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Abstract
Cancer is a well-known disease that many people encounter in their lifetime. There is constantly
research being performed on cancer to find treatments for those types where none has been found,
or even find better or more efficient treatments for those cancer types where there already is
treatment available. Two types of cancer that have been studied in this thesis are neuroblastoma,
which is a form of cancer that affects children and infants, and breast cancer. The 13-cis retinoic acid
is presently used as treatment for neuroblastoma post-surgery and post-chemo therapy, but the
treatment is quite invasive. It has been shown that 1,25-dihydroxyvitamin D3 is a good candidate for
cancer treatment, and the aim of this study was to investigate whether a combination of 1,25dihydroxyvitamin D3 and two forms of retinoic acid, all-trans and 13-cis, could cause synergistic
effects on cell viability, invasion, and differentiation of the cells. The two vitamins were combined at
different concentrations and ratios to make the different treatments. A proliferation assay with
absorbance measurement was performed to determine cell viability, and a migration assay was
performed to observe the migratory properties of the cells after treatment. The results concluded
that the combined treatments had greater effect than the single treatments on cell viability in both
neuroblastoma and breast cancer cells. The results showed that single treatment of 13-cis retinoic
acid and combined treatments had the highest effect on invasion and differentiation on
neuroblastoma cells.
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Introduction
Today, cancer is a disease that many, or most people, have had some contact with in their lives.
Cancer becomes more and more common, due to the fact that the earth’s population is growing, and
also because we live longer (Torre et al, 2012). Proliferation and apoptosis are two processes that
occur in cells that are of great importance in cancer, and cancer treatments try to induce apoptosis of
tumour cells. Both radiation and chemotherapy cause apoptosis in cells that proliferate at a high
rate, such as cancer cells, thereby slowing the cancerogenesis (Kerr et al, 1994). Cancer cells adhere
to vascular endothelial cells and also to the extracellular matrix, which will enable their invasion of
tissues. This is one of the most common processes in tumour metastasis (Kramer et al, 2006). After
adhering to the endothelial cells or the extracellular matrix, enzymes can start to create pores, and in
that way give the cancer cells a way of invading other tissues (Merck Millipore, US). Another
important process is differentiation of the tumour cells, since the more differentiated forms are
often less aggressive (Jögi et al, 2012).
Neuroblastoma is the most common extra-cranial infancy and childhood tumour, with varying
prognosis and clinical outcome depending on age of onset and how long the disease progresses
before it is observed (Evans et al, 1971). The prognosis is also affected by the stage of the tumours
(Chan et al, 1997), with a long-term survival rate of approximately 15-35% (Westermark et al, 2011).
The neuroblastoma derives from cells of ganglionic precursors of the sympathetic nervous system
(Banelli et al, 2013) but is often located in the adrenal glands (Dumba et al, 2014).
Breast cancers exist in different forms, but the invasive types that migrate from the site of origin are
either ductal or lobular carcinomas and is the most aggressive type (Li et al, 2005; Balazsi M et al,
2016). T47D is a hormone dependent human breast cancer cell line that has been broadly used in
previous studies of cancer development (Aka and Lin, 2012). The cell type derives from an infiltrating,
or invasive, ductal carcinoma of the breast, and is one of the most common types of breast cancer,
making up approximately 75-85% of all cases (ECACC; Kurtz et al, 2006). A previous study has shown
that the T47D cell line has receptors for the 1,25-dihydroxyvitamin D3 and the cells showed a specific
uptake of the vitamin into intact cell cultures. By observing where the receptors were expressed on
the cells, they could determine that translocation of the hormone-receptor complex occurred and
that the receptor is functional in the cultured breast cancer cells (Sher et al, 1981).

Neuroblastoma pathogenesis and genetics
There are three main types of neuroblastoma, that somewhat differ in pathogenesis. One type is
where the patients have hyper-diploid tumours that do not have the 1p deletion or MYCN
amplifications that are commonly seen in neuroblastoma. Children with this type are often very
young, mostly infants, and the prognosis for this type is usually very positive. Another type is where
the tumours are near-diploid or near-tetraploid and do not display MYCN amplification. This type is
mostly seen in children over one year of age, and is more advanced than the first type. The prognosis
for this type is not as good as with the first, but patients usually respond well to treatment. The last
type is essentially the same as the second in that the tumours are near-diploid or near-tetraploid, but
the difference is that these tumours have MYCN amplification and a 1p deletion. This type of tumour
has the worst prognosis and patients rarely respond to treatment, and commonly do not survive for
more than a few months. A tumour without an MYCN amplification often display 11q and other
forms of deletions, such as 1p or 3p. (Plantaz et al, 2001). Some studies have shown that the 11q arm
may contain a neuroblastoma suppressor gene, which means that when the 11q arm is deleted, this
suppressor gene has lost one copy (Guo et al, 1999).
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Classification systems and treatments
The neuroblastoma can also be divided into different risk groups, where different risk factors play a
major role in deciding the overall risk. There are different systems used for the classification; the
SIOPEN (Society of Paediatric Oncology Europe Neuroblastoma Group) uses age, surgical factor
imaging, and MYCN for the risk assessment, where the surgical risk factors are most important
(Dumba et al, 2014; Monclair et al, 2009). The COG uses age, postsurgical staging, MYCN
amplification, histology and DNA ploidy for the risk assessment. These different factors make the
neuroblastoma tumours highly variable (Dumba et al, 2014). To be able to better determine the risk
of the patient, an International Neuroblastoma Risk Group Staging System (INRGSS) is used, so that
all oncologists around the world can use the same system and therefore provide the best risk
stratification and give patients the best treatment (Cohn et al, 2009). The neuroblastoma is divided
into three different categories; low, intermediate, and high risk, with the prognosis worsening as the
risk increases (Bannelli et al, 2013). A good prognosis is often seen in patients with low-risk and
intermediate-risk neuroblastoma, whilst the high-risk patients have a much worse prognosis and
have a lower survival rate, even after invasive treatment (van Ginkel et al, 2007). Many patients in
the high-risk groups have the MYCN amplification, 1p and/or 11q deletions (Attiyeh et al, 2005).
A unique characteristic of neuroblastoma tumours is the ability of maturation or regression, even
without significant treatment, which occurs mainly in the low-risk group (Cohn et al, 2009). The
treatments available for neuroblastoma today include surgery, radiotherapy, and immunotherapy
(Dumba et al, 2014) and the type of treatment generally depends on the clinical prognosis. A way of
predicting the clinical outcome is the use of biomarkers, such as MYCN amplification (Chan et al,
1997). The MYCN is an oncogene that encodes transcriptional regulators, that are mostly expressed
in the neural crest – from which the neuroblastoma cells are derived (Westermark et al, 2011).
Already in 1997, Helen Chan and her team predicted and concluded that MYCN was critical for the
progression of neuroblastoma (Chan et al, 1997). This is supported yet today, and in fact, MYCN is
essential for proliferation, migration and stem cell homeostasis, and decreased levels of MYCN lead
to terminal neuronal differentiation. A down-regulation of the MYCN expression decreases the
proliferation and differentiation of the tumour cells (Westermark et al, 2011).

1,25-dihydroxyvitamin D3 as a cancer therapeutic agent
The active form of vitamin D; 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) is a regulator of calcium and
phosphate homeostasis and has important effects on differentiation and proliferation of cancer cells
by arresting cells is G1 phase of the cell cycle (Bini et al, 2012; Blutt et al, 2011). It has been proven to
be an important factor in inhibiting progression of other types of cancer, such as prostate cancer
(Karlsson et al, 2010) and also to reduce invasion, migration and adherence of prostate and breast
cancer cells (Sung and Feldman, 2000).
In a study by van Ginkel and his co-workers, they could see that two different subtypes of
neuroblastoma, SK-N-AS and NGP were sensitive to the vitamin D3 metabolite calcitriol. They could
also show that 1α-hydroxyvitamin D2, a vitamin D analogue, inhibited the growth of the
neuroblastoma cells (van Ginkel et al, 2007). The same results were seen when neuroblastoma cells
were treated with the vitamin D analogue QW-1624F2-2 (Reddy et al, 2006). Vitamin D has been a
target of interest in many different cancer-research studies, also for example in oesophageal cancer.
In one study, they concluded that by introducing vitamin D to oesophageal cancer cells, the
migration, invasion and proliferation of the cells where reduced (Gan et al, 2014). Since 1,25(OH)2D3
has its effects on cells that express the VDR receptor – which are present in the majority of tissues in
the human body – treatment with the active 1,25(OH)2D3 form may lead to disruption of the calcium
homeostasis, since the treatment would need much higher concentration than the physiological
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concentration. Because of this effect of 1,25(OH)2D3, an appropriate analogue may be of better use
clinically (Leyssens et al, 2014).

Retinoic acid as cancer treatment
A derivative of vitamin A, all-trans retinoic acid (ATRA), has the ability of inducing differentiation and
apoptosis, and inhibit proliferation. ATRA has also been shown to have effects on migration and
invasion in many different cell types (Liang et al, 2015; Cui et al, 2016). The effects of ATRA is
mediated by two proteins, namely; cellular retinoic acid binding protein (CRAPBI and II), which are
thought to affect the metabolism of ATRA and function as transcriptional co-activators, and nuclear
receptors; retinoic acid receptors (RARs), which is a ligand-dependent transcription heterodimer (Lu
et al, 2005). RAR can be activated by either ATRA or 9-cis retinoic acid, whilst RXR on the other hand
is only activated by 9-cis. When RXR is activated, the growth of LNCaP cells can be inhibited
marginally, whilst RAR can in fact induce cell growth if the concentration of the retinoic acid is not
high enough. Previous studies have shown that when 9-cis retinoic acid is combined with
1,25(OH)2D3, there is a synergistic effect that inhibits the growth of LNCaP cells (Blutt et al, 2011).
Lu et al, also studied the effects of retinoic acid on neuroblastoma cells proliferation, apoptosis,
cytotoxicity, migration and invasion by introducing the retinoic acid to the cells and then performing
a scratch test and measuring the invasion of the cells. They could conclude that the retinoic acid did
in fact affect and reduce invasion, by inducing both neuronal differentiation and apoptosis in N-type
and S-type neuroblastoma cell lines, respectively (Voigt and Zintl, 2003). Other studies have
demonstrated that retinoic acid reduces both migration and invasion by interfering with DCX, a
protein that is involved in cell migration and is present in some neuroblastoma cell lines, and also by
down-regulating the expression of DCX (Messi et al, 2008). Also 13-cis retinoic acid has been shown
to reduce the proliferation and induce differentiation of neuroblastoma cells (Matthay et al, 1999)
and also to inhibit invasion and migration of meningioma in vitro (Pereda et al, 1999). Further, 13-cis
retinoic acid improves the life expectancy of patients after surgery and chemotherapy (Matthay et al,
1999). 13-cis retinoic acid is presently used in neuroblastoma therapy for maintaining patients with
high-risk tumours and avoid or delay a possible relapse. It has also been shown to improve the eventfree survival of high-risk patients (Westermark et al, 2011).
In the case of breast cancer cells, it has previously been shown that the oestrogen receptor (ERα) can
in fact increase the sensitivity of the growth inhibition caused by ATRA. ERα proteins were seen in
the T74D cell line, together with RARα proteins and CRABPII. When the cells were treated with
oestrogen, this lead to an increase in both RARα and CRABPII, and when a RARα antagonist was used,
the CRABPII was downregulated and the oestrogen no longer had an upregulating effect on CRABPII.
Although, when treating the T47D cells with the RARα antagonist, this did not affect the RARα
protein upregulation by oestrogen, in fact, the proteins levels increased when treated with the
antagonist. When transfecting siRNA for RARα and ERα to the T47D cells, they saw that when Erα
was silenced, the expression of RARα and CRABPII was decreased. When the RARα was instead
silenced, the cells had the same expression of ERα, but a lower expression of CRABPII (Lu et al, 2005).
Both vitamin A (retinoic acid) and vitamin D have previously been shown to decrease the
proliferation of the neuroblastoma cells (van Ginkel et al, 2007). Studies have shown that the retinoic
acid receptor (RAR) and the vitamin D receptor (VDR) have synergistic effects, for example in the
treatment of pro-myeloid leukaemia. In this study they could show that when retinoic acid was given,
the amount of vitamin D3 needed to induce monocyte differentiation was reduced (Brown et al,
1994). Vitamin D and retinoic acid are part of the same nuclear pathway, where VDR can interact
with RXR (retinoic X receptor). VDR and RXR can form homodimers, but more often combine to form
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heterodimers. A combination of RAR and VDR produces synergistic effects in regulation of nuclear
gene expressions and can therefore affect the proliferation of the tumour cells (Schräder et al, 1993).
Several studies have shown that ATRA together with vitamin D had the best effects (Voigt and Zintl,
2003; Gan et al, 2014), and since 13-cis retinoic acid is already used in therapy, this should also show
a positive effect on reducing both proliferation and migration of the neuroblastoma cells.

Aim of the study


Investigate whether 1,25-dihydroxyvitamin D3, all-trans retinoic acid, and 13-cis retinoic acid
can affect the proliferation and differentiation of NB9 and T47D cells.



Investigate if migration of NB69 cells can be affected by 1,25-dihydroxyvitamin D3, all-trans
retinoic acid, and 13-cis retinoic acid, and 9-cis retinoic acid.



Investigate synergistic effect between 1,25-dihydroxyvitamin D3 and retinoic acid.

Materials and methods
Cell lines and in vitro cell culture conditions
The human neuroblastoma cells, NB69, cells were obtained from the European Collection of
Authenticated Cell Cultures (ECACC®) and was originally isolated from a 16-month old male with
human neuroblastoma stage III (ECACC ®88072802). The human breast cancer cells, T47D, were
obtained from the American Type Culture Collection (ATCC®) and were originally isolated from the
mammary gland of a 54-year-old female with ductal carcinoma (ATCC® HTB-133™).
The neuroblastoma cells (NB69) and breast cancer cells (T47D) were cultured in flasks containing
RPMI medium (Sigma®) consisting of; 10% fetal bovine serum (FBS), 1% Penicillin-Streptomycin
(PEST) (Sigma®), 1% L-glutamine solution (Sigma®), 1% hepes solution (Sigma®) and 1% sodium
pyruvate (Sigma®). The flasks were kept in a cell culture incubator at 37oC and 5% CO2 (see appendix
1).

Treatments
The NB69 cells were seeded in 96 well plates at a density of 7500 cells per well and incubated in the
RPMI media for 24 hours. The T47D cells were seeded in a 96 well plate at a density of 5000 cells per
well, and incubated for 48 hours. The cell culture media was then removed and replaced with
starvation media, which does not contain FBS, and cells are starved for 20 hours. Starvation media
was removed and cells are treated with the vitamins and incubated for 48 hours. After this, the
treatments are discarded from the wells and replaced with new treatments. The plates are then
incubated again. The concentrations of the treatments used were; 1,25(OH)2D3 at 10-7 M and 10-9M,
and retinoic acid vitamins at 10-5M. All vitamins, except for 9-cis, were used as single treatments.
Each of the 1,25(OH)2D3 concentrations were also combined with the other vitamins as follows; ATRA
10-5M 50%, and 13-cis 10-5M 50%. The 1,25(OH)2D3 10-7M was also combined with ATRA 10-5M 75%
and 9-cis 10-5M 25% for the migration assay.

Cell viability assay
Cell viability was measured at 48 and 72 hours, using the MTS Cell Titer 96® One solution Reagent
(Promega®) according to the manufacturer´s protocol. The MTS contains a tetrazolium compound
that can be bio reduced by viable cells into a coloured formazan product. A constant amount of MTS
is added to all wells and the plates are then incubated for one hour for NB69 cells and three hours for
4

T47D cells. After this, the absorbance (490 nm) levels were measured, using a FLUOstar Omega. The
absorbance indicated the amount of formazan product, and therefore the amount of viable cells
(Promega, USA).

Migration assay
The migratory properties of the neuroblastoma cells when treated with different vitamins was
determined by the use of a colorimetric QCM ECMatrix Cell Invasion Assay with 24 wells and 12
inserts with 8 um pores (Merck Millipore, ECM550). The different treatments used were as follows:
1,25(OH)2D3 at 10-7M and 10-9M, both retinoic acids at 10-5M, a combination of both 1,25(OH)2D3
with either retinoic acid, a combination of ATRA 10-5M and 9’cis 10-5M retinoic acid (75/25 ratio) and
lastly a combination of the 75/25 treatment and 1,25(OH)2D3 10-7M, and all treatments were kept in
serum free media. A total volume of 300 µL of cell suspension was added into each insert (at a ratio
of 0.5-1.0 *106 cells/mL) and 500 µL of media containing 10% FBS was added to the lower chamber
to attract the cells. The plate was then incubated for 72 hours at 37oC and 5% CO2. The cells were
then stained with a cell stain provided in the kit (no. 20294) for 20 minutes. After this, the cells are
detached from the plate by using 10% acetic acid, and then transferred to a 96-well plate for OD
measurement at 560 nm (as recommended by Merck Millipore).

Statistical analysis
The statistical analysis was performed by using GraphPad Prism version 7.00 for Windows (GraphPad
Software Inc©). The data obtained from the experiments were normalised against the control
(untreated cells) and a statistical analysis of the normalized data was performed by using one-way
ANOVA and two-way ANOVA followed by Sidak’s multiple comparison, and a three-way ANOVA,
followed by Dunnet’s multiple comparison. The P-values was set to p<0.05, where values <0.05 are
considered significant and bars show mean with ± SD. Comparisons were made between the single
treatments and the combination treatments, between 48 hours and 72 hours of treatment, and also
between different cell lines and the two time points. To compare the specific treatments at the
different time points between the cells, a multiple t test was run for each treatment and time point,
by using the Holm-Sidak method, with a significant level set to p<0.05.

Results
Cell viability assay NB69
The aim of this study was to investigate the synergistic effects of 1,25(OH)2D3 and retinoic acid at 48
and 72 hours of treatments. The 1,25(OH)2D3 10-7M and 1,25(OH)2D3 10-9M were both combined with
all-trans retinoic acid 10-5M and 13-cis retinoic acid 10-5M. Here, the aim was to see if the
combination treatment gives a better effect than the single treatments. The aim, was also to
investigate time dependency of the treatments.
Figure 1a shows the results after 48 hours of treatment. As shown, there was a decrease in cell
viability in cells that were treated with 1,25(OH)2D3 10-7M combined with all-trans retinoic acid 10-5M
(p-value 0.0002) and when 1,25(OH)2D3 10-7M was combined with 13-cis 10-5M (p-value 0.0001),
compared to the control. There was also a difference between the control and the combination with
1,25(OH)2D3 10-9M and all-trans retinoic acid 10-5M (p-value 0.0013), and the combination of
1,25(OH)2D3 10-9M with 13-cis retinoic acid 10-5M (p-value 0.0001). There was a difference between
the single treatments and the combination treatments. There was a higher effect on proliferation for
the 1,25(OH)2D3 10-7M combined with 13-cis 10-5 compared to 13-cis (p-value < 0.0001) and
1,25(OH)2D3 10-7M alone (p-value <0.0001), and the same goes for ATRA 10-5M (p-value 0.0005) and
1,25(OH)2D3 10-7M (p-value 0.0014) single treatments compared to 1,25(OH)2D3 10-7M combined

5

with ATRA 10-5M. The 1,25(OH)2D3 10-9M only shows a difference when combined with 13-cis 10.5M
(p-value <0.0001).
As shown in Figure 1b, after 72 hours of treatment, the effects have increased over time. The figure
shows that the combination of 1,25(OH)2D3 10-9M and all-trans retinoic acid 10-5 no longer shows a
difference compared to the control (p-value 0.1412). The combination of 1,25(OH)2D3 10-7 with alltrans retinoic acid 10-5 (p-value 0.0027) and 13-cis retinoic acid 10-5 (p-value 0.0001) still showed a
lower proliferation compared to the control cells, and the same results are seen for the combination
between 1,25(OH)2D3 10-9 and 13-cis retinoic acid 10-5 (p-value 0.001). All-trans retinoic acid 10-5 does
not show any difference from neither the control nor the combination treatments. The 13-cis retinoic
acid 10-5 on the other hand shows a higher effect when combined with 1,25(OH)2D3 10-7 (p-value
0.0010) and 1,25(OH)2D3 10-9 (p-value 0.0049) compared to the single treatment.
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Figure 1. One-way ANOVA and Sidak’s multiple comparison of cell viability after 48 hours and 72 hours of
treatment. A difference can be seen after 48 hours of treatments for all four combinations. The tests were
made on 8 replicates, and the p-values for significance were as follow: *=0.05, **=0.01, **=0.001, ***=0.0001,
and the error bars represent ± SD.

Figure 2 shows the difference in proliferation between the 48 hours and 72 hours of treatments. The
analysis was performed to determine possible time dependency of treatments. As shown in the
figure, there was a decrease in cell viability in cells that were treated with a combination of
1,25(OH)2D3 10-7M and 13-cis retinoic acid 10.5M (p-value <0.0001), 1,25(OH)2D3 10-7M and all-trans
retinoic acid 10-5M (p-value <0.0001), 1,25(OH)2D3 10-9M and 13-cis retinoic acid 10-5M (p-value
<0.0001), and lastly 1,25(OH)2D3 10-9M and all-trans retinoic acid 10-5M (p-value 0.0023). Here, the
results indicate that the effectiveness of the treatments increases with time, and that the
proliferation of the cells in further decreased after 72 hours compared to 48 hours of treatment.
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Figure 2. Two-way ANOVA comparison of the cell viability after 48 hours and 72 hours of treatment. The figure
shows that there was a significant difference in cell viability between the two time points, and that there was
an increased effect of the treatment after 72 hours compared to 48 minutes. There was a significant difference
between all four combination treatment between the two time points. The test was made on eight replicates,
and the p-values for significance were as follow: *=0.05, **=0.01, **=0.001, ***=0.0001, and the error bars
represent ± SD

Cell viability assay T47D
In this study, we also investigated the effects of treatments of the breast cancer cell line T47D to see
how the treatments affect these cells, and also to compare these results with those obtained from
NB69. Figure 3a shows the results from the cell viability assays after 48 hours of treatment. There
was a difference between the control cells and the combinations with 1,25(OH)2D3 10-9M and 13-cis
retinoic acid 10-5M (p-value 0.0001), and 1,25(OH)2D3 10-9M and all-trans retinoic acid 10-5M (p-value
0.0001). No other treatment has a difference compared to the control. The figure also shows that
1,25(OH)2D3 10-7M combined with all-trans retinoic acid 10-5M has a higher effect on proliferation
than all trans alone (p-value 0.0069). The same effect was seen when all-trans 10-5M was combined
with 1,25(OH)2D3 10-9M (p-value <0.0001). The 13-cis retinoic acid 10-5M only shows a difference
between single treatment and combination when it was combined with 1,25(OH)2D3 10-9M (p-value
<0.0001). The combination of 1,25(OH)2D3 10-9M and 13-cis retinoic acid 10-5M (p-value <0.0001),
and 1,25(OH)2D3 10-9M and all-trans retinoic acid 10-5M (p-value 0.0001) show an increase in
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proliferation compared to 1,25(OH)2D3 10-9M alone. There are no differences between 1,25(OH)2D3
10-7M alone compared to the combinations (p-values >0.05).
Figure 3b shows that combination treatments with 1,25(OH)2D3 10-7M and 13-cis retinoic acid 10.5M
(p-value 0.0002), 1,25(OH)2D3 10-7M and all-trans retinoic acid 10.5M (p-value 0.0002), 1,25(OH)2D3
10-9M and 13-cis retinoic acid 10-5M (p-value 0.0001), and 1,25(OH)2D3 10-9M and all-trans retinoic
acid 10-5M (p-value 0.0001), results in a decrease in cell viability compared to the control. Neither of
the single treatments shows any difference compared to the control cells. Figure 3b also shows that
there was a higher effect on proliferation when 1,25(OH)2D3 10-7M was combined with either 13-cis
retinoic acid 10-5M (p-value <0.0001) or all-trans retinoic acid 10.5M (p-value <0.0001), compared to
the single treatment. The combination treatments with 1,25(OH)2D3 10-9M and 13-cis retinoic acid 105
M have a higher effect than the single treatments (p-value <0.0001) and also when combined with
all-trans retinoic acid 10-5M (p-value <0.0001). There was a difference between the single treatment
of 13-cis retinoic acid 10-5M and combination with 1,25(OH)2D3 10-7M (p-value 0.0058).
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Figure 3. One-way ANOVA and multiple comparison of the cell viability after 48 hours and 72 hours of
treatment. A) the results after 48 hours of treatment on T47D. B) the results after 72 hours of treatment on
T47D. The tests were made on twelve replicates for both 48 hours and 72 hours of treatment, and the p-values
for significance were as follow: *=0.05, **=0.01, **=0.001, ***=0.0001, and the error bars represent ± SD

The compared results between treatment for 48 and 72 hours on T47D cells are shown in Figure 4.
The aim here was to see if the treatments show a higher effect after longer time of treatment. The
results show that time in fact was significant for the combinations of 1,25(OH)2D3 10-7M and 13-cis
retinoic acid 10-5M (p-value <0.0001), 1,25(OH)2D3 10-7M and all-trans retinoic acid 10.5M (p-value
<0.0001), all trans retinoic acid 10.5M single treatment (p-value 0.0030), 1,25(OH)2D3 10-9M single
treatment (p-value 0.0351), and lastly for 1,25(OH)2D3 10-9M and all-trans retinoic acid 10-5 (p-value
<0.0001).
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Figure 4. Two-way ANOVA comparison of the cell viability after 48 hours and 72 hours. The test was made on
12 replicates, and the p-values for significance were as follow: *=0.05, **=0.01, **=0.001, ***=0.0001, and the
error bars represent ± SD.

Migration assay NB69
Since a crucial part of cancerogenesis is the ability of the cells to migrate through membranes and
invade tissues, a migration assay was performed to study whether NB69 cells migratory properties
were affected by the different treatments. Figure 5 shows the results from the migration assay, and
here it can be seen that 13-cis retinoic acid at the concentration 10-5M has the greatest effect on
migration. The figure shows that both when 13-cis retinoic acid is used as single treatment, and also
when it is combined with the two concentrations of 1,25(OH)2D3, there is a decrease in migration of
the cells. There is also a difference from the control for the cells that were treated with 1,25(OH)2D3
10-9M + all-trans retinoic acid 10-5M. The combined treatments of 1,25(OH)2D3 10-7M with 75%/25%
all-trans/9-cis retinoic acid 10-5M and the single treatment of 75%/25% all-trans/9-cis retinoic acid
10-5M both show a reduced migration compared to the control. Figure 5 also shows that there is a
difference between the two concentrations of 1,25(OH)2D3 when combined with all-trans retinoic
acid 10-5M, where the lower concentration has a greater effect. There is also a significance between
the single treatment of all-trans retinoic acid 10-5M and when it is combined with 1,25(OH)2D3 10-9M,
with combination of 1,25(OH)2D3 10-7M and 9-cis retinoic acid 10-5M, and when combined with only 9cis retinoic acid 10-5M.
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Figure 5. Analysis of the migratory properties of treated cells after 72 hours of treatment. The tests were made
on eight replicates, and the p-values for significance were as follow: *=0.05, **=0.01, **=0.001, ***=0.0001,
and the error bars represent ± SD

Differentiation of NB69
A major part of the pathogenesis of cancer cells is their stage of differentiation, meaning that cells
that are less differentiated are often more aggressive. Figure 6 shows the results after NB69 cells
have been treated with 1,25(OH)2D3 10-7M + 75 % all-trans retinoic acid 10.5M + 25% 9-cis retinoic
acid 10-5M for 72 hours and have migrated through the ECM layer of the insert. The figure shows two
cells that have started to differentiate, with the most pronounced differentiated of the cells at the
bottom of the figure. The cell has started to get a Y-shape, indicating the formation of axons and
dendrites, and differentiation of the cell.
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Figure 6. Microscope observation of stained and differentiated NB69 wells after 72 hours of treatment in
migration assay. The figure shows a photograph of differentiated NB69 cells after they have migrated through
the ECMatrix layer of the migration assay after 73 hours of treatment with 1,25(OH)2D3 10-7M + 75 % all-trans
retinoic acid 10.5M + 9-cis retinoic acid 10-5M. Cells at bottom show a Y-shaped form, indicating differentiation
of the cells.

Discussion
Both 1,25(OH)2D3 and retinoic acid have previously been shown to decrease the proliferation of
neuroblastoma cells. Studies have also shown that the VDR and RXR are a part of the same nuclear
pathway (van Ginkel et al, 2007), and that a combination of activation of RAR and VDR shows
synergistic effects when treating cancer cells (Schräder et al, 1993). This can be compared to the
results obtained in the present study. Figure 1 shows the results from 48 and 72 hours of treatment
of NB69. In Figure 1a, the results show that when comparing the treatments to the control, the
combination treatments show a greater difference than the single treatments. By also comparing the
different treatments with each other, it can be seen that for many of the treatments the
combinations have a higher effect on proliferation than the single treatments. The highest
significance between treatments are seen with 1,25(OH)2D3 10-7M single treatment compared with
combination of 1,25(OH)2D3 10-7M + 13-cis retinoic acid 10-5, for 13-cis retinoic acid 10-5 single
treatment compared with both combinations, for all-trans 10-5 single treatment compared with both
combinations, and for 1,25(OH)2D3 10-9M combined with 13-cis retinoic acid 10-5 (see figure 1a).
These results support this previous study and also imply that there are synergistic effects between
1,25(OH)2D3 and both forms of retinoic acids. These results are also supported as shown in Figure 1b,
where the effect of the treatments after 72 hours are displayed. As can be seen, the highest
difference was seen between the two concentrations of 1,25(OH)2D3 when combined with 13-cis
retinoic acid 10.5M. There was also a large difference between 1,25(OH)2D3 10-7M single treatment
compared to the combination of 1,25(OH)2D3 10-7M + 13-cis retinoic acid 10-5M, and between 13-cis
retinoic acid singe treatment compared to the combination with 1,25(OH)2D3 10-7M. A study on
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neuroblastoma showed that 13-cis retinoic acid had an effect of decreasing proliferation and also
induce differentiation (Matthay et al, 1999), and by comparing this to the results presented in Figure
1b, we can see that the combination of 1,25(OH)2D3 10-7M + 13-cis retinoic acid 10-5M has a higher
effect than 13-cis alone. This stronger inhibition of proliferation induced by both 1,25(OH)2D3 and
retinoic acid indicate synergistic effects (see Figure 1b).
When comparing the results obtained in Figure 1a and 1b to each other, and studying time
dependency (Figure 2), we could show that there was a difference between the two time points for
the combination of 1,25(OH)2D3 10-7M and 13-cis retinoic acid 10-5, 1,25(OH)2D3 10-7M and all-trans
retinoic acid 10-5, 1,25(OH)2D3 10-9M and 13-cis retinoic acid 10-5M and lastly for 1,25(OH)2D3 10-9M
and all-trans retinoic acid 10-5. As seen in Figure 2, time was significant, and treatments have a
better effect when cells are treated for a longer time. This may be because some vitamins take
longer to reach their highest effect. We did not see any differences when of the 1,25(OH)2D3 10-7M
treatment after 72 hours compared to 48 hours. This could be due to the fact that this concentration
of vitamin D3 has reached most of its effect already after 48 hours, and therefore did not affect the
cells more with time. If we compare this to the 1,25(OH)2D3 10-9M in Figure 2, we can see that it does
have a difference between 48 and 72 hours. Opposite to the 10-7 concentration, this can be due to
the fact that the concentration is too low for the vitamin to have a high effect after 48 hours, but as
time goes, it reaches its full potential, and therefore there was a greater difference between the two
time points with this concentration. If this should be the case, this can be an indication that the
treatment is partly dose dependent, since a higher concentration gives greater effect, whilst it is also
partly time dependent, and therefore the longer the cells are treated, the greater effect we get. This
is also supported by the results from the combined treatments in Figure 2, and the fact that the
higher concentration of 1,25(OH)2D3 gave a greater difference compared to the control, after both 48
and 72 hours. At this time points, it did not seem like 1,25(OH)2D3 10-9M had reached its peak effect,
and therefore might need a longer time of treatment to give better results (see Figure 2).
Furthermore, we have also investigate the effects of the treatments on the breast cancer cells T47D.
It has been shown that T47D has specific receptors for vitamin D3 (Sher et al, 1981), and that ERα in
breast cancer cells can increase the sensitivity of the cell to ATRA, which suggests that ATRA should
have a high effect in this cell line (Lu et al, 2005). If ATRA then also has a synergistic effect with VDR,
there could be a better effect when vitamin D and retinoic acid are combined than for the single
treatments. These results can be compared to those shown in Figure 3a and 3b. Figure 3a shows the
results after 48 hours of treatment, and here we can see that there was a difference between the
two combinations of 1,25(OH)2D3 10-9M with 13-cis retinoic acid 10-5M, and with all-trans retinoic
acid 10-5M. At this time point, the combination with 13-cis had a greater effect on proliferation than
the combination with ATRA. For the multiple comparison, the results in Figure 3a show that there
was a difference in the effect of ATRA between the single treatment and the combined treatment
with bot 1,25(OH)2D3 10-7M and 1,25(OH)2D3 10-9M. This supports the hypothesis that ATRA may
have a higher effect when combined with vitamin D, due to the synergistic effects of the two
receptors for these vitamins. It also indicates that the effects of ATRA are time dependent, and that
ATRA may need a longer time than 13-cis to reach its full effect. The 13-cis retinoic acid 10-5M has a
difference from the combination with 1,25(OH)2D3 10-9M, which also suggests that there is a
synergistic effect between the receptors between these two vitamins (see Figure 3a).
In Figure 3b, the results after 72 hours of treatments are shown, and here all four of the combination
treatments were different from the control. At this time point, the combinations of 1,25(OH)2D3 107
M and 1,25(OH)2D3 10-9M with all-trans retinoic acid 10-5M both have higher effects than the
combined treatment with 13-cis retinoic acid. By comparing this to the results obtained from figure
3a, we can support the hypothesis that ATRA takes longer than 13-cis to be activated and reach its
full effect. Figure 3b also shows that all the combined treatments had a higher effect than the single
treatments, again proving the synergistic effects between VDR and RAR.
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Lastly, the results shown Figure 3a and 3b were compared to each other, to determine whether
there was a difference in the efficacy of the treatments between 48 hours and 72 hours of
treatment. In Figure 4, the results show that the combinations of 1,25(OH)2D3 10-7M with 13-cis
retinoic acid 10-5M, and with all-trans retinoic acid 10-5M, both have a higher effect after 72 hours
compared to 48 hours of treatment. Here, the combination with ATRA has a greater effect than the
combination with 13-cis, which may also indicate that ATRA takes longer to give effect, and therefore
time was an important factor and the treatment is time dependent. There was also a difference in
Figure 4 between 1,25(OH)2D3 10-9M combined with all-trans retinoic acid 10-5M between the
different 48 hours and 72 hours of treatment, which also support this theory. The combination of
1,25(OH)2D3 10-9M with 13-cis did not show a difference between 48 and 72 hours of treatment, and
by taking this into mind and comparing these results to those in Figure 3a and 3b, we can see that
13-cis had a much greater effect at 48 hours in Figure 3a than it has after 72 hours in Figure 3b. This
can indicate that 13-cis treatment did not have any higher effect after a longer time of treatment in
T47D, and may already have shown its full effect after 48 hours, in the same way that 1,25(OH)2D3
10-7M had (see Figure 4).
We also compared the effects on viability on the two different tumour cell lines NB69 and T47D to
see whether the effects of the treatments are tumour specific (see Appendix 3). As shown, there was
a difference in the effects of the treatments of the two different cell lines. This was not totally
unexpected since these are two totally different cell cancer types with different tumour ethology and
carcinogenesis. Both of the cell lines have receptors for vitamin D and retinoic acid, but there are not
many studies done on investigating potential synergistic effects on T47D. By comparing the results
received in the multiple comparison in appendix 3 between 48 and 72 hours of treatment and the
two cell lines, we can see which treatments that had a difference from the control. Interestingly,
many of the treatments have different effects in the two cell lines, and did not give the same
significance. For example, 1,25(OH)2D3 10-7M + 13-cis retinoic acid 10-5M had a significance after 48
hours in T47D, but not in NB69. On the other hand, the same treatment had a difference from the
control at 72 hours in both of the cells. This might mean that this treatment has a stronger effect in
T47D than in NB69, or that the treatment activates cellular pathways, or other pathways, earlier.
Both cell lines had a difference compared to control at both 48 hours and 72 hours when treated
with 1,25(OH)2D3 10-9M + 13-cis retinoic acid 10-5M. So this combination affects the two cells exactly
the same at both 48 hours and 72 hours of treatment (see appendix 3).
Furthermore, both NB69 cells and T47D cells had a difference only after 72 hours of treatment
(Figure 1b and 3b) with 1,25(OH)2D3 10-7M + all-trans retinoic acid 10-5M. Again, this treatment
affects the cells the same. Lastly, the combination of 1,25(OH)2D3 10-9M + all-trans retinoic acid 10-5M
did not have a difference at 48 hours of treatment of the NB69 cells (Figure 1a), whereas there was a
rather large difference in T47D cells (Figure 3b). Neither did the same treatment have any effect in
NB69 after 48 hours when compared to the control, but it did in T47D. This shows how the
treatments affect the cells very differently, and in this case, the treatment had a much greater effect
in T47D cells than in NB69 cells.
To be able to see whether there were any truly differences between the different tumour cells, we
also compared the cells were there was a difference due to the treatments. This showed that only
the 1,25(OH)2D3 10-9M + all-trans retinoic acid 10-5M treatment had a difference between the two
cell lines. As mentioned previously, it seems that the lower concentration of 1,25(OH)2D3 need a
longer time in NB69 cells to reach its full effect, whilst it actually has a very strong effect already after
48 hours of treatment in T47D cells. A possible explanation is that there may be different pathways in
NB69 that is responsible for the differences in how the two cell lines react. It would be interesting to
perform a global gene expression analysis using microarrays to compare the genes expressed in the
different tumour types, to see which pathways that are activated when the cells are treated, and also
to further investigate possible genes in these pathways that are activated. In this way, we could see if
13

there are other pathways in T47D that are not active in NB69 that gives these results, or perhaps the
other way around.
A major part of the metastasis, or spreading, of cancer is the ability of the cancer cells to migrate
through membranes and invade new tissues (Kramer et al, 2006). Figure 5 shows the results from the
experiments performed on the migration, and here we can see that the 13-cis retinoic acid has a very
strong effect on migration. Since 13-cis retinoic acid is presently used in neuroblastoma treatments,
these results are very good, since a treatment that reduces the migratory properties of the cells are
interest in patients that have gone through chemo-therapy or operation, where the treatments is
partly meant to not only reduce the risk of relapse, but also better the life expectancy. As shown in
Figure 5, all-trans retinoic acid has a much greater effect when it is combined with other vitamins. In
this case, it had a higher effect on migration when combined with of 1,25(OH)2D3 10-9M than with
1,25(OH)2D3 10-7M, which can be an indication that there is another receptor in this combination that
is activated. All-trans retinoic acid also had a better effect when combined with 9-cis retinoic acid 105
M, and when it is combined with both of 1,25(OH)2D3 10-7M + 9-cis retinoic acid 10.5M. These results
are quite interesting, since all-trans binds to RAR, whilst 9-cis binds to both RAR and RXR (Blutt et al,
2011). At the same time, we have seen that RAR and RXR can combine into heterodimers, which in
turn has synergistic effects with VDR, and therefore, the fact that the combinations of 1,25(OH)2D3
with all-trans and 9-cis has stronger effect than all-trans retinoic acid 10-5M as single treatment, is
supported by this synergism (see Figure 5).
Figure 6 shows the results of the microscope photography of the cells from the migration assay. The
NB69 cells in the figure have been treated with 1,25(OH)2D3 10-7M + 75 % all-trans retinoic acid
10.5M + 9-cis retinoic acid 10-5M and have started to differentiate. No other treatment induced the
cells to differentiate. As mentioned, VDR, RAR and RXR can all cooperate and have synergistic effects.
This treatment may have had a better effect on differentiation than the other treatment because we
have used three vitamins/hormone that can activate three different receptors. The 1,25(OH)2D3 107
M activated VDR, 75 % all-trans retinoic acid 10.5M activated RAR, and 9-cis retinoic acid 10-5M
activates both RAR and RXR. So in Figure 6, we have activated a pathway between three different
receptors, and therefore get a stronger synergistic effect than when we use a treatment that only
activates two receptors.
The conclusion of these experiments is that with all treatments tested on both NB69 and T47D cells,
the combined treatments have a stronger effect on proliferation than the single treatment. We have
also shown that the combined treatments with the higher concentration of 1,25(OH)2D3 at 10-7M had
the best effect on NB69 cells, whilst the lower concentration of 1,25(OH)2D3 at 10-9M had a better
effect on T47D cells. We have also shown that time is a significant factor and that the treatments
used were time dependent, since treatments got a higher effect after longer times of treatment. The
results also show that 13-cis retinoic acid has the highest effect on the migration of the NB69 cells,
both when used as single treatment and when combined with 1,25(OH)2D3.
The results obtained from this study could be used for further research on how the synergism
between vitamin D3 and retinoic acid works and could be used for cancer treatment. Further studies
should be made on migration of the NB69 cells and confirm the results seen here, since a
combination of 13-cis retinoic acid with 1,25(OH)2D3 would mean that we get an effect on both
proliferation and migration. A way to also use 9-cis retinoic acid may also be of interest in further
studies, since we saw in these tests that combination of vitamin D3 and all-trans and 9-cis retinoic
acid had a positive effect on differentiation. This could be used in cancer treatment, especially since
it would be possible to reduce the concentration of 13-cis used in treatments today, and add for
example 1,25(OH)2D3, to make the treatment more suitable for children and minimize the possibility
of side effects. There has not been much research made on the T47D cell line and treatment with
retinoic acid and vitamin D3, but a continued study could lead to new discoveries and possible new
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treatments for breast cancer, since the results obtained from this study indicated that the treatment
do have a significant effect on the proliferation of the cells.
If more continued studies are made in this field, researchers could even find other cancer forms
where both vitamin D3 and retinoic acid can have a positive effect, especially considering how well
these treatments have proven too be in for example prostate cancer. There is always a need for
better, less invasive and more efficient treatments, and here we have found a great candidate.

Ethical aspects and impact of the research on the society
For the experiments performed, human cell lines were used. These are used because we want to see
the specific effect of the treatments in human cells, since it may not be applicable on humans if the
research was made on animal cells. The cells were obtained from ATCC and ECACC, which are the
American and the European cell cultures available, and we therefore know that the donators of the
cells have our consent to use the material for research. It is also stated on both ATCC and ECACC that
cells only can be used for research strictly, and not for diagnosis of disease, and with this experiment
we have only used the cells to observe effects of vitamins, and not for any kind of diagnosis of
disease in a human. No harmful or pathogenic material have been used for these experiments.
The risks of using a human model would be if we could not say where the cells are from, and if we
did not know whether we have the donators consent to use the cells in this purpose. In the case of
this study, using animal cells would not be as appropriate, since like mentioned above, there is no
certainty that that results would be applicable on humans, and therefore much further research
would have to be performed. Since we have not worked with animals, we will not need to consider
the ethical aspects of harming animals, or the ways that they are treated in the lab. Using cell lines
instead of test humans or test animals is much better in the sense that if we did, we would have to
consider many other aspects such as possible side effects of the treatments.
A disadvantage of using cell cultures, is that there are some things to consider that may affect the
results. For example, the cells cannot be allowed to grow to a too high confluence, since they can
start growing on top of each other, start acting differently, and maybe not responding the same way
to the treatments. We can neither seed the cells at too low confluence, since they need ‘neighbours’
to grow efficiently, and this could also affect our results. Cells can change a lot and vary in how they
act and react to what we do to them, and this is why we need to make more replicates of the same
tests to make sure that we do not get any false positives.
The results obtained from this study can be used for further research of the effects of vitamins on
cancer cells. Further understanding of how the results have come to be, such as more understanding
of receptors and signalling pathways, can lead to a possible better treatment of neuroblastoma or
breast cancer in the future. The 13-cis retinoic acid is presently used as treatment for neuroblastoma
after chemo treatment or operation, to reduce the risk of relapse. Although, the 13-cis treatment is
quite invasive and seen as a risky treatment, and therefore if the concentration of 13-cis retinoic acid
can be reduced by combining it with a less invasive vitamin, such as vitamin D3, the long term
effectiveness and risks of treatment may be drastically reduced.
With further studies on this area, there could be a bright future for the treatment of other types of
cancers as well. There have been many studies on vitamin D3, and some on retinoic acid, but
researchers seldom put these together in their experiments. Further tests of how these vitamins and
their receptors interact can give a whole new perspective of cancer treatment, even in cases where
there already are treatments available, but that can be lesser of a risk to the patient instead.
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Appendix 1 - Trypsinization and subculturing of cells
1. Cells are observed under the microscope to determine the confluence and how much the
cells need to be subcultured.
2. Cell culture medium is poured out from the flask into the waste and the cells are then
washed with PBS.
3. After discarding the PBS, trypsin-EDTA is added to the flask, which is then incubated at 37oC
and 5% CO2 for approximately three minutes.
4. Cells are observed under the microscope to see that they have all detached from the bottom
of the flask. If not, the flask can be shaken vigorously.
5. The same amount of CCM as trypsin-EDTA is added to the flask, and this is then pipetted up
and down several times to make sure that the trypsin is inactivated and that all cells are
dissolved.
6. The cell suspension is transferred to a falcon-tube and then centrifuged at 1000 RPM for five
minutes. During this time, a new flask is filled with 8/24 mL (T25/T75) of CCM.
7. The supernatant is discarded and the pellet is dissolved in the desired amount of CCM so that
1 mL can be used for making a new flask with cells.
8. A new culture flask is incubated in a cell culture incubator at 37oC and 5% CO2.
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Appendix 2 – Seeding cells
Steps 1-6 from appendix 1 are followed prior to the steps below.
1. The cells from the cell suspension are counted under the microscope to determine the
amount of cells/mL by taking approximately 15 µL of cell suspension and adding this to a
Bürker chamber.
2. The amount of cells/A square of the Bürker chamber are multiplied by the number of mL of
cell suspension that was used to count the cells, and also by the A square factor 106. This will
give the number of cells/mL.
3. The master mix with cell suspension for seeding is made, and the cells are pipetted into a 96well plate (no cells are added to the outermost wells). The tube with cell suspension is mixed
between each well to make sure that a constant amount of cells is added to all wells.
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Appendix 3 – Three-way ANOVA
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