











RESULTS

Figure 25: Normalized melt curves showing methylation status of promoters
P1 and P3 in UKF-NB-4 and IMR-32 before and after using AZA and in
combination with VPA. Western blot is showing the effect of ImM VPA and
AZA on CD133 expression in methylated cell lines. (A) Treatment with AZA
decreased the methylation of both promoters P1 and P3 in UKF-NB-4 (P1 from
90% to 25% and P3 from 100%.to 35%) and IMR-32 (P1 from 100% to 25% and
P3 from 100%.to < 35%) (B) CDI133 was not detected in cell lines with
methylated promoters (UKF-NB-4, IMR-32). Re-expression of CD133 was seen in
a small amount after applying AZA and in high amount when AZA was combined
with VPA. Treatment with VPA alone did not induce CD133 protein in UKF-NB-4
and IMR-32.
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3.7.1.1 Neuroblastoma cell lines rich in CD133 protein are expressing
higher phosphorylated Akt

We compared the p-Akt (Ser 473) in two N-type NB cell lines, UKF-NB-3 which
expressed high level of CD133 protein and IMR-32 which contained highly
methylated CD133 promoters and did not express CD133 protein. The association
of CD133 and Akt activation was tested through detection of p-Akt in different
conditions that markedly influence the CD133 expression such as treatment with
1mM of VPA, with high dose of VCR (200mM) and their combination for 24 hrs.
Our results clearly demonstrated a higher basal level of p-Akt in UKF-NB-3 than in
IMR-32 where neither the CD133 nor the p-Akt was detected. The changes of
p-Akt in UKF-NB-3 correlated with the changes of CD133 under all examined
conditions (Figure 30).

Moreover, treatment with 1 mM VPA for 72 hrs enhanced the expression of p-Akt
significantly in UKF-NB-3 while its expression was not detected in UKF-NB-4 or
mildly increased in IMR-32 (both cell lines that did not express CD133). The level of
p-Akt in SH-SYS5Y was extremely high whether in control or in cells treated with VPA

(see section 3.7.5).
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Figure 30: Expression of CD133 and p-Akt, in NB cell lines after treatment with1mM
VPA. Changes of p-Akt in UKF-NB-3 correlated with the changes of CD133 under all
examined conditions (ImM VPA or 200nM VCR for 24 hrs). Positive control- UKF-NB-3
cells treated with ImM VPA for 24 hrs
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3.7.2 CD133+ neuroblastoma cells are mainly located in the proliferative
phases

Our results showed that CD133+ cells either in UKF-NB-3 or SH-SY5Y were
mainly located in the S and G2/M phases compared to CD133- cells which were
predominantly seated in the Go/G1 phases whether in control or in samples
incubated with 1mM VPA for 72 hrs (Figure 31). This indicates that CD133+ cells
represent a proliferating fraction even under the cell cycle inhibitory effect of VPA.
CD133+ cells were also induced by VPA combined therapy and were
predominantly located in the S/G2M phases during treatment with 1 yM CDDP or
0.20 nM VCR and in combination with TmM VPA for 72 hrs (Figure 32).

UKF-NB-3 SH-SY5Y
Control VPA ,1Mm (72h) Control VPA ,1Mm (72h)

Cell count

0 50K 100K 150K 200K O 50K 100K 150K 200K 0 50K 100K 150K 200k ©  S0K 100K 150K 200K
Fluorescence intensity, 450/ 50 Fluorescence intensity, 450/ 50
Control G,G, S/IG,M Control GoG,4 S/IG,M

mCD133+ 2037+ 1.59* 78.10 £ 2.82*% B CD133+ 2217 £1.72%% 7545 £2.66**
mCD133- 62.64£9.38* 35.25+6.81* B CD133- 74.20 £3.03%* 24,73 £3.68**
HALL 51.43£1.16  46.40 + 3.26 HALL 63.07+£2.32  32.37£1.68

VPA GG, S/IG,M VPA GG, S/IG,M
BCD133+ 33.73+£9.54** 65.59 £ 10.87** mCD133+ 35.40 £1.85%* 60.83 £4.86%*
BCD133- 77.73+11.62%* 19.84 £ 9.15%* mCD133- 76.13 £1.03** 21.97 £1.4**
HALL 58.23 + 1.10 39.67 £ 2.6 HALL 60.67£0.96  34.53 £1.17

Figure 31: Cytometric assessment of CD133— and CD133+ cell cycles in control cells
and after cultivation with 1 mM VPA for 72 hrs. CD133+ cells were mainly located in
the S and G2/M phases, while CD133— were mainly present in the Go/G phases in both cell
lines UKF-NB-3 and SH-SYS5Y. Blue— represents CD133 negative cells; red—represents
CD133 positive cells; and grey represents both populations.
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UKF-NB-3

Vincristin 0.2nM (72h)  Vincristin 0.2nM + 1mM VPA (72h) Cisplatin 1uM (72h)  Cisplatin 1M + 1mM VPA (72h)
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Fluorescence intensity - DAPI Fluorescence intensity - DAPI
VCR GG, S/G,M CDDP GG,y 8/G,M
B CD133+ 26.92+42° 6966+37 B CD133+ 2096 £6.0° 69.19+48"
B CD133- 62.06 +3.1* 354025 B cp3s- 5786 £4.0* 4131 +£3.6"
LIV # 58.24 £ 0.6 4092+ 0.4 L 53.23+21 4495+ 1.0
VCR+VPA GGy S/G,M CDDP+VPA GG, SIG,M
m CD133+ 2588+0.2"* 7094 +23" m CD133+ 29.29+9.0* 6449 £8.5*
m CD133- 7538 £ 2.4 2411 2.4 m CD133- 73.98 £3.8" 2579 +3.1*
H ALL 64.23+5.1 33.69+44 W ALL 6554+49 3246+46

Figure 32: Changes of CD133 expression and cell cycle in VPA combined with
different cytostatics at 72 hrs. (A) Increased CD133+ cells in VPA combined with
vincristine and cisplatin. Blue—isotype control (IgG2b-PE); red—CD133 expression
detected by 239C3 (CD133/2) antibodies. (B) CD133+ cells were mainly located in the S
and G2/M phases, while CD133— were mainly present in the Go/Gi phases during
treatment with vincristine or cisplatin in combination with VPA.

3.7.3 VPA pretreated cells acquired higher colony formation capacity

UKF-NB-3 cells pretreated with VPA for 72 hrs showed significantly higher colony
forming capacity compared to control, while the IMR-32 cell line which lacks for

CD133 had fewer colonies than control (Figure 33). There was no significant
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difference in the clonogenicity either in SH-SY5Y (Kovalevich and Langford, 2013)
or UKF-NB-4 when pretreated with VPA.
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Figure 33: Effect of ImM VPA on clonogenicity in NB cell lines. (A) Pretreatment with
VPA significantly increased the clonogenicity in UKF-NB-3, while it decreased in IMR-
32. In S-type NB (UKF-NB-4, SH-SY5Y) clonogenicity was not affected by pretreatment
with VPA. VPA- cells pretreated with ImM VPA for 72 hrs.

3.7.4 VPA pretreated cells acquired higher neurosphere formation
capacity

Since sphere forming capacity is an indicator of the self-renewal activity of CSCs
in vitro, we examined the effect of 72 hrs pretreatment with 1mM VPA on the

frequency of neurospheres formation. UKF-NB-4 and SH-SYS5Y cells maintained in
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SFM were strictly adherent to the culture surface, forming monolayer, spreading
without neurosphere formation. UKF-NB-3 and IMR-32 grown in SFM consistently
formed organized neurospheres. UKF-NB-3 cells pretreated with VPA showed
significantly higher capacity for neurospheres formation than control cells. IMR-32
pretreated with VPA showed slight increase in the neurospheres formation that
was statistically insignificant (Figure 34).
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Figure 34: Effect of ImM VPA on neurosphere formation in NB cell lines. Both
UKF-NB-3 and IMR-32 were able to form neurospheres in SFM. Pretreatment with
ImM VPA increased the number of formed neurospheres with high statistical
significance in UKF-NB-3.

3.7.5 VPA induced pluripotent transcriptional factors Oct4 and Sox2
in cell lines expressing CD133

We have examined the expression of stem cell transcription factors Oct4, Sox2

and Nanog in NB cell lines by western blot. We found that Oct4 is highly

expressed in MYCN amplified cell lines UKF-NB-3, UKF-NB-4 (Poljakova et al.,

2014) and IMR-32 (Veas-Perez de Tudela et al., 2010) and to a lesser extent in

MYCN non-amplified cell line SH-SY5Y (Veas-Perez de Tudela et al., 2010).

Treatment with VPA obviously enhanced the protein expression of Oct4 in
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UKF-NB-3, IMR-32 and SH-SY5Y (Figure 35). On the other hand, Sox2 has
been extensively expressed in SH-SY5Y and its low expression in UKF-NB-3
was enhanced by VPA treatment. Nanog was detected in low amount in
UKF-NB-3, IMR-32 and SH-SY5Y that was enhanced by VPA treatment while it
was overexpressed in UKF-NB-4 either in the control or VPA treated samples
(Figure 35). Collectively, VPA enhanced the expression of stemness related
markers (Oct4, Sox2 and Nanog) in variable amounts in NB cell lines
particularly in those expressing CD133 (UKF-NB-3 and SH-SY5Y).
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Figure 35: Expression of CD133, p-Akt, Oct4, Nanog and Sox2 in NB cell lines
after treatment with 1 mM VPA. 72 hrs cultivation with VPA induced CD133
overexpression only in UKF-NB-3 and SH-SYS5Y cell lines. p-Akt was highly
expressed in CD133-expressing cell lines. Phophorylation of Akt was increased
with VPA treatment in UKF-NB-3, whereas its expression was extremely high in
SH-SY5Y whether in the control or in VPA treated sample. Oct4 was mainly
expressed in MYCN amplified cell lines (UKF-NB-3, IMR-32 and UKF-NB-4) and
was enhanced after treatment with VPA in UKF-NB-3, IMR-32 and SH-SYSY.
Nanog expression was detected in low amount that was enhanced by VPA in
UKF-NB-3, IMR-32 and SH-SYS5Y, while it was highly expressed in UKF-NB-4.
Sox2 was slightly expressed in UKF-NB-3 and was induced by VPA while it was
over expressed in SH-SYS5Y independent of VPA effect.
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3.8 Distribution of the CD133 in the cell

Notably, we found that the location of CD133 protein was not only restricted to the
cell membrane but was also retained intracellularly as revealed by confocal
microscope (Figure 36B) and by cytometric measurements of intracellular CD133
expression after permeabilization of cell membrane (Figure 37). The intracellular
positivity was increased significantly after treatment with 1 mM VPA (Figure 36B
and Figure 37). This implies that CD133- cells detected by flow cytometry might
express CD133 intracellularly after incubation with VPA. During performing
cytometric measurements, we ensured the selection of high positive CD133 cells
which harbor the numerous surface CD133 molecules (we did not target the
intracellular CD133) to run out the experiments concerning the chemoresistance
and cell cycle of CD133+ population. The aid to achieve this selection was done
by using the anti-Mouse 1gG2b antibodies linked to phycoerythrin that was used as
negative control to exclude the non-specific binding during the measurements. On
the other hand, we followed a strict protocol concerning the flow cytometric
experiments that based on double staining of cells with surface anti-CD133/2
antibody and the antibody that target the intracellular cleaved caspase-3 to only
detect the surface CD133 and not the intracellular portion (Figure 29). In such
experiments, we initially stained the cells with anti-CD133/2 antibody before
permeabilization of cells, then fixing the cells with paraformaldehyde in a step that
followed by wash then permeabilization of cells with gentle agent (diluted TritonX)

prior to use anti cleaved caspase-3 antibody.
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UKF-NB-3

B UKF-NB-3 UKF-NB-3 UKF-NB-3

Negative control Control VPA

Figure 36: Surface and intracellular immunostaining of CD133 after treatment
with 1 mM VPA for 72hrs. (A), Surface staining of CD133 in UKF-NB-3 using anti
human CDI133/2 PE conjugated antibodies and visualized under fluorescence
microscope Olympus AX70. White arrows refer to corresponding nuclei of the CD133
positive cells that were counterstained with Hoechst 33342 dye. Left photo refers to
control and the right photo refers to VPA treated sample (B), intracellular CD133
staining with primary monoclonal anti-CD133 clone W6B3C1 and secondary
antibodies goat anti-mouse DyLight 488 IgG. permeabilization of cells in two steps
using paraformaldehyde 3.6% followed by a 0.25% TritonX / PBS. Nuclei were
counterstained with DAPI.
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Figure 37: Comparison of the cytometric measurements of the surface and
intracellular staining of CD133 in UKF-NB-3. CD133 was present on the surface as well
as intracellularly either in the control or after treatment with VPA. VPA increased CD133
surface expression significantly and enriched almost all cells with CD133 molecule
intracellularly. Intracellular staining was performed through fixation and permeabilization
of cells in two steps using paraformaldehyde 3.6% followed by a 0.15% TritonX / PBS.
Data were analyzed using Flowlogic software (Inivai Technologies, Mentone, Australia).
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Chapter 4

Discussion

The poor response of high-risk NB to current treatment regimens suggests that
novel therapeutic strategies should be developed. The inhibitors of HDACs, used
in the combination with other drugs, were found to be promising anticancer
regimens efficient against several cancer cells including NBs (Cipro et al., 2012;
Das et al.,, 2010; Groh et al., 2012; Kim et al., 2003; Poljakova et al., 2011;
Stiborova et al., 2012; Wang et al., 2013). In this work, we analyzed the cytotoxic
effect of VPA in combination with other chemotherapeutics and we also
highlighted the possible limitations of using VPA in some types of tumors due to its
effect on expansion of CSCs. The results found in this study demonstrate that
VPA used at the clinically relevant dose (1 mM) has potentiating effect on
cytotoxicity and caspase-3-mediated induction of apoptosis caused by the tested
DNA-damaging drugs cisplatin and etoposide. Analyzing the combination index of

VPA combined with cisplatin or etoposide was revealed to act synergistically.

However, no sensitizing effect due to VPA was produced with the mitotic
inhibitor vincristine. These results indicate that HDAC inhibitor-mediated capability
of increasing cytotoxic efficiency of anticancer drugs is connected with the drugs
that target cellular DNA. These findings correspond to the results found in the
study of dos Santos et al (dos Santos et al., 2009) that also investigated the effect

of a combination of etoposide or vincristine with the HDAC inhibitor sodium
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butyrate (an HDAC inhibitor of the same group as VPA) on human lymphoblastic
T-cells. The authors demonstrated that from these two drugs, only etoposide, but
not vincristine, was sensitized by the used HDAC inhibitor. In their study, the
sensitizing effect of the HDAC inhibitor on doxorubicin, another DNA-damaging

drug, was also proved.

The mechanisms of the potentiating effects of HDAC inhibitors on the efficiency
of DNA-damaging drugs have not yet been fully elucidated. It was suggested that
HDAC inhibitors promote the lysine acetylation in nucleosomal histones that is
thought to relax the chromatin, thereby allowing increased access of transcription
factors and DNA-damaging agents to DNA (Kim et al., 2003; Stiborova et al.,
2012). In our study, the increased toxicity of cisplatin and etoposide was indeed
dependent on the acetylation status of core histones H3 and H4 dictated by the
effect of HDAC inhibitors. VPA increased amounts of acetylated histones H3 and
H4 and the elevated levels of these acetylated histones correlated with
sensitization of UKF-NB-4 cells to cisplatin and etoposide. TSA (another HDAC
inhibitor) at a concentration that essentially did not influence the acetylation of
these histones (40 nM) was ineffective. Likewise, VPM (a structural analogue of
VPA) that does not increase acetylation of histones H3 and H4 as well did not
enhance cytotoxicity of the tested DNA-damaging drugs in our study. It should be,
however, emphasized that the sequence of VPA application is the crucial feature
for potentiating the cytotoxic effect of cisplatin and etoposide on NB cells. Namely,
this HDAC inhibitor potentiated the cytotoxic effect of cisplatin or etoposide only
when there were added simultaneously, or when cells were pre-incubated with
cisplatin or etoposide before their cultivation with VPA. Only these regimens were
efficient to increase acetylation of histones and thus suppress the viability of NB
cells. In contrast, the reversed sequence (pretreatment of cells with VPA before
treatment with cisplatin or etoposide) did not give any further increase in
cytotoxicity of the DNA-damaging drugs or in the acetylation of histones. All these
findings suggest that DNA damage is crucial for the additional effects of VPA,
arguing against the hypothesis based on relaxed chromatin that increases
accessibility of DNA-damaging drugs to DNA (Kim et al., 2003; Stiborova et al.,
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2012). Similarly, the results found by Luchenko et al (Luchenko et al., 2011)
indicated that DNA relaxation is not required for the synergy of two HDAC
inhibitors they tested, belinostat and romidepsin, with cisplatin and etoposide. One
can speculate that the changes in the structure of DNA caused by cisplatin and
etoposide (i.e., formation of DNA adducts or DNA cross-links by cisplatin,
intercalation of etoposide into DNA, and/or formation of reactive oxygen species
by both drugs (Kurz et al., 2001; Luchenko et al., 2011; Yu et al., 2007) ) increase
accessibility of nucleosomal core histones to their acetylation, which additionally
determines transcription of some genes involved in DNA repair or apoptosis. This
suggestion needs, however, to be further investigated.

Despite the observed synergy of the combination where UKF-NB-4 cells were
initially treated with etoposide before VPA in cell survival and apoptosis (Groh et
al., 2012), we found no evidence for enhancement of etoposide-mediated H2AX
phosphorylation when etoposide was combined with VPA. Double strand DNA
breaks markedly increased in UKF-NB-4 cells treated with etoposide, but after
simultaneous treatment of these cells with etoposide and VPA no further increase
in the pH2AX foci formation was detected. This indicates that other mechanisms
can be responsible for this synergistic effect of VPA on induction of cell death in
UKF-NB-4 rather than enhancement of double-strand DNA breaks caused by

etoposide (due to inhibition of topoisomerase-Il activity)

One of the challenges in conducting a clinical trial when combining an inhibitor
of HDACs VPA with DNA damaging agents will be to achieve optimal DNA
damage in a given tumor tissue. The results found in the present study
demonstrate that treatment of cells with VPA potentiates the cytotoxicity of DNA
damaging agents, cisplatin and etoposide, on UKF-NB-4 cells without increasing
their access to DNA. The data presented here show that treatment with cisplatin or
etoposide prior to addition of VPA is superior to alternative schedules and
supports the development of clinical trials using these combinations for NB cells.
The clinical use of such combined treatment utilizing DNA damaging drugs with
VPA can reduce frequent problems such as dose reductions, temporary

discontinuation of treatment as a result of toxicity and thus can improve the
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treatment itself and the patient's quality of life. Another option is to test the effect
of the HDAC inhibitors in combination with two cytostatics, because in clinical

practice, cytotoxic drugs are combined in virtually all cases.

In the second section of this thesis, we studied the effect of VPA on expression
of the stem cell marker “CD133” in NB cell lines. CD133 gene is complex in its
structure with seven splice variants and its protein expression pattern is still
debated. Several authors have shown that sorted CD133+ cells from different
solid tumors displayed greater tumorigenicity and resistance to chemotherapeutic
agents compared to CD133- cells. However, other researchers demonstrated that
CD133- cells can display similar capacities as CD133+ (Meng et al., 2009;
Shmelkov et al., 2008). The reason for this contradiction can be explained by
some factors which regulate and alter CD133 expression such as the glycosylation
pattern (Kemper et al., 2010), the change in the bioenergetic status (hypoxia and
mitochondrial dysfunction) (Griguer et al., 2008) and more importantly is the
conclusion that CD133 protein expression is not synonymous to cell surface
epitopes immunoreactivity (Barrantes-Freer et al., 2015; Kemper et al., 2010). In
our study, we found that CD133 molecule can be located intracellularly as well as
on the cell membrane. Treatment with VPA increased the intracellular expression
of CD133, unlike CD133 surface expression that was increased as well but still
limited to smaller cellular subpopulation. For this reason, we performed the
cytometric staining of CD133 before permeabilization of cell membrane to ensure
that the detected CD133+ cells are those expressing CD133 epitope on cell
membrane and not intracellularly. This remark is of great value when working with

CD133 to ensure the precise detection of CD133+ cells.

In our article, we examined the epigenetic effects of the HDAC inhibitor VPA on
the expression of CD133+ in NB and we gave overview about the variability of
CD133 protein expression in relation to the acetylation of histones and methylation
status of CD133 promoters. We used two antibodies that can identify different
epitopes of the CD133 protein, W6B3C1 (CD133/1) that we used for
immunoblotting and 293C3 (CD133/2) for flow cytometric analysis. Even though
293C3 (CD133/2) antibody recognizes different epitope than AC133 (CD133/1)
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(the conventional antibody used to detect and isolate CSCs), it has shown similar
sensitivity in detecting CD133+ cells (Kemper et al., 2010). Our results offer
evidence for induction and maintenance of CD133+ cells in NB cell lines through
inhibition of HDAC by VPA. We relate this effect to its action on increasing the
acetylation of histones which leads to chromatin accessibility and consequent
transcription of many genes including CD133. In contrast, valpromide
(carboxamide derivative of VPA that does not inhibit HDAC) did not alter the
histone acetylation and was not accompanied by any change in the expression of
CD133. We noticed a positive correlation between CD133 expression and the
acetylation of histones H3 and H4 in all our experiments. A lower dose of VPA that
was used in clinical trials (Wheler et al., 2014) as well as different classes of
HDAC inhibitors increased the expression of CD133 in variable degrees that were
in positive correlation with the amount of H3 and H4 acetylation. This suggests the
concomitant relation between CD133 expression and acetylation of histones H3
and H4 induced by HDAC inhibitors. Interestingly, we noticed down-regulation of
CD133 when treated with high doses of VCR or CDDP, which should not be
interpreted to mean that CD133 permanently disappeared, because the same
cells were able to significantly express CD133 when combined with VPA. This
variability in CD133 expression is under control of the epigenetic modification
which could explain why sorted CD133- cells can acquire the CD133 surface
marker or CD133+ cells can lose it in some tumors as was described by Feng JM
(Feng et al., 2012)

We also showed that CD133 could be controlled by methylation of its CpG
promoters that can silence the expression of CD133 protein. In our study, CD133
was dramatically increased after using VPA in cell lines with unmethylated P1
and/or P3 promoters (UKF-NB-3 and SH-SY5Y). On the other hand, cell lines with
methylated P1 and/or P3 promoters (UKF-NB-4 and IMR-32) failed to show any
increase in CD133 after VPA treatment. CD133 expression in those lines was only
restored by demethylating agent AZA and can be enhanced if the demethylation is
followed by increasing histone acetylation by VPA. Thus, our work is in agreement
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with Shmelkov et al., who stated that promoter methylation may play a key role in
CD133 regulation (Shmelkov et al., 2004).

In our study, VPA induced both CD133 mRNA transcription and CD133 protein
expression that was reflected on the increase of CD133+ cells as detected by flow
cytometry (Khalil et al., 2012). The point to highlight here is that VPA had the
potential to turn cells that were detected as CD133- using flow cytometry into
CD133+. This led us to suggest two possibilities: first, VPA could maintain the
CD133+ cells undifferentiated which explain the consistent expression of surface
CD133 epitopes in VPA treated samples. Second, CD133- cells were able to
synthesize CD133 protein and express it in accessible pattern on cell surface, thus

acquire the characters of CD133+ cells.

This action of VPA can be related to the effect of HDAC inhibitors in cell
reprogramming and induction of pluripotent cells (Kretsovali et al., 2012). In fact,
we detected variable expression of pluripotent transcriptional factors Oct4, Sox2
and Nanog in CD133 expressing cell lines and they were obviously induced by
VPA treatment. Although Oct4 and Nanog were also expressed in NBs lines with
MYCN amplification such as IMR-32 and UKF-NB-4, these cell lines did not show
evidence of Sox2 protein expression which was only detected in CD133
expressing cell lines. A previous reports have demonstrated that Oct4 and Sox2
orchestrate together to maintain the self-renewal and pluripotency of embryonic
and neural stem cells (Rizzino, 2009). However, Oct4 alone is considered as a
master pluripotency gene and is expressed in side-population cells of NB
(Hdmmerle et al., 2013). Knockdown of Oct4 inhibited the formation of spheres
and the CD133 expression in MYCN-amplified human NBs cells (Kaneko et al.,
2015). Additionally, high expression of Oct4 was correlated with poor prognosis
especially in patients with MYCN-amplified NBs (Kaneko et al., 2015). Based on
previous remarks, combined induction of these transcription factors together with
CD133 expression after VPA treatment in MYCN amplified cell line (UKF-NB-3)
might suggest induction of pluripotency. According to previously mentioned
results, it was necessary to perform further experiments to assess the self-renewal
and chemoresistance of VPA treated UKF-NB-3 cells.
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Human NB cells occur in three different subtypes, S-type, N-type, and I-type,
each with distinct morphology and behavior. S-type cells resemble glial precursor
cells, which are highly substrate adherent, and are non-invasive. N-type cells have
a neuronal morphology, and are less substrate adherent, but highly invasive (Ross
et al., 2003). In our study, pretreatment with VPA significantly enhanced colony
formation capacity in the N-type NB cell line UKF-NB-3 but not IMR-32, which
lacks the CD133 protein. There was no difference in colony formation regarding
the S-type NB cells. We suggest that pretreatment with a low dose of VPA can
enhance colony formation capacity of susceptible tumors, which may be related to
the increase in CD133+ cells. Additionally, it has been reported the role of CD133
in cell adhesion (Koyama-Nasu et al., 2013) which greatly can affect the colony
formation in N-type with low attachment characters rather than the S-type with
high attachment ability. Therefore, we examined the capacity of neurospheres
formation which can be more reliable test for the self-renewal activity in vitro. We
found that VPA significantly increased the number of formed neurospheres in
UKF-NB-3 but not in IMR-32, whereas the S-type NBs consistently formed

adherent colonies.

We used the cytometry to examine the cell cycle and apoptosis-sensitive cells
within the pool of the cultured cells. We demonstrated that CD133+ cells are
mainly present in the S/ G2M phases, while CD133- cells largely reside in Go/G1
either in the control or in samples treated with VPA or cytostatics which agree with
other published results (Barrantes-Freer et al., 2015). Regarding the cell cycle of
stem cells, it is widely accepted that they are generally dormant in vivo and they
tend to proliferate to regenerate tissue loss (Wakao et al., 2012). Similarly, cell
lines growing in exponential phase seem to be a model of this regeneration (Tirino
et al., 2008) . In particular, evidence suggests that CSCs may arise from normal
stem cells, progenitor cells or more differentiated cells with dysregulated
proliferation (Han et al., 2013). These remarks can explain high proliferation
capacities of CD133+ cells which match with our findings and emphasis that
CD133+ cells form a characteristic population in tumor. Previous results clarified
that CD133 mRNA knockdown in highly expressing CD133 NB cells effectively
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DISCUSSION

resulted in significant growth retardation in adherent cell cultures (Kamijo, 2012).
Moreover, CD133 was considered as a marker for specific stages of the cell cycle
(S, G2 or M) in CSCs (Sun et al., 2009). Altogether, we suggest that CD133+ cells

can represent a significant proliferative fraction in NB cell lines.

Caspase-3 is the effector caspase that cleaves some cellular proteins including
caspase-activated DNAase, which causes DNA fragmentation that is characteristic
for apoptosis (O’'Donovan et al., 2003). Therefore, low level of cleaved caspase-3
detected in CD133+ compared to CD133- cells in UKF-NB-3 cell line when treated
with VPA and cytostatics, indicates resistance to apoptosis. This is in agreement with
published result showing lower sensitivity of sorted CD133+ NB cells to cisplatin,
carboplatin, etoposide, and doxorubicin compared to CD133- cells (Vangipuram et
al., 2010). Interestingly, we detected a high level of p-Akt (active form) in UKF-NB-3
and SH-SYSY in contrast to IMR-32 which lacks for CD133 protein and showed low
level of activated Akt. The level of activated Akt in UKF-NB-3 was enhanced by VPA
therapy and repressed by high dose of VCR that goes along with the changes in the
CD133 expression in both conditions. The level of p-Akt in SH-SY5Y was extremely
high and did not show higher expression when treated with VPA. Our results is
supported by previous studies reported the association between the expression of
CD133 in different cancers and activation of Akt pathway (Ma etal., 2008; Wei et al.,
2013). Wei et al., revealed that the phosphorylated Y828 residue in CD133
cytoplasmic tail binds to PI3K regulatory subunit p85 which results in the activation of
PI3K/Akt pathway, subsequently promoting the self-renewal and tumor formation of
glioma stem cells. They also explained that CD133 is phosphorylated on cytoplasmic
Y828 by Src family kinases (nonreceptor tyrosine kinases that are activated rapidly
on the engagement of multiple cell surface receptors) (Boivin et al., 2009). The
activation of Akt is proposed to trigger pro-survival signaling via Akt mediated cell
cycle arrest and anti-apoptotic mechanisms leading to chemotherapeutic resistance
(Ellis et al., 2013). Altogether, we supposed that cancer cells expressing CD133 may
get benefits from activation of Akt signaling during VPA therapy such as resisting
apoptosis which manifested by low activated caspase-3 in our study.
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Chapter 5

Conclusion

In conclusion, we found that addition of VPA to cancer chemotherapeutics
could synergize the cytotoxicity of DNA-damaging chemotherapeutics
effectively in UKF-NB4 cells. This synergism was related to increase the
acetylation status of histones H3 and H4 and was significant either by
simultaneous treatment with both drugs or by pretreatment of cells with DNA-

damaging chemotherapeutics before their exposure to VPA.

On the other hand, we found that CD133 expression in NB can be regulated by
histones acetylation and/or methylation of its CpG promoters. Thus, we showed
that the HDAC inhibitors can increase CD133 expression significantly in

neuroblastoma cell lines that show low methylated CpG promoters.

We also found that VPA treatment can increase the number of CD133+ cells
that show higher resistance to cytostatics than CD133- cells. VPA treatment
enhanced the ability of CD133 expressing cell line UKF-NB-3 to generate more
colonies and neurospheres, induce Akt phosphorylation, induce expression of the
pluripotency transcriptional factors which collectively may lead to induce
chemoresistance and preserve tumor growth. Amplification of cancer stem like
cells might be unwanted action of VPA during cancer treatment as it antagonizes
the idea of cancer stem cell theory that gives attention to target the CSCs rather

than the more differentiated tumor cells.
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CONCLUSION

No doubt that addition of high doses of VPA to conventional chemotherapy has
revealed a synergistic effect on cell cycle inhibition and apoptosis induction in
tumor cells but we have to keep in mind that VPA dose is limited by its toxicity and
has different anti-cancer effects depending on tumor cell biology. Therefore, it is of
great value to determine the type of tumors that can be beneficial from VPA
therapy.

Finally, further investigations are needed for evaluation of epigenetic therapy
(HDAC inhibitors and demethylating agents) on induction of CSCs in tumors prior
to their use in clinical medicine. In addition, Selective HDAC inhibitors should be

designed to overcome the unwanted effects of pan HDAC inhibitors.
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