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Abstract Focal adhesion kinase (FAK) and proline-rich tyrosine kinase 2 (Pyk2) are non-receptor protein tyrosine
kinases that are involved in cell proliferation, migration and survival. Current research of FAK and Pyk2 is greatly
focused in cancer biology and several small molecule inhibitors are being tested under clinical development. Like cancer,
certain chronic diseases such as cardiovascular disease, bone disease, fibrosis, rheumatoid arthritis, and neurological
disorders, share malignant characteristics of cancer. Accumulating evidence has demonstrated that FAK and Pyk2
contribute to other proliferative and degenerative diseases. Thus, the goal of this review is to briefly highlight studies
that have implicated FAK and Pyk2 as players in disease progression.
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Introduction

Focal adhesion kinase (FAK) and proline-rich tyrosine kinase
2 (Pyk2) are non-receptor protein tyrosine kinases that
comprise the FAK family of kinases. FAK and Pyk2 are
activated by various transmembrane receptors, such as
integrins, growth factor, G-protein coupled and cytokine
receptors (Mitra et al., 2005; Lim et al., 2010a), while Pyk2 is
also activated by changes in intracellular Ca®>" concentrations
(Lev et al., 1995; Schlaepfer et al., 1999). FAK and Pyk2
regulate fundamental cellular processes including cell adhe-
sion, migration, proliferation and survival in various cell
types (Avraham et al., 2000; Peng and Guan 2011). FAK is
ubiquitously expressed in most cell types, while Pyk2 is
primarily expressed in cells of the central nervous system and
hematopoietic lineages (Avraham et al., 1995; Avraham et al.,
2000; Schlaepfer et al., 1999), suggesting that they might
have different importance based on the disease. Since FAK
and Pyk2 are upregulated in various cancers (Wendt et al.,
2013; Zhao and Guan, 2009), most studies and reviews focus
on how they function in cancer (Lipinski and Loftus 2010;
Sulzmaier et al., 2014). However, FAK and Pyk2 have been
shown to be key molecules in other ailments such as
cardiovascular disease, bone disease, fibrosis, rheumatoid
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arthritis, and neurological disorders (Fig. 1), and various
genetic models have been used to further understand their
roles in these diseases (Table 1). Here, we provide an updated
perspective on FAK and Pyk?2 in disease.

FAK family kinase structure
FERM domain

FAK and Pyk2 share approximately 48% amino acid identity
(Avraham et al., 2000). They are comprised of three domains:
N-terminal FERM (band 4.1, ezrin, radixin, moesin), central
kinase, and C-terminal domains (Fig. 2). The FERM domain
was found to contain three distinct lobes (F1, F2, F3)
(Ceccarelli et al., 2006). Both the FAK and Pyk2 FERM
domains contain a conserved nuclear localization sequence
(NLS) (Ossovskaya et al., 2008) allowing them to localize to
the nucleus, where they have been found to regulate various
proteins, in a kinase-independent fashion, via interactions
with the FERM domain. FAK family kinases have been
shown to promote cell survival through their FERM-mediated
regulation of p53 (Lim et al., 2008; Lim et al., 2010b). Lim et
al. showed that the FERM domain acts as a scaffold for Mdm-
2 and p53 via their interactions with the F3 and F1 lobes,
respectively, thus enhancing p53 ubiquitination (Lim et al.,
2008; Lim et al., 2010b). Recently FAK has been shown to
regulate vascular cell adhesion molecule-1 (VCAM-1)
expression through FERM-mediated degradation of GATA4
transcription factor (Lim et al., 2012). These findings
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Figure 1 Overview of FAK and Pyk2 in disease. Diagram of diseases in which FAK and/or Pyk2 have been implicated in are illustrated.

demonstrate previously unknown kinase-independent nuclear
functions of FAK and Pyk2.

Kinase domain

FAK and Pyk2 have 60% homology of the central kinase
domain (Avraham et al., 2000), which can be seen in their
conserved phosphorylatable tyrosine residues (Avraham et
al., 2000). Activation of integrins, growth factor and cytokine
receptors induce rapid autophosphorylation of Y397 of FAK
and Y402 of Pyk2 (Sasaki et al., 1995; Avraham et al., 2000).
These phosphorylated tyrosine residues provide a binding site
for Src, which then further activates FAK and Pyk2 through
phosphorylation of a conserved activation loop (FAK-Y576/
Y577 and Pyk2-Y579/Y580) (Avraham et al., 2000; Mitra et
al., 2005) (Fig. 2). Crystal structure of FAK FERM-kinase has
revealed an auto-inhibited conformation by which FAK
FERM domain blocks the kinase domain (Lietha et al., 2007);
however, it is currently not known if Pyk2 exhibits the same
auto-inhibited conformation. It has been reported that
activation of integrin-mediated signaling may cause a
conformational shift in FAK leading to FAK FERM
dissociation from the kinase domain, promoting FAK
activation (Barsukov et al., 2003; Cooper et al., 2003).

Recent studies showed that phosphatidylinositol 4, 5-bispho-
sphate (PIP2) binding to FAK FERM F2 domain could
activate the kinase by releasing FERM-kinase interaction (Cai
et al., 2008; Goii et al., 2014; Zhou et al., 2015).

C-terminal domain

The C-terminal domain of FAK and PYk2 are comprised
of two proline-rich regions and FAT (focal adhesion
targeting) domain (Fig. 2) (Parsons, 2003). Paxillin and
talin are able to bind to the FAK FAT domain, resulting
in FAK localization at focal adhesions. On the other
hand, the Pyk2 FAT domain does not interact with talin,
which results in a more diffused cytoplasmic localization.
An endogenous inhibitor of FAK, known as FRNK (FAK-
related non-kinase), is transcribed via an intronic promoter
region found in the FAK gene (Richardson and Parsons,
1996). FRNK is a truncated version of FAK, lacking the N-
terminal and central kinase domains (Richardson and
Parsons, 1996). FRNK expression is restricted to smooth
muscle cell-rich tissues, where it plays an important role in
smooth muscle cell differentiation (Taylor et al., 2001). A
similar inhibitor for Pyk2 (PRNK) was reported at the mRNA
level (Xiong et al., 1998).

Table 1 Genetic models for the study of FAK and Pyk2 functions in disease.

Target cells (genotype) Promoter Drives Result References
Cardiomyocyte (FAK knockout) BMHC SuperFAK Protected against ischemia/reperfusion Cheng et al., 2012
Ventricular cardiomyocyte (FAK knockout) MLC2v Cre Increased pressure-induced hypertrophy Peng et al., 2006
Attenuated pressure-induced hypertrophy DiMichele et al., 2006
Smooth muscle cells SM-MHC CreER™ Prevented N-cadherin expression, and intimal Mui et al., 2015

Global (FRNK knockout)

Global (Pyk2 knockout)

Global (inducible FAK knockout) Ros 26 locus CreER™

Dorsal forebrain (FAK knockout) emx| Cre

hyperplasia

SMCs were unable to re-differentiate after artery Sayers et al., 2008
ligation

Pyk2 null mice show increased bone mass from
increased bone formation and decreased bone
resorption

Buckbinder et al., 2007
and Gil-Hen et al., 2007

Reduced murine arthritic synovial fibroblast inva- Shelef et al., 2014
sion in vitro, but not in vivo

Abnormal cortical laminar organization and cor- Beggs et al., 2003
tical dysplasia
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Figure 2 Molecular structure of FAK, FRNK and Pyk2. The main domains of FAK, FRNK and Pyk2 are shown. FAK and PyK2 are
comprised of three domains: FERM (4.1, ezrin, radixin, moesin), central kinase and FAT (focal adhesion targeting) domains. The FERM
domain is further divided into three subdomains: F1, F2 and F3. FAK and Pyk2 contain both a nuclear localization sequence (NLS) and a
nuclear export sequence (NES), which are located in the FERM and kinase domains, respectively. FAK and Pyk?2 share several conserved
phosphorylatable tyrosine (Tyr) residues: the autophosphorylation site (Tyr397 and Tyr402) and the activation loop (Tyr576/577 and
Tyr579/580). A lysine (Lys) mutation in the kinase domain of FAK (Lys454) and Pyk2 (Lys457) results in loss of kinase activity. FRNK
(FAK-Related Non-Kinase), which comprises only the C-terminal domain of FAK, is an endogenous inhibitor of FAK.

Cancer

FAK and Pyk2 have been extensively studied in cancer due to
their increased expression and activation compared to normal
tissue; as such, there are several reviews that look at
expression, mouse models and inhibitors of FAK family
kinases in cancer (Lipinski and Loftus, 2010; Sulzmaier et al.,
2014; Yoon et al., 2015). Since this review is focused on
illustrating the roles of FAK and Pyk?2 in various diseases, we
will briefly highlight some recent findings that FAK plays a
pro-tumorigenic role in cancer cells and in the tumor
microenvironment.

Normally cell growth is tightly regulated via extra- and
intra-cellular signaling events that lead to cell cycle
progression. However, cancer cells have escaped this
regulation, and exhibit unrestricted growth. Therefore,
DNA-damaging therapies, such as doxorubicin and radiation,
have been used to inhibit DNA replication, ultimately leading
to apoptosis. A problem facing these therapies is that some
tumors become resistant to treatment, but a recent study has
revealed a novel role for FAK in endothelial cells (ECs) in
promoting a chemoresistant environment (Tavora et al.,
2014). In EC specific inducible FAK knock out mice (EFKO),
where the Pdgfb promoter drives Cre expression, tumor cells
were more sensitive to DNA-damaging therapy compared to
wild-type mice (Tavora et al., 2014). They found that FAK
was required for DNA-damage-induced activation of NF-kB
and cytokine production in ECs, and that these cytokines
were sensitizing the tumor cells to chemotherapy (Tavora et
al., 2014). However, it is not known that this resistance was
mediated in a kinase-dependent or-independent manner.

The immune system is able to detect and clear out aberrant
cells, however, some cancer cells are able to survive by
suppressing the immune system. As such, immunotherapies
that trigger the immune system to fight cancer cells have
gained a lot of traction in recent years. A more recent study
reported that nuclear FAK in cancer cells was able to create a
pro-tumorigenic environment by suppressing the immune
system (Serrels et al., 2015). They found that injection of
FAK null squamous cell carcinoma (SCC) cells into immuno-
competent mice resulted in tumor regression after 3 weeks,
and that this regression was due to killer T cells (CD8+ T
cells), which are responsible for clearing out tumor cells
(Serrels et al., 2015). Interestingly, they found that nuclear
FAK in SCC cells promoted CCLS5 transcription, a chemokine
responsible for regulatory T cell (Treg) recruitment, and that
these Tregs were able to provide a pro-tumorigenic environ-
ment through suppression of CD8+ T cells (Serrels et al.,
2015). Taken together, these two studies suggest that targeting
FAK in cancer could prove beneficial when used in
combination with other cancer therapies.

Cardiovascular disease

Cardiovascular disease (CVD) is any disease that affects the
heart, such as heart failure, or the vascular system, such as
atherosclerosis and vascular remodeling. Cardiovascular
disease is the leading cause of death in developed countries;
therefore there have been numerous studies done to elucidate
underlying mechanisms of CVD in order to find potential
therapeutic targets. Some of these studies have illustrated
important roles of FAK family kinases in CVD.
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Heart failure

Heart failure arises when the heart is unable to adequately
supply the body with blood and oxygen, depriving tissue of
valuable nutrients. Some of the underlying causes of heart
failure, which can include narrowing of the coronary arteries
and high blood pressure, require the heart to work harder in
order to supply tissues with enough blood. Since the heart is a
muscle, this increased work results in hypertrophy of cardiac
muscle cells (cardiomyocytes), and if the underlying causes
are not addressed, this hypertrophy will eventually result in
heart failure. Studies done by several groups have revealed
that the FAK family kinases play an important role in the
progression of heart failure.

Early studies found that there was an increased association
between FAK and B3 integrin in pressure-overloaded
hypertrophic hearts (Kuppuswamy et al., 1997) and that
FAK was required f or integrin-mediated phenylephrine-
induced hypertrophy of rat cardiomyocytes in vitro (Taylor et
al., 2000), suggesting that FAK might play an important role
in the development of hypertrophy. FAK and Pyk2 expression
and activation in the heart was found to be increased in a
pressure-overload model of heart failure, which develops left
ventricular hypertrophy (LVH) in the first 8 weeks and
progresses to heart failure 16-24 weeks post surgery (Bayer et
al., 2002). Interestingly, Pyk2 expression appeared to precede
the development of LVH, while FAK expression was highest
during the transition from LVH to heart failure (Bayer et al.,
2002).

There has been some conflict on whether or not FAK is
required for cardiac hypertrophy. Two groups made use of
cardiomyocyte specific FAK knockout mice (they were
termed CFKO (Peng et al., 2006) or MFKO (DiMichele et
al., 2006)) to study the importance of FAK in cardiac
hypertrophy in a pressure overload model. These studies
utilized a mouse in which Cre was introduced into the myosin
light chain 2v (MLC2v) gene locus, resulting in cardiomyo-
cyte restricted Cre expression (Chen et al., 1998). While both
groups reported that FAK knockout did not affect basal
cardiac functions, one found that CFKO had increased
hypertrophy (Peng et al., 2006) and the other found that
MFKO showed increase in left ventricular wall thickness,
myocyte cross-sectional area, and hypertrophy-associated
arterial natriuretic factor upon pressure overload (DiMichele
et al., 2006). Peng et al. knocked out FAK by crossing mice
containing loxP sites flanking exon 3 (Shen et al., 2005) with
the MLC2v-Cre mice (Chen et al., 1998), and that significant
knockout was observed from 2 weeks till 40 weeks after birth
(Peng et al., 2006). Transverse aortic constriction (TAC) or
angiotensin II treatment resulted in eccentric hypertrophy in
CFKO, at 10 and 14 days respectively, when compared to
wild-type mice, and 9-month-old mice showed signs of
ventricular dilation and heart failure (Peng et al., 2006).
Interestingly, they found that mitochondrial organization and

structure was altered in FAK null cardiomyocytes compared
with control (Peng et al., 2006). On the other hand, DiMichele
et al. achieved FAK knockout by crossing mice with loxP
sites flanking an exon in the kinase domain with MLC2v-Cre
mice (Chen et al., 1998), and that significant FAK reduction
was not observed until 3 months after birth (DiMichele et al.,
2006). They found that MFKO mice had decreased
hypertrophy compared to wild-type after 4 weeks of TAC,
and that MFKO mice were progressing to heart failure, as
determined by significant increases in wet lung weight,
compared to wild-type mice after 812 weeks of TAC
(DiMichele et al., 2006). The discrepancies seen between the
two studies could be due to various factors: where loxP
recombination occurred in the FAK gene, age of mice loxP
recombination occurred, strain of the mice, age of mice when
experiments were performed, and technical differences in
TAC. However, a study by Clemente et al. seems to support
that FAK is required for the progression of hypertrophy
(Clemente et al., 2007). They demonstrated that siRNA
mediated knockdown of FAK was able to prevent and reverse
overload-induced LVH in vivo (Clemente et al., 2007).

During heart failure, blood may be unable to reach certain
cardiomyocytes, resulting in ischemia from lack of blood and
oxygen; therefore it is important to understand how these cells
react to incidents of ischemia/reperfusion. Recent studies
have found evidence to suggest that FAK might play a
protective role in cardiomyocytes following ischemia/reper-
fusion (Hakim et al., 2009; Cheng et al., 2012). Hakim et al.
used a cardiomyocyte specific FAK knockout (MFKO) model
to evaluate the protective role of FAK during ischemia/
reperfusion (Hakim et al., 2009). They found that MFKO
mice had a significant increase in infarct area and increased
apoptosis compared to control mice (Hakim et al., 2009).
Cheng et al. revealed that transgenic mice expressing a super-
activatable FAK mutant (K578/581E, termed SuperFAK),
which has increased catalytic activity compared to wild-type
FAK, was able to protect cardiomyocytes following ischemia/
reperfusion (Cheng et al., 2012).

Vascular remodeling

Vascular remodeling is the result of smooth muscle cell
(SMC) plasticity. Changes in blood flow or vessel injury
result in the de-differentiation and proliferation of SMCs,
which can lead to stiffening and thickening of the vessel wall,
decreased lumen area and blood flow. Studies have revealed
that FRNK, which is endogenously expressed in SMCs, plays
an important role in regulating SMC plasticity, and its
expression is increased in differentiated SMCs (Taylor et al.,
2001; Sayers et al., 2008). Sayers et al. found that SMCs
isolated from FRNK ' mice, where the intronic FRNK
promoter has been removed without affecting FAK expres-
sion, had increased FAK activity and decreased SMC
contractile gene expression when compared to wild-type
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mice (Sayers et al., 2008). They also reported that FRNK '
mice were unable to promote the re-differentiation of SMCs
after carotid artery ligation, a model of vascular remodeling,
compared with wild-type mice (Sayers et al., 2008).

De-differentiated SMCs have increased extracellular
matrix (ECM) production, which results in changes to the
extracellular environment and increased stiffness. Recent
studies have demonstrated that FAK plays an important role
in the stiffness-induced proliferation of SMCs in vivo (Klein
et al., 2009; Bae et al., 2014; Mui et al., 2015). Klein et al.
found that cyclin D1 expression was regulated by increased
ECM upon vascular injury and was a result of stiffness-
induced activation of FAK (Klein et al., 2009). FAK activity
was increased in cells plated on high stiffness hydrogels,
resulting in increased Rac activation and cyclin D1 expres-
sion (Klein et al., 2009). Bae et al. followed up this study by
showing that increased ECM stiffness resulted in an increase
in intracellular stiffness (Bae et al., 2014). This intracellular
stiffness, which was a result of increased Rac activity, resulted
in the continued activation of FAK and cyclin D1 expression
(Bae et al., 2014). These findings hint at a feedback loop in
which FAK activity remains elevated, promoting SMC
proliferation and increased vascular remodeling. More
recently, Mui et al. used a SMC specific inducible FAK
knockout model (SFKO) to study the role of FAK in vascular
remodeling (Mui et al., 2015). In this genetic model, the SM-
MHC promoter drives Cre-ERT2 and tamoxifen treatment
results in deletion of FAK. Using the emoral wire injury
model of SMC proliferation, they found that SFKO mice had
significantly less neointimal hyperplasia compared to wild-
type mice (Mui et al., 2015). Taken together, these findings
suggest that FAK is a potential therapeutic target for the
treatment of vascular remodeling.

Bone disease

Normally, bones are constantly being altered through a
delicate balance between bone-forming osteoblasts and bone-
absorbing osteoclasts (Ray et al., 2012). When this balance is
disrupted, it can lead to osteoporosis, the most common form
of bone disease. Osteoporosis is characterized by a decrease
in bone mass as a result of increased osteoclast activity and/or
decreased osteoblast activity. Since osteoporosis typically
affects people over the age 50, especially postmenopausal
women, it is important to understand the mechanisms that
regulate osteoclasts and osteoblasts differentiation and
function in order to devise better treatment options. Due to
Pyk2 being predominantly expressed in cells of hematopoie-
tic lineage, people began to study what function Pyk2 had in
osteoclasts and osteoblasts.

Upon attachment to bone, osteoclasts begin to spread and
fuse together forming multinucleated cells (Suda et al., 1997).
These fused osteoclasts then form a sealing zone, creating an

isolated acidic environment in which bone is degraded and
absorbed (Suda et al., 1997). Duong et al. were one of the first
groups to report that Pyk2 might play an important role
osteoclast function (Duong et al., 2001). Using adenovirus
expressing antisense Pyk2, they found that not only was Pyk2
required for the proper attachment and spreading of
osteoclasts, Pyk2 knockdown also resulted in impaired
sealing zone formation and bone absorption (Duong et al.,
2001). There has been some conflict on whether or not Pyk2
was performing a similar role in vivo in regulating bone
formation and degradation. Two groups published studies that
Pyk2”" mice, while viable and fertile, had increased bone
mass compared to wild-type mice (Buckbinder et al., 2007;
Gil- Henn et al., 2007). Buckbinder et al. reported that this
increase in bone mass was due to increased bone formation
and not from impaired osteoclast function. This increased
bone formation was due to increased osteoblast differentia-
tion, suggesting that Pyk2 is a cell-autonomous inhibitor of
osteoprogenitor stem cells (Buckbinder et al., 2007). Using
OVX (ovariectomized) rats, a preclinical model of post-
menopausal osteoporosis, pharmacological Pyk2 inhibition
was able to preserve bone density by promoting bone
formation without altering bone resorption (Buckbinder et
al., 2007). On the other hand, Gil-Henn et al. found that the
increased bone mass seen in Pyk2 ' mice was due to impaired
osteoclast function (Gil-Henn et al., 2007). They found that
osteoclasts isolated from Pyk2™" mice were unable to form
sufficient sealing zones and had decreased bone resorption
when compared with wild-type osteoclasts (Gil-Henn et al.,
2007). The differences seen between these two groups might
be attributed to age of the mice, 16-18 weeks of age
(Buckbinder et al., 2007) and 2—10 weeks of age (Gil-Henn et
al., 2007), suggesting that Pyk2 function in osteoclasts
changes with age. Thus these studies implicate the importance
of Pyk2 in the homeostasis of adult bones, and as a potential
target in the treatment of osteoporosis.

Fibrosis

Fibrosis occurs when there is an excess deposition of ECM
during the wound healing process of tissues and it can lead to
severe organ failure and death. Fibrosis frequently occurs in
the lung, skin and heart (Wynn, 2011). Transforming growth
factor-f (TGF-B) plays a pivotal role in ECM production and
modulation of immune function (McCartney-Francis et al.,
1998), suggesting that inhibition of TGF-B signaling path-
ways might provide therapeutic options for fibrosis. However,
TGF-B is involved in various cellular processes, and targeting
TGF-B directly may result in negative side effects (McCart-
ney-Francis et al., 1998; Leask and Abraham 2004). FAK was
found to be required for TGF-B-induced activation of JNK
and pro-fibrotic gene expression (Liu et al., 2007). Over-
expression of FRNK, an endogenous inhibitor of FAK, was
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reported to inhibit TGF-B1-induced activation of ERK and
p38MAPK, thus preventing myofibroblast differentiation
both in vitro and in vivo (Ding et al., 2008). More recently
a group reported that pharmacological inhibition of FAK was
able to prevent pulmonary fibrosis through decreased
profibrotic gene expression in mice (Lagares et al., 2012).
These findings have implicated FAK as an important
signaling molecule in the progression of fibrosis, and could
provide a potential therapeutic target for fibrosis (Lagares and
Kapoor, 2013).

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic autoimmune joint
disease that typically occurs at the small joints of the hands
and feet. In RA, macrophages, derived from circulating
monocytes, augment inflammation in the synovial region
resulting in the destruction of cartilage and bone. Previous
studies demonstrated that FAK is closely involved in
monocyte differentiation into macrophages (Kharbanda et
al., 1995), and macrophages isolated from RA synovial tissue
are arthritis and human RA samples have showed that there is
increased phosphorylation of FAK Y397 and Pyk2 Y402 in
synovial cells (Matsumoto et al., 2002; Shahrara et al., 2007).
Matsumoto et al. showed that intra-articular injection of
FRNK adenovirus in a rat model of arthritis prevented the
recruitment and differentiation of monocytes to synovial
tissue (Matsumoto et al., 2002).

Synovial fibroblasts play a role in the progression of RA by
invading the surrounding cartilage and bone, leading to joint
destruction. A recent study found that pharmacological FAK
inhibitors reduced the invasiveness and migration of synovial
fibroblasts isolated from patients in vitro (Shelef et al., 2014).
Interestingly, they found that Cre-inducible FAK knockout
mice crossed with mice overexpressing TNF-o, a mouse
model of arthritis, reduced synovial fibroblast invasion, but
did not completely block RA progression (Shelef et al.,
2014). This study suggested that a combinational treatment
with a FAK inhibitor would be beneficial for RA.

Neurological disorders

FAK has found to be a key-signaling molecule in neuron cell
assembly, remodeling and migration during neuronal devel-
opment (Beggs et al., 2003). Beggs et al. found that neuronal
specific deletion of FAK in the dorsal forebrain, where the
neuronal specific emx1 promoter drives Cre, altered cortical
dendritic cell branching and orientation, resulting in neuronal
mislocalization and cortical dysplasia (Beggs et al., 2003).
This study indicates that FAK expression in neuronal cells is
critical to maintain the normal development of neurons.
Schizophrenia is a severe brain disorder which causes
paranoia and hallucinations; however not much is currently

known on what causes schizophrenia. It is believed that there
might be altered neural migration during brain development
in schizophrenia. A recent study looked at the role of FAK in
patients with schizophrenia. They found that olfactory
neurosphere-derived (ONS) cells isolated from schizophrenic
patients exhibited increased FAK phosphorylation, decreased
cell attachment and increased cell motility which was
returned to normal upon FAK inhibition (Fan et al., 2013).
This study suggests that altered FAK activity might play an
important role in the development of schizophrenia.

Epilepsy, which is characterized by recurrent seizures, is
the most common neurological disorder. Studies seem to
suggest that mossy fiber sprouting (MFS) can cause increased
seizure susceptibility. A recent study by Song et al. found a
potential pathway in which FAK plays a key role in
hippocampal MSF formation (Song et al., 2015). They
found that FAK activation was increased during development
of MFS, and increased Ras expression and MFS formation
(Song et al., 2015). This suggests that inhibition of FAK
activity may prevent MFS formation, thus resulting in less
recurrent seizures.

Conclusion

Here we have highlighted some studies that show involve-
ment of the FAK family kinases in a range of diseases,
including, but not limited to: cancer, cardiovascular disease,
bone disease, fibrosis, rheumatoid arthritis, and neurological
disorders. Currently there are preclinical and clinical trials for
small molecule FAK/Pyk2 inhibitors being tested as treatment
options for cancer; however, it is possible that these inhibitors
might work in other diseases, and the effectiveness should be
investigated further.
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