
Summary. Focal Adhesion Kinase is a 119-121 kDa
nonreceptor protein kinase widely expressed in various
tissues and cell types. Several studies showed that FAK
plays an important role in integrin signaling. Once
activated by integrin and non-integrin stimuli, it binds
and activates several other molecules, such as Src,
p130Cas, Grb2, PI3K and paxillin, thus promoting
signaling transduction. In normal cells FAK activity is
under constant regulation by mechanisms such as gene
amplification, alternative splicing and action of
phosphatases. On the contrary, in vitro studies showed
that in transformed cells unopposed FAK signaling
promoted cancer cells’ malignant characteristics. FAK
was held responsible for cancer cells’ uninhibited
proliferation, protection from apoptosis, invasion,
migration, adhesion and spreading, as well as tumor
angiogenesis. Several in vivo studies supported the
above observations and further correlated FAK
expression with various clinicopathological parameters
of several types of human malignancies. The purpose of
this article is a comprehensive review of the existing
data on FAK expression and signaling and their clinical
significance in human malignancy.

Key words: FAK, Cancer, Human, Prognosis

Index: AML: acute myeloid leukemia, BCR: B cell
receptor, CCK2R: cholecystokinin-2 receptor, Cdk:
Cyclin-dependent kinase, Cdki: cyclin-dependent kinase
inhibitor, CML: chronic myelogenous leukemia, DAP:
death-associated protein, DH: Dbl homology, DISC:
death-inducing signaling complex, ECM: Extracellular
matrix, EGF: Epidermal Growth Factor, Erk:

Extracellular-regulated kinase, FADD: Fas-associated
protein with death domain, FAK: Focal Adhesion
Kinase, FAs: Focal Adhesions, FAT: Focal Adhesion
Targeting, FIP: FAK inhibitory protein, FRNK: FAK-
related non-kinase, GnRHa: Gonadotropin releasing
hormone analogue, GSK3ß: glucogen synthetase kinase-
3 type-ß, HCC: hepatocellular carcinoma, HGF:
Hepatocyte Growth Factor, JNK: Janus Kinase, KLF8:
Kruppel-like factor-8, LMW-PTP: low molecular weight
tyrosine phosphatase, MAP: Mitogen-activated protein,
MLC: regulatory light chain of myosin II, MMPs:
Metalloproteinases, NSCLC: non-small-cell lung
carcinoma, PDGF: Platelet-Derived Growth Factor, PH
domain: pleckstrin homology domain, PIN: Prostate
Intraepithelial Neoplasia, PI3K: phosphatidylinositol-3-
hydroxyl kinase, PIP3: phosphatidylinositol-3,4,5-
triphosphate, PKC: Protein Kinase C, PLA2:
phospholipase-A2, PLC: Phospholipase C, PCR:
Polymerase Chain Reaction, PTP-PEST: p130Cas and
paxillin-associated PTP, PTEN: Phosphatase and Tensin
homologue deleted on chromosome 10, PTKs: Protein
Tyrosine Kinases, RIP: Receptor-Interacting Protein,
ROK: Rho-kinase (or Rac or ROCK): Rho-associated
coil-coil forming protein kinase, SCC: squamous cell
carcinoma, SCLC: small-cell lung carcinoma, SHP2:
SH-2 containing tyrosine phosphatase-2, siRNA: silence
RNA, STAT3: Signal Transducer and Activator of
Transcription-3, STP1: serine/threonine protein
phosphatase type-1, SUMO: Small Ubiquitin-related
Modifier, TNF: Tumor Necrosis Factor, TRAF: TNF
receptor associated factor, UPA: Urokinase Plasminogen
Activator, VEGF: Vascular Endothelial Growth Factor.

Introduction

Focal adhesion kinase (FAK) was first described in
1992 as a member of the protein tyrosine kinases (PTKs)
family and particularly of the nonreceptor PTKs
subfamily (Hanks et al., 1992; Lipfert et al., 1992;
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Zachary et al., 1992). FAK was originally identified as a
protein that is highly tyrosine phosphorylated in chicken
embryo fibroblasts transformed with the v-srs oncogene
(Zachary, 1997). The cDNA of FAK encodes a protein
with a predicted molecular weight of 119-121 kDa
depending on different species, though on the basis of its
migration in gels it is known as p125FAK (Zachary,
1997).

FAK is expressed in a variety of species, including
human, rodent, chicken, frog, Drosophila and Xenophus,
indicating that it is evolutionarily conserved (Cary and
Guan, 1999; Schlaepfer et al., 1999). It has been mapped
on mouse chromosome 15 and human chromosome 8
(Zachary, 1997). FAK is widely expressed in various
tissues and cell types such as mesenchymal cells,
neuronal cells, platelets, lymphocytes and erythrocytes
(Schaller and Parsons, 1994; Zachary, 1997), while
macrophages and mast cells appear to express little FAK
(Schaller and Parsons, 1994).

Many studies showed that FAK plays an important
role as an early key modulator in the integrin signaling
cascade. Integrins are a family of transmembrane
receptors which, apart from linking extacellular matrix
(ECM) proteins with actin cytoskeleton and thus
regulating cell shape, can initiate signal transduction that
affects many cellular functions (Coppolino and Dedhar,
2000). Integrin clustering results in FAK
autophosphorylation and the binding of the Src, another
kinase that phosphorylates FAK at several domains
potentiating its kinase activity. The FAK/Src complex
binds and phosphorylates many downstream molecules,
transducing signaling by distinct, complex pathways that
interact with each other. Signaling through FAK
regulates various basic cellular functions, such as cell
proliferation and growth, protection from apoptosis,
adhesion and spreading, invasive and migration
properties. Thus, by modulating cell phenotype, FAK
participates in many cellular processes, such as platelet
aggregation (Malarkey et al., 1995), endothelial cell
migration (Kaczmarek et al., 2005), neuronal signaling
(Siciliano et al., 1996), trophoblast development
(MacPhee et al., 2001), embryogenesis and
morphogenesis (Lu et al., 1995; Sorenson and Sheibani,
1999; Sorenson and Sheibani, 2002). The hypothesis that
FAK signaling is uncontroled in transformed cells and
thus promotes their malignant phenotypic characteristics
has been thoroughly studied. FAK has been held
responsible for the malignant cells’ uninhibited
proliferation, resistance to apoptosis and their ability to
survive under anchorage-independent conditions,
increasing in this way their invasiveness and migration
capability. All these are components of the malignant
phenotype, which promote tumor growth, progression
and metastasis, as well as the resistance to chemotherapy
or radiotherapy. Finally, FAK signaling has been
implicated in neoangiogenesis, which is also very
important for tumor growth and cancer progression.

The purpose of this review is to analyze the data
existing on FAK expression and signaling and their

possible clinical significance in human malignancy.
Since FAK uncontroled signaling participates in cancer
pathophysiology, modulation of its action could be a
potential target for future cancer therapeutics. 

FAK molecule and its function

Surrounding, structure and related molecules

A feature of FAK is its subcellular localization to
specialized submembranous structures called focal
adhesions (FAs) (Zachary, 1997). FAs are large integrin-
based multiprotein complexes that mediate strong cell-
substrate adhesion and transmit information in a
bidirectional manner between extracellular molecules
and cytoplasm (Cukirman et al., 2001). They consist of
integrins, integrin-associated adaptor and signaling
proteins, such as FAK, Src, Grb2, p130Cas, paxillin,
vinculin, tensin, growth factor receptors and their related
downstream targets (Cukirman et al., 2001; Hehlgans et
al., 2007). Cell adhesion molecules of the integrin family
consist of 18 α and ß subunits which form 24 known αß-
heterodimers depending on cell type and function
(Hehlgans et al., 2007). Integrins are the main receptors
for ECM proteins, such as fibronectin, collagen and
laminin. Each one has a large extracellular, a short
transmembrane and a small intracellular domain. FAK is
reported to bind the intracellular regions of ß-integrin
subunits (Brunton et al., 2004).

FAK is unique among PTKs in comprising of a
central catalytic (kinase) domain flanked by two very
large non-catalytic regions consisting of approximately
400 amino acids each (Schaller and Parsons, 1994), the
NH2-terminal region, which has homology with the band
4.1 protein as well as with ezrin, radixin and moesin and
thus is called FERM domain (Schlaepfer et al., 2004;
Cox et al., 2006) and the COOH-terminal region.
Neither exhibit significant homologies with motifs in the
non-catalytic regions of other PTKs (Zachary, 1997).
Unlike many other PTKs, FAK does not have SH2 or
SH3 domains, but it does have SH2 and SH3 domain-
interacting phosphotyrosines and proline-rich regions
respectively (Cary and Guan, 1999), by which, when
activated, it interacts with various proteins (Fig. 
1).

The kinase domain at the center of FAK molecule
includes the tyrosine 576 and 577 domains, which are
phosphorylated by Src and positively regulate FAK
kinase activity (Cary and Guan, 1999).

The three most important ligands and downstream
effectors of activated FAK are Src, p130Cas and
paxillin. Association of FAK with Src family members
has been demonstrated in vivo and in vitro. The outcome
of Src binding to FAK is the phosphorylation of several
tyrosine residues in FAK and FAK-associated proteins.
FAK tyrosine sites that are phosphorylated by Src are
tyrosines 407, 576, 577, 861 and 925. The
phosphorylation of tyrosines 576 and 577 in the kinase
domain of FAK positively regulates FAK catalytic
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activity. The roles of tyrosines 407 and 861
phosphorylation are not clear, but are suggested to
mediate binding to SH2 domains based on neighboring
residues (Cary and Guan, 1999; Schlaepfer et al., 2004).
Another study suggested that phosphorylation of
tyrosine 861 by Src takes part in the regulation of αvß5-
FAK association in the retinal pigment epithelium during
the phagocytosis of integrin-bound photoreceptors
(Finnemann, 2003). Finally, phosphorylation of tyrosine
925 has been mapped as a binding site for the SH2
domain of the Grb2 adaptor protein, which is believed to
partially mediate activation of Extracellular-regulated
kinase (Erk) family of Mitogen Activated Protein (MAP)
kinases.

An important role has been demonstrated for
p130Cas in integrin signaling tranduction pathways
(Cary and Guan, 1999). Integrin activation induces
tyrosine phosphorylation of p130Cas on varius ECM
proteins, as well as in cells activated by anti-integrin
antibodies. Although FAK does phosphorylate p130Cas

directly, this event allows for Src binding to p130Cas and
subsequently the complete phosphorylation of p130Cas at
sites in the substrate domain. This model predicts that
integrin-mediated phosphorylation of p130Cas by the
FAK/Src complex results in its association with Crk
(Schlaepfer et al., 1999). Additionally, Brabek et al.
showed that increased p130Cas expression leads to
elevated phosphorylation of FAK and paxillin and that

this ability of p130Cas is dependent on the substrate
domain YxxP tyrosine phosphorylation site, suggesting
that p130Cas may act both upstream and downstream of
FAK to promote invasive behavior (Brabek et al., 2004,
2005).

Paxillin was first identified as a cytoskeletal protein
with increased tyrosine phosphorylation in v-Src
transformed fibroblasts, which occurs concomitantly
with FAK upon integrin activation (Cary and Guan,
1999). Due to its lack of enzymatic activity, paxillin is
generally believed to act as a scaffolding protein in FAs
by mediated interactions with other signaling and/or
cytoskeletal proteins. The role of FAK association with
paxillin remains unclear. Significant data exist
suggesting that FAK localization to FAs is mediated by
binding to paxillin through FAT domain (Zachary, 1997;
Cary and Guan, 1999; Schlaepfer et al., 1999), thus, in
this model, paxillin is upstream of FAK. The only data
which sheds doubt on this model, is that a FAK construct
with a C-terminal epitope tag is localized to FAs and
does not bind paxillin, but it is possible that this
interaction is only distabilized by this epitope tag (Cary
and Guan, 1999). However, a number of studies suggest
that paxillin may also be a downstream mediator of FAK
signaling transduction pathways. It is believed that
paxillin phosphorylation occurs in a FAK-dependent
manner, as it occurs concomitantly with FAK. Indeed,
increased tyrosine phosphorylation of paxillin has been
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demonstrated in CEF cells overexpressing FAK.
However, several lines of evidence suggest that Src
rather than FAK is responsible for paxillin
phosphorylation. In vitro and in vivo studies showed that
phosphorylation of paxillin at tyrosine 118 by FAK or by
Src is necessary for the creation of a binding site for the
Crk SH2 domain. Recently, a direct interaction between
paxillin and PTP-PEST (p130Cas and paxillin-
associated PTP) has been demonstrated.
Dephosphorylation of paxillin and/or associated proteins
by this phosphatase was suggested as an important
regulatory mechanism of paxillin-mediated signaling
pathways. Another possible consequence of paxillin
phosphorylation is the regulation of the actin
cytoskeleton (Guan, 1997), as paxillin phosphorylation
was shown to lead to vinculin binding, resulting in the
altering of the vinculin’s actin-binding site.

Activation

Initially, FAK was shown to be activated by integrins
(Schlaepfer et al., 1999). Integrin clustering after binding
of their ligament or integrin cytoplasmic domain
conformation and alterations may promote the binding
of the FERM domain of FAK to the tail of a ß-integrin or
another ligand, thus exposing tyrosine 397. These FAK
conformational changes can lead to the unmasking of the
FAK active site and/or allow the catalytic domain to
adapt active conformation. This would permit
transphosphorylation of FAK at tyrosine 397 and the
subsequent recruitment of Src, resulting in the
phosphorylation of tyrosines 576 and 577 in the FAK
activation loop and full catalytic FAK activation. 

At least four integrin heterodimers can trigger FAK
phosphorylation (Schaller and Parsons, 1994). Direct
binding of FAK to ß-integrin cytoplasmic tails has been
demonstrated in an in vitro system (Cary and Guan,
1999), however concerns are raised whether this
interaction is sufficient for FAK activation. Indirect
association of FAK with the ß-integrin through talin is
believed to be the most likely model based on several
observations.

Additionally, FAK has been shown or proposed to be
activated directly or indirectly by a number of other
cellular stimuli, substances, receptors and under various
pathological conditions, able to generate signals through
either G-protein linked receptors, transmembrane growth
factor receptors or through unknown mechanisms (Table
1).

In 1999 a model was proposed by Rodrigues-
Fernandez to explain FAK activation by integrin and
non-integrin stimuli as a whole (Rodriguez-Fernandez,
1999). According to this model FAK activation depends
on integrin adhesion receptor clustering. The receptor
clustering can be produced in a variety of ways.
Neuropeptides, bioactive lipids and growth factors,
through their receptors, as well as neurotoxins, act
through Rho GTPase and its downstream targets,
serine/threonine protein kinase ROK (Rho-kinase) (or

ROCK, Rho-associated coiled-coil forming protein
kinase, or Pac) (Imamura et al., 2000), regulatory light
chain of myosin II (MLC) and myosin-associated MLC-
phosphatase (Kimura et al., 1996; Essler et al., 1998;
Rozengurt et al., 2002), resulting in integrin adhesion
receptor clustering and thus FAK activation. 

FAK signaling in malignant cells

FAK signaling regulates a wide number of cellular
activities through various thickened and complex
downstream cascades. Essential for the selection of the
way the signal transduction will follow is the dynamic
balance between FAK phosphorylation and de-
phosphorylation. 

FAK stimulation occurs transiently in normal cells
and FAK activity is under continuous regulation by
mechanisms such as gene amplification, alternative
splicing, action of phosphatases, like the SH2-containing
tyrosine phosphatase 2 (SHP2) (Manes et al., 1999;
Vadlamudi et al., 2002; Schlaepfer et al., 2004; Wang et
al., 2005), low molecular weight tyrosine phosphatase
(LMW-PTP) (Schlaepfer et al., 2004) and phosphatase
and tensin homologue deleted on chromosome 10
(PTEN), also called MMAC1 or TEP1 (Davies et al.,
1998; Gu et al., 1998; Tamura et al., 1998, 1999a,b,c;
Park et al., 2002; Zhang et al., 2004) and other enzymes,
glycogen synthetase kinase 3 type ß (GSK3ß) and
serine/threonine protein phosphatase type 1 (STP1) (Cox
et al., 2006).

With respect to malignant cells, some evidence has
been presented rendering FAK an important regulator of
the malignant phenotype. FAK was found overexpressed
in a variety of malignancies, but FAK expression alone
is not sufficient to transform cells (Westhoff et al.,
2004). Additionally, in v-Src transformed cells, FAK
tyrosine phosphorylation levels were significantly
elevated even in cells deprived of integrin-generated
adhesion signals (Schlaepfer et al., 1999), while FAK
phosphorylation by v-Src occured at sites other than
tyrosine 397 and led to FAK degredation and subsequent
cell rounding and detachment (Malik and Parsons,
1996). It is believed that altered FAK signaling promotes
cancer cells’ malignant characteristics, more specifically
enables cancer cells’ uninhibited proliferation and
survival under anchorage-independent conditions,
increasing their ability to migrate and metastasize. In the
following paragraphs several data will be presented that
increased signaling downstream of FAK promoted the
malignant phenotype. Interestingly, evidence also exists
that inhibition of FAK signaling was responsible for the
induction of the malignant phenotypic characteristics
(Lu et al., 2001). One explanation for this seemingly
contradictory role of FAK is provided by the concept of
the dynamic regulation of FAK phosphorylation and
dephosphorylation cycles during cell movement
(Mitchinson and Cramer, 1996; Lu et al., 2001). The
initial dephosphorylation of FAK results in loose
attachments of cells, giving them the ability to initiate
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motility, while the subsequent reattachment of cells on
the ECM restores FAK phosphorylation through integrin
activated signaling. 

Although FAK signaling cascades are complex and
interact with each other, a simple approach can be
achieved by categorizing them based on their final
outcome.

Proliferation

FAK contributes to uninhibited proliferation of
cancer cells mainly though the Erk signaling pathway. It
has been shown that FAK phosphorylation at tyrosine
397 leads to the binding of Src and the consequent
phopshorylation of the Grb2-binding site at tyrosine 925.
Then the FAK/Grb2 complex binds Shc and partially
activates Erk2 (P42 MAP kinase) through MEK
activation by the Sos/Ras/Raf1 complex (Cary and

Guan, 1999; Schlaepfer et al., 1999). Erk2
phosphorylates Ets transcription factors and induces the
transcription of cyclin-D1, thus promoting cell
proliferation (Cox et al., 2006). Erk2 activation through
MEK and Sos/Ras/Raf1 complex can also be induced by
Nck. Activated FAK binds p130Cas leading to the
activation of Crk and the subsequent activation of Nck
(Cary and Guan, 1999; Schlaepfer et al., 1999).
Phosphatidylinositol-3-hydroxyl kinase (PI3K)
activation by FAK and the subsequent activation of Rap1
and Raf also leads to Erk activation (Sheta et al., 2000).
It should be emphasized that one distinguishing feature
between integrin receptor- and growth factor receptor-
stimulated Erk2 activation events is that the integrin
signals are dependent upon the integrity of the actin
cytoskeleton, whereas growth factor receptor PTKs can
signal to Erk2 in the presence of cytochalasin-D
(Schlaepfer et al., 1999). In a study on human
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Table 1. Non-integrin stimuli activating FAK.

Neurotransmitters

Glutamate Siciliano et al., 1996; Millan et al., 2001
Acetylcholine Tanaka and Nishizuka, 1994
Anandamide Derkinderen et al., 1996
Neuromedin-B Tsuda et al., 1997
Neurotensin Lee et al., 2001; Magazin et al., 2004
Bombesin Duncan et al., 1996; Aprikian et al., 1997; Lee et al., 2001; Lacoste et al., 2005

Growth factors and their receptors

TGF-ß Wang et al., 2004; Horowitz et al., 2007
Insulin-like growth factor-I Leventhal et al., 1997; Casamassima et al., 1998; Tai et al., 2003; Qiang et al., 2004
Fibroblast growth factor-2 Korah et al., 2004 
Vascular endothelial growth factor Chevalier et al., 2002
Epidermal growth factor Brunton et al., 1997; Meierjohann et al., 2006
Hepatocyte growth factor and its receptor c-Met Pongchairerk et al., 2005; Chen and Chen, 2006
Hepatocyte growth factor/scatter factor Matsumoto et al., 1994
Proepithelin Monami et al., 2006

Cytokines

CD151 Kohno et al., 2002
CD44 Li et al., 2001
IL-15 Budagian et al., 2004
IL-8 Lee et al., 2004
TNFα Mon et al., 2006

Hormones and their receptors

Gastrin Yu et al., 2004; Yu et al., 2006
Gastrin-releasing peptide Glover et al., 2004
Estrogen receptors Planas-Silva et al., 2006
Testosterone receptors Papakonstanti et al., 2003
LH receptors Mizutani et al., 2006

Conditions

Pressure Basson et al., 2000; Thamilselvan and Basson, 2004; Thamilselvan and Basson, 2005
Hypoosmotic stress Kim et al., 2001
Hydrogen peroxide Sonoda et al., 1997; Sonoda et al., 1999
Ionizing radiation Beinke et al., 2003



glioblastoma cells it was shown that FAK overepression
in vivo promoted Erk activity and increased the
transcription of the Kruppel-like factor 8 (KLF8), which
directly activated cyclin-D1 transcription and thus
promoted cell proliferation (Cox et al., 2006).
Furthermore, Graf activation by the FAK/Src complex
might lead to cell proliferation, since Graf is believed to
be a substrate of MAP kinase, suggesting that it may
respond to mitogenic or other stimuli (Cary and Guan,
1999). Additionally, the FAK-induced activation of the
Signal Transducer and Activator of Transcription-3
(STAT3) by Etk has also been held responsible for
uninhibited cancer cell proliferation (Tsai et al., 2000;
Chen et al., 2001). Furthermore, FAK phosphorylation at
tyrosine 397 has been shown to preceed hepatoma cell
proliferation through the PI3K/Akt/AP1 signaling
pathway (Kim et al., 2001), one that has been confirmed
by other studies (Reddy et al., 1997; Dong et al., 1999;
Almeida et al., 2000). Finally, FAK overexpression was
suggested to decrease the expression of the cyclin-
dependent kinase inhibitors (CDKI) p27Kip1 and p21Waf1,
by regulating the proteins’ turnover, and increase cyclin-
D1 and -E expression, leading to uninhibited cell
proliferation (Ding et al., 2005; Bryant et al., 2006; Cox
et al., 2006).

Invasion

Cancer cells can invade three-dimensional matrices
by two distinct mechanisms, the mesenchymal-like and
the amoeboid-like invasion. During the mesenchymal-
like, FAK-induced Erk activation through p130Cas, Grb2
(Cary and Guan, 1999; Schlaepfer et al., 1999) and PI3K
(Sheta et al., 2000) has a central role. Erk2 has been held
responsible for µ -calpain secretion (Sawhney et al.,
2006) and the Janus Kinase (JNK)-induced secretion of
the matrix metalloproteinase (MMP)-9, MMP-2 and
urokinase plasminogen activator (uPA) leading to
enhanced proteolytic activity and consequent cell
invasion (Hu et al., 2006; Mitra and Schlaepfer, 2006).
PI3K activation has also been shown to induce MMPs
secretion through another pathway. The study of Zeng et
al. presented data showing that FAK-induced PI3K
activation led to PIP3 formation (Zeng et al., 2006),
which in turn activated Protein Kinase C (PKC) resulting
in MMP-1 secretion and cancer cell invasion (Toker et
al., 1994).

On the contrary, evidence was presented that
'mesenchymal to amoeboid' transition was associated
with weakened integrin-dependent adhesion,
consistently reduced cell surface expression of the alpha-
2-beta-1 integrin collagen receptor and impaired
downstream signalling, as judged by reduced
autophosphorylation of FAK (Carragher et al., 2006).
Additionally, distinct from mesenchymal invasion,
amoeboid invasion is independent of intracellular
calpain-2 proteolytic activity, which is usually needed
for turnover of integrin-linked adhesions during two-
dimensional planar migration. Moreover, an inhibitor of
Rho/ROCK signalling, which specifically impaired

amoeboid-like invasion, restored the cell surface
expression of alpha-2-beta-1 integrin, downstream FAK
autophosphorylation and calpain-2 sensitivity-features of
mesenchymal invasion.

Protection from apoptosis

One of the most important effects of FAK in
malignant cells is the protection from apoptosis. In
several studies FAK has been demonstrated to protect
cells from a form of apoptosis known as anoikis, which
is induced by cell detachment from the ECM
(Hungerford et al., 1996; Cary and Guan, 1999), while
De Belle et al. showed that human HT1080 fibrosarcoma
cells were able to escape apoptosis after irradiation due
to a combination of Erg1-dependent effects (Erg1 is a
tumor suppressor-like gene that is found to induce
apoptosis in some cells and in others to counteract
apoptosis), including high levels of FAK (De Belle et al.,
1999).

Recent evidence suggested that FAK prevents
apoptosis through a pathway involving phospholipase
A2 (PLA2) and PKC, although the exact way is not clear
(Cary and Guan, 1999). Another proposed way for this
effect of FAK is through p53 downregulation. FAK-
induced activation of Erk (Cary and Guan, 1999;
Schlaepfer et al., 1999) resulted in JNK activation,
which further downregulated p53 and thus protected the
cell from anoikis (Almeida et al., 2000; Van Nimwegen
et al., 2007). Supporting this are the results of
Golubovskaya et al. showing that FAK and p53 were
directly associated in vitro and in vivo (Golubovskaya et
al., 2005). More specifically, the N-terminal
transactivation domain of p53 and the N-terminal amino
acids 206-422 of FAK participated in this interaction.
Erk could also be activated by the FAK/PI3K/Rap1/Raf
signaling pathway (Sheta et al., 2000), while Raf
protected the cell from apoptosis also in a direct way
(Hood et al., 2003). Further, Wang et al. presented data
showing that FAK activation blocked death associated
protein (DAP) kinase-induced upregulation of p53, thus
preventing anoikis (Wang et al., 2002). Another pathway
involves the activation of c-Myc and STAT3 (Westhoff
et al., 2004). The role of STAT3 was also investigated by
Tsai et al., who suggested the existence of a signaling
pathway upstream of STAT3, essential for v-Src
malignant transformation (Tsai et al., 2000). It was
shown that v-Src activated Etk, a member of the Btk
nonreceptor tyrosine kinase family, through an
interaction between the pleckstrin homology (PH)
domain of Etk and the FERM domain of FAK (Chen et
al., 2001), which in turn activated STAT3. 

Finally, a study on the effect of FAK in Tumor
Necrosis Factor (TNF)-α-induced apoptosis in
embryonic fibroblasts suggested that after TNF-α
receptor activation, FAK interacted with Receptor-
Interacting Protein (RIP), acting as a bridge linking
TRAF2 to RIP, which led to the activation of NFκB,
leading to the formation of the protein complex I and
cell survival. On the contrary, in the absence of FAK,
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RIP interacted with FADD and procaspase-8, leading to
the formation of protein complex II, or death-inducing
signaling complex (DISC) and cell apoptosis (Takahashi
et al., 2007).

Migration

Since cancer cells survive the apoptotic stimuli, they
can migrate to distant sites and form metastases. Perhaps
the best defined role of FAK in integrin-mediated
cellular functions is the promotion of cell migration
through its promotion of membrane protrusion and FA
turnover (Cary and Guan, 1999; Cox et al., 2006). FAK
is believed to regulate cell migration through at least two
distinct pathways: one involving the tyrosine
phosphorylation of FAK-associated p130Cas by Src, and
the consequent Crk/DOCK180/Rac activation and
lamellipodia formation (Kiyokawa et al., 1998; Mitra
and Schlaepfer al., 2006; Van Nimwegen et al., 2007),
and the other involving a pathway initiated by the PI3K
kinase binding to FAK and the downstream action of
Akt and S6K serine/threonine kinases (Guan, 1997; Cary
and Guan, 1999). Rac could also be activated by another
pathway involving PI3K (Das et al., 2000; Chang et al.,
2007). Upon stimulation of the cell by engagement of
mitogenic receptors PI3K is activated, leading to a
reduction in the inhibitory PI3K substrate and an
increase in activating PI3K products. This change favors
the association of PI3K products with the PH domain of
Vav. Upon binding of the PI3K product to Vav, the
affinity of the PH domain for the Dbl homology (DH)
domain is lessend, allowing the tyrosine phosphorylation
of Vav by the Lck-related tyrosine kinase, which further
lessens the affinity of the PH domain for the DH domain.
This permits the binding and the consequent activation
of Rac to the DH domain. A third pathway for the
activation of Rac is through ßPIX (Chang et al., 2007).
FAK associates with and tyrosine phosphorylates ßPIX,
which then exhibits increased binding to Rac. This leads
to Rac activation and its targeting to FAs, mediated by
the specific intramolecular binding interaction between
the ßPIX SH3 domain and the proline rich sequence near
the COOH-terminus of Rac (Ten Klooster et al., 2006).
Calpain-2 secretion and the subsequent FA turnover due
to Erk activation, which is a known downstream effector
of FAK’s interaction with p130Cas, Grb2 (Cary and
Guan, 1999; Schlaepfer et al., 1999) and PI3K (Sheta et
al., 2000), also leads to cancer cell migration (Brunton et
al., 2004; Westhoff et al., 2004). Another pathway
leading to cell migration is that involving Etk. Etk is
activated by its direct binding to FAK (Chen et al.,
2001). Then, Etk binds and activates Pak1, which is also
a downstream target of Rac, inducing cell migration
(Kiosses et al., 1999; Kiosses et al., 2002).

Studies on colon and lung cancer cells suggested that
FAK has an important role in adhesion changes
associated with the epithelial to mesenchymal transition
in cancer cells, with consequent migrative capabilities
(Avizienyte and Frame, 2005). In cancer cells, elevated
Src activity resulted in the activation of integrins and

FAK signaling, which led to the internalization of E-
cadherin and the suppression of cell-to-cell adhesion.
Additionally, peripherally localized activated Src caused
integrins to interact with ECM, leading to the
phosphorylation of FAK. Downstream signaling events
resulted in the activation of Erk, MLCK and P-MLC,
which correlated with disorganization of the cadherin-
mediated cell-to-cell contacts and epithelial cell
migration. Furthermore, downregulation of paxillin and
FAK and peripheral activation of Rac1 led to the same
outcome.

Adhesion and spreading

FAK has also been shown to regulate cells’ adhesion
and spreading, a process which is very important in the
last step of the metastasis formation, as well as for the
local progression of cancer. Brunton et al. showed that
FAK mediates the formation of integrin-dependent
adhesions of colon carcinoma cells to ECM proteins
(Brunton et al., 2001). It was shown that FAK tyrosine
397 phosphorylation and the subsequent activation of the
Erk signaling pathway were essential for the formation
of cell adhesions to ECM, as FAK mutants on tyrosine
397 and treatment with Erk inhibitors caused a
significant reduction in adhesion formation. FAK
activation was a crucial event for the rapid actin stress
fiber assembly and focal adhesion formation that
promote initial cell adhesion and spreading, events
mediated at least in part by calpain activity (Westhoff et
al., 2004). Further, FAK-induced activation of the
Nck/PAK/PIX/PKL signaling cascade suppressed Rac
activity, thus leading to cell adhesion (Brown et al.,
2005; Mitra and Schlaepfer, 2006). Finally, cell
spreading is favored by the lamellipodia formation due
to Rac activation through the various signaling pathways
described above. Important for these cellular activities is
the regulation of the actin cytoskeleton. Studies
suggested that one consequence of paxillin’s FAK-
induced phosphorylation is it’s binding to vinculin. This
binding leads to an alteration in the structure of the
vinculin molecule revealing the actin-binding site. In this
way FAK triggers a pathway for the regulation of the
actin cytoskeleton (Guan, 1997). Another pathway
leading to the regulation of actin cytoskeleton is through
the activation of the Rho and Cdc42 GTPases by Graf,
when activated by the FAK/Src complex (Cary and
Guan, 1999).

Angiogenesis

Apart from cell proliferation, another important
parameter for tumor growth is angiogenesis. The ability
of FAK to promote cell migration, proliferation and
invasion suggests a potential role for endothelial
sprouting and angiogenesis in malignancy. This
hypothesis was confirmed by Haskell et al., who found
that FAK was expressed in the endothelial cells of high
grade astrocytoma specimens, but not in any of the low
grade ones or normal brain samples (Haskell et al.,
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2003).
A significant reduction in migration and in branched

tube formation and tube length was observed when cells
were transfected with a dominant interfering form of
FAK, FAK-related nonkinase (FRNK). Such data
suggested that FAK promoted angiogenesis, at least in
part, by promoting endothelial cell migration, and
rendered it as a potential target in the angiostatic
treatment of malignant astrocytic tumors. Furthermore,
FAK contributes to the induction of angiogenesis
through several pathways. FAK-induced activation of
Erk (Cary and Guan, 1999; Schlaepfer et al., 1999),
apart from cell proliferation, also resulted in Vascular
Endothelial Growth Factor (VEGF) transcription, with
consequent induction of angiogenesis and tumor growth
(Mitra and Schlaepfer, 2006). A second pathway
involves the activation of PI3K by FAK upon cell-to-cell
interaction, which in turn activates the Rap1/Raf/Erk
pathway with consequent stimulation of VEGF
transcription (Sheta et al., 2000). An important
observation is that although Raf could also be activated
by Ras, this pathway was independent of Ras activity.
Furthermore, in Ras-transformed cells, integrin-induced
FAK activation led to the direct interaction with Etk and
activated it (Chen et al., 2001). Activated Etk, through
its N-terminal PH domain, binded to PAK1, which is
also a known downstream target of Rac and activated it.
Pak has been shown to be important for angiogenesis
(Kiosses et al., 1999; Kiosses et al., 2002). Additionally,
Bryant et al. presented evidence that FAK regulated the
levels of expression of CDKIs p27Kip1 and p21Cip1 in
human endothelial cells (Bryant et al., 2006). FAK has
been shown to reduce CDKIs levels leading to cell
proliferation and probably explaining another way by
which FAK regulates angiogenesis during tumor
progression.

FAK expression in malignancy

Based on the evidence of studies showing that FAK
promotes cancer cells’ malignant characteristics in vitro,
various studies were conducted evaluating the
significance of FAK expression and its phosphorylation
status in human malignancies and its correlation with
clinicopathological parameters of the disease. Data
regarding FAK expression and its clinical significance in
various malignancies are presented in this part of the
manuscript (Table 2).

Neurological neoplasia

Astrocytomas represent the most common primary
intracranial neoplasms, representing 60% of all primary
brain tumors. Gutenberg et al. studied the expression of
FAK in 331 human astrocytomas immunohisto-
chemically (Gutenberg et al., 2004). The study included
36 pilocytic astrocytomas (WHO grade I), 39 diffuse
(WHO grade II), 55 anaplastic (WHO grade III) and 201
glioblastomas (WHO grade IV), consisting of 184
primary and 17 recurrent cases. Of the 36 pilocytic

astrocytomas, 29 expressed no FAK (80.5%), 6 (16.7%)
exhibited mild, 1 (2.8%) moderate and none intense
FAK immunoreactivity. Of the 39 diffuse astrocytomas,
29 expressed no FAK (74.4%), 7 (17.9%) exhibited
mild, 2 (5.1%) moderate and 1 (2.6%) intense FAK
immunoreactivity. Of the 55 anaplastic astrocytomas, 34
expressed no FAK (61.8%), 13 (23.6%) exhibited mild,
6 (10.9%) moderate and 2 (3.7%) intense FAK
immunoreactivity. Of the 201 glioblastomas, 104
expressed no FAK (51.8%), 26 (12.9%) exhibited mild,
34 (16.9%) moderate and 37 (18.4%) intense FAK
immunoreactivity. The study results suggested a
correlation between the intensity of FAK
immunoreactivity and the rising grade of human
astrocytic tumors. This was further supported by other
studies showing that FAK expression (Wang et al., 2000;
Jones et al., 2001; Hecker et al., 2002) and FAK
phosphorylation status (Hecker et al., 2002) were
positively correlated with histopathological grade of
astrocytic tumors, while normal brain tissue samples
exhibit no FAK immunostaining (Wang et al., 2000).
Furthermore, FAK expression has been shown to
increase during tumor progression, as FAK levels were
higher in a recurrent glioblastoma following
radiotherapy compared to the initial tumor (Jones et al.,
2001).

Cerebral metastases are the most common
intracranial tumors. Ludwig et al. investigated the
intensity of FAK immunostaining in 130 patients with
cerebral metastases and its correlation with Pyk2,
VEGFR, NOS isoenzymes’ expression, capillary density
and tumor histology (Ludwig et al., 2000). They
consisted of 41 lung, 18 breast, 13 melanoma, 13 kidney,
6 prostate, 7 intestine metastases and 32
adenocarcinomas of unknown origin. FAK
immunoreactivity was observed in 50% of the examined
samples. A significant coexpression with Pyk2 was
observed, which was expressed in 74% of the samples,
as well as with VEGFR and NOS III, which were
expressed in 70% and in 39,4% of the specimens,
respectively. FAK expression was also statistically
significantly correlated with tumor burden and
histological grade. Such data suggested a correlation
between FAK and Pyk2 expression and the metastatic
and invasive tumor characteristics, and that a possible
interaction of FAK with VEGFR and NOS III might be
important for the infiltrative behavior.

Head and neck neoplasia

One of the first studies evaluating FAK expression in
head and neck tumors is the study of Kornberg on 20
oral cancer specimens (Kornberg, 1998). It was shown
that invasive carcinomas of the oral cavity presented
increased intensity of FAK immunoreactivity compared
to the adjacent normal tissue, while preinvasive in situ
carcinomas contained cell subpopulations which showed
enhanced FAK staining compared to neighboring cells.
These observations were confirmed by Schneider et al.,
who showed that 10 normal tissue, 10 chronic mucositis
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Table 2. Correlation of FAK expression with basic clinicopathological parameters in various human malignancies.

FAK expression Method Sample Grade Stage pT pN pM Proliferation Survival/

in tumors in vivo size (mitotic index Prognosis

or Ki67)

Astrocytic tumors
Wang et al., 2000 IHC (intensity) 14 +
Jones et al., 2001 IHC (intensity) 27 +
Hecker et al., 2002 Western blot (levels of FAK expression) and 10 +

Immunoprecipitation (levels of phosphorylated FAK expression) 10 +
Gutenberg et al., 2004 IHC (intensity) 331 +

Head and neck carcinomas 
He et al., 2006 IHC (intensity) 80 + + + +
Canel et al., 2006 IHC (intensity) 211 - - - - -

Thyroid cancer
Kim et al., 2004 IHC (intensity) 59 -

Laryngeal carcinoma
Aronsohn et al., 2003 IHC (intensity) 35 + -
Yu et al., 2004 IHC (intensity) 100 + +

Lung cancer
Nishimura et al., 1996 Immunoblotting (levels of phosphorylated FAK expression) 44 -* +* +*
Imaizumi et al., 1997 Immunoblotting (levels of phosphorylated FAK expression) 41 +* +* +* +*
Wang XY et al., 2005 IHC (expression) 240 + + +
Carelli et al., 2006 Western blot (levels of FAK expression) 16 +

RT-PCR (levels of mRNA) 60 + +

Esophageal cancer
Miyazaki et al., 2003; IHC (intensity+extent) 91 + + + - - +
Miyazaki et al., 2005

Gastric cancer 
Su et al., 2002 IHC (intensity) 75 + +

Colon cancer
Ayaki et al., 2001 Western blot (levels of FAK expression) and IHC (intensity) 10 +
Lark et al., 2003 IHC (intensity) 18 -

Real time quantitive PCR 17 +
Theocharis et al., 2003 IHC (intensity) 80 - - - - -
Yu et al., 2006 IHC (intensity) 45 + +*

Immunoblotting (levels of FAK and phosphorylated FAK expression) 45 + +*

Hepatocellular carcinoma
Su et al., 2002 IHC (intensity) 16 + +
Itoh et al., 2004 IHC (extent) 64 + +
Fujii et al., 2004 RT-PCR (levels of mRNA) 60 + +

Pancreatic cancer
Furuyama et al., 2006 IHC (intensity+extent) 50 - - - -

Prostate cancer
Tremblay et al., 1996 Western blot (levels of FAK expression) 25 +

RT-PCR (levels of mRNA) 36 +
Rovin et al., 2002 IHC (intensity) 88 -

Endometrial cancer
Livasy et al., 2004 IHC (intensity+extent) 115 +

Cervical cancer
Gabriel et al., 2006 IHC (intensity+extent) 162 - + +

Ovarian cancer
Judson et al., 1999 Western blot (levels of FAK expression) 26 - -
Sood et al., 2004 IHC (extent) 79 + + + +

Breast cancer
Lark et al., 2005 IHC (intensity) 629 + + + + +

AML
Recher et al., 2004 Western blot (levels of FAK expression) 60 +

*: phosphorylated FAK expression; RT-PCR: reverse transcription PCR; IHC: immunohistochemistry.



and 9 verrucous carcinoma specimens did not
demonstrate increased intensity of FAK immnostaining,
while 7 of 9 (78%) in situ and all 18 (100%) invasive
carcinoma samples did (Schneider et al., 2002).
Increased FAK expression in malignant tissues was also
noted by other studies. He et al., using the same
methodology (immunohistochemistry), found that FAK
was highly expressed in 80 oral squamous cell
carcinoma (SCC) specimens compared to normal
epithelium, presenting membraneous and cytoplasmic
heterogenous pattern of staining (He et al., 2006). 

On the contrary, the study of Canel et al. presented
opposite results (Canel et al., 2006). FAK expression
was evaluated in 211 tissue specimens exploring its
prognostic significance. The specimens included 147
primary carcinomas, 56 nodal metastasis, 3 benign
hyperplastic cases and 5 dysplastic ones. Most tissue
sections of the primary carcinomas contained a
combination of normal, hyperplastic, dysplastic and
invasive lesions giving the possibility to compare FAK
expression at the different stages of malignant
transformation in epithelial cells. In contrast to the
normal musosa, transformed non-invasive cells exhibited
FAK staining not restricted to the basal layer, but
extended towards the intermediate layer in hyperplastic
epithelia and towards all layers in dysplastic ones. In
marked contrast to normal epithelium, FAK expression
in tumor tissue displayed a homogenous distribution
throughout the examined tumor. Ninety one tumors
(62%) presented intense staining for FAK and 56 (38%)
weak, whereas little or no FAK expression was detected
in the adjacent normal epithelium. In the 56 nodal
metastatic samples, FAK staining was cytoplasmic and
homogenous, like that noted in primary tumor sites.
Seventy three percent of the samples presented moderate
to strong immunoreactivity for FAK. According to this
study, FAK overexpression is an early event in the
process of transformation, as FAK upregulation was
detected not only in non-invasive transformed epithelia
but also in hyperplastic and dysplastic ones.
Furthermore, the intensity of FAK expression was also
evaluated for possible association with
clinicopathological variables. No relationship was
observed between FAK expression and pT stage, disease
stage, histopathological grade of differentiation and
tumor recurrence. Higher FAK expression was
associated with the presence of nodal metastasis, but no
statistically significant difference in FAK expression was
found between primary tumors and nodal metastasis.
Although patients with elevated FAK levels presented
poorer survival rate, this did not reach statistical
significance. Additionally, it has been reported that FAK
overexpression occured without alteration in the fak
gene copy number as was demonstrated by real time
Polymerase Chain Reaction (PCR), suggesting that FAK
protein was overexpressed due to mechanisms other than
structural amplification. On the contrary, in another
study in oral SCC FAK overexpression, demonstrated
immunohistochemically, was correlated with
histopathological grade of differentiation, TNM stage

and lymph node positivity, while the multivariate
analysis showed that FAK expression could be
considered as an independent prognostic factor for this
type of cancer (He et al., 2006).

Thyroid neoplasia

FAK expression in thyroid tissue was evaluated
using immunohistochemistry (Kim et al., 2004). None of
the 20 normal tissue specimens or of the 6 nodular
hyperplasias examined expressed FAK. Of the 17
follicular adenomas, 8 (47%) were negative for FAK, 4
(23.5%) exhibited weak, 2 (11.7%) moderate and 3
(17.6%) intense immunoreactivity. Of the 9 follicular
carcinomas, 1 (11%) exhibited weak, 4 (44.4%)
moderate and 4 (44.4%) intense immunoreactivity. Two
cases had lymph node metastasis, with 1 (50%)
expressing moderate and 1 (50%) intense FAK staining,
and one distant metastasis to the skull with intense FAK
staining. In the remaining 6 cases, without metastasis, 2
(33.3%) presented intense, 3 (50%) moderate and 1
(16.6%) weak FAK expression. Of the 17 papillary
carcinomas, 3 (17.6%) exhibited weak, 4 (23.5%)
moderate and 10 (58.8%) intense immunoreactivity.
With respect to lymph node metastasis, of the 17
papillary carcinomas 7 had lymph node metastasis, 1
soft tissue invasion and 9 neither. Of the 7 papillary
carcinomas with positive lymph nodes, 5 cases (71.4%)
exhibited intense, 1 (14.2%) weak and 1 (14.2%)
moderate FAK immunostaining. Of the 9 cases without
lymph node metastasis or soft tissue invasion, 4 (44.4%)
exhibited intense, 3 (33.3%) moderate and 2 (22.2%)
weak FAK expression. All the 8 medullary carcinomas
exhibited intense immunoreactivity for FAK. Of the 2
anaplastic carcinomas, 1 (50%) exhibited moderate and
the other intense immunoreactivity. According to this
study FAK expression was significantly higher in
thyroid cancer than in benign tumors, but there were no
differences between the various types. Patients’ sex,
tumor size and presence of metastasis did not present
statistically significant correlation with FAK expression
(Kim et al., 2004).

On the contrary, Owens et al. using Western blot
analysis, reported positive correlation between FAK
expression and the invasive potential in thyroid
neoplasms (Owens et al., 1996). Multinodular goiters
and follicular adenomas exhibited similar levels of FAK
to normal tissue. Even carcinomas with limited
aggressiveness, such as of papillary type, presented
almost normal FAK levels. In contrast, the examined
follicular carcinomas, which are recognized for their
aggressiveness, showed significant FAK overexpression
compared with the normal tissue. Furthermore, the
highest level of FAK expression occurred in cases
presenting distant metastasis.

Laryngeal neoplasia

In their study, Aronsohn et al. presented
immunohistochemical evidence that FAK and its
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phosphorylated form were overexpressed in SCC of the
larynx (Aronsohn et al., 2003). A correlation between
the FAK intensity of staining and tumor differentiation,
with more intense FAK immunoreactivity in poorly
differentiated tumors was also shown. FAK expression
was localized at the cytoplasm and membrane, whereas
the phosphorylated FAK localization was predominantly
nuclear. This rather surprising finding, as phosphorylated
FAK is the active form of FAK and it may be expected
in large amounts in the cytoplasm, could be explained by
either the presence of proteins that associate with FAK
and mask the antigen that reacts with phosphorylated
tyrosine 397, or the phosphorylation of FAK in domains
other than tyrosine 397 in tumor cells. The study showed
no correlation between FAK staining and nodal
involvement. Cancers with moderate FAK intensity
presented a larger percentage of recurrence before 2
years, whereas those with high FAK intensity after 2
years. These seemingly provocative results could reflect
the transient downregulation of FAK signaling needed
for the beginning of the sequence of events resulting in
the metastasis of malignant cells (Lu et al., 2001). The
study results were in conformation with those of another
study (Yu et al., 2004), which also detected stronger
intensity of FAK staining in 100 carcinomas than in 60
normal tissue specimens. FAK levels were higher in
cancer cases presenting lymph node metastasis. The 3-
and 5-year survival rates were lower in the FAK
overexpressing group compared to FAK non-
overexpressing one.

Lung neoplasia

The tyrosine phopshorylation of 100-130 kDa
proteins, including FAK, in human lung cancer
specimens was evaluated by immunoblotting and
correlated with various clinicopathological parameters of
the disease (Nishimura et al., 1996). Tyrosine
phosphorylation of these proteins was exhibited in 47%
of the SCCs and 43% of the adenocarcinomas examined,
and found not to associate with age, sex, histological
classification, tumor size, or pathological T factor of the
TNM classification. However, it did correlate with nodal
involvement (N factor) and shorter survival length after
operation. 

Subsequent studies concentrated on FAK and
showed that FAK expression was higher in non-small-
cell lung cancer (NSCLC) tissues compared with normal
tissue specimens, with no significant differences
between SCC and adenocarcinoma histological types
(Imaizumi et al., 1997; Carelli et al., 2006). FAK mRNA
levels, measured by real time reverse transcription PCR,
were also significantly higher in neoplastic samples
(Carelli et al., 2006). Additionally, the intensity of FAK
immunoreactivity was also greater in reactive lesions,
such as squamous metaplastic bronchial epithelium and
hyperplastic/reactive pneumocytes surrounding the
neoplasia, than in normal tissue, but lower than
neoplastic (Carelli et al., 2006). Also opposing are the
results concerning FAK phosphorylation status, as

Carelli et al. showed by Western blot analysis that all of
the evaluated tyrosine residues were phosphorylated in
both neoplastic and non-neoplastic specimens with no
quantitative differences, suggesting that the upregulation
of FAK expression does not correlate with increased
activation (Carelli et al., 2006). On the contrary,
Imaizumi et al. detected, by immunoblotting, FAK
tyrosine phosphorylation in malignant tissue, but not in
the normal control sample obtained from the same
patient (Imaizumi et al., 1997). Additionally, FAK
mRNA levels were significantly correlated with disease
stage, tumor size and lymph node metastasis (Carelli et
al., 2006). FAK protein expression was significantly
correlated with disease stage, as demonstrated by
Western blot (Carelli et al., 2006) and
immunohistochemical analysis (Wang et al., 2005),
tumor differentiation and lymph node metastasis, but not
to patients’ age and gender (Wang et al., 2005). FAK
phosphorylation levels, detected by immunoblotting,
were significantly correlated with nodal involvement and
disease free survival rate (Imaizumi et al., 1997).
According to this study, the risk ratio of FAK
phosphorylation had a high value, second only to the risk
ratio of pT, suggesting that it could be used as a
prognostic factor (Imaizumi et al., 1997).

Esophageal neoplasia

Miyazaki et al. evaluated immunohistochemically
FAK expression and its clinical sifnificance in 91
esophageal cancer tissue samples (Miyazaki et al., 2003,
2005). FAK overexpression was defined as when >40%
of carcinoma cells were more intensely stained than the
normal epithelial ones. FAK was located in the
cytoplasm of both normal and malignant cells,
particularly in those located in the invasive fronts of the
cancer nests, and was overexpressed in 54 of 91 (59.3%)
malignant tissue specimens. FAK overexpression was
significantly correlated with tumor cells’ differentiation,
depth of tumor invasion, presence and number of
regional lymph node metastases and disease stage. On
the other hand, no significant association was noted
between FAK expression and patients’ age, sex, tumor
location and the presence of distant metastasis. FAK-
overexpressing cells presented increased proliferating
capacity (evidenced by Ki-67 immunostaining)
compared to non-overexpressing ones, but without
reaching statistical significance. On the other hand, the
survival rates of patients with FAK-overexpressing
tumors were significantly lower than those of non-
overexpressing ones. However, multivariate analysis
showed that FAK overexpression was not by itself a
prognostic factor in this type of cancer.

Gastric neoplasia

According to an early study FAK was expressed in
only half of the 10 gastric carcinomas examined
immunohistochemically (Tani et al., 1996). A more
recent study employing a larger patients group presented
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similar percentage of carcinoma cases expressing FAK
immunohistochemically, but further correlated the
intensity of FAK expression with gastric carcinogenesis
(Su et al., 2002). Of the 51 unaffected margin specimens
only 2 (4%) showed moderate FAK immunoreactivity
and the rest negative or minimal. Of the 75 cancer
specimens 43 (57%) showed moderate or intense FAK
immunoreactivity. When FAK expression was compared
with histopathological and clinical parameters, 30 of 44
cases (68%) of poorly differentiated cancer cases
presented moderate or intense immunoreactivity, while
only 13 of 31 (42%) well-diferrentiated cancer ones
showed moderate or intense immunoreactivity. Forty of
the 59 (68%) deep or full-stratum invasive cancers and
only 3 of the 16 (23%) superficial or mucosa invasive
cancer samples exhibited moderate or intense
immunoreactivity in the primary site. Thirty of 39 (77%)
cases with lymph node metastasis and 13 of 36 (36%)
cases without lymph node metastasis presented moderate
or intense immunoreactivity. The study showed a
significant association between levels of FAK
expression, poor differentiation, deep invasion and
lymph node metastasis in human gastric carcinogenesis
(Su et al., 2002).

Colorectal neoplasia

Most studies on FAK expression in colon carcinoma
suggest that FAK expression increases with malignant
transformation of the colonic epithelium as demonstrated
by Northern blot (Weiner et al., 1993), Western blot
(Owens et al., 1995; Cance et al., 2000; Yu et al., 2006),
immunohistochemical analysis (Theocharis et al., 2003;
Yu et al., 2006) and immunoprecipitation (Cance et al.,
2000). More specifically, in these studies, FAK
expression was found to increase as normal colonic
epithelium progresses to dysplastic and finally
malignant. Indeed, villous adenomas with a diameter
more than 2 cm, which are known to present higher
malignant potential, expressed low, but detectable FAK
levels, whereas other adenomas did not (Weiner et al.,
1993). In all studies, the percentage of colon carcinomas
presenting moderate to intense FAK immunoreactivity
was significantly higher than normal colonic mucosa
specimens (Weiner et al., 1993; Owens et al., 1995;
Cance et al., 2000; Theocharis et al., 2003; Yu et al.,
2006). In a study of our group on 80 colon cancer
specimens the prognostic significance of FAK
expression and its correlation with clinicopathological
parameters were evaluated (Theocharis et al., 2003).
FAK was considered to present overexpression if ≥ 30%
of tumor cells were stained. Normal colonic mucosa
expressed no FAK, while cancer cells were all positive
for FAK expression and, particularly, 32 of 80 (40%)
cases presented FAK overexpression. The pattern of
FAK staining was primarily cytoplasmic and
occasionally membraneous. No statistically significant
correlation was established between FAK expression and
patients’ age, tumor histological grade, location, stage,
presence of lymphatic invasion and tumor proliferating

capacity (Ki-67 positivity and overexpression). Except
for stage, no other parameter, including FAK
overexpression, proved to be of prognostic significance,
as FAK was not correlated with patients’ survival. In the
opposite direction were the results of Yu et al., who
statistically significantly correlated the extent of FAK
protein expression and phosphorylated FAK levels with
disease stage (Yu et al., 2006). In the same study, FAK
was identified as a downstream effector of gastrin’s
receptor cholocystokinin-2 receptor (CCK2R) in the
gastrin-induced increase of colon cancer cells
invasiveness. 

On the contrary, in a previously published study,
Tani et al. showed by immunohistochemistry that only 2
of 10 (20%) studied colon carcinomas expressed FAK
(Tani et al., 1996). One of them showed FAK reactivity
in the intercellular junctions, while the other in 
the interface between malignant cell and tumor 
stroma. 

Opposing are also the study results concerning FAK
expression in primary colon cancers compared to their
liver metastases. Lark et al. detected robust levels of
FAK immunoexpression in both primary cancers and
their matched liver metastases, with all samples
exhibiting intense FAK staining in at least 30% of the
tumor cells (Lark et al., 2003). FAK levels in metastases
were similar or greater than in their matched primary
tumors in 14 of 18 (78%) samples by intensity and in 15
of 18 (83%) for the percentage of cells positive for FAK.
Furthermore, the highest levels were seen in metastases.
Although a trend was observed for FAK expression to be
greater in liver metastases than in the matched primary
tumors, no statistical significance was noted.
Additionally, the study showed significantly higher FAK
mRNA levels, measured by real time PCR, in colorectal
cancer specimens compared to normal colorectal
mucosa. Finally, the study of another tumor series
presented significantly higher FAK mRNA levels in liver
metastases from colorectal cancer compared to
unmatched primary tumors. Opposing are the results of
Ayaki et al. in 10 cases of colorectal adenocarcinoma
and synchronous liver metastasis (Ayaki et al., 2001). By
Western blot analysis FAK expression was higher in 8 of
10 (80%) cases in the primary carcinoma tissue than in
the adjacent normal mucosa and lower in 8 of 10 (80%)
cases in liver metastases than in primary carcinoma.
Average FAK expression was significantly higher in
colorectal adenocarcinoma than in normal mucosa and
significantly lower in liver metastasis than in primary
site. The results were confirmed by immuno-
histochemistry. In this study, tissue with more than 50%
of tumor cells stained defined as positive for FAK
expression. Two of 10 (20%) normal mucosa, all 10
(100%) primary adenocarcinoma and 8 of 9 (88%) liver
metastases were positive for FAK, presenting a diffuse
cytoplasmic pattern of staining. In 8 of 10 primary
adenocarcinoma cases (80%) FAK expression was
remarkably increased compared to normal mucosa,
whereas in 7 of 9 (77.78%) liver metastases FAK
expression was markedly reduced compared to primary
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colon tumors.

Liver neoplasia

In hepatocellular carcinoma (HCC) FAK
immnoreactivity was significantly higher in carcinomas
compared to normal hepatic tissue, suggesting the role of
FAK in liver tissue carcinogenesis (Su et al., 2002; Fujii
et al., 2004; Itoh et al., 2004). Along with FAK
overexpression, PTEN downregulation was found to
correlate significantly with the increased FAK
phosphorylation levels in cancer cells, pointing out a
possible cause of FAK upregulation (Zhang et al., 2004).
One study showed that FAK was absent in hepatitis
specimens with or without cirrhosis (Itoh et al., 2004),
while another exhibited higher FAK mRNA expression,
measured by real time quantitive reverse transcriptase
PCR , in cirrhotic tissue than in normal, though it did not
reach statistical significance (Fujii et al., 2004). The
extent (Itoh et al., 2004) and the intensity (Su et al.,
2002) of FAK immunoexpression was found to be
significantly lower in the least aggressive carcinoma cell
lines (Itoh et al., 2004) and in poorly differentiated,
compared to moderate or well differrentiated ones (Su et
al., 2002). Furthermore, FAK mRNA expression was
higher, although not statistically significant, in
infiltrative carcinomas than in in situ ones (Fujii et al.,
2004). The results on the relationship between FAK
expression and invasiveness are opposing. In one study
(Fujii et al., 2004) FAK mRNA expression was not
correlated with capsular infiltration and vascular
invasion, while in another (Itoh et al., 2004) the extent of
FAK expression of the main lesion was correlated
significantly with portal venous tree invasion. Opposing
were also the results on the relationship between FAK
expression and patients’ gender, as the first study (Fujii
et al., 2004) showed that the two parameters were not
correlated and the other that they were (Itoh et al., 2004).
Furthermore, FAK mRNA expression was significantly
correlated with AFP (Fujii et al., 2004) and albumin
(Itoh et al., 2004) serum levels, tumor size (Fujii et al.,
2004), but not with tumor multiplicity (Fujii et al.,
2004). Finally, FAK was determined as an independent
predictor of survival (along with grade, TNM stage and
intrahepatic metastasis) (Itoh et al., 2004; Fujii et al.,
2004) and of recurrence (along with AFP) (Fujii et al.,
2004), in this type of neoplasia. 

Pancreatic neoplasia

Furuyama et al. evaluated immunohistochemically
the intensity and the extent of FAK expression in 50
pancreatic cancer specimens and its correlation with
tumors clinicopathological features (Furuyama et al.,
2006). FAK mRNA was also detected in all 7 cell lines
derived form human pancreatic adenocarcinoma. FAK
protein expression was positive in 24 of 50 (48%)
specimens and negative in the rest (52%). FAK staining
was heterogenously expressed in the tumor and
predominantly in the cytoplasm and on the plasma

membrane of cancer cells, while in normal tissue FAK
staining was observed intensly in the cytoplasm of ductal
cells, faintly in islet cells and not in acinar ones. FAK
expression was significantly correlated with tumor size,
but not with age, sex, histological grade, lymph node
metastasis, International Union Against Cancer (UICC)
stage, portal venous system invasion, nerve invasion,
arterial invasion, anterior pancreatic serosal invasion,
retroperitoneal tissue invasion and survival (Furuyama et
al., 2006).

Prostatic neoplasia

Studying FAK expression in prostate tissue
specimens initially showed that increased FAK protein
and mRNA levels, demonstrated by Western blotting and
reverse transcription PCR respectivelly, were correlated
with advanced stage of prostate cancer, showing
progression and invasiveness (Tremblay et al., 1996).
FAK was weakly detected in normal and hyperplastic
tissue samples studied, whereas in localized and
metastatic tumors stained, FAK expression was 5,5-fold
and 12-fold higher than in normal tissue respectively.
However, the difference was statistically significant only
between normal and metastatic tissue. Similar were the
results with respect to FAK mRNA levels, which were
detected approximately 20-fold higher in localized, and
164-fold higher in metastatic carcinoma compared to
normal tissue. However, as observed for protein levels,
the difference was statistically significant only between
normal and metastatic tissue. The more recent study of
Rovin et al. detected intense FAK staining in normal
prostatic basal layer cells, while FAK staining was
absent or weak in the secretory prostatic epithelium
(Rovin et al., 2002). Fourteen benign prostatic
hypertrophy specimens were studied and presented an
immunostaining pattern similar to that noted in normal
tissues. The preinvasive form of carcinoma, high-grade
Prostate Intraepithelial Neoplasia (PIN), was analyzed in
25 specimens and expressed intense uniformly
cytoplasmic FAK staining. Fifty-five primary tumors
with various Gleason’s scores were studied, and 70%
showed intense heterogenous FAK staining, 1 tumor
expressed no FAK and the remaining weak FAK
staining. The level of immunoreactivity in PIN appeared
equivalent to that noted in invasive tumors. Additionally,
there was no correlation between FAK staining and
Gleason’s score or tumor stage. Further, 33 metastatic
prostate cancer cases, including lymph nodes, bone, liver
and brain metastases specimens were examined, and 27
(82%) exhibited intense and homogenous FAK
expression, which was different from the heterogenous
pattern observed in primary cancer sites. Such results
suggested that elevated FAK expression is an early event
in prostate cells malignant transformation (Rovin et al.,
2002).

Endometrial neoplasia

Livasy et al. evaluated immunohistochemically the
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intensity and extent of FAK expression in endometrial
neoplasia (Livasy et al., 2004). FAK levels were high in
6 of 38 (16%) normal tissue samples, 8 of 21 (38%)
hyperplasias without atypia, 4 of 7 (57%) hyperplasias
with atypia, 57 of 100 (57%) endometrioid, 8 of 10
(80%) serous and 4 of 5 (80%) clear cell
adenocarcinomas. Consequently, FAK overexpression
was seen more commonly in hyperplastic endometrium
and in adenocarcinomas than in normal endometrium.
FAK upregulation was noted more frequently in p53-
overexpressing tumors compared with p53-negative ones
(78% to 43%, respectively) and proved to be statistically
significant. The rate of FAK overexpression was also
increased across grade, with high levels observed in 22
of 46 (48%) FIGO grade 1 tumors, 19 of 31 (61%) grade
2, and 28 of 38 (74%) grade 3, a difference that was also
proved statistically significant. These results suggested
the role of FAK in endometrial carcinogenesis and
associated FAK overexpression with aggresiveness,
since it is correlated with the two independent prognostic
factors for endometrial carcinoma, p53 and histological
grade. This was further supported by the fact that
retinoic acid treatment reduced the levels of FAK and
paxillin and induced actin reorganization and reversion
of human endometrial adenocarcinoma cells to a
stationary phenotype (Carter and Bellido, 1999).

Furthermore, the intensity of FAK expression was
found to be low in 15 leiomyomas by Western blotting
and immunohistochemical analysis, but higher than the
matched normal myometrium samples (Chegini et al.,
2003). Gonadotropin releasing hormone analogue
(GnRHa) therapy decreased FAK levels in both
leiomyomas and normal myometrium. FAK was
localized in the cytoplasm, whereas phosphorylated FAK
was found most frequently in the nuclear region of
normal and leimyoma cells. These observations
suggested that GnRHa-induced leiomyoma regression is
part through modulation of FAK signaling (Chegini and
Kornberg, 2003).

Cervical neoplasia

Several studies evaluated FAK expression in cervical
malignancies, presenting opposing results. Su et al.
studied the intensity of FAK immunoexpression in 20
uterocervical carcinomas and 18 unaffected margins (Su
et al., 2002). Of the 18 unaffected margins, none
exhibited increased FAK levels. Of the 10
adenocarcinomas 1 (10%) exhibited moderate or intense
immunoreactivity, and of the 10 SCCs none. With
respect to tumor characteristics, only 1 out of 10 (10%)
poorly differentiated tumors exhibited moderate or
intense FAK immunoreactivity and none of the moderate
or well differentiated tumors. Of the 15 carcinomas with
deep or full stratum invasion, only 1 (6.66%) exhibited
moderate or intense FAK immunoreactivity, while none
of the 5 tumors with mucosa or superficial stratum
involvement. Consequently, no association was found
between FAK and uterocervical carcinogenesis. In the
same direction were the results of Moon et al., showing

by Western blot analysis comparable FAK levels among
malignant (n=26), normal tissue (n=9) and in situ
carcinoma (n=5), whereas FAK phosphorylation was
slightly increased in invasive carcinomas (Moon et al.,
2003). The study concluded that most important for
cervical cancer invasion is the tyrosine phosphorylation
of FAK, rather than the level of its expression. On the
contrary, Oktay et al. using immunohistochemical
analysis suggested that FAK has a role in the malignant
transformation of normal cervical tissue, but it is not a
marker for invasiveness (Oktay et al., 2003). In their
study FAK was intensely expressed in invasive
carcinomas (n=16) and carcinomas in situ (n=14), while
dysplasias (CIN I and II) (n=17) and normal epithelium
(n=31) exhibited no or faint FAK staining. The
difference in FAK staining between invasive and in situ
carcinomas did not reach statistical significance. 

The most recent study is that of Gabriel et al., who
evaluated immunohistochemically the intensity and
extent of FAK expression in 166 patients with early-
stage cervical cancer and its possible correlation with
clinicopathological characteristics of the disease
(Gabriel et al., 2006). Results for FAK expression were
retrieved in 162 cases. FAK was expressed in the tumor
cells of all cervical cancer samples, whereas hardly any
FAK was detected in the adjacent normal epithelium.
Cytoplasmic and occasionally membranous FAK
localization was restricted to dysplastic and invasive
carcinoma cells. Fifty-five of 162 (34%) tumor samples
showed weak FAK expression, 63 (39%) moderate and
44 (27%) intense. There were no statistically significant
differences between FAK expression and patients’ age,
tumor histological subtype, grade, depth of invasion,
GOG score, LVSI or size. On the contrary, weak FAK
expression was associated with poorer 5- and 10-year
survival, pelvic lymph node metastasis and reccurent
disease. The multivariate Cox regression analysis
revealed FAK expression, as well as pelvic lymph node
metastasis, as significant independent predictors for
patients’ survival.

Ovarian neoplasia

Several studies evaluated FAK expression in ovarian
neoplasia. Normal ovarian tissue specimens studied by
immunohistochemistry (Gabriel et al., 2004; Sood et al.,
2004; Grisaru-Granovsky et al., 2005) and Western blot
analysis (Gabriel et al., 2004; Sood et al., 2004)
exhibited no or low FAK expression. On the contrary,
FAK expression in malignant cells of the ovary was
significantly higher than normal cells (Judson et al.,
1999; Gabriel et al., 2004; Sood et al., 2004; Grisaru-
Granovsky et al., 2005) presenting a predominantly
cytoplasmic pattern of staining (Gabriel et al., 2004).
Immunofluorescence analysis indicated a direct
correlation between the level of phosphorylated FAK
and ovarian malignancy (Grisaru-Granovsky et al.,
2005). Evaluation of FAK expression by ROC curve
showed a FAK level of 40 to be most diagnostic for
ovarian carcinoma (Judson et al., 1999). FAK level ≥ 40
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was associated with ovarian carcinoma at a sensitivity of
93%, specificity of 100%, positive predictive value of
100% and negative predictive value of 83%. Sensitivity,
specificity and predictive value increased to 100% for
serous carcinoma, the most common type. On the
contrary, other studies revealed no association between
FAK overexpression and histological subtypes (Judson
et al., 1999; Sood et al., 2004), presence of ascites and
ability to achieve optimal cytoreduction (Sood et al.,
2004). In one study FAK overexpression, demonstrated
immunohistochemically, was found to significantly
associate with high stage, high grade, higher likelihood
of nodal positivity and presence of distal metastasis
(Sood et al., 2004), while in another (Judson et al.,
1999), the difference in FAK expression, demonstrated
by Western blotting, between grade 2 and grade 3
tumors, and between stages I-II and stages III-IV was
not statistically significant. 

Breast neoplasia

FAK expression has been thoroughly studied in
breast malignancies. In all studies FAK levels were
significanctly higher in breast cancer tissue specimens
(Weiner et al., 1993; Cance and Liu, 1995; Owens et al.,
1995; Ignatoski and Ethier, 1999; Cance et al., 2000; Su
et al., 2002; Oktay et al., 2003; Lightfott et al., 2004;
Lark et al., 2005; Watermann et al., 2005) and in lymph
node metastases (Owens et al., 1995; Su et al., 2002)
compared to normal tissue specimens (Owens et al.,
1995; Cance and Liu, 1995; Cance et al., 2000; Su et al.,
2002; Watermann et al., 2005), fibroadenomas (Weiner
et al., 1993), fibrocystic disease samples (Lightfott et al.,
2004) or atypical ductal hyperplasia specimens (Oktay et
al., 2003; Lightfott et al., 2004). The intensity and extent
of FAK expression was also increased in carcinomas in
situ (Oktay et al., 2003; Lightfott et al., 2004). These
results showed that FAK expression is significantly
associated with breast carcinogenesis and lymph node
positivity (Weiner et al., 1993; Cance and Liu, 1995;
Owens et al., 1995; Cance et al., 2000; Su et al., 2002;
Oktay et al., 2003; Watermann et al., 2005), rather than
cancer invasiveness (Oktay et al., 2003; Lightfott et al.,
2004). FAK mRNA levels, measured by reverse
transcriptase PCR, were not significantly elevated,
suggesting that FAK induction was most likely due to
post-transcriptional or post-translational processing,
rather than primary transcriptional effects (Watermann et
al., 2005). Activated FAK levels, thus phosphorylated at
tyrosine 397, were also found to be immuno-
histochemically significantly elevated in in situ (n=9),
and in invasive ductal carcinomas (n=20), compared to
normal epithelium (n=8) and fibroadenomas (n=7),
further supporting the correlation between FAK and
malignant transformation (Madan et al., 2006). On the
contrary, no statistical significant difference was
demonstrated in phosphorylated FAK expression levels
between in situ and infiltrating carcinomas, also
supporting that FAK expression has no correlation with
invasiveness. The study of Lightfoot et al. documented a

difference in FAK immunoexpression between comedo
and non-comedo carcinomas, with 78% of comedo
carcinomas expressing high intensity and extent of FAK
staining compared with the 61% of non-comedo ones.
Such a difference approached statistical significance, but
needs further investigation (Lightfott et al., 2004).

Lark et al. tried to correlate the intensity and extent
of FAK immunostaining in 629 breast cancer specimens
with several clinocopathological parameters of the
disease (Lark et al., 2005). High FAK expression was
highly associated with increased mitotic activity (mitotic
index of >10 mitoses/10 consequtive H.P.F.) and high
nuclear grade tumors. Tumors with high FAK expression
were more likely to be architectural grade 3 tumors.
FAK expression was associated with markers of poor
prognosis, such as ER and PR negative phenotype and
Her2/neu overexpression. The possible association
between FAK and Her2/neu was first introduced by an in
vitro study, suggesting that Her2/neu influences
metastasis of breast cancer cells through a pathway
involving FAK phosphorylation tyrosine 861 via Src
activation (Vadlamudi et al., 2003) and further
confirmed by Schmitz et al. in their in vivo study,
proposing that Her2/neu overexpression might
contribute to breast cancer aggressive behavior through a
pathway invoving FAK, Src, PI3K and Akt (Schmitz et
al., 2005). After multivariable adjustment, the only
significant predictor of tumors with high FAK
expression was Her2/neu positivity (Lark et al., 2005).
Furthermore, patients presenting disease stage 3 or 4 or
patients with positive lymph nodes were more likely to
present high FAK expression. Finally, although not
statistically significant, high FAK expression was
common in advanced aged patients.

Hematological malignancy

In a study on murine lymphoma cells, data presented
that to some extent FAK tyrosine phosphorylation
mediated the CD44-induced spreading of these cells (Li
et al., 2001). Further, the negative regulation of FAK, as
well as paxillin, by the peptide FNIII14, resulted in the
inhibition of murine T lymphoma and human Burkitt’s
lymphoma cells adhesion, migration and metastasis
(Kato et al., 2002). Finally, the redistribution of
phosphorylated FAK, along with F-actin, mediated the
neurotensin-induced migration of human mycosis
fungoides cells (transformed T lymphocytes) (Magazin
et al., 2004).

Only a few studies deal with the influence of
radiation on FAK expression or phosphorylation and
evaluated the role of FAK in resistance of leukemia cells
against chemotherapy. The study of Kashara et al.
revealed protection of FAK overexpressing human
myeloid leukemia cells against radiation-induced
apoptosis (Kasahara et al., 2002). DNA fragmentation
and caspase-3 and -8 activation were significantly
reduced in these cells compared to controls. Mutation
analysis showed that tyrosine 397 and 925 residues were
essential for the anti-apoptotic function of FAK.
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Recher et al. evaluated FAK expression in 60 cases
of acute myeloid leukemia (AML) by Western blotting
and reverse transcription PCR, and correlated it with
clinical features (Recher et al., 2004). FAK was detected
in 25 of 60 samples (42%) including immature CD34+
AML samples. On the contrary, no FAK was detected in
normal CD34+. FAK phosphorylation status was aslo
investigated and was always found phosphorylated in
fresh AML cells. Additionally, FAK-expressing and non-
expressing cells were compared. Although they
exhibited similar adhesion properties, FAK-positive cells
displayed significantly higher migration efficiency and
decreased sensitivity to daunorubicin. FAK was
correlated with high leukocytosis and reduced survival,
but no correlation was found between FAK expression
and histological subtype, cytogenetics, FLT3 status and
immunophenotype.

Furthermore, evidence was presented that FAK plays
an important role also in chronic myelogenous leukemia
(CML) deterioration (Chang et al., 2003). FAK levels
measured by flow cytometry were lower in chronic
phase cells than in normal mononucleocytes and in blast
crisis cells than in cells of chronic phase. Further,
Interferon-α treatment increased FAK content of cells in
chronic phase. BCR-abl transformation was critical for
CML. B cell receptor (BCR) cross-linking induced FAK
phosphorylation and activation and thus modulated the
IgM-induced apoptotic signaling (Rascan, 2001). In
BCR-abl transfected cells, FAK levels were found to be
increased compared to controls, but phosphorylated FAK
was decreased (Cheng et al., 2002). These effects were
attributed to the BCR-abl-induced actin depoly-
merization and the lack of cell adherence.

Soft tissue and bone neoplasia

In human soft tissue tumors FAK presence was
detected by Northern blot (Weiner et al., 1994) and
Western blot (Owens et al., 1995) analysis
predominantly in high-grade and metastatic sarcomas of
smooth muscle origin, though the levels of its expression
were not high. Its relative overexpression in metastatic
sarcomas may indicate a role of FAK in tumor invasion
and perhaps metastasis. Furthermore, FAK levels in
malignant tumors, such as malignant fibrous
histiosarcomas (n=1), leiomyosarcomas (n=4),
rhabdomyosarcoma (n=2), neurofibrosarcoma (n=2),
synovial sarcoma (n=1), osteosarcoma (n=2) and
cystosarcoma phyllodes (n=1), were compared with
levels in benign ones, such as lipomas (n=3) and
leiomyomas (n=1) (Owens et al., 1995). FAK expression
in benign neoplasms was not significantly elevated,
despite their large size and hypercellularity.

Finally, FAK gene expression was increased in
Ewing family sarcomas as detected by Northern blot
analysis (Moritake et al., 2003). FAK was 5-20-fold
upregulated in 6 Ewing sarcomas, 3 Askin tumors (small
round cell tumor from the thoracopulmonary region,
member of Ewing sarcoma family tumors) and 1
peripheral nerve sheath tumor when compared to control

fibroblasts obtained from bone marrow.

Perspectives

FAK is a 119-121 kDa nonreceptor PTK widely
expressed in various tissues and cell types. Many studies
showed that FAK plays an important role in integrin
signaling. Once activated by integrin and non-integrin
stimuli, it binds and activates several other molecules,
such as Src, p130Cas, Grb2, PI3K and paxillin, thus
promoting signaling transduction. 

In normal cells FAK activity is under constant
regulation by mechanisms such as gene amplification,
alternative splicing and action of phosphatases. On the
contrary, in vitro studies showed that in transformed
cells altered FAK signaling promoted cancer cells’
malignant characteristics. FAK was held responsible for
cancer cells’ uninhibited proliferation, protection from
apoptosis, invasion, migration, adhesion and spreading,
as well as tumor angiogenesis.

These data suggested a potential correlation of FAK
expression with the malignant transformation of human
cells, as well as the attitude of human malignancies,
which have been thoroughly evaluated in several studies.
In spite of the variety of the methods used and whether it
was the extent or the intensity of FAK expression or the
FAK protein or mRNA levels that were evaluated, most
studies aggree that FAK expression plays an important
role in human malignancy. FAK expression was
correlated in most examined malignancies with
histological grade and disease stage, as well as lymph
node metastasis. On the contrary, most studies failed to
reach a statistically significant correlation between FAK
expression and distant metastasis. Tumor’s proliferating
capacity was correlated with FAK expression in breast
cancer, but not in esophageal and colon cancer.
Additionally, FAK expression was shown to correlate
with survival rate and prognosis (Table 2). All these
observations suggest that FAK plays an important role in
human carcinogenesis and cancer progression and point
out the possibility that FAK expression might be used as
an independent prognostic factor in some types of
malignancies.

The different results and correlations of FAK
expression with the various clinicopathological
parameters could be explained by the differences among
the studies. Several different techniques were used, such
as immunohistochemistry, Western blot analysis,
Northern blot analysis, immunoprecipitation and
immunoblotting, detecting FAK and phosphorylated
FAK protein levels, as well as PCR, detecting FAK
mRNA levels. The antibodies used also varied, as well
as the criteria for FAK overexpression definition. Some
studies were concentrated on the intensity of FAK
staining, others on the extent and others considered both
the intensity and the extent of FAK immunostaining.
Additionally, differences among the several studies were
also noted in the definition of FAK overexpression, as
variable cuttoff points of the percentage of the stained
malignant cells were set. Furthermore, and one of most
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importance, some of the referred studies were conducted
on a limited number of cases, thus increasing the
probability of errors in the statistic processing of the
data. The conclusions obtained from studies conducted
in large samples are far more reliable.

Finally, the key role of FAK in cancer
pathophysiology and progression could be used in
cancer therapeutics. Since FAK regulates the progression
of malignancy, modulation of FAK signaling could slow
down disease progression or even potentiate
conventional therapeutic regimens. Several cell lines
from various types of human cancer were studied in
respect to cancer cells’ response to FAK blockage.
Evidence was presented that the disruption of FAK
signaling by the use of PTEN, FAK mutants, FRNK,
FAK inhibitory protein (FIP), FAK silence RNA
(siRNA) or FAK antisense oligonucleotides significantly
sustained cancer cells’ invasion and migration in vitro,
as well as invasion and metastasis in vivo. Additionally,
FAK signaling disruption exerted anticancer properties
in in vitro and in vivo animal model studies, whether
used alone or in combination with chemotherapy
(Duxbury et al., 2003; Melkoumian et al., 2005; Smith et
al., 2005; Earley and Plopper., 2006; Halder et al., 2006).
Further studying should be done on the possibility that
FAK targeting is effective in cancer therapy either as
monotherapy or in combination with the established
regimens.
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