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Abstract
Breast cancer is the second most common cancer in the world. 
The ovarian hormone, estrogen plays its role in stimulating 
breast cell division, breast growth and development and sup-
port of the growth of estrogens-responsive tumors. A recently 
characterized key molecule to breast cancer cell is Lemur tyro-
sine kinase-3 (LMTK3). LMTK3, belonging to receptor tyrosine 
kinase family, has been identified as a key protein involved in 
breast cancer and endocrine resistance. LMTK3 is involved at 
molecular level for invasion of cells throughout the surround-
ing tissue, breaching of tissue barrier and permeation of cancer 
cells using several mechanism. The computational approach 
is followed for the designing of specific inhibitors against hu-
man LMTK3 towards breast cancer treatment. With the use of 
3D model of lemur tyrosine kinase3 domain structure and ATP 
binding site, ATP competitive inhibitors are used to screen the 
top inhibitors using the AutoDock Vina and AutoDock. The vir-
tual screening and followed by re-docking methods result in 
identification of Dabrafenib and Axitinib are potent inhibitors 
for LMTK3 with effective complex formation. Thus, our results 
reveal the structural mechanism of the LMTK3 inhibition and 
proposed inhibitors can be used in breast cancer treatment 
with further experimental study. 

Keywords
Breast Cancer, LMTK3, Estrogen Receptor, Drug Repurposing, 
ATP. 

Imprint
Vickram AS. Drug Repurposing of Human LMTK3 from ATP 
competitive inhibitors for Breast Cancer. Cardiometry; Issue 
No. 26; February 2023; p. 266-271; DOI: 10.18137/cardiome-
try.2023.26.266271; Available from: http://www.cardiometry.
net/issues/no26-february-2023/drug-repurposing-human

Introduction
Animal experiment studies show that human hor-

mone estrogen induces and promotes human breast 
cancer. Human estrogen is involved in breast cancer. 
Thus implicating that breast cancer is hormonal related 
disease [1]. The hormone also helps in cancer cell prolif-
eration [2]. These hormones bind to specific receptors 
called Estrogen Receptor. Estrogen receptors (ER) are 
found more in tumor cells than normal breast cells [3]. 
Metastasis is a process which involves stages of grow-
ing of tumors, followed by cell breaking and entering 
blood stream. Where after, it circulates into the other 
remote organ and affects other organs [4]. In the meta-
static stages of breast cancer, it is found that the tumor 
cells have more estrogens receptor α positive [5]. To es-
tablish the treatment pathway of non-localized cancer, 
one must understand the molecular pathway of metas-
tasis in breast cancer. A novel approach for treatment 
involved in endocrine resistance and estrogens receptor 
as important factors [6]. A protein Lemur Tyrosine Ki-
nase 3 (LMTK3) belonging to Receptor tyrosine kinase 
family has been identified as a central protein involved 
in breast cancer, endocrine resistance [7]. After the 
extensive screening of the genes involved in Estrogen 
receptor α positive in breast cancer, also show that the 
target human lemur tyrosine kinase-3 can acts as key 
drug target. LMTK3 belongs to serine-theronine-tyro-
sine kinases family. The studies show that LMTK3 has 
role in regulation of ER- alpha by the phosphorylation 
activity in cancer cells, is directly involved in the con-
trol of endocrine resistance and protects ER-alpha from 
proteosomal degradation [8]. The over expression of 
LMTK3 gene also leads to increase in tumor gene [4]. 

The major reason of susceptibility of ER-α breast 
cancer is the LMTK3 exon sequence change between 
the human and chimpanzees [9]. LMTK 3 also poses the 
potential of biomarkers is ER-α breast cancer when com-
pared chimpanzees orthologs showing positive range 
[10]. LMTK 3 is involved at molecular level for invasion 
of cells throughout the surrounding tissue, breaching 
of tissue barrier and permeation of cancer cells. Infor-
mation relating to breast cancer suggests that metastatic 
breast cancer can be treated although it cannot be cured. 
LMTK 3 causes structural and mobility change in can-
cerous cells. The invasion of these cancerous cells into 
blood stream is by breaking down the extracellular ma-
trix between tumour and blood vessels [4] Thus, impli-
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cating that LMTK can be used as major target for the 
treatment of ER-α breast cancer by designing inhibitors 
primarily targeting LMTK 3 at molecular level. 

Out of several methods of treatment, development 
of endocrine resistance in human is a major tailback. So, 
to overcome the hurdle of endocrine resistance, protein 
kinase enzymes are used as drug targets. Each protein ki-
nase have several domains responsible for particular ac-
tion sequence. The drugs that target the specific action of 
the protein kinase enzyme are inhibitors. They are target 
specific and bind at specific location in the protein kinase 
enzyme, to create a counter effect or inactivate the en-
zyme [11]. Protein Kinase enzyme are categorized in two 
types based upon the sequence and structure homology 
known as serine / threonine kinase and tyrosine kinas-
es. Eleven conserved sub-domains of protein kinases are 
folded into small N-terminal lobe and larger C-terminal 
lobe. The ATP binding site of protein kinases is glycine 
rich loop (p-loop) present in N-terminal lobe region. 
Phosphorylation activity is regulated by activation loop 
(T-loop) at C-terminal loop [8]. 

Methods and Materials 

Dataset 
The result presented by PMDB identifier: 

PM0078692 performed (by Anbarasu and Jayanthi, 
2014) depicts that the three dimensional model of le-
mur tyrosine kinase 3 structure elucidate the target 
site-ATP binding site on LMTK3.Hence for designing a 
inhibitors, actives sites were used for formation of bind-
ing pockets. Based on ATP binding site, ligand dataset 
of twelve ATP competitive inhibitors from FDA, USA 
list were selected and retrieved from Pubchem dataset 
in SDF format. Using E-BAbel tool in VCCLAB, the li-
gand of SDF format was converted to PDB format [12]. 

Virtual Screening 
Using Lipinski’s rule of five filter, the initial virtual 

screening of the data set was conducted manually. The 
result help in determining the pharmacological proper-
ties of ligand that ensure the oral active drug. Molecular 
weight (mw) less than 500 Daltons, logP (octanol-wa-
ter partition coefficient) less than 5and hydrogen bond 
acceptors less than 10 and hydrogen bond donors less 
than 5 are major pharmacological properties. After the 
first filtering, the screening was further carried out by 
fast molecular docking procedures. The hits (first re-
sult) from the second screening were performed on the 

software AutoDock Vina [13] in PyMOL plugin [14]. 
The inputs of the protein as well as ligand for the dock-
ing procedure were saved in PDB format. For larger 
search space for the docking, the volume of the grid 
box was fixed to 27000 Å. Along with the co-ordinate 
centre x= 0.04, y= 2.45, z= 1.26, size 60 x 60 x 60 Å and 
spacing 0.375 Å which target the ATP binding pocket 
of LMTK3 was constructed for the docking grid box. 
The molecular docking run was set to 10 for effective 
screening with more specificity. The result of AutoDo-
ck Vina was measured by the scoring function. The 
scoring function was categorized by binding affinity 
expressed in kcal/mol and ligands with least binding 
affinity were identified as top hit compounds. 

Molecular Docking 
The re-docking on the hits (result from second 

screening) was carried in software AutoDock 4.2 [15] in 
PyMOL plugin for the identification of lead compounds. 
Along with the co-ordinate centre x= 0.04, y= 2.45, z= 
1.26, size 60 x 60 x 60 Å and spacing 0.375 Å which tar-
get the ATP binding pocket of LMTK3 was constructed 
for the docking grid box. Ensuing all the nonpolar hy-
drogens were merged and the water molecules were re-
moved. 100 possible binding conformations were gener-
ated in AutoDock with the help of the genetic algorithm. 
With population size of 100 randomly placed individu-
als, maximum number of 2.5 x 105 energy evaluations, 
maximum number of 2.7 x 104 generations, gene muta-
tion rate of 0.02 and crossover rate of 0.8 were used as 
a default protocol was applied in genetic algorithm. Py-
MOL (DeLano, 2009) helped for the visualization of mo-
lecular docking results for hydrogen bond interactions. 
Studying of the hydrophobic interactions and hydrogen 
bond interactions was conducted by Ligplot+ [16]. 

Results and discussion 
Currently, the most potential drugs targets for 

breast cancer are protein kinase, correspondingly the 
complement drugs are kinase inhibitor. As pointed be-
fore, the ATP binding pockets are the target site for 
kinase inhibitor. In this present study, we focused on 
identification of potent LMTK3 inhibitors (lead can-
didates) using ATP competitive inhibitor based on 
rational inhibitor design. The feasible binding mech-
anism of ATP competitive inhibitor with LMTK3 
was evaluated by structure based virtual screening. 
ATP binding pocket are depicted in the dimensional 
structural model of human LMTK3 domain specified 
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with functional kinase domain (Figure 1). The criti-
cal region for phosphorylation of ERα lies in the ATP 
binding pocket. A specific cavity between the hinge of 
‘N’ terminal domain and ‘C’ terminal domain has the 
kinase activity of LMTK 3.Detailed study suggest that 
the key residues Tyr185 and Asp284 involved in bind-
ing was target region for inhibitor design. 

Figure. 1 Three dimensional structure of human LMTK3 domain 
model

The currently available nineteen ATP competitive 
inhibitors were retrieved from Pubchem database and 
filtered using Lipinski’s rule of five [17]. Based on the 
properties of drug-likeness, twelve ATP competitive 
inhibitors were filtered out for virtual screening (Table 
1) and 2D chemical structures were shown (Figure. 2). 
To screen the inhibitors, a range from 300-400g/mol 
and log P of range 3-4 established the favorable oral 
cavity. A range of 1-4 for H-bond donor and 4-8 for 
H-bond acceptor established the confirmation for the 
binding affinity of ligand. 

TABLE I
ATP competitive inhibitors. 

S. No Name of Ligand 
1. Crizotinib 
2. Axitinib 
3. Dabrafenib 
4. Bosutinib 
5. Vemurfenib 
6 Ruxolitinib
7. Regorafenib
8. Pazopanib
9. Vandetanib 
10. Ponatinib
11. Cabozantinib 

Fig. 2 Chemical structures of screened ATP competitive inhibitor 
obtained from Pubchem database. a) Axinitib b) Dabrafenib c) 
Crizotinib. 

Virtual screening 
From virtual screening, the results showed ATP 

competitive inhibitors docked well with LMTK3.The 
best binding affinity was observed in hit CID 11626560 
of -9.6 kcal/mol and lower binding affinity in CID 
25102847 of -3.2 kcal/mol confirmed the changes in 
binding due to ligand atom interactions with LMTK3.
The top three ligands CID 11626560, CID 6450551, 
and CID 44462760 were chosen as hits with binding 
affinity more than -8 kcal/mol confirmed the potential 
binding (Table 2). Hence, the virtual screening meth-
od was more useful in identifying the top hits from the 
ATP competitive inhibitor ligand dataset. 

TABLE 2
Results of AutoDock Vina in PyMOL Plugin. 

S. No Name of Ligand Binding affinity (kcal/mol) 
1. Crizotinib -9.6 
2. Axitinib -8.9 
3. Dabrafenib -8.0
4. Bosutinib -5.6 
5. Vemurfenib -6.8
6 Ruxolitinib -6.5
7. Regorafenib -6.5
8. Pazopanib -6.3
9. Vandetanib -6.1
10. Ponatinib -4.3
11. Cabozantinib -3.2

Molecular docking 
Hits were identified from the virtual screening for 

re-docking. In order to identify potential lead can-
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didates, re-docking of the hits were conducted with 
binding pose in AutoDock. 100 conformations for 
each hits were produced and binding mode with least 
binding energy was selected as best conformation. Af-
ter the AutoDock result, favorable energy, low inhibi-
tion constant and weak interactions involved between 
protein/ligand complexes were used for post docking 
analysis. Binding energy, final intermolecular energy, 
electrostatic energy, van-der Waals energy showed the 
energy contribution for the favorable docked complex. 
The two major interactions playing a critical role in 
ligand recognition and protein stability after binding 
involves hydrogen bond interactions and hydrophobic 
interactions in LMKT3 – ligand complex. 

From post docking analysis (Table 3), three hits 
CID 11626560, CID 6450551, and CID 44462760 
showed the favorable binding energy with range -10 
to – 7 kcal/mol showed the effective docked complex. 
The binding energy provided substantiate reason for 
the changes induced and subsequent rearrangements 
in protein after ligand binding. Final intermolecular 
energy, electrostatic energy and van-der Waals ener-
gy further supported the interaction between protein 
and ligand. 

TABLE 3
Results of AutoDock in PyMOL plugin. 

S. NO Name of Ligand Binding energy (kcal/mol) 
1. Axitinib -10.24
2. Dabrafenib -8.95
3. Crizotinib -7.86

The hydrogen bond interactions of LMTK3- Ax-
itinib complex was evaluated using PyMOL. The re-
sults showed two hydrogen bonds between the protein 
and ligand atoms. The interaction residues include 
Asp284 and Glu211 involved in active LMTK3 inhibi-
tion. The binding pose of hit Axitinib clearly suggested 
the effective inhibition compete with ATP molecule. 
The atom ‘N’ of key residue Asp284 was interacting 
with atom ‘N’ of hit compound linear chain through 
hydrogen bonds interactions. The key residue Glu211 
and Axitinib showed interaction between atom ‘O’ and 
‘N’. Overall, number of hydrogen bonds confirmed the 
high affinity of Axitinib towards inhibition of LMTK3 

In case of LMTK3- Dabrafenib complex, the results 
showed seven hydrogen bonds between the protein 
and ligand atoms. The interaction residues include 
Asp266, Asp 28, Ser265 and Tyr185.The interaction 

of atom ‘N’ of Ser265 and atom ‘N’ of the ligand in 
aromactic ring showed the interaction pattern. The 
atom ‘O’ of Asp266 and Asp284 bind to one ‘N’ atom 
of ligand. The two atom ‘O’ of Asp266 bind to one ‘N’ 
atom of ligand. Atom ‘N’ and atom ‘O’ of ligand binds 
to one atom of ‘O’ of Tyr185.The binding pose of hit 
Crizotinib showed the effective LMTK3 inhibition 
with one hydrogen bond. The interaction of atom ‘N’ 
of Arg220 with ‘N’ in ligand exits. 

Along with hydrogen bonds, the hydrophobic in-
teractions were analyzed using Ligplot+ for the docked 
complexes. In case of LMTK3-Axitinib complex, fif-
teen hydrophobic interactions were observed and resi-
dues Phe212, Gly216, Ala288, Gly140, Asp217, Ile139, 
Asn271, Gly283, Met210, Val162, Tyr285, Leu188, 
Tyr185, Leu194 and His264 involved in stabilization 
of ligand side chains (Figure. 3a). 

Figure. 3 Hydrophobic interactions and hydrogen bond inter-
actions of top three hits were visualized in Ligplot+ a Hit 1.Color 
representation of hydrophobic interactions in red color arc and 
hydrogen bonds showed in green color dots. 

In case of LMTK3-Dabrafenib complex, nine hy-
drophobic interactions were observed and residues 
Glu181, Lys177, Tyr285, Tyr 262, Gly286, Val263, 
Phe322, His264 and Gln327 showed less hydrophobic 
contacts towards Dabrafenib (Figure. 3b). 

In case of LMTK3- Crizotinib complex, thirteen 
hydrophobic interactions were observed and resi-
dues Asp217, Arg270, Gly216, Ala288, Gly140, Ile139, 
Leu194, Tyr285, Phe212, Gly283, Leu273, Glu211 
and Val162 showed more hydrophobic contacts. (Fig-
ure. 3C). 



270 | Cardiometry | Issue 26. February 2023

Figure. 3 Hydrophobic interactions and hydrogen bond inter-
actions of top three hits were visualized in Ligplot+ b Hit 2.Col-
or representation of hydrophobic interactions in red color arc 
and hydrogen bonds showed in green color dots

Figure. 3 Hydrophobic interactions and hydrogen bond inter-
actions of top three hits were visualized in Ligplot+ c Hit 3.Color 
representation of hydrophobic interactions in red color arc and 
hydrogen bonds showed in green color dots. 

Thus, hit compounds Dabrafenib and Axitinib 
were identified as novel lead candidates (lead1 and 
lead2 respectively) with potent LMTK3 inhibition. 

Conclusion 
Using drug repurposing and computational ap-

proaches, we attempted to blueprint the LMTK3 in-
hibitor. ATP binding pocket of LMTK 3 was selected 
as the target region for competitive inhibitor. From the 
virtual screening results, the least binding affinity of 
ATP competitive inhibitor characterized the strong 
binding with LMTK3.The results obtained from the 
AutoDock Vina were re-screened and three lead can-
didates were identified based on binding energy. Bind-
ing mode with least binding energy, low inhibition 
constant, more number of hydrogen bond interactions 
and hydrophobic interactions in ATP binding pocket 
were the parameters for inhibition mechanism of lead 
candidates with residue Tyr185 and Asp284.The hy-
drogen bond interaction pattern between ligand and 
protein confirmed the high affinity of lead candidates. 
In conclusion, ATP competitive inhibitor Dabrafenib 
and Axitinib acts as potent human LMTK3 inhibitors. 
Thus, our computational findings initiate the breast 
cancer therapeutics using ATP competitive inhibitor 
and further experimental studies can confirm the ef-
fective human LMTK3 inhibition. 
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