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Abstract
Medulloblastoma (MB) constitutes the commonest malignant childhood brain cancer, and it is the leading cause of death in infants 

under 1 year. Treatment approaches, such as surgery, radiation, and chemotherapy, have significantly enhanced in patients’ clinical 
outcome with approximately more than 60% of 5-year survival. Nevertheless, the majority of cancer patients deal with long-term side 
effects. So, it is important to develop novel therapeutics with lower toxicity and increased efficacy. The present project was conducted 
to examine if the anti-allergy drugs can inhibit the cancer growth. More specifically, eight anti-allergy compounds, designed by the 
chemists at University of Central Lancashire (UCLAN), were evaluated for their anti-cancer activity against medulloblastoma. The 
effect of each testing drug was tested with the use of MTT assay after three days of incubation on medulloblastoma ONS76 cell line. 
From the extraction of the results of these anti-allergy compounds, it was found that only three of them (CL1-45-1, CL1-56-1, CL1-
57-1) were more active, as they significantly inhibited the cancer growth. But, the CL1-42-1 compound displayed the greatest anti-
cancer activity against the medulloblastoma ONS76 cells with IC50 =  >10 μΜ (IC50 = 0 μΜ). This leads to the conclusion for further 
investigation of the anti-allergy compounds in order to consider them as potential anti-cancer agents.
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Abbreviation
Cancer
Cancer is a complex disease which is based on abnormal 
growth of malignant tumors. Uncontrolled growth and repro-
duction of cells characterize cancer [1]. It is also supported that 
cancer constitutes the second leading cause of death worldwide, 
accounting for more than ten million novel cancer cases and more 
than eight million deaths [2]. Furthermore, according to global sta-
tistics, the rates of cancer will be increased in the next years. For 
instance, more than twenty million people will be diagnosed with 
cancer in the next six years [3].

Types of cancer

There are more than one hundred different types of cancer [1]. 
The cancer types are usually named for the tissues or organs where 
the tumors form. For instance, brain cancer occurs in the cells of 
the brain, while lung cancer occurs in the cells of the lung. In addi-
tion, cancer can be characterized by the type of cell that formed it, 
such as squamous cell or epithelial cell. Three of the categories of 
cancer are presented below: 

Leukemia 

Leukemia constitutes a type of tumour which is developed in 
the blood-forming tissue of the bone marrow. This type of cancer 
does not form solid tumours. Numerous white blood cells are ab-
normally developed in the bone and blood marrow, however [4]. 
Acute, chronic, lymphoblastic, and myeloid are four of the common 
types of this cancer category. 

Multiple myeloma

Multiple myeloma is also characterized as Kahler disease and/or 
plasma cell myeloma [1]. This type of cancer is developed in plasma 
cells. The plasma cells are also named as myeloma cells. They form 
tumours in bones and are presented in the bone marrow. 

Melanoma

This specific cancer category occurs in cells that become mela-
nocytes. Melanocytes are described as cells that make melanin. The 
majority of melanomas are formed on the skin. Melanomas are also 
formed in different tissues, such as the eye. 
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Paediatric cancers 

In the developed countries, pediatric cancers constitute the 
most common cause of death in children [5]. Approximately more 
than two hundred thousand children of all ages have cancer diag-
nosis every year [6]. However, it is supported that the brain and 
solid nervous system (CNS) cancers can be occurred more fre-
quently in patients with a percentage of 20% of pediatric cancers, 
compared to leukemia which constitutes the commonest type of 
tumor [5]. 

Medulloblastoma is considered to be the most common malig-
nant pediatric brain tumor. This type of pediatric cancer occurs 
in six children per million under the age of nine and two children 
per million up the age of fifteen [4]. Totally, approximately four 
hundred patients have been diagnosed by medulloblastoma in the 
United States of America (USA), eighty in the United Kingdom (UK), 
and more than five thousand cases worldwide every year [4,6]. 

Significant progress has been done in order to understand the 
pathogenesis and treatment of childhood cancers. Somatic muta-
tions and their role in oncogenesis have been discovered by the 
growing capacity of the analysis of genetic and epigenetic abnor-
malities in cancer cells. Mutations in approximately 1.6% of the 
thousands of coding human genes have been involved in carcino-
genesis with the number of cancer genes growing to more than 
four hundred. In addition, pediatric cancers involve many of these 
genes [7]. Hopefully, the next generation of extremely parallel, 
single-molecule DNA sequencing systems will recognize many 
more genetic transformations in cancer cells [8]. There has been 
notable progress in the survival rates for childhood cancer pa-
tients in conjunction with these biological developments. From 
the Surveillance, Epidemiology, and End Results (SEER) Program 
of the National Cancer Institute, the survival rates for the majority 
of pediatric cancers vary from 61.7% in 1975 - 1977 to 81.4% in 
1999 - 2006. Except for gliomas, the 5-year comparative survival 
rate has surpassed the percentage of 55% for all the types of pe-
diatric cancer. This progress can be credited to the enlistment of 
numerous patients in well-structured prospective clinical trials, 
steady care, improved risk assessment, and the advancement of 
medications coordinated at particular targets, which have mostly 
been accomplished using preclinical models. Between 1975 and 
2007, the death rates for a combination of all pediatric cancers 
reduced by approximately more than 50%. Based on the National 
Cancer Institute, this led to a decrease of over than 60% in the 
death rates of the following three diseases: acute lymphoblastic 
leukemia (ALL), acute myeloid leukemia (AML), and non-Hodgkin 
lymphoma (NHL), with the first two being among the most curable 
pediatric cancers. In comparison with the previous statement, the 

survival rates for children with different pediatric cancers have not 
significantly improved the last years, according to studies of the 
National Cancer Institute. 

Medulloblastoma 
Medulloblastoma (MB) constitutes the commonest malignant 

childhood brain tumor and is a leading cause of death worldwide 
[9]. Approximately more than 15% of young children (5-9 years) 
are affected by this type of cancer [10]. In contrast, this phenom-
enon is not extremely frequent in medulloblastoma adult patients 
(1 - 2%) [11]. Medulloblastoma constitutes an aggressive embry-
onic type of tumour, and it is presented in the cerebellum of the 
posterior fossa (Figure 1) [13].

Figure 1: Representation of medulloblastoma in  
cerebellum of posterior fossa [13]. 

It is considered that medulloblastoma is separated into several 
different molecular pathways: sonic hedgehog (SHH), wingless 
(WNT), and notch [14]. Each of these pathways plays a crucial role 
based on the proliferation of the cells, the gene mechanisms, and 
the intracellular communications [14]. 

In addition, it has been declared that the growth of medullo-
blastoma can be activated by these pathways [15]. Furthermore, in 
2016, it is claimed that approximately more than 35% of patients 
can perform metastasis during diagnosis [9]. 

Medulloblastoma subgroups 

According to studies, medulloblastoma is considered to be a 
heterogeneous disease and is classified into four different molecu-
lar subgroups [16]. The subgroups are classified as follows: Wnt, 
SHH, Group3, and Group 4 [11,19-22]. It is supported that specific 
mutations characterize the tumours from different molecular sub-
groups. Tumours are characterized by different signaling pathways 
by having differentiation in cells’ origin [11,17,23]. Recently, sci-
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entists have discovered a more detailed classification within each 
medulloblastoma subgroups that divides medulloblastoma into 
twelve subtypes (two for Wnt, four for SHH, three for Group 3, and 
three for Group 4) [24].

WNT subgroup

Wnt (Wingless tumours) constitutes a family of growth fac-
tor receptors that are included in cell control mechanisms and in 
embryogenesis [23]. Wnt is considered to be the rarest molecular 
medulloblastoma subgroup, accounting for approximately 10% of 
tumours that belong to Wnt signaling pathway [17,23]. Also, more 
than 95% of cancer patients can survive in this molecular medul-
loblastoma subgroup [11]. Children between the ages of ten and 
twelve years are affected mostly by the Wnt tumours compared to 
infants (< 4 years) that have not any effects from this medulloblas-
toma subgroup. According to studies, patients from this subgroup 
have leaky blood vessels with the lack of markers combined with an 
intact blood-brain barrier [16]. Wnt subgroup can be divided into 
two subcategories: Wntα and Wntβ. The first subcategory mostly 
occurs in children in comparison with Wntβ [24]. The Wntβ type 
occurs in adults. It is supported that the tumours of Wnt subgroup 
arise from the lower rhombic lip and often are developed in a cen-
tral location [25]. The majority of Wnt tumours activate CTNNB1 
mutations, which encode β-catenin and display Wnt signaling [11]. 
Furthermore, DDX3X has mutations enriched in Wnt subgroup and 
is considered to encode an ATP-dependent RNA helicase [11,19-
22]. Approximately 15% of Wnt tumours identify TP53 mutations 
[26]. Different and less common mutations are found in sporadical 
tumours such as APC, AXIN1, and AXIN2 [11], by playing an impor-
tant role in the Wnt signaling pathway. 

SHH subgroup

Approximately 30% of medulloblastoma tumours contribute 
to this molecular subgroup, sonic hedgehog (SHH). The cells for 
subgroup SHH are cerebellar granule neuron precursors (CGNPs) 
[25]. Normal CGNP proliferation during development requires this 
signaling pathway. SHH constitutes a combination of deletions 
or mutations of pathway genes (SMO, PTCH1, SUFU) and ampli-
fications of downstream transcription activators (GLI1 and GLI2) 
[27]. Even though the 5-year survival in this molecular medullo-
blastoma subgroup is approximately more than 60%, patients with 
metastatic disease, GLI2, MYCN amplifications, or lack of the 14q 
chromosome [30] and specifically patients with TP53 mutations, 
have < 50% survival [31]. Furthermore, SHH tumours are divided 
into four subcategories: SHHα, SHHβ, SHHγ, and SHHδ. The first of 
these subcategories exists in patients at the ages of four and sev-
enteen and the last subcategory occurs in adults (> 17 years). The 
two other subcategories, SHHβ and SHHγ, occur in infants from 

0 - 3 years [24,27]. SHHγ medulloblastoma tumours have an ex-
cellent prognosis after treatment with chemotherapy. In contrast, 
metastases often occur in SHHβ medulloblastoma patients. More-
over, TP53 mutations are contained by SHHα tumours. Adults or 
children patients with wild-type TP53 have intermediate progno-
sis [23,27]. It is interesting the fact that mutations in telomerase 
reverse transcriptome (TERT) promoters are developed in SHHδ 
tumours. Better treatment outcomes associate with these muta-
tions within this specific medulloblastoma subgroup [24,32]. 

Group 3 

Approximately more than 20% of medulloblastoma patients be-
long to this molecular subgroup, by characterizing with metastasis 
at diagnosis. This molecular medulloblastoma subgroup, Group 3, 
is found in children, infants, and mostly in males rather than fe-
males. Because of lack of the molecular pathogenesis of two me-
dulloblastoma subgroups, Group 3 and Group 4, they are catego-
rized based on similar transcription profiles [32]. In comparison 
with the other molecular medulloblastoma subgroups, Group 3 
has the worst prognosis with percentage less than 50% of 5-year 
survival [17,24]. Group 3 has also been characterized as MYC sub-
group [33]. However, MYC expression (mRNA or protein) cannot 
inform subgroup classification and does not have prognosis. As a 
downstream target of Wnt signaling pathway, MYC is also observed 
in Wnt molecular medulloblastoma subgroup [34]. In addition, 
SMARCA4 constitutes one of the most frequent mutated genes 
with percentage of 11%. This gene encodes a chromatin remodel-
ing factor. Group 3 tumours are divided into three subcategories: 
Group 3α, Group 3β, and Group 3γ. Group 3α mostly occurs in me-
dulloblastoma patients of this group. Group 3β tumours enrich the 
amplification of OTX2, GFI1, and GFI1B genes [12,24]. In contrast, 
Group 3γ tumours constitute a combination of MYC amplification. 
Finally, it seems interesting to report that OTX2 gene has shown 
transcriptional up-regulation to the MYC oncogene [17]. Approxi-
mately more than 20% of tumours in this molecular subgroup have 
isochromosome 17q. But, it is observed gain of chromosome 1q 
and/or loss of chromosomes 5q and 10q in Group 3 medulloblas-
toma in comparison with tumours in Group 4 [25]. 

Group 4 

Group 4 is considered to be the commonest medulloblastoma 
subgroup. Approximately 40% of patients belong to this molecu-
lar medulloblastoma subgroup. Tumours of this group constitute 
a classic histology [19]. It is supported that Group 4 is connected 
with the isochromosome 17q of approximately 80% of medullo-
blastoma patients [30]. Tumours from this subgroup occur mostly 
in children at the age of ten, by carrying a 70% prognosis with only 
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5-year survival, in comparison with infants (0 - 3 year) that they 
have less effect [23]. Group 4 does not have differences with Group 
3 molecular subgroup. However, they have few MYC amplifications 
[12,24]. KCNA1 has been reported as an immunohistochemical 
biomarker for tumours of this molecular subgroup. Also, neuronal 
differentiation involves in genes, and transcription profiles repre-
sent development in Group 4 tumours [17]. Furthermore, Group 
4 tumours are divided into four subcategories: Group 4α, Group 
4β, Group 4γ and Group 4δ. The second subcategory, Group 4β, 
is enriched for SNCAIP duplications, while Group 4α is enhanced 
for MYCN amplifications. Also, two of these medulloblastoma sub-
categories, Group 4α and Group 4γ, are both enhanced for CDK6 
amplifications [24]. Children at the age of six and eight years are 
characterized by the Group 4 tumours with a peak incidence in 
males. In contrast, female patients of Group 4 tumours obtain high 
prevalence (approximately 80%) of the X chromosome in tumor 
tissues [30]. Therapeutic results of Group 4 medulloblastoma pa-
tients are intermediate. 

Medulloblastoma cell lines

Generally, the cell lines have the ability to easily grow and be 
relatively uniform, by performing less variability in comparison 
with the primary cultures [35]. Approximately more than forty 
medulloblastoma cells lines have been discovered in the last de-
cades [36]. With the molecular medulloblastoma subgroups, the 
preclinical data can be easily linked to patients’ tumours after the 
classification of the subtype of each cell line [37]. Moreover, as it is 
shown above (Figure 2) there is not variety in the genetic features 
of the numerous cell lines. For instance, the cell lines in Group 3 
have MYC amplification and approximately 50% of the cell lines 
from SHH molecular medulloblastoma group (UW-228 and DAOY) 
have a mutation in TP53. However, TP53 function can be sup-
pressed across MDM2 overexpression [38,39]. 

MYC amplifications and functional inactivation of TP53 consti-
tute features of high-risk aggressive and invasive medulloblastoma. 
This can lead to the fact that the most active subtypes of cancer are 
suitable to grow in vitro. An example of in vitro option is the MED6 
cell line. While a mutation existed in the codon 37 of CTNNB1, it is 
believed that this cell line (MED6) displayed a wild-type sequence 
for the gene [40]. In addition, two more cell lines, D425 and D458 
perform an interesting situation. The D425 cell line refers to TP53 
mutation, compared to that derived from the metastasis (D425), 
which is TP53 wild-type [38,41]. Both of these cell lines have the 
similar R72P polymorphism. The TP53 mutation is not essential 
in order to propagate the metastatic cell line. It is remarkable to 
report that the MYC and TP53 inactivation contribute to patients’ 
cancer recidivism [42]. Also, the loss of data based on the p53 sta-

tus of the original biopsies makes it difficult to demonstrate if the 
D425-D458 occasion constitutes a real biological phenomenon or 
a fact of cell culturing. According to studies, three established cell 
lines (D283, D721 and USP-13-MED) are considered to belong to 
two different medulloblastoma subgroups: Group 4 [43] and/or 
Group 3 [44,45]. 

The three previous cell lines display OTX2 overexpression con-
sistent with group 3 and group 4, while D283 and D721 perform 
MYC overexpression at the protein level and mRNA. Because of 
the similarities of group 3 and group 4, it remains uncertain the 
classification of these cell lines into these two medulloblastoma 
subgroups [31]. Furthermore, there is a lack of in vitro models for 
the tumours of two molecular medulloblastoma subgroups, Wnt 
and Group 4 in comparison with the subgroups SHH and Group 3. 
However, it has been reported the use of medulloblastoma cell line 
(MED5R) with catenin mutation derived from a rare situation of 
recurrent large-cell anaplastic WNT tumour [40]. Also, it has found 
two different cell lines, CHLA-01-MED and CHLA-01R-MED, from 
the same cancer patient, which belongs to Group 4 molecular sub-
group. Approximately more than 40% of medulloblastoma cancers 
belong to Group 4. To conclude, some of the cell lines were not 
subcategorized or characterized in the medulloblastoma research. 
Further research of the cells would benefit to characterization and 
subtype classification with the use of methylation or gene expres-
sion.

Figure 2: Organizational chart of medulloblastoma cell lines 
classified by molecular subtype. Wnt is indicated with blue, SHH is 
indicated with red, Group 3 is indicated with yellow, Group 3/4 is 
indicated with green-yellow, Group 4 is indicated with green, and 

unclassified is indicated with grey [39]. 
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Medulloblastoma treatment

A combination of surgery, chemotherapy, and radiation consti-
tutes the current treatment for medulloblastoma. This has led to a 
medulloblastoma transformation from a cureless disease to a man-
ageable situation. For instance, there is a survival of children over 
five years old (70%) and over fifteen years old (58%) [5]. However, 
it is supported that the rise in survival causes numerous side ef-
fects. More specifically, approximately more than 20% risk of cere-
bellar mutism syndrome (CMS) is carried by the medulloblastoma 
surgery [46], consisting of the following three side effects: balance, 
total loss of speech, and reduced coordination. Also, several defects 
in motor and cognitive functions are caused after the children’s re-
covery. Furthermore, the approach of craniospinal radiotherapy is 
used for the treatment of the brain and spine in medulloblastoma 
to be prevented the medulloblastoma metastasis in the cerebro-
spinal fluid (CSF) [47]. It is essential to note that children under 
three years old avoid being cured by radiotherapy because of the 
possible damage to the brain development by the irradiation of the 
central nervous system (CNS) [14]. Radiation causes many con-
sequences in younger patients. Spinal growth and endocrine dys-
function are considered to be two of the radiotherapy’s toxicities. 
The combination of these two side effects can cause premature 
ageing and reduced independence for patients [48]. In addition, 
the reduction of radiation dose in cancer patients constitutes an 
important manner in order to be decreased the severity and inci-
dence of brain’s side effects, by offering alternative adjuvant treat-
ments. In comparison with the above statement, this ability can 
be offered by chemotherapy, which is the second adjuvant cancer 
treatment. It is believed that patients can survive by the treatment 
of chemotherapy [18]. Specifically, approximately more than 80% 
cancer patients have not performed metastasis at diagnosis in the 
last five years according to studies [49]. To conclude, new treat-
ments for younger population need to be discovered in order to 
treat this type of disease and reduce the side effects [14]. Based on 
recent studies, targeted therapies that affect the death of tumour 
cells have been developed for medulloblastoma patients. These 
therapies suspend the growth of chemo resistant cells by crossing 
the blood-brain barrier (BBB), which is considered to be an impor-
tant barrier for the treatment of medulloblastoma [14]. 

Drug repurposing

Drug repurposing (DR) constitutes an effective procedure for 
the drug discovery and has attracted the interest from universities 
and pharmaceutical companies. It is also called as “drug recycling 
or drug repositioning”. Drug repositioning constitutes a promising 
process in order to overcome the obstacles in the development and 
discovery of novel drugs through the identification of new thera-

peutic applications. It is supported that candidates of this approach 
have established designing methods, pharmacokinetic properties, 
clinical trial data [50] and phase IV safety information [51] which 
constitute an advantage to develop drug with less chance to fail 
[52]. Approximately more than forty drugs have been repurposed 
for novel therapeutic uses [50,53-55]. Many stories are successful 
about repositioned drugs until today. More specifically, two well-
known drugs were developed by the use of drug repurposing meth-
od: sildenafil and thalidomide. Sildenafil (Viagra) was the first drug 
of this approach. Sildenafil had an inhibition of cyclic guanosine 
monophosphate (cGMP)-specific phosphodiesterase type 5 (PDE5) 
and it was firstly discovered by the pharmaceutical company Pfizer 
to treat the coronary artery disease, but it failed in phase II clinical 
trials [28]. After this failure, sildenafil was directed to treat erectile 
abnormalities because of its effects in penile erections [29,52]. In 
1998, sildenafil was marketed after the approval from the Food and 
Drug Administration. In contrast, in 1957, thalidomide was discov-
ered by a German pharmaceutical company. This drug was firstly 
discovered in order to treat the morning sickness, but it was discov-
ered to cause severe side effects in pregnant women. Approximate-
ly ten thousands children in different countries were born with 
body abnormalities by the use of this drug causing deaths a few 
months after birth. It was obvious its immediate withdrawal from 
the market [56]. Years after this failure, it was finally discovered 
thalidomide’s anticancer activity for the angiogenesis inhibition in 
animal models [57]. As a consequence, thalidomide was considered 
to therapeutically affect the diseases of prostate cancer and my-
eloma [58,59]. In 2006, it was approved by the FDA for the treat-
ment of myeloma. Based on studies, numerous drugs have been 
proven efficient for the treatment of different disease than aimed at 
first indications, like minoxidil, everolimus, thalidomide, nelfinavir 
[29,52,60,61]. 

Aim and Objectives
In this research project, eight anti-allergy compounds, supplied 

by the University of Central Lancashire (UCLAN), were tested for 
their anti-cancer activity against medulloblastoma ONS76 cell line. 
In order to be addressed this aim, the following objective was used: 
The screening of each anti-allergy drug in the medulloblastoma 
ONS76 cell line with the use of MTT assay after 72 hours of treat-
ment.

Methods
Cell culture of ONS76 cell line

For culturing of ONS76 cell line, the cells were grown in vitro. 
In order to be prevented the culture’s death, the cell line was sub-
cultured by the removal of media and by the cells’ transformation 
from a previous culture into fresh growth media. This process was 
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efficient in order to propagate the cell line. After it, the cells had to 
be brought into suspension, and they were released from the flask 
with the use of trypsin.

More specifically, the cultures were examined with the use of 
an inverted microscope (Nikon, Eclipse TS100) in order to be ob-
served approximately more than 80% confluency and confirmed 
the lack of any contaminants. Firstly, the work surface inside the 
cabinet was sanitized with 1% virkon (Fisher Scientific, UK) and 
70% ethanol (Fisher Scientific, UK). Also, the materials, which were 
put in the cell culture hood, were sterilized by spraying them with 
70% ethanol (Fisher Scientific, UK). With the use of 10 ml pipette, 
the cell culture media was discarded from the cells’ vessel and then 
it was put into a waste pot. Furthermore, 5 ml of pre-warmed ster-
ile PBS (phosphate buffered saline) (Fisher Scientific, UK) were 
added to the flask by rocking it backward and forward. Then, it was 
poured to the waste beaker. This washing process of the cell mono-
layer was repeated twice in order to be removed any remaining 
media containing serum. Next, 1.5 ml of the pre-warmed dissocia-
tion reagent, trypsin-EDTA (Sigma-Aldrich, UK), was pipetted into 
the flask, ensuring its complete cell layer coverage. Moreover, the 
flask was then prepared for 3 - 5 minutes incubation to be ensured 
the cells’ separation from the flask’s wall. After 3 minutes of incu-
bation, the flask was gently tapped to be released any remaining 
attached cells, following cells’ observation for detachment with the 
use of microscope. 8 ml of RPMI 1640 culture media (Labtech, UK), 
mixed with 10% Fetal Bovine Serum (FBS) (Labtech, UK) and 1% 
Penicillin-streptomycin (PS) (Labtech, UK) were added to the cul-
ture vessel to be diluted and inactivated the trypsin. The cells were 
removed to a 15 ml tube with the use of 10 ml pipette. The tube 
was centrifuged at 1200 rpm (Fisher Scientific, AccuspinTM 400) 
for approximately five minutes to be obtained a cell pellet. After 
centrifugation, cell culture media was carefully transferred from 
the tube and discarded to the waste container. Also, the amount 
of 5 ml of media was added to the tube for the resuspension of the 
cells with the use of 10 ml pipette. New culture flask was labelled 
with the name, date, passage number (the number of times the cell 
line had been sub-cultured) and split dilution. 1 ml of cells was 
added to the new flask containing 10 ml of media. To conclude, the 
flask was incubated at 37°C in 5% CO2 humidified environment. 

Cell quantification using trypan blue

The dye exclusion test (trypan blue) was utilized to be deter-
mined the number of viable cells in a cell suspension. The cell sus-
pension was usually mixed with dye and visually investigated in 
order to be determined the dye absorption or exclusion from the 
cells. Also, optimum growth was maintained by the use of a consis-
tent number of cells, and results with better reproducibility were 
given by the cell counting.

More specifically, for the procedure of quantification, the cells 
had to be in suspension using trypsin/EDTA, as previously de-
scribed. The cell suspension had to be well mixed by flask’s gentle 
agitation containing the cells. The amount of 20 μl of cell suspen-
sion was added in an eppendorf tube. Then, 20 μl of Trypan blue 
(Sigma-Aldrich, UK) was pipetted in the tube in order to be pre-
pared a 1:1 dilution of the cell suspension in Trypan blue (dilution 
factor = 2). The sample was well pipetted up and down several 
times. In addition, the haemocytometer and glass cover slip were 
sprayed with 70% ethanol (Fisher Scientific, UK). The coverslip 
was humidified with exhaled breath, and it was carefully put into 
the counting chamber using light pressure. After it, 20 μl of the mix-
ture were transferred from the tube under the coverslip. Further-
more, the grid on haemocytometer (Figure 3) was noticed under 
the microscope with the use 100x magnifications. 

Figure 3: Counting chamber grid. There were four main grids 
(A, B, C, and D) within the overall grid, which were each made up 
of sixteen smaller squares. The cells were separately counted in 

each section [54].

Furthermore, the cells were counted in one square at a time, 
without counting the same cell twice. The way that the cells were 
counted on grid is indicated in the above figure (Figure 4). After 
the procedure of counting, the coverslip and haemocytometer were 
immediately sprayed with 70% ethanol (Fisher Scientific, UK), and 
the tube was appropriately discarded in the biohazard waste.

In addition, the average number of cells was counted from all 
sections based on the following equation:

                                                                                                                      (1)

The previous equation (1) was multiplied by the dilution factor 
(x2). The cells were then multiplied by 104 in order to be obtained 
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Figure 4: The counting system. In each section, it was  
usually included the cells that were on the top and left side of 

 the grid (ticked), while excluded those on the bottom and  
right side (crossed) [54].  

the cell concentration (cells/ml) as indicated in the below equa-
tion (2):

                                                                                                                    (2)

Finally, the amount of media that it was needed to be added in 
the flask was determined using the below equation (3):

                                                                                                                          (3) 

Preparation for MTT assay in 96 well plates

The cells had to be in suspension for their evaluation in the MTT 
assay. Following the process of cell quantification, the cell suspen-
sion and cell culture media were prepared with density of 25,000 
cells/ml. More specifically, the amount of 100 μl of cells’ mixture 
was added in a 96 well plate (1000 - 25000 cells/well) with the use 
of a multi-channel pipette. Then, the 96 well plate was incubated 
overnight at 37°C prior to drug addition. 

Preparation of drug dilution

The eight testing compounds were provided by the chemists at 
the University of Central Lancashire (UCLAN). For the preparation 
of drug dilution, each solid compound had to be pre-weighted and 
solubilized in dimethyl sulfoxide (DMSO) (Fisher Scientific, UK). 
The solubilisation procedure was performed by vortexing in order 
to be ensured the complete dissolution of each drug.

More specifically, on the lab bench, each solid compound was 
weighted approximately 5 mg into a bijou and added in an eppen-
dorf tube. Then, the amount of 1.3ml of dimethyl sulfoxide (DMSO) 

(Fisher Scientific, UK) was added in each compound for the prepa-
ration of drug stock solution. The mixture was vortexed until dis-
solved. Once dissolved, the sterile cabinet was sanitized with 1% 
virkon (Fisher Scientific, UK) and 70% ethanol (Fisher Scientific, 
UK). Into the working surface of cabinet, each drug stock dilution 
was filtered with the use of 0.22 μm sterile filter in a separate ster-
ile eppendorf tube, using a sterile 10 ml syringe. Each drug was 
then labeled with compound name, date, molecular weight, and 
DMSO stock concentration (Table 1) and stored at room tempera-
ture for next use. 

Drug serial dilution 

Generally, this specific method was used for the reduction of a 
dense culture to a more usable concentration of cells. More spe-
cifically, the cell culture hood was sanitized with 1% virkon (Fisher 
Scientific, UK) and 70% ethanol (Fisher Scientific, UK). The materi-
als, which were put in the cell culture hood, were sterilized with 
70% ethanol (Fisher Scientific, UK). A sufficient amount of pre-
warmed media was discarded into a reservoir. With the use of a 
multi-channel pipette, 150 μl media were added to a 96 well plate 
(Figure 5).

Figure 5: Schematic representation of a 96 well plate  
displaying the wells to which 150μl of diluent were added.

Furthermore, the stock solutions of the testing anti-allergy 
drugs were prepared by adding 20 μl of each compound and 980 
μl of media in an eppendorf tube. Then, 300 μl of this mixture were 
added in duplicates in column 1 of a 96 well plate (Figure 6). 

For the preparation of drugs’ serial dilution, 150 μl of the mix-
ture were removed from the first column and added to the second 
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Compound Name Compound Structure Molecular 
Weight

DMSO drug  
solution (mΜ)

CL1-40-1

1-(2,3-dihydro-1H-inden-4-yl)-3-(3,4,5-trimethoxyphenyl)urea

N
H

N
H

O

O
O

O

342.39 11.2

CL1-42-1

1-(1-methyl-1H-indol-5-yl)-3-(3,4,5-trimethoxyphenyl)urea

N
H

N
H

O

O
O

O

N

343.38 11.2

CL1-45-1

1-(4-hydroxynaphthalen-1-yl)-3-(3,4,5-trimethoxyphenyl)urea

N
H

N
H

O

O
O

O

OH

369.38 10.4

CL1-47-1

1-(quinolin-5-yl)-3-(3,4,5-trimethoxyphenyl)urea

N
H

N
H

O

O
O

O N

353.37 10.9

CL1-49-1

1-(6-hydroxynaphthalen-1-yl)-3-(3,4,5-trimethoxyphenyl)urea
N
H

N
H

O

O
O

O

OH

368.38 10.4

CL1-52-1

1-(1H-indol-7-yl)-3-(3,4,5-trimethoxyphenyl)urea

N
H

N
H

O

O
O

O
HN

341.36 11.3

CL1-56-1

1-(anthracen-9-yl)-3-(3,4,5-trimethoxyphenyl)urea

N
H

N
H

O

O
O

O

402.44 9.6

CL1-57-1

1-(anthracen-1-yl)-3-(3,4,5-trimethoxyphenyl)urea

N
H

N
H

O

O
O

O

402.44 9.6

Table 1: The testing compounds with their chemical structures, molecular weight, and dimethyl sulfoxide drug solution. Each 
 compound had different drug stock concentrations, which were estimated with their molecular weight and weighted mass.
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Figure 6: Schematic representation of a 96 well plate in which 
300μl of drug stock solution of each testing compound were 

added in two replicates in column 1. For instance, drug 1 was 
shown with red, drug 2 was shown with green, drug 3 was 

 shown with blue, and drug 4 was shown with purple.

column by mixing it several times with the use of a multi-channel 
pipette. This procedure was repeated until the eleventh column 
(Figure 7) and the 150 μl mixture was then discarded in a waste 
beaker. 

Figure 7: Schematic representation of a 96 well plate  
displaying the serial dilution of the testing drugs.

Moreover, 10 μl of the positive control solution, vincristine, 
were mixed with 490μl of cell culture media in an eppendorf tube. 
100 μl of this mixture were added in the wells of column 12 (A12-
D12). The previously prepared cell plate was removed from the 

incubator. With the use of a multi-channel pipette, 100 μl from the 
drugs’ 96 well plate were poured to the relevant wells in the ONS76 
cell plate. The tips were changed for the removal of column 12. Af-
ter that, the plate was put in the incubator. 

Making MTT stock solution

The amount of 0.15g of Thiazolyl blue (MTT powder) was 
weighted into a bijou and added in an Eppendorf tube. The MTT 
was then dissolved in 5 ml phosphate buffered saline (PBS) (Fisher 
Scientific, UK). The tube was vortexed until completely dissolved. 
After this, the hood was sanitized with 1% virkon (Fisher Scien-
tific, UK) and 70% ethanol (Fisher Scientific, UK). Into the hood, 
the MTT solution was filtered and sterilized with the use of a 0.2 
μΜ syringe. Finally, the MTT solution was added in small tubes and 
stored at the fridge (-20°C) for storage until the next use.

MTT assay

The MTT procedure was actually a test for the cells’ cytotoxicity. 
It was defined as a cell death assay, as it was a reduction step of the 
MTT dye to formazan (purple color in the wells). The purple color-
ation was the determination of the cells alive. 

More specifically, the working area into the cell culture hood 
was sanitized with 1% virkon (Fisher Scientific, UK) and 70% etha-
nol (Fisher Scientific, UK). A MTT reagent tube was defrosted from 
the freezer. It was then put in the cell culture hood after spraying it 
with 70% ethanol (Fisher Scientific, UK). The MTT was discarded 
in a reservoir. With the use of a multi-channel pipette, 50 μl of MTT 
solution were poured in a 96 well plate. It was then put into the 
incubator for three hours at 37°C in a 5% CO2 environment. After 
the time of incubation, it was observed purple formazan crystals in 
the 96 well plate. In addition, the culture media was removed from 
the wells by tipping out with the use of a multi-channel pipette, and 
it was discarded in a biohazardous container. The purple crystals 
must not be disturbed from the bottom of each well. Moreover, a 
sufficient amount of dimethyl sulfoxide (DMSO) (Fisher Scientific, 
UK) was added into the reservoir. 200 μl of it were added to each 
well by the use of multi-channel pipette so as to be solubilized the 
crystals from the formation of the reduction of MTT. Finally, after 
the addition of the DMSO, the plate was read at the absorbance of 
540nm with subtraction at 690nm using Omega fluostar program 
on the computer. The normalization of the data, extracted from this 
program, was calculated as follows:

                                                                                                                    (4) 
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The results of average cell viability (%) with the drug concen-
trations ranging from 0.01 μM to 10 μM were extracted using the 
Graph Pad Prism7 software and indicated in the next section.

Results
In the present research project, a collection of eight anti-allergy 

compounds, designed by the chemists at the University of Central 
Lancashire (UCLAN), were evaluated against ONS76 human cancer 
cell line and screened for their anti-cancer activity against medul-
loblastoma (MB). The results of testing anti-allergy drugs were es-
timated with the use of MTT assay after three days of incubation. 
In this section, the results were determined by the average cell 
viability of three biological replicates of each testing anti-allergy 
compounds in different drug concentrations. Schematic represen-
tation of the first two drugs is presented below (Figure 8). The 
concentrations of the drugs are ranged from 0.01 to 10 μΜ. The 
CL1-40-1 compound has more significant effect on cells’ viabil-
ity, decreasing from 101% to 67% after treatment, in comparison 
with the CL1-42-1 compound. The cells have not been affected by 
the CL1-42-1 drug. In addition, in the next graph (Figure 9), two 
anti-allergy compounds have different anti-proliferative effect on 
ONS76 cells, compared to the compounds in the previous graphs 
(Figure 8). The CL1-45-1 drug has a stable decrease between the 
drug concentrations of 0.313 μΜ and 10 μΜ. It is also observed a 
significant reduction ranging from 90% to 25% after treatment. In 
contrast, the CL1-47-1 compound has an increase up to 100% from 
0.039 μΜ to 2.5 μΜ. 

Figure 8 and 9: Average cell viability of the four following  
compounds: CL1-40-1, CL1-42-1, CL1-45-1, and CL1-47-1 with 
concentrations ranging from 0.01 to 10 μΜ, determined by the 

MTT assay after 72 hours of incubation. The data represents the 
mean values and the standard deviation of three independent 

replicates of medulloblastoma ONS76 cell line.

In figure 10, the cell viability is not significantly affected by 
both compounds, CL1-49-1 and CL1-52-1. As it is observed, the 
mean vales are ranging from 92% to 101%. The anti-proliferative 
activity of the CL1-56-1 and CL1-57-1 compounds against medul-
loblastoma cell line (ONS76) is observed below (Figure 11). These 
drugs have significantly inhibited the medulloblastoma cell growth. 
Based on the figure 11, CL1-56-1 and CL1-57-1 have a stable de-
crease between 0.313 μΜ and 5 μΜ, ranging from 73 - 86% to 53%. 

According to the previous figures (Figure 8-11), only the CL1-
45-1 compound seems to have a significant effect after the treat-
ment. So, among the eight testing compounds, the CL1-45-1 drug 
has the maximum growth inhibition in the medulloblastoma cells. 
Also, two of the drugs, CL1-42-1 and CL1-49-1 have the lowest ef-
fective dose in the cell growth.

Finally, the values of the half maximal inhibitory concentration 
(IC50) are indicated in table 2. It is evident that the CL1-42-1 com-
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Figure 10: Average cell viability of the two following compounds: 
CL1-49-1 and CL1-52-1 with concentrations ranging from 0.01 to 

10 μΜ, determined by the MTT assay after 72 hours of incuba-
tion. The data represents the mean values and the standard 

deviation of three independent replicates of medulloblastoma 
ONS76 cell line.

Figure 11: Average cell viability of the two following compounds: 
CL1-56-1 and CL1-57-1 with concentrations ranging from 0.01 to 

10 μΜ, determined by the MTT assay after 72 hours of  
incubation. The data represents the mean values and the  

standard deviation of three independent replicates of  
medulloblastoma ONS76 cell line.

pound has displayed the greatest anti-cancer activity against the 
ONS76 cells with IC50 = >10 μΜ (IC50 = 0 μΜ). Moreover, two of the 
eight compounds, CL1-40-1 and CL1-45-1, have the lowest inhibi-
tory activity against the medulloblastoma cells after three days of 
treatment. However, all of the eight compounds have displayed in-
hibitory activity: some of them are more active and the others are 
less active against the cancer cells.

Testing compounds IC50 (μΜ)
CL1-40-1 1.445
CL1-42-1 >10
CL1-45-1 1.355
CL1-47-1 0.1902
CL1-49-1 0.07651
CL1-52-1 0.7791
CL1-56-1 0.2418
CL1-57-1 0.3304

Table 2: Inhibitory activity of the testing anti-allergy 
compounds after three days of incubation of MTT assay.

Discussion and Conclusion
Medulloblastoma (MB) constitutes the commonest malignant 

childhood brain tumor and is a leading cause of death worldwide 
[9]. Medulloblastoma is an aggressive embryonic type of tumour 
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and it is presented in the cerebellum of the posterior fossa [13]. 
Invasive treatment approaches have been used in order to signifi-
cantly enhance the patients’ clinical result. Most of the patients 
usually suffer from long-term side effects [14]. Thus, it is impor-
tant to develop new therapeutic approaches with less toxicity and 
increased efficacy. In this research project, eight anti-allergy drugs 
were tested for their anti-cancer activity against medulloblastoma 
ONS76 cell line with the use of MTT assay after three days of incu-
bation. 

Specifying the in vitro activities of the testing anti-allergy com-
pounds against medulloblastoma ONS76 cell line with the use of 
MTT assay was important to evaluate the effect on cancer prolif-
eration. The outcomes were estimated with the calculations of the 
IC50 values, which are the concentrations of each anti-allergy drug 
demanded to manage the half inhibition of cancer cell growth. MTT 
assay constitutes a cytotoxicity testing, which decreases MTT tet-
razolium salts from the compounds by mitochondrial dehydroge-
nases, to a colorful formazan production [48]. It leads to a measur-
able product that is equal with the number of viable cells, enabling 
the anti-cancer growth of the eight anti-allergy drugs to be evalu-
ated. Interpretation of the MTT assay results determined three of 
the eight anti-allergy compounds to be the most active and have 
significantly inhibited the cancer cell growth. More specifically, 
the CL1-42-1 compound presented the greatest inhibitory activity 
against the medulloblastoma ONS76 cell line with IC50 value less 
than 10 μΜ (IC50 =0 μΜ). In addition, two of the anti-allergy com-
pounds, CL1-40-1 and CL1-45-1, have not significantly inhibited 
on the anti-cancer growth of ONS76 cells with IC50 values 1.445 
μΜ and 1.355 μΜ, respectively. Furthermore, it is important to 
note that these anti-allergy compounds were designed and tested 
for the first time, without knowing other approaches about the re-
liability of the results and if they can be considered as potential 
anti-cancer agents.

Potential Limitations
Numerous efforts have been made in order to reduce the drugs’ 

effects during the procedure of cancer treatment, such as the pre-
vention of effects on the nearby tissues and cells, the efficacy in 
the lesion, and the increase of drug accumulation, developing with 
this way new drug delivery and targeting systems [62]. In addi-
tion, there are so many experimental steps for the cancer’s therapy. 
These methods are as follows: radiation, chemotherapy, surgery, 
and immunotherapy. These methods are often accompanied by 
severe side effects. Limited biodiversity, toxicity, restriction in 
metastasis constitute some of the side effects [27]. Furthermore, 
chemotherapeutic agents include cytotoxic drugs which perform 
promising outcomes for the treatment of cancer. These agents 

involve topoisomerase inhibitors. For instance, vincristine and 
docetaxel constitute microtubules acting agents, while cisplatin 
and carboplatin are alkylating agents [35]. In the present study, 
eight drugs were investigated for their anti-cancer activity against 
medulloblastoma ONS76 cell line with the use of MTT assay. There 
were several limitations in this approach. As it is known, cancer 
cells can multiply rapidly under normal physiological conditions. 
The anticancer drugs in this report targeted these cancer cells. An-
other limitation was the testing of only eight of these anti-allergy 
compounds. It is unclear whether more than eight of these drugs 
would be efficiently able to inhibit the cells’ growth by leading to 
medulloblastoma treatment. Finally, based on research findings, 
anti-allergy drugs possess a promising option for the better and 
less toxic cancer treatment with proper anti-cancer agents [30].

Future Prospects
In the present research project, the anti-allergy compounds, 

which perform promising anti-cancer activity, should be present-
ed into further examination in order to discover their possibility 
of considering them as anti-cancer agents. This additional testing 
could include the screening of the most active anti-allergy drugs 
in different molecular subgroups of medulloblastoma. It would 
be efficient in Group 3 tumors. This medulloblastoma subgroup 
is considered to be the most aggressive and highly metastatic, ap-
proximately more than 40%, in comparison with the other medul-
loblastoma subgroups (Group 4 = 35%, SHH = 15%, Wnt = 10%) 
[14]. In addition, it would be beneficial to screen these anti-allergy 
compounds in anti-cancer cell lines and not in human cancer cell 
lines, such as ONS76 and DAOY. This approach could be valuable in 
order to determine if the compounds have cancer cell specificity, 
which constitutes an important characteristic for efficient anti-can-
cer treatments, resulting in fewer side effects [52]. Furthermore, 
as it has been described in a previous section, the cells were grown 
in vitro after treatment with the use of MTT assay. An alternative 
option for the anti-cancer activity of these compounds could be the 
screening in vivo in order to observe if this type of drugs has the ca-
pacity to cross the blood brain barrier of medulloblastoma patients. 
This is an important barrier for the treatment of medulloblastoma. 
To investigate it, pharmacokinetic assays should be presented af-
ter the intravenous injection of these anti-allergy drugs into mouse 
models bringing medulloblastoma xenografts. 

Bibliography
1.	 Hanahan D and Weinberg R. “Hallmarks of Cancer: The Next 

Generation”. Cell 144.5 (2011): 646-674.

2.	 Sleire L., et al. “Drug repurposing in cancer”. Pharmacological 
Research 124 (2017): 74-91.

Citation: Moschou Georgia and Topham H Caroline. “Drug Re-Purposing - Can Anti-Allergy Drugs also be Used to Treat Cancer ?". Acta Scientific  
Microbiology 3.7 (2020): 31-45.

https://www.cell.com/fulltext/S0092-8674(11)00127-9
https://www.cell.com/fulltext/S0092-8674(11)00127-9
https://pubmed.ncbi.nlm.nih.gov/28712971/
https://pubmed.ncbi.nlm.nih.gov/28712971/


43

Drug Re-Purposing - Can Anti-Allergy Drugs also be Used to Treat Cancer?

3.	 McGuire S. “World Cancer Report 2014. Geneva, Switzerland: 
World Health Organization, International Agency for Re-
search on Cancer, WHO Press, 2015”. Advances in Nutrition 7.2 
(2016): 418-419.

4.	 Ostrom Q., et al. “CBTRUS Statistical Report: Primary Brain 
and Central Nervous System Tumors Diagnosed in the United 
States in 2008-2012”. Neuro-Oncology 17.4 (2015): iv1-iv62. 

5.	 Ward E., et al. “Childhood and adolescent cancer statistics, 
2014”. CA: A Cancer Journal for Clinicians 64.2 (2014): 83-103.

6.	 Ferlay J., et al. “Cancer incidence and mortality worldwide: 
sources, methods and major patterns in GLOBOCAN 2012”. - 
PubMed - NCBI (2013). 

7.	 Sondka Z., et al. “The COSMIC Cancer Gene Census: describing 
genetic dysfunction across all human cancers”. Nature Reviews 
Cancer 18.11 (2018): 696-705. 

8.	 Stratton M., et al. “The cancer genome”. Nature 458.7239 
(2009): 719-724. 

9.	 Silva P., et al. “Establishment of a novel human medulloblasto-
ma cell line characterized by highly aggressive stem-like cells”. 
Cytotechnology 68.4 (2015): 1545-1560. 

10.	 Yi J and Wu J. “Epigenetic regulation in medulloblastoma”. Mo-
lecular And Cellular Neuroscience 87 (2018): 65-76. 

11.	 Northcott P., et al. “Molecular subgroups of medulloblastoma”. 
Expert Review of Neurotherapeutics 12.7 (2012): 871-884.

12.	 Northcott PA., et al. “Enhancer hijacking activates GFI1 family 
oncogenes in medulloblastoma”. Nature 511 (2014): 428-434.

13.	 Presutto E., et al. “Posterior fossa medulloblastoma in an atyp-
ical extra-axial location: A case report”. Radiology Case Reports 
13.2 (2018): 365-370. 

14.	 Kumar V., et al. “Challenges and Recent Advances in Medullo-
blastoma Therapy”. Trends in Pharmacological Sciences 38.12 
(2017): 1061-1084.

15.	 Amin A., et al. “Evasion of anti-growth signaling: A key step in 
tumorigenesis and potential target for treatment and prophy-
laxis by natural compounds”. Seminars in Cancer Biology 35 
(2015): S55-S77.

16.	 Taylor M., et al. “Molecular subgroups of medulloblastoma: the 
current consensus”. Acta Neuropathologica 123.4 (2011): 465-
472.

17.	 Taylor MD., et al. “Molecular subgroups of medulloblastoma: 
the current consensus”. Acta Neuropathologica 123 (2012): 
465-472.

18.	 Taylor R., et al. “Results of a Randomized Study of Preradiation 
Chemotherapy Versus Radiotherapy Alone for Nonmetastatic 
Medulloblastoma: The International Society of Paediatric On-
cology/United Kingdom Children’s Cancer Study Group PNET-
3 Study”. Journal of Clinical Oncology 21.8 (2003): 1581-1591.

19.	 Jones D., et al. “Dissecting the genomic complexity underlying 
medulloblastoma”. Nature 488.7409 (2012):100-105.

20.	 Parsons D., et al. “The Genetic Landscape of the Childhood 
Cancer Medulloblastoma”. Science 331.6016 (2010): 435-439.

21.	 Pugh T., et al. “Medulloblastoma exome sequencing uncov-
ers subtype-specific somatic mutations”. Nature 488.7409 
(2012): 106-110.

22.	 Robinson G., et al. “Novel mutations target distinct subgroups 
of medulloblastoma”. Nature 488.7409 (2012): 43-48.

23.	 Kool M., et al. “Molecular subgroups of medulloblastoma: an 
international meta-analysis of transcriptome, genetic aber-
rations, and clinical data of WNT, SHH, Group 3, and Group 
4 medulloblastomas”. Acta Neuropathologica 123.4 (2012): 
473-484.

24.	 Cavalli A., et al. “Dynamic Docking: A Paradigm Shift in Compu-
tational Drug Discovery”. Molecules 22.11 (2017): 2029.

25.	 Gibson P., et al. “Subtypes of medulloblastoma have distinct 
developmental origins”. Nature 468 (2010): 1095-1099. 

26.	 Zhukova I., et al. “Behavioral impairment in Parkinson’s Dis-
ease in the Siberian region”. Journal of the Neurological Sci-
ences 333 (2013): e110-e111.

27.	 Kool M., et al. “Genome sequencing of SHH medulloblastoma 
predicts genotype-related response to smoothened inhibi-
tion”. Cancer Cell 25 (2014): 393-405.

28.	 Boolell M., et al. “Sildenafil, a novel effective oral therapy for 
male erectile dysfunction”. British Journal of Urology 78.2 
(1996): 257-261.

Citation: Moschou Georgia and Topham H Caroline. “Drug Re-Purposing - Can Anti-Allergy Drugs also be Used to Treat Cancer ?". Acta Scientific  
Microbiology 3.7 (2020): 31-45.

https://pubmed.ncbi.nlm.nih.gov/26980827/
https://pubmed.ncbi.nlm.nih.gov/26980827/
https://pubmed.ncbi.nlm.nih.gov/26980827/
https://pubmed.ncbi.nlm.nih.gov/26980827/
https://pubmed.ncbi.nlm.nih.gov/26511214/
https://pubmed.ncbi.nlm.nih.gov/26511214/
https://pubmed.ncbi.nlm.nih.gov/26511214/
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21219
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21219
https://pubmed.ncbi.nlm.nih.gov/25220842/
https://pubmed.ncbi.nlm.nih.gov/25220842/
https://pubmed.ncbi.nlm.nih.gov/25220842/
https://pubmed.ncbi.nlm.nih.gov/30293088/
https://pubmed.ncbi.nlm.nih.gov/30293088/
https://pubmed.ncbi.nlm.nih.gov/30293088/
https://www.mycancergenome.org/
https://www.mycancergenome.org/
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
https://pubmed.ncbi.nlm.nih.gov/29269116/
https://pubmed.ncbi.nlm.nih.gov/29269116/
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
https://pubmed.ncbi.nlm.nih.gov/25043047/
https://pubmed.ncbi.nlm.nih.gov/25043047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5999935/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5999935/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5999935/
https://pubmed.ncbi.nlm.nih.gov/29061299/
https://pubmed.ncbi.nlm.nih.gov/29061299/
https://pubmed.ncbi.nlm.nih.gov/29061299/
https://pubmed.ncbi.nlm.nih.gov/25749195/
https://pubmed.ncbi.nlm.nih.gov/25749195/
https://pubmed.ncbi.nlm.nih.gov/25749195/
https://pubmed.ncbi.nlm.nih.gov/25749195/
https://pubmed.ncbi.nlm.nih.gov/22134537/
https://pubmed.ncbi.nlm.nih.gov/22134537/
https://pubmed.ncbi.nlm.nih.gov/22134537/
https://pubmed.ncbi.nlm.nih.gov/22134537/
https://pubmed.ncbi.nlm.nih.gov/22134537/
https://pubmed.ncbi.nlm.nih.gov/22134537/
https://pubmed.ncbi.nlm.nih.gov/12697884/
https://pubmed.ncbi.nlm.nih.gov/12697884/
https://pubmed.ncbi.nlm.nih.gov/12697884/
https://pubmed.ncbi.nlm.nih.gov/12697884/
https://pubmed.ncbi.nlm.nih.gov/12697884/
https://pubmed.ncbi.nlm.nih.gov/22832583/
https://pubmed.ncbi.nlm.nih.gov/22832583/
https://pubmed.ncbi.nlm.nih.gov/21163964/
https://pubmed.ncbi.nlm.nih.gov/21163964/
https://pubmed.ncbi.nlm.nih.gov/22820256/
https://pubmed.ncbi.nlm.nih.gov/22820256/
https://pubmed.ncbi.nlm.nih.gov/22820256/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412905/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3412905/
https://pubmed.ncbi.nlm.nih.gov/22358457/
https://pubmed.ncbi.nlm.nih.gov/22358457/
https://pubmed.ncbi.nlm.nih.gov/22358457/
https://pubmed.ncbi.nlm.nih.gov/22358457/
https://pubmed.ncbi.nlm.nih.gov/22358457/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6150405/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6150405/
https://www.nature.com/articles/nature09587
https://www.nature.com/articles/nature09587
https://www.jns-journal.com/article/S0022-510X(13)00683-7/fulltext
https://www.jns-journal.com/article/S0022-510X(13)00683-7/fulltext
https://www.jns-journal.com/article/S0022-510X(13)00683-7/fulltext
https://pubmed.ncbi.nlm.nih.gov/24651015/
https://pubmed.ncbi.nlm.nih.gov/24651015/
https://pubmed.ncbi.nlm.nih.gov/24651015/
https://pubmed.ncbi.nlm.nih.gov/9126116/
https://pubmed.ncbi.nlm.nih.gov/9126116/
https://pubmed.ncbi.nlm.nih.gov/9126116/


44

Drug Re-Purposing - Can Anti-Allergy Drugs also be Used to Treat Cancer?

29.	 Li YY and Jones SJ. “Drug repositioning for personalized medi-
cine”. Genome Medicine 4 (2012): 27. 

30.	 Shih T., et al. “The Effects of Anodization Treatment on the Mi-
crostructure and Fatigue Behavior of 7075-T73 Aluminum Al-
loy”. Materials Transactions 55.8 (2014): 1280-1285.

31.	 Ramaswamy V., et al. “Risk stratification of childhood medul-
loblastoma in the molecular era: the currentconsensus”. Acta 
Neuropathologica (2016).

32.	 Remke M., et al. “FSTL5 is a marker of poor prognosis in non-
WNT/non-SHH medulloblastoma”. Journal of Clinical Oncology 
29.29 (2013): 3852-3861.

33.	 Hatten M and Roussel M. “Development and cancer of the cer-
ebellum”. Trends in Neurosciences 34.3 (2011): 134-142.

34.	 Roussel M and Robinson G. “Role of MYC in Medulloblasto-
ma”. Cold Spring Harbor Perspectives in Medicine 3.11 (2013): 
a014308-a014308.

35.	 Wenger SL., et al. “Comparison of established cell lines at dif-
ferent passages by karyotype and comparative genomic hy-
bridization”. Bioscience Reports 24 (2004): 631-639.

36.	 Langdon J., et al. “Combined genome-wide allelotyping and 
copy number analysis identify frequent genetic losses without 
copy number reduction in medulloblastoma”. Genes, Chromo-
somes and Cancer 45.1 (2006): 47-60.

37.	 Xu J., et al. “Pediatric brain tumor cell lines”. Journal of Cellular 
Biochemistry 116 (2015a): 218-224.

38.	 Ghassemifar S and Mendrysa SM. “MDM2 antagonism by nut-
lin-3 induces death in human medulloblastoma cells”. Neuro-
science Letters 513 (2012): 106-110.

39.	 Kunkele A., et al. “Pharmacological activation of the p53 path-
way by nutlin-3 exerts anti-tumoral effects in medulloblasto-
mas”. Neuro-Oncology 14 (2012): 859-869.

40.	 Othman RT., et al. “Overcoming multiple drug resistance 
mechanisms in medulloblastoma”. Acta Neuropathologica 
Communications 2 (2014): 57.

41.	 Lacroix J., et al. “Parvovirus H-1 (H-1PV) exerts oncolytic ef-
fects in cell culture models of human brain tumor-initiating 
cells”. Klinische Pädiatrie 224.06 (2014).

42.	 Hill J., et al. “Reducing obesity will require involvement of all 
sectors of society”. Obesity 23.2 (2015): 255-255.

43.	 Snuderl, M., et al. “Targeting placental growth factor/neuropi-
lin 1 pathway inhibits growth andspread of medulloblastoma”. 
Cell 152 (2013): 1065-1076.

44.	 Sengupta S., et al. “5-GABAA receptors negatively regulate 
MYC-amplified medulloblastoma growth”. Acta Neuropatho-
logica 127 (2014): 593-603.

45.	 Weeraratne SD., et al. “Pleiotropic effects of miR-183 ∼ 96 ∼ 
182converge to regulate cell survival, proliferation and migra-
tion in medulloblastoma”. Acta Neuropathologica 123 (2012): 
539-552.

46.	 Robertson PL., et al. “Incidence and severity of postoperative 
cerebellar mutism syndrome in children with medulloblas-
toma: a prospective study by the Children’s Oncology Group”. 
Journal of Neurosurgery 105 (2006): 444-451. 

47.	 Mulhern RK., et al. “Neurocognitive consequences of risk-
adapted therapy for childhood medulloblastoma”. Journal of 
Clinical Oncology 23 (2005): 5511-5519.

48.	 Boman K., et al. “Disability, body image and sports/physical 
activity in adult survivors of childhood CNS tumors: popula-
tion-based outcomes from a cohort study”. Journal of Neuro-
Oncology 112.1 (2013): 99-106.

49.	 Packer RJ., et al. “Treatment of children with medulloblasto-
mas with reduced-dose craniospinal radiation therapy and 
adjuvant chemotherapy: A Children’s Cancer Group Study”. 
Journal of Clinical Oncology 17 (1999): 2127-2136. 

50.	 Ashburn T and Thor K. “Drug repositioning: identifying and 
developing new uses for existing drugs”. Nature Reviews Drug 
Discovery 3.8 (2004): 673-683.

51.	 Tobinick EL. “The value of drug repositioning in the current 
pharmaceutical market”. Drug News Perspect 22 (2009): 119-
125.

52.	 Deotarse PP., et al. “Drug repositioning: a review”. Internation-
al Journal of Pharmaceutical Sciences Review and Research 4 
(2015): 51-58. 

53.	 Chong C and Sullivan D. “New uses for old drugs”. Nature 
448.7154 (2007): 645-646.

Citation: Moschou Georgia and Topham H Caroline. “Drug Re-Purposing - Can Anti-Allergy Drugs also be Used to Treat Cancer ?". Acta Scientific  
Microbiology 3.7 (2020): 31-45.

https://pubmed.ncbi.nlm.nih.gov/22494857/
https://pubmed.ncbi.nlm.nih.gov/22494857/
https://www.researchgate.net/publication/264384839_The_Effects_of_Anodization_Treatment_on_the_Microstructure_and_Fatigue_Behavior_of_7075-T73_Aluminum_Alloy
https://www.researchgate.net/publication/264384839_The_Effects_of_Anodization_Treatment_on_the_Microstructure_and_Fatigue_Behavior_of_7075-T73_Aluminum_Alloy
https://www.researchgate.net/publication/264384839_The_Effects_of_Anodization_Treatment_on_the_Microstructure_and_Fatigue_Behavior_of_7075-T73_Aluminum_Alloy
https://pubmed.ncbi.nlm.nih.gov/27040285/
https://pubmed.ncbi.nlm.nih.gov/27040285/
https://pubmed.ncbi.nlm.nih.gov/27040285/
https://www.researchgate.net/publication/51641297_FSTL5_is_a_marker_of_poor_prognosis_in_non-WNTnon-SHH_medulloblastoma
https://www.researchgate.net/publication/51641297_FSTL5_is_a_marker_of_poor_prognosis_in_non-WNTnon-SHH_medulloblastoma
https://www.researchgate.net/publication/51641297_FSTL5_is_a_marker_of_poor_prognosis_in_non-WNTnon-SHH_medulloblastoma
https://pubmed.ncbi.nlm.nih.gov/21315459/
https://pubmed.ncbi.nlm.nih.gov/21315459/
https://pubmed.ncbi.nlm.nih.gov/24186490/
https://pubmed.ncbi.nlm.nih.gov/24186490/
https://pubmed.ncbi.nlm.nih.gov/24186490/
https://pubmed.ncbi.nlm.nih.gov/16158200/
https://pubmed.ncbi.nlm.nih.gov/16158200/
https://pubmed.ncbi.nlm.nih.gov/16158200/
https://pubmed.ncbi.nlm.nih.gov/16149064/
https://pubmed.ncbi.nlm.nih.gov/16149064/
https://pubmed.ncbi.nlm.nih.gov/16149064/
https://pubmed.ncbi.nlm.nih.gov/16149064/
https://pubmed.ncbi.nlm.nih.gov/25211508/
https://pubmed.ncbi.nlm.nih.gov/25211508/
https://pubmed.ncbi.nlm.nih.gov/22343310/
https://pubmed.ncbi.nlm.nih.gov/22343310/
https://pubmed.ncbi.nlm.nih.gov/22343310/
https://pubmed.ncbi.nlm.nih.gov/24887326/
https://pubmed.ncbi.nlm.nih.gov/24887326/
https://pubmed.ncbi.nlm.nih.gov/24887326/
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1320177
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1320177
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1320177
https://pubmed.ncbi.nlm.nih.gov/25627623/
https://pubmed.ncbi.nlm.nih.gov/25627623/
https://pubmed.ncbi.nlm.nih.gov/23452854/
https://pubmed.ncbi.nlm.nih.gov/23452854/
https://pubmed.ncbi.nlm.nih.gov/23452854/
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-20-RW-157/v
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6172007/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6172007/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6172007/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6172007/
https://pubmed.ncbi.nlm.nih.gov/17184075/
https://pubmed.ncbi.nlm.nih.gov/17184075/
https://pubmed.ncbi.nlm.nih.gov/17184075/
https://pubmed.ncbi.nlm.nih.gov/17184075/
https://pubmed.ncbi.nlm.nih.gov/16110011/
https://pubmed.ncbi.nlm.nih.gov/16110011/
https://pubmed.ncbi.nlm.nih.gov/16110011/
https://pubmed.ncbi.nlm.nih.gov/23354653/
https://pubmed.ncbi.nlm.nih.gov/23354653/
https://pubmed.ncbi.nlm.nih.gov/23354653/
https://pubmed.ncbi.nlm.nih.gov/23354653/
https://pubmed.ncbi.nlm.nih.gov/10561268/
https://pubmed.ncbi.nlm.nih.gov/10561268/
https://pubmed.ncbi.nlm.nih.gov/10561268/
https://pubmed.ncbi.nlm.nih.gov/10561268/
https://www.researchgate.net/publication/8422835_Drug_repositioning_Identifying_and_developing_new_uses_for_existing_drugs
https://www.researchgate.net/publication/8422835_Drug_repositioning_Identifying_and_developing_new_uses_for_existing_drugs
https://www.researchgate.net/publication/8422835_Drug_repositioning_Identifying_and_developing_new_uses_for_existing_drugs
https://www.researchgate.net/publication/24242640_The_value_of_drug_repositioning_in_the_current_pharmaceutical_market
https://www.researchgate.net/publication/24242640_The_value_of_drug_repositioning_in_the_current_pharmaceutical_market
https://www.researchgate.net/publication/24242640_The_value_of_drug_repositioning_in_the_current_pharmaceutical_market
https://pdfs.semanticscholar.org/14b2/d96321997807de5b8abb23fe209eed37b5a1.pdf
https://pdfs.semanticscholar.org/14b2/d96321997807de5b8abb23fe209eed37b5a1.pdf
https://pdfs.semanticscholar.org/14b2/d96321997807de5b8abb23fe209eed37b5a1.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2203255/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2203255/


45

Drug Re-Purposing - Can Anti-Allergy Drugs also be Used to Treat Cancer?

54.	 Smith RB. “Repositioned drugs: integrating intellectual prop-
erty and regulatory strategies”. Drug Discovery Today: Thera-
peutic Strategies 8 (2011): 131.  

55.	 Padhy BM and Gupta YK. “Drug repositioning: re-investigating 
existing drugs for new therapeutic indications”. Journal of 
Postgraduate Medicine 57 (2011): 153-160. 

56.	 McBride W. “Thalidomide embryopathy”. Teratology 16.1 
(1977): 79-82.

57.	 D’Amato R., et al. “Thalidomide is an inhibitor of angiogenesis”. 
Proceedings of the National Academy of Sciences 91.9 (1994): 
4082-4085.

58.	 Singhal S., et al. “Antitumor activity of thalidomide in refrac-
tory multiple myeloma”. The New England Journal of Medicine 
341 (1999): 1565-1571.  

59.	 Ning YM., et al. “Phase II trial of bevacizumab, thalidomide, 
docetaxel, and prednisone in patients with metastatic castra-
tion-resistant prostate cancer”. Journal of Clinical Oncology 28 
(2010): 2070-2076. 

60.	 Huang R., et al. “The NCGC Pharmaceutical Collection: A Com-
prehensive Resource of Clinically Approved Drugs Enabling 
Repurposing and Chemical Genomics”. Science Translational 
Medicine 3.80 (2011): 80ps16-80ps16.

61.	 Pantziarka P., et al. “The repurposing drugs in oncology 
(ReDO) project”. Ecancer 8 (2014): 442. 

62.	 Vinogradov S and Wei X. “Cancer stem cells and drug resis-
tance: the potential of nanomedicine”. Nanomedicine 7.4 
(2012): 597-615.

•	 Prompt Acknowledgement after receiving the article
•	 Thorough Double blinded peer review
•	 Rapid Publication 
•	 Issue of Publication Certificate
•	 High visibility of your Published work

Assets from publication with us

Website: https://www.actascientific.com/
Submit Article: https://www.actascientific.com/submission.php 
Email us: editor@actascientific.com
Contact us: +91 9182824667 

Citation: Moschou Georgia and Topham H Caroline. “Drug Re-Purposing - Can Anti-Allergy Drugs also be Used to Treat Cancer ?". Acta Scientific  
Microbiology 3.7 (2020): 31-45.

https://www.sciencedirect.com/science/article/abs/pii/S1740677311000222
https://www.sciencedirect.com/science/article/abs/pii/S1740677311000222
https://www.sciencedirect.com/science/article/abs/pii/S1740677311000222
https://pubmed.ncbi.nlm.nih.gov/21654146/
https://pubmed.ncbi.nlm.nih.gov/21654146/
https://pubmed.ncbi.nlm.nih.gov/21654146/
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=GB&Expert=3312
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Lng=GB&Expert=3312
https://pubmed.ncbi.nlm.nih.gov/7513432/
https://pubmed.ncbi.nlm.nih.gov/7513432/
https://pubmed.ncbi.nlm.nih.gov/7513432/
https://pubmed.ncbi.nlm.nih.gov/10564685/
https://pubmed.ncbi.nlm.nih.gov/10564685/
https://pubmed.ncbi.nlm.nih.gov/10564685/
https://pubmed.ncbi.nlm.nih.gov/20308663/
https://pubmed.ncbi.nlm.nih.gov/20308663/
https://pubmed.ncbi.nlm.nih.gov/20308663/
https://pubmed.ncbi.nlm.nih.gov/20308663/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3098042/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3098042/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3098042/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3098042/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4096030/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4096030/
https://pubmed.ncbi.nlm.nih.gov/22471722/
https://pubmed.ncbi.nlm.nih.gov/22471722/
https://pubmed.ncbi.nlm.nih.gov/22471722/

