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FAK is an intracellular non-receptor tyrosine kinase that promotes tumor cell growth by controlling cell adhesion,
migration, proliferation, and survival. Therefore, targeting FAK is considered to be a promising cancer therapy with small
molecules.
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| 1. Introduction

Receptor tyrosine kinases (RTK) and non-receptor tyrosine kinases play vital roles in extracellular signals and process of
cancer cell migration, proliferation, and survival, which usually are overexpressed in many human cancer cells L2,
Therefore, targeting RTKs and non-receptor tyrosine kinases has been considered to be a promising therapy for the
treatment of human cancers [,

FAK is one of cytoplasmic non-receptor protein tyrosine kinase, which is a member of the focal adhesion complex family
[l FAK is a 125 kDa protein that is recruited in the early stages of cell adhesion and phosphorylated to mediate the
formation of local adhesion BIIBIE FAK gene exists on chromosome 8¢24 and encodes 1052 amino acid residues and
its protein structure consists of three parts: N -terminal region, kinase region, and C -terminal region .

FAK was first discovered in 1992, which is related to integrin signal transduction . FAK is considered to be a key
regulator of growth factor receptor and integrin-mediated signaling, which controls the basic processes of human normal
or cancer cells through its kinase activity and scaffold function 2 FAK overexpression is detected in various tumor
types, including prostate cancer, breast cancer, lung cancer, ovarian cancer, and neck cancer, and FAK is also associated
with the poor prognosis of cancer patients 1213l Besides, it is related to unregulated proteins in cancer, providing a
perfect environment for FAK-specific treatment 14, FAK regulates tumorigenic and metastatic potential through a highly
coordinated signal network, thereby promoting the occurrence of malignant tumors. These signal networks coordinate a
series of cellular processes, such as cell proliferation, survival, invasion, migration, angiogenesis, and the regulation of
cancer stem cell activity EIIL5I8] pifferent FAK antisense oligonucleotides X4, dominant-negative FAK C -terminal
domain, FAK-CD or FRNK or FAK-siRNA 18119 can lead to decreased cell survival, growth inhibition, or apoptosis. In
recent years, FAK has been considered as a new potential tumor-treatment target 29,

So far, some FAK inhibitors have been identified and proved to be effective inhibitors that inhibit the tumor growth and
metastasis in several preclinical and clinical models 2122123124 TAE-226 is a typical FAK inhibitor (IC 50 = 5.5 nM),
which has strong antiproliferative and anticancer potency against several types of cancers in vitro and in vivo [,
GSK2256098 is a highly potent, ATP-competitive, and reversible FAK inhibitor [22], which is currently underway in clinical
trials as a monotherapy or in combination with other drugs for patients with brain tumors or other cancers 28, VS-6063 is
a highly effective second-generation FAK inhibitor. Phase Il clinical trials of VS-6063 in patients with KRAS mutant non-
small cell lung cancer have been completed &, VS-6062 has now completed the first phase of research. VS-6062 not
only exhibits significant antiproliferation potency of cancer cells but also plays a new role in changing tumor
microenvironment 28 vS-4718 significantly affects cell viability by inhibiting FAK activity and locking Y397
phosphorylation 231241 Another novel FAK inhibitor, CEP-37440 , is currently in clinical trials for the treatment of cancers
(221 ( Table 1 ). The proteolytic targeting chimera (PROTAC) that can induce FAK degradation by using FAK kinase
inhibitors as a “warhead” also has been developed 22, A large number of studies have provided convincing evidence that
FAK inhibitors could be used as chemical-targeted drugs to induce growth inhibition and apoptosis of cancer cells [E2[31]
(321 This article briefly introduces the structure and biological functions of FAK. Aiming at the development of FAK drugs, it
focuses on the design, chemical types, and activities of FAK drugs to provide references for the development of new
antitumor drugs.



| 2. FAK Structure and Function

The FAK protein molecule can be roughly divided into N -terminal FERM region, middle kinase region, C -terminal focal
adhesion target (FAT), and proline-rich regions (PRR1, PRR2, and PRR3). FAK has 6 tyrosine sites that can be
phosphorylated: Y397, Y407, Y576, Y577, Y861, and Y925, all of them are the key parts in FAK’s signal transduction.
Y397 and Y407 sites are located at the N -terminus, Y576 and Y577 are located in the activation loop of the kinase region,
and Y861 and Y925 are located at the C -terminus. Y397 is an autophosphorylation site of FAK, which provides a high-
affinity-binding site for Src family proteins and plays a vital role in downstream signaling pathways (261,

There are binding sites for a variety of proteins at the N -terminus, such as signal transduction proteins, cytoskeleton
proteins, and integrin B subunits 2. The N -terminal FERM domain is composed of three closely related subdomains F1,
F2, and F3, forming a three-leaf clover-like structure B4 ( Figure 1 ). Among of them, F1 and F2 subdomains can interact
with p53 and hinder the apoptosis of tumor cells; the F2 subdomain can regulate kinase-independent activities and
mediate cell survival; the F3 subdomain can interact with Mdm-2 to enhance ubiquitination of p53 [, The kinase domain
of FAK also called the catalytic domain, has a highly conserved amino acid sequence that can phosphorylate
corresponding amino acid residues in proteins such as PI3K, growth factor receptor-binding protein 2 (GRB2), Src, and
Cas. The focal adhesion targeting region at the C -terminus could interact with focal adhesion proteins, including paxillin
B3] Talin B8 and Vinculin B2, FAT can also bind to the F2 leaf in the FERM domain, leading to the dimerization of FAK,
which is of great significance to the activation and nuclear localization of FAK B8, PRR1 is located between the FERM
region and the kinase region and has a binding site to the SH3 domain, which can bind to proteins such as Src. PRR2 and
PRR3 near the C -terminus can mediate the interaction between FAK and protein molecules containing SH3 domains.
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Figure 1. Schematic diagram of the molecular structure of FAK protein.

FAK shows kinase-dependent enzyme function and a kinase-independent scaffold function, which play important roles in
regulating the survival, proliferation, migration, and angiogenesis of cancer cells. FAK is overexpressed in many human
cancers, including glioma, breast, colon, prostate, and other cancers 28I |nhibition of FAK has been shown to inhibit
tumor progression and metastasis.

| 3. The Discovery of FAK Inhibitors and Their Therapeutic Significance

2-Anilino-4-(benzimidazol-2-yl ) pyrimidine 9 is a multi-kinase inhibitor with inhibitory potency of FAK, PLK1, Aurora B, and
VEGF-R2 with IC 50 values of 3.4, 1.2, 6, and 7.2 yM, respectively ( Figure 2 ). Compound 9 also exhibited potent
inhibition growth of SW-620, MDA-MB-435, OVCAR-3, CAKI-1, and MCF-7 cells at micromolar concentrations (IC 50
values = 0.62, 0.19, 0.93, 0.86 and 0.47 uM, respectively) 49,
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Figure 2. Chemical structure and inhibition activity of compound 9.



Farand’s group reported novel macrocycle diphenylpyrimidine derivatives as FAK inhibitors based on the lead compound
VS-6062 in 2016 ( Figure 3 ). The representative compound 10 showed strong antagonism against FAK and Pyk2 with IC
50 values of 4.34 nM and 0.84 nM, respectively 41, Among these compounds, compound 10 showed the best metabolic
stability in the analysis of human microsomes.

Figure 3. Macrocyclic double-target inhibitors of FAK and Pyk2 were obtained by cyclization.

Among these compounds, compound 98 containing a 2- OCH 3-4-morpholino group showed the best anti-FAK activity
with an IC 50 value of 230 nM and excellent antiproliferation activity against HCT-116 cells (IC 50 = 0.19 uM). The results
of the docking studies suggested that the van der Waals interactions between the chlorine atom and Met499 of FAK
protein might not be important to the binding of compound 98 with FAK protein, suggesting that the weaker hydrogen
bonds between the amino 1,2,4-triazine and the hinge region of FAK may play an important role in the inhibitory activity of
compound 98 ( Figure 4 ).
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Figure 4. (A) Chemical structure of compound 98. (B) compound 98 is shown bound to the active site of the FAK kinase
(beige ribbon with activation looping cyan, PDB ID: 4brx). Key side chains and the inhibitors (yellow) are shown in stick
representation.

Zhu's group reported a new class of novel 1,3,4-thiadiazoles as FAK inhibitors. The most active compound 102 inhibited
the activity of FAK and HEPG2 cells with an EC 50 value of 10.79 and 10.28 pM, respectively ( Figure 5 ). Furthermore,
Zhu's group designed and synthesized 1,3,4-thiadiazol-2-amide derivatives with more potent inhibitory potency of FAK
and cancer cells growth compared to 102 2. The most active compound 103 exhibited better inhibitory activity against
FAK with an IC 50 value of 5.32 uM and inhibited proliferation of MCF-7 and B16-F10 cells with IC 50 values of 0.45 and
0.31 pM, respectively 431, The results of docking studies suggested that compounds 102 and 103 could be well embedded
in the ATP-binding pocket of FAK through a hydrogen bond, 1—o interaction, and 1t—cation interaction ( Figure 6 ).
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Figure 6. Molecular docking modeling of compound 102 (A) and compound 103 (B) with FAK.

4. The Discovery of FAK-Targeting PROTACs and Their Therapeutic
Significance

The proteolytic targeting chimera (PROTAC) is a new chemical knockout technique for post-translational proteins.
PROTAC is a heterogeneous bifunctional small molecule containing two recognition parts: one specifically binds to E3
ubiquitin ligase, and the other specifically binds to the target protein. The PROTAC molecule can drive the E3 ubiquitin
ligase to the target protein, which leads to the ubiquitination of the target protein, which leads to proteasome-mediated
degradation ( Figure 7 ) 241145],
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Figure 7. (A) FAK protein schematic. FAK-PROTACs can act on both enzymatic and nonenzymatic functions of FAK,
while FAK inhibitor only acts on the enzymatic function of FAK. (B) Schematic depiction of the PROTAC strategy.

Crew's group reported potent FAK selective degraders in 2018 (48 |n this work, they designed FAK degraders by
conjugating a FAK ligand derived from VS-6063 ( defactinib ) through slight modifications with a peptide-based VHL ligand
or thalidomide through ether linkers ( Figure 8 ). All of these FAK PROTACs exhibited good inhibitory potency against
FAK and could significantly induce the degradation of FAK at low concentrations. Among the FAK-PROTACs, compound
111 exhibited potent activity, which showed an IC 50 value of 6.5 nM, DC 50 value of 3 nM, and Dmax over 99%.
Compound 111 displayed better selectivity to FAK than VS-6063 . In addition, compound 111 displayed significant effects
in suppressing the FAK downstream signaling pathways, which could highly induce the degradation of FAK in a dose-



dependent manner with only 34% total FAK remaining at 10 nM and 5% at 50 nM, which outperformed VS-6063 (
defactinib ). In addition, compound 111 significantly reduces p -paxillin levels by as much as 85-90% at 50 nM, p -Akt
suppression of 93% at 1 pM, and is more effective than VS-6063 . Compound 111 also significantly inhibited the migration
and invasion of MDA-MB-23 cells.
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Figure 8. Bifunctional pyrimidine 111 as a proteolytic targeting chimera of focal adhesion kinase (FAK).

Ettmayer’s group reported a new class of FAK-PROTACSs represented by compounds 113 and 114 in 2019, by tethering a
previously identified FAK inhibitor compound 112 through an ether linker with a peptide-based VHL ligand and
pomalidomide, respectively 42 ( Figure 9 ). Both of FAK-PROTACs (compound 113 and 114) showed comparable
degradation potencies and efficacies with mean pDC 50 values of 7.45 and 7.08 nM, respectively. The CRBN-based
PROTAC 113 potently degraded FAK (DC 50 = 27 nM) with a Dmax of 95% at the chosen experimental conditions, while
the VHL-based PROTAC 114 only achieved a Dmax of 80% and was less potent (DC 50 = 243 nM) in the A549 cells.
However, although the potent depletion of FAK, both FAK-PROTACs (compound 113 and 114) did not exhibit
antiproliferation activity against the tested cell lines in either short or long-term assays, which indicated that scaffolding
function of FAK may not be required for the proliferation of the tested cell lines.
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Figure 9. Compounds 113 and 114 as a proteolytic targeting chimera of FAK.



Rao’s group reported a new class of FAK-PROTACSs in 2020, by tethering a previously identified FAK inhibitors VS-6062
or VS-6063 through different ether linker with a CRBN E3 ligand pomalidomide & ( Figure 10 ). They noticed that
shorter diethylene or triethylene glycol linkers exhibited higher degradation activity of FAK. Among them, compound 115
caused rapid and significant degradation of FAK with DC 50 values at the scale of picomolar in TM3, PA1, MDA-MB-436,
LNCaP, and Ramos cells (DC 50 = 310, 80, 330, 370, and 40 pM, respectively). Compound 115 showed a significant
inhibitory effect on the autophosphorylation of FAK (pFAK tyr397 ) below 1 nM, but VS-6062 showed an inhibitory effect
on pFAK tyr397 only at 3 pM. However, the efficient knockdown of FAK by compound 115 did not more severely affect the
proliferation of the tested cell lines.
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Figure 10. Compound 115 as a proteolytic targeting chimera of focal adhesion kinase.
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