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Abstract:

Neuroblastoma (NB) derived cells exhibit three distinct phenotypes I, N and S that are associated with different levels of tumerogenesis.  I is the most tumorigenic N is moderately tumorigenic, and S not tumorigenic. This study uses RT-PCR of purified NB mRNA isolated from representative N, I and S cells to study the expression of Tyrosine Hydroxylase (TH) mRNA and Dopamine Beta Hydroxyalse (DBH) mRNA.  No expression of TH was detected in S cells, which was expressed in N and I cell types.  While the S cell type appears to lack DBH transcript, which is clearly expressed in the I cell type, the RT-PCR results generated using different primer sets with mRNA isolated from N type cells give conflicting results.  A possible novel alternative splice variant of both TH and DBH was found in the N cell line.

Introduction

Neuroblastoma (NB) is the most common extra cranial solid tumor in children.  NB is characterized by its heterogeneous nature.  There are three distinct NB phenotypes, N, S and I, each correlating with a different level of tumorigenesis.  N cells are neuroblastic cells that form slow growing tumors, S cells are substrate adherent cells that express contact inhibition, and do not grow tumors, I cells are intermediary cells that can differentiate into either N or S cells.  I cells are the most tumorigenic of the NB phenotypes (Ross, 2003). 
Neuroblastoma cells are derived from the neural crest and can either remain undifferentiated, I cells, or differentiate into neuroblastic cells which are neuronal cells, N cells, or into a cell type, S, that appears to be epithelial and possesses properties of melanocytes, Schwann cells, glial cells and meningeal cells (Ciccarone et al., 1989).  The N and I cells possess noradrenergic properties while S cells do not (Ciccarone et al., 1989). 

Seeing as the two tumorigenic NB phenotypes are noradrenergic, NB produces neurotransmitters, and is therefore used to study neurotransmitter production and activity.  Specifically, NB is used to study the catecholamine synthesis pathway because it is one of few cell types that express Tyrosine Hydroxylase (TH), the rate limiting enzyme of the pathway.  TH converts the amino acid Tyrosine into DOPA, the precursor for the neurotransmitter Dopamine (DA).  Downstream in this pathway, DA is converted into another neurotransmitter, norepinephrine (NE) by the enzyme Dopamine beta Hydroxylase (DBH) (Rios, M et al., 1999).   This is a pathway specific to neural cells.  
DA and NE each have a variety of regulatory roles in the body.  DA increases heart rate and blood pressure, it is also involved in memory, movement and mood.  NE is the neurotransmitter responsible for the fight or flight response which increases heart rate, blood flow and glucose release in response to stress.  It also acts as an anti-inflammatory.  Both neurotransmitters are essential for proper neuron and brain development and function. 

TH activity is so specific to neural cells that microcirculating NB cells can be detected through Real Time RT-PCR of TH mRNA (Parareda, et al.,  2005; Trager, et al 2008).  This method  is able to detect a disease state known as minimal residual disease, meaning it can detect 1 NB cell in 1x10^5 normal cells (Trager et al., 2008).  It is a very sensitive method and can help determine prognosis of a patient after diagnosis and treatment. Expressing TH mRNA in the blood or bone marrow means that NB cells are  alive, circulating and will likely begin to regrow (after treatment) or metastasize.  Absence of higher than expected TH mRNA correlates with a good prognosis (Parareda et al., 2005; Trager et al., 2008)
TH and DBH have been implicated to be involved in cancer growth and the avoidance of cell death.  Constant low to moderate levels of TH activity may protect cells from death from oxidative insults.  A natural by-product of DA production and metabolism (and hence TH activity) is a reactive oxygen species (ROS) that if not managed properly will result in the death of the neuron by apoptosis.  Dopamenergic neurons deal with the excessive ROS by increasing the activity of enzymes that help manage the ROS, and by becoming more resistant to apoptosis from oxidation.  TH activity, however, is not the only culprit in creating ROS and with age reactive oxygen species tend to accumulate and kill cells.  Low to moderate TH activity may help cells cope with the accumulating ROS because of the preconditioning against oxidation they developed from the DA metabolism (Franco et al., 2010).  This “learned” avoidance of apoptosis may contribute to NB’s cancerous nature.

DBH is important for cancer growth as well, as NE up-regulated the production of vascular endothelial growth factor (VEGF).  VEGF is responsible for angiogenesis, an important step in solid tumor development as it provides the cancer with the oxygen and glucose it needs to grow (Yang, E et al., 2006).  

The goal of this project is to determine if TH and DBH mRNAs are differentially expressed in the three neuroblastoma cell lines described earlier.  TH and DBH mRNA expression should be the highest in the most neuronal cell lines, and the least in the non-neuronal cell line (S).  I also identified a potential novel splice variant in both DBH and TH.

Materials and Methods

Neuroblastoma Cell Lines: 

Representative N, I and S cell lines were obtained from the Laboratory of Neurobiology at Fordham University.  KCN-83(n) cell line is representative of the N phenotype, BE(2)-c is representative of the I phenotype, and SH-EP1 is representative of the S phenotype.   Cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM)/F12 supplemented with 10%fetal bovine serum at 37*C.

RNA Extraction:

Cells from each of the representative cell lines were lysed and the RNA was purified using RNeasy® Plus Mini Kit by QIAGEN according to the manufacturer’s instructions, except eluting the RNA with 30uL dH2O instead of buffer EB. 

Primers:

Three primer sets were used for each of the genes studied.  Each set consisted of a forward primer (F) and a reverse primer (R), and they are numbered according to their location on the gene.  One primer set was used for GAPDH.  GAPDH was used for as the loading control for the experiment.  The specific sequences and expected product sizes can be obtained from table 1.

	Primer Number
	Sequence (5’(3’)
	Expected size (base pairs)

	THF1
	AGGCCATCATGGTAAGAGG
	TV1 358

	THR1
	GTCTCTAGATGGTGGATTTTGG
	TV2 277

	
	
	

	THF2
	AAGCAGGCAGAGGCCATCATGG
	TV1 425

	THR2
	AGGCGCACGAAGTACTCCAG
	TV2 332

	
	
	

	THF3
	AGGCGCACGAAGTACTCCAG
	TV1&2 476

	THR3
	TACACAGCCCGAACTCCACCG
	

	
	
	

	
	
	

	DBHF1
	ACTGCCTATTTTGCGGACG
	407

	DBHR1
	TGCCGAGAGAAGCCCTTTGG
	

	
	
	

	DBHF2
	TGCCGAGAGAAGCCCTTTGG
	433

	DBHR2
	TTGGTGACGATGGGCTCGTACTTG
	

	
	
	

	DBHF3
	TGAAGAAGGTCGTGTCGGTCC
	364

	DBHR3
	ACGGCTGAGGACTTGTTGCA
	

	
	
	

	
	
	

	GAPDHF
	GAAGGTGAAGGTCGGAGT
	226

	GAPDHR
	GAAGGTGAAGGTCGGAGT
	


Table 1: Primer sequences for TH, DBH and GAPDH.  The primers are written in pairs of 1 forward (F) and 1 reverse (R) based on which primer they were used in conjunction with.  The expected size shows the expected number of base pairs the PCR product would be when using that primer set.  

RT-PCR

RT-PCR was performed on the total RNA purified from each of the NB cell lines.   Twenty five nanograms of RNA was amplified in 25ul RT-PCRs (5ul 5xRT buffer, 1ul 10mM dNTPs,  1ul 10pmol/ul F primer, 1ul 10pmol/ul R primer, 1ul enzyme mix, 2.5ul 10ng/ul RNA and 13.5ul dH20).  Refer to table 2 for RT-PCR temperature cycles. TH and DBH amplification was performed for 50 cycles.  GAPDH amplification was performed for 26 cycles to ensure seeing a difference in band intensity if different amounts of mRNA were accidently loaded into each sample.  

	Time
	30min
	15min
	30sec
	30sec
	30sec
	15min
	(

	Temperature (*C)
	50
	95
	94
	57
	72
	72
	4


Table 2:  Time and temperature settings used during RT-PCR.  

Electrophoresis


5ul of loading dye was added to each RT-PCR product.  5ul of each product were loaded into a 1% agarose gel, and electrophoresis was run at 125V.  Band intensities were visualized by ethidium bromide in a Biorad UV trans-illuminator.  

PCR product purification, gel extraction and sequencing

PCR poducts from TH primer pairs 2 and 3, and from DBH primer pairs 1, 2 and 3 were purified using QIAquick® PCR Purification Kit following the manufactures instructions and sequenced in order to confirm the identity of the PCR products.  Products from TH primer pair 1, and the smaller band of TH primer pair 3 were cut from the gel and purified using QIAquick Gel Extraction Kit following the manufacturer’s instructions and sequenced in order to confirm identity of the PCR products.  This was done to compare sequences of the two bands found.
Results


To study the expression of TH and DBH  in N, I and S type NB cells RT-PCR of mRNA isolated from these cell lines was performed using primers specific to each gene.  Primer locations, and gene exon arrangements and transcript variants can be seen in figure 1.  RT-PCR was performed on GAPDH to act as a loading control.  RT-PCR products were run on a 1% agarose gel for both TH and DBH (figure 2).

A.  TH primer placement, exon arrangement, and transcript variants. [image: image1.png]



B. DBH primer placements and exon arrangements
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Figure 1.  Exon arrangements, primer placement for TH (A) which also includes transcript variants, and for DBH (B).  (A) TH has two known transcript variants. TH primer set 1 is placed on exons 1 and 3, and will create a smaller product in from transcript variant (TV) 2 than 1 because TV 2 is missing exon 2.  TH primer set 2 is placed on exons 1 and 4 and will also create a smaller product for transcript variant 2 due to it’s missing second exon.  Primer set 3 is placed on exons 7 and 11 and will create the same transcript for each variant.  (B) DBH has only one transcript.  DBH primer set 1 is placed on exons 1 and 3, primer set 2 is placed on exons 2 and 4, and primer set 3 is placed on exons 8 and 11. 

A: TH mRNA expression            


B: DBH mRNA expression
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Figure 2: Expression of TH and DBH mRNAs in three NB cell lines using three different primer sets per gene studied.  The number to the left of the figure indicates the size of the PCR product and the right side tells you which primer set was used.  (A)TH is expressed in both the KCN-83(n) and the BE(2)-c but is not expressed in SH-EP1.  GAPDH was used as the loading control for these samples.   (B) DBH is expressed in both the KCN-83(n) and the BE(2)-c cell lines but is not expressed in SH-EP1. GAPDH was used as the loading control for these samples.  Note, all results were repeated at least three times.

TH mRNA was detected in the N and the I cell lines, while it was not detected in the S cell line.  The first two TH primer sets shows two bands, the larger, less intense band correlating with the expected size of transcript variant 1, and the smaller, more intense  band correlating with transcript variant 2, due to the splicing out of exon 2 in TV2 (figure 3).  The third primer set shows a smaller less intense band of about 400bp in the N cell line only.  The ~400bp band visualized in the N cell line using TH primer set 3 may be due to a cryptic splice site that excludes 90bp from the 5’ end of exon 8 (figure 4). 

       Alternative splicing of TH. 
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Figure 3:  Gel results from TH primer pairs 1 and 2 show a banding pattern that is consistent with TH TV 1 and 2.  TV2 is smaller because exon 2 has been eliminated.
     Predicted Alternative Splice site in TH
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Figure 3:  About 90bp may have been spliced out of the start of exon 8, explaining the ~400bp band that was seen in the N cell line using TH primer pair 3.  
DBH mRNA was detected definitively in the I cell line, it was not detected in the S cell line and it’s presence in the N cell line was less clear.  DBH mRNA was detected in the N cell line using primer sets 1 and 3, but it’s detection was minimal using primer set 2.  Results for all primer pairs were repeated at least three times each to ensure accuracy.
A BLAST search using the sequencing results was performed to ensure sequence homology between the PCR products and TH or DBH.  100% homology was detected for all sequences. 


Discussion
TH is expressed in I and N cell lines in NB, but not in S (Figure 2A). This was an expected result because only the N and I phenotypes have neural properties and produce neurotransmitters, the S phenotype is not neural and does not produce neurotransmiters.  It also shows that NB expresses both transcript variants 1 and 2, and while it seems from the gel results that TV2 is more highly expressed that could be due to primer efficacy, and therefore can not be concluded.   The sequences of the PCR products confirm that they do match that of TH.

The unexpected band in the N cell line  of TH primer pair 3 may be evidence of a novel splice variant where exon 8 is truncated.  An elusive splice variant that is missing all of exon 8 has been detected, however not one that is missing just the first 90bp.  Evidence for the truncated exon 8 is as follows.  Sequencing of the ~400bp  band, after extracting it from the gel, was 100% homologous with TH. Exons 9 and 10 are fully present in the transcript, as seen on the BLAST result comparing the sequencing result to the known TH sequence, yet the sequencing results could only detect the final 6 (3’) bases in Exon 8, meaning the rest of exon 8 could be missing.  Upon examining the known TH sequence a potential 3’ splice site was noticed and included a poly pyrimidine tract less than 15 bases upstream of a CAG consensus  splice acceptor sequence.  If this potential splice sequence is utilized in the N cell line it would lead to the loss of the first 90bp of exon 8.  This is an example of not only a novel splice variant, but of differential expression of the splice variant because it was observed in the N cell line only.  
The results in Figure 2B show that DBH is expressed in the N and I cell lines, but not in S.  This was an expected result, again because only N and I cells have neural properties.  What was curious about these results is that DBH primer set 2 shows very minimal expression of DBH mRNA in the N cell line, contrary to what was shown with primer sets 1 and 3.  DBH primer sets 1 and 2 produce overlapping products, and as a result should show very similar results. A possible explanation for this is that the N cell line expresses a transcript variant that does not include exon 4 so DBHR2 cannot anneal to the mRNA and therefore the message cannot be amplified.  Exon 2 cannot be the missing exon because DBH primer set 1 showed the expected sized band, and the sequence result showed 100% homology to the known DBH transcript. Exon 4 is 177 bp, and therefore its exclusion from the message would not cause a frame shift mutation. 
It is also possible that just a piece of exon 4, the piece where the DBHR2 was designed to sit, is mutated preventing the primer from annealing.  This would cause a similar result.  In order to determine if all of, or just a part of exon 4 is excluded, or if it is just mutated we would have to do RT- PCR that spans exon 4 and compare the size of the resulting piece to the expected size. Sequencing would also need to be done on that area to determine the nature of the mutation, if that is causing the issue. 

Regardless of what is causing the unexpected DBH expression shown with DBH primer set 2 it can be concluded that this is a differentially expressed alteration.  It is present in the N cells, but not in the I cells.  Interestingly, both the TH and the DBH mutations were seen in the N cell line, although it is not known why.
It must be noted that the results cannot yet be attributed to the phenotypic differences of the N, I and S phenotypes.  Each of the cell lines used came from different cancer patients who had accumulated different individual mutations.  Further study that uses the stem cell properties of the I phenotype and pushes it to differentiate to either the N (through Retinoic Acid treatment) or the S phenotype (through BUdR treatment) would show whether the differences I discovered are phenotypic differences of cell line differences.   
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