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Abstract: Cancer is the second leading cause of mortality and it is a worldwide public health issue and has severe social and 

economic consequences. Cancer arises through a multistep, mutagenic process whereby cancer cells acquire a common set of 

properties including unlimited proliferation potential, self-sufficiency in growth signals, and resistance to anti-proliferative and 

apoptotic signals. Chemotherapeutic and cytotoxic drugs are widely used in the treatment of cancer. In spite of the improvements 

in the life quality of patients, their effectiveness is compromised by several disadvantages. Better understanding of the 

pathogenesis of this disease, identification of molecular targets for therapeutic intervention and availability of promising 

molecularly targeted therapies may change this dismal picture. These demands lead for developing new effective strategies with 

focusing on tumor cells and minimum side effects. Targeted cancer therapies have been defined as a new type of emerging 

treatments. This article provides an overview of: the characteristics and function of signal transduction pathway and emerging 

RTKs for targeted cancer therapies and therapy targeted at Ras/Raf/MEK/ERK Pathways and PI3k-Akt-mTOR-pathways. Future 

research in this area will maximize clinical benefit while minimizing the toxicity and cost through utilization of novel targeted 

agents. 
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1. Introduction 

The first description of cancer is found in an Egyptian 

papyrus and dates back to approximately 1600 BC [1]. It is a 

cluster of diseases involving alterations in the status and 

expression of multiple genes that confer a survival advantage 

and undiminished proliferative potential to somatic or 

germinal cells [2]. Cancer is a leading cause of death 

worldwide and it is the second leading cause of mortality in 

the U.S with most of the deaths resulting from metastatic 

tumor formation at secondary sites [3]. Cancer accounts for 

about 7 million deaths/year (12.5% of deaths worldwide). It 

has been estimated that there will be more than 16 million new 

cancer cases every year by 2020. The main types of cancer 

leading to overall cancer mortality are lung, stomach, liver, 

colon and breast cancer. Nearly all cancers are caused by 

abnormalities in the genetic material which may occurs due to 

the effects of carcinogens, such as tobacco, smoke, radiation, 

chemicals or infectious agents [4]. 

Over time it was realized that neither surgery nor radiation 

or the two in combination could adequately control the 

metastastic cancer and hence, for treatment to be effective, 

therapy needed to reach every organ of the body [1] and 

chemotherapy treatments for locally advanced or metastatic 

cancer had little or no efficacy. This type of treatment does not 

discriminate between rapidly dividing normal cells and tumor 

cells, thus leading to severe systemic side effects, while 

attempting to reduce the tumor mass [5]. Therefore, nowadays, 

advances in understanding the molecular basis of cancer made 

possible by the identification and functional analysis of 

tumour-specific genetic alterations have opened exciting new 

opportunities for the design of therapies that specifically target 

the molecular pathways involved in promoting tumour cell 

growth and circumvent death pathways [2]. Such therapies 

have the ability to target a variety of cancer relevant molecules, 

including epidermal growth factor receptor (EGFR), vascular 

endothelial growth factor (VEGF) and its receptor. In addition, 
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protein tyrosine kinases have been proven to be good targets to 

develop small molecule inhibitors. These inhibitors have 

clinically effective responses [6]. In this review, current status 

of targeted therapies in the treatment of cancers with in 

monoclonal antibodies (MoAbs), tyrosine kinase inhibitors 

(TKIs) and cytoplasmic signaling intermediates targeted was 

described in detail. 

2. Background of Cancer 

2.1. Epidemiology of Cancer 

Cancers are complex and heterogeneous disorders of 

different organ of host [7] and it is the leading cause of death 

worldwide. Cancer is a worldwide public health issue and has 

severe social and economic consequences. According to the 

International Agency for Research on Cancer, a total of 14.1 

million new cases of the disease and 8.2 million cancer-related 

deaths were reported in 2012. Projections based on these 

results indicate that the worldwide incidence of cancer will 

reach approximately 19.3 million by the year 2020 [8]. The 

most frequent types of cancer among men as worldwide are: 

lung, stomach. liver, colorectal, esophagus and prostate; while 

in women: breast, lung, stomach, colorectal and cervical [9]. 

In 2018, approximately 18.1 million new cancer cases and 9.6 

million cancer deaths were reported. Lung cancer is the most 

commonly diagnosed cancer and the leading cause of cancer 

death in both sexes. Lung cancer is the most frequent cancer 

and the leading cause of cancer death among males while 

Among females, breast cancer is the most commonly 

diagnosed cancer and the leading cause of cancer death [10]. 

2.2. Etiology of Cancer 

Several factors, both intrinsic and external to the body, can 

contributed to the cancer risk. Exposure to environmental 

pollutants like many chemicals, industrial effluents, some 

therapeutic drugs, and mutagenic agents, including ionizing 

radiation, can increase the incidence of cancer [11]. In 

addition, Occupational factors are thought to account for 6% 

of cancers, while lifestyle and diet may account for up to 

30%-50%. Genetic predisposition is also a factor in some 

types of cancer. Some infections can act as a stimulus to 

induce and promote cancer development [12]. 

2.3. Pathophysiology (Formation of Cancer Cells) 

Cancer results from an accumulation of genetic mutations 

and carcinogenesis and is a multi-step process reflecting 

genetic mutations that drive the normal human cells into 

malignant derivatives [13]. Although loss of genomic stability 

and evading immune destruction are two milestone events that 

may be observed throughout the occurrence and development 

of tumors, the pathogenesis of tumors differs widely among 

different cancers and individuals. Dramatic advances in basic 

research over the last 30 years have enabled practitioners to 

understand the pathogenesis of malignancies at the molecular 

level and provided solid bases for the prevention and 

treatment of tumors [14]. The process of carcinogenesis 

consists of three major steps: initiation, where an irreversible 

change is affected in the cellular genes; promotion, where the 

initiated cells expand by self-proliferation leading to abnormal 

growth and further mutations; and progression, where the cells 

detach from the primary tumor and invade other organs and 

tissues, forming metastatic growths [11]. With each step 

reflecting genetic changes that promotes the progressive 

transformation of healthy cells into tumor cells. Studies show 

that the genes of tumor cells are frequently modified at many 

different sites, ranging from disruptions as subtle as point 

mutations (DNA base-pair change) to more obvious problems 

such as chromosomal translocations [12, 15, 16]. Different 

types of cancer genes oncogenes and tumor suppressor genes 

are involved in cancer development. Gain of function 

mutations in the oncogenes, leading to abnormal cell 

proliferation, and loss of function mutations in the 

anti-oncogenes leading to suppression of cell differentiation 

and apoptosis, are the major events leading to cancer 

development. Angiogenesis plays an important role in the 

tumor metastasis [11]. 

Currently, eight hallmarks explain the typical capabilities 

acquired by tumor cells in the process of tumorigenesis, these 

properties are sustaining proliferation, evading growth 

suppressors, resisting cell death, enabling replicative 

immortality, activating invasion, metastasis, evading from the 

immune system, and reprogramming energy metabolism. 

Recently, other features including epigenetic alterations have 

been introduced [17]. 

3. Signal Transduction Pathways as 

Therapeutic Targets in Cancer 

Therapy 

Signal transduction is the process by which a cell converts 

an extracellular stimulus into an intracellular signal [18]. The 

mitogen-activated protein kinase (MAPK) cascade is a key 

intracellular signaling pathway that regulates diverse cellular 

functions including cell proliferation, cell cycle regulation, 

cell survival, angiogenesis, and cell migration [19]. Each 

cascade consists of three core kinases (MAP3K, MAPKK, and 

MAPK). Within each of the cascades, the signal is propagated 

by sequential phosphorylation and activations of the 

sequential kinases, and they eventually lead to the 

phosphorylation of target regulatory proteins by the MAPK. 

At present, four different mammalian MAPK cascades have 

been identified, and named according to their MAPK 

components: extracellular signal-regulated kinase 1 and 2 

(ERK1/2), c-Jun N-terminal kinase (JNK), p38, and ERK5 

[20]. In general, growth factors, cellular stresses, and either 

growth factors or stresses are considered as the main activator 

of ERK1/2, JNK/p38-MAPKs, and ERK5 cascade, 

respectively. However, accumulated evidence has suggested 

cross talks between various components of the pathways. 

These multiple interactions between the different MAPK 

cascades serve to provoke more diverse and precise cellular 

responses to various intra- and extra-cellular stimuli [21]. 
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Classic activation of the MAPK cascade occurs following 

ligand binding to a receptor tyrosine kinase (RTK) at the cell 

surface, but a vast array of other receptors has the ability to 

activate the cascade as well, such as serpentine receptors, 

heterotrimeric G-proteins, and cytokine receptors. Many 

receptor tyrosine kinases are capable of initiating MAPK 

signaling including receptors important in cancer, such as the 

human EGFR family, plate-derived growth factor receptors 

(PDGFR), VEGF, and c-Kit. The EGFR pathway serves as a 

relevant model for examining the activation and targets of 

MAPK signaling [19]. 

Tyrosine kinase is a subclass of protein kinase. It is 

enzymes that transfer a phosphate group to tyrosine residue in 

a protein this have important faction in signal transduction 

[22]. There are about 58 known tyrosine kinase receptors in 

humans, classified into 20 subtypes or families, according to 

structural aspects and the ligands that activate them and 30 of 

them have been shown to be necessary for oncogenesis in 

various tumors. Some examples include the EGFR, the 

VEGFR and PDGFR family [17]. 

All RTK are transmembrane proteins, whose 

amino-terminal end is extracellular. Their general structure is 

comprised of an extracellular ligand-binding domain, a small 

hydrophobic transmembrane domain and a cytoplasmic 

domain, which contains a conserved region with tyrosine 

kinase activity, regulate catalytic function. This region 

consists of two lobules (N-terminal and C-terminal) that form 

a hinge where the ATP needed for the catalytic reactions is 

located. Activation of RTK takes place upon ligand binding at 

the extracellular level [18]. 

Binding of ligand induces oligomerization of receptor 

monomers, usually dimerization. Dimerization-driven 

stimulation of the intrinsic tyrosine kinase leads to the 

phosphorylation of tyrosine residues in the intracellular 

domain of the receptors that serve as docking sites to recruit a 

number of signal adapter proteins that link RTKs to different 

cellular signalling pathways such as phospholipase C, 

PI3K-Akt (involved in the survival of tumor cells), MAPK, 

and STAT pathways (mainly involved resistance to apoptosis), 

[19, 23]. Other signaling pathways associated to the process of 

EGFR activation are those of the phospholipase C-g and the 

JNK; these pathways have been found to be involved mainly 

in processes of cell migration, and cell proliferation and 

transformation, respectively. Together, these pathways control 

gene transcription, cell cycle progression, cell proliferation 

and survival, adhesion, angiogenesis, and cell migration [24, 

25]. 

Many kinases have been found to be intimately involved in 

the processes leading to tumour cell proliferation and survival 

[26]. Deregulation of RTK activity is the major mechanism by 

which tumor cells escape from physiological constraints on 

survival and growth. Aberrant RTK activation due to receptor 

over-expression, chromosomal translocation, gene 

amplification, mutations, and impaired receptor down 

regulation contribute to the development of various forms of 

cancer in human [17]. In multiple tumor types this family of 

RTKs has been found to be deregulated, thus leading to an 

overexpression and amplification of EGFR and ensuing 

inappropriate cellular stimulation. Receptor overexpression 

has been correlated with a more aggressive clinical course in 

multiple tumor types [27]. 

Many chemotherapy-naive and nearly all drug resistant 

tumors are characterized by RTK signaling. The underlying 

mechanisms of this overactivation are diverse and comprise at 

least the following mechanism. Formation of a self-sustaining 

autocrine loop with secreted growth factors such as EGF, 

VEGF, PDGF, amphiregulin or others, Expression of 

intrinsically active RTK in the cell membrane, Over-activation 

of downstream signaling by imbalance of tumor-suppressor 

genes (p53) and (proto-) oncogenes (PI3K, monomeric G 

Proteins such as RAS, RAF and others) [28]. 

4. Treatment 

A variety of anticancer compounds for the treatment of 

many different malignancies have been developed. These 

compounds comprise the classic cytotoxic and cytostatic 

agents, as well as the newer agent directed at particular 

cellular structures or targets and the agents that interrupt or 

interfere with intracellular processes [29]. In this review 

mainly concentrate on the current status of molecular targeted 

therapies in the treatment of cancers based on experience with 

in monoclonal antibodies, tyrosine kinase inhibitors and 

cytoplasmic signaling intermediates acting in signaling 

pathway. 

Conventional anticancer drugs, such as DNA–alkylating 

and cross-linking agents, antimetabolites, topoisomerase 

inhibitors, and others agents, have been traditionally focused 

on targeting DNA processing and cell division. Although these 

drugs can be very efficacious, their lack of selectivity for 

tumor cells versus normal cells usually leads to serious side 

effects, such as bone marrow suppression and gastrointestinal, 

cardiac, hepatic, and renal toxicities, which limit their use [12]. 

For tumors of the same phases and stages, treatment responses 

and prognoses may differ vastly among patients even after 

application of the same therapeutic strategy. In fact, malignant 

tumors are highly heterogeneous at the molecular level. 

Tumors with the same morphology may contain varied 

changes in molecular genetics, resulting in diversity in 

treatment responses and prognoses [14]. 

Molecularly targeted drugs interact with a specific target, 

mostly a protein, in a selective way. This protein is a growth 

factor, a growth factor receptor, a signaling molecule, a cell 

cycle protein, an apoptosis mediator, a molecule involved in 

the initiation, progression and spread of cancer and 

angiogenesis [30]. Recognizing these families enables us to 

think rationally about which pathways to manipulate in order 

to suppress the disease [31] by direct and/or indirect 

approaches. 

Many current targets involve the signal transduction 

pathways associated with changes in oncogenes and tumour 

suppressor genes. Accordingly, newer molecular targeted 

agents are classified as: targeting pathways of tumorigenesis 

like EGFR inhibitors and targeting angiogenesis and cell 
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proliferation [13, 32, 33]. 

4.1. Tyrosine Kinase Inhibitors (TKIs) 

Small-molecule TKIs (SMIs) are another class of 

RTK-targeted agents. TKIs are small molecules that inhibit the 

enzymatic activity of the target protein. SMIs are among the 

most effective drugs for targeted cancer therapy. These agents 

prevent and block vital pathways through targeting signaling 

molecules which are necessary for cell survival. TKIs can 

translocate through the plasma membrane and interacting with 

the cytoplasmic domain of RTKs. Most of the current RTK–

TKIs are multi-targeted and inhibit a variety of molecules in a 

non-specific manner. Multi-targeted inhibition has been 

shown to have several disadvantages due to targeting various 

RTKs compared to selective/specific TKIs. Only a few 

specific/selective TKIs have been approved by authorities for 

cancer treatment or are in preclinical and clinical settings [17, 

34, 35]. 

4.1.1. Small Molecule Targeted EGFR (EGFR TKIs) 

EGFR TKI’s act by binding to the intracellular EGFR TK 

domain, and inhibit receptor phosphorylation and downstream 

signalling. The first generation of EGFR TKI’s bind reversibly 

to the ATP binding site of the EGFR TK domain, and have 

higher binding affinity for EGFR with activating mutations, 

resulting in inhibition of RTK activity. Erlotinib and Gefitinib 

were the best example of drugs that target this pathway and 

been approved for the treatment of cancer. Lapatinib and 

AE788 are dual kinase inhibitors, which in addition to EGFR 

inhibit HER2 and VEGF receptors respectively [25]. 

Prolonged use of first-generation EGFR-TKI’s leads to 

drug resistance due to common secondary mutation of the 

target action of the drugs. These types of resistance can be 

overcome by second generation (irreversible EGFR TKI’s 

irreversible EGFR TKI’s), such as Afatinib and Dacomitinib. 

These second generation have some advantages over the first 

generation TKI’s, like higher affinity for the EGFR TK 

domain, longer suppression of some signalling pathway due to 

irreversible binding and are also effective against the mutation 

that cause resistance against first generation drugs [36, 37]. 

Currently several other second generation TKI’s such as 

PK1166, EKB569, Canertinib, HKI-272, HKI-357, CL 

387.785 and BIBW 2992 are currently under investigation 

[25]. 

4.1.2. Small Molecules Inhibitors Targeted VEGF 

Several anti-angiogenics which are TKI’s like sorafenib 

(targets Raf and VEGF and PDGF receptors) and sunitinib 

(targets VEGF) agents were approved for cancer [6]. There are 

also several SMIs of VEGFR that are currently in clinical 

trials. For example, vitalanib (PTK 787), SU 11248, AG 

013736, and AZD 2171 are in Phase I clinical trials [13, 17]. 

Table 1. Small molecules kinase inhibitors of anticancer drugs [38- 40]. 

Agent Target Indication 

Afatinib HER2, EGFR NSCLC, carcinoma of the head and neck, breast cancer 

Canertinib EGFR, HER2, 4 Head and neck, breast, and NSCLC, ovarian cancer 

Dacomitinib EGFR NSCLC, gastric, head and neck cancer, glioma 

Erlotinib EGFR NSCLC, pancreatic cancer 

Gefitinib EGFR NSCLC in carriers of activating EGFR-mutations 

Lapatinib HER-2, EGFR HER-2 positive breast cancer 

Vandetanib EGFR, VEGFR2, NSCLC, medullary thyroid Cancer 

XL647 EGFR, VEGFR2 NSCLC 

Sorafenib VEGFR-2/3 Renal cell carcinoma, hepatocellular Carcinoma 

Pazopanib VEGFR, PDGFR Renal cell carcinoma, 

Ponatinib2 BCR-ABL Patients with CML for which Imatinib, Nilotinib, and Dasatinib are not appropriate 

Sunitinib VEGFR 1/3, KIT PDGFR-A/B Renal cell carcinoma 

Cediranib VEGFRs NSCLC, kidney and colorectal cancer 

Lenvatinib VEGFR2, 3 Approved for thyroid cancer 

Tivozanib VEGFR1, 2, 3 RCC, breast cancer 

Vatalanib VEGFR2 NSCLC, DLBCL, colorectal adenocarcinoma 

EKB-569 EGFR, ErbB2 NSCLC, colorectal 

BIBW2992 EGFR, ErbB2 NSCLC, breast 

 

4.2. Cytoplasmic Signaling Intermediates 

4.2.1. Ras/Raf/MEK/ERK Pathways 

Ras is the most frequent oncogene in human cancers, with 

mutational activation being detected in approximately 30% of 

human tumors [41]. The three human RAS genes encode four 

highly related 188 to 189 amino acid proteins, designated as 

H-RAS, N-RAS and K-RAS (K-RAS4A and K-RAS4B). The 

Ras family members are anchored to the cytoplasmic side of 

the plasma membrane by carboxylterminal farnesylation. This 

localization places the Ras in close proximity to adaptors, the 

growth factor receptor bound protein 2 (Grb2) and the 

nucleotide exchange factor son of seven less (SOS), to 

mitigate the exchange of nucleotide guanosine diphosphate 

(GDP) bound to Ras with guanosine triphosphate (GTP) in the 

cytosol. This exchange activates Ras conformationally, 

allowing its interaction with a number of downstream 

effectors [42]. 

Ras is activated by cellular stimuli to a GTP-bound state, 

leading to the recruitment of Raf from the cytosol into the cell 

membrane where it becomes activated. Activated Raf leads to 

the activation and phosphorylation of MEK1 and MEK2, 

which then activates ERK1 and ERK2. When ERK is 

activated, it translocates into the nucleus and phosphorylates 
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transcription factors that can promote cellular growth and 

prevent apoptosis [43]. Termination of Ras activation occurs 

on hydrolysis of the GTP to GDP, but Ras proteins have 

intrinsically low GTPase activity. Thus, the GTPase activity is 

stimulated by GTPase-activating proteins such as NF-1 

GTPase-activating protein/neurofibromin and p120 GTPase 

activating protein thereby preventing prolonged Ras 

stimulated signaling [19]. 

Ras activation through the Raf/MEK/ERK pathway 

modulates the activity of nuclear factors such as Fos, Jun and 

AP-1, which regulate the transcription of genes that are 

required for proliferation [44]. Aberrations in the RAS-MAPK 

complex are implicated in several human cancers; render them 

an attractive therapeutic target [51]. Because of the cross talk 

at the cellular level, aberrant upstream EGFR signaling and 

other receptor signaling (i.e. VEGFR and PDGFR) may cause 

activation of Ras/Raf/MEK/ERK signaling. Thus, an effective 

blockade of the Ras/Raf/ MEK/ERK pathway can be achieved 

using small molecules, such as sorafenib, selumetinib 

(AZD6244), and regorafenib [43]. 

A variety of agents that disrupt signalling through Ras and 

downstream proteins are under development. They can be 

functionally characterized as those agents that inhibit Ras 

protein expression (such as the oligodeoxynucleotide ISIS 

2503), those that inhibit Ras processing (in particular, the 

farnesyl transferase inhibitors R115777, SCH 66336 and BMS 

214662), and those that inhibit the downstream effectors Raf 

(such as the oligonucleotide ISIS 5132 and the small molecule 

BAY 43-9006) and MEK, which is inhibited by CI-1040 [44, 

45]. PD98059 is an important inhibitor of MAPK cascade that 

lies downstream of Ras pathway and thus is effective in many 

tumors [22] 

MEK inhibitors are sub-divided into two major classes, 

ATP non-competitive and ATP competitive inhibitors. Most of 

the known MEK inhibitors are noncompetitive i.e. they do not 

directly compete for the ATP–binding site. Rather they bind to 

a unique allosteric site adjacent to the ATP site. This explains 

the high specificity of the non-competitive MEK inhibitors. 

MEK1/2 inhibitors are currently being evaluated in phase I 

clinical trials of advanced cancer patients are AZD8330, 

RO5126766, RO4987655, TAK-733 and AS703026, XL518. 

Other novel MEK1/2 inhibitors such as RO4927350, 

RO5068760 and PD318088 have recently been reported on 

preclinical models [36]. 

Compounds like CI-1040/PD-184352, RDEA-119, 

PD-0325901, RO4987655, TAK733, Pimasertib, Cobimetinib, 

RO5126766, PD098059, SL-327, UO126, MEK162 

(Binimetinib), RO5068760, Trametinib, Refametinib 

molecules were found to be MEK inhibitory and potential 

option for cancer treatment [46]. Other findings indicated that 

Tan-IIA have a potential to inhibit MiaPaCa-2 human 

pancreatic cancer cells; the molecular mechanisms underlying 

this inhibitory effect may be involved in downregulating 

EGFR, IGF1R and VEGFR expression, and dual blockade of 

the Ras/Raf/MERK/ERK and PI3K/AKT/mTOR pathways 

[47]. Everolimus and sirolimus (mTOR inhibitor) that is used 

for the treatment of several tumors, and it has been tested in 

combination with anti-cancer drugs against cancer of 

different types and found to be stabilize the disease. Other 

study reported that Copanlisib and BKM120 (PI3K inhibitor) 

has been used for patients with solid tumors, resulting in high 

toxicity rates [48]. 

Posttranslational modification of Ras 

These modifications include prenylation, proteolysis, 

carboxymethylation, and palmitoylation. Posttranslational 

modification and is catalyzed by 3 different enzymes: protein 

farnesyltransferase (FTase), protein geranylgeranyltransferase 

type I (GGTase I), and geranylgeranyltransferase type II 

(GGTase II) [49]. The first modification is catalyzed by 

farnesyltransferase to cause covalent addition of the farnesol 

group from farnesylpyrophosphate FPP. Proteolytic 

degradation to remove the AAX residues, followed by 

carboxylmethylation of the farnesyl-cysteine residue donor: 

S-adenosyl methionine, SAM., complete the CAAX-signaled 

modifications. FTI inhibition of Ras farnesylation renders Ras 

completely cytosolic and nontransforming [45, 49, 50]. 

A. Farnesyltransferase inhibitors (FTIs) 

FTIs are a new class of biologically active anticancer drugs. 

They inhibit farnesylation of a wide range of target proteins, 

including ras. It is thought that they block ras activation 

through inhibition of the enzyme farnesyl transferase, 

ultimately resulting in cell growth arrest. Although FTIs were 

originally designed to target the ras signal transduction 

pathway, it is now clear that several other intracellular proteins 

are also dependent on posttranslational farnesylation for their 

function [51]. The FTIs entered in clinical development, so far, 

are R115777 (Zarnestra), SCH-66336 (Sarasar), L-778, 123 

and BMS-214662 [52]. Finally, inhibitors of GGTase I have 

also been considered, to block the activities of K-Ras and 

N-Ras when treated with FTIs [36]. 

B. RAF Inhibitors 

Several small molecule inhibitors of BRAF have been 

prospectively developed over the last decade, including 

nonselective ones and more recently highly selective ones. 

Selective BRAF inhibitors are gaining exclusively interest as 

being significantly more effective clinically. The latest 

generations of highly specific and potent BRAF inhibitors 

offers a significant improvement for mutant BRAF and have 

fewer off-target effects and that have been evaluated currently 

under preclinical or clinical investigation include AZ628, 

XL281, GDC-0879, SB590885, LGX818, dabrafenib 

(GSK2118436), vemurafenib, and its analog PLX472 Of these, 

vemurafenib and dabrafenib are the most comprehensively 

investigated. Vemurafenib is a potent ATP-competitive RAF 

inhibitor [53]. 

4.2.2. PI3k-Akt-mTOR-Targeted Therapy 

The PI3K/Akt/mTOR pathway is crucial in carcinogenesis. 

This pathway is activated when growth factors bind to 

membrane receptors, such as EGFR and IGF-R1, which 

engage and activate PI3K. When PI3K is activated, a cascade 

of downstream effectors such as Akt and mammalian target of 

rapamycin (mTOR) are produced. Once activated, Akt leaves 

the cell membrane to phosphorylate intracellular substrates. 
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Phosphorylation can lead to the promotion of cell survival as 

well as positively modulating mTOR function [43]. 

PI3K/AKT not only plays an important role in cell 

proliferation by acting on the anti-apoptosis and cell cycle, it 

also plays a role in protein translation and synthesis via mTOR 

as well as angiogenesis. It has been reported The PI3K 

pathway is aberrantly activated by a number of different 

mechanisms in cancers. These include genetic mutation and/or 

amplification of key pathway components, such as 

amplification or mutation of the PI3K catalytic subunit, 

mutation or deletion of the phosphatase PTEN, amplification 

or mutation of the gene encoding for the PI3K effector protein 

kinase AKT, as well as constitutive activation of RTKs or 

other less frequent events [54]. 

The significant role of the PI3K/Akt/mTOR pathway in the 

initiation and development of cancer suggests that this path 

way may be an appropriate target for cancer therapy. Such 

therapy may involve inhibiting cell proliferation, enhancing 

apoptosis, and restoring the sensitivity of cancer cells to 

chemotherapy. PI3K inhibitors may be classified into several 

functional categories: PI3K inhibitors, dual mTOR1/mTOR2 

inhibitors, Akt inhibitors, mTOR1inhibitors, and dual 

PI3K/mTOR inhibitors. These inhibitors may exhibit 

differences in their affinity for different isoforms of these 

proteins. Derivatives of these inhibitors are more selective and 

are highly effective in targeting the PI3K/Akt/mTOR pathway 

[55]. 

A. PI3K Inhibitors 

PI3K catalyzes the addition of a phosphate to 

phosphatidylinositol-4, 5-bisphosphate (PIP2) to form 

phosphatidylinositol-3, 4, 5-triphosphate (PIP3), which 

initiates many of its tumorigenic activities via Akt. Akt is 

recruited to the plasma membrane by PI3Kmediated 

formation of PIP3, leading to Akt phosphorylation at thr308 

and Ser473 (via phosphoinositide dependent kinase-1 and 

phosphoinositide-dependent kinase-2, respectively). Akt 

phosphorylation at these 2 sites activates its kinase function, 

leading to downstream signaling that promotes proliferation 

and inhibits apoptosis. The PTEN tumor suppressor gene 

encodes a phosphatase that catalyzes the dephosphorylation of 

PIP3, thus inhibiting activation of the Akt pathway. When 

PTEN is altered, the Akt pathway can become constitutively 

active [35]. 

Several clinical trials targeting the PI3K/Akt/mTOR 

pathway are ongoing. The first PI3K inhibitors identified were 

LY294002 and wortmannin, a natural product from 

Penicillium wortmannii. However, these two inhibitors have 

been found to be toxic in animals. Several different types of 

PI3K inhibitors have also been tested against various tumor 

types in clinical trials. A phase I study on the safety of 

BYL719 and an HSP90 inhibitor, AUY922, in patients with 

advanced gastric cancer is ongoing [55]. 

B. AKT inhibitors 

There are two main classes of AKT inhibitors in clinical 

development: ATP competitive and allosteric AKT inhibitors. 

ATP competitive AKT inhibitors are AKT kinase inhibitors. 

Because of the shared homology of the ATP binding pocket 

among various kinases. AZD5363 is a potent AKT kinase 

inhibitor that has pharmacologic properties consistent with 

AKT inhibition. It inhibited the growth of a range of human 

tumor. Allosteric AKT inhibitors bind to the PH domain of the 

AKT enzyme forming drug enzyme complexes. Due to 

conformational changes, translocation of AKT to the plasma 

membrane, a step essential for AKT activation, is disrupted. 

Such a conformation-based approach circumvents the issue of 

kinase selectivity often seen with ATP competitive AKT 

inhibitors. MK2206 is an allosteric AKT inhibitor that 

selectively inhibits AKT1, 2, and 3 isoforms [56]. 

C. mTOR Inhibitors 

mTOR inhibitors either inhibit mTORC1 only, or are dual 

mTORC1/2 inhibitors. mTORC1 inhibitors including 

everolimus, temsirolimus, ridaforolimus, etc. which are 

approved as one of standard treatments for renal cell 

carcinoma and pancreatic neuroendocrine tumors. In 

hormone-receptor-positive breast cancer, the significant 

activity of mTOR inhibitor has been shown in a large 

randomised study. All these agents have similar structure and 

mechanism of action but different pharmacokinetic properties. 

Indeed, all these drugs are small molecule inhibitors that 

function intracellular, forming a complex with the FK506 

binding protein-12 (FKBP-12) that is then recognized by 

mTOR. The resulting complex prevents mTOR activity, 

leading to inhibition of cell cycle progression, survival, and 

angiogenesis [57]. 

Second-generation mTOR inhibitors that target the catalytic 

sites of both mTORC1 and mTORC2 have been developed. In 

preclinical studies, the mTORC1/2 inhibitors AZD8055 and 

OSI-027 resulted in dose-dependent growth inhibition in a 

variety of cell lines including endometrial cancer models. 

AZD8055, OSI-027, and INK128 are currently in early-stage 

clinical trials in solid tumors [19, 58]. 

5. Conclusions and Future Directions 

Better understanding of cell signaling pathways and their 

modulation by various negative and positive signals 

simultaneously activated by anticancer agents may prove 

particularly valuable in cancer therapy. Proteins involved in 

cell proliferation, survival, differentiation and death 

regulation could be used as new targets for anticancer drugs, 

and simultaneous signals may be manipulated to increase the 

efficacy of anticancer drugs. Thus, analysis of the molecular 

mechanisms of cell signaling pathways has dramatically 

increased the field of anticancer drug pharmacology and 

suggested new strategies for tumor cell sensitization or normal 

cell protection, some of which might be tested in clinics in the 

near future. As reflected in current review, cell surface 

available molecules and protein kinases continue to be the 

most favored targets for anticancer drug discovery. Additional 

inhibitors of the ERK MAPK cascade will provide effective 

antineoplastic agents for the treatment of a wild range of 

human cancers, including those where our current regimen of 

drugs are disappointingly ineffective. Many inhibitors of 

EGFR, VEGFR, Ras, Raf and PI3k-Akt-mTOR inhibitors 
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have been developed that target different components of ERK 

signaling, agents already approved and added to our 

expanding repertoire of anticancer agents. 

It is expected that many more targeted therapies will come 

into routine clinical use. A future direction for small molecule 

tyrosine kinase inhibitors will be to combine them to 

overcome treatment resistance. Monoclonal antibodies will be 

modified to become carriers for radiation or cytotoxic drugs 

and will be enhanced to increase their immune effects. 

 

References 

[1] Chang DK, Wu C and Huang CT (2006). Targeted Therapy for 
Cancer. Journal of Cancer Molecules 2 (2): 57-66. 

[2] Bhatt AN, Mathur R, Farooque A, et al (2010). Cancer 
biomarkers - Current perspectives. Indian J Med Res 132: 
129-149. 

[3] Ouhtit A, Lochan R, Shubha K (2013). Simultaneous Inhibition 
of Cell-Cycle, Proliferation, Survival, Metastatic Pathways and 
Induction of Apoptosis in Breast Cancer Cells by a 
Phytochemical Super-Cocktail: Genes That Underpin Its Mode 
of Action. Journal of Cancer 4 (9): 703-715. 

[4] Kakde D, Jain D, Shrivastava V et al (2011). Cancer 
Therapeutics Opportunities, Challenges and Advances in Drug 
Delivery. Journal of Applied Pharmaceutical Science 01 (09): 
01-10. 

[5] Sierra R, Cepero V and Giordano S (2010). Molecular 
mechanisms of acquired resistance to tyrosine kinase targeted 
therapy Molecular Cancer 9 (75): 1-13. 

[6] Tanaka T, Tamura K. (2012). Recent Advances in Molecular 
Targeted Therapy for advanced Colorectal Cancer and Non–
Small Cell Lung Cancer. J Phys Chem Biophys 2 (108): 1-9. 

[7] Hickman A., Graeser R, Vidic S, et al (2014). 
Three-dimensional models of cancer for pharmacology and 
cancer cell biology: Capturing tumor complexity in vitro/ex 
vivo. Biotechnol. J 9: 1115–1128. 

[8] Armando A, Clarisse M, Miguel F (2015). The epidemiology 
of cancer in Angola results from the cancer registry of the 
national oncology center of Luanda, Angola. Cancer 9 (510): 
1-10. 

[9] Anajwala CC, Jani GK, Swamy SM (2010). Current trends of 
Nanotechnology for Cancer Therapy. International journal of 
pharmaceutical sciences and nanotechnology 3 (3): 1043-1056. 

[10] Bray F, Ferlay J, Soerjomataram I et al (2018). Global Cancer 
Statistics 2018: GLOBOCAN Estimates of Incidence and 
Mortality Worldwide for 36 Cancers in 185 Countries. CA 
CANCER J CLIN 68: 394–424. 

[11] Uma Devi P (1982). Basics of carcinogenesis. Health 
Administrator 17 (1): 16-24. 

[12] Thurston DE (2007). Chemistry and pharmacology of 
anticancer drugs. John Smith (editor), New York. 

[13] Behera D (2007). New Approach to the Treatment of Lung 
Cancer: The Molecular Targeted Therapy. The Indian Journal 
of Chest Diseases & Allied Sciences 49: 150-158. 

[14] Xu M, Shao J, Zeng Y (2013). Molecular classification and 

molecular targeted therapy of cancer. Front. Med 7 (2): 147–
149. 

[15] Radiæ S, Stanojeviæ Z (2004). Pathogenesis of neoplastic. 
Arch Oncol 12 (1): 35-37. 

[16] Hanahan D and Weinberg RA (2000). The Hallmarks of Cancer. 
Cell 100: 57–70. 

[17] Hojjat-Farsangi M (2014). Small-Molecule Inhibitors of the 
Receptor Tyrosine Kinases: Promising Tools for Targeted 
Cancer Therapies. Int. J. Mol. Scin 15: 13768-13801. 

[18] Carrasco-García, E. Saceda M. Martínez-Lacaci. I (2014). Role 
of Receptor Tyrosine Kinases and Their Ligands in 
Glioblastoma. Cells 3: 199-235. 

[19] Bret B, Alex A (2008). Advances in Targeting the 
Ras/Raf/MEK/Erk Mitogen-Activated Protein Kinase Cascade 
with MEK Inhibitors for Cancer Therapy. Clin Cancer Res 14: 
342-346. 

[20] Plotnikov A, Zehorai E, Procaccia SH, Seger R (2011). The 
MAPK cascades: Signaling components, nuclear roles and 
mechanisms of nuclear translocation. Biophysica Acta 1813: 
1619–1633. 

[21] Won Lee H, Yong Choi H, Min Joo K et al (2015). Tumor 
Progression Locus 2 (Tpl2) Kinase as a Novel Therapeutic 
Target for Cancer: Double-Sided Effects of Tpl2 on Cancer. Int. 
J. Mol. Sci 16: 4471-4491. 

[22] Bari SB, Adhikari S, Surana SJ (2012). Tyrosine Kinase 
Receptor Inhibitors: A New Target for Anticancer Drug 
Development. Journal of PharmaSciTech 1 (2): 36-45. 

[23] Alexey G, Yusuf D, Hilal S. et al (2014). Systems Analysis of 
Drug-Induced Receptor Tyrosine Kinase Reprogramming 
Following Targeted Mono- and Combination Anti-Cancer 
Therapy. Cells 3: 563-591. 

[24] Ensari A, Jung A, Kirchner T (2008). KRAS mutation testing 
for predicting response to anti-EGFR therapy for colorectal 
carcinoma: proposal for an European quality assurance 
program. Virchows Arch 453: 417–431. 

[25] Rastogi I, Rajanna S, Puri N (2013). Current Molecularly. 
Targeted Therapies against EGFR for Cancer. J Cancer Sci 
Ther 6: 1-3. 

[26] Jianming Z, Priscilla L and Nathanael S (2009). Targeting 
cancer with small molecule kinase inhibitors. Cancer 9: 28-39. 

[27] Amit M, Nishi K, and Shilpa G. (2014). Epidermal Growth 
Factor Receptor Inhibitors: Coming of Age. Journal of the 
moffitt cancer center. 21 (1): 74-79. 

[28] Eckstein N, Röper L, Haas B et al (2014). Clinical 
pharmacology of tyrosine kinase inhibitors becoming generic 
drugs: the regulatory perspective. Journal of Experimental & 
Clinical Cancer Research 33 (15): 1-10. 

[29] Michael E and Flanigan-Minnick A (2011). Mechanisms of 
action of commonly used drugs to treat cancer. Commun Oncol 
8: 357–369. 

[30] Dietrich EM, Antoniades K (2012). Molecularly targeted drugs 
for the treatment of cancer: oral complications and 
pathophysiology. Hippokratia, 16 (3): 196-199. 

[31] Levitzki A, Klein SH. Signal transduction therapy of cancer 
(2010). Molecular Aspects of Medicine 31: 287–329. 



76 Getu Melesie Taye:  Review on: Signal Transduction Pathways as Therapeutic Targets in Cancer Therapy  

 

[32] Rafael J, Cepero V and Giordano S (2010). Molecular 
mechanisms of acquired resistance to tyrosine kinase targeted 
therapy. Molecular Cancer 9 (75). 1-13. 

[33] Ang JE. Kaye SB. Molecular targeted therapies in treatment of 
ovarian cancer (2007). Advances in gene, molecular and cell 
cancer therapy 1 (1): 68-79. 

[34] Imai K and Takaoka A (2006). Comparing antibody and 
small-molecule therapies for cancer. Cancer 6: 714-727. 

[35] Mischel PS and Cloughesy TF (2003). Targeted Molecular 
Therapy of GBM. Brain Pathol 13: 52-61. 

[36] Roberts PJ and Der CJ (2007). Targeting the Raf-MEK-ERK 
mitogen-activated protein kinase cascade for the treatment of 
cancer. Oncogene 26: 3291–3310. 

[37] Ou SH (2012) Second-generation irreversible epidermal 
growth factor receptor (EGFR) tyrosine kinase inhibitors 
(TKIs): a better mousetrap? A review of the clinical evidence. 
Crit Rev Oncol Hematol 83: 407-421. 

[38] Casacó A, Fuente D, Ledón N, et al. Aymara Fernández and 
Tania Crombet. Anti-Epidermal Growth Factor/Epidermal 
Growth Factor Receptor Therapeutic Anti-cancer Drugs and 
the Wound Healing Process. J Cancer Sci Ther 2012, 4.10: 
324-329. Antiepide. 

[39] Gerber DE (2008). Targeted Therapies: A New Generation of 
Cancer Treatments. American Family Physician, 77 (3): 
311-319. 

[40] Olcay E, Giovannetti E and Godefridus J (2010). Peters Drug 
Delivery and Drug Resistance: EGFR-Tyrosine Kinase 
Inhibitors in Non-Small Cell Lung Cancer. The Open Lung 
Cancer Journal 3: 26-33. 

[41] Calvo F, Agudo-Ibanez L and Crespo P (2010). The Ras-ERK 
pathway: Understanding site-specific signaling provides hope 
of new anti-tumor therapies. Bioessays 32: 412–421. 

[42] Santarpia L, Lippman SL, and El-Naggar AK (2012). Targeting 
the Mitogen-Activated Protein Kinase RAS-RAF Signaling 
Pathway in Cancer Therapy. Expert Opin Ther Targets 16 (1): 
103–119. 

[43] Terry K, Copur MS (2013). Molecular Targeted Therapy of 
Hepatocellular Carcinoma. Journal of Cancer Therapy 4: 
426-439. 

[44] Dancey J and Sausville EA (2003). Issues and progress with 
protein kinase inhibitors for cancer treatment. Drug discovery 2: 
296-314. 

[45] Cox AD, Der JC (1997). Farnesyltransferase inhibitors and 
cancer treatment: targeting simply Ras? Biochimica 
Biophysica Acta 1333: 51–71. 

[46] Debarshi Kar Mahapatra, Vivek Asati & Sanjay Kumar Bharti 
(2017). MEK inhibitors in oncology: a patent review 
(2015-Present), Expert Opinion on Therapeutic Patents 27 (8): 
887-906. 

[47] CHIN ‑ CHENG SU (2018). Tanshinone IIA can inhibit 
MiaPaCa‑2 human pancreatic cancer cells by dual blockade of 
the Ras/Raf/MEK/ERK and PI3K/AKT/mTOR pathways 
ONCOLOGY REPORTS 4 3102: 3102-3111. 

[48] McRee, A. J.; Sanoff, H. K.; Carlson, C.; Ivanova, A.; O’Neil, 
B. H. A phase I trial of mFOLFOX6 combined with the oral 
PI3K inhibitor BKM120 in patients with advanced refractory 
solid tumors. Invest. New Drugs 2015, 33, 1225–1231. 

[49] Reuter CW, Morgan MA, and Bergmann L (2000). Targeting 
the Ras signaling pathway: a rational, mechanism-based 
treatment for hematologic malignancies? Blood 96 (5): 
1655-1669. 

[50] Morgillo F and Lee HY (2007). Development of farnesyl 
transferase inhibitors as anticancer agents: current status and 
future. Cancer Therapy 5: 11-18. 

[51] Sharaf LH (2006). Current trends and recent advances in breast 
cancer drug therapy Cancer Therapy 4: 183-192. 

[52] Anuj G. Agrawal and Rakesh R. Somani (2011). 
Farnesyltransferase Inhibitor in Cancer Treatment, Current 
Cancer Treatment - Novel Beyond Conventional Approaches, 
ISBN: 978-953-307-397-2. 

[53] Wang AX, Qi XY (2013). Targeting RAS/RAF/MEK/ERK 
Signaling in Metastatic Melanoma. International Union of 
Biochemistry and Molecular Biology 65 (9): 748–758. 

[54] Ebia H, Costaa C, Faber AC (2013). PI3K regulates MEK/ERK 
signaling in breast cancer via the Rac-GEF, P-Rex1. PNAS 110 
(52): 21124–21129. 

[55] Matsuoka T and Yashiro M (2014). The Role of 
PI3K/Akt/mTOR signaling in Gastric Carcinoma. Cancers 6: 
1441-1463. 

[56] Khan KH, Yap TA, Yan L et al (2013). PI3K-AKT-mTOR 
Pathway signaling network in cancer. Chin J Cancer 32 (5): 
253-265. 

[57] Porta C, Paglino C and Mosca A (2014). Targeting 
PI3K/Akt/mToR signaling in cancer. Front. Oncol. 4 (64): 
1-11. 

[58] Slomovitz BM and Coleman RL (2012). The 
PI3K/AKT/mTOR Pathway as a Therapeutic Target in 
Endometrial Cancer. Clin Cancer Res 18 (21): 1–9. 

 

 


