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Abstract 
 
 
Neuroblastoma is one of the most enigmatic solid tumors for scientists and 
pediatric oncologists. Neuroblastoma is primary a childhood form of cancer, 
consisting of neuroectodermal cells that originate from the neural crest and is 
destined for the adrenal medulla and sympathetic nervous system. The 
Neuroblastoma group at The University of Gothenburg received formalin-fixed 
paraffin-embedded tumor samples from Vietnam and this project was to 
examine if the quality of the DNA from, is good enough to run comparative 
genome hybridization array experiment on by using a cheaper technique 
Multiplex Ligation-dependent Probe Amplification technique. Multiplex 
Ligation-dependent Probe Amplification (MRC Holland) is a multiplex PCR 
method that can detect abnormalities such as deletions and amplifications. By 
using probes consisting of one short synthetic arm with a PCR primer sequence 
Y at the 3´end, and one long probe with a stuffer sequence, and a PCR primer 
sequence X at the 5´end that can hybridize and ligate. If these probes ligate it is 
possible to amplify them by PCR just using specific primers for the X and Y 
sequences. The resulting amplification products can then be analyzed by 
capillary electrophoresis. These patient that the DNA was derived from had all 
stage 4 neuroblastoma, and that is why they all present many aberrations. 
Among the fascinating data from this experiment, there are many patients with 
both 11q deletions and has an extreme amplification of MYCN. In Sweden 
only a few cases has been discovered. In this material even though all patients 
are stage 4 patients, 16 have this combination.    
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 



	  
	  

Abbreviations 
 
 
 
FISH Fluorescence In Situ Hybridization 

array-CGH (aCGH) comparative genome hybridization array 

INRG The International Neuroblastoma Risk Group  

LOH Loss of heterozygosity 

mCGH Metaphasic-Comparative Genomic hybridization 

NB Neuroblastoma 

SNP Single Nucleotide Polymorphism 

SNS sympathetic nervous system  

SRO smallest region of overlapping 

TSG tumor suppressor gene 
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Introduction  
 

Neuroblastoma 
 
Neuroblastoma is one of the most enigmatic solid tumors for scientists and 
pediatric oncologists. Neuroblastoma (NB) is primary a childhood form of 
cancer, consisting of neuroectodermal cells that originate from the neural crest 
and is destined for the adrenal medulla and sympathetic nervous system (SNS) 
(Edsjö et al., 2007). For patients younger than 15 years, NB is responsible for 
more than 7 % of the malignancies and around 15% of all pediatric oncology 
deaths (Maris et. al., 2007). Even though there is children born with NB, the 
median age for diagnose is 18 month. This mean that about 40% are diagnosed 
by the year of 1, and about 75 % are diagnosed at the age of 4, and at the year 
of 10 as many as 95% have been diagnosed (Brodeur, 2003). NB is the most 
common extra cranial solid tumor in childhood and the most frequently 
diagnosed neoplasm during infancy (Maris et. al., 2007, Bown, 2001). In 
Sweden there are about 15-20 new cases each year, in USA there are about 700 
(Maris et. al., 2007), and in the UK there is about 90 new cases each year 
(Bown, 2001). As mentioned above NB consisting of neuroectodermal cells 
that originate from the neural crest and is destined for the adrenal medulla and 
sympathetic nervous system (SNS). The SNS extends from the head along the 
spine and then branches out of the trunk to also include the adrenal glands 
(Påhlman and Hedborg, 2000). Since the SNS are widespread to many parts of 
the body NB can develop in all these places. About 65% of NB primary tumors 
are arising in the abdomen along the spinal cord, around the gastro intestinal 
tract but almost 50% occur at the adrenal medulla. Other areas and sites where 
tumors are common are the neck, chest, and the pelvis. Figur 1 gives a simple 
image over the sites in the body where primary tumors and metastatic tumors 
can occur.  
 

 

 

 

 

 

 

 

 



	  
	  

 

Figur 1 

  

 

The risk of getting NB is similar in many parts of the world. These suggest that 
the disease not can be linked to parent’s lifestyle patterns or underlying viral 
infections, instead it is more likely that NB occur spontaneously. The age of 
the patient is an essential key to survival. Younger patients have a better 
chance to survive than older. Of course do the type and stage of the disease 
matter as well, and this will be seen further down in the text. But age is on of 
the big risk factors in this type of cancer (Maris et. al., 2007, van Noesel et. al., 
2004). So the mechanisms behind the development of NB, is still not fully 
understood. There are many theories that are still under investigation, but no 
one has been able to give a complete explanation.  
 
 
Spontaneous regression 
 
One interesting aspect of NB is that some tumors have the ability to spontaneously 
regress. Even metastasized tumors have spontaneously regressed. The mechanisms 
behind these spontaneously regressions are mainly unknown. Most patients with 
regressed tumors have stage 1, 2 and 4S, but as mentioned above patients in more 
aggressive stages as stage 3 and 4 have had there tumors spontaneously regressed even 
without cytotoxic treatment (Ambros and Brodeur, 2000).  
 
 
Classification and treatment 
 
Many different staging systems have developed to use for planning treatment 



	  
	  

of NB. Here two will be presented the first that was established as the 
International Neuroblastoma staging system in 1988 and was revived in 2003 
(Brodeur et al., 2003). The International Neuroblastoma Risk Group (INRG) 
did a new staging system that was presented in 2009 (Chon et. al., 2009). The 
firs staging system will be used in this article but both will be presented in 
figures. The first is presented in figure 2 and the second in figure 3. The 
methods that are used to treat NB include surgery, chemotherapy, radiotherapy, 
and biotherapy, as well as observation alone in carefully selected 
circumstances (Maris et. al., 2007). Stage 1 and stage 2a patients often manage 
with observation and/or surgery (van Noesel et. al., 2004). Patient with stage 
2b might also need treatment with light cytotoxic therapy, when a stage 3 
patient need intermediate cytotoxic therapy. Stage 4 patient are more severe to 
treat, the treatment depend on many factors whereas age is one of them. But 
stage 4 patients often require a combination of different therapies (Modak and 
Cheung). Today studies are ongoing in many fields among them are 
immunotherapy and angiogenesis therapy. Stage 4S (S = special) is a 
phenotype that occur in about 5% of the patients. These patients often have 
small-localized primary tumors with metastases in the liver, skin, or bone 
marrow. These tumors almost always spontaneously regressed. In patients 
younger then 2 month, intrahepatic expansion of NB can result in respiratory 
compromise (Maris et. al., 2007, van Noesel et. al., 2004). In the experiment 
that this report is based on, are the patients in stage 4 of the disease. 
  
 
Figure 2 The International Neuroblastoma staging system 2003 

 

 



	  
	  

 

 

Figur 3 Show the new Neuroblastoma staging system that was presented in 2009 by 
The International Neuroblastoma Risk Group (INRG) 

 

 
Genetic alterations in Neuroblastoma 
 
Neuroblastoma is a genetic disease that can have a large number of different 
genetic alterations. Everything from small mutations in single genes, to partly 
losses to whole losses of chromosomes, even gains of chromosomal material. 
In this study focus was on losses and gains of chromosome material. Even 
ploidy has a matter in NB, it has been shown that patients with hyperdiploidy 
or near triploidy had more favorable outcome and longer survivor rate, then 
patient with diploidy. Diploidy is often common in more advanced stages of 
NB and has more poorly outcome (Westermann and Schwab, 2002). This is 
very significant when it comes to gains and loss of heterozygosity (LOH) in the 
different chromosomes. 
 
Chromosome 1 
Alterations of the short arm of chromosome 1 can be found in a wide range of 
human malignancies, including both hematological cancers and solid tumors. 
Early analyses showed deletions of distal 1p, a smallest region of overlapping 
(SRO) deletion was mapped cytogenetically to 1p34-p36. This led to the 
hypothesis that in this region one or more tumor suppressor genes (TSG) were 
located that was critical to the development of NB. Today most (TSGs) are 
thought to be in the region of 1p36.1 to 1p36.3. The region of deletion are often 
large and can start from 1p32 to 1p36, and they most often include the whole 
terminal end of 1p.(White and Versteeg, 2000, Westermann and Schwab, 



	  
	  

2002). The deletion on 1p arm does not have to be on al 1p arm, this has been 
shown to lead to loss of heterozygosity (LOH). Adding an intact chromosome 
1 to a tumor cell line indicated that the 1p arm harboring some important 
(TSGs) (Ejeskar et. al., 1998). 1p deletions is one of the common characters in 
NB, about in 30–35% of the tumors there is a deletion (Carén et. al., 2008). In 
70 % of aggressive NB is 1p deletions often associated with tumors that also 
have amplification in the proto-oncogene MYCN. (LOH) on 1p arm is often 
seen with strongly amplifications of MYCN, otherwise it is not quit clear how 
the different deletions on the 1p arm correlate with amplification of MYCN 
(White and Versteeg, 2000, Westermann and Schwab, 2002).  
 
Chromosome 2 and MYCN 
Gene amplification means that a specific gene or genes increase in number and 
by that they can change the balance in a cell and the protein production. 
Amplification is one of the major molecular pathways in the tumor genesis 
whereas proto-oncogenes can gain oncogenic activity. MYCN is a common 
oncogen in many cancerforms. In NB the amplification values may range 
between five-fold to more than 500-fold, but normally the amplification are 
around 50- to 100- fold. Close to MYCN are some other genes that can be seen 
amplified along with MYCN. These genes does not always have to be 
coamplified, the DDX1 gene for example is coamplified in about 50% of the 
cases, even the gene NBAS (NAG) is often amplified in NB related MYCN 
amplification (Schwab et al., 2003, White and Versteeg, 2000). 
 
Chromosome 11 
Deletions in the long arm of chromosome 11 is found in 20 to 35% of the NB 
tumors, but are more common in stage 3 and 4. These deletions are often found 
in advanced stages of NB whereas there is no amplification of MYCN (Chon 
et. al., 2009). Although there have been cases with 11q deletions and MYCN 
amplifications (Guo et. al., 1999). This will even be seen later in the result in 
this report. The reason unfavorable NB often has this 11q deletion is because 
there is an important TSG that are involved in the development of NB (White 
and Versteeg, 2000). 
 
Chromosome 17 
The gain of the q arm of chromosome 17 is detected in about 50% of the NB 
tumors with unfavorable outcome, and is probably the most prevalent 
cytogenetic alteration. As mention above about 70% of the advanced staged 
NB have deletions on the short arm of chromosome 1. The losses of genes on 
chromosome 1 are frequently translocated to chromosome 17, which is the 
most common. Second after 1q is translocation from the q arm of chromosome 
11. The gains of translocated material to the 17q arm is often to the terminal 
end, and it is believed that this region gain genes that are favorable for the 
tumor. Because of the quit frequent involvement between chromosome 1 and 



	  
	  

chromosome 17 it is not unusual that gains on the 17q arm is associate with 
amplification of MYCN (White and Versteeg, 2000). Intensive studies have 
been done on chromosome 17 to find genetic adorations, but yet only limited 
evidence have been found. Although on the 17q arm in 1997 Martinsson et al. 
fund a homozygous deletion of the Neurofibromatosis type 1 (NF1) gene, and 
this deletion will also be presented in this report.  
	  
Chromosome 12 
Latter has Hanna Kryh from the Neuroblastoma group from The Universety of 
Gothenburg started to investigate the amplification of a region of chromosome 
12. This region is located on the 12q arm. The amplification of the 12q arm has 
been detected in other form of cancers for example sarcomas and gliomas.  In 
the regions of 12q13-12q15 some tumor related genes can be found, and with 
high amplification the can promote the tumor genesis (Su et. al., 2004).  
 
ALK 
Anaplastic lymphoma kinase (ALK) has recently been found to be amplified or 
have gain-of function in NB cell lines (Futami and Sakai, 2010). ALK is 
located on the same chromosome arm as MYCN, and is sometimes coamplified 
with MYCN (Mosse et. al., 2008). ALK is a receptor tyrosine kinase 
implicated in the origins of a number of malignancies, possibly by modifies the 
receptiveness of the mitogen-activated protein kinase pathway to growth 
factors (Modak and Cheung, 2010). 
 
 
Alterations in other chromosomes  
Alterations have been detected at multiple genetic loci in other chromosomes, 
mostly deletions, rearrangement, translocations, unbalanced translocations, 
gain of genetic material and loss of heterozygosity (Bown, 2001). There are 
chromosome regions that can be amplified in NB other then MYCN and the 
12q region mention above. Allelic gain or amplification of other loci, including 
4q, 6p, 7q, 11q and 18q, and other sites, have been identified. But they mainly 
occur together with an amplification of MYCN (Brodeur, 2003). Deletions of 
chromosomes, allelic parts of chromosomes or just genes are more common 
then gains of chromosomal material. The chromosome regions where this is 
most common are in 1p, 2q, 3p, 4p, 9p, 11q, 14q, 16p and 18q (Schwab et al., 
2003). Deletions in chromosome 3p region as well as in chromosome 1p region 
are commonly features in different malignancies. It is proposed that these 
regions harbor one or several TSGs by several tests, and this shows that this 
region is crucial for genetic stability (Ejeskar et. al., 1998). Other groups have 
found deletions on chromosome 4p arm but could not find any biological 
significance fore this finding. Several research groups have found LOH on both 
chromosome 9q and 9p arm, and also deletions of both arms (White and 
Versteeg, 2000). Many studies have been done on Chromosome 14 but very 



	  
	  

few correlations have been made, one thing that has been shown is the 
translocation of material from the 14q arm that leads to LOH of the 14q arm 
(Bown, 2001). 
 
The aim of this project was to examine if the quality of the DNA received from 
formalin-fixed paraffin-embedded (FFPE) samples from Vietnam is good 
enough to run comparative genome hybridization (CGH)-array experiment on, 
by using a cheaper, method Multiplex Ligation-dependent Probe Amplification 
(MLPA) technique. 
 
 
Materials and methods 
 
 
 
DNA extraction 
 
175 formalin-fixed paraffin-embedded (FFPE) tumor samples where resaved 
from Vietnam. The paraffin blocks were sliced to 10 µm thin slices. For each 
extraction 5 to 10 slices were needed depending on the size of the tumor 
sample. DNA was extracted from 47 of those by using the QIAamp® DNA 
FFPE Tissue Kit (QIAGEN). As reference material FFPE brain was used from 
a person not having NB. 
 
 
Multiplex Ligation-dependent Probe Amplification (MLPA) 
 
Many different methods for detection of genetic alterations have been used for 
a long time. This includes conventional genetic analysis such as Southern blot, 
Fluorescence In Situ Hybridization (FISH), Metaphasic-Comparative Genomic 
hybridization (mCGH) and real-time quantitative PCR. More resent methods 
for genetic alterations and detection of copy number changes are array-CGH 
(aCGH) and Single Nucleotide Polymorphism (SNP). These methods give 
good resolutions and sensitivity, though they are very robust techniques. But 
they are very expensive and require intensive labor (Berbegall et. al., 2011). 
Multiplex Ligation-dependent Probe Amplification MLPA (MRC Holland) is a 
multiplex PCR method that can detect abnormalities such as deletions and 
amplifications in up to 50 different genomic DNA or RNA sequences, which is 
able to make out sequences differing in only one nucleotide. Each probe 
consists of one short synthetic oligonucleotide and one long probe 
oligonucleotide, the long probe has an stuffer sequence (elongations) that is 
unique for each probe. The short probe has a PCR primer sequence Y at the 
3´end, and the long probe has a PCR primer sequence X at the 5´end (Schouten 



	  
	  

et al., 2002). The main thing about the MLPA method is that it is not the target 
sequences that are amplified. Instead it is the probes that hybridize to the target 
sequence. In contrast to a standard multiplex PCR, MLPA uses only one pair of 
PCR primers for probe amplification. The resulting amplification products can 
be analyzed by capillary electrophoresis sins the products of a SALSA MLPA 
kits range between 130 and 480 nt in length. The obtained peak pattern can 
then be compared with a reference sample to see which sequences show 
aberrant copy numbers. The concentration of DNA can span between 5 to 100 
ng/µl depending in the quality of the DNA. For each reaction 5 µl DNA is 
used.  
 
For this project three kits from MRC Holland were used SALSA MLPA kit 
251, 252 and 253. These kits cover most of the genetic alterations in NB. For 
further information of each kit including the different probes and which 
chromosomes they cover see appendix 1. After optimization the best 
concentration for this experiment was 70 ng/µl of DNA. The procedure was 
done in 96 well plates with 36 samples at the time (due to limited pipetteing 
time under one part of the procedure, that will be explained further down). The 
reactions were performed in PCR amplification machine ABI 9700 PCR 
thermal cyclers. The MLPA procedure can be separated into five main steps as 
can be seen in figure 4; Step 1: is denaturation of the DNA and hybridization of 
the MLPA probes. The denaturation took 10 minutes and the hybridization 
took 19 hours (originally 16 was recommended). Step 2: The ligation reaction 
whereas the two probes is legated. Here it is crucial with the quick pippetting 
mentioned above, because there is a time limit on 3 minutes before the next 
reaction must start otherwise the product can be spoiled. This reaction takes 
about 20 minutes. Step 3: PCR reaction, here is where the hybridized and 
legated products amplifies. Probes that are not ligated only contain one primer 
sequence, and they cannot be exponentially amplified and will by that not 
generate a signal. Step 4: The separation of amplification products by 
electrophoresis. In this step the samples were moved from the 96 well plates to 
a 348 well plate, and was run in the ABI Prism 3730 Genetic Analyser. The 
fragments were then analyzed with Genemapper software (Applied 
Biosystems). For a more detailed manual and more information about MLPA 
visit http://www.mlpa.com 
 
 



	  
	  

 

 
 
 
Next step was analyzing and normalization of the raw data, and for that 
Sequence Pilot (JSI medical systems GmBH) was used. From Sequence Pilot 
diagrams, electropherograms and tables with the result were obtained. For 
example of a print from Sequence Pilot see appendix 2. Here is it possible to se 
that it is a deletion on 1p arm and 11q arm, there are probably deletion or LOH 
on the 3p and the 3q arm as well.   
 
 
 

 
 



	  
	  

Results  
 
 
The main results can be seen in table 2, 3, 4 and 5 where the patients DNA and 
their genetic aberrations are presented. These patient have all stage 4 
neuroblastoma, and that is why they all present many aberrations. Unfortunaly 
the material came from FFPE, which made it harder to work with. The longer 
fragments in the MLPA kit, from 300 to 480 nt was not always reliable or easy 
to interpret. That is why chromosome 7 is excluded from the presentation and 
some of the results from chromosome 3, 4 and 9 were excluded as well. But 
otherwise the main part was very easy to read and interpret especially the 
extreme amplifications of MYCN and the 12q arm. Table 1 shows a summary 
over the different genetic aberrations and how many of the patients that got it. 
On chromosome 1, 3, 4, 9, 11 and 14, could it sometimes bee hard to say if it 
was a total loss of the chromosome or loss of hetrozygosity due to the problems 
with some of the probes.  
 
Table 1 
Aberration  Number of patient 
1p deletion 31 
MYCN amplification 34 
MYCN amplification + 19 
ALK amplification 4 
ALK deletion 10 
11q deletion 40 
17q gain 37 
17q11 NF1 deletion 20 
14q delition/LOH 12 
3p delition/LOH 39 
3q delition/LOH 24 
4p delition/LOH 6 
4q delition/LOH 20 
9p delition/LOH 14 
9q delition/LOH 19 
12q amplification 28 
12q amplification + 8 
 
Some of the DNA has been tested with CGH-array for comparison and that is 
DNA 06, 600, 718, 1816, 2941, 3049 and 3306. In some parts it mach quit well 
and it is easy to se that the result is quit similar. To different the certainty in the 
result the + sign and a color has been chosen as marker. 4+ and blue equals: 
extreme amplification of MYCN and the 12q arm; 3+ and purple equals: you 
can with certainty say that this aberration exist; 2+ and yellow equals: you can 
see that there is an aberration but it needs to be confirmed with another test or 
method; 1+ and green equals: there might bee an aberration but most definitely 
bee confirmed with another test or method. The gray rows are the CGH-array 
results. 



	  
	  

 
Table 2 
Sample 1p d MYCN amp ALK amp ALK d 11q d 17q gain 17q1 d/NF1 
02         ++ +++   
06  +++ ++++ +   +++ +++   
a06 +++ ++++     +++     
64-09 ++ ++++     + +++   
106 +++ ++++     +++ +++ ++ 
172   ++++     ++ +++   
193 +++ ++++   ++ +++ + +++ 
312 +++ ++++   + +++ +++ +++ 
378 +++     ++ +++ + +++ 
509   +++   + +++ +++   
600          +++ +++   
a600   +++       +++   
653       + + +++ ++ 
718  +++ ++++     ++ +++   
a718 +++       +++ +++   
885       + +++ + +++ 
926         + +   
982 +++ ++++   ++ ++ +++ ++ 
1020   +++     +++ +++ ++ 
1070 +++       +++     
1186        +++ +++ +++ 
1295 +++ ++++   + +++ +++ +++ 
1360 +++ ++++     + +   
1480       + +++ + +++ 
1533       ++ +++ +++ +++ 
1583   +++     +++ +++   
1722 ++ +++   ++ +++     

a; CGH-array, d; deletion, amp; amplification 
 
Table 3 
Sample 14q d/L 3p d/L 3q d/L 4pd/L 4q d/L 9p d/L 9q d/L 12q amp 
02       +         
06    ++ ++   +++ +++ +++   
a06                 
64-09   +++ ++     + ++   
106   +++ +++   +++   +++   
172     +       +   
193   +++ +++   +++   +++ ++++ 
312   +++ +++         ++++ 
378   +++ +++   +++   +++   
509   +++ +++         ++++ 
600    +++ +         ++++ 
a600               ++++ 
653               +++ 
718  +++ ++       ++ +   
a718         +++ +++ +++   
885   ++ +++   +++   +++   
926 +++ +++     + ++ +++   
982   +++ +++   +++ ++ +++ +++ 
1020     ++   +++   +++ ++++ 
1070     +++   +++   +++ +++ 
1186   +++ +++ ++ +++ + +++ +++ 
1295   +++ +++           
1360 ++ +++ +       + + 
1480   +++ +         +++ 
1533 ++ + +++ ++ +++   +++ +++ 
1583 +++ +++ +++   ++ +++ +++ +++ 
1722 + +++ +++   +++ + +++ +++ 

a; CGH-array, d; deletion, amp; amplification, L; loss of heterozygosity (LOH) 



	  
	  

 
Table 4 
Sample 1p d MYCN amp ALK amp ALK d 11q d 17q gain 17q11d/NF1 
1816 +++       +++ +++   
a1816 +++       +++ +++   
1852   +++     +++ +++ ++ 
1884 +++ ++++     +++ ++ ++ 
1884b +++ ++++ +   ++ +++   
2071 +++       +++ +++   
2129 +++ +++ ++   +++ +++   
2180 +++ ++++   +++ +++ + +++ 
2499   ++++   +++ +++ ++ ++ 
2615   +++   +++ +++ +++ ++ 
2728 +++ ++++   +++ +++ +++ +++ 
2760 +++ ++++   ++ +++ + +++ 
2860   ++ +   +++ +++   
2913 + +++ +   +++ +++   
2941  ++ ++ +     +++   
a2941               
3049  ++ ++ ++   + +++   
a3049   +++       +++   
3054 +++       +++ +++   
3086   ++++ +++   +++ + ++ 
3306 +++       +++ +++   
a3306         +++ +++   
4118 +++       +++ +++   
5066 ++       +++     
5211   ++++   + +++ +++   
B1219-
09 + +++   + +++ +++   
V9093 +++ +++ ++   +++ +++   

a; CGH-array, d; deletion, amp; amplification 
 
Table 5 
Sample 14q d/L 3p d/L 3q d/L 4pd/L 4q d/L 9p d/L 9q d/L 12q amp 
1816   +++           +++ 
a1816   +++   +++ +++       
1852   + +++   +   ++ ++++ 
1884   +++             
1884b ++ ++ +         +++ 
2071   +++ ++         + 
2129   +++     +++ +++ +++   
2180   ++ +++   +++ +++ +++   
2499 + + ++   +++ +++ +++   
2615   + +++       ++ ++++ 
2728   +++ +++   +++ +++ +++ ++ 
2760   +++ +++       + + 
2860         +++   + +++ 
2913 +++ +++         + ++ 
2941    +++ +         +++ 
a2941                 
3049  ++ +++   +++   +++   + 
a3049               +++ 
3054 ++ +++   +   +++ +   
3086     +         +++ 
3306 + +++           ++ 
a3306       +++ +++       
4118 ++ +++   +++   ++     
5066 +++ ++       + + + 
5211         ++     +++ 
B1219-09 + +++ +++   +++ +++ +++ +++ 
V9093   +++ +         +++ 

a; CGH-array, d; deletion, amp; amplification, L; loss of heterozygosity (LOH) 



	  
	  

 
It is hard to draw any clear conclusions just by this experiment, but something 
interesting is that there are many patients with both deletions on the short arm 
of chromosome 11 and has an extreme amplification of MYCN. In Sweden 
only a few cases has been discovered. In this material even though all patients 
are stage 4 patients, 16 have this combination. The patients with this 
combination are presented in the table 6.  
 
Table 6 
Patients with 11q deletions + MYCN 
O6 
106 
172 
193 
312 
718 
982 
1295 
1884 
1884b 
2180 
2499 
2728 
2760 
3086 
5211 
  
 
 

 
Discussion 
 
 
Because of the unique biological features that NB is showing, with a wide 
range of different clinical behaviors. Finding markers to identify these clinical 
risks are of vital importance, in particular MYCN amplification that signifies 
aggressiveness, and has a high metastatic potential. Segmental chromosome 
aberrations (SCA) i.e. gains and losses of parts of chromosomes. Such as loss 
of chromosomal material from the 11q and 1p arm, and gain of chromosomal 
material on the 17q arm. In 2009 an international agreement was reached to 
examine a series of loci on 10 different chromosomes in addition to regular 
amplified genes. In Europe SIOPEN has a planed to study SCA at any of the 7 
specific chromosome arms including losses at 1p, 3p, 4p, and 11q and also 
gains at 1q, 2p, and 17q on low and intermediate NB. This for increasing the 
prognostic impact if not MYCN is amplified. Identification of these genetic 
aberrations has so far been done with FISH and LOH studies. But to get it more 



	  
	  

cost-effective, faster a more standardized method is needed. This might be 
fulfilled by the MLPA technique as a "semi high throughput" technique 
(Ambros et. al., 2011). The price efficiency of this technique is for sure better 
when a larger number of samples can be analyzed at the same time. Although 
when it comes to FFPE material or highly degraded samples, the three NB kits 
MRC Holland can present today is not enough. To cover the whole spectrum of 
NB, several more kits with shorter probes are to prefer then those of today. The 
probes for MYCN and 17q gain are today to satisfaction, but to be able to se 
the other chromosomes aberrations needs more specialized kits or for that 
matter special designed probes.  
 
Conclusion 
 
NB is a cancerform that develops in the sympathetic nervous system in young 
children and can get very aggressive. Because of the unique biological features 
that NB is showing, with a wide range of different clinical behaviors it is 
crucial to find markers for diagnostic purpose, and the genes behind the 
disease. MLPA is a rapid and not so expensive method and might be a strong 
instrument for researchers in the future, to find these specific markers or genes.  
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