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1 Abstract 
 
Neuroblastoma as a pediatric tumor develops in the sympathetic nervous system. DLG2 

is a gene that encodes a member of the membrane-associated guanylate kinase (MAGUK) 

family and it resides in the chromosome region 11q. SK-N-AS is a neuroblastoma cell line 

with 11q deletion and consequently only one copy of the potential tumor suppressor 

gene DLG2. This study investigated synergistic effect by a combination treatment with 

1,25(OH)2D3 and the vitamin A metabolite, retinoic acid.  Separately, SK-N-AS cells was 

transfected with expression vector pcDNA3.1+‐DYK that contained the DLG2-gene, 

followed by monitoring cell proliferation and qPCR, investigating the expression of the 

genes DLG2, DLG3, DLG4, VDR and PDIA3. Simultaneously, effects of knocked-down of 

DLG2, by siRNA transfection was monitored.  Transfection of expression plasmid with 

the DLG2 gene increased significantly gene expression in SK-N-AS cells with significant 

inhibition of the proliferation rate. Furthermore, silencing of DLG2 gene had no effect on 

the cell growth as well. Slower cell growth showed in combination treatment with 

1,25(OH)2D3 (1nM) and 9-cis RA after 48 hours of treatment. Down-regulated VDR and 

possible missing RARRES3 could be the reason why SK-N-AS cell line showed resistance 

to the combination treatment with vitamin metabolites. All these results raised the 

question if another vitamin D synthetic analog could be a better choice for the future 

study of SK-N-AS cells. Moreover, overexpression of NAIP, large amounts of IGF-II, or not 

responsive RXR-VDR heterodimer to 1,25(OH)2D3 could be a potential explanation for 

the SK-N-AS cell unresponsiveness to the treatment. 

 

 

 

 

 

 

 

 

 

 

 



4 
 

2 Popular scientific summary  
 
Neuroblastoma (NB) is a type of cancer that affects immature early forms of nerve cells 

in an embryo. Consequently, infants and children in young age are most often the 

patients with this type of cancer. Tumor start development in sympathetic nervous 

system, a part of autonomic nervous system that controls physiological functions we are 

not aware of, such as breathing, digestion, heartbeat and blood pressure. Nerve fibers 

along the both side of the spinal cord, the clusters of nerve cells known as ganglion and 

nerve cells in the central part of the adrenal glands belong to sympathetic nervous 

system where is the most often origin of NB development.   

 
For the present study SK-N-AS human NB cell line was used, which have deletion of the 

long arm of chromosome 11 (11q) and consequently last some genetic material. This 

chromosomal mutation is grouped into a high-risk group with a high death rate among 

the patients. Thus, there is a strongly believe that with missing of long arm of the 

chromosome 11, the cells also lost a genetic material which controls normal cell growth 

and development. Located on this missing part, DLG2 is a potential gene candidate that 

encodes important cell functions.  

 
To be able understand DLG2 function and protein expression, the present study 

approached to transfection method which introduce cloned missing gene into SK-N-AS. 

At the same time proliferation test was conducted to measure the absorbance of the 

seeded cells that determined the cell growth after transfection. Separately, similar 

method of transfection was conducted with silencing DLG2 gene followed by measuring 

gene expression and proliferation test after repressed gene.  

 
Active metabolites of vitamin D3 known as 1,25(OH)2D3 and of vitamin A, retinoic acid 

(RA), in a combination treatment have ability to inhibit uncontrolled growth of NB cells. 

The study investigated synergetic effect by this combination treatment, estimating the 

cells growth after 48 and 72 hours of treatment. The cell growth rate was estimated by 

measuring absorbance of the seeded cells. 

3 Abbreviations  
 
BDNF brain-derived neurotrophic 

factor 

NGF Nerve growth factor 
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DLG Disc large homolog NT neurotrophin 

GUSB Glucuronidase, beta PDIA3 Protein disulfide-
isomerase A3 

ELISA Enzyme-linked 

immunosorbent assay 

RA  Retinoic acid 

ERK  Extracellular signal-

regulated kinases 

RAR 
 

Retinoic acid receptors 
 
 

IGF  Insulin-like growth factors RXR Retinoid X receptor 

NAIP Neural apoptosis inhibitory 

protein 

VDR Vitamin D receptor 

NB Neuroblasoma 

 

  

4 Introduction 
 
Neuroblastoma (NB) refers to a spectrum of neuroblastic tumors, including 

paragangliomas and pheochromocytoma, which develops from sympathetic ganglion 

cells located in the sympathetic paravertebral area of thorax, abdomen, and pelvis. In 

contrast, most parasympathetic paragangliomas are nonfunctional situated near the 

glossopharyngeal and vagal nerves in the neck area. Most frequently the origin of NB is 

on adrenal glands, but also it could developed anywhere along the sympathetic nervous 

system from the neck to the pelvis area. Paragangliomas with manifestation of 

catecholamine, hormones secreted by the adrenal glands, frequently exhibit clinical 

symptoms of hypertantion, headache, sweating and tachyc ardia (Barnes et al., 2004). 

Paragangliomas arise with great majority as sporadic tumor, while only few percent 

appears as the inherited syndrome.  The hereditary paraganglions, especially those 

emerging in the neck and head, have been associated to gene mutations (Burnichon et 

al., 2010). 

 
Neuroblastoma with the appearance and growth in the early childhood it manifests a 

poor prognosis for the patients diagnosed with disseminated disease at over 18 months 

of age (Pugh et al., 2013). Even though survival from the different pediatric tumors has 

been increased dramatically, patients with NB still have a poor prognosis.  As the most 

common pediatric extracranial solid tumor, it indicates the belief that the neoplasm 

develops from primitive cells of the sympathetic nervous system (Kryh et al., 2011). NB 
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cells with their round-small immature shape appear as incompletely developed cells. 

Several expressed markers of peripheral neuronal cells point out their ancestry from the 

embryonic neural crest (Tonini et al., 2012). 

 
NB cells developed with various features differ from the aggressive malignant growth to 

spontaneous regression depending on clinical case (Carén et al., 2010). NB exhibits 

prominent clinical heterogeneity. Although, many genetic alterations provide 

information that lead to better understanding of this pediatric tumor and defining 

different subgroups of patients, we still look for the right answer. There is no gene yet 

that has been proven to be NB tumor suppressor gene, which is one of the main reasons 

for poor survival of the patients with NB. This research correlates two types of 

treatment, on one side combination of 1,25(OH)2D3 and RA in well-defined concentration 

conditions and other responded genes expression to transfection of plasmid DNA and 

siRNA. 

 
The most common genetic aberrations presented in aggressive NB tumors are partial 

deletion of chromosomal arm 1p in combination with MYCN amplification or 11q 

deletion. Analysis of chromosomal abnormalities is applied to define the prognosis of 

NB. Recent studies included 11q deletion into high-risk classification (Caren et al., 2010). 

Also, gain of genetic material for chromosome arm 17q and amplification of the proto-

oncogene MYCN are very common genetic abnormalities in the aggressive NB. 

Comparing of numerous genetic profiles, MYCN-amplified and 11q-deletion group 

abnormalities in an unfavorable category with high death rate of the patients (Caren et 

al., 2010). Deletion of chromosome band 1p36 is highly correlated with amplification of 

MYCN (Guo et al., 1999). This genetic aberration pattern is still in use to classify the 

tumors into prognostic subgroups, suggesting a suitable treatment for the patient (Kryh 

et al., 2011).  

 
An enormous effort has been made in past two decades to find the most effective 

treatment for NB patients. Introducing the high-dose chemotherapy with autologous 

stem cells was partially effective by some patients. Consequently, maintenance therapy 

targeted to eliminating residual tumors was followed by consolidation therapies 

involving differentiation-inducing agents, retinoid acid and immunotherapy (Hara J. 
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2012). With its anti-proliferative and prodifferentiating effects in many malignant cells, 

1,25(OH)2D3  has been recognized as an effective agent in consolidation treatment.   

 
Multiple studies have indicated that 1,25(OH)2D3 could have an important role in NB 

treatment. This active metabolite of vitamin D3, which affects the cell growth in vitro, 

also stimulates differentiation by several cell types, including some cancer cells (Stio et 

al., 2001). The active form of vitamin D3, 1,25(OH)2D3 , takes an important role in 

mineral metabolism, regulating transport of calcium, growth of cells, and the 

transcription of several genes. Furthermore, as a member of thyroid hormone 

superfamily, 1,25(OH)2D3 may influence the regulation of cellular growth, differentiation 

and proliferation of a variety of cells in vitro (Celi et al., 1999). This thyroid hormone 

receptor forms heterodimers with a retinoid X receptor (RXR), which conduct many of 

the responses to the hormone. Thus, functional interactions between 1,25(OH)2D3 and 

retinoic acid are possible (Stio et al., 2001). Therefore, this research is focused on the 

combination treatment of 1,25(OH)2D3 and retinoic acid in defined concentrations,  

therapeutic and metabolic. 

 
The effects of 1,25(OH)2D3 are conducted mainly through intracellular vitamin D 

receptors (VDR). VDR binds to calcitriol, active form of vitamin D. This interaction 

stimulates VDR to attach with another protein called retinoid X receptor (RXR). This 

protein complex binds to specific DNA region, known as vitamin D response elements, 

controlling the activity of vitamin D responsive genes (Anon., 2008). NB cells treated 

with 1,25(OH)2D3 indicate a decrease in the proliferation along with a change in 

morphology by increasing expression of both, protein markers of mature neuronal cell 

and nerve growth factor (NGF) (Veenstra, et al. 1997). Consequently, the question is 

raised if an optimal treatment with 1,25(OH)2D3  would  possibly increase the expression 

of VDR on the cells. Previous study showed that retinoic acid inhibits the growth of many 

cancer cells, such as myeloma cells, leukemic cells and breast cancer cells.  Together with 

vitamin D, this treatment induces stabilized growth (Stio et al., 2001). So, with their 

functional interaction this combined treatment indicates possible improvement in the 

test results.  

 
1,25(OH)2D3 in combination with 9-cis retinoic acid have indicated inhibition in 

proliferation of NB cells (Stio et al., 2001). Multiple studies showed that this combination 
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treatment synergistically inhibited growth of prostate cancer cells (Naoya et al., 2003). 

There is a possibility that ligand binding to the RXR provide better response instead 

activation of retinoic acid receptors. 9-cis retinoic acid act a RXR homodimer, 

encouraging the synthesis of a message for a protein that could enhance the response to 

1,25(OH)2D3. RA has been widely applied in the treatment of different cancer types.  It 

has been shown that one-week treatment with 9-cis RA and all-trans RA, significantly 

inhibits the cell growth in comparison with control cells (Stio et al., 2001).  

 
NB cells are constant in expressing retinoic acid receptors (RARα, RARγ RARβ and RXRs) 

even though the levels of RARβ are reduced. Cell’s exposure to RA shall increase RARβ 

expression and induce neurite extension. However, micro molar concentrations are 

essential to significantly inhibit the cell growth. Based on the receptor selective 

evidence, it indicates that RAR and RXR are essential to effect growth and differentiation 

of cells. RA, as a biologic modifier, also has ability to induce apoptosis in NB cell lines 

(Thiele, 1998).  

 
Decrease in proliferation of NB cells, or changing in the cell morphology with increasing 

the protein markers expression of mature neuronal cells would be outcomes of interest. 

This study has an emphasis on the 11q deletion region where the DLG2 candidate gene 

for NB tumor suppressor is located.  A member of the membrane-associated guanylate 

kinase (MAGUK) family is encoded by the DLG2 gene, which further forms heterodimers 

with related proteins, DLG4, forming the clusters of receptors, ion channels, and 

associated signaling proteins (National Center for Biotechnology Information). Previous 

study on Drosophila (fruit fly), indicates that these genes together with scrib and lgl 

genes are involved in the polarity complex, and mutations in any of these components 

could potentially results in that the cells would lose their ability to differentiate, 

followed by tumor formation (Papagiannouli and Mechler, 2012).  

 

Pdia3 (Protein disulfide-isomerase A3) has been identified as a potential alternative 

vitamin D3 receptor. Previous study indicated that Pdia3 is a vital initiator of vitamin 

D3-stimulated membrane signaling pathways and together with VDR have been related 

with rapid signaling 1α,25(OH)2D3 (Boyan et al., 2012). Moreover, with change in PDIA3 

expression, the signal could be blocked or enhanced (Chen et al., 2010). Since Pdia3 has 

multiple functions in the cells, silencing this protein would affect other dependent 
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mechanisms (Chen et al., 2010). For example, Pdia3 is vital in proper folding of 

glycoproteins. Although Pdia3 presence in the nucleus binds with DNA, its effect on 

transcription is not clearly understood (Chen et al., 2010). The same study indicated that 

various Pdia3 expressions could effect in changing numerous cellular processes.  

5 The aims of the present study were 
 
 Investigating proliferative effects of DLG2 induced expression in neuroblastoma 

SK-N-AS cells with a 11q-deletion using the transfection expression vector pcDNA3.1+‐

DYK that contains the DLG2 gene 

 Investigating proliferation effect after knocked-down DLG2 using siRNA 

transfection 

 Investigating synergistic effects by a combination therapy with 1,25(OH)2D3 and 

RA  on SK-N-AS neuroblastoma cells 

 

6 Materials and method 
 

6.1 Tumor material and in vitro cell culture conditions 
 
The commercially available human NB cell line SK-N-AS (ECACC, NB cells with silenced 

DLG2 gene) was used in the present study and maintained in following: Dulbecco’s 

Modified Eagles Medium®(DMEM) (Sigma-Aldrich®) complemented with: 1% MEM 

vitamin solution (100X), 2% MEM amino acids (50X) solution, 1% MEM non-essential 

amino acids solution (100X), 1% L-Glutamine solution, 10% fetal bovin serum (FBS). 

Based on the microscopic observation and traced SK-N-AS cell line growth, low density 

cells (5000 cells/well) were seeded in two 96-well plates for the vitamin treatments. 

Cells were treated as follows: first, 5000 cells were seeded per well on a 96 well plate 

and incubated (in 37 degree Celsius, 5% CO2 and 95% humidity) in prepared media for 

24 hours followed by starvation (only DMEM without supplements) for next 12 hours; in 

second stage, cells were washed out with PBS and treated with the treatment media 

prepared with: vitamin D3 (10-7 and 10-9M) (Sigma-Aldrich®), retinoic acid in all-trans 

and 9-cis stereoisomerism (10-5M) (Sigma-Aldrich®) and growth media enriched with 

0.1% concentration of ethanol. Ethanol was used as a vehicle control whereas untreated 

cells was used as a positive control.  MTS assay was conducted after 48 and 72 hours of 

incubation, according to the manufacturer´s protocol (Promega). The plate arranged for 

72 hours incubation was retreated with a fresh treatment media after first 48 hours to 
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avoid complete depletion of vitamin D3 during prolonged time of incubation. The 

CellTiter 96 AQueous Reagent solution (20uL/well) was added followed by incubation 

for 1 hour. The absorbance was recorded at 490nm using the Fluostar Omega (ELISA 

reader) and Fluostar protocol. All recorded absorbance data was collected into Microsoft 

excel. Afterward, one-way ANOVA method (Prism GraphPad software) was used for 

assessing statistical significance.  

 
6.2 Materials and method for transfection of pDNA (DLG2 in pcDNA3.1+‐DYK 
vector), RT qPCR, linked with proliferation test  
 
For transfection of pDNA the cell media was prepared without antibiotics to avoid its 

negative effect on transfection efficiency. The Dulbecco’s Modified Eagles Medium® 

(DMEM) was complemented with: 1% MEM vitamin solution (100X), 2% MEM amino 

acids (50X) solution, 1% MEM non-essential amino acids solution (100X), 1% L-

Glutamine solution, 10% fetal bovin serum (FBS). For this part of the study following 

material was used: Plasmid DNA (DLG2 in pcDNA3.1+‐DYK vector, 100ng/ul, 

GenEZ™ORF clone OHu25666) (GenScript®), negative control (pcDNA3.1+‐DYK) 

(GenScript®), Lipofectamine®2000 Reagent (Thermo Fisher Scientific Inc.), Opti-MEM® 

(Gibco Life Technologies) Reduced Serum Medium and 96-well plate.  In Table 1 are 

presented volume of components in the master mix.  SK-N-AS cells were previously 

observed to confirm 90% of confluency. Master Mix volume was prepared to full all 

replicates, including the large one on 12well plate, so that each well had the same 

concentration of the cells and supplements. The large well for RNA preparation 

contained 10 times higher volume based on its size. To preserve the ratio 10:1 of seeded 

cells, in the large well is added 1000ul of master mix, while in each of small wells is 

added 50ul of master mix followed by adding additional 50ul of transfection media after 

24 hours. With this step the cells in 96-well plate were supplemented with enough 

growth media for entire incubation time.   

 
Table 1  Master Mix components for pDNA transfection based on well size 

# wells Well size #cells Volume (uL) Opti-MEM® 

(uL) 

Lipofectamin® 

2000 

Plasmid DNA 

(ng) 

     12 96well 5x103 100 20 0.1 5 

       1 12well 100x103 1000 200 1.0 50 

Total:   22 96well 160x103 2200 440 2.2 110 
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For the master mix preparation Lipofectamin®2000reagent protocol was followed. Two 

96-well plates were seeded with 5 replicates for each of three treatment, plasmid DNA, 

empty plasmid and with only Lipofectamin®2000 diluted in the Gibco Opti-MEM®. Both 

plates were set up and incubated for 48 and 72 hours respectively, followed by MTS 

proliferation assay. This part is conducted with the CellTiter 96® AQueous One Solution 

Cell Proliferation Assay (Promega) to determine the number of viable cells. After 

incubation time each well were supplemented with 20ul of CellTiter 96® AQueous  

reagent followed by incubation at 37°C for 1 hour in humidified, 5% CO2 atmosphere. 

Absorbance (at 490nm) was measured with the Fluostar Omega reader. 

 
 The cell culture from the large well (12well plate) was used for RNA preparation. 

Parallel with the treated cells two controls were conducted in the same concentration of 

the cells. The cells treated with the negative control with no pDNA (pcDNA 3.1+-DYK) to 

check an optimal cell growth conditions, and the cells treated with Lipofectamin®2000, 

as a vehicle control to determine whether the vehicle alone causes any effects. Total RNA 

was extracted from the cells using RNeasy®Plus Mini Kit (Qiagen, Hilden, Germany), then 

afterwards RNA concentration was analyzed on the Thermo Scientific NanoDrop 2000 

spectrophotometer.  

 
Based on obtained total RNA concentration in each sample, an exact amount of total RNA 

was calculated to synthesize single-stranded cDNA (1000ng).  The High Capacity RNA-

to-cDNA Kit (Applied Biosystems, Austin, Tx. 78744 USA) and the kit method procedure 

were used for the reverse transcription (RT) method. Afterward, obtained cDNA sample 

was diluted (1:10) and as the template it was used in target amplification together with 

TaqMan® Universal Master Mix II (2X) as a DNA polymerase and TaqMan® Gene 

Expression Assay (20X): DLG2 (Hs00265843), DLG3 (Hs 01020278), DLG4 (Hs 

00176354), VDR (Hs 00172113) and PDIA3 (Hs 01573020) (Applied Biosystems, Austin, 

Tx. 78744 USA). Prepared RT-qPCR reaction plate had two replicates of each gene 

expression assay including two replicates of endogenous control GUSB (Hs 00939627) 

for each gene expression assay. Obtained Ct values of each assay were downloaded into 

PikoReal software for the further analysis of gene expression. Although, the transfection 

efficiency could be determined by viewing the green fluorescent protein (GFP) 

fluorescence, indicating the presence of the DLG2 gene in the SK-N-AS cell line, but the 

present study had not approached this method. The transfection efficiency was checked 
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by comparing relative gene expression of the DLG2 among the treated cells with pDNA 

and the cells treated with negative control (no pDNA). Based on obtained difference in 

expression of DLG2 between these two groups, the transfection efficiency was 

applicable.  

 
The relative expression of target genes (DLG2, DLG4, VDR and PDIA3) was compared 

with the endogenous control gene (GUSB). This model presented relative expression of 

the genes of inters by comparing with the endogenous control gene expression. First, the 

Ct values obtained from qPCR reaction were put in a spreadsheet followed by calculating 

the average values. For data analysis 2(Ct GUSB – Ct gene test) method was applied. The Ct 

values of the target genes were subtracted from Ct values of endogenous control to get 

exponential value of 2, which gave us the relative expression of the target genes.  

 
6.3 Materials and method for transfection of siRNA (silencing DLG2), RT qPCR, 
linked with proliferation test  
 
Transfection of siRNA to silence the DLG2 gene was prepared similarly as transfection of 

pDNA with few exemptions. For the siRNA method was used siRNA silencer®Pre-

designed siRNA (FLJ37266), (Ambion®) and negative control siRNA#1(cat. 

numb.:AM4611), (Ambion®). Instead of Lipofectamin®2000 for this part is used 

Lipofectamin®RNAiMAX with given concentration. Also, the cell concentration was 

higher than in previous part. Test procedure is designed the same way as the previous 

section explained with the following complements:  

Table 2 Master Mix components for siRNA transfection based on well size 
# wells Well size # cells Volume (uL) Opti-MEM® 

(uL) 

Lipofectamin® 

RNAiMAX (uL) 

siRNA (pM) 

12 96well 10x103 100 20 0.2 1  

1 12well 100x103 1000 200 2 10  

Total: 22 96well 220x103 2200 440 4.4 22  

 

Total RNA of each sample was reversed transcribed to complementary DNA (cDNA) 

using the High Capacity RNA-to-cDNA kit (Applied Biosystems, Austin, Tx. 78744 USA) 

following the protocol. Afterwards obtained cDNA, as the template, was prepared 

(diluted 1:10) for the next step, RT PCR. For the qPCR test the TaqMan® method was 

used, where reactions included TaqMan® Universal Master Mix II, cDNA, sequence-

specific primers and a TaqMan® probe (TaqMan®Gene Expression Assay, Foster City, 

CA 94404 USA).  For this method following probes were used: GUSB (Hs 00939627), 
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DLG2 (Hs00265843), DLG3 (Hs 01020278), DLG4 (Hs 00176354), VDR (Hs 00172113) 

and PDIA3 (Hs 01573020). For the optimal PCR performance Applied Biosystems 

procedure for PCR was followed with performing two replicates for each sample. The 

volume for amplification reaction was 10uL including 100ng concentration of cDNA per 

replicate. And just as previously explained methodology, qPCR test was run to find 

expression of genes DLG2, DLG4, VDR, PDIA3 and GUSB, as an endogenous control for 

normalization of gene expression in the cell line sample. qPCR test was performed in 96-

well plate, using PikoReal-Time PCR system (Thermo Scientific™).  The gene 

quantification was done on the treated samples with the negative control and DLG2-

siRNA or scramble siRNA. Obtained Ct values provided from RT PCR instrumentation 

was downloaded into PikoReal softeware for the further analysis of gene expression. For 

data analysis 2(Ct GUSB – Ct gene test) method was applied to calculate relative gene expression 

of the genes.  

 

7 Results 
 
7.1 Effects of 1,25(OH)2D3 and 9-cis and all-trans retinoic acid on the 
proliferation of SK-N-AS neuroblastoma cells 
 
In purpose to evaluate the possible effects of 1,25(OH)2D3  and RA (9-cis and all-trans) 

on cell proliferation on 11q-deleted NB, the SK-N-AS cells were used. Seeded cells 

(5000cells/well) for vitamin treatment appeared with confluence of 40% after 24 hours 

of incubation. Based on the cell growth progress and length of the vitamin treatment 

time, the cell approached density around 90% at the time of absorbance measurement. 

Microscopic observation after first 24 hours of incubation with treatments indicated 

some minor changes in growth pattern. In most cases, the cells formed higher density in 

the middle rather than near the edge of wells. Generally, significant changes in cell 

morphology or arrangement were not found under the microscopic observation. Since 

the vitamin treatment method was designed to be no longer than 72 hours, the study 

could not estimate any differentiation in cell morphology.  Otherwise, for differentiation 

study the cells should be treated at least for 5 days with the treatment media followed by 

the one of available analysis, such as, flow cytometry, RT-qPCR to define change in gene 

expression or immunofluorescence to investigate whether cells exhibit change in target 

protein. 
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Reading absorbance during MTS proliferation assay was conducted after 48 and 72 

hours of the treatment. The experiment was repeated 5 times, with 6 replicates for each 

treatment. However, in total we could not observe significant differences in proliferation 

(see Figure 1 and Figure 2). The significance appeared in some occasions, but was not 

consistent in every experiment. Because of not consistency in results after each repeated 

measurements, all results from the 5 measurements were merged. 

 

Figure 1 shows the proliferation results after 48 hours of treatment. Cell number 

significantly decreased only in cells treated with 1,25(OH)2D3 (10-9M) in combination 

with 9-cis RA (p<0,05) after 48 hours. However, this effect could not be seen after 72 

hours treatment. Cells were retreated with the fresh treatment media after 48 hours, 

which excludes any suspicion about media validity.  Figure 2 depicts the results gained 

by quantifying the cell number per well after 72 hours of treatment. Merged data from 

the multiple tests have marginally difference in absorbance with no significance in cell 

growth.  

 

 

 

Figure 1 Effect of 1,25(OH)2D3 and RA (9-cis, all-trans) on SK-N-AS cell proliferation. 5000 cells were seeded per well. 
The cell growth was estimated by measuring mean absorbance at 490 nm wave length after 48 hours treatment. Bars 
represent the mean point +/- SD, and there were five independent experiments with six replicates for each treatment. 
* P<0,05 
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Figure 2 Effect of 1,25(OH)2D3 and RA (9-cis, all-trans) on SK-N-AS cell proliferation. 5000 cells were seeded per well. 
The cell growth was estimated by measuring absorbance at 490nm wave length after 72 hours of cells incubation with 
the treatment media. Bars represent the mean point +/- SD, and there were five independent experiments with six 
replicates for each treatment.  

 
7.2 SK-N-AS cell proliferation and gene expression after DLG2 overexpression  
 
To compare the effect of DLG2-expression plasmid (pDNA) transfection on gene 

expression and its ability to reduce the cell growth, two corresponding transfection test 

were run from the same master mix. First, 96-well plates were seeded with 5000 cells in 

growth media and transfection supplements with 5 replicates for each treatment. 5ng of 

pDNA was applied for each well. Absorbance was measured after 48 and 72 hours of 

incubation with ELISA reader at 490nm wavelength.  Figure 3 shows transfection impact 

on cell proliferation after incubation time. The cell growth reduce was identified after 72 

hours of transfection. Table 3 shows gene expression in the SK-N-AS cell line after pDNA 

transfection.  The performance data evidently confirmed the success of pDNA 

transfection process. Based on the results, change in DLG2 expression most likely is not 

correlated with expression of DLG3, DLG4 and VDR gene expression, while expression of 

PDIA3 was significantly increased with overexpression of DLG2. As we expected, DLG2 

was significantly up regulated, while other genes showed no significant change. Also 

PDIA3 gene showed significant relative expression in comparison to control, while other 

genes increased expression without significance.  
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Figure 3 shows SK-NAS cell absorbance results after transfection pcDNA3.1+‐DYK Vector that contains DLG2 gene. 
Decrease in absorbance is correlated with inhibited cell proliferation in human neuroblastom SK-N-AS cells. Values 
are means with +/- SD measured for cells treated with negative control and cells treated with pDNA.  Each 
represented treatment was performed with 6 replicates and cell viability was measured by reading optical density at 
490 nm using an ELISA micrplate reader. (*P< 0.05). 

 
Table 3 
 Ct value Relative gene expression based on GUSB 

 GUSB DLG2 DLG3 DLG4 VDR PDIA3 DLG2 DLG3 DLG4 VDR PDIA3 

pDNA 26,365 21,66 28,615 28,125 31,67 22,41 26,082 0,21 0,295 0,025 15,509 

Cont. 26,115 32,675 28,725 28,215 31,625 22,855 0,0106 0,164 0,233 0,022 9,5798 

 
 

 
Figure 4 shows relative gene expression of the target genes after transfection of pDNA (DLG2 in 
pcDNA3.1+ -DYK). Increase in gene expression is compared to expression of the endogenous control 
(GUSB).  qPCR data results were analyzed by  2^(C tGUSB – Ct targe tgene) method. 
 
 

The second part or corresponding experiment examined the gene expression after DLG2 

transfection. RT qPCR method was applied to quantify gene expression for DLG2, DLG3, 

DLG4, VDR and PDIA3.  Table 3 shows expression of the genes and possible correlation 
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among the target genes after transfection of pcDNA3.1+‐DYK Vector that contains DLG2 

gene. By comparing DLG2 gene expression between pDNA and negative control of 

treated cells, data clearly confirmed the success of pDNA transfection process. 

 
7.3 SK-N-AS cells proliferation after silencing DLG2 gene (siRNA transfection) 
and gene expression 
 
The same method was conducted for DLG2 silencing by siRNA transfection from the 

same master mix. Two-correlated tests, one with two seeded 96well plates 

(10000cells/well) for proliferation test and other with seeded 12well plate for 

measuring gene expression.  Figure 5 shows proliferation of the SK-N-AS cells after 48 

and 72 hours of incubation. No significant difference was found in proliferation rate of 

SK-N-AS cell line, as it was expected. 

 
Table 4 shows the gene expressions in SK-N-AS cell line after transfection with siRNA. 

Seeded 100000 cells/well in transfection media was incubated for 48 hours on 12well 

plate. The microscopic observation during the incubation period found no significant 

change in proliferation of the cells. Knocked-down DLG2 had no effect on the relative 

expression of other genes. Based on difference in relative gene expression of DLG2 after 

treatment with the silencer and negative control, the transfection efficiency was 

acceptable. In the Table 4, DLG2-column indicates changes in DLG2 expression after 

every siRNA transfection. The performance data clearly confirm the success of the 

Ambion siRNA selection process.  

 

Figure 5 shows the SK-N-AS cell lines proliferation rate after transfection of siRNA (10 and 1 pM) followed by 
incubation (48/72hours). Absorbance measured at 490nm corresponds with the proliferation rate of 10000 
cells/well. Bar values represents the means with +/_ SD of cell treated with negative control and cells treated with 
siRNA. Each represented treatment was performed on 6 replicates and SK-N-AS cell viability was measured with by 
reading optical density using an ELISA microplate reader.  
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Table 4 
Treatment  DLG2 DLG3  DLG4  VDR  PDIA3 

siRNA (10pM) 0,008 0,195 0,370 0,028 13,269 

control (10pM) 0,018 0,154 0,318 0,025 11,591 

siRNA (5pM) 0,008 0,051 0,166 0,019 3,063 

control (5pM) 0,015 0,039 0,095 0,015 2,505 

siRNA (1pM) 0,011 0,053 0,167 0,028 4,659 

control (1pM) 0,012 0,028 0,072 0,010 4,184 

siRNA (0,5pM) 0,009 0,105 0,367 0,049 8,084 

control (0,5Pm) 0,014 0,054 0,107 0,011 6,364 

 

 
Figure 6 shows relative expression of target genes after silencing DLG2 gene with siRNA. Relative gene 
expression is compared with expression of endogenous control (GUSB).  qPCR data results were analyzed 
by 2^(C tGUSB – Ct targe tgene) method.  
 

8 Discussion  
 

8.1 Effects of combination treatment with 1,25(OH)2D3 , 9-cis and all-trans 
retinoic acid on the proliferation of SK-N-AS neuroblastoma cells 
 

While 1,25(OH)2D3 and RA have distinctive developmental and physiological functions, 

regulating the cell cycle, cell differentiation, proliferation and apoptosis. Although, it 

doesn’t mean necessarily that the cancer patient are depleted of 1,25(OH)2D3 and RA.  

Low expression of VDR receptor or expression of different RXR isoforms could change 

the functional characteristics of VDR-RXR heterodimer and consequently the cell 

response as well. Though this combination treatment with 1,25(OH)2D3 and RA 

exhibited a significant effect in controlling  the cell growth of prostate cancer (Blutt et al., 

1997). Previous studies suggest some promising results where the combination of 

1,25(OH)2D3  and 9-cis RA synergistically inhibited the growth of LNCaP prostate cancer 

cells. Also, the same study pointed out that the vitamin D analogue EB 1089 received 

better effects than 1,25(OH)2D3 on the growth inhibition (Blutt et al., 1997).  However, 
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this combination treatment does not appear to have significant impact on development 

of SK-N-AS NB-cells. This treatment model accumulate cells in the G1 phase of the cell 

cycle, indicating that vitamin D3 may regulate one or multiple factors essential for the 

G1/S transition (Blutt et al., 1997). Besides, this combined treatment had effect on 

differentiation and inhibition in the growth of LA-N-5 NB-cells (Moore TB., et al., 1996).  

 
In this study, we have focused on 1,25(OH)2D3, RA (9-cis, all-trans) and combination 

treatments of both. However the outcome showed no inhibitory effects on the SK-N-AS 

cells growth. Also, both 1,25(OH)2D3  concentrations, physiological (10-9 M) and 

therapeutic (10-7 M), did not significantly reduce SK-N-AS cells proliferation after 

treatment for 48 or 72 hours.  By comparing results from current with the previous 

studies, it indicates that efficiency of suggested 1,25(OH)2D3, as a pro-differentiation 

factor, depends on the cell line under study. Since we know that initiating vitamin D3 and 

signal has a potential to provide variety of functional effects, SK-N-AS cells showed 

resistance to the treatment. This study did not find any consistent significant inhibition 

on the cell growth by any of the combined treatments. Only significance appeared by 

treatment with 1,25(OH)2D3 (10-9M) in combination with 9-cis RA (p<0,05) after 48 

hours. However this change disappeared in next 24 hours of treatment.  For the further 

studies, it would be beneficial to study other vitamin D synthetic analogs (24,25(OH)2D3, 

EB 1089, KH 1060, HM, MC 1288) in combination with all-trans and 9-cis RA. In prostate 

cancer cells, it has been suggested the synthetic analogue KH 1060 as the most potent 

analog followed by HM and MC 1288 in controlling the cell line growth (De Vos et al., 

1997).  

 
There could be several reasons for the SK-N-AS cell unresponsiveness to 

antiproliferative effect of 1,25(OH)2D3. Since following qPCR test showed low VDR gene 

expression, indicating that low expressed VDR receptor could be an explanation for SK-

N-AS resistance to 1,25(OH)2D3 treatment. In other hand, 1,25(OH)2D3 affinity to vitamin 

D receptor vary in different cells lines and so it could  affect the half-life of the 

1,25(OH)2D3 and its uptake as well. Existence of different VDR isotypes in different cell 

lines could be another explanation for resistance to antiproliferative treatment. Besides, 

the on/off rate constants of the VDR might vary from one cell line to other. Binding of the 

ligand, 1,25(OH)2D3 to its receptor VDR stimulate formation of heterodimers VDR-RXR 

which activates  multiple functions in the cells (Ryan et al., 2015). Retinoic X receptors 
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(RXR)-α, β, γ combined with VDR attach vitamin D responsive elements to trigger 

relevant gene expression (De Vos et al., 1997).  

 
SK-N-AS cell line with 11q deletion has vanished some genetic material where possible 

is located retinoic acid receptor responder 3 gene (RARRES3). This responder gene to RA 

and its essential catalytic activity has a function as a tumor suppressor gene or growth 

regulator (Morales et al., 2014). RA affects potently growth inhibition and cell 

differentiation activities in both normal and cancer cells (Morales et al., 2014). With 

taking all these evidence in consideration, missing of RARRES3 gene in SK-N-AS cell line 

could be a reason why RA is not effective in the treatment of these hyperproliferative 

cells.  

 
Another possibility is that expression of numerous RXR isoforms varies in different 

tissues, which could change characteristics of entire VDR-RXR heterodimer and thus the 

functions in the cell. Previous study showed that consistent correlation among the RXR 

isoforms, enhance ERK signaling and consequently effect stimulation of VDR activity 

(Narayanan et al., 2004).  Phosphorylation of a substrate for ERK, RXRα, reduces 

effectiveness as a VDR partner. In cells where RXRα is dominant increased ERK 

signaling, which is triggered by 1,25(OH)2D3, likely reduce VDR transcriptional response. 

In other hand, cells with increased RXRβ and RXRγ isoforms enhance ERK signaling 

which stimulate VDR activity (Narayanan et al., 2004). Verity in expression of steroid-

metabolizing enzymes in different forms and quantities among different tissue cells 

could also be an explanation why SK-N-AS cells have resistance to this combined 

treatment and other not. Since the SK-N-AS cell line had low expressed VDR and 

normally expressed PDIA3, for the further study it would be beneficial to try other 

vitamin D synthetic analogs as a treatment media instead of 1,25(OH)2D3. 

 
The multidrug resistance acquisition is one of the major issues that have to be solved for 

a successful treatment of NB. The Previous study showed how NB cell line with amplified 

genes, such as genes for MYCN transcription factor, impact drug resistance by regulating 

a unit of gens (Harvey et al., 2015). However, in other high-risk group belongs SK-N-AS 

cell line with chromosome 11q deletions, which gives them also multidrug resistant 

characteristic. The same study indicated how SK-N-AS and subline SK-N-ASCis24 built 

the drug resistance by a vital gain on chromosome 5, which contains the sequence for 
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the neural apoptosis inhibitory protein (NAIP) (Harvey et al., 2015). Both cell lines have 

significant overexpression of NAIP mRNA and protein, which is linked with the drug 

resistant phenotype by apoptosis inhibition (Harvey et al., 2015). These results from 

previous study could be a possible explanation why in the present study SK-N-AS cell 

line did not respond to combined treatments with retinoic acid and 1,25(OH)2D3, even 

though this treatment promotes promising results in other NB cells (Lovat et al., 1997), 

Both treatments provide different biological effects, all-trans RA binds to RARs, while 9-

cis RA binds to both RARs and RXRs. Activation of RARs ligands is adequate for 

differentiation of the cells, while RXRs activation is crucial for triggering apoptosis 

(Lovat et al., 1997). Since this study already questioned the function of the VDR-RXR 

heterodimer based on results of 1,25(OH)2D3, it would be beneficial to focus on RXR 

dimer examination for the further study. 

 
Another interesting factor for viability of neuronal cells are maintained by the specific 

neurotrophic factors, that enhance the growth and survival potential of neurons. 

Neurotrophic factors such as, nerve growth factor (NGF) promotes for survival and 

growth; brain-derived neurotrophic factor (BDNF) promotes survival of a subpopulation 

of dorsal root ganglion neurons; neurotrophin-3 (NT-3) and neurotrophin-4/5 (NT-4/5) 

both have trophic effects on subpopulations of neurons (Binder and Scharfman, 2004); 

and insulin-like growth factors (IGF) promote important role in normal physiological but 

also in multiple of pathological states (Cohen et al., 1991). SK-N-AS cells have the ability 

to secrete large amounts of IGF-II, which stimulates proliferation of cells in vitro (El-

Badry et al., 1991). As a result, SK-N-AS cell growth in the mitogen-free medium should 

not be affected in compared to other neuroblastoma cell lines. Since we know that 

mitogen-activated protein kinase (MAPK) pathways is involved in transduction of 

mitogen trigger signal, an obstruction of this pathway will not affect the SK-N-AS cell 

mitosis. The same study indicated that IGF-II with strong affinity to IGF type I receptor, 

mediate the mitosis activity (El-Badry et al., 1991). It would be interesting for further 

studies to determine whether the local synthesis of this mitosis-stimulatory ligand has 

correlation with spontaneous development and progression of neuroblastoma cells.  
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8.2 Effects on the SK-N-AS cell proliferation and gene expression after pDNA 
transfection  
 
In this study, two parallel tests were conducted to analyze effect of the treatment on NB 

cell line. To investigate if SK-N-AS cells would be less aggressive with change DLG2 

expression, two-separated transfection treatments with pDNA and siRNA were 

conducted and then followed with 48 hours incubation time. Transfected pcDNA3.1+‐

DYK Vector that contains DLG2 gene, transcript variant, is added to SK-N-AS cells with 

missing genes in 11-q deletion. The study was focused not only on change of DLG2 gene 

expression, but also on possible changes in other corresponding genes. All these changes 

were compared with proliferation results trying to pull a parallel and find correlation 

among the tests.  

 

In proliferation test some significance (p<0.05) is found after pDNA transfection. The cell 

growth of the treated cells was significantly inhibited in comparison with control, cell 

with plasmid and no inset. Linked qPCR results indicate that 5ng of transfected DLG2 in 

pcDNA3.1+‐DYK Vector induced significant change in relative expression of DLG2. PDIA3 

also changed significantly in relative expression comparing to GUSB, while other genes 

showed slight increase but not significance in expression. Low relative expression of 

VDR gene has to be pointed out.  Consequently, with low expression of VDR receptor in 

the cells, the treatment with 1,25(OH)2D3 is not effective as well. Another possible 

explanation could be found in massive up-regulated DLG2 gene that may bias expression 

of correlated genes. Based on Table 3 results, enormous increase in DLG2 expression  

had a minimal impact on DLG3 and DLG4 expression, but had on PDIA3 expression.  

Although, the functional roles of the DLG2 gene in the SK-N-AS cell line is not completely 

understood after pDNA transfection. The question is raised if the massive up-regulation 

of DLG2 gene impacted the unchanged proliferation of the SK-N-AS cell line, or it may be 

caused by changed balance rate among the genes.  

 

8.3 Effects after silencing DLG2 gene (siRNA transfection) on proliferation and 
gene expression in SK-N-AS cell line 
 
siRNA transfection against DLG2 provided outcomes indicating no correlation among 

DLG genes. It appeared that down-regulated DLG2 gene expression would not change 

significantly relative expression of DLG3 and DLG4. Consequently, SK-N-AS proliferation 
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was not inhibited with unchanged DLG3 and DLG4 relative expression. Although up-

regulated DLG3 had possible inhibitory impact on the cell proliferation, the outcomes of 

the present study had not the same effect. Down-regulated DLG4 gene has emerged in 

uncontrolled cell growth of cervical cancer cells (Handa et al., 2007), while a minor 

increase in DLG4 expression had not affected the SK-N-AS cell growth after silencing 

DLG2.  DLG4 gene is also recruited into NMDA receptor and potassium channel clusters 

(Handa et al., 2007).  Together with DLG2 they create heterodimer that may interact at 

postsynaptic sites forming a scaffold for the clustering of receptors, ion channels and 

associate signaling proteins. All these vital functions could be jeopardized with not 

regulated expression of DLG4 gene.  Down-regulated VDR confirmed that there is no 

correlation between DLG2 and VDR expression. PDIA3 had increased expression, as DLG2 

was more knocked-down. For example, in the Table 4 PDIA3-expression was gradually 

increasing as the DLG2 was less expressed.  

 

9 Ethical aspects and impact of the research on the society 
 
The study protocol raises the ethical concerns about the collection of human cells or 

tissues for use in current and especially in potential future research. The present study 

of the SK-N-AS NB cell line offers unique and sophisticated cellular and genetic 

understandings that increasingly illuminate possible pathways of NB disease. The 

purpose of this biomedical research was to better comprehend NB cell and find out their 

response to designed treatment. SK-N-AS cells are obtained for use in current study from 

individuals who are undergoing non-experimental diagnostic involvements. 

Furthermore, patient participants are being asked to donate the cells for a possible use 

in the further research and NB genetic studies whose exact aspects are not yet known. 

This genetic analysis of NB human cells could result in greatly valuable information 

about genetic explanations of NB.  

 
The present study can be described to the patient cell donor with enough accuracy to 

consent for meaningful informed agreement.  For instance, provided cells are 

accompanied with no clinical information, but only cell line name. Furthermore, the 

present study never put the personal interest at stake for the cell donor. Each patient has 

a fundamental right to make decision whether and how his/her own tissue or cells will 

be used in research and for what purpose. Since this study was focus on pediatric 
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carcinoma, the children fundamental interest was protected through the entire research. 

The study purpose was focused to obtain knowledge relevant to the treatment needs of 

pediatric patients.   

 
This study is conducted properly with accurate information, providing unbiased and 

justified report. All credentials and authorships are announced in the paper and listed on 

the reference page. Ethical, legal and social propositions rules were strictly followed.  In 

other hand, the controversial issue is often presented if the study includes manipulation 

of human genetic material and cell study. Since present study manipulated with DLG2, 

trying to replace or repair possible gene that is linked with uncontrolled NB cells 

growth.  

 

10 Conclusion 
 
In this study we found a significant inhibition on the SK-N-AS cell growth by a 

combination treatment with1,25(OH)2D3 (10-9M) and 9-cis RA (p<0,05) after 48 hours. 

This significance vanished after additional 24 hours of treatment. Low expression of VDR 

and potential missing of RARRES3 gene might be the answer why SK-N-AS cells are 

resistant to 1,25(OH)2D3 and RA treatment. In other hand, possible overexpression of 

NAIP could be an explanation for the outcome, but also it could be a new target for the 

further studies. Large amount of IGF-II, or not reactive RXR-VDR heterodimer to 

1,25(OH)2D3 could be a potential explanation for the SK-N-AS cell uncontrolled 

proliferation. Transfection of pDNA changed the DLG2 gene expression but with no 

convincing significance in the linked proliferation test.  

 

For the future work it would be beneficial to determine the green fluorescent protein 

(GFP) fluorescence under microscope to confirm the transfection efficiency after 

incubation time.  Furthermore, the Western Blot method should be conducted to analyze 

the presence of proteins, such as NAIP, VDR, RARRES3, RAR and RXR. Besides, it should 

be considered use of other vitamin D synthetic analogs in treatment and differentiation 

test of SK-N-AS cell line.   In addition to morphological and in vitro behavior features, cell 

lines could be characterized based on the differential expression of certain markers 

using immunofluorescent staining, flow-cytometry and RT-qPCR analysis. 
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12 Appendix  
Appendix A 

 
 

 

 

 

 

 

 

 

pcDNA3.1+‐DYK Vector Map 
 

 
 

 
 

pcDNA3.1+ ‐DYK Sequence (5453bp): 
 

1       GACGGATCGG GAGATCTCCC GATCCCCTAT GGTGCACTCT CAGTACAATC TGCTCTGATG 

61      CCGCATAGTT AAGCCAGTAT CTGCTCCCTG CTTGTGTGTT GGAGGTCGCT GAGTAGTGCG 
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121     CGAGCAAAAT TTAAGCTACA ACAAGGCAAG GCTTGACCGA CAATTGCATG AAGAATCTGC 

181     TTAGGGTTAG GCGTTTTGCG CTGCTTCGCG ATGTACGGGC CAGATATACG CGTTGACATT 

241     GATTATTGAC TAGTTATTAA TAGTAATCAA TTACGGGGTC ATTAGTTCAT AGCCCATATA 

 

 

 

 

 

 
301     TGGAGTTCCG CGTTACATAA CTTACGGTAA ATGGCCCGCC TGGCTGACCG CCCAACGACC 
 

 
 

 
 

 

 

 

 

 

 

 
361     CCCGCCCATT GACGTCAATA ATGACGTATG TTCCCATAGT AACGCCAATA GGGACTTTCC 

421     ATTGACGTCA ATGGGTGGAG TATTTACGGT AAACTGCCCA CTTGGCAGTA CATCAAGTGT 

481     ATCATATGCC AAGTACGCCC CCTATTGACG TCAATGACGG TAAATGGCCC GCCTGGCATT 

541     ATGCCCAGTA CATGACCTTA TGGGACTTTC CTACTTGGCA GTACATCTAC GTATTAGTCA 

601     TCGCTATTAC CATGGTGATG CGGTTTTGGC AGTACATCAA TGGGCGTGGA TAGCGGTTTG 

661     ACTCACGGGG ATTTCCAAGT CTCCACCCCA TTGACGTCAA TGGGAGTTTG TTTTGGCACC 

721     AAAATCAACG GGACTTTCCA AAATGTCGTA ACAACTCCGC CCCATTGACG CAAATGGGCG 

781     GTAGGCGTGT ACGGTGGGAG GTCTATATAA GCAGAGCTCT CTGGCTAACT AGAGAACCCA 

841     CTGCTTACTG GCTTATCGAA ATTAATACGA CTCACTATAG GGAGACCCAA GCTGGCTAGC 

901     GTTTAAACTT AAGCTTGCCA CCATGGATTA CAAGGATGAC GACGATAAGG GTACCGAGCT 

961     CGGATCCTGA TAAGAATTCT GCAGATATCC AGCACAGTGG CGGCCGCTCG AGTCTAGAGG 

1021   GCCCGTTTAA ACCCGCTGAT CAGCCTCGAC TGTGCCTTCT AGTTGCCAGC CATCTGTTGT 

1081   TTGCCCCTCC CCCGTGCCTT CCTTGACCCT GGAAGGTGCC ACTCCCACTG TCCTTTCCTA 

1141   ATAAAATGAG GAAATTGCAT CGCATTGTCT GAGTAGGTGT CATTCTATTC TGGGGGGTGG 

1201   GGTGGGGCAG GACAGCAAGG GGGAGGATTG GGAAGACAAT AGCAGGCATG CTGGGGATGC 

1261   GGTGGGCTCT ATGGCTTCTG AGGCGGAAAG AACCAGCTGG GGCTCTAGGG GGTATCCCCA 

1321   CGCGCCCTGT AGCGGCGCAT TAAGCGCGGC GGGTGTGGTG GTTACGCGCA GCGTGACCGC 

1381   TACACTTGCC AGCGCCCTAG CGCCCGCTCC TTTCGCTTTC TTCCCTTCCT TTCTCGCCAC 

1441   GTTCGCCGGC TTTCCCCGTC AAGCTCTAAA TCGGGGGCTC CCTTTAGGGT TCCGATTTAG 

1501   TGCTTTACGG CACCTCGACC CCAAAAAACT TGATTAGGGT GATGGTTCAC GTAGTGGGCC 

1561   ATCGCCCTGA TAGACGGTTT TTCGCCCTTT GACGTTGGAG TCCACGTTCT TTAATAGTGG 

1621   ACTCTTGTTC CAAACTGGAA CAACACTCAA CCCTATCTCG GTCTATTCTT TTGATTTATA 

1681   AGGGATTTTG CCGATTTCGG CCTATTGGTT AAAAAATGAG CTGATTTAAC AAAAATTTAA 

1741   CGCGAATTAA TTCTGTGGAA TGTGTGTCAG TTAGGGTGTG GAAAGTCCCC AGGCTCCCCA 

1801   GCAGGCAGAA GTATGCAAAG CATGCATCTC AATTAGTCAG CAACCAGGTG TGGAAAGTCC 

1861   CCAGGCTCCC CAGCAGGCAG AAGTATGCAA AGCATGCATC TCAATTAGTC AGCAACCATA 

1921   GTCCCGCCCC TAACTCCGCC CATCCCGCCC CTAACTCCGC CCAGTTCCGC CCATTCTCCG 

1981   CCCCATGGCT GACTAATTTT TTTTATTTAT GCAGAGGCCG AGGCCGCCTC TGCCTCTGAG 

2041   CTATTCCAGA AGTAGTGAGG AGGCTTTTTT GGAGGCCTAG GCTTTTGCAA AAAGCTCCCG 

2101   GGAGCTTGTA TATCCATTTT CGGATCTGAT CAAGAGACAG GATGAGGATC GTTTCGCATG 

2161   ATTGAACAAG ATGGATTGCA CGCAGGTTCT CCGGCCGCTT GGGTGGAGAG GCTATTCGGC 

2221   TATGACTGGG CACAACAGAC AATCGGCTGC TCTGATGCCG CCGTGTTCCG GCTGTCAGCG 

2281   CAGGGGCGCC CGGTTCTTTT TGTCAAGACC GACCTGTCCG GTGCCCTGAA TGAACTGCAG 

2341   GACGAGGCAG CGCGGCTATC GTGGCTGGCC ACGACGGGCG TTCCTTGCGC AGCTGTGCTC 

2401   GACGTTGTCA CTGAAGCGGG AAGGGACTGG CTGCTATTGG GCGAAGTGCC GGGGCAGGAT 
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2461   CTCCTGTCAT CTCACCTTGC TCCTGCCGAG AAAGTATCCA TCATGGCTGA TGCAATGCGG 

2521   CGGCTGCATA CGCTTGATCC GGCTACCTGC CCATTCGACC ACCAAGCGAA ACATCGCATC 

2581   GAGCGAGCAC GTACTCGGAT GGAAGCCGGT CTTGTCGATC AGGATGATCT GGACGAAGAG 

2641   CATCAGGGGC TCGCGCCAGC CGAACTGTTC GCCAGGCTCA AGGCGCGCAT GCCCGACGGC 

 

 

 

 

 

 
2701   GAGGATCTCG TCGTGACCCA TGGCGATGCC TGCTTGCCGA ATATCATGGT GGAAAATGGC 
 

 
 

 
 

 

 

 

 

 

 

 
2761   CGCTTTTCTG GATTCATCGA CTGTGGCCGG CTGGGTGTGG CGGACCGCTA TCAGGACATA 

2821   GCGTTGGCTA CCCGTGATAT TGCTGAAGAG CTTGGCGGCG AATGGGCTGA CCGCTTCCTC 

2881   GTGCTTTACG GTATCGCCGC TCCCGATTCG CAGCGCATCG CCTTCTATCG CCTTCTTGAC 

2941   GAGTTCTTCT GAGCGGGACT CTGGGGTTCG AAATGACCGA CCAAGCGACG CCCAACCTGC 

3001   CATCACGAGA TTTCGATTCC ACCGCCGCCT TCTATGAAAG GTTGGGCTTC GGAATCGTTT 

3061   TCCGGGACGC CGGCTGGATG ATCCTCCAGC GCGGGGATCT CATGCTGGAG TTCTTCGCCC 

3121   ACCCCAACTT GTTTATTGCA GCTTATAATG GTTACAAATA AAGCAATAGC ATCACAAATT 

3181   TCACAAATAA AGCATTTTTT TCACTGCATT CTAGTTGTGG TTTGTCCAAA CTCATCAATG 

3241   TATCTTATCA TGTCTGTATA CCGTCGACCT CTAGCTAGAG CTTGGCGTAA TCATGGTCAT 

3301   AGCTGTTTCC TGTGTGAAAT TGTTATCCGC TCACAATTCC ACACAACATA CGAGCCGGAA 

3361   GCATAAAGTG TAAAGCCTGG GGTGCCTAAT GAGTGAGCTA ACTCACATTA ATTGCGTTGC 

3421   GCTCACTGCC CGCTTTCCAG TCGGGAAACC TGTCGTGCCA GCTGCATTAA TGAATCGGCC 

3481   AACGCGCGGG GAGAGGCGGT TTGCGTATTG GGCGCTCTTC CGCTTCCTCG CTCACTGACT 

3541   CGCTGCGCTC GGTCGTTCGG CTGCGGCGAG CGGTATCAGC TCACTCAAAG GCGGTAATAC 

3601   GGTTATCCAC AGAATCAGGG GATAACGCAG GAAAGAACAT GTGAGCAAAA GGCCAGCAAA 

3661   AGGCCAGGAA CCGTAAAAAG GCCGCGTTGC TGGCGTTTTT CCATAGGCTC CGCCCCCCTG 

3721   ACGAGCATCA CAAAAATCGA CGCTCAAGTC AGAGGTGGCG AAACCCGACA GGACTATAAA 

3781   GATACCAGGC GTTTCCCCCT GGAAGCTCCC TCGTGCGCTC TCCTGTTCCG ACCCTGCCGC 

3841   TTACCGGATA CCTGTCCGCC TTTCTCCCTT CGGGAAGCGT GGCGCTTTCT CATAGCTCAC 

3901   GCTGTAGGTA TCTCAGTTCG GTGTAGGTCG TTCGCTCCAA GCTGGGCTGT GTGCACGAAC 

3961   CCCCCGTTCA GCCCGACCGC TGCGCCTTAT CCGGTAACTA TCGTCTTGAG TCCAACCCGG 

4021   TAAGACACGA CTTATCGCCA CTGGCAGCAG CCACTGGTAA CAGGATTAGC AGAGCGAGGT 

4081   ATGTAGGCGG TGCTACAGAG TTCTTGAAGT GGTGGCCTAA CTACGGCTAC ACTAGAAGAA 

4141   CAGTATTTGG TATCTGCGCT CTGCTGAAGC CAGTTACCTT CGGAAAAAGA GTTGGTAGCT 

4201   CTTGATCCGG CAAACAAACC ACCGCTGGTA GCGGTGGTTT TTTTGTTTGC AAGCAGCAGA 

4261   TTACGCGCAG AAAAAAAGGA TCTCAAGAAG ATCCTTTGAT CTTTTCTACG GGGTCTGACG 

4321   CTCAGTGGAA CGAAAACTCA CGTTAAGGGA TTTTGGTCAT GAGATTATCA AAAAGGATCT 

4381   TCACCTAGAT CCTTTTAAAT TAAAAATGAA GTTTTAAATC AATCTAAAGT ATATATGAGT 

4441   AAACTTGGTC TGACAGTTAC CAATGCTTAA TCAGTGAGGC ACCTATCTCA GCGATCTGTC 

4501   TATTTCGTTC ATCCATAGTT GCCTGACTCC CCGTCGTGTA GATAACTACG ATACGGGAGG 

4561   GCTTACCATC TGGCCCCAGT GCTGCAATGA TACCGCGAGA CCCACGCTCA CCGGCTCCAG 

4621   ATTTATCAGC AATAAACCAG CCAGCCGGAA GGGCCGAGCG CAGAAGTGGT CCTGCAACTT 

4681   TATCCGCCTC CATCCAGTCT ATTAATTGTT GCCGGGAAGC TAGAGTAAGT AGTTCGCCAG 

4741   TTAATAGTTT GCGCAACGTT GTTGCCATTG CTACAGGCAT CGTGGTGTCA CGCTCGTCGT 
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4801   TTGGTATGGC TTCATTCAGC TCCGGTTCCC AACGATCAAG GCGAGTTACA TGATCCCCCA 

4861   TGTTGTGCAA AAAAGCGGTT AGCTCCTTCG GTCCTCCGAT CGTTGTCAGA AGTAAGTTGG 

4921   CCGCAGTGTT ATCACTCATG GTTATGGCAG CACTGCATAA TTCTCTTACT GTCATGCCAT 

4981   CCGTAAGATG CTTTTCTGTG ACTGGTGAGT ACTCAACCAA GTCATTCTGA GAATAGTGTA 

5041   TGCGGCGACC GAGTTGCTCT TGCCCGGCGT CAATACGGGA TAATACCGCG CCACATAGCA 

 

 

 

 

 

 
5101   GAACTTTAAA AGTGCTCATC ATTGGAAAAC GTTCTTCGGG GCGAAAACTC TCAAGGATCT 
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Appendix B 
Raw-data after siRNA transfection  
 
10 pM GUSB DLG2 DLG3 DLG4 VDR PDIA3 

siRNA  25,86 32,765 28,22 27,295 31,03 22,13 

control  25,755 31,555 28,45 27,405 31,1 22,22 

 
5pM GUSB DLG2 DLG3 DLG4 VDR PDIA3 

siRNA 25,485 32,53 29,765 28,075 31,205 23,87 

control 25,27 31,375 29,96 28,66 31,355 23,945 

       

1pM GUSB DLG2 DLG3 DLG4 VDR PDIA3 

siRNA 25,415 31,985 29,66 28 30,595 23,195 

control 25,78 32,21 30,945 29,575 32,475 23,715 

 
0,5pm  gusb dlg2 dlg3 dlg4 vdr pdia3 

siRNA 26,205 33,02 29,46 27,65 30,555 23,19 

control 26,795 32,925 31 30,025 33,32 24,125 

 

Raw-data after pDNA transfection 

Treatment gusb  DLG2 DLG3 DLG4 VDR PDIA3 

pDNA 26,365 21,66 28,615 28,125 31,67 22,41 

Control  26,115 32,675 28,725 28,215 31,625 22,855 

 

 

 

 


	1 Abstract
	2 Popular scientific summary
	3 Abbreviations
	4 Introduction
	5 The aims of the present study were
	6 Materials and method
	6.1 Tumor material and in vitro cell culture conditions
	6.2 Materials and method for transfection of pDNA (DLG2 in pcDNA3.1+‐DYK vector), RT qPCR, linked with proliferation test
	6.3 Materials and method for transfection of siRNA (silencing DLG2), RT qPCR, linked with proliferation test

	7 Results
	7.1 Effects of 1,25(OH)2D3 and 9-cis and all-trans retinoic acid on the proliferation of SK-N-AS neuroblastoma cells
	7.2 SK-N-AS cell proliferation and gene expression after DLG2 overexpression
	7.3 SK-N-AS cells proliferation after silencing DLG2 gene (siRNA transfection) and gene expression

	8 Discussion
	8.1 Effects of combination treatment with 1,25(OH)2D3 , 9-cis and all-trans retinoic acid on the proliferation of SK-N-AS neuroblastoma cells
	8.2 Effects on the SK-N-AS cell proliferation and gene expression after pDNA transfection
	8.3 Effects after silencing DLG2 gene (siRNA transfection) on proliferation and gene expression in SK-N-AS cell line

	9 Ethical aspects and impact of the research on the society
	10 Conclusion
	11 References
	12 Appendix

