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      ABSTRACT

The phenomenon of clinical drug resistance has been implicated in the failure of chemotherapeutic agents to eradicate tumorigenic growth in numerous human cancers.  MDR1 P-glycoprotein is an ABC-transporter that pumps drugs targeting cancer cells, along with many other cellular macromolecules (such as lipids), out of the cytosol.  Accumulation of drugs is thus prevented and consequently, therapeutic levels of chemotherapeutic agents are difficult to reach.  For three neuroblastoma cell lines, BE(1), BE(2)-C, and BE(2)-C/VCR(10), MDR1 gene and protein expression were measured.  While RT-PCR showed similar levels of MDR1 transcript in the three cell lines, Western blot analysis showed an enhancement of MDR1 protein in cells treated with vincristine and cells that have acquired high resistance to this agent.  This discrepancy remains unaccounted for and thus, future studies need to be conducted to further characterize the correspondence between MDR1 gene and protein expression in human neuroblastoma.
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INTRODUCTION

Neuroblastoma is an embryonal cancer of the postganglionic sympathetic nervous system, derived from neural crest cells.  It is a solid, malignant tumor which manifests as a lump in the abdomen or around the spinal cord in the chest, neck, or pelvis.  Neuroblastoma is commonly present at birth, with 96% of cases occurring before ten years of age [1].  Although frequently metastatic at diagnosis, tumor progression is heterogeneous among cases, varying widely according to the stage of the tumor and age of the patient at the time of detection.  Lymph nodes, bone, bone marrow and liver are common sites of spread.  


A major obstacle to chemotherapeutic treatment of these neurological malignancies is the phenomenon known as multidrug resistance.  Drug resistance may be classified into two categories:  intrinsic drug resistance and acquired drug resistance [2].  Cancers displaying intrinsic drug resistance have an inherent resistant phenotype to anticancer agents without drug-selection.  Alternatively, the cancer acquires resistance after exposure to a cytotoxic agent.  Acquired resistance is most dangerous because once the resistance is developed, the tumor cells often acquire cross-resistance to a wide range of other unrelated chemotherapeutic drugs.  Because neuroblastoma is commonly treated by use of drug “cocktails,” it becomes difficult for clinicians to maintain effective treatment.


Among the several cellular factors currently known to play significant roles in drug resistance to chemotherapy is transport-mediated resistance [3].  This type of resistance is characterized by changes in drug uptake or efflux across the tumor cell membrane or between the cytoplasm and the nucleus.  This phenomenon is a result of drug efflux transporters.  


One such transporter known to function in this manner is P-glycoprotein 170, encoded by the MDR1 gene located on the human chromosome 7q21.1 [4].  P-glycoprotein (P-gp) is an integral membrane protein belonging to a superfamily of ABC (ATP-Binding Cassette) transporters involved in the energy-assisted transport of substrates out of a cell and back into the blood.  P-gp has been demonstrated to be a normal component of adrenal, kidney, colon, small intestine, and liver [5].  It functions in the excretion of cytotoxic chemicals found in the diet, and thus, is found on the apical surfaces of the organs in which it is expressed.  Over-expression of the MDR1 gene product P-gp in cancerous cells results in exploitation of this mechanism, preventing accumulation of chemotherapeutic agents in the cell and making therapeutic intracellular levels of drugs difficult to reach [5,6].


Over-expression of the MDR1 gene product has been shown to be the underlying mechanism in a variety of cancers, including ovarian carcinoma [7], urothelial cancer [8], renal cancer [9], acute myeloid leukemia [10], breast cancer [11], endometrial carcinoma [12], and neuroblastoma [13].  The focus of the present study is to further elucidate the expression of MDR1 in neuroblastoma.  Three cell lines were used:  BE(1) (pre-vincristine treatment), BE(2)C (after treatment), and BE(2)-C/VCR(10) (highly resistant).  Vincristine is a derivative of the Madagascar periwinkle plant, Catharanthus roseus, which belongs to the group of medicines known as antineoplasic agents.   It is commonly used for chemotherapy of leukemia, rhabdomyosarcoma, neuroblastoma, Hodgkin's disease and other lymphomas.  RT-PCR and the Western Blot techniques were employed with the goal of determining expression patterns of the MDR1 gene product in cell lines derived from neuroblastomas (i.e. before chemotherapy treatment, immediately after treatment, and at a  highly resistant stage).       

MATERIALS AND METHODS

Materials

Neuroblastoma cell lines BE(1), BE(2)-C, and BE(2)-C/VCR(10)  were kindly provided by Dr. Ross.  Primers were designed to MDR1 mRNA, accession number NM_000927 (NCBI).  The primers span exons 25-27 (spaced 191 bp apart on the MDR1 transcript) with 1 intervening intron of 2,380bp.  The forward primer, recognizing nucleotides 3781-3761, was (5'-CTTGTTTGACTGCAGCATTG-3'), and the reverse primer, recognizing nucleotides 3952-3971, was (5'-CAATGCGTTGTTTCTGGCCA-3').  Primers were also designed to β-actin mRNA, accession number NG_002724 (NCBI).  Actin forward primer, recognizing nucleotides 553-573, was (5'-CTGACTGACTACCTCATGAAG-3') and actin reverse primer, recognizing nucleotides 1161-1141 was (5'-GAGGAGCAATGATCTTGATCT-3'). Mouse anti-P-glycoprotein monoclonal antibody was purchased from Chemicon International Inc.  This antibody was raised against the whole P-glycoprotein; specific epitopes have not been mapped.    

Cell Culture

BE(1), BE(2)-C, and BE(2)-C/VCR(10) were cultured in a 1:1 mixture of Eagle’s Minimum Essential Medium with non-essential amino acids and Ham’s Nutrient Mixture F12.  The medium was supplemented with 15% heat-inactivated fetal bovine serum.  


BE(1) is a cell line established at diagnosis prior to therapy from a two year old male.   BE(2)-C is a clonal line of a cell line established from tumor cells after therapy at the time of relapse.  Both these lines were isolated from metastatic tumors in the bone marrow. BE(2)-C/VCR(10)  is a cell line derived from BE(2)-C and selected at a final concentration of 10µg/ml of vincristine.  Prior to analysis, cells were cultured in the absence of drug for 3 to 7 days.

RNA Purification

Cells were trypsinized in culture and collected by centrifugation in a ribonuclease-free microfuge tube, pre-chilled to 4°C.  The cell pellet was resuspended in ice cold lysis buffer:  140mM NaCl, 1.5mM MgCl2, 10mM Tris-Cl pH 8.5, 0.5% NP-40, and 250 U/ml RNasin.  Nuclei and other cellular debris were pelleted by centrifugation at top speed in a microfuge for 5 min at 4°C.  The supernatant (cytosol) was transferred to a fresh, ribonuclease-free tube and EDTA (pH 8) was added to a final concentration of 10mM.  Redistilled phenol was melted at 60°C and saturated with an equal volume of Tris-SDS buffer:  100mM NaCl, 1mM EDTA, 10mM Tris-CL pH 8.5, and 0.5% SDS.  To the resulting Tris-SDS/phenol mixture an equal volume of chloroform: isoamyl alcohol (24:1) was added.  8-hydroxyquinoline was added to a concentration of 0.1% and the phases were allowed to separate.  An equal volume of the organic phase of the extraction buffer was added to the aqueous cytosol and mixed thoroughly by inversion.  The samples were first incubated at 55°C for 5 min and then in an ice-water bath for an additional 5 min.  The sample was centrifuged at top speed in a bench-top microfuge to separate the phases.  The upper aqueous phase was removed to a fresh, ribonuclease-free tube.  Fresh alliquots of extraction buffer were added and the sample was mixed thoroughly by inversion.  Samples were centrifuged at top speed in a bench-top microfuge to separate the phases.  The upper aqueous phase was removed to a ribonuclease-free tube. Equal volume of chloroform: isoamyl alcohol (24:1) was added and mixed thoroughly by inversion.  Samples were centrifuged at for 30 sec to separate the phases.  The aqueous phase was transferred to a ribonuclease-free tube and a volume of 0.1 3M sodium acetate, pH 5.2 and 2.2-2.5 volumes pf 95%-100% ethanol were added and mixed thoroughly by inversion.  RNA was precipitated overnight at -20°C.  The precipitated RNA was collected by centrifugation at top speed in a microfuge for 10 min at 4°C.  The ethanol supernatant was decanted and the tubes were briefly dried under vacuum.  RNA was stored at -80°C.

RT-PCR


RT-PCR was performed on the RNAs isolated from the three neuroblastoma cell lines using the QIAGEN® OneStep™ RT-PCR kit.  A master mix for five 10-µl PCR reactions were prepared as follows:  15 µl dH2o, 10 µl 5× RT, 2µl dNTP, 3 µl Forward primer (10 pmol/µl), 3 µl Reverse primer (10 pmol/µl), and 2 µl enzyme, for a total volume of 35 µl.  7 µl aliquots were separated into four 2.5- µl PCR tubes.  To tubes 1-3, 3 µl of BE(1) RNA (20 ng/µl), BE(2)-C RNA (20 ng/µl), and BE(2)-C/VCR(10) RNA (20 ng/µl) were added, respectively.  3 µl of dH2o was added to tube 4 as a negative control.  Actin was co-amplified with MDR1 as an internal control to analyze RNA degradation.  A master mix was prepared as above, except with actin forward and reverse primers (10 pmol/µl).  PCR reaction mixtures were loaded into a Perkin Elmer™ thermal cycler.  RT-PCR conditions were as follows.  RT was carried out at 50°C for 30 min and activation of Taq-polymerase at 95°C for 15 min.  26 and 33 PCR reaction cycles for actin and MDR1, respectively, were carried out:  denaturation at 94°C for 30 sec, annealing at 60°C for 30 sec, and extension at 72°C for 30 sec.  This was followed by a final extension at 72°C for 10 min.


To the samples, 1µl of loading dye was added and 6 µl of each sample were loaded onto a 0.8% agarose gel.  4 µl of a 100 bp DNA ladder was loaded as a molecular weight standard.  The gel was electrophoreses at 130V for approximately 45 min.               

PCR Purification
The QIAGEN® Purification kit was used to purify PCR product for the BE(2)C line.  400µl of binding solution (H1) was added to the amplification reaction and mixed thoroughly.  This sample was loaded into a 2-ml spin cartridge and centrifuged in a microcentrifuge at 12,000×g for 1 min.  The flow-through was discarded.  The spin cartridge was placed back into the 2-ml wash tube and 700 ml of wash buffer (H2) containing ethanol was added.  The sample was centrifuged at 12,000×g for 1 min and the flow-through was discarded.  The sample was again centrifuged at 12,000×g for 1 min to remove all residual wash buffer.  The spin cartridge was placed into a 1.5-ml recovery tube and 30µl of warm TE Buffer (pre-heated to 70°C).  The sample was incubated at room temperature for 1 min and then centrifuged at 12,000×g for 2 min.  The purified product was stored at -15°C.

Sequencing

Sequencing by Sanger’s dideoxy method was performed using a PERKIN ELMER™ AMPICYCLE® sequencing kit.  Each reaction was prepared as follows:  4µl 10x Sequencing buffer, 0.25µl (-33P (dATP), 1.6µl of template (3.9ng/µl), 28.4µl dH2O, and 2µl primer.  6µl of this mixture was added to 4 PCR tubes containing 2µl of ddG, ddA, ddT, or ddC.  Each tube was sealed with 15µl of mineral oil.  Samples were placed in an Applied Biosystems™ thermal cycler, and PCR conditions were as follows:  94°C × 3 min, and 35 cycles of 94°C × 30 sec, 58°C × 30 sec, and 72°C × 1 min.  Upon completion of the reaction, the samples were allowed to cool to 4°C and 4µl of stop solution was added to each tube.  Samples were denatured at 94°C for 3 min and 3µl of each were loaded onto a polyacrylamide sequencing gel. 

Protein Purification

Cells in the exponential growth phase were washed two times with PBS and then detached from the flask in PBS.  Centrifugation was used to precipitate down the cells.  The medium and PBS were removed.  Following a wash with PBS, cell lysis buffer was added to the cell pellet (100µl for 1×105 cells):  25 mM Tris-phosphate, 2mM DTT, 1mM 1,2-diaminocyclohexane-N,N,N',N'-tetraacetic acid, and 1% Triton X-100.  Protein extract was stored at -80°C.  A Bio-Rad Protein Assay Kit was used to analyze protein concentration according to the manufacturer’s protocol.  0.5-5μg/μl BSA was used for a standard curve.

Western Blot Analysis 


Protein samples were prepared in 3 tubes as follows.  To tube 1, 10.7(l BE(1) lysate (2.8 ng/(l) was added to 4.3(l extraction buffer and 15(l 2X buffer.  To tube 2, 7.1(l of BE(2)-C lysate (4.2 ng/(l) was added to 7.9(l extraction buffer and 15(l 2X buffer.  To tube 3, 15(l BE(2)-C/VCR(10)  lysate (2 ng/(l) was added to 15(l 2X buffer.  30(l of each of these preparations was loaded onto an 8% SDS-PAGE gel and run for approximately 1.5 hours.  The proteins were transferred for 1 hr from the gel to a nitrocellulose membrane to immobilize them.  Following transfer, the membrane was incubated in 2.5% nonfat dry milk TBS-T for 1 hour, followed by washing 3×5 min with TBS-T.  The membrane was incubated with primary antibody (1:740 dilution) for 2 hr and washed 3×5 min with TBS-T.  The nitrocellulose was then incubated in secondary antibody (4 ng/(l of mouse anti-GAPDH antibody diluted 1:2000 in TBS-T) conjugated to alkaline phosphatase (Promega) for 1 hr and washed 3×5 min with TBS-T.  3ml of Western Blue Substrate solution (Promega) was applied directly to the membrane without dilution and shaken at high speed until a color reaction appeared.  The substrate was discarded and the membrane was stored in tap water.       

RESULTS

Quantitative analysis of MDR1 transcript in BE(1), BE(2)-C, and BE(2)-C/VCR(10)

To confirm that the designed primers recognized the MDR1 transcript, RT-PCR was run on BE(2)C RNA at 50 cycles at temperatures of 56°C and 60°C, and the samples were electrophoresed on a 0.8% agarose gel.  The MDR1 transcript was amplified by this primer set at both temperatures (data not shown). 


RT-PCR was then carried out to determine RNA levels in the 3 neuroblastoma cell lines by the methods described above.  The experiment was repeated once and similar results were obtained.  Visualization of the ethidium bromide-stained gel by a UV transilluminator revealed 3 bands at the 200 MW marker (Figure 1).  The 3 bands of equal intensity observed for the actin control validate the stability of the RNA and that equivalent quantities of RNA were loaded.  The clean lanes observed for the negative control ensure that these samples have not been exposed to contamination.  Detectable differentiation between MDR1 transcript levels in BE(1), BE(2)-C, and BE(2)-C/VCR(10)  have not been observed.    
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Figure 1.  RT-PCR analysis of the MDR1 gene in the BE(1), BE(2)-C, and BE(2)-C/VCR(10) cell lines.  (a). 60ng of RNA isolated from each of the cell lines was amplified for 33 cycles with primers recognizing nucleotides 3781-3761and 3952-3971 of the MDR1 transcript, accession number NM_000927 (NCBI).  (b). 20 ng of RNA isolated from each of the cell lines was amplified for 26 cycles with actin primers recognizing nucleotides 553-573 and 1161-1141 of the β-actin transcript, accession number BC001301 (NCBI).    

MDR1 Sequence

Sequencing was performed on the band corresponding to BE(2)-C RNA (Figure 1).  Sequence analysis on a fragment of 94 base pairs reveals homology with the MDR1 gene, confirmed by NCBI Blast (Figure 2).
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Figure 2.  Alignment of MDR1 mRNA (NCBI) with the BE(2)-C RT-PCR product. 

Quantitative analysis of MDR1 protein expression in BE(1), BE(2)-C, and BE(2)-C/VCR(10)

Purified MDR1 protein was separated by SDS-PAGE and probed with mouse anti-MDR1 monoclonal antibody, which was subsequently probed with mouse anti-GAPDH antibody conjugated to alkaline phosphatase.  The experiment was repeated once with a 50% increase in concentration of primary antibody.  Similar results were obtained from the two experiments, but the bands were more pronounced the second time.  Hence, the results of the second immunoblot are presented. As can be seen in Figure 3, a color reaction revealed the presence of distinct 130 kDa bands in the BE(2)-C and BE(2)-C/VCR(10)  cell lines, but no band in the BE(1)  line.  

Post-translated MDR1 is 170kDa.  However, the immature form of this protein, which has not yet undergone glycosylation, is 130kDa.  It is possible that cell lysis yielded the immature form of the protein, and thus, the 130kDa protein recognized by the monoclonal antibody to MDR1 can be positively identified as MDR1.  These results indicate increased expression of MDR1 protein in treated and highly resistant neuroblastoma.
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Figure 3.  Western blot analysis of MDR1 in the BE(1), BE(2)-C, and BE(2)-C/VCR(10)  cell lines.  30µg of protein lysate from BE(1), BE(2)-C, and BE(2)-C/VCR(10) were fractionated by SDS-PAGE and subjected to Western blot analysis using mouse monoclonal antibody to the MDR1 protein (A) and GAPDH (B). To determine the molecular weights of the detected proteins, prestained standards were run in parallel.
DISCUSSION


MDR1 is a transporter protein that transports a broad range of substrates, including several anticancer drugs [14].  Over-expression of this protein in cancerous cells results in exploitation of this mechanism and consequently, resistance to chemotherapy.  The objective of this study was to determine MDR1 expression at both the RNA and protein levels in neuroblastoma cells derived from a patient treated with the chemotherapeutic agent vincristine.  

     
RT-PCR analysis shows very similar levels of MDR1 transcript in BE(1), BE(2)-C, and BE(2)-C/VCR(10)  relative to the actin control (Figure 1).  Unpublished studies have demonstrated by Northern blot analysis that the BE(2)-C/VCR(10)  line is characterized by a 500-fold resistance to vincristine.  In those cells, there was an 80-fold increase in MDR1 RNA, with BE(2)-C levels normalized to 1 [Spengler personal communication].  Because MDR1 transcript levels in these neuroblastoma cell lines were nearly equivalent, RT-PCR should be run at lower cycles to ensure that reaction saturation is not the reason for the absence of differential expression.  If these cell lines show no differential expression at 24-28 PCR cycles, it would be sensible to broaden the study with additional cell lines.  It is possible that these cells were derived from a tumor that was not exposed long enough to vincristine to develop resistance.  

   
Western Blot analysis was not consistent with RT-PCR, demonstrating increased expression of the MDR1 gene product in treated and highly resistant cells relative to untreated neuroblastoma (Figure 3).  We observe an increased level of MDR1 protein in the BE(2)-C/VCR(10) cells relative to untreated tumor cells, but the expected 30-fold enhancement [Spengler personal communication] from BE(2)-C protein levels was not present in these immunoblots.  Ghetie et al. has reported that the B cell-specific glycoprotein CD19 alters biochemical function of MDR1 and hypothesized that the signaling pathways of the two proteins share a common intermediary [15].  Future studies should be directed at establishing the relationship between MDR1 and CD19, particularly how CD19 could influence the expression and function of MDR1 in cancerous cells.  Furthermore, because MDR1 belongs to a superfamily of transporters, it would be interesting to look at whether there is a related ABC transporter that is altering the expression of MDR1 in these cell lines.


The methodologies employed in this study do not allow conclusive statements to be made regarding the expression of the MDR1 gene and protein in neuroblastoma.  The relationship between gene expression measured at the mRNA level and the corresponding protein level will have to be further characterized by following a cohort of genes to determine if translation and post-translational modifications are influencing the expression levels of many individual proteins in neuroblastoma.  
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