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Osteosarcoma occurs because of germ line transformations of P53 gene
and RB gene. At present doxorubicin, cisplatin and Methotrexate
M
are viewed
as dynamic drugs to cure osteosarcoma. Lymphoma grows because of
neoplastic transformations of CD20, CD40, LMP gene, and B cells. Currently
rituximab and Bleomycin are utilized as monoclonal antibodies against this
ailment. Drug repo
repositioning
sitioning is new emerging phenomenon of reusing old
drugs, protecting retired drugs and developing licenses to make lives easy.
The primary objective of study was repositioning of methotrexate and
Bleomycin to use in other diseases also. We found out interactions
inter
of both
these drugs with several off targets
targets,, methotrexate showed strong
interactions with DYR gene, Bleomycin demonstrated strong interactions
with DNA, DNL1 and DNL3. A
After
fter screening large amount of drugs which are
used to cure mutations of those off target genes and proteins, compared
their
heir side effects and suggested that methotrexate and Bleomycin have
fewer side effects as compared to other drugs which are used in same
interacting targets
targets. Both methotrexate and Bleomycin can be reposition to
cure certain carcinomas and other diseases.
Keywords: Bleomycin, Interactions, Lymphoma, Methotrexate,
Methotrexate Osteosar-coma,
Repositioning

INTRODUCTION
Osteosarcoma, the most well-known solid malignancy of
bone results from the development of malignant
mesenchyme cells thus results in the formation of osteoid
in bones. Osteosarcoma occurs because of germ line
transformations of P53 gene and RB gene
gene, generally has
great impact on long bones and areas around knee and
forearms. Treatments involve surgery, radiotherapy and
systemic therapy. At present doxorubicin, cisplatin and
methotrexate are viewed as dynamic drugs to cure
osteosarcoma (Ritter
Ritter and Bielack, 2010; Ogata et al.,
2011; Geller and Gorlick, 2010) Lymphoma is
heterogeneous group of malignancies occurs in lymph
nodes and lymphatic system. Lymphoma grows because
of neoplastic transformations of CD20,, CD40, LMP gene,
and B cells.. Currently rituximab and Bleomycin
are utilized as monoclonal antibodies against this ailment

(Matasar and Word, 2012; Kuppers et al., 2012)
2012
Anemia happens because of folate insufficiency and
brings about few malignancies. DYR and DHFR gene are
responsible for maintaining folate homeostasis. Mutations
Mutation
in DHFR gene causes anemia (Cario et al., 2011).
2011 Head
and neck carcinoma incorporate malignancy of oral
cavity, pharynx, larynx and mouth. TYMS gene is
responsible for the regulation of folate metabolism.
meta
Mutation in TYMS gene causes head and neck cancer
(Zhang et al., 2004). Transformation in PURA gene
results in micro deletion syndrome characterized by
neurodevelopment delay,
lay, epilepsy and hypotonia
hypoto
(Lalani
et al., 2014).
Oxidative DNA damage is incited by oxygen elements
that outcome in the development of bladder cancer
(Karahil et al., 2006). DNA Topoisomerase alpha (TOPa)
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Figure 1. Chemical structure of Methotrexate compound used to cure osteosarcoma

Figure 2. Chemical structure of Bleomycin compound used to cure lymphoma

is responsible for DNA replication, over expression of this
gene results in breast cancer (Depowski et al., 2000).
DNA polymerase alpha (POLa) exhibit in distinct five
classes and performs the role in DNA replication and
repair. The substantial transformation of DNA polymerase
alpha results in adenocarcinoma of colon and
ophthalmoplegia
(Loeb
and
Monnat,
2008).
Ribonucleotide reductase large subunits (RIR) are
needed for DNA polymerization and repair, over
expression of RRM results in non-small cell lung cancer
and pancreatic cancer (Davidson et al., 2004).
Drug molecules not only influence their proposed
protein targets but also to other targets as well, drug
protein interactions prompt the disclosure of new
therapeutic targets and pathways. Drug repositioning is
new emerging phenomenon of reusing old drugs,
protecting retired drugs and developing licenses to make
lives easy. Docking one drug to a multi-protein set has
been utilized as a sensible methodology. Drug target
association is the premise of drug disclosure and
configuration but is time consuming and costly process,

the only alternative solution to this problem is the use of
computational methods to predict drug-target interactions
and perform repositioning of drugs (Jin and Wong, 2014;
Yang et al., 2010; Cheng et al., 2012).
MATERIAL AND METHOD
After screening large amount of drugs which are used in
osteosarcoma and lymphoma, we selected methotrexate
that is used to cure osteosarcoma and Bleomycin used to
cure lymphoma.We predicted their interactions with other
off target proteins and repositioned them to use as anticancerous drugs in other diseases. We calculated
ADMET properties and toxicity values of methotrexate
and Bleomycin, docked methotrexate with DYR, TYMS
and PURA gene, Bleomycin with TYMS gene, DNA,
TOPa, POLa, and RIR1 enzyme and determined their
score values. We analyzed huge measure of drugs used
to cure these mutant genes and enzymes. With the use
of drugs.com website we compared the side effects of
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Figure 3a. Methotrexate targets interaction network

Figure 3b. Interaction confidence of methotrexate with targets

methotrexate and Bleomycin with those drugs. Drug
repurposing includes the distinguishing proof of
existing compounds that are authorized for utilization for
different diseases yet, which have mechanism of
activity that show potential illness change (Corbett et al.,
2013). We suggested that the methotrexate and
Bleomycin can be reposition to use as drugs in several
carcinomas and diseases. The chemical structures of
methotrexate and Bleomycin are shown in Figure 1 and
Figure 2.
There is a critical need to create and access more
compelling
pharmacological
medicines.
Drug
repositioning offers an energizing chance to repurpose
existing authorized drugs for utilization with the
advantage of giving a much quicker course to the facility
than through novel drug disclosure approaches (Corbett
et al., 2013).

RESULTS
The interactions of drugs with various targets can
possibly bring about antagonistic side effects or
intentional treatments. The interactions predictions
correspond to the connection expectations in a network
of drug-target interactions, represents set of similarities
among drugs and targets (Fakhraei et al., 2013). The
drug-target interactions were predicted in the form of
network where the blue circles represent the targets and
red circles represents the drug, links between drug and
target indicate their interaction. Dark gray link indicates
strong
interaction
between
drug
and
target
protein. Methotrexate represented strong interaction with
DYR gene. The bipartite network of methotrexate
with targets and their interactions are shown in Figure 3a
and 3b.
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Figure 4a. Bleomycin -targets interactions network

Figure 4b. Interactions confidence of Bleomycin with targets

Bleomycin represented strong interactions withDNA,
DNA ligase 1 (DNL1) and DNA ligase 3 (DNL3). The
bipartite network of Bleomycin with targets and their
interactions ratio are shown in Figure 4a and 4b.
Drug interaction to the target alludes to the reaction of
drug towards target when they are regulated in fast
session; the response of drug to target is either expanded
or diminished in intensity (Nidhi, 2012). The confidence
score values obtained by interacting methotrexate with
DYR, TYMS, PUR2 and PUR9 were 100, 24.9, 12.4 and
12.2. Confidence values obtained by the interaction of
Bleomycin with DNA, DNL1, DNL2 were 100 and that
of with TOPa, POLa, RIR1, and TYMS gene were 18.3,

17.7, 14.7 and13.9
The drugs currently in use to cure mutations of DYR,
TYMS, PUR2 and PUR9 were checked for side effects
then their side effects were compared with methotrexate.
The drugs which showed more side effects than
methotrexate are listed in Table 1.
Commonly available drugs in market which are in use
to cure mutations of DNA, DNL1, DNL2, TOPa POLa
RIR1, and TYMS gene and were checked for side effects
then their side effects were compared with Bleomycin.
The drugs which showed more side effects than
Bleomycin are listed in Table 2.
Methotrexate and Bleomycin have less and minor side
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Table 1. List of drugs which were compared with the side effects of methotrexate

Drug name
Pyremathamine
Trimethoprim
Fluorouracil
Pemetrexed

Proposed
actions
Involve in treatment of anemia, malaria and
osteosarcoma
Involve in treatment of head and neck cancer and
stomach cancer
Involve in treatment of head and neck cancer and
stomach cancer
Involve in treatment of Alzheimer’s, colorectal
cancer, osteoporosis and arthritis

Targets
DYR gene
TYMS gene
TYMS gene
PUR2 and PUR9 gene

Table 2. List of drugs which were compared with the side effects of Bleomycin

Drugs
Carmustine
Teniposide
Etoposide
Cladribine
Fludarabine
Gemcitabine
Trimethoprim
Fluorouracil

Proposed
actions
Involve in treatment of HIV and bladder cancer
Involve in treatment of breast cancer, leukemia and
glioma
Involve in treatment of breast cancer, leukemia and
glioma
Involve in treatment of osteosarcoma and mental
retardation
Involve in treatment of osteosarcoma and mental
retardation
Involve in treatment of lung cancer
Involve in treatment of head and neck cancer and
stomach cancer
Involve in treatment of head and neck cancer and
stomach cancer

effects as compared to above mentioned drugs so they
can be reposition to use in the treatment of above
mentioned diseases.
DISCUSSIONS
Learning about the collaborations between drugs, their
proposed targets and apparently different random
biological procedures that they can influence is vital to
empower the advancement of new clinical applications.
The investigation of drug–target interactions improves our
insight into the components of activities of drugs and their
unfavorable
impacts
in
patients.
Thus,
their
computational examination is
empowering
new
applications to match patients to ideal treatments,
furthermore to discover new clinical evidences of
endorsed drugs (Azuaje, 2013).
Pyremathamine is normally used to cure patients
those endure intense frailty however Pyremathamine
seems to be not sufficiently powerful (Mockenhaupt et al.,
2001). Pemetrexed and cisplatin are presently utilized as
a part of the treatment of lungs malignancy yet
demonstrate extreme reactions as retching, paleness,
sore mouth, loose bowels and deadness in hands and

Targets
DNA, DNL1 and DNL3
TOPa
TOPa
POLa
POLa
RIR1
TYMS
TYMS

feet (Mackmillan and Cancer support, n.d.).
Fluorouracil affectation chemotherapy has been in
randomized trials in loco provincially propelled head and
neck diseases, its exact part is still stays to be
undiscovered (Balanchard et al., 2013). It is also noted
that Carmustine has not been demonstrated to give a
noteworthy favorable position in survival for patients with
bladder tumors and HIV when treated with it (Garside et
al., 2007).
Teniposide and Etoposide are especially dynamic
towards
hematological
tumors
yet
show
constrained action towards solid tumors. They harm DNA
by collaboration with TOPa and form complexes
that prevent the mechanism of DNA repair (Thakur,
2011).
Methotrexate, due to its adequacy and securityis
settled as the anchor drug for treatment of rheumatoid
joint inflammation. Despite the fact that Methotrexate is
commonly directed orally, Methotrexate offers more
noteworthy bioavailability and may bring about less
gastrointestinal deplorability and may have fewer side
effects than other drugs (Keystone and Freundlich,
2014).
Bleomycin in blend chemotherapy reliably delivers
70% complete abatements from disease, a further 10% of
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patients rendered infection free after surgical extraction of
remaining disease, thus it results as fruitful in the
satisfactory removal of certain ailments (Praveen and
Chowdary, 2013).
The repositioning of methotrexate and Bleomycin will
be productive to defeat the effects of carcinomas and
hereditary sicknesses, as both these drugs have less
symptoms than the medications generally accessible as
better treatment of illnesses.
CONCLUSION
In our research work took Methotrexate and Bleomycin,
performed their interactions with other off targeted
proteins and genes. The methotrexate demonstrated
strong interaction with DYR gene, Bleomycin with DNA,
DNL1 and DNL3. We compared side effects of
Methotrexate
and
Bleomycin
with
Carmustine,
Pemetrexed and several other drugs and conclude that
Methotrexate and Bleomycin have fewer side effects, and
demonstrate better score values on interaction than these
drugs.
On the bases of this conclusion we suggest that both
the Methotrexate and Bleomycin can be reposition to
cure the mutations of DYR, TYMS, PURA gene, and
DNA, DNL1, DNL2, TOPa, POLa, and RIR1 enzymes. In
future this research exploration work can be further used
as a piece of clinical trials to test its sufficiency and social
focal points.
ACKNOWLEDGEMENT
Our research exploration work is unique and has not
been submitted in any journal yet. None of the author has
challenging conflicts of interest. We are grateful to
Professor Azhar Mehmood and Govt post graduate
college Mandian Abbottabad for providing platform to
conduct research.
REFERENCES
Azuaje F (2013). Drug interaction networks: an introduction to
translational and clinical applications. Cardiovascular Research,
97(4), 631–641. http://doi.org/10.1093/cvr/cvs289
Blanchard P, Bourhis J, Lacas B, Posner MR, Vermorken JB,
Hernandez J J C (2013). On behalf of the Meta-Analysis of
Chemotherapy in Head and Neck Cancer, Induction Project,
Collaborative Group. Taxane-Cisplatin-Fluorouracil As Induction
Chemotherapy in Locally Advanced Head and Neck Cancers: An
Individual Patient Data Meta-Analysis of the Meta-Analysis of
Chemotherapy in Head and Neck Cancer Group. Journal of Clinical
Oncology, 31(23), 2854–2860. http://doi.org/10.1200/JCO.2012.
47.7802
Cario H, Smith D E C, Blom H, Blau N, Bode H, Holzmann K …
Schwarz K. (2011). Dihydrofolate Reductase Deficiency Due to a
Homozygous DHFR Mutation Causes Megaloblastic Anemia and
Cerebral Folate Deficiency Leading to Severe Neurologic Disease.
Ame. J. Human Genetics, 88(2), 226–231.

http://doi.org/10.1016/j.ajhg.2011.01.007
Cheng F, Liu C, Jiang J, Lu W, Li W, Liu G, Tang Y (2012). Prediction of
Drug-Target Interactions and Drug Repositioning via Network-Based
Inference.PLoS
Computational
Biology,
8(5),
e1002503.
http://doi.org/10.1371/journal.pcbi.1002503
Corbett A, Williams G, Ballard C. (2013). Drug Repositioning: An
Opportunity to Develop Novel Treatments for Alzheimer’s Disease.
Pharmaceuticals,
6(10),
1304–1321.
http://doi.org/10.3390/ph6101304
Davidson J D, Ma L, Flagella M, Geeganage S, Gelbert L M, Slapak C
A. (2004). An increase in the expression of ribonucleotide reductase
large subunit 1 is associated with gemcitabine resistance in nonsmall cell lung cancer cell lines. Cancer Research, 64(11), 3761–
3766.
Depowski PL, Rosenthal SI, Brien TP, Stylos S, Johnson RL, Ross JS.
(2000). Topoisomerase IIα expression in breast cancer:
correlation with outcome variables. Modern Pathology, 13(5), 542–
547.
Fakhraei S, Raschid L, Getoor L. (2013). Drug-target interaction
prediction for drug repurposing with probabilistic similarity logic.In
Proceedings of the 12th International Workshop on Data Mining in
Bioinformatics (pp. 10–17).ACM. Retrieved from http://dl.acm.or
g/citation.cfm?id=2500870
Garside R, Pitt M, Anderson R, Rogers G. (2007). M Dyer, S Mealing,
M Somerville, A Price and K Stein. Health Technology Assessment,
11(45). Retrieved from http://www.journalslibrary.nihr.ac.uk/__d
ata/assets/pdf_file/0004/65173/FullReport-hta11450.pdf
Geller DS, Gorlick R (2010). Osteosarcoma: a review of diagnosis,
management, and treatment strategies. ClinAdvHematolOncol,
8(10), 705–718.
Jin G, Wong S TC. (2014). Toward better drug repositioning: prioritizing
and integrating existing methods into efficient pipelines. Drug
Discovery
Today,
19(5),
637–644.
http://doi.org/10.1016/j.drudis.2013.11.005
Karahalil B, Kocabas N A, ÖZÇELIK T. (2006). DNA repair gene
polymorphisms and bladder cancer susceptibility in a Turkish
population. Anticancer Research, 26(6C), 4955–4958.
Keystone E, Freundlich B. (2014). Methotrexate in rheumatoid arthritis:
benefits, limitations and the emerging value of subcutaneous
administration. International Journal of Clinical Rheumatology, 9(4),
345–351. http://doi.org/10.2217/ijr.14.33
Küppers R, Engert A,
Hansmann M L. (2012). Hodgkin
lymphoma.Journal of Clinical Investigation, 122(10), 3439–3447.
http://doi.org/10.1172/JCI61245
Lalani S R, Zhang J, Schaaf CP, Brown CW, Magoulas P, Tsai A C H,
… Xia F. (2014). Mutations in PURA Cause Profound Neonatal
Hypotonia, Seizures, and Encephalopathy in 5q31.3 Microdeletion
Syndrome.The American Journal of Human Genetics, 95(5), 579–
583. http://doi.org/10.1016/j.ajhg.2014.09.014
Loeb LA, Monnat RJ (2008). DNA polymerases and human
disease.Nature Reviews Genetics, 9(8), 594–604. http://doi.or
g/10.1038/nrg2345
Macmillan
and
Cancer
Support.Pemetrexed
and
cisplatin
chemotherapy.Cancer Support. www.macmillan.org.uk
Matasar M, Word. (2012). Advances in the diagnosis and management
of lymphoma. Blood and Lymphatic Cancer: Targets and Therapy,
29. http://doi.org/10.2147/BLCTT.S15554
Mockenhaupt FP, Eggelte TA, Böhme T, Thompson WN, Bienzle U
(2001). Plasmodium falciparum dihydrofolate reductase alleles and
pyrimethamine use in pregnant Ghanaian women.The American
Journal of Tropical Medicine and Hygiene, 65(1), 21–26.
Nidhi S (2012). Concept of Drug Interaction.International Research
Journal of Pharmacy, 3(7).
Ogata DC, Moreira RS, Gomes AR, Pereira Neto E, Sezerino DO,
Hirano MB (2011). Osteosarcoma with atypical location in an elderly
female patient.Autopsy and Case Reports, 1(4), 45–49.
http://doi.org/10.4322/acr.2011.016
Praveen D, Chowdary RP (2013). A review on the use of BleomycinCisplatin-Vinblastine combinations in therapy of testicular
cancer.Indian Journal of Research in Pharmacy and Biotechnology,
1(6), 793.
Ritter J, Bielack SS (2010). Osteosarcoma.Annals of Oncology,

Munir et al. 255

21(Supplement
7),
vii320–vii325.http://doi.org/10.1093/annonc
/mdq276
Thakur DS (2011). Topoisomerase II Inhibitors in Cancer Treatment.
International
Journal
of
Pharmaceutical
Sciences
and
Nanotechnology, 3(4).
Yang L, Chen J, Shi L, Hudock M P, Wang K, He L (2010).Identifying
Unexpected
Therapeutic
Targets
via
Chemical-Protein
Interactome.PLoS ONE, 5(3), e9568. http://doi.org/10.1371/
journal.pone.0009568

Zhang Z, Shi Q, Sturgis EM, Spitz M R, Hong WK, Wei Q (2004).
Thymidylate synthase 5′-and 3′-untranslated region polymorphisms
associated with risk and progression of squamous cell carcinoma of
the head and neck. Clinical Cancer Research, 10(23), 7903–7910.

