whereas null and missense mutations were associated with indeterminate clinical phenotype (Alsner et al., 2000; Norberg et al., 2001; Gasco et al., 2002). These studies implicate the importance of p53 in mammary carcinogenesis and the loss of wild type p53 is an important event in breast tumorigenesis (Elledge et al., 1994). The knowledge about upstream signaling pathways regulating p53 activity has increased immensely in the past few years however, the downstream signaling pathways influenced by p53 remain to be discovered. In the present work we explored the consequence of inactivation of p53 to study the outcome of cancer chemotherapy. We used an isogenic cell-line developed in our laboratory from MCF-7 breast cancer cell-line, the MCF-7As53 cells in which the expression of p53 was suppressed by stable expression of antisense p53 cDNA (Chhipa et al., 2007). Other than MCF-7 and MCF-7As53 cell-lines we also used another breast cancer cell-line MDA MB-468 which is a p53 mutant cell-line and a lung cancer cell-line H1299 which is a p53 null cell-line. Consistent with the previous reports in which p53 null phenotype showed more cytotoxicity (Xu et al., 1995; Wahl et al., 1996; Ceraline et al., 1998), MCF-7As53 also demonstrated more cytotoxicity towards MMC, DXR, 5-FU and Carb in comparison to the parental MCF-7 cells. Interestingly the MCF-7As53 cells have constitutively increased level of activated ERK and in the presence of pERK inhibitor the cell sensitivity diminished in both MCF-7 and derived clone MCF-7As53 cells although the increase in percentage cell survival in case of MCF-7 cells was less than MCF-As53 cells.

The percentage recovery was more prominent when cell were treated with DXR and therefore all the work done further pertains only to DXR exposure. Interestingly similar results were obtained with MDA MB-468 and H1299 cells and there was increased survival in the presence of U0126 which parallels with higher levels of pERK. The role of ERK activation in DNA damage induced apoptosis has been well described (Wang et al., 2000; Singh et al., 2007) which is p53 dependent. It is also reported that activation of ERK following DNA damage leads to cell cycle arrest and apoptosis in p53 independent way (Sewing et al., 1997; Woods et al., 1997; Tang et al., 2002). Many malignant tumors

have high level of activated ERK and it has been observed that when ERK activity is blocked in these tumors then they undergo apoptosis (Hoshino et al., 2001). However, the

influence of constitutively activated ERK on the outcome of chemotherapeutic treatment

has not been explored. In the present work we have assigned a specific role of constitutively activated ERK in the sensitivity of cells to drugs. As our results demonstrated that re-introduction of wild type p53 in these cell-lines does not change the expression level of activated ERK though chemosensitivity decreased significantly suggesting involvement of some other signaling molecule which could be a direct target regulated by p53. Furthermore, EGFR expression level and activation was more in MCF-

7As53, H1299 and MDA MB-468 cells. So we checked the expression level of EGFR after p53 over expression in these cell-lines. Interestingly p53 over expression causes decrease in the tyrosine phosphorylation of 170 kDa band and also EGFR levels in these cell-lines. This result suggests that EGFR is being regulated by p53 and our observations are in agreement with those reported earlier (Ludes-Meyers et al., 1996).

Chemosensitivity assay performed in the presence of pEGFR inhibitor AG1478 resulted in considerable increase in cell survival in MCF-7As53, H1299 and in MDA MB-468 cells but not in MCF-7 cells. This finding is well supported by our observation that MCF-7 cells have undetectable levels of pEGFR and EGFR and therefore the change in sensitivity of MCF-7 cells in the presence of AG1478 was not observed. On the other hand MCF-7 cells the survival increased in the presence of MEK inhibitor U0126 suggesting that other than EGFR, ERK is being regulated by MEK pathway and thus it is governing the chemosensitivity of MCF-7 cells. This finding is also complemented with the western blot analysis and cytotoxicity assay in the presence of either or both inhibitors. In the presence of both inhibitors the cell survival was considerably more in MCF-7As53, H1299 and in MDA MB-468 cells as compared to any of the single inhibitor used except in MCF-7 cells in which the presence of both inhibitors together does not alter the chemosensitivity. It is clear from western blot analysis that in the presence of AG1478 the decrease in pERK expression level was less as compared to cells treated with U0126 in which pERK level totally diminished. Also, in the presence of AG1478 the tyrosine phophorylation of 170 kDa band decreased significantly. These results imply that ERK is involved in increased chemosensitivity of these cell-lines in both EGFR dependent and EGFR independent pathways. The role of activated EGFR in chemosensitivity has been reported as both anti-EGFR antibodies and EGF ligand has been shown to enhance the cytotoxic effect of cisplatin (Aboud-Pirak et al., 1988; Christen et al., 1990; Fan et al., 1993). It is also reported that abrogation of EGFR by its antisense RNA leads to decrease in the cisplatin induced apoptosis in MDA MB-468 cells

(Dixit et al., 1997). High level of EGFR expression has also been correlated to increased sensitivity to cisplatin in cervical cancer cells (Nishikawa et al., 1992; Donato et al., 2000). All these findings together confirm the importance of EGFR pathway towards the outcome of specific treatment with specific chemotherapeutic drugs in combating cancer cell growth. To further clarify the importance of EGFR signaling pathway in cancer chemotherapy, since MCF-7 cells have negligible levels of pEGFR so we performed an experiment to activate EGFR phosphorylation in MCF-7 cells by EGF treatment (Ota et al., 2006) and then monitored the outcome of drug treatment. We treated MCF-7 cells with EGF ligand then cells were treated with DXR along with EGF. Interestingly the chemosensitivity enhanced drastically as there was 80% cell death in comparison to cells treated with only DXR in which only 50% cell death occurred at identical drug dosage. There are reports showing correlation between DXR and EGFR. DXR is known to known to upregulate EGFR in actively growing cells (Zuckier et al., 1983), besides investigators

have shown that EGF treatment increased the sensitivity of two DXR resistant squamous carcinoma cells (Kwok et al., 1991). These works suggests that EGFR expression level and activation has important clinical implications for DXR based therapies. Conclusively, we report here that outcome of chemotherapy treatment in cells having altered p53 status depends very much on cellular context as cells can have better chemosensitivity depending upon the downstream molecular alterations. It has been reported recently that in colorectal cancer cells having mutant p53 and wild type KRAS are more sensitive towards cetuximab therapy because of increased EGFR levels (Olden-Ganglof et al., 2009). Therefore all these results highlight the relationship between p53 and EGFR which should be further investigated in order to achieve better clinical outcome of therapies that are based on p53 status of cancer cells. Several types of tumors are known to have high expression EGFR and ERK in vivo (Libermann et al., 1984; Xu et al., 1984; Kamata et al., 1986; Bauknecht et al., 1988). Thus we speculate that DXR may be of better therapeutic value for these tumors and also EGF treatment could be used to selectively enhance the sensitivity towards DXR in these tumors.
