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Abstract: Cancer is a multifactorial disease characterized by uncontrolled cell growth and spreading. It is 
still one of the leading causes of death globally. In addition to this, various side effects of the clinically 
available anticancer drugs and resistance developments against them have been reported. Therefore, there is 
an urgent need for novel drugs with high efficacy and low side effects. Tyrosine kinases are among the 
primary targets of research groups in this area. MerTK and AXL are members of the TAM (TYRO3, AXL, 
MERTK) family of receptor tyrosine kinases, which are involved in tumor cell survival, chemoresistance, 
and metastasis. Hence, dual inhibition of the two enzymes is an attractive target in the anticancer drug 
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candidate discovery. There are efforts to discover novel chemical agents that are dual inhibitors of 
MerTK/AXL. In light of these findings, the inhibition potential of AXL inhibitors on MerTK was 
investigated through computational methods to find out their dual inhibition potency.  
 The binding potential of the selected AXL inhibitors to MerTK was explored through molecular docking. 
The docking study revealed that BGB324 might have the highest binding potential to the enzyme. Hence, 
BGB324 is anticipated to exhibit the highest dual inhibition among the investigated ligands. The critical 
structural elements of the inhibitors that would guide future lead optimizations were also determined. 
Furthermore, the interaction of the selected inhibitors to the enzyme via Asp741 was found to be critical in 
their binding. Molecular electrostatic potential and frontier molecular orbital appraisal of the selected 
inhibitors were also undertaken through density functional theory (DFT). The DFT study demonstrated that 
BGB324 would exhibit the highest chemical stability. The computational study findings need confirmation 
by further in vitro and in vivo studies. 
 
Keywords: AXL, cancer, DFT, docking, MerTK 
 
1. Introduction 
Cancer is a common name for a group of diseases 
characterized by uncontrolled growth of cells and 
their spread to other tissues or organs [1]. It remains 
one of the leading causes of death worldwide 
though there are various drug therapies and 
treatments aimed at managing and preventing its 
recurrence [2]. According to the global cancer 
report, there were an estimated 19.3 million cancer 
cases and nearly 10 million cancer-related deaths 
worldwide in 2020. Breast cancer was the most 
frequently diagnosed cancer type with nearly 
2,261,419 cases in the same year. On the other 
hand, lung cancer was the leading cause of death 
with nearly 1,796,144 deaths [3]. The high cancer 
prevalence, various side effects, and high resistance 
development to the drugs under clinical use need a 
prompt response [4]. Hence, novel drug candidates 
with new mechanisms are needed to combat cancer.  
Tyrosine kinases are among the primary targets of 
research groups working in the anticancer drug 
discovery and development area. Tyrosine kinases 
are a group of enzymes that play a significant role 
in cell signaling. They have substantial roles in cell 
growth, cell proliferation, cell differentiation, cell 
migration, apoptosis, and metabolism. Therefore, 
drugs targeting tyrosine kinase enzymes play an 
important role in cancer treatment [5,6]. 
MerTK and AXL are members of the TAM 
(TYRO3, AXL, MERTK) family of receptor 
tyrosine kinases (RTKs) [7]. MerTK and AXL have 
a direct involvement in tumor cell survival, 
chemoresistance, and metastasis [8]. The two also 
have non-overlapping functions in some cancer 
types. Some studies suggest dual inhibition of the 

two targets as this approach may result in a more 
potent inhibition for some cancer types. The 
inhibition of one may also sensitize the other one. 
Similarly, studies demonstrate the role of MerTK 
and AXL inhibitors in tumor cell inhibition and 
immune response modulation [9].  Their role in 
human autoimmune disease pathogenesis is 
reported and the possible role in the regulation of 
inflammation is also under investigation [10]. So, 
dual inhibition of the MerTK/AXL targets is an 
attractive target in the antitumor drug candidate 
investigation. There are efforts to discover novel 
chemical agents that are dual inhibitors of 
MerTK/AXL [11]. 
There are AXL inhibitors in the form of tyrosine 
kinase inhibitors. Various small molecule multi-
target tyrosine kinase inhibitors exhibit AXL 
inhibition [12]. However, the AXL inhibition 
potency of these agents is often less effective than 
their potency against other kinases. Therefore, 
researchers focused on developing more selective 
AXL inhibitors. As a result, selective AXL 
inhibitors under various clinical phase trials are 
available [13,14]. BGB324 (bemcentinib), ER851, 
NA80X1, SGI-7079, and TP-0903 (dubermatinib) 
are among relatively selective AXL inhibitors 
under clinical phase trials (Figure 1). Recent studies 
pointed out the role of dual inhibition of AXL and 
MerTK in the discovery of potent anticancer agents 
as elaborated earlier [10]. The available data lead us 
to explore the potential of the AXL inhibitors to act 
as dual AXL/MerTK inhibitors. The dual inhibition 
potential was investigated through computational 
methods. 
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Computer-aided drug design methods are used to 
expedite the drug discovery and development 
process. Molecular docking is one such method that 
is widely used to expose the binding pose and 
binding affinity of ligands to their targets [15,16]. 
DFT is a quantum chemical-based computational 

method that is used to investigate electronic and 
structural properties as well as frontier molecular 
orbitals of compounds at different states. It is used 
to compare the relative stability of compounds and 
their reactivity [17]. 

 
Figure 1. AXL inhibitors under clinical phase trial 

 
The study aimed to investigate the dual 
AXL/MerTK inhibition potential of some selected 
AXL inhibitors. Five AXL inhibitors under clinical 
phase trial were selected to this end. A molecular 
docking analysis of these inhibitors against MerTK 
was performed to shed light on their binding 
potential. The docking study revealed that BGB324 
had the highest binding potential to the enzyme, 
even higher than the native ligand. BGB324 was 
also anticipated to have the highest chemical 
stability. The binding and thus inhibition potential 
of BGB324 against the enzyme deserves further 
wet-lab analysis to confirm its dual AXL/MerTK 
inhibition potential. 
 

2. Computational Method 
2.1. Molecular Docking 
The crystal structure of MerTK was retrieved from 
the RCSB PDB (Research Collaboratory for 
Structural Bioinformatics Protein Data Bank). The 
crystal structure (PDB code: 7AAX) with a 
resolution of 1.76 Å beard a co-crystallized ligand, 
LDC1267 ({N}-[4-(6,7-dimethoxyquinolin-4-
yl)oxy-3-fluoranyl-phenyl]-4-ethoxy-1-(4-
fluoranyl-2-methyl-phenyl)pyrazole-3-
carboxamide) [18]. The ligand structures were 
drawn through ChemDraw and optimized through 
the Gaussian program [19]. The enzyme and 
ligands were prepared for docking as explained in 
the literature and the docking was done through 
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AutoDock Vina [20,21]. In the last step, the 
docking of the ligands was performed on the space 
in which the ligand was co-crystallized. The 
validation of the docking process was also 
undertaken by re-docking the co-crystallized ligand 
and making the necessary computations. 
 
2.2. DFT Studies 
The ligand structures were optimized with the 
Gaussian 09 program at B3LYP/6-311G++(d,p) 
[19]. The energy computations were then 
performed with the same setup at the gas phase. The 
HOMO (highest occupied molecular orbital) 
energy, LUMO (lowest unoccupied molecular 
orbital) energy, and the total energy of the ligands 
were obtained in a.u. (atomic unit). Thereafter, the 
related parameters were calculated after the 
acquired energies were converted into eV (electron 
volt) [22]. The values obtained were compared and 
analyzed. In the last step, molecular electrostatic 
potential (MEP) and frontier molecular orbital 
(FMO) analysis were undertaken after visualization 
was performed with GaussView 5.0 [23]. 
 
3. Results and Discussion 
3.1. Molecular Docking 
The docking process was validated by re-docking 
the co-crystallized ligand first. For this purpose, the 
crystal ligand and the re-docked ligand were 
superimposed to compute the RMSD (root mean 
square deviation). The RMSD value between the 
two structures was found to be 1.3474 Å (Figure 2). 
This value is below the threshold RMSD value for 
reliable docking (2 Å) [15].  Hence, the re-docked 
ligand was settled in a common space with the co-
crystallized ligand. As a result, it is expected to 
interact through similar amino acid residues. This 
premise was examined by comparing the binding 
residues of the co-crystallized ligand in the docking 
and the reported crystallographic studies. The 
crystallographic study revealed that various 
selective and dual inhibitors interacted with MerTK 
through a limited number of amino acid residues. 
The investigated inhibitors had interactions through 
Phe742. In this docking, the co-crystallized ligand 
had interactions via Phe742. Thus, the residue that 
was reported to be critical in the interaction of the 
inhibitors with the enzyme was met. The interaction 
of the co-crystallized ligand with the enzyme was 
achieved through the involvement of diverse amino 

acid residues (Table 1, Figure 2).  Thus, the binding 
residues were evaluated based on the reported 
studies that consisted of docking of MerTK. A 
computational study reported the interaction of 
compounds with MerTK through various residues 
including via Leu593 [24]. Another computational 
study reported the interaction of compounds to the 
enzyme through residues including Val601, 
Tyr685, and Arg727 [25]. A computational study 
reported the interaction of various ligands with the 
enzyme. In this study, the ligands interacted with 
the enzyme via diverse residues including Leu593, 
Val601, Ala617, Asp678, and Arg727 residues 
[26]. So, all the binding residues of the co-
crystallized ligand were observed in the reported 
computational studies. The high degree of 
interaction residue similarity with the reported 
experimental and computational studies proved that 
the choice of the binding box in the docking was 
good enough to give reliable results. In short, the 
low RMSD value detected and the high residual 
similarity with the available literature implied a 
reliable docking procedure. 
Some of the selective AXL inhibitors had a higher 
MerTK inhibition potential than the co-crystallized 
ligand. The co-crystallized ligand is a MerTK 
inhibitor [18]. Thus, it was utilized as a benchmark 
to measure the binding potential of the selective 
AXL inhibitors. The binding affinities of BGB324, 
SGI-7079, and TP-0903 were found to be higher 
than that of the co-crystallized ligand. These 
inhibitors gave a binding affinity lower than -10 
kcal/mol (Table 1). Hence, they are anticipated to 
have relatively higher binding affinity towards the 
enzyme. BGB324 and SGI-7079 formed just a 
conventional hydrogen bond with the enzyme as the 
other two inhibitors. Nevertheless, BGB324 had 
twenty-one more interactions with the enzyme. 
Similarly, SGI-7079 had seventeen more other 
interactions with the enzyme. On the other hand, 
ER851 and NA80X1 formed thirteen and twelve 
other interactions with the enzyme (Table 1, Figure 
3). Hence, BGB324 and SGI-7079 are expected to 
have stronger interactions with the enzyme as they 
form much more non-conventional hydrogen bond 
interactions. TP-0903 is also expected to have an 
interaction near the two inhibitors with relatively 
stronger interactions. Because it had three 
conventional hydrogen bonds with the enzyme. 
Conventional hydrogen bonding is crucial in the 
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binding of a ligand to a target and keeping it stable 
inside the binding site [4]. So, it is expected to have 
a comparable interaction strength with the 
inhibitors with better interaction potential. Together 

with this, it is expected to form weaker interactions 
than the two compounds as it formed just five other 
interactions with the enzyme (Table 1, Figure 3). 

 
Superimposed ligands                                                        Binding profile 

Figure 2. Superimposed re-docked (blue) and crystal (green) ligands with the binding profile of the co-
crystallized ligand 
 
The co-crystallized ligand formed two conventional 
hydrogen bonds with the enzyme. Though BGB324 
and SGI-7079 formed a conventional hydrogen 
bond with the enzyme, they had much higher other 
types of interaction than the co-crystallized ligand. 
The hydrogen bond of BGB324 had a distance of 
2.36 Å. Similarly, the hydrogen bond distance of 
SGI-7079 was found to be 2.80 Å. On the other 
hand, the hydrogen bond distances of TP-0903 were 
2.33 Å (with Asp678), 2.73 Å (with Lys675), and 
2.84 Å (with Met674). The bond distance of the 
hydrogen bond through Asp678 was close to the 
distance of the BGB324 hydrogen bond. The other 
two hydrogen bonds would have less effect in 
bringing the binding as their distance was higher 
[27,28]. The hydrogen bond distance for the native 
ligand was 2.41 Å for Tyr685 and 2.71 Å for 
Asp678. The hydrogen bond with Tyr685 is 
anticipated to play a higher role in the binding of 

the ligand. The hydrogen bond distance analysis 
revealed that some of them are far, which might 
result in a lower binding strength contribution for 
them. In such cases, the contribution of other types 
of interactions will be important. The docking study 
exhibited that BGB324 and SGI-7079 formed a 
much higher number of interactions that would 
compensate for or in some cases overpass the 
higher hydrogen bonds formed with TP-0903. 
Therefore, they are expected to have a stronger 
interaction than the rest two compounds with the 
enzyme. In short, BGB324, SGI-7079, and TP-
0903 would exhibit a higher binding potential to the 
enzyme relative to the native ligand. With this 
being noted, BGB324 is anticipated to have the 
highest binding potential to MerTK among the 
AXL inhibitors due to its high binding affinity to 
the enzyme. 

 
Table 1. Binding affinities and residues of the selected AXL inhibitors in their interaction with MerTK 
Compounds Binding affinity 

(kcal/mol) 
Conventional hydrogen 

bonding points 
Other interaction points 

BGB324 -10.9 Asp741 Leu593(2)a, Val601b, Ala617a, Ala617b, Lys619(2)b, 
Phe634c, Ala638a, Met641a, Leu652a, Val669a, Val669b, 
Val669d, Leu671b, Leu671d, Phe673a, Met674e, Lys675e, 
Met730a, Met730b   



Turkish Comp Theo Chem (TC&TC), 9(2), (2025), 66-76 

Muhammed Tilahun Muhammed1, Cihan Bekteş, Amine İleri 

71 
 

ER851 -9.5 Asp741 Phe598e, Lys619a, Lys619b, Met641a, Met641f, Phe644a, 
Val649a, Val669b, Leu671a, Leu714a, Phe719a, Ala740a, 
Phe742a 

NA80X1 -8.0 Asp741 Met621a, Phe634a, Met641(2)a, Met641f, Phe644a, 
Val649a, Ile650a, Leu652a, Val669d, Leu714a, Phe719a 

SGI-7079 -10.7 Asp741 Leu593(2)b, Val601(2)b, Val601d, Ala617(2)b, Ala617d, 
Lys619b, Leu671b, Phe673c, Asp678g, Arg727a, Met730d, 
Met730f, Phe742c, Phe742d 

TP-0903 -10.1 Met674, Lys675, Asp678 Leu593b, Leu593e, Gly677e, Thr690(2)e, Pro692b 

Ligand -9.7 Asp678, Tyr685 Leu593d, Leu593e, Val601a, Ala617b, Asp678h, Asp678g, 
Arg727e, Phe742b, Phe742c 

aalkyl, bpi-alkyl, cpi-pi, dpi-sigma, ecarbon-hydrogen bond, fpi-sulfur, ghalogen, hpi-ion 
 
In the docking study, the AXL inhibitors interacted 
with the enzyme through common amino acid 
residues. Together with this, some of the TP-0903 
interaction residues were different from the 
interaction residues of the rest inhibitors. The 
interaction of the inhibitors via Asp741 residue was 
found to be critical as four of them had a 
conventional hydrogen bond. A previous study 
reported that the interaction through Asp741 was 
critical in the binding of a ligand to MerTK [25]. 
Therefore, the finding of the docking study was in 
line with the study. The interaction residues of the 
AXL inhibitors obtained from the docking study 
were similar with the results of the computational 
studies in the literature. The interaction residues of 
TP-0903 were somewhat different from the rest 
AXL inhibitors. Its interaction through Leu593 was 
observed in the interaction of the other inhibitors 
and the reported computational studies. On the 
other hand, its interaction through Asp678 was 
observed in the interaction of the co-crystallized 
ligand and the reported computational studies. A 
computational study reported the interaction of 
tomentosin with the enzyme via Met674. Another 
computational study reported conventional 
hydrogen bonding of theanine with the enzyme. 
The same study reported the interaction of vanillic 
via Gly677 [26]. Hence, the interaction residues of 
TP-0903, except the one via Thr690 and Pro692, 
were observed in the previous computational 
studies. The interaction residues of BGB324, 
ER851, NA80X1, and SGI-7079 were common in 
the reported studies [24–26,29,30]. In short, the 
findings of the docking study were in line with the 
literature. 
The docking analysis revealed that some of the 
AXL inhibitors had higher binding potential to 
MerTK than the native ligand. BGB324 had the 
highest binding potential to the enzyme. Hence, 

BGB324 might be a dual inhibitor of the 
AXL/MerTK enzymes. The findings of the study 
need further approval by extending them to wet lab 
studies. Together with this, the docking study will 
serve as a basis for designing dual AXL/MerTK 
with a similar scaffold to the selective AXL 
inhibitors. The selected AXL inhibitors had diverse 
structural elements. As a result, it is hard to infer a 
direct structure-activity relation from the result. 
Together with this, the hydrogen on the nitrogens of 
some of the AXL inhibitors and the native ligand 
acted as a hydrogen bond donor. Some others 
formed hydrogen bonding with a hydrogen bond 
acceptor, nitrogen and oxygen (Figure 3). 
Especially, the nitrogen of the cyanide group in 
NA80X1 and SGI-7079 played a crucial role in 
hydrogen bond formation. It is recommended to 
preserve the amino substituent of the triazole 
heterocyclic ring in the structure of BGB324 in 
future lead optimization of the ligand for dual 
inhibition. 
 
3.2. DFT Studies 

The DFT calculations of the ligands with the 
highest binding potential to MerTK, BGB324, SGI-
7079, and TP-0903, were performed. After the DFT 
calculations were made, MEP appraisal and FMO 
analysis were performed separately. 
 
3.2.1. Molecular Electrostatic Potential 

Appraisal 
The MEP maps of BGB324, SGI-7079, and TP-
0903 were sketched from the DFT computations to 
get an insight into electrophilic and nucleophilic 
region distributions. Nucleophilic reactivity parts of 
a compound are represented by predominantly blue 
regions whereas electrophilic reactivity parts of a 
compound are represented by predominantly red or 
yellow (to some level) regions [31]. One of the 
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nitrogens of the triazole heterocyclic ring in the 
BGB324 structure was near the mainly red-like 
vicinity. Similarly, one of the hydrogens of the 
phenyl ring tethered to the amine functional group 
was directed to the yellow vicinity (Figure 3). The 
SGI-7079 gave predominantly red vicinities around 
the nitrogen of acetonitrile and pyrimidin-4-yl. One 
of the hydrogens and the fluorine of the fluoro-
substituted phenyl were also close to the yellow 
vicinities (Figure 4). In the TP-0903 structure, a 
predominantly red vicinity was observed around the 
oxygen in the sulfonate group (Figure 4).  The 
above-listed structural elements might contribute to 
the electrophilic reactivity of the compounds. On 
the other hand, the hydrogens of the two amine 
groups, the pyridazin-3-yl, and the cyclohepta in 
the BGB324 structure were mainly near the blue 
vicinity (Figure 4). Similarly, the hydrogens of the 

aceto, pyrrole, and the amine bridge of SGI-7079 
were mainly surrounded by blue vicinities (Figure 
4). Some of the hydrogens of sulfonamide-
substituted phenyl were surrounded by 
predominantly yellow vicinity (Figure 4). The 
listed structural elements might contribute to the 
nucleophilic reactivity of the respective ligands. 
The MEP analysis demonstrated that the likely 
structural components that would contribute to the 
electrophilic reactivity mainly resulted from 
electronegative atoms. On the other hand, the 
hydrogens of the ligands contributed highly to the 
nucleophilic reactivity as expected. Some 
exceptional results were also observed in the 
provided figures. Such results are obtained in two-
dimensional figures that might sometimes give the 
due results to the atomic properties in the three-
dimensional detail analysis. 

 

 
                                BGB324                                                                                     ER851 

 
                  NA80X1                                                                                         SGI-7079 

 
                        TP-0903 

Figure 3. Binding profile of the selected AXL inhibitors in their binding to MerTK 
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BGB324 

 
SGI-7079 

 
TP-0903 

Figure 4. Optimized structure and MEP maps of BGB324, SGI-7079, and TP-0903 
 

Table 2. HOMO energies, LUMO energies, and related parameters (in eV) 
Parameters BGB324 SGI-7079 TP-0903 
Etotal  -43,575.5 -40,524.7 -63,245.3 
EHOMO  -4.869 -4.465 -4.567 
ELUMO  -1.847 -1.794 -2.066 
ΔE  3.022 2.671 2.501 
Ionization potential (IP= -EHOMO)  4.869 4.465 4.567 
Electron affinity (A = -ELUMO) 1.847 1.794 2.066 
Chemical potential (µ = -(I + A)/2) -3.358 -3.130 -3.317 
Hardness (η = (I-A)/2) 1.511 1.336 1.251 
Mulliken electronegativity (ᵡ = (I + A)/2) [34] 3.358 3.130 3.317 
Softness (S = 1/2η) 0.331 0.374 0.400 
Electrophilicity index (ꞷ = µ2/2η) [35] 3.732 3.664 4.401 
Maximum charge transfer (ΔNmax= (I+A)/2(I-A)) [36] 1.111 1.171 1.326 

 
3.2.2. Frontier Molecular Orbital Analysis 
The FMO analysis of the three ligands was 
performed to grasp their general electrical 
properties. The electron exchange capacity of the 
ligands and their relative stability were measured 
by using the HOMO-LUMO energies and energy 
gap (∆E). HOMO energy is linked to the electron-

donating capacity of compounds. A higher HOMO 
energy implies a higher electron-donating capacity 
[32]. From the analyzed ligands, SGI-7079 is 
anticipated to exhibit the highest capacity to give 
electrons as its HOMO energy was the highest. On 
the other hand, the LUMO energy was linked to the 
electron-accepting capacity of compounds. A 
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higher LUMO energy implies a higher electron-
accepting capacity. SGI-7079 gave the highest 
LUMO energy implying the highest electron-
accepting capacity for it (Table 2). Thus, SGI-7079 
is expected to exhibit the highest electron exchange 
capacity among the investigated ligands. The 
energy gap between the LUMO and the HOMO 
energies is linked to the chemical stability of 

compounds. A higher energy gap implies a higher 
chemical stability for a compound [33]. BGB324 is 
anticipated to show the highest chemical stability 
according to the DFT results. The highest hardness 
among the investigated ligands belongs to BGB324 
(Table 2). Hence, BGB324 is expected to exhibit 
the highest chemical stability and the least 
reactivity. 

 

 
Figure 5. FMO orbitals of the relatively potent dual inhibitors with the energy values at B3LYP/6-
311G++(d,p) state 
 

4. Conclusions 
Some AXL inhibitors under clinical phase trials 
were selected by doing a literature review. The 
potential of these inhibitors to bind and thus inhibit 
MerTK was explored through molecular docking. 
The computational study aimed to find out the dual 
inhibition potential of the selected inhibitors.  The 
docking study showed that BGB324, SGI-7079, 
and TP-0903 slightly had higher binding potential 
than the native ligand. Particularly, BGB324 had 
the highest binding potential to the enzyme as it had 
the highest binding affinity. BGB324 was found to 
interact with the enzyme through similar residues 
detected in the reported studies. Most of the 
hydrogen bonds were formed with the involvement 

of either the amine or the cyanide groups of the 
inhibitor compounds. The amino substituent of the 
BGB324 was responsible for hydrogen bond 
formation in the docking. Hence, preserving the 
amino substituent is recommended in future lead 
optimization endeavors toward developing dual 
AXL/MerTK inhibitors. In addition to this, a DFT 
study was undertaken to figure out the structural, 
electrical, and FMO properties of the ligands. The 
DFT study showed that BGB324 would exhibit the 
highest chemical stability among the investigated 
inhibitors. To wrap up, the computational study 
results would guide researchers to design dual 
AXL/MerTK inhibitors with high efficacy.   
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