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Abstract. Protein phosphorylation is a well-character-
ized biochemical process for reversible regulation of 
protein activity. Protein kinases and protein phosphatases 
are the key complementary players in this process, and 
through their coordinated activity cell homeostasis is 
tightly controlled. If these enzymes display aberrant 
activity, cells may undergo unrestrained growth, thus 
giving rise to complex diseases such as cancer. The tech-
nological platform gathered during the Human Genome 
Project recently allowed the systematic identifi cation of 

the genetic alterations present in the kinase (the kinome) 
and the phosphatase (the phosphatome) gene families. 
These studies suggest that most if not all human tumors 
carry genetic alterations in at least one phosphatase or ki-
nase gene. Here we integrate the biochemical knowledge 
on the properties of these molecules with the informa-
tion collected through their systematic genetic analysis 
in cancer. We also analyze why the molecular profi ling 
of the kinome and phosphatome in individual cancers is 
revolutionizing basic and clinical oncology.
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Phosphorylation and the control of cell homeostasis

The existence of phosphoproteins was already known at 
the end of the 19th century, when they were considered to 
be the biological carriers of nutrients, as they were found 
in milk, as caseins, or in egg yolk, as phosvitins. It was 
only in the 1950s that phosphoproteins were recognized 
as key mediators and regulators of cell function. In 1954 
the fi rst phosphorylation activity catalyzed by a liver en-
zyme on casein protein was identifi ed [1], and from then 
on the term protein kinase was used in the biochemical 
research fi eld.
A year later the role of phosphorylation took centre 
stage thanks to Wosilait and Sutherland’s experiments 
[2] demonstrating that glycogen phosphorylase activity 
was regulated by the addition or removal of a phosphate 
group: this suggested that enzyme activities could be 

achieved through reversible phosphorylation. Later, 
Fisher and Krebs’s studies on protein phosphorylation 
were of such great importance and had such an impact 
in medical research that the two scientists received the 
Nobel Prize in 1992.
Phosphorylation is a well-characterized biochemical 
process in which a phosphate group is added through a 
phosphoester bond (O-phosphate) to the hydroxyl side 
chain of serine, threonine or tyrosine residues (fi g. 1). 
These are the most commonly phosphorylated amino 
acids in mammalian cells; however, in nature phosphate 
groups may also be added enzymatically to other amino 
acids, such as aspartate (A-phosphate), histidine and 
arginine (N-phosphate), or to specifi c lipids, such as 
phosphoinositidylinositol 4,5-biphosphate [3] (table 1).
Phosphates are negatively charged groups, and their 
addition to the protein can determine a conformational 
change of the protein itself. This process can be reversed 
through dephosphorylation: after phosphate removal, the 
protein switches back to its original conformation. If a 
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particular protein conformation is associated with its 
function, phosphorylation may then be considered a sort 
of molecular switch, turning the activity on or off.
The process of phosphorylation/dephosphorylation 
shows several peculiar features: it is rapid (it takes just 
few seconds), reversible and doesn’t require new protein 
synthesis or degradation; these aspects were probably 
central to its selection during evolution as a key mecha-
nism for the control of cell homeostasis.
The key players in this biochemical scenario are two 
different protein superfamilies (kinases and phos-
phatases), that are characterized by distinct sequences 
and structures. Importantly, members belonging to the 
same family share a conserved catalytic domain. Kinases 
are in charge of transferring a phosphate group from an 
ATP molecule to the specifi c target, while phosphatases 
remove the phosphate group from the substrate. 
Recent studies have described a non-enzymatic mecha-
nism for protein phosphorylation. It appears that the in-
ositol pyrophosphate IP7 may in fact be able to donate a 
phosphate group to the serine residue of eukaryotic target 
proteins [4].
The target substrates for kinases and phosphatases con-
sist of proteins or, less frequently, lipids. The former 
comprise different members in terms of structure, func-
tion and cellular localization. Common targets of protein 
phosphorylation include enzymes, receptors, signaling 
proteins, ion channels, transcriptional factors. For ex-
ample, a well characterized process, tightly controlled 

by a network of phosphorylation switches, is the transfer 
of a stimulus from the cell surface to the nucleus. This 
process is regulated through a cascade of signals between 
proteins whose phosphorylation state is strictly depend-
ent on the activity of kinases and phosphatases. 
A second remarkable outcome of protein phosphoryla-
tion is the generation of binding sites for interacting 
proteins; this does not affect the enzymatic activity of the 
target protein, but creates docking sites for other specifi c 
proteins, thus favoring the relocalization of effector mol-
ecules whose proximity drives activation of the signal 
transduction cascade.
Through phosphorylation, the cell regulates complex 
functions such as proliferation, differentiation, adhesion, 
metabolism and apoptosis; it is therefore not surprising 
that its aberrant activation correlates strongly with the 
development of cancer and other complex diseases.

The kinase and phosphatase gene families

As discussed above, protein phosphorylation is a biochem-
ical process regulated by two large gene superfamilies, the 
kinases and the phosphatases. Until recently, basic and 
translational research has mainly focused on kinases. 
One of the reasons is that while the fi rst protein tyro-
sine kinase was isolated at the end of 1970 [5], the fi rst 
tyrosine phosphatase was purifi ed only in 1988 [6] and 
cloned in 1990 [7]. The completion of a variety of ge-
nome projects has allowed a comparative analysis of the 
kinase and phosphatase genes. As a result, the kinases 
and phosphates genome complements have been sys-
tematically defi ned and are typically referred to as the 
kinome and the phosphatome.
Kinases represent a signifi cant fraction (1.5–2.5 %) of all 
eukaryotic genes, thus confi rming the prominent role of 
these enzymes in controlling key cellular functions [8]. 
Kinases are usually characterized by the presence of a 
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Figure 1. The process of protein phosphorylation/dephosphorylation: 
kinases transfer a phosphate group from an ATP molecule to the 
hydroxyl side chain of the target amino acid (i.e. serine, threonine 
or tyrosine), while phosphatases remove the phosphate group from 
the protein. The addition of the negatively charged phosphate group 
to the protein may cause the conformational change of the protein 
itself.

Table 1. List of kinase sustrates and relative products after phos-
phorylation. 

Kinase Substrate Phosphate Product

 serine  phosphoserine

 threonine O-phosphate phosphothreonine

 tyrosine  phosphotyrosine
Protein kinase
 histidine 

N-phosphate
 phosphohistidine

 arginine  phosphoarginine

 aspartate A-phosphate phosphoaspartate

Lipid kinase PIP2 O-phosphate PIP3

Grey indicates the substrates commonly utilized in human cells.
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conserved catalytic domain. Atypical kinases have also 
been identifi ed which display catalytic activity and share 
structural similarities with classic kinases but lacking se-
quence similarities with them. 478 classical kinases and 
40 atypical kinases genes have been identifi ed, for a total 
of 518 human kinases twice as many as are found in fl ies 
and worms. 
The crystal structure of the catalytic domains of several 
kinases has been solved. They typically display a com-
mon bilobal architecture characterized by the active site 
in the cleft between the lobes and critical differences in 
the catalytic domains accounting for individual substrate 
selectivity. On the basis of residue specifi city, kinases 
can be classifi ed into four main groups: tyrosine kinases, 
tyrosine kinase-like, serine-threonine kinases and lipid 
kinases (fi g. 2).
All types of kinases share the same ability to transfer 
the gamma phosphate group from the energy-carrying 
molecule ATP to the target substrate. Serine-threonine 
kinases (STKs) constitute the large majority of kinases, 
accounting for roughly 400 members; while tyrosine 
kinases (TKs) include about 90 elements. Despite their 
relatively low number, TKs are involved in key signal-
ing mechanisms, including the transduction of external 
stimuli to the cell nucleus. This feature is an important 
prerogative of multicellular organisms, and from an 
evolutionary point of view it is supported by the develop-
ment of TKs only in metazoans.
TKs can furthermore be divided into receptor protein 
tyrosine kinases (RPTKs) and non-receptor protein-tyro-
sine kinases (NRPTKs). The fi rst group includes mem-
brane-spanning receptors, characterized by an extracel-
lular ligand-binding domain and an intracellular kinase 
domain. The second group includes cytoplasmic proteins 
generally involved in the intracellular signaling cascade. 
As phosphorylation is a dynamic and reversible process, 
the activity of the kinases is complemented by that of the 
phosphatases that catalyze the dephosphorylation reac-
tion. Thanks also to data gathered in the postgenomic era, 
the phosphatases are acquiring a central connotation in 
the control of proliferation, differentiation, cell adhesion 
and motility. Phosphatases can exert both positive and 
negative effects on these signaling pathways, and when 
deregulated, they can contribute to the pathogenesis of 
many human diseases [9]. 
Protein serine/threonine phosphatases (PSTPs) spe-
cifi cally hydrolyze serine/threonine phosphoesters, while 
protein tyrosine phosphatases (PTPs) are phosphoty-
rosine specifi c [10–11]. Additionally, the subfamily of 
phosphatases, known as dual-specifi city phosphatases, 
is capable of hydrolysis of both phosphotyrosine and 
phosphoserine/threonine residues, in addition to phos-
pholipids [12] (fi g. 2).
Like kinases, the PTPase family can be further sub-
divided in two classes: membrane-bound receptor phos-

phatases (RPTPs) and intracellular phosphatases (NRP-
TPs). The fi rst group may contain one or two intracellu-
lar phosphatase domains and often immunoglobulin-like 
and fi bronectin-like domains in the extracellular region, 
thus playing a role in cell-cell or cell-matrix interactions. 
Some RPTPs appear to participate in homophilic and 
heterophilic binding interactions, which suggests a role 
in cell guidance and contact inhibition. The NRPTPs 
display various intracellular localizations determined by 
amino acid sequences outside the catalytic domain, and 
some of them have been found to be associated with a va-
riety of TKs, thus modulating the transmission of signals 
to the nucleus. 
Kinase and phosphatase activity, or better, the balance 
between these activities, is extremely important for the 
correct execution of signal transduction: virtually all sig-
naling pathways that have been elucidated so far involve 
at least one kinase or phosphatase molecule. It is there-
fore not surprising that genes belonging to both families 
are frequently altered in human cancer (see below). 

Kinases and phosphatases as cancer genes

Cancer is, in essence, a genetic disease [13]. This state-
ment represents the result of an impressive body of work 
that started more than a century ago but was fi nalized 

Figure 2. Classifi cation and relative abundance of human kinase and 
phosphatase genes. The human kinome and phosphatome include 
around 530 and 180 genes, respectively [8, 10, 11, 24, 25].  
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over the last 2 decades. Seminal studies on familiar tumor 
inheritance and evidence linking somatic alterations and 
tumors opened the way to the discovery that cancer arises 
from molecular alterations of the genetic code. 
According to this view, cancer is a multistep process 
whereby cells gain properties of uncontrolled growth and 
proliferation as a result of the acquisition of genetic al-
terations that are selected through a Darwinian process of 
evolution [14]. In addition to unrestrained proliferation, a 
key property of cancer cells is their ability to invade sur-
rounding tissues and colonize new distant sites through 
metastasis. The latter are ultimately responsible for the 
devastating effects of the disease. A variety of molecular 
alterations are present in the genome of cancer cells. 
Changes affecting single nucleotides such as point muta-
tions are accompanied by small deletions or insertions 
and more complex alterations involving larger portions of 
chromosomes such as translocations and amplifi cations. 
Mutations can occur either in the germline, resulting in 

hereditary predisposition to cancer, or in single somatic 
cells, as occurs in sporadic tumors.
To date, almost 300 cancer-related genes, approximately 
1 % of all human genes, have been identifi ed [15]. Cancer 
genes can be grouped into two main categories based on 
their mechanism of action. When the mutations result in 
a dominant gain of function of the targeted protein, the 
corresponding gene is usually referred to as an oncogene. 
In this case a single mutated allele is usually suffi cient to 
contribute to oncogenesis. When the mutations result in re-
cessive loss of function, the corresponding gene is generally 
defi ned as a tumor suppressor gene. In this case both alleles 
need to be inactivated to promote tumor progression. 
Among cancer genes, kinases and phosphatases play 
a central role, and several of these enzymes have been 
found altered in cancer by a variety of molecular mecha-
nisms. The corresponding mutations have been demon-
strated to be associated with cancer development in a 
causative fashion (table 2). Some illustrative examples 

Table 2. Selected list of kinases (grey) and phosphatases (dotted grey) genetically altered in human cancers.

Genetic alteration Functional effect Gene Chromosome location Disease

  EGFR 7p12 glioma 

  ERBB2 17q21 breast and ovarian cancer
Amplifi cation gain of function
  AKT2 19q13 ovarian and pancreatic cancer

  PRL-3 8q24 colorectal cancer

Translocation gain of function BCR-ABL t(9;22) (q34;q11) CML, ALL

  BRAF 7q34 melanoma, colorectal cancer 

  PIK3CA 3q26 colorectal, breast and brain cancer

 
gain of function

 MET 7p31 HPRCC, HCC, HNSCC

  JAK2 9p24 colorectal, brain, breast, lung cancer
Missense mutation 
  PDGFRA 4q11 GIST

  Shp2/PTPN11 12q24 polycythemia vera and    
    myeloproliferative disorders

 
loss of function

 PTPRG 3p21 colorectal cancer

  PTPN14 1q32 colorectal cancer

 gain of function EGFR 7p12 NSCLC

Deletion 
loss of function

 PTPN13 4q21 colorectal cancer

  PTEN 10q23 glioma, prostate and breast cancer

Nonsense mutation loss of function PTPRT 20q12 colorectal, gastric, brain cancer

Epigenetic silencing loss of function PTEN 10q23 endometrial and colorectal cancer

CML, chronic myelogenous leukemia; ALL, acute lymphocytic leukaemia; HPRCC, hereditary papillary renal-cell carcinoma; HCC, 
hepato-cellular carcinoma; HNSCC, head and neck squamous cell carcinoma; GIST, gastrointestinal stromal tumour; JMML, juvenile my-
elomonocytic leukaemia; AML, acute myelogenous leukaemia; NSCLC, non small cell lung cancer.
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of kinases and phosphatases which have been linked to 
cancer in the last 20 years are the BCR-ABL transloca-
tion in chronic myelogenous leukaemia [16], the HER-2 
amplifi cation in breast tumors [17], the KIT receptor 
point mutations in gastrointestinal stromal tumors [18], 
the PTEN deletions in multiple advanced cancers [19] 
and the SHP2 mutations in leukaemias and solid tumors 
[20]. In the last 3 years the availability of the human 
genome sequence coupled with the development of high-
throughput genomic approaches has allowed the system-
atic profi ling of genetic alterations affecting kinases and 
phosphatases in cancer. These studies have unveiled a 
genetic snapshot of the role of protein and lipid phospho-
rylation in cancer cells.

Mutational profi ling of gene families: lessons 
from resequencing the kinome and phosphatome 
in human cancer

The availability of the human genome sequence is re-
newing clinical medicine. Oncology has been one of 
the fi elds more immediately impacted by this revolution. 
The possibility of comparing the normal and the cancer 
genome sequences enables systematic identifi cation of 
all the genetic alterations associated with this disease 
for the fi rst time. In particular, the systematic hunt for 
somatic mutations in cancer genomes is now possible 
thanks to the development of new bioinformatics tools 
and sophisticated high-throughput sequencing technolo-
gies. The former are required to mine and analyze large 
numbers of nucleotide sequences, while the latter allow 
the processing of hundreds of samples at a time. 
As previously discussed, cancer cells often display de-
regulation of signaling pathways that are controlled by 
the addition or removal of phosphate groups to or from 
protein or lipid substrates. Accordingly, members of the 
kinase and phosphatase gene families are frequently al-
tered in cancer. Interestingly, however, in spite of their 
importance, many kinases and most phosphatases have 
not been characterized in detail. Furthermore, it remains 
unknown how many members of this gene family are al-
tered in any particular type of cancer. A number of recent 
studies have started to bridge this gap using the informa-
tion provided by the genome project and high-throughput 
DNA analysis to systematically identify cancer-associ-
ated mutations. 
One approach calls for the methodical search of muta-
tions in the molecules involved in signaling pathways in 
which at least one gene has previously been found to be 
mutated in human cancer [21]. Another approach entails 
sequencing entire gene families. This enables systematic 
genetic dissection of the specifi c biochemical function 
(for example protein phosphorylation) that is controlled 
by the members of the candidate gene family [22].

The fi rst strategy was devised by Davies and colleagues 
who skillfully used denaturing capillary gel electro-
phoresis to search for mutations in members of the 
RAS-RAF-MEK-ERK-MAP signaling pathway. Using 
this approach, BRAF, a serine threonine kinase, was 
identifi ed as being frequently mutated in melanoma and 
other cancers and represent a novel candidate for targeted 
cancer therapy [21, 23]. 
The second strategy was devised by Bardelli and col-
leagues to systematically analyze the mutational profi le 
of all tyrosine kinase genes (tyrosine kinome) in color-
ectal cancer genomes [22]. The same strategy was later 
used to analyze the lipid kinome [24], the serine-threo-
nine kinome [D. W. Parsons et al., Nature, in press] and 
the tyrosine phosphatome [25]. 
A number of noteworthy lessons can be drawn from these 
studies. The fi rst is that more than 70 % of colorectal can-
cers carry a mutation in a kinase or phosphatase gene. 
Interestingly, although the kinome and phosphatome 
comprises more than 600 genes, somatic mutations were 
found in only a handful of them [26]. This suggests that a 
small number of genes are genetically altered in cancers, 
even in gene families such as kinases and phosphatases 
that are thought to play a central role in tumorigenesis. 
This is surprisingly different from what is obtained by 
genome-wide analysis of gene expression, whereby a 
large fraction of genes are usually found to be differen-
tially expressed between normal and neoplastic tissues. 
Importantly, somatic mutations that have been selected 
during tumorigenesis are, by defi nition, causally related 
to tumor formation and therefore often represent valuable 
therapeutic targets [13].
The second lesson is that systematic approaches have 
allowed the identifi cation of somatic mutations in genes 
that had already been the subject of decades of work. 
This is the case of the PI3KCA gene mutations that were 
found in colorectal, breast, brain, gastric and other tumor 
types. This establishes PI3KCA lipid kinase as one of the 
most commonly mutated oncogenes in human cancer 
[24]. 
The third lesson is that the types of mutations found 
in kinases and phosphatases are qualitatively different. 
Kinases tend to be altered by heterozygous missense 
mutations that primarily affect residues involved in the 
control of their enzymatic activity. This suggests that 
the mutations are activating and operate by increasing 
the catalytic activity of the corresponding proteins. This 
also supports the hypothesis that mutated kinase genes 
act as dominant oncogenes [22, 24]. On the other hand, 
tyrosine phosphatases are frequently altered by nonsense 
mutations that often affect both alleles. This suggests that 
the mutated phosphatase genes could act as tumor sup-
pressors [25]. 
The fourth lesson is that the mutational profi ling of all 
genes controlling the execution of a particular biochemi-
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cal reaction (in this case phosphorylation) may be very 
informative in reconstructing signaling pathways active 
in human tumors. In fact, if the mutated genes display 
overlapping functions (for example they share the same 
substrate), the mutations will be mutually exclusive, thus 
providing additional information on the model. This is 
the case of the mutations affecting the BRAF and K-
RAS genes and mutually exclusive in cancers, indicating 
that these molecules operate within the same signaling 
pathway [27]. Similarly, mutations affecting kinases and 
phosphatases involved in the phosphoinositol-3-kinase 
pathway also occur in a mutually exclusive fashion [D. 
W. Parsons et al., Nature, in press].

Molecular profi ling of kinase genes and 
targeted  cancer therapies

Molecular alterations affecting genes involved in cell 
homeostasis are the hallmark of cancer. Until recently, 
this paradigm has had little impact on the clinical treat-
ment of this disease. Exciting results showing that thera-
peutic targeting of cancer is more effective in the context 
of specifi c genetic alterations has brought the genetic 
profiling of tumors to center stage [28, 29, 30]. Although 
results in this area have been incremental, they have al-
lowed for the fi rst allowed time the selection of patients 
who are likely to benefit from specifi c drugs, thus intro-
ducing individualized/targeted cancer therapies. In this 
context, targeted therapy refers to a new generation of 
cancer drugs designed to interfere with a specifi c mo-
lecular target supposed to have a critical role in tumor 
growth or progression. 
Pharmaceutical companies started to devote efforts 
to the development of signal transduction modulating 
drugs at the end of 1980s. At that time only a few ki-
nases were characterized, and even fewer were thought 
to play a role in cancer. Among them were BCR-ABL 
and the EGF receptor; both kinases played a central role 
in initial efforts towards drug discovery projects aimed 
at specifi c molecular targets. Interestingly, although in 
the meantime knowledge has increased dramatically, 
most large pharmaceutical companies are still focused 
on a relatively small portfolio of molecular targets. The 
attention has been mainly on kinases, whose molecu-
lar and crystal structure is well defi ned and described 
in the literature, while phosphatase-targeted drugs are 
just now beginning to be developed. Among the fi rst 
attempts to specifi cally interfere with the activity of 
tyrosine kinases was the development of a family of 
inhibitors, such as tyrphostins, that are low molecular 
weight tyrosine mimics [31]. However, because of their 
low specifi city, tyrphostins have not found large appli-
cation in clinical studies. Presently, although selectiv-
ity remains a central issue, it appears clear that kinase 

inhibitors can be effectively developed by targeting the 
ATP binding site with small molecules. The availability 
of the crystal structure of several kinases represents a 
signifi cant booster for these approaches and is leading 
to faster-track development of these drugs. 
Clinical validation of kinase inhibitors has had a bumpy 
ride. In many cases this was due to the lack or inappro-
priate selection of patients included in clinical trials. The 
levels of expression of the target kinase and its involve-
ment in specifi c signaling pathways were among the 
criteria initially used to identify the cancer type for clini-
cal trials. Often this led to failures, some of which later 
turned into success when patients cohorts were stratifi ed 
on the basis of the genetic profi le of their tumors. It is be-
coming increasingly clear that responsiveness to kinase 
inhibitors has a genetic basis and that molecular altera-
tions present in tumors can be used to identify patients 
who are likely to benefi t from the treatment. 
Although there is still considerable debate regarding the 
conceptual basis of these fi ndings, it is clear that genetic 
alterations that have been selected during tumorigenesis 
are causally related to tumor formation. As such, these 
mutations should represent legitimate targets for anti-
cancer drugs. Several representative examples indicate 
that this may be a promising and revolutionary paradigm 
for fi ghting cancer (fi g. 3 and table 3).
The fi rst example is imatinib mesylate (Gleevec) for the 
treatment of chronic myelogenous leukaemia (CML). Im-
atinib is a small chemical compound (approved by FDA 
in 2001), which at micromolar concentrations inhibits 

Figure 3. Rationale for  therapeutic targeting of kinases. The 
deregulated kinase can be inhibited by a variety of strategies 
including: targeting the extracellular domain with monoclonal 
antibodies which bind to the extracellular domain and inhibit 
receptor activation; monomeric ligands interfering with receptor 
dimerization; soluble extracellular portions of the receptors to 
sequester the ligand. Targeting the catalytic activity with small 
molecules interfering with ATP binding to the catalytic site or the 
substrate binding site. 
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the activity of ABL kinase by competing with ATP for its 
binding site. This results in inhibition of cell growth and 
induction of apoptosis of the leukaemic cells carrying the 
BCR-ABL fusion protein caused by a pathogenetic trans-
location among chromosome 9 and 22 [32]. The genetic 
basis for molecular therapies of CML based on targeting 
the BCR-ABL protein is further demonstrated by the 
fact that in patients who become refractory to imatinib 
mesylate, the BCR-ABL fusion gene typically carries ad-
ditional genetic alterations [33, 34]. A new combination 
of drugs that inhibits the different conformational vari-
ants of mutated BCR-ABL is effective in overcoming this 
resistance [35]. Additionally, it was recently shown that a 
non-ATP-competitive ABL inhibitor may also be useful 
in overriding Gleevec resistance [36].
Another example supporting this paradigm also involves 
imatinib mesylate, whose effi cacy has been demonstrated 
in gastrointestinal stromal tumors (GISTs) [37] [38]. In 
this case, however, the response rate is associated with the 
mutational status of two tyrosine kinase receptors, KIT and 
PDGF [39]. Both receptors share homology with the Abl 
kinase and are therefore inhibited by imatinib mesylate.
Additional examples involve targeting members of the 
epidermal growth factor receptor (EGFR) family, which 
has been achieved among two strategies. Monoclonal 
antibodies have been developed to block binding of the 
ligand to the extracellular domain of Erbb1 (cetuximab 
and panitumumab) and Erbb2 (trastuzumab) receptors. 
Furthermore, small molecules that antagonize ATP bind-
ing represent another class of EGFR inhibitor drugs. Two 
of these drugs, gefi tinib (Iressa) and erlotinib (Tarceva), 

are already in clinical use. Tumor responsiveness to the 
anti-EGFR monoclonal antibodies is associated with 
the copy number of the corresponding gene present in 
individual tumors [40]. On the other hand, sensitivity to 
gefi tinib correlates with mutations of the EGFR catalytic 
domain [41].
In conclusion, the molecular profi ling of cancer patients 
on the basis of the genetic analysis of kinase genes has 
contributed to the creation of a new paradigm in basic 
and clinical oncology. This paradigm consists of the 
individualized analysis and treatment of cancer patients 
according to the mutated genes present in their tumors. 
Given that the presence of kinome and phosphatome mu-
tations has been assessed in very few cancer types, it is 
likely that this approach will provide additional promis-
ing therapeutic avenues.
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