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Abstract

Multi drug resistance associated protein (MRP) belongs to an ATP binding cassette family of transmembrane proteins. It is implicated in non P-glycoprotein –mediated multi drug resistance in variety of neuroblastomas. Expression of MRP gene has been correlated with the MYCN gene which is overexpressed in the most poor prognostic neuroblastomas (2,3,4). Presence of distinct cell phenotypes—I type, S-type and N type determines the malignancy in neuroblastoma cell lines and tumors (1). The main objective was to investigate if MRP-1 expression is only modulated by the MYCN expression or if the MRP gene expression has some correlation with the presence of distinct neuroblastoma cell phenotypes. Differential expression of MRP-1 was studied in selective neuroblastoma cell lines using RT-PCR and sequencing. Results show higher expression of MRP-1 in the cell lines which over express MYCN gene.  MRP-1 expression seems to be higher in I-cell types as compare to the N cell types (with exception of SK-N-M17) and S cell types. The two I-cell types (SK-N-LP and BE(2)C) overexpress  MYCN which explains the high expression of MRP-1 gene in these cell lines. No direct correlation can be made between I type cells and MRP-1 expression. A larger sample size including different I- cell lines and study of additional MRP isoforms will be helpful to make any definitive correlation between MRP-1 expression and I-cell types.
Introduction

Neuroblastoma is the most common extracranial solid tumor of infancy which arises from embryonal neural crest cells. Neuroblastomas are categorized clinically by their location, age at diagnosis, spread/metastasis and degree of cellular maturation and heterogeneity. Long term studies undertaken in human cell lines have shown that there are three distinct neuroblastoma cell types—I-type stem cells, N-type neuroblastic/neuroendocrine precursors, S-type schwannian cell/melanoblastic precursors(1).  The I-type stem cells are malignant neural crest cells and form tumors in the nude mice. The I-type cells show features common to both N and S type cells. The N-type cells adhere tightly to other cells forming structures like pseudoganglia and they form tumors only in athymic mice. The S type cells adhere tightly to the substrate and do not form tumors in nude mice. Studies have also shown that neuroblastomas contain multiple cell phenotypes and this feature is often used for the prognosis of the disease. I-cell types are present in tumors of all stages. Higher incidence of I type cells in most neuroblastoma is consistent with their high malignant potential in vitro (1, 6).  The phenotypically distinct neuroblastoma cell lines have been reported to show varying levels and differential expression of MYCN gene. MYCN is the most widely used biomarker for neuroblastoma, higher the expression of MYCN, poorer is the disease prognosis. MYCN belongs to class of bHLH leucine zipper transcription factors which are involved in cell differentiation, apoptosis, cell growth and genomic instability (4). Most N and I type cell lines have higher levels of MYCN and some show overexpression of the MYCN gene. In the S-type cell line MYCN expression is reported to be down regulated (5, 6). 

Some malignant neuroblastomas display chemoresistance. One of the factors causing chemoresistance in these tumors is the expression of Multidrug Resistance-associated Protein (MRP). MRP is overexpressed in most malignant and chemoresistant neuroblastomas.  It is an ATP binding cassette protein which acts as an efflux pump. MRP is expressed at normally in many tissues and plays a significant role in efflux of unconjugated bilirubin in fetal hepatocytes and efflux of heavy metal ions from other tissues. Overexpression of MRP in different tumors results in pumping out of unrelated hydrophobic drugs from the cancer cells thereby resulting in chemotherapy failure. Overexpression of MRP have been reported in many cancers—Leukemia and Neuroblastoma. Alternative splicing of MRP gene can generate many variants. 

It has been reported that MYCN may upregulate the expression of MRP gene, especially in the poor prognostic tumor types (2, 3, and 4). There is considerable literature demonstrating concomitant overexpression of MRP with MYCN gene in human neuroblastoma. It is possible that MYCN may act as transcriptional factor in regulating MRP gene expression but the exact mechanism still needs to be elucidated(2). Amplification of the MYCN gene is not always the primary factor involved in the neuroblastoma malignancy, presence of distinct cell phenotypes can also affect cancer prognosis. Differential cell lineages and states within a particular lineage have been reported to modulate the MYCN expression (5). The main objective of the present project was whether the MRP-1 expression correlates with a) overexpression of MYCN gene, or b) correlates with distinct neuroblastoma cell types, or c) correlates with neuroblastoma cell types which over express MYCN gene. Resolution of this matter could help physicians select a more effective treatment of neuroblastoma.
Materials and Methods
Primer

Primers specific for MRP-1 and GAPDH were synthesized using an Oligosynthesizer (Dr Rubin’s Lab). The primers were designed to recognize different exons thus spanning one or more introns. Forward primer for MRP-1 was (MRP-1 (F)): 5’-TCTCTCCCGACATGACCGAGG-3’ and the reverse primer was ( MRP-1 ( R)): 5’-CCAGGAATATGCCCCGACTTC-3’(2). The MRP-1 primers generate an expected product of 140bp from a cDNA and a product of ~2kbp from genomic DNA. The GAPDH ( F) primer was 5’-TGGGGAAGGTGGTCGGA-3’, GAPDH reverse primer was 5’-GAAGGGGTCATTGATGGCAA-3’(2). The GAPDH primers generate an expected product of ~110bp from a cDNA and a product of ~3 kb from the genomic DNA. The primers were deprotected by incubating at 65°C for 1hour and then they were dried down using vacuum. The dried primers were resuspended in deionized water at concentration of 10 pmoles/ul.
RNA Samples and Cell Lines

The total RNA samples--SH-SY5Y (N1), SK-N-M17 (N2), SH-EP1 (S1), LAI-5S (S2) and SK-N-LP (I1) were generous gift of Dr Robert Ross. In addition, total RNA was prepared from the BE(2)C (I2) neuroblastoma cell line.
Total RNA Extraction

Total RNA was prepared from the BE-2C ( I 2) cell line using RNA Aqueous phenol free total RNA isolation kit( Ambion, Austin, TX) according to manufacture’s instruction with slight modifications. After removing the media from cells, they were washed with 3ml PBS buffer. Trypsinization of the cells was done using 3ml of Trypsin/EDTA for 5-6 mins. Dislodged cells were collected in a 15ml conical tube and centrifuged at 1500g for 6mins. The supernatant was discarded and pellet was resuspended in 1ml PBS buffer and again centrifuged at 15000g for 15mins. The supernatant was discarded and the pellet was resuspended in 300ul of Lysis buffer. Cells were then microcentrifuged at 12000g for 8 seconds. The supernatant was collected in an eppendorf tube and equal volumes of 64% ethanol were added to it. The contents in the eppendorf tube were gently mixed.  The 600ul of lysate/ethanol mixture was applied to a spin column and microcentrifuged at 12000g for 8 seconds. The flow through was discarded and filter column was reused. 700ul of Wash Solution #1 was applied to the filter and spun 12000g for 1 min, flow through was discarded. Next, 500ul of Wash Solution #2 was applied to the filter column. The column was centrifuged at 12000g for 2 mins and flow through was discarded. The wash solution #2 step was repeated again.  The RNA was eluted by applying preheated 70°C deionized water to the column and spinning at 12000g for 1 min. The elution step was again repeated to ensure complete RNA recovery. The quality of the RNA prepared from BE(2)C cells and rest of the RNA samples provided by Dr Ross, was examined by electrophoresis on a 0.8% agrose gel at 140V for 20 minutes. RNA in these samples was quantified using spectrophotometry (260nm). Since the RNA samples varied in their concentration, working stocks of equal RNA concentrations (1ug/ul) were prepared using RNAase free deionized water.
RT-PCR
RT-PCR was performed on the RNAs prepared from different neuroblastoma cell lines using the Qiagen One Step RT RT-PCR kit. Before setting up the RT-PCR reactions, a master mix was prepared containing 5X buffer, dNTPs, either MRP-1 or GAPDH primers (10pmoles/ul), enzyme mix and RNAase free deionized water. Equal volumes of master mix were added to RT-PCR tubes and then template RNA (1ug/ul) was added making the total reaction volume to be 15ul. Tubes were placed in Thermal Cycler which was set up using the protocol: RT—50°C /30min, activation of Taq enzyme—95°C /15mins, PCR reaction—94°C /30sec (denaturation), 55°C /30sec (annealing), 72°C /45sec (extension).For the amplification of MRP-1, amplification step was optimized for 38 cycles and for the amplification of GAPDH, amplification step was optimized for 20 cycles. Final extension was carried out at 72°C for 10minutes followed by a hold period at 4°C. After completion of the RT-PCR, 5ul of bromophenol blue was added to the reaction tubes. 5ul of RT-PCR products were loaded in a 0.8% agrose gel and electrophoresed at 140V for 20 minutes. The band intensities for both MRP-1 and GAPDH were measured using Sigma Gel Scanner (Dr Ross’s Laboratory).
RT-PCR product purification

The MRP-1 for one of the cell lines (SK-N-M17) was purified using Qiagen’s Purification kit as per manufacturer’s instructions. Binding solution (H1) was added to the RT-PCR reaction at a ratio of 4:1 (60ul:15ul). The mixture was centrifuged through a filter cartridge at 14000g for 1 min. The cartridge was then washed with 30ul of wash buffer (H2) and microcentrifuged twice at 14000g for 2mins. The cartridge was transferred to a recovery tube and the DNA was eluted from the filter by addition of 30 ul of deionized water (preheated at 70°C) and centrifuging at 14000g for 2mins.
Sequencing
Sequencing by Sanger’s dideoxy method was performed using AmpliCycle Sequencing Kit. For each reaction, 4ul of 10x buffer, 2ul of primer, 50 fmol of DNA, and 0.25 ul 33p-dATP was used. 6ul of this mixture was added to four PCR tubes each containing either 2ul of ddGTP, ddATP, ddTTP or ddCTP. All the tubes were overlaid with 30ul mineral oil and placed in Applied Biosystems Thermal Cycler. Cycling condition was set as: 94°C /2min, 35 cycles of 94°C /30secs (denaturation), 58°C /30secs (annealing), 72°C /1min (extension). After the completion of reaction, 4ul of stop solution was added to each tube and samples were denatured by heating for 3mins prior to loading in the polyacrylamide gel. About 3ul of each sample was loaded onto a sequencing gel. 
Results
Total RNA samples from different neuroblastoma cell types were analyzed on 0.8% agrose gel under RNAase free conditions. All the RNA samples were prepared from the cells growing in the exponential phase. Figure1 shows the thick 18s and 28s ribosomal RNA bands for all the different RNA samples indicating ample amount of RNA in the samples. None of the samples appear to be heavily contaminated with the genomic DNA.

To study the MRP-1 gene expression in the different cell types, RT-PCR was done using GAPDH as an external loading control.  The GAPDH expression was used to normalize the expression of MRP-1 in different cell types.  The primers used for the RT-PCR were selected on the basis that the size of amplicon they generate will allow a clear distinction between amplification from RNA verses genomic DNA. Initially, optimization of the conditions for RT-PCR was done for MRP-1 and GAPDH. For each RT-PCR reaction, 1ug/ul of RNA template was added to the RT-PCR mix. For MRP-1 amplification using RT-PCR, the amplification step was carried out for both 35 and 38 cycles using the conditions mentioned previously in materials and methods. The 38 cycle amplification gave distinct and darker bands for MRP-1. For GAPDH, amplification step in RT-PCR was carried out using 22, 28 and 35 cycles. A gradation of band intensities was seen for 22 and 28 cycles of amplification but no significant difference in band intensities was observed for 28 and 35 cycles of amplification for GAPDH. Therefore a RT-PCR protocol of 20 cycles was optimized for GAPDH. 

Figure 2 shows distinct bands of both MRP-1 and GAPDH amplicons in all the cell line samples but the band intensities are variable. The variation in the band intensities of MRP-1 for different cell types is most likely due to differential expression of MRP-1 since same amount of template RNA was loaded in all the RT-PCR reactions and an external GAPDH loading control was used. Quantification of MRP-1 levels for all the cell line samples was done after normalizing respective cell type MRP-1 bands to the corresponding GAPDH bands using the sigma Gel Scanner (Table 1 and Graph 1). Data shows that MRP-1 expression was high for all cell types which show MYCN overexpression--SK-N-M17 ( N2), SK-N-LP (I1) and BE(2)C (I2)  which showed 4.5, 3.25 and 3.49 MRP-1/GAPDH ratios respectively. The S-type cell lines, SH-EP and LAI-5S, showed low expression of MRP-1. The result supports previous observation made by Haber et.al that high MRP-1 expression is observed in cell lines over expressing MYCN (2,3,4). High expression of MRP-1 was seen in both the I-cell lines as compare to the S cell types and N-cell types (with exception of Sk-N-M17). No conclusion can be made regarding correlation of MRP-1 expression with the I-cell types. However a larger sample size and inclusion of I-type cell lines with low expressing of MYCN is needed to make any definite correlation between I cell types and MRP-1 expression.
The MRP-1 RT-PCR product derived from N2 sample was purified and sequenced using AmpliCycler based on modified Sanger’s dideoxy method.  A BLAST search was performed using 108 bases (total size of the MRP-1 amplicon obtained is 140bp) sequence of the MRP-1 gene from the S-N-M17 cell line RNA. The 102 bases aligned with the MRP1 ABC mRNA of Homo sapiens (figure 3).

Discussion

Based on the RT-PCR results obtained for MRP-1 expression in distinct neuroblastoma cell types, there is correlation between the expressions of MRP-1 and MYCN.  Results ( graph 1 and table 1) supports that MYCN expression maybe modulating the expression of MRP-1 in neuroblastoma cell lines as previously cited by Haber et.al (2). The MYCN is a well known transcription factor which is over expressed in some neuroblastoma tumors and maybe involved in the upregulation of the MRP-1 expression but the exact mechanism is unknown (2, 3, and 4). MRP-1 expression was high in both the I-cell lines as compare to S-types, which makes sense since I-types are less differentiated (multi potent stem cell types) and show higher levels as well as over expression of MYCN gene. The S-cell types showed lower expression of MRP-1 as compare to the N-types and I-types because these are melanoblastic precursors and MYCN levels are down regulated in S-type cells (1). The LAI-5S ( S type cell line) has high levels of MYCN but the mRNA levels are low for this cell type which is why it show low levels of MRP-1. Though both the I-cell types showed high expression of MRP-1, no conclusion can be made regarding the correlation of MRP-1 expression and presence of I cell phenotype. To arrive at such a conclusion further research needs to be undertaken using larger sample size of I type cell lines including both over expressing MYCN and low expressing MYCN cell lines. Additionally, different isoforms of MRP can be studied in the neuroblastoma cell lines. 
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Graph 1 Differential expression of MRP-1 in different neuroblastoma 

cell types
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	Number
	Cell type
	MYCN expression
	MRP-1 /GAPDH 

	N1
	SH-SY5Y
	-
	1.12

	N2
	SK-NM17
	+
	3.49

	S1
	SH-EP1
	-
	1.33

	S2
	LAI-5S
	-
	1.04

	I1
	SK-N-LP
	+
	3.25

	I2
	BE(2)
	+
	4.5


Table 1
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