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Abstract

Cancer is uncontrolled cell growth guided by deregulation of cell growth network. Subsequently, alteration in genes
occurs which influences expression (down-regulation of tumor suppressor genes and/or up-regulation of proto-
oncogene) of these prominent cell growth proteins. Protein targeting has emerged as a hope against cancer. These
therapies work by inhibiting or up regulating the target proteins through agents specific for treatment of deregulated
proteins. Targeted cancer therapies are more favorable for cancers like lung, colorectal, breast, lymphoma and
leukemia as they focus on particular molecular changes unique to a specific cancer. As researchers scrutinize and
comprehend the cell changes that initiate cancer, they are better able to design promising therapies targeting these
changes or nullify their effect. In present study we have assessed prospects of significant proteins which are known
to be targeted by number of small molecules and related drugs for effective treatment of various forms of cancer.
Moreover, we also addressed the efficacies of these drugs toward the cancer treatment and future challenges in their
development as this information is lacking in previously published work.
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Introduction

Cancer has become one of the leading health problems worldwide. 8.8 million deaths occur every year due to it
(World Cancer Report: WHO, 2014). Since long time large amount of money have been spent around the world for
finding cure with limited or no success. Conventional chemotherapy and radiotherapy offers partial cancer treatment
with adverse side effects (Hoelder et al., 2012).

Cancer is multi-genetic disorder that begins with mutations in genes encoding significant signaling pathway control
proteins. These proteins control and regulate normal cellular processes like growth, apoptosis, DNA repair, division,
checkpoint, etc. and thereby prevent the cells from becoming cancerous. These mutation leads to production of
protein with impaired activity, thus possibly modifying cancer risk. Targeted therapies have emerged as a promising
approach against cancer that primarily work by targeting deregulated protein which supports survival of cancer
cells (Sever et al., 2015). Small molecule targeted therapies are often advantageous as these molecules can interact
with the target inside the cell as well as surface receptor, modulating the function of target proteins (Table 1) (Zhang
et al., 2009). Moreover, such targeted therapies are beneficial as they have potential of curing several forms of
cancer where significant proteins play common role.

36



Vivechan International Journal of Research, Vol. 9, Issue 1, 2018 ISSN No. 0976-8211

Kinases

Kinase receptors mediate significant events in normal cell growth and survival. They are also known to be closely
linked with cancer cell survival and proliferation as well. Majority of cancer growth receptor are kKinases in nature
(Zhang et al., 2009). Kinases are reported to be deregulated in several cancers, making them an important target for
cancer therapy. Several kinase inhibitors are available for treatment of cancer and many are under different levels of
clinical trials for final approval (Takeuchi et al., 2011). Kinases activities are known to be affected by several
genetic changes like mutations. Cancer is known to harbor mutations in their domain region, hence affecting their
functionality.

Polo-Like Kinase

Polo-like kinases (PLK) are a serine/threonine kinases. PLK-1, being a regulator of mitotic checkpoint, is the most
prominent PLK amongst all others (Lee et al., 2014).Apart from that it plays role in chromosome segregation,
cytokinesis and centromere maturation (Donaldson et al., 2001). Higher PLK1 expression results in defective cell
cycle checkpoints function and genetic instability, which may results in cancer (Wolf et al., 1997, Knecht et al.,
1999, Kanaji et al., 2006). Due to its crucial role in carcinogenesis, PLK1 inhibitors could be used as promising
target for designing therapy against cancers.

Amongst all PLK inhibitors, Rigosertib is the most promising drug candidate. It is a potent PLK1 inhibitor which is
currently under phase-3 clinical trials for development. This drug primarily shows anti-tumor properties by blocking
cell cycle in cancerous cell at G2/M phase (Costa-Cabral et al., 2016). In initial stages of clinical trials, it is found to
be useful for treatment of Myelodysplastic syndromes (MDS), Chronic Myelomonocytic Leukemia (CMML),
Ovarian Cancers, Acute Myeloid Leukemia (AML) and Acute Lymphocytic Leukemia (ALL).

Apart from Rigosertib, other drugs candidates including Volasertib (Goga et al., 2016), TKM-080301 and CFI-
400945, are under different stages of clinical trials. Volasertib is a highly selective PLK-1 inhibitor (Rudolph et al.,
2009) leading to cell cycle arrest as well as apoptosis. It shows anti-tumor activity against xenograft model of
neuroblastoma (Gorlick et al., 2014) and ALL (Rudolph et al., 2015), as monotherapy. VVolasertib also demonstrate
anti-tumor activity when used in combination with Cytarabine or Quizartinib, Fulvestrant and Vincristine against
ALL (Rudolph et al., 2015), breast cancer (Bhola et al., 2015) and rhabdomyosarcoma (Hugle et al., 2015)
respectively.

Aurora Kinase

Aurora kinase family boasts of its importance as a prominent cell cycle regulatory serine/threonine kinase that plays
role in cytokinesis and mitosis. Precisely, Aurora kinase A and B act as best candidates for targeted cancer therapy.
Aurora kinase A promotes CDK1 activation and mitotic entry, especially after DNA damage checkpoint-dependent
G2 phase arrest (Macerek et al., 2008, Seki et al., 2008) by phosphorylating and activating PLK1. Moreover, it also
promotes centromere maturation, as spindle assembly and spindle orientation.

Aurora kinase B is present in chromosome, where it controls its condensation and orientation, and at mitotic
spindle. Overexpression of Aurora A and B causes DNA damage inactivation of checkpoint and spindle assembly
during G2 phase (Marumoto et al., 2002) and mitosis (Anand et al., 2016) aneuploidy due to inept parting of
chromosome. Overexpression of Aurora A and B has been reported in breast, prostate, ovarian, cervical, colon,
thyroid, lung, liver and several other cancers.

Aurora A and Aurora B are being used extensively to develop inhibitory drugs for cancer treatment. These inhibitors
include Alisertib, ENMD-2076, Danusertib and AMG-900. Alisertib have high selectivity for Aurora A (Manfredi et
al., 2011), inducing mitotic arrest and polyploidy, that results in senescence or apoptosis (Gorgun et al., 2010, Qi et
al., 2011).

An ongoing study reports that Alisertib when used in combination with paclitaxel shows a response rate of 29% in
patients suffering from recurrent ovarian cancer (Melichar et al., 2016). Moreover, in case of solid tumors, response
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rate is 21% and 18% for small cell lung carcinoma and breast cancer, respectively (Melichar et al., 2015).
Combination of Alisertib and Docetaxel shows approximately 50% response rate against castration-resistant prostate
cancer (Hwang et al., 2012). Its usage with proteasome inhibitor (e.g. Bortezomib) inhibits multiple myeloma upto
30% (Barr et al., 2015). Presently, over 30 clinical investigations are going on for the use of Alisertib as a treatment
for a wide range of cancers.

Table 1: Showing Medicine along with their targeting molecule and associated cancer

Medicine Mechanism Cancer Target

Afatinib Inhibitor of the receptor tyrosine kinases Non-small cell lung carcinoma (NSCLC)
epidermal growth factor receptor (EGFR) (Keating et al., 2012)

AXxitinib Tyrosine Kinase Inhibitor Renal Cell Carcinoma ( Rini etal., 2005)

Bosutinib Tyrosine Kinase Inhibitor Philadelphia chromosome-positive (Ph+)

chronic myelogenous leukemia (CML) (
Cortes et al., 2011)

Cabozantinib

Small Molecule Inhibitor of the Tyrosine Kinases

Thyroid cancer (Keating et al., 2012)

Certinib Anaplastic Lymphoma Kinase (ALK) inhibitor Non-small cell lung cancer (NSCLC) (Shaw
et al., 2014).

Crizotinib ALK (anaplastic lymphoma kinase) inhibitor Non-small cell lung cancer (NSCLC) (Forde
etal., 2014)

Dasatinib Tyrosine Kinase Inhibitor Chronic myelogenous leukemia (CML),
prostate cancer ( FDA. "FDA approves
additional medical indication for Sprycel”.
www.fda.gov. FDA)

Erlotinib Tyrosine Kinase Inhibitor , EGFR Inhibitor Non-small cell lung cancer (NSCLC),
pancreatic cancer

Gefitinib EGFR Inhibitor Non-small cell lung cancer (NSCLC)

Ibrutinib Bruton's Tyrosine Kinase (BTK) Binder Mantle cell lymphoma, chronic lymphocytic
leukemia

Imatinib Stopping the Ber-Abl Tyrosine Kinase Chronic myelogenous leukemia (CML) and
acute lymphocytic leukemia (Burris 2004)

Lapatinib Syrosine Kinase Inhibitor, Tyrosine kinase Breast cancer and other solid tumours (Burris

Inhibitor 2004)
Lenvatinib Multiple Kinase Inhibitor Thyroid cancer (Matsui et al., 2008)
Osimertinib Epidermal Growth Factor Receptor (EGFR) Metastatic non-small-cell lung cancer
Tyrosine Kinase Inhibitor (NSCLC) (Ayeni etal., 2008)

Pazopanib Tyrosine Kinase Inhibitor Renal cell carcinoma and advanced soft tissue
sarcomas (Négrier etal., 2017)

Ponatinib Tyrosine-Kinase Inhibitor Chronic myeloid leukemia, acute

lymphoblastic leukemia ( Massaro et al.,
2017)

Regorafenib

Tyrosine Kinase Inhibition

Metastatic colorectal cancer ( Yoshino etal.,
2015)
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Rucaparib PARP Inhibitor Metastatic breast and ovarian cancer (Dockery
et al., 2015)

Ruxolitinib Tyrosine Protein Kinases Advanced renal cell carcinoma, hepatocellular
carcinoma (Kong et al., 2017)

Sunitinib Receptor Tyrosine Kinase Inhibitor Renal cell carcinoma (Blay et al., 2009)

Vandetanib Kinase Inhibitor (EGFR) Inhibition Medullary thyroid cancer (Ayeni et al., 2008)

Receptor Tyrosine Kinase

Receptor tyrosine kinases (RTKSs) are the membrane covering proteins that display inherent phosphotyrosine kinase
action. Once the ligand is bound to the receptor, a conformational change is induced leading to transphosphorylation
of receptor present in that specific tyrosine residue. This phosphorylated residue is recognized by signaling proteins
that transfers signal from receptor to inside the cell (Peschard et al., 2003). RTKs activation is linked to various
significant cellular events like cell growth morphogenesis of organs, repairing certain tissue and cell regeneration.

Gene expressing RTKSs can become potent oncogenes as a result of mutation, chromosomal translocation or genomic
amplification. Various cancers are caused due to aberrant degradation of RTKs emphasizing the importance of
mechanism regulating RTKs (Pawson et al., 2005, Bache et al., 2004). Receptor tyrosine kinases activity is
controlled in normal cells but deregulation of RTK is reported in numerous cancers like breast cancer, lung cancer,
head and neck cancer, gastrointestinal stromal tumor and chronic myeloid leukemia. The deregulated RTK signaling
provides the rationale for anti-RTK drug treatment.

By inhibiting the catalytic activity of RTK with the help of small molecule inhibitors, aberrant signaling can be
blocked. Non-small cell lung cancer with mutant EGFR and Gastrointestinal stromal tumor with KIT gene (c-kit)
encoded mutant receptor tyrosine kinase protein can be treated using small molecules, Imatinib, and Gefitinib and
Erlotinib respectively (Minkovsky et al., 2016). Multiple RTKs like vascular endothelial growth factor receptor
(VEGFR) (which plays a vital role in tumor angiogenesis and tumor cell proliferation) and kinases of platelet-
derived growth factor receptor (PDGFR) are effectively inhibited by Sunitinib. Drugs like Brivanib and Sorafinib
have been approved for the treatment of hepatocellular carcinoma (Mendel et al., 2003).

Cell Cycle Regulatory Protein and Cancer

Uncontrolled cell proliferation, a very significant indicator of cancer can be instigated by the loss of cell cycle
regulatory control. A very large number of proteins are known to function in cell cycle regulation. However, some
proteins that have more significant role in cell division and maintaining cell cycle, can be targeted for the treatment
of cancer.

Cyclins and Cyclin Dependent Kinases (CDKSs) are the proteins which are important in progression of cell cycle
through different phases. They are divided into two categories: G1/S cyclins and G2/M cyclins, which include
CDK2/4/6 and CDK1, respectively. Cyclins acts as regulator of CDKs which controls their activity and
specificity. In recent decades, several strategies have been analyzed to develop a possible therapy against cancer
targeting cyclins and CDKs.

CDK4 and CDK®6

CDK4 and CDK®6 are known to control G1 phase of cell cycle in complex with cyclin D. The gene encoding these
proteins are very commonly mutated in human cancers suggesting there major role in cancer prevention. Several
promising cancer therapies like Palbociclib, Ribociclib and Abemaciclib, are under clinical trials targeting CDK4/6
proteins. Breast cancer, is currently being treated by the use of these therapeutic drugs (Otto et al.,
2017). Pablociclib when used in combination with Letrozole is reported to increase the survival rate in patients with
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breast cancer. Apart from breast cancer, these drugs are also reported as potential candidate for treatment of lung,
ovarian, hepatocellular, prostate, pancreatic and several other cancers as well (Finn et al., 2016).

CDK1

CDK1 is activated by cylins B2 and B-protein. During cell cycle, phosphorylation and dephosphorylation of CDK1
plays an essential role in transition from G1 to M phase which affects cell proliferation in the course of M-phase.
Therefore, CDK1 inhibitors can be a useful therapy against cancer. TG-02, Flavopiridol, Roscovitine, Dinaciclib,
AT7519, Milciclib and RGB-286638, inhibits G1 cell cycle arrest and apoptosis (Goh et al., 2012). Moreover, TG-
02, a multi-kinase CDK1 inhibitor is also reported to have an anti-proliferating affect against tumor cells (Goh et al.,
2012). All of these potential drugs are under various stages of clinical trials. It is very likely that some of these will
be used for the treatment.

Tumor Suppressor Proteins

Proteins encoded by various tumor suppressor genes are known to prevent cancer by different mechanism. Gene
mutation can lead to loss of function and higher cancer risk.

BRCA1

The BRCAL, a caretaker gene, is located on chromosome number 17. The BRCAL is a 220 kdalton protein, believed
to work as a cell protector by repairing and preventing DNA strand break. Certain functions like apoptosis, cell
checkpoint, DNA repairing, transcription and protein ubiquitination contributes to the tumor suppressing activity of
BRCAL. Protein BRCA1 along with BRCA2 helps in stabilizing the human genome by interacting with the RAD51
(Boulton et al., 2006). This very gene displays a significant participation during double strand break repair in
homologous recombination of DNA. The BRCAL gene is found to be the principal component in the process of
transcription and also in RNA polymerase 1l holoenzyme (Scully et al., 1997).

The mutations in BRCAL gene mainly results in the Breast and Ovarian cancer. Inherent mutation of BRCA1 gene
is also a cause of cancer in most of the women. EMSY is a protein known to bind with BRCAZ2 protein and result in
its inhibition (Wilkerson et al., 2011). This protein causes gene amplification and can be considered as a primary
factor in non-familial breast cancer, that is, in sporadic breast cancers (De Leeneer et al., 2012).

Poly (ADP-ribose) polymerase 1 (PARP1) is found to take the major leads in the treatment of the BRCA mutant
genes. It is capable in post transcription modification of histone and DNA damage and repairing DNA single strand
breaks (Hoeijmakers et al., 2001). Human PARP inhibitor sensitizes tumor cells, leading to cell-cycle arrest and
apoptosis (Farmer et al., 2005) causing a big breakthroughs in less toxic cancer treatments. Various clinical trials
indicates PARP inhibitors including Valiparib, Olaparib and Rucaparib (Kaufman et al., 2016)that help in treatment
of ovarian, breast and some of prostate and pancreatic cancers with BRCA1/2 mutation (Kaufman et al., 2016).
Olaparib is found to have 26.2% of response rate in various advance cancers associated with the BRCA 1/2
mutations. This drug in combination with chemotherapy and other hormonal therapies is found to be very effective
in ovarian, breast and pancreatic cancer (Abbas et al., 2009).

p21 Protein

Human p21 protein is a potent CDK inhibitor, activated by p53 gene. It maintains cell growth and respond to DNA
damage, also modulates the repair process. Proliferating cell nuclear antigen (PCNA) (Abbas et al., 2009) is
interacted by it, resulting in promotion of suppression of cell cycle and DNA replication. Other functions of p21
includes regulation of cell morphogenesis, motility, survival, gene transcription, apoptosis, hormone signaling
mediated by PAK family of activated kinases. The mutated p21 gene or subsequent down regulation of p21 protein
enhance the chances of breast cancer.

Human p21 exert oncogenic as well as tumor suppressor activities. By the induction and accumulation of p21
expression using histone deacetylase (HDAC) inhibitors (. Drummond et al., 2005, Mercurio et al., 2010) and
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proteasome inhibitors (Voorhees et al., 2006, Zavrski et al., 2016) respectively, the situation of increase in cellular
level of protein can be effectively exploited.

Various anti-cancer agents, including the HDAC inhibitors like Vorinostat, Romidepsin, Valproic acid, Belinostat,
Panobinostat and Givinostat (Fig 1) (Kahnberg et al., 2006) promotes p21 activation (Ocker et al., 2007), resulting
in inhibition of cancer cells (Pecuchet et al., 2010), demonstrating benefits in cutaneous T-cell lymphoma and other
distortions like solid tumor (Mercurio et al., 2010). Bortezomib (Velcade), the first proteasome inhibitor to undergo
clinical testing, showed efficacy against non-Hodgkin's lymphomas, human mesothelioma, breast cancer cells,
hematologic and other solid malignancies (Matta et al., 2016). MG-132, MG-115, Lactacystin and Epoxomicin
stabilizes the protein levels, involved in checkpoints (e.g. p53 and p21) and apoptotic pathways (e.g. Bax).

Human p21 can act as a therapeutic target in breast and other cancers characterized by chemotherapy
resistance. Tumor cells can be sensitized by anti-proliferative drugs using p21 deletion (Weiss et al., 2003) through
antisense oligonucleotide that attenuate p21 expression in myeloid leukemia (Freemerman et al., 1997), renal
carcinoma (Park et al., 2008) and breast cancer cells (Fan et al., 2016).

Adenomatous Polyposis Coli (APC)

The human APC not only works as a negative regulator of the Whnt/beta-catenin signaling pathway but also
facilitates mediation of cell migration, DNA replication, cell cycle and repair along with apoptosis.

This tumor suppression gene mainly causes colorectal cancer along with lungs, breast, liver and many other
cancers. Mutations in other genes often result in mutations in APC as they can be inherited or arise sporadically in
somatic cells. The production of abnormally short non-functional APC protein which is unable to suppress the
cellular overgrowth leading to formation of polyps in intestine is caused by an inherited, inactivating mutation
(Groden et al., 1991). Mutations in APC have been found in around 60% of adenomas besides sporadic carcinomas
(Powell et al., 1992). Mutation cluster region (MCR) is known to harbor most Cancer linked APC mutations. This
leads to C-terminal truncation of the protein (Beroud et al., 1996) which, in turn leads to loss of domains required
for binding to beta-catenin and signaling pathway along with activities like DNA repairing and replication,
regulation of cell cycle, apoptosis and cell signaling pathways.

Several therapeutic approaches have been explored to treat APC-mutant cancers and contribute to the mechanism by
which APC mediates tumorigenesis. PKF 115-584 and CGP049090, two small molecule inhibitors, have been
developed against colorectal cancer cells with active Wnt/beta-catenin pathway. These compounds are found to
disrupt beta- catenin/TCF binding, thus, inhibit proliferation. But they are cytotoxic in nature (Lepourcelet et al.,
2004). The ICG-001 molecule weakens the interaction of transcriptional co-activator CREB-binding protein (CBP)
and beta-catenin (Emami et al., 2004). This drug inhibits the expression of cell survival gene survivin, suppressing
colorectal cell growth (Ma et al., 2005). Another small molecule, FH535 prevents beta-catenin from interacting with
TCF. Resulting in inhibition of proliferation through the mechanism that involves peroxisome proliferator-activated
receptor (PPAR) (Handeli et al., 2016).

APC function in mutant cells is restored using Tylosin, an aminoglyceride. Tylosin is found to be non-toxic,
showing reduction in tumor growth and oncogenic phenotypes (Zilberberg et al., 2010). Colorectal cancer cells
containing a non-sense APC mutation can be targeted using the Tylosin. Cyclooxygenase-2 (COX-2) inhibitor,
Celecoxib in combination with EGFR inhibitor, Erlotinib decreases 96% of polyps. Celecoxib was replaced by
NSAIDS in this combination as they were found to have cardiovascular side effects (Buchanan et al., 2007).
AZDO0530 and SKI-606 are Src inhibitors that decrease proliferation, invasion and metastasis in breast cancer
(Hiscox et al., 2008).

p53 Protein

Human p53, also known as ‘guardian of DNA', functions in controlling significant cell cycle checkpoints. Around
50% of human cancers including cervical, ovarian, lung, liver, bladder, skin, colorectal and brain are caused due to
p53 gene mutation. Once DNA damage is detected, human p53 protein induces G1 arrest, thus, providing more time
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for DNA to repair during cell cycle. However, in case of higher damage of DNA, p53 leads cell to apoptosis, by
transactivating p21 as well as certain apoptotic genes like PIG3, CD95 (Fas), Perp and BH3-only proteins, Bax,
Killer/DR5, p53 AlIP1, Noxa and PUMA (Fig 1) (Gurzov et al., 2010).

Various non-genotoxic molecules have been recognised for the treatment of cancers retaining wild type p53 which
activates p53 and induces tumor cell death. Some drugs like nutlin (Graves et al., 2012), RITA (Issaeva et al., 2014),
MI-219 (Shangary et al., 2008) and RG7112 (Saha et al., 2013) target MDM2 - p53 interaction.
RITA and nutlin induces apoptosis in tumor cells and inhibits there growth, thus, preventing the interaction of
MDM2 and p53 (Hong et al., 2014). The p53 can be activated through targeting specific molecular pathways using
drug combinations. The combination of CDK inhibitors (roscovitine and DRB) and nutlin-3 shows synergy in
activating p53 and apoptosis in p53 wild-type tumor cells (Cheok et al., 2007).

PRIMA-1 is promising clinical trials on drugs targeted at restoring mutant p53 proteins in cancerous cells. It is
converted into a methylated form of a drug called PRIMA-1(MET) & acts by thiol group modification present in the
central domain of mutated protein (Lambert et al., 2009). Molecules like MIRA-1, STIMA-1 and CP-31398 have
the ability to alkylate cystine residues present in mutant p53 (Cheok et al., 2007). Thus, p53 protein is reactivated,
regaining its potential to induce apoptosis.

Vorinostat

Romidepsin
Valpreic acid
Belinostat

Panobinostat

. Glvinostat CDKA e
RITA Showing Induction
Mi-219 L Inhibits T >
RG7112 < E lf, ]
CDK 2 CDK4
p21 |}

Y
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\

A
|

-
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DNA Repairing

DNA Repairing

Figure 1: Interaction of some drugs with their respective protein. The interaction of Vorinostat, Romidepsin,
Valporic acid, Belinostat, Panobinostat and Givinostsat with p21 protein, which helps in the inhibition of the Cell
cycle by inhibiting Cyclin dependent Kinases (CDK1, CDK2,CDK4 and CDK4), this inhibition is also performed by
pl6 protein which further control tumor formation by apoptosis. Certain other drugs like Nutilin, RITA, MI-219,
RG7112 inhibit the interaction of MDM2 with p53 which further helps in apoptosis and certain molecules which are
transcriptionally activated by the p53 such as NOXA, BAX, PIG3, PUMA and CD95 further helps in apoptosis. P53
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also interact with the DNA repairing mechanism by checking of any damage and in some conditions leads to G1
arrest, G2 arrest is also initiated by p53 by activating DRAM which helps in G2 arrest. In case of higher damage p53
causes apoptosis.

Resistance to Therapy

Cancer treatment has been revolutionized by small molecule therapy. Some of these therapies have helped in
increasing survival rate amongst fair number of patients. But complete treatment is a major issue, as cancer relapse
after certain period of time. On-target mutation accumulation and pathway alteration are predominant mechanism of
drug resistance. Resistance is further influenced by drug factors like nature of drug & chosen target itself. Current
research focuses on genomic studies of resistant cells to understand mechanism which helps cancer evade
treatment. Understanding of such molecular events will help in designing second-generation therapies which can
effectively deal with relapse of tumor (Gross et al., 2015).

Conclusion

Protein targeted therapies against cancer by small molecules have progressed significantly in last few decades due to
enhanced understanding of molecular events underlying cancer progression. These therapies have helped in
improving overall patient life quality and saving many lives. Despite the recent advancement, for many patients the
targeted therapies are not available. Designing targeted therapies are always difficult as cancer is result of multiple
gene mutations. These mutations are not only different in diverse forms of cancer but varies greatly in individual
cancer forms. Moreover, many potent proteins that have strong cancer linkage, like RAS, c-MYC and HIF. These
are regarded as technically un-druggable by small molecules (Hoelder et al., 2012). Nevertheless, with new and
advanced discoveries we can hope that targeted therapies may become more efficacious and work as meaningful and
primary strategy to treat cancer in upcoming future.

References
Abbas, T., Dutta, A. 2009. p21 in cancer: intricate networks and multiple activities. Nat Rev Cancer, 9, 400-414.

Abbas., T, Dutta., A. 2009. p21 in cancer: intricate networks and multiple activities. Nat Rev Cancer, 9, 400-414.

Anand, S., Penrhyn-Lowe, S-Venkitaraman, A.R. 2003. AURORA-A amplification overrides the mitotic spindle
assembly checkpoint, inducing resistance to Taxol. Cancer Cell, 3, 51-62.

Ayeni, D., Politi, K., Goldberg, S.B. 2015. Emerging Agents and New Mutations in EGFR-Mutant Lung Cancer.
Clin. Cancer Res., 21, 3818-20.

Bache., K.G., Slagsvold., T., Stenmark., H. 2004. Defective downregulation of receptor tyrosine kinases in cancer.
Embo J, 23, 2707-12.

Barr, P.M, Li, H., Spier, C., Mahadevan, D., LeBlanc, M., Ul Hag, M., Huber, B.D., Flowers, C.R., Wagner-
Johnston, N.D., Horwitz, S.M., Fisher, R.l., Cheson, B.D., Smith, S.M., Kahl, B.S., Bartlett, N.L., Friedberg, J.W.
2015. Phase Il Intergroup Trial of Alisertib in Relapsed and Refractory Peripheral T-Cell Lymphoma and
Transformed Mycosis Fungoides: SWOG 1108. J Clin Oncol, 33, 2399-2404.

Beroud, C., Soussi, T. 1996. APC gene: Database of germline and somatic mutations in human tumours and cell
lines. Nucleic Acids Res, 24, 121-124.

Bhola, N.E., Jansen, V.M., Bafna, S., Giltnane, J.M., Balko, J.M., Estrada, M.V., Meszoely, I., Mayer, I., Abramson,

V., Ye, F., Sanders, M., Dugger, T.C., Allen, E.V., Arteaga, C.L. 2015. Kinome-wide functional screen identifies
role of PLK1 in hormone-independent, ER-positive breast cancer. Cancer Res, 75, 405-14.

Copyright© 2018 IMSEC 43



Vivechan International Journal of Research, Vol. 9, Issue 1, 2018 ISSN No. 0976-8211

Blay, J.Y., Reichardt, P. 2009. Advanced gastrointestinal stromal tumor in Europe: a review of updated treatment
recommendations. Expert Rev Anticancer Ther, 9, 831-838.

Boulton S.J. 2006.Cellular functions of the BRCA tumour-suppressor proteins. Biochem. Soc. Trans, 34, 633-645.

Buchanan, F.G., Holla, V., Katkuri, S., Matta, P, DuBois., R.N. 2007. Targeting cyclooxygenase-2 and the
epidermal growth factor receptor for the prevention and treatment of intestinal cancer. Cancer Res, 67, 9380-9388.

Burris, H.A. 2004. Dual kinase inhibition in the treatment of breast cancer: initial experience with the EGFR/ErbB-2
inhibitor lapatinib. Oncologist, 9, 10-5.

Cheok, C.F., Dey, A., Lane, D.P. 2007. Cyclin dependent kinase inhibitors sensitize tumor cells to Nutlin-induced
apoptosis: A potent drug combination. Mol. Cancer Res, 5, 1133-1145.

Cortes, J.E., Kantarjian., H.M., Brimmendorf, T.H., Kim., D.W., Turkina, A.G., Shen, Z.X., Pasquini. R., Khoury,
H.J., Arkin, S., Volkert, A., Besson, N., Abbas, R., Wang, J., Leip, E., Gambacorti-Passerini. C. 2011. Safety and
efficacy of bosutinib (SKI-606) in chronic phase Philadelphia chromosome-positive chronic myeloid leukemia
patients with resistance or intolerance to imatinib. Blood, 118, 4567-76.

Costa-Cabral, S., Brough, R., Konde, A., Aarts, M., Campbell, J., Marinari, E., Riffell, J., Bardelli, A., Torrance, C.,
Lord, C.J., Ashworth, A. 2016. CDK1 Is a Synthetic Lethal Target for KRAS Mutant Tumours. PLoS ONE 11(2),
€0149099.

De-Leeneer, K., Coene, 1., Crombez, B., Simkens, J., Van den Broecke, R., Bols, A., Stragier, B., Vanhoutte, I., De
Paepe, A., Poppe, B., Claes, K. 2012. Prevalence of BRCAL/2 mutations in sporadic breast/ovarian cancer patients
and identification of a novel de novo BRCA1 mutation in a patient diagnosed with late onset breast and ovarian
cancer: implications for genetic testing. Breast Cancer Res Treat, 132, 87-95.

Dockery, L.E., Gunderson, C.C., Moore, K.N. 2017. Rucaparib: the past, present, and future of a newly approved
PARP inhibitor for ovarian cancer. Onco Targets Ther, 10, 3029-3037.

Donaldson., M.M, Tavares., A.A.M., Ohkura., H., Deak, P., Glover, D.M. 2001. Metaphase Arrest with Centromere
Separation in polo Mutants of Drosophila. J Cell Biol, 153, 663-676.

Drummond, D.C,, Noble, C.O., Kirpotin, D.B., Guo, Z., Scott, G.K., Benz, C.C. 2005. Clinical development of
histone deacetylase inhibitors as anticancer agents. Annu. Rev. Pharmacol. Toxicol, 45, 495-528.

Emami, K.H., Nguyen, C., Ma, H., Kim, D.H., Jeong, K.W., Eguchi, M., Moon, RT., Teo, J.L., Kim, H.Y., Moon,
S.H., Ha, J.R, Kahn., M. 2004. A small molecule inhibitor of beta-catenin/CREB-binding protein transcription. Proc
Natl Acad Sci USA, 101, 12682-12687.

Fan, S., Chang, J.K., Smith, M.L., Duba, D., Fornace, A.J., Jr, O'Connor, P.M. 1997. Cells lacking CIP1/WAF1
gene exhibit preferential sensitivity to cisplatin and nitrogen mustard. Oncogene, 14, 2127-2136.

Fan, Y., Borowsky, A.D., Weiss, R.H. 2003. An antisense oligodeoxynucleotide to p21 (WAF1/CIP1) causes
apoptosis in human breast cancer cells. Mol Cancer Ther, 2, 773-782.

Farmer, H., McCabe, N., Lord, C.J., Tutt, A.N., Johnson, D.A., Richardson, T.B., Santarosa, M., Dillon, K.J.,

Hickson, I., Knights, C., Martin, N.M., Jackson, S.P., Smith, G.C., Ashworth, A. 2005. Targeting the DNA repair
defect in BRCA mutant cells as a therapeutic strategy. Nature, 434, 917-21.

44



Vivechan International Journal of Research, Vol. 9, Issue 1, 2018 ISSN No. 0976-8211

FDA. 2013. FDA approves additional medical indication for Sprycel. www.fda.gov. FDA. Retrieved 22 March.
Finn, RS., Martin, M., Rugo. H.S., Jones, S., Im, S.A., Gelmon, K., Harbeck, N., Lipatov, O.N., Walshe, J.M.,
Moulder, S., Gauthier, E., Lu, DR., Randolph, S., Diéras, V., Slamon, D.J. 2016. Palbociclib and Letrozole in
Advanced Breast Cancer. N Engl J Med, 375, 1925-1936.

Forde., P.M., Rudin., C.M. 2012. Crizotinib in the treatment of non-small-cell lung cancer. Expert Opin
Pharmacother. 13, 1195-201.

Freemerman, A.J., Vran., J.A., Tombes, R.M., Jiang, H., Chellappan, S.P., Fisher, P.B., Grant, S. 1997. Effects of
antisense p21 (WAF1/CIP1/MDAZ1) expression on the induction of differentiation and drug-mediated apoptosis in
human myeloid leukemia cells (HL-60). Leukemia, 11, 504-513.

Goga, A, Yang, D., Tward, A.D., Morgan, D.O., Bishop, J.M. 2007. Inhibition of CDK1 as a potential therapy for
tumors over-expressing MYC. Nat Med, 13, 820-7.

Goh, K.C., Novotny-Diermayr, V., Hart, S., Ong, L.C., Loh, Y.K., Cheong, A., Tan, Y.C Hu, C., Jayaraman, R.,
William, A.D., Sun, E.T., Dymock, B.W., Ong, K.H., Ethirajulu, K., Burrows, F., Wood, J.M. 2012. TG02, a novel
oral multi-kinase inhibitor of CDKs, JAK2 and FLT3 with potent anti-leukemic properties. Leukemia, 26, 236-243.

Gorgun, G., Calabrese, E., Hideshima, T., Ecsedy, J., Perrone, G., Mani, M., Ikeda, H., Bianchi, G., Hu, Y., Cirstea,
D., Santo, L., Tai, Y.T., Nahar, S., Zheng, M,, Bandi, M., Carrasco, R.D., Raje, N., Munshi, N., Richardson, P.,
Anderson, K.C. 2010. A novel Aurora-A kinase inhibitor MLN8237 induces cytotoxicity and cell-cycle arrest in
multiple myeloma. Blood, 115, 5202-5213.

Gorlick, R., Kolb, E.A., Keir, S.T., Maris, J.M., Reynolds, C.P., Kang, M.H., Carol, H., Lock, R., Billups, C.A.,
Kurmasheva, R.T., Houghton, P.J., Smith, M.A. 2014. Initial testing (stage 1) of the Polo-like kinase inhibitor
volasertib (Bl 6727), by the Pediatric Preclinical Testing Program. Pediatr Blood Cancer, 61, 158-64.

Graves, B., Thompson, T., Xia, M., Janson, C., Lukacs, C., Deo, D., Di-Lello, P., Fry, D., Garvie, C., Huang, K.S.,
Gao, L., Tovar, C., Lovey, A., Wanner, J., Vassilev, L.T. 2012. Activation of the p53 pathway by small-molecule-
induced MDM2 and MDMX dimerization. Proc Natl Acad Sci USA, 109, 11788-11793.

Groden, J., Thliveris, A., Samowitz, W., Carlson, M., Gelbert, L., Albertsen, H., Joslyn, G., Stevens, J., Spirio, L.,
Robertson, M. 1991. Identification and characterization of the familial adenomatous polyposis coil gene. Cell, 66,

589-600.

Gross, S., Rahal, R., Stransky, N., Lengauer, C., Hoeflich, K.P. 2015. Targeting cancer with kinase inhibitors. J Clin
Invest, 125, 1780-89.

Guo, M., Sun, Y., Yang, D., Wang, S. 2008. Temporal activation of p53 by a specific MDMZ2 inhibitor is selectively
toxic to tumors and leads to complete tumor growth inhibition. Proc Natl Acad Sci, 105, 3933-8.

Gurzov, E.N., Germano, C.M., Cunha, D.A., Ortis, F., Vanderwinden, J.M., Marchetti, P., Zhang, L., Eizirik, D.L.
2010. p53 Up-regulated Modulator of Apoptosis (PUMA) Activation Contributes to Pancreatic «-Cell Apoptosis
Induced by Proinflammatory Cytokines and Endoplasmic Reticulum Stress. J Biol Chem, 285, 19910-20.

Handeli, S., Simon, J.A. 2008. A small-molecule inhibitor of Tcf/betacatenin signaling down-regulates PPAR
gamma and PPAR delta activities. Mol Cancer Ther, 7, 521-9.

Hiscox, S and Nicholson, R.I. 2008. Src inhibitors in breast cancer therapy. Expert Opin Ther Targets, 12, 757-67.

Copyright© 2018 IMSEC 45



Vivechan International Journal of Research, Vol. 9, Issue 1, 2018 ISSN No. 0976-8211

Hoeijmakers, J.H. 2001. Genome maintenance mechanisms for preventing cancer. Nature, 411, 366-3.

Hoelder, S., Clarke, P.A., Workman, P. 2012. Discovery of Small Molecule Cancer Drugs: Successes, Challenges
and Opportunities. Mol Oncol, 6, 155-176.

Hoelder, S., Clarke, P.A., Workman, P. 2012. Discovery of small molecule cancer drugs: Successes, challenges and
opportunities. Mol Oncol, 6, 155-176.

Hong, B., van den Heuvel, A.P., Prabhu, V.V., Zhang, S and El-Deiry, W.S. 2014. Targeting tumor suppressor p53
for cancer therapy: strategies, challenges and opportunities. Curr Drug Targets, 15, 80-9.

Hugle, M., Belz, K., Fulda, S. 2015. Identification of synthetic lethality of PLK1 inhibition and microtubule-
destabilizing drugs. Cell Death Differ, 22, 1946-56.

Hwang, C. 2012. Overcoming docetaxel resistance in prostate cancer: a perspective review. Ther Adv Med Oncol,
4,329-340.

Issaeva, N., Bozko, P., Enge, M., Protopopova, M., Verhoef, L.G., Masucci, M., Pramanik, A., Selivanova, G. 2014.
Small molecule RITA binds to p53, blocks p53-HDM-2 interaction and activates p53 function in tumors. Nat Med,
10, 1321-8.

Kahnberg, P., Lucke, A.J., Glenn, M.P., Boyle, G.M., Tyndall, J.D., Parsons, P.G., Fairlie, D.P. 2006. Design,
synthesis, potency, and cytoselectively of anticancer agents derived by parallel synthesis from alpha-aminosuberic
acid. J. Med. Chem, 49, 7611-7622.

Kanaji, S., Saito, H., Tsujitani, S., Matsumoto, S., Tatebe, S., Kondo, A., Ozaki, M., Ito, H., Ikeguchi, M. 2016.
Expression of Polo-Like Kinase 1 (PLK1) Protein Predicts the Survival of Patients with Gastric Carcinoma.
Oncology, 70, 126-133.

Kaufman, B., Shapira-Frommer, R., Schmutzler, R.K., Audeh, M.W., Friedlander, M., Balmafia, J., Mitchell, G.,
Fried, G., Stemmer, S.M., Hubert, A., Rosengarten, O., Steiner, M., Loman, N., Bowen, K., Fielding, A., Domchek,
S.M. 2015. Olaparib monotherapy in patients with advanced cancer and a germline BRCA1/2 mutation. J Clin
Oncol, 33, 244-250.

Keating, G.M. 2014. Afatinib: a review of its use in the treatment of advanced non-small cell lung cancer. Drugs
Weiss, 207-221.

Knecht, R., Elez, R., Oechler, M., Solbach, C., von llberg, Strebhardt, K. 1999. Prognostic significance of polo-like
kinase (PLK) expression in squamous cell carcinomas of the head and neck. Cancer Res, 59, 2794-7.

Kong, Y., Wu, Y.L., Song, Y., Shi, M.M,, Cao, X.N., Zhao, H.Y., Qin, Y.Z,, Lai, Y.Y., Jiang, H., Jiang, Q., Huang,
X.J. 2017. Ruxolitinib/nilotinib cotreatment inhibits leukemia-propagating cells in Philadelphia chromosome-
positive ALL. J Transl Med, 15, 184.

Kumar, S., Mahdi, H., Bryant, C., Shah, J.P., Garg, G., Munkarah, A. 2010. Clinical trials and progress with
paclitaxel in ovarian cancer. Int J Womens Health, 19, 411-427.

Lambert, J.M., Gorzov, P., Veprintsev, D.B., Séderqvist, M., Segerbéack, D., Bergman, J., Fersht, A.R., Hainaut, P.,

Wiman, K.G., Bykov, V.J. 2009. PRIMA-1 reactivates mutant p53 by covalent binding to the core domain. Cancer
Cell. 15, 376-88.

46



Vivechan International Journal of Research, Vol. 9, Issue 1, 2018 ISSN No. 0976-8211

Lee, S-Y., Jang, C., Lee, K-A. 2014. Polo-Like Kinases (PIks), a Key Regulator of Cell Cycle and New Potential
Target for Cancer Therapy. Dev Reprod, 18, 65-71.

Lepourcelet, M., Chen, Y.N., France, D.S., Wang, H., Crews, P., Petersen, F., Bruseo, C., Wood, A.W., Shivdasan.,
R.A. 2004. Small-molecule antagonists of the oncogenic Tcf/beta-catenin protein complex. Cancer Cell, 5, 91-102.

Ludwig, H., Khayat, D., Giaccone, G., Facon, T. 2005. Proteasome inhibition and its clinical prospects in the
treatment of haematological and solid malignancies. Cancer, 104, 1794-1807.

Ma, H., Nguyen, C., Lee, K.S., Kahn, M. 2008. Differential roles for the coactivators CBP and p300 on TCF/beta-
catenin-mediated survivin gene expression. Oncogene, 24, 3619-31.

Macerek, L., Lindgvist, A., Lim, D., Lampson, M.A., Klompmaker, R., Freire, R., Clouin, C., Taylor, S.S., Yaffe,
M.B., Medema, R.H: Polo-like kinase-1 is activated by aurora A to promote checkpoint recovery. Nature, 45, 119-
123.

Manfredi, M.G., Ecsedy, JA., Chakravarty, A., Silverman, L., Zhang, M., Hoar., KM., Stroud., SG, Chen., W,
Shinde., V, Huck., JJ, Wysong., DR, Janowick., DA, Hyer., ML, Leroy., PJ, Gershman., RE, Silva., MD,
Germanos., MS, Bolen., JB, Claiborne., CF, Sells., TB. 2011. Characterization of Alisertib (MLN8237), an
investigational small-molecule inhibitor of aurora A kinase using novel in vivo pharmacodynamic assays. Clin
Cancer Res, 17, 7614-7624.

Marumoto, T., Hirota, T., Morisaki, T., Kunitoku, N., Zhang, D., Ichikawa, Y., Sasayama, T., Kuninaka, S., Mimori,
T., Tamaki, N., Kimura, M., Okano, Saya., H. 2002. Roles of aurora-Akinase in mitotic entry and G2 checkpoint in
mammalian cells. Genes Cells, 7, 1173-82.

Matsu., J., Funahashi, Y., Uenaka, T., Watanabe, T., Tsuruoka, A., Asada, M. 2008. Multi-Kinase Inhibitor E7080
Suppresses Lymph Node and Lung Metastases of Human Mammary Breast Tumor MDA-MB-231 via Inhibition of
Vascular Endothelial Growth Factor-Receptor (VEGF-R) 2 and VEGF-R3 Kinase. Clin Cancer Res, 14, 5459-65.

Matta, H., Chaudhary, P.M. 2005 The proteasome inhibitor bortezomib (PS-341) inhibits growth and induces
apoptosis in primary effusion lymphoma cells. Cancer Biol Ther, 4, 77-82.

Melichar, B., Adenis, A., Lockhart, A.C., Bennouna, J., Dees, E.C., Kayaleh, O., Obermannova, R., DeMichele, A.,
Zatloukal, P., Zhang, B., Ullmann, C.D., Schusterbauer, C. 2015. Safety and activity of alisertib, an investigational
aurora kinase A inhibitor, in patients with breast cancer, small-cell lung cancer, non-small-cell lung cancer, head and
neck squamous-cell carcinoma, and gastro-oesophageal adenocarcinoma: a five-arm phase 2 study. Lancet Oncol.
16, 395-405.

Mendel, D.B., Laird, A.D., Xin, X., Louie, S.G., Christensen, J.G., Li, G., Schreck, R.E., Abrams, T.J., Ngai, T.J.,
Lee, L.B., Murray, L.J., Carver, J., Chan, E., Moss, K.G., Haznedar, J.O., Sukbuntherng, J., Blake, R.A., Sun., L.,
Tang, C., Miller, T., Shirazian, S., McMahon, G., Cherrington, J.M. 2003. In vivo antitumor activity of SU11248, a
novel tyrosine kinase inhibitor targeting vascular endothelial growth factor and platelet-derived growth factor
receptors: determination of a pharmacokinetic/pharmacodynamic relationship. Clin Cancer Res, 9, 327-337.

Mercurio, C., Minucci, S., Pelicci, P.G. 2010. Histone deacetylase and epigenetic therapies of haematological
malignancies. Pharmacol Res, 62, 18-34.

Minkovsky, N., Berezov, A. 2008. BIBW-2992, a dual receptor tyrosine kinase inhibitor for the treatment of solid
tumors. Curr Opin Investig Drugs, 9, 1336-46.

Copyright© 2018 IMSEC 47



Vivechan International Journal of Research, Vol. 9, Issue 1, 2018 ISSN No. 0976-8211

Ocker, M., Schneider-Stock, R.2017. Histone deacetylase inhibitors: Signalling towards p21 (cipl/wafl). Int J
Biochem. Cell Biol, 39, 1367-1376.

Otto, T., Piotr, S. 2017. Cell Cycle Proteins as Promising Targets in Cancer Therapy. Nat Rev Cancer, 17, 93-115.

Park, S.H., Park, J.Y., Weiss, R.H. 2008. Antisense attenuation of p21 sensitize kidney cancer to apoptosis in
response to conventional DNA damaging chemotherapy associated with enhancement of phospho-p53. J. Urol, 180,
352-360.

Pawson, T., Scott, J.D. 2005. Protein phosphorylation in signalling—50 years and counting. Trends Biochem Sci,
30, 286-290.

Pecuchet, N., Cluzeau, T., Thibault, C., Mounier, N., Vignot, S. 2010. Histone deacetylase inhibitors: Highlight on
epigenetic regulation. Bull Cancer, 97, 917-935.

Peschard., P, Park. M. 2003. Escape from cbl-mediated downregulation: a recurrent theme for oncogenic
deregulation of receptor tyrosine kinases. Cancer Cell, 3,519-23.

Powell, S.M., Zilz, N., Beazer-Barclay, Y., Bryan, T.M., Hamilton, S.R., Thibodeau, S.N., Vogelstein, B., Kinzler,
K.W. 1992. APC mutations occur early during colorectual tumorigenesis. Nature, 359, 235-237.

Qi, W., Cooke, L.S., Liu, X., Rimsza, L., Roe, D.J., Manziolli, A., Persky, D.O., Miller, T.P., Mahadevan, D. 2011.
Aurora Inhibitor MLN8237 in Combination with Docetaxel Enhances Apoptosis and Antitumor Activity in Mantle
Cell Lymphoma. Biochem Pharmacol, 81, 881-890.

Rini, B., Rixe, O., Bukowski, R., Michaelson, M.D., Wilding, G., Hudes, G., Bolte, O., Steinfeldt, H., Reich, S.D.,
Motzer, R. 2005. AG-013736, a multi-target tyrosine kinase receptor inhibitor, demonstrates anti-tumor activity in a
Phase 2 study of cytokine-refractory, metastatic renal cell cancer (RCC). J Clin Onco, 23, 4509.

Rudolph, D., Impagnatiello, M.A., Blaukopf, C., Sommer, C., Gerlich, D.W., Roth, M., Tontsch-Grunt, U.,
Wernitznig, A., Savarese, F., Hofmann, M.H., Albrecht, C., Geiselmann, L., Reschke, M., Garin-Chesa, P., Zuber,
J., Moll, J., Adolf, G.R., Kraut, N. 2015. Efficacy and mechanism of action of volasertib, a potent and selective
inhibitor of Polo-like kinases, in preclinical models of acute myeloid leukemia. J Pharmacol Exp Ther, 352, 579-
589.

Rudolph, D., Steegmaier, M., Hoffmann, M., Grauert, M., Baum, A., Quant, J., Haslinger, C., Garin-Chesa, P.,
Adolf. 2009. GR. Bl 6727, A Polo-like Kinase Inhibitor with Improved Pharmacokinetic Profile and Broad
Antitumor Activity. Clin Cancer Res, 15, 3094-3102.

Russo, A., Bronte, G., Fulfaro, F., Cicero, G., Adamo, V., Gebbia, N., Rizzo, S. 2010. Bortezomib: A new pro-
apoptotic agent in cancer treatment. Curr Cancer Drug Targets, 10, 55-67.

Saha, M.N., Qiu, L., Chang, H. 2013. Targeting p53 by small molecules in hematological malignancies. J Hematol
Oncol, 6, 23.

Scully, R., Anderson, S.F., Chao, D.M., Wei, W., Ye, L., Young, R.A. 1997. Livingston DM and Parvin JD:
BRCAL is a component of the RNA polymerase Il holoenzyme. Proc Natl Acad Sci, 94, 5605-10.

48



Vivechan International Journal of Research, Vol. 9, Issue 1, 2018 ISSN No. 0976-8211

Seki, A., Coppinger, J.A., Jang, C.Y., Yates, J.R., Fang, G. 2008. Bora and the kinase Aurora A cooperatively
activate the kinase Plk1 and control mitotic entry. Science, 320, 1655-1658. Sever, R., Brugge, J.S. 2015. Signal
Transduction in Cancer. Cold Spring Harb Perspect Med, 5, a006098.

Shangary, S., Qin, D., McEachern, D., Liu, M., Miller,RS., Qiu, S., Nikolovska-Coleska, Z., Ding, K., Wang, G.,
Chen, J., Bernard, D., Zhang, J., Lu, Y., Gu, Q., Shah, RB., Pienta, KJ., Ling X, Kang S.2008. Temporal activation
of p53 by a specific MDMZ2 inhibitor is selectively toxic to tumors and leads to complete tumor growth inhibition.
Proc Natl Acad Sci, 105, 3933-8.

Shaw, A.T., Kim, D.W., Mehra, R., Tan, D.S., Felip, E., Chow, L.Q., Camidge, D.R., Vansteenkiste, J., Sharma, S.,
De., Pas., T., Riely., G.J., Solomon., B.J, Wolf J, Thomas M, Schuler. M., Liu. G., Santoro, A, Lau, Y.Y,,
Goldwasser, M., Boral, A.L., Engelman, J.A. 2014. Ceritinib in ALK-Rearranged Non-Small-Cell Lung Cancer. N
Engl J Med, 370, 1189-1197.

Takeuchi, K., Ito, F. 2011. Receptor tyrosine kinases and targeted cancer therapeutics. Biol Pharm Bull 34: 1780.

Voorhees, P.M., Orlowski, R.Z. 2006. The proteasome and proteasome inhibitors in cancer therapy. Annu Rev
Pharmacol Toxicol, 46, 189-213.

Waldman, T., Lengauer, C., Kinzler, K.\W., Vogelstein, B. 1996. Uncoupling of S-phase and mitosis induced by
anticancer agents in cells lacking p21. Nature, 381, 713-716.

Wang, Y., Rishi, A.K., Puliyappadamba, V.T., Sharma, S., Yang, H., Tarca, A., Dou, Q.P., Lonardo, F.,
Ruckdeschel, J.C., Pass, H.l., Wali., A. 2010. Targeted proteasome inhibition by Velcade induces apoptosis in
human mesothelioma and breast cancer cell lines. Cancer Chemother Pharmacol, 66, 455-466.

Weiss, R.H. 2003. p21 (WAF1/CIP1) as a therapeutic target in breast and other cancers. Cancer Cell, 4, 425-429.
Wilkerson, P.M., Dedes, K.J., Wetterskog, D., Mackay, A., Lambros, M.B., Mansour, M., Frankum, J., Lord, C.J.,
Natrajan, R., Ashworth, A., Reis-Filho., J.S .2011. Functional characterization of EMSY gene amplification in
human cancers. J Pathol. 225, 29-42.

Wolf., G., Elez, R., Doermer, A., Holtrich, U., Ackermann, H., Stutte, H.J., Altmannsberger, H.M., Rubsamen-
Waigmann, H., Strebhardt, K. 1997. Prognostic significance of polo-like kinase (PLK) expression in non-small cell
lung cancer. Oncogene, 14, 543-549.

World Cancer Report: WHO, 2014.

Yoshino, T., Komatsu, Y., Yamada, Y., Yamazaki, K., Tsuji, A., Ura, T., Grothey, A., Van Cutsem, E., Wagner, A.,
Cihon, F., Hamada, Y., Ohtsu, 2015. A. Randomized phase Il trial of regorafenib in metastatic colorectal cancer:

analysis of the CORRECT Japanese and non-Japanese subpopulations. Invest New Drugs, 33, Weiss 0-750.

Zavrski, 1., Jakob, C., Kaiser, M., Fleissner, C., Heider, U., Sezer, O. 2007. Molecular and clinical aspects of
proteasome inhibitors in the treatment of cancer. Recent Results Cancer Res, 176, 165-176.

Zhang, J., Yang, PL., and Gray, NS. 2009. Targeting cancer with small molecule kinase inhibitors. Nat Rev Cancer,
9, 28-39.

Zilberberg, A., Lahav, L., Rosin-Arbesfeld, R. 2010. Restoration of APC gene function in colorectal cancer cells by
aminoglycoside- and macrolide-induced read-through of premature termination codons. Gut, 59, 496-507.

Copyright© 2018 IMSEC 49



	Chapter 3

