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Summary 

 Cancer is the leading cause of death worldwide. Over 2 million people in the UK alone are 

currently living with the consequences of cancer and its treatment and this figure is projected to 

grow at more than 3% in a year. However, despite major improvements in diagnostic tools, 

patient management and cytotoxic therapies during the past quarter century, the impact on long-

term survival has been modest. As our knowledge of the molecular biology of cancers in general 

has increased exponentially during the last 2 decades, multiple new targets have been identified 

and they provide a host of new approaches. This review addressed some of the recent approaches 

and idea for the treatment of cancer. 
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Introduction 

 With over 2 to 2.5 million cases at any point of time in India, Cancer has become one of the 

leading causes of death in the country. Over 7 lakh new cases & 3 lakh deaths occur every year 

due to cancer in India. This figure is much bigger worldwide. By 2020, there are expected to be 

15 million new cases of cancer every year globally, 70% of which will be in developing 

countries. In view of grim situation at hand, it is imperative that research in this field be pursued 

with renewed vigor. The past decade has seen host of molecular & genetic targets being 

identified in this field, though the number of molecules entering clinical trials has reduced 

generally [1].
 
 

            As described in their path breaking article by Hanahan et al., 2000, virtually all kinds of 

cancers have been found to posses 6 hallmarks namely (1) Self-sufficiency in growth signals (2) 

Insensitivity to anti-growth signals (3) Evasion of apoptosis (4) Limitless replicative potential (5) 

Sustained angiogenesis (6) Tissue invasion and metastasis. Thus, during the course of its 

transformation from a normal cell to a tumor cell, the cell acquires all of the above traits, 

ultimately bypassing the defense mechanisms of host cell. It has now been established that a 

number of changes at genetic level are responsible for these changes [2]. 
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            While conventional therapeutic approaches to cancer have been limited in their efficacy 

and safety. Thus, more emphasis is being laid on targeted therapy. As indicated further in this 

discussion, recent discoveries have increasingly indicated genomic changes to be vital linkage in 

all varieties of cancer. Tumorigenesis as a process has been connected to genetic alterations 

which ultimately transform normal cells to malignant. Most of recently identified targets for 

cancer therapy are “oncogenes”   i.e. genes whose mutation or over-expression may potentially 

lead to different forms of cancers. A “Proto-oncogene” on the other hand, is a normal gene which 

has the potential to turn into oncogenes. The future direction of cancer therapy thus, will be 

focused on trying to inhibit the conversion of a Proto-oncogene to an Oncogene, or to limit its 

over-expression once it is converted [3].
 

 

Data Search & Review Criteria: 

 

        For the purpose of this review article, we focused on relevant publications available online, 

as well as few offline sources. A conscious effort was made to include studies published after 

1995. We tried being comprehensive & did not restrict data by any specific criterion. Some of 

the web based sources consulted were PUBMED, Google Scholar, the lancet etc. The search 

terms included were newer, trends, cancer, malignancies, targets, oncogenes etc. 

 

Emerging Targets in Anti Cancer Therapy 

Aurora Kinases: 

 

 

        Aurora Kinases are a family of enzymes (Serine/Threonine Kinases), over expression of 

which have been linked to various types of malignancies. They are so named because of the 

scattered mitotic spindles generated by their mutant forms resemble the Aurora Borealis. These 

are supposed to play a vital role in cellular mitosis, there various roles including spindle 

formation, chromosome alignment etc. The family has been classified into 3 subtypes viz. 

Aurora – A, B & C, among which the role of Aurora-C in the development of cancer has not yet 

been confirmed. Among these, Aurora-A, also name AURKA has been most extensively studied. 

Aurora-A maps to human chromosome 20q13.2, while Aurora Kinase-B or AURKB has been 

mapped to chromosome 17q13 [4, 5].  

         Due to their significant role in division of cancerous cells & significant over-expression in 

various malignancies, interest has been developing recently for the development of Aurora 

Kinase inhibitors. Inhibition of Aurora A & B in tumor cells has been established to impair 

chromosomal alignment, which subsequently leads to cell death [6].
 
  

Some of the molecules undergoing clinical trials in U.S. & Europe are-VX-680 (Vertex 

Pharmaceuticals), PF-03814735 (Pfizer), AZD-1152 (Astra Zeneca) & PHA-739358 (Nerviano 

Medical Sciences). VX-680, later renamed as MK 0457 (Merck) or Tozasertib (structure shown 

in figure 1), a molecule under joint development by Vertex Pharmaceuticals and Merck, was the 

first molecule from this category to enter clinical trials & is in advanced stages (Phase II clinical 

trial). BI811283, AZD1152 & GSK1070916 are inhibitors specific for AURORA-B Kinase [7].  

MLN-8054 & MLN-8254 (Millenium), ATP-competitive Aurora Kinase Inhibitors have been 

discovered recently. Preliminary clinical data of these molecules have shown promising results 

in an otherwise treatment refractory population. 
 
A significant reasonable therapeutic index has 
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been indicated, though toxicity related to cell division in rapidly dividing tissues of the body, 

such as hematopoietic system is not uncommon. Among different phase-1 studies, Neutropenia 

has emerged as primary toxicity, suggesting the effect of these molecules on bone marrow cell 

proliferation [4, 8]. 

   

 

 

 

 

   

Figure 1. Structure of Tozasertib (MK-0457) [9]
  

 

          Aurora Kinase Inhibitors have shown a marked specificity for acting on the cells entering 

mitosis, a feature which makes them distinctly advantageous over traditional anti-mitotic agents 

like Vinka alkaloids & Taxanes. However, their effects on solid tumours as concluded by recent 

clinical findings have been disease stabilizing at best [9]. 
 
Future strategies are directed towards 

using them in combination with cytotoxic agents or radiotherapy. 

Role of Insulin like growth factor (IGF) Pathways: 

 

The IGF system consists of 3 ligands (Insulin, IGF-1 & IGF-2), which bind to 4 receptors. IGF- 

1R, a tyrosine kinase receptor, is being perceived as a crucial target for potential anti-cancer 

therapies.  IGF-1 is produced by the Liver in response to release of Growth Hormone (GH) by 

the Pituitary gland, during Puberty. This IGF-1 plays an important role in childhood growth.  

           IGF-1 signaling via the IGF-1R receptor has been confirmed in various steps of the cell 

cycle viz. cell proliferation, differentiation, motility etc. Besides IGF-1R receptor has been 

associated uniquely with anchorage independent growth in cells, a property which implicates 

their role in tumorigenesis. This has been confirmed further by studies showing increase in risk 

factor for breast cancer during higher plasma levels of IGF-1 [10]. 
  

                
Various approaches are thus being tried including receptor blockade & reducing 

expression as well as synthesis of the receptor. The first monoclonal antibodies targeting IGF-1R 

are already under clinical trials. Another strategy involves developing Growth Hormone 

antagonists, to reduce the production of IGF-1. A promising compound of this category-

Pegvisomant, which was usually administered in acromegaly, showed significant anti-tumour 

properties. Other then these, molecular inhibitors as well as disruptors of IGF-1R have been 

developed. 

         Along with their role in Glucose metabolism, IGF-1R is involved in a host of normal body 

functions including maintenance of cardiac function, bone formation & heamatopoiesis to name 

a few. Thus, inhibition of IGF-1R may lead to toxicities too, due to disruption of above 

processes, most important being Hyper-insulinemia or Hyper-glycemia, which is definitely 

undesirable for a long period of time. Thus, an allowable risk-benefit ratio or a greater 

therapeutic window is being targeted through the ongoing clinical trials [11, 12]. 
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Role of mammalian Target of Rapamycin (mTOR): 

 

          The mTOR genes are a group of protein kinase enzyme coding genes, which have been 

named on the basis of the molecule inhibiting their function.  Rapamycin is a macrocyclic 

lactone obtained from Strptomyces hygroscopicus & inhibits mTOR intracellularly.  TOR was 

first identified in yeast Saccharomyces cerevisiae, following which their mammalian analogue 

(mTOR) was identified. mTOR has been established to be implicated in a variety of 

malignancies viz. osteosarcoma, B-cell lymphoma, neuroblastoma etc. It is mainly involved with 

protein synthesis along with controlling cell growth & proliferation [13].  Primary structure of 

mTOR is shown in figure 2. 

          It has been observed that most of the upstream & downstream signaling molecules for 

mTOR were activated during cancers, establishing its role. In addition; Rapamycin induced 

inhibition of mTOR led to arrest of cell cycle in G-1 phase, indicating role of mTOR in tumorous 

cell division.
 
It has also been suggested that, since Insulin is major upstream effector of mTOR, 

any deficiency in mTOR signaling may play a role in development of Type-2 Diabetes. Thus, 

effects of mTOR inhibition are being observed curiously by the scientific community [13, 14]. 
 

         Analogues of Rapamycin under clinical trials include RAD001 Everolimus/RAD 001 

(Novartis), Temsirolimus/CCI-779 (Wyeth-Ayerst), and Deforolimus/AP23573 (Ariad 

Pharmaceuticals) [15].
 
Everolimus & Temsirolimus have been approved by USFDA for various 

cancers, while Deforolimus entered phase-III clinical trials in 2008 [16, 17]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.Primary structure of mTOR [13].
 
 

 

Micro R�As (mi R�A): 
 

        First discovered in 1990`s, mi RNA, present a fascinating new field in cancer research. 

These are generally 18-24 nucleotide long RNAs, indicated to play important roles in cellular 

differentiation & proliferation. These small RNA molecules help regulate gene expression by 

repressing the translation of target genes by suppressing the function of different messenger 

RNAs. Their role in development of cancers was first established in a study focusing on B-cell 

chronic lymphocytic leukemia, where deletion of two miRNAs –miR-15a & miR-16-1 was 

linked to development of this disease.
 
miR-21, another

 
micro RNA was found to be significantly 

over-expressed in Glioblastoma cell lines & its inhibition led to increased apoptosis in these cell 

lines.  Other studies linking miRNAs to breast, lung & colorectal cancer have also surfaced [18].  
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        Further studies have justly classified miRNAs as being either Proproliferative/Anti-

Apoptotic, which are found to be over expressed in certain cancers, or Anti-

Proliferative/Proapoptotic, based on their being under expressed in certain malignancies. Thus, a 

miRNA may be tumorigenic or tumour suppressive based on above classification. Although 

some miRNAs are produced at abnormally high levels in cancer cells, the levels of most 

miRNAs are reduced in tumors, an example being liver cancer, in which significantly lower 

levels of miR-26a were observed. This led to a significant finding at NIH, USA where 

therapeutically increasing levels of miR-26a resulted in reduced cancer cell proliferation.  

Understanding the exact roles of various miRNA in different forms of cancers, hence offers large 

incentives in terms of understanding the pathogenesis of such cancers & possibly finding cures 

for the same [19, 20].  
 

IRF (Interferon Regulatory Factors): �ew target for Multiple Myeloma 

 

           IRFs  are a group of transcription factors involved in immunological processes like 

activation of lymphocytes & generation of plasma cells. They are expressed in lymphoid cells, 

dendritic cells, and macrophages, where they are associated with regulation of important cellular 

processes, including cell differentiation, apoptosis, DNA repair, and cytokine production. It is 

believed that they exert their action by activating various genes involved in the above cellular 

processes. So far, nine members of the IRF family have been discovered & accordingly named 

IRF 1-9. Among these, oncogenic potential has been best observed in IRF-2 & IRF-4 [21]. 

           Multiple myeloma, a cancer of the blood system, originates in antibody-producing cells 

called plasma cells, which develop from immune cells called B cells. In a recent study, the 

researchers showed that turning off IRF4 gene causes myeloma cells to die.  It was reported that 

the IRF4 protein controls the activity of a large network of genes in myeloma cells playing an 

important role in cell growth and proliferation and in the development of myeloma and other 

cancers.
 
In addition, over expression of IRF-4 is linked to the pathogenesis of adult T-cell 

leukemia and lymphoma, though other additional factors seem to be necessary for oncogenic 

activity. These findings thus, reveal an otherwise unknown target for this critical disease [22, 

23].
 
Other studies linked changes in expression of IRF-1

 
& IRF-2 to development of Breast 

cancer. Further studies are underway, finding the possible role of these factors in other 

malignancies [24, 25]. 

 

The Breast cancer associated gene 1 (BRCA 1 gene) & role of Poly ADP-ribosyl polymerase 

(PARP): 

 

          Women who inherit a defective version of the BRCA1 or have greatly increased risks of 

breast, ovarian, and other cancers. Up to 60 percent of women with a defective BRCA1 gene will 

develop breast cancer during their lifetime, and 15 to 40 percent will develop ovarian cancer. 

Thus far, no effective therapies have been developed that overcome the susceptibility to cancer 

caused by mutations in BRCA1. However, an emerging class of molecules termed “PARP 

inhibitors” has shown tremendous promise against BRCA 1/2 related breast cancers [26]. 
 

            The characteristic flaw in BRCA-1 deficient tumor cells is their inability to repair DNA 

damages like DNA double strand breaks, making them susceptible to the action of DNA 

damaging anti-cancer drugs like Alkylating agents. However, the action of such drugs is not 

limited to cancerous cells, resulting in their toxicity. This is where the class of PARP inhibitors 

comes in. 
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Figure 3.Role of PARP in D�A damage repair [27].
  

        

            “PARP” is a protein involved in DNA repair process. Characterized into two subtypes-

PARP 1 & PARP 2, this family of enzymes activates during DNA damage caused during 

biological processes such as repair & recombination, as well as during damage caused due to 

oxidative stresses or DNA binding drugs & are now considered an essential factor in DNA 

recovery process. To express the function of PARP in a nutshell, PARP are involved in NAD+ 

dependent formation of polymers of ADP-ribosyl, which then play an important role in spatial 

organization of DNA repair, by loosening the chromatin meshwork allowing excess to DNA for 

subsequent repair involving other enzymes [28].  

             Many of existing therapies against cancer focus of DNA strand damage in cancerous 

cells, for ex. Alkylating agents or Radiation, while PARP on the other hand are involved in the 

repair of DNA damage caused by these agents. Inhibition of PARP can thus, be used as a 

strategy to sensitize the tumor cells for the action of such agents. This was confirmed by using 

PARP-1 knockout mice which were found to be hypersensitive to the action of alkylating agents 

& radiations. 

            Inhibiton of PARP-1 ultimately results in formation of DNA double strand breaks (DSB). 

In BRCA 1/2 deficient cancers, cancerous cells cannot repair such DNA DSBs properly, which 

arrests their growth & subsequently leads to cell deaths. Normal cells however are able to do 

such repair, which accounts for higher specificity against such tumors by PARP-1 inhibition [26, 

28, 29]. Role of PARP and BRCA in DNA damage repair is shown in figure 3 & 4 respectively.
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Figure 4.Role of PARP & BRCA in D�A damage repair [28]. (A) PARP repairs D�A 

Single strand breaks. In case of PARP inhibition, these single strand breaks convert to 

double strand breaks (DSB). (B) In presence of BRCA, these DSBs get repaired via. 

RAD51, while in BRCA deficient tumor cells, this repair is hampered.
  

�eurokinin-1 receptor:  
 

           A member of G-Protein coupled family of receptors, NK-1 receptor have recently 

emerged as vital linkages in development of variety of tumors. After binding to Substance-P, a 

neuropeptide, it has been established to take part in tumor growth, metastasis & angiogenesis. In 

addition, inhibitors of NK-1 have been shown to inhibit tumor cell growth & proliferation. The 

SP/NK-1 system is involved in a variety of normal body functions viz. arterial vasodilation, 

gastric mobility, regulation of cardiac function etc. Studies have shown the tumor cells to have 

higher number of NK-1 receptors then normal cells, so much so that the numbers of NK-1 

receptors present are being used as a criterion in determining the spread of malignancy [30].
 

          Distributed over a variety of chemical classes, a plethora of agonists & antagonists for the 

NK-1 receptor have been developed. Aprepitant (approved by FDA in 2003), the first NK-1 

antagonist developed by MERCK, is being used for chemotherapy-induced emesis. The Second 

drug in this category, Casopitant has completed phase II & III clinical trials & is indicated for 

chemotherapy induces, as well as post-operative induced nausea & vomiting.
 

Vestipitant 

developed by GlaxoSmithKline, is another selective antagonist for the NK1 receptor. NK-1 

antagonists have been shown to be effective over a wide range of tumorous cell lines including 

melanoma, neuroblastoma, gastric & colorectal carcinoma cell lines. They have been shown to 

inhibit cancerous growth by inducing apoptosis. They have also been shown to block metastasis 

of cancerous tissue as well as inhibit angiogenesis in such tissues. It has been postulated that 

inhibition of NK-1 receptors leads to blockage of signals by SP inducing mitosis, leading to 

eventual cell death [31]. 
 

         A combination of NK-1 antagonists with other available anticancer agents such as 

Cisplatin, Cyclophosphamide as well as Radiation was reported to be synergistic & found to 

reduce the side effects associated with chemotherapy & radiation. Another important feature is 

the relatively better safety profile of these agents- the prototype Aprepitant was found to be 

relatively well tolerated at daily dose of 300 mg. In light of the above features regarding safety & 

relative specificity of these agents, NK-1 receptor antagonists hold great potential to become 

successful anti-cancer remedy in future [32].
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The Epidermal Growth Factor Receptor (EGFR) Family: 

 

          The EGFR, a transmemberane tyrosine kinase receptor, plays an important role in cellular 

proliferation & DNA synthesis. By means of similar mode of action, over-expression of this 

receptor in cancerous cells may leads to proliferation of cancerous cells, angiogenesis, blockage 

of apoptosis & so on. Discovered back in 1980s, this receptor has been implicated in most of 

epithelial cancers. The EGFR interacts with three other tyrosine kinase receptors- HER2, HER3 

& HER4 to perform its functions [33].  Effector pathway of 

EGFR tyrosine kinase receptor is shown in figure 5. 
 

        EGFR antagonists have now been under development for more than 20 years, the first 

compound being Gefitinib. Two approaches have been tried for EGFR antagonism, the first 

being development of monoclonal antibodies (Cetuximab), which cause competitive inhibition of 

the other receptor & the other approach being development of small molecules, which inhibit 

downstream signaling of the tyrosine kinase receptor intracellularly, like Gefitinib. As many as 

four EGFR antagonists have been currently approved by the FDA- Erlotinib, Gefitinib, 

Cetuximab & Panitumumab, & more than 10 anti-EGFR agents are in the pipeline. Cetuximab, 

in particular, received much attention & has been approved for treatment in metastatic colorectal 

cancer [34].
  
So far these agents are being used in Non-small-cell lung cancer, colorectal cancer, 

pancreatic cancer & squammous cell carcinoma of head & neck. 

             However, recent clinical trials have suggested appearance of resistance against EGFR 

inhibitors, possibly by tumor cells acquiring alternative pathways for growth or by somehow 

activating downstream effectors of these receptors. Both Primary & Acquired resistance have 

been observed, presenting complications in front of physicians.  Nonetheless, EGFR inhibitors 

present an interesting class of agents for future studies [35-37].
  

  
 

 

        
Figure 5.EGFR & related tyrosine receptors, & their effector pathways [35].
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Hepatocyte Growth Factor (HGF) & receptor c-met: 

 

             Similar to EGRF, the Hepatocyte Growth Factor has been known play important role in 

cell mitosis & apoptosis. The receptor for HGF is C-Met, a tyrosine kinase receptor. The HGF, 

identified back in the 1980s has been found to be ubiquitously present in variety of tissues like 

Kidney, Liver, Lung, Placenta etc. & plays an important role in their repair & regeneration. In 

vascular endothelial cells, HGF was found to aid in angiogenesis. Similar to other growth 

factors, HGF has been found to be implicated in aiding tumor growth & metastasis too. Hence, 

blockage of HGF/c-Met activity creates a new target [38, 39]. HGF Signaling pathways shown in 

figure 6.
 

            The search for HGF inhibitors led to NK-4, which is only a fragment of HGF molecule & 

acts as a competitive inhibitor for binding to c-Met tyrosine kinase. The polypeptide HGF is a 

heterodimeric molecule made up of two chains- α & β. The fragment NK-4, obtained by 

enzymatic cleavage, is devoid of β subunit & few other amino acids [40].
 
It acts by inhibiting 

phosphorylation of the c-Met tyrosine & is specific for c-Met receptor. Experiments with 

cancerous cell lines showed NK-4 to be useful in a variety of malignancies including prostate 

cancer, lung cancer, colon cancer etc [41]. 
 

Interestingly, NK-4 was shown to inhibit 

angiogenesis in cancerous tissues. The use of transgenes (U1snRNA/Ribozymes) to inhibit HGF 

has also been reported [42].
 
A recombinant protein named Cgen-241A has also been reported as 

a potent antagonist [43]. There seems to be significant level of interdependency between various 

growth factors, as indicated by a study where EGFR inhibitors were used to show mitigation of 

the actions of HGF. Since effective EGFR inhibitors have been already developed, this appears 

to be an interesting development. Since they are prominently over expressed in variety of tumors, 

high levels of HGF/c-Met are being perceived as bio markers for tumorous growth [44].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.HGF signaling pathways & its major roles in body [38].
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Vascular Endothelial Growth Factor (VEGF): 
 

     VEGF is another growth factor, which has been known to stimulate angiogenesis & 

endothelial cell growth, when stimulated by various hormones, cytokines or other factors, such 

as Hypoxia. It acts via two tyrosine kinase receptors i.e. VEGFR-1 & VEGFR-2.Its role as a 

potential anti-cancer target was perceived after it was observed that tumor cells had higher levels 

of VEGF mRNA. It was experimentally proved that cancerous cells produced higher amounts of 

VEGF as well as over-expressed VEGF Receptor. This over-expression of VEGF is vital for 

angiogenesis in cancerous tissue, which subsequently fulfills nutritional requirements of this 

tissue. It has been seen that though VEGF binds to both VEGFR-1& 2, activation of VEGFR-2 

alone is sufficient for angiogenesis [45, 46].
  

   Various strategies are thus being tried for inhibition of VEGF action. These include 

neutralizing the endogenous ligand, competitive inhibition of receptor & inhibition of tyrosine 

kinase receptor signaling. 

The latter approach is achieved through the development of small molecules capable of 

obstructing ATP binding to the tyrosine Kinases, thus inhibiting autophosphorylation of the 

receptors, which is necessary of signal transmission. 

    This kind of inhibition of VEGF achieves dual purpose of – death of cancerous tissue due to 

inhibition of growth, & preventing cancer metastases, as it prevents blood vessel development, 

which is a primary channel for the spread of cancerous tissue [47]. The VEGF family consists of 

a total of six members, among which VEGF-A, which acts principally via VEGFR-2, has been 

found to be most involved in angiogenesis in cancerous tissue. Bevacizumab (2004) & 

Ranibizumab (2006), two monoclonal antibody targeting VEGF have been approved by USFDA 

[48].  In a separate study, Lovastatin- the HMG-CoA inhibitor was shown to inhibit VEGFR 

activation, indicating the probable role of mavalonate matabolites in VEGFR activation [49]. 

VEGFR signaling pathways are shown in figure 7
 

 

 

 

Conclusion 

 

 

         As indicated in this discussion, the future of research against cancer lies within the realm of 

genetics. As our understanding of roles of various genes as well as the effector pathways 

increases, newer targets as well as strategies for treatment of this stubborn ailment will appear. It 

has been proven so far that combination of existing therapies with newer approaches has yielded 

best results. Development of small molecules bypassing host defense mechanisms as well as 

achieving better specificity has been interesting. Though there is much to be learned still, recent 

developments have raised hopes towards achieving ultimate cure for cancer. 
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Figure 7.Potential new targets & molecules targeting these targets [50].
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