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ackground: Bone is a mineralized dynamic tissue, helps to protect and support the body. Osteoarthritis 

damages the cartilage and is responsible for the degeneration of the bone. Many cell-based therapies are 

available to repair the damage however, the non-availability of autologous cells and slows healing during 

regeneration of the damaged bone present major constraints. Hence, there is a need to search for a convenient 

and easily available cell source that can not only be used to repair the bone but can also enhance its regenerative 

potential. β-glycerophosphate, dexamethasone, and L-ascorbic-2-phosphate can differentiate mesenchymal 

stem cells (MSCs) into osteocytes. So far, the interaction of these compounds with osteocytes-specific proteins 

has not been studied. In this study, in silico analysis was performed to investigate the interaction of proteins 

with osteocytes specific compounds at the amino acids level. 

Methods: 3D structures of Dexamethasone and L-ascorbic-2-phosphate (ascorbic acid) were drawn using 

Molecular Operating Environment (MOE). Then absorption, distribution, metabolism, and excretion (ADME) 

analysis was achieved using an online tool of “Swiss Package”. By Ramachandran plot, the predicted model of 

ALPL, MMP13, Osteonectin, and RunX2 proteins were evaluated. Then docking of these proteins with 

Dexamethasone and L-ascorbic-2-phosphate was performed. 

Results: L-ascorbic-2-phosphate and Dexamethasone docked within the binding pockets of ALPL, RunX2, 

MMP13, and Osteonectin proteins, expressed in the bone cells. These compounds also showed good drug-

likeness and pharmacokinetics properties.  

Conclusion: It is concluded that β-glycerophosphate, dexamethasone, and L-ascorbic-2-phosphate are novel 

substrates for osteogenic differentiation. These compounds could increase the healing and regenerative 

potential of bone cells by enhancing the expression of osteocytes specific proteins.  
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Introduction  

Bone gives shape to the body and also protects internal 

delicate organs against external insult [1]. Bone is 

affected by different types of stimuli and factors [2, 3] 

such as cell-cell communication via gap junction, 

paracrine, endocrine, and autocrine factors [4]. The 

remodeling process is controlled by organized and 

coordinated interactions between different bone cells 

[5]. Bone cells consist of osteocytes, osteoclasts, and 

osteoblasts [6]. Osteocytes are present in abundant 

numbers and found in the lacunar space of the bone 

matrix. Lacunar-canalicular network is made by 

osteocytes and dendrites [7, 8] which connect osteocytes 

as well as with other cells on the bone surface and thus 

communicate extra and intracellular [9].  

Osteoarthritis is a degenerative disease of joints that 

affects millions of people globally [10]. Articular 

cartilage covers the ends of joints and helps in the 

frictionless movement of bones. Degradation of 

articular cartilage results in osteoarthritis [11]. 

Degraded cartilage also contributes to bone 

degeneration. Extracellular matrix (ECM) maintains the 

intact cartilage. Disturbed homeostasis of ECM is the 

main cause of the degradation of cartilage and bones. 

Other factors responsible for osteoarthritis and 

ultimately degeneration of cartilage and bones are age 

[12], wear and tear, nutrient deficiency, environmental 

factors [13], and oxidative stress [14]. Properties of bone 

change with age, environmental factors, and deficiency 

of minerals and vitamins. Aging is a common factor for 

a high prone risk of bone diseases. It was reported that 

older persons have 10-fold greater risks of bone diseases 

compared to younger ones [15]. Bones have slow healing 

and an inefficient regenerative process that further 

slows down with age. 

Stem cell-based therapies are a new hope to repair and 

regenerate damaged bone. Osteocytes are the main 

types of bone cells as they make 95% of bone [16] and 

differentiate into osteoblasts. Isolation of autologous 

osteocytes is an invasive method. We can use alternate 

methods to differentiate stem cells into osteocytes. 

Adipose stem cells are strong candidates as they have 

great potential to differentiate into osteocytes as 

described previously [17]. Triggering the osteogenic 

pathway requires inhibition of the adipogenic pathway 

[18]. β–glycerophosphate, dexamethasone, and ascorbic 

acid-2-phosphate play a key role in this purpose. In vitro 
experiments have confirmed osteogenic differentiation 

using these compounds but in silico interactions of 

osteocyte-specific proteins with these synthetic 

compounds have not been investigated yet.  

We selected osteocytes specific proteins, RunX2, 

MMP13, Osteonectin, and ALPL. In silico approach was 

used to study the interaction of osteocyte-specific 

proteins with in vitro utilized differentiated compounds 

like Dexamethasone and L-ascorbic-2-phosphate. 

Molecular docking of ligands with target proteins was 

performed using different web-based and desktop-based 

bioinformatics tools. 3D structures of proteins were 

predicted, and 3D structures of compounds were 

prepared by desktop-based tool “MOE” (Molecular 

Operating Environment (MOE), 2019.01; Chemical 

Computing Group ULC). Structures were validated and 

docking was performed using “MOE”.  Results showed 

that RunX2, MMP13, Osteonectin, and ALPL proteins 

interact with ligands at the molecular level. 

This study was performed to examine the amino acids 

interactions of osteocytes specific proteins with β–

glycerophosphate, dexamethasone, and L-ascorbic-2-

phosphate. Docking results manifested the role of ligand 

compounds to enhance the expression of osteocytes 

specific proteins. In the future, results of this in silico 

study would help in better understanding the role of 

dexamethasone and L-ascorbic-2-phosphate in the 

regeneration of damaged bone by targeting the ALPL, 

MMP13, Osteonectin, and RunX2 proteins. 

Methods 

Preparation of ligand structure 

Dexamethasone and L-ascorbic-2-phosphate (ascorbic 

acid) were used as ligands. Molecular Operating 

Environment (MOE) was used to draw their 3D 

structures from their molecular formulas [19]. Hydrogen 

atoms with minimized energy were added to ligands 

structures and ligand database files were prepared. 

Potential energy was calculated.  

ADME analysis 

Absorption, Distribution, Metabolism, and Excretion 

(ADME) analysis of dexamethasone and L-ascorbic-2-

phosphate was performed by using an online tool of 

“Swiss Package” [19].  

Retrieval of amino acids Sequences 

Protein sequences of ALPL, MMP13, Osteonectin, and 

RunX2 of rat were retrieved from NCBI under GenBank 

ID CAA34160.1, EDL78538.1, CAA74042.1, and 

NP_001265412.1 respectively.  

Prediction and evaluation of the 3D structure of proteins 

For docking, 3D structures of ALPL, MMP13, 

Osteonectin, and RunX2 were predicted using an online 

prediction tool. Optimized parameters were used to 

predict the three-dimensional structures of these 

proteins. Threading and homology modeling 

approaches were used. Predicted models were evaluated 

by the Ramachandran plot. 



 

                                                               

 

 
 

                     Advancements in Life Sciences  |  www.als-journal.com  |  December 2021  | Volume 8  |  Issue 4                                    414           
 

You’re reading In silico analysis to reveal underlying trans differentiation mechanism of Mesenchymal Stem Cells into 

Osteocytes 

als 

Interaction of proteins with ligands 

Protein structures were used as the receptors. 3D 

structures of these proteins were opened in MOE. 

Hydrogen atoms were connected to them, and structures 

were analyzed to identify ligand binding sites. Then 

ligands were docked by opening the database file of 

ligand structures. 

Results 

3D structures of proteins and ligands 

MOE generated 3D structures of ligand and receptors 

molecules are shown in Figure 1. 3D structures of 

proteins showed beta-sheets, alpha helices, loops, and 

coils. 

 
Figure 1: 3D structures of dexamethasone, L-ascorbic-2-phospahate 

and proteins showing alpha helices, beta sheets, loops and coils used 
for docking analysis. 

ADME analysis of ligands 

Computed ADME properties of dexamethasone and L-

ascorbic-2-phosphate were shown in tables 1 and 2 

respectively. Lipophilicity, water solubility, and drug 

likeliness of dexamethasone and L-ascorbic-2-

phosphate were checked against threshold values that 

are drawn from algorithms and saved in the database. 

ADME results have shown that these compounds are 

safe to use (Table 1 and 2). 

Lipophilicity 

Log Po/w (iLOGP) 2.29 

Log Po/w (XLOGP3) 1.94 

Log Po/w (WLOGP) 2.32 

Log Po/w (MLOGP) 1.62 

Log Po/w (SILICOS-IT) 2.58 

Consensus Log Po/w 2.15 

Water Solubility 

Class  Soluble 

Drug likeness 

Lipinski  Yes; 0 violation 

Bioavailability Score  0.55 

Table 1: ADME properties of dexamethasone 

Lipophilicity 

Log Po/w (iLOGP)  -1.12 

Log Po/w (XLOGP3)  -2.95 

Log Po/w (WLOGP)  -1.86 

Log Po/w (MLOGP)  -3.44 

Log Po/w (SILICOS-IT)  -2.12 

Consensus Log Po/w  -2.30 

Water Solubility 

Class  Soluble 

Drug likeness 

Lipinski  Yes; 0 violation 

Bioavailability Score  0.11 

Table 2: ADME properties of L-ascorbic-2-phosphate 

Evaluation of predicted 3D structures of proteins 

Predicted 3D structures of proteins were evaluated 

based on the Ramachandran plot. It was determined by 

the Ramachandran plot that 418 amino acids (80.1%) of 

ALPL protein were in the favored region and only 32 

(6.1%) amino acids were in the outlier region. 383 

(81.5%) amino acids of MMP13 protein were in the 

favored region and 30 amino acids (6.4%) were in the 

outlier region respectively. 222 (74.2%) amino acids of 

Osteonectin protein were in the favored region while 33 

(11.0%) amino acids were in the outlier region. 306 

(58.1%) amino acids of RunX2 were in the favored and 

69 (13.1%) in the outlier region. Based on threshold 

criteria, all the structures were validated as more than 

85 % amino acids of all the structures were in the favored 

and allowed region. (Figure 2) 

 
Figure 2: Ramachandran plot of proteins. Ramachandran plot is used 
to assess the validation of 3D structures of proteins presented dihedral 

angles Φ against Ψ. Summary of the residues is provided at the bottom 
of the image. More than 85% Amino acids are in blue regions that is 
labeled as favored region 

Protein ligand docking 

Ligands were docked with receptors molecules via 30 

different angles. This different angular geometry was 
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used by MOE in order to best fit the ligand inside the 

proximity of the receptor’s binding pocket.  

Docking of ALPL, MMP13, Osteonectin, and Runx2 with 

dexamethasone and L-ascorbic phosphate 

Dexamethasone and L-ascorbic-2-phosphate were 

bound to proteins via specific amino acid residues. 

These amino acids made the binding pocket of proteins 

and came into contact with dexamethasone and L-

ascorbic-2-phosphate. In figures 3 and 4, green bubbles 

represent the binding pocket, and the position of docked 

ligands is indicated by arrows. 

 
Figure 3: Docking of dexamethasone with proteins. Docking of (A) 

ALPL, (B) MMP13, (C) Osteonectin and (D) Runx2 with 

dexamethasone is shown in this figure. Docked ligands are indicated 

by arrows. 

 
Figure 4: Docking of L-ascorbic-2-phosphate with proteins. Figure 
shows docking of (A) ALPL, (B) MMP13, (C) Osteonectin and (D) 

Runx2 with L-ascorbic-2-phosphate. Arrows represent the position of 

bound ligands 

Validation 

Single docking interaction gave 30 docked models. 

Validation was done to investigate that which model of 

protein has ligand within the proximity of the binding 

site. Each model was examined one by one on account of 

its docked position inside the binding pocket. For ALPL, 

among 30 docked models, model no. 4 of 

dexamethasone and model no. 1 of L-ascorbic-2-

phosphate was selected by the validation process. For 

MMP13, model no.6 of dexamethasone and model no.2 

of L-ascorbic-2-phosphate and for Osteonectin, model 

no.2 of dexamethasone and model no.1 of L-ascorbic-2-

phosphate were selected. For Runx2, model no.20 of 

dexamethasone and model no.6 of L-ascorbic-2-

phosphate was selected by the same validation process. 

Validation is shown in figures 5 and 6. 

 
Figure 5: Validation of docked dexamethasone model. Validation of 

dexamethasone docked with (A) ALPL, (B) MMP13, (C) Osteonectin 
and (D) Runx2. Docked position of ligand is revealed by arrows 

 
Figure 6: Validation of docked L-ascorbic-2-phosphate model. Figure 
shows validation of docked L-ascorbic-2-phosphate with (A) ALPL, 

(B) MMP13, (C) Osteonectin and (D) Runx2. Docked position of L-
ascorbic-2-phospahate is indicated by arrows.
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Protein ligand interaction 

Protein ligand interaction was performed using MOE to 

determine the number and name of amino acids that 

interacted with dexamethasone and L-ascorbic-2-

phosphate. 

ALPL interaction with dexamethasone and L-ascorbic-

2-phosphate 

Lys 52, Ala 510, Pro 506, Thr 321, and Gly 509 of ALPL 

interacted with dexamethasone (Figure 7A). While 

amino acids Gly 509, Thr 321, Pro 324, and Lys 52 of 

ALPL showed interaction with L-ascorbic-2-phosphate. 

 

 
Figure 7: Protein interaction with Dexamethasone and L-ascorbate-2-

phosphate: Interaction of (A) ALPL, (B) MMP13, (C) Osteonectin and 
(D) Runx2 with dexamethasone and (E) ALPL, (F) MMP13, (G) 
Osteonectin and (H) Runx2 interaction with L-ascorbic-2-phosphate. 

MMP13 interaction with dexamethasone and L-

ascorbic-2-phosphate 

Amino acid Asn 333 and amino acid Met 254 of MMP13 

interacted with dexamethasone and L-ascorbic-2-

phosphate respectively (Figure 7B and 8B).  

Osteonectin interaction with dexamethasone and L-

ascorbic-2-phosphate 

Amino acids Gln 238, His 77, and amino acids Ser 120, 

Cys 121, Glu 107, and Ala 101 of Osteonectin protein 

were interacted with dexamethasone and L-ascorbic-2-

phosphate respectively (Figure 7C and 8C). 

RunX2 interaction with dexamethasone and L-ascorbic-

2-phosphate 

Amino acid Asp 20 and amino acids Ser 31, Ser 28, Phe 

27, and Arg 26 of RunX2 protein were interacted with 

dexamethasone and L-ascorbic-2-phosphate 

respectively (Figure 7D and 8D). 

Discussion 

Osteogenic differentiation of adipose stem cells requires 

dexamethasone, L-ascorbic-2-phosphate, and β-

glycerophosphate. Dexamethasone, a synthetic 

glucocorticoid, is an anti-inflammatory substance and 

was used for osteogenic differentiation [20]. L-ascorbic-

2-phosphate enhances collagen accumulation, the 

proliferation of cells, and the ratio of GAGs content. β-

glycerophosphate acts as a phosphate donor [21]. 

It was reported that dexamethasone triggers the 

osteogenic differentiation of MSCs by upregulating the 

expression of RunX2 dependent WNT/ β-catenin 

singling [22]. It has been reported that up-regulation of 

RunX2 resulted in the high expression of collagen type I 

[23]. Besides WNT/ β-catenin, TAZ (transcriptional co-

activator with PDZ-binding motif) can also be activated 

by dexamethasone [24-26] and it can enhance the 

expression of RunX2 by repressing the expression of 

adipogenic differentiation markers of stem cells [24]. 

Dexamethasone also interacts with the mitogen-

activated protein kinase phosphatase (MKP-1) pathway 

and induces osteocytes differentiation. By the MKP-1 

pathway, RunX2 enhances the expression of some other 

bone-related proteins such as bone sialo protein and 

osteocalcin [27]. In vitro studies have reported the role 

of dexamethasone, L-ascorbic-2-phosphate, and β-

glycerophosphate in molecular pathways of osteogenic 

differentiation but how exactly they bind and interact is 

not yet so clear. 

In this study, in silico approach was used to explicate 

the binding interaction of dexamethasone and L-

ascorbic-2-phosphate with osteocytes specific proteins 

and transcription factors. The binding of 

dexamethasone and L-ascorbic-2-phosphate was 

investigated with RunX2 (Figure 3D and 4D). 

Dexamethasone binds with the amino acids of RunX2 

which are Phe, Arg, and Ser, whereas L-ascorbic-2-

phosphate  interacts with proline and lysine amino acids 

and can enhance the secretion of collagen type I [28]. 

These compounds can bind and change the 3D 

conformation of RunX2 protein that could enhance its 

activation. Β-Glycerophosphate did not bind with any 

protein as it has an indirect role. It gives phosphates that 

are required in osteocytes specific pathways, initiated in 

response to dexamethasone and L-ascorbic-2-

phosphate. 

Osteonectin protein is also called SPARC [29]. It is 

responsible for normal remodeling of bone as well as  

maintenance of bone mass [30]. Its expression must be 

increased in osteogenic differentiation to increase the
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regeneration of bone. It could be achieved by hyper-

activating the expression of this protein using the 

osteogenic-specific compounds. Docking has described 

the binding of L-ascorbic-2-phosphate and 

dexamethasone with Osteonectin (Figure 3C and 4C).  

MMP13 plays a role in fracture resistance and in the 

maintenance of bone quality. Expression of MMP13 is 

required for the development of long bone [31]. ALPL is 

responsible for bone calcification. It was observed that 

dexamethasone and L-ascorbic-2-phosphate bind with 

these proteins (Figure 3B, 4B, and Figure 3A, 4A) so that 

they can play their role to differentiate adipose stem 

cells into osteocytes.  

Besides interaction, it was also necessary to check the 

drug likeliness, toxicity, absorption, metabolism, 

distribution, and excretion properties of dexamethasone 

and L-ascorbic-2-phosphate. ADME analysis showed 

that these substances are water-soluble and safe to use 

as they have no violation of the Lipinski rule of five, a 

standard algorithm to check the drug-like properties of 

a compound. This study reveals the interaction of 

osteocytes-specific proteins and compounds at the 

molecular level. In the future, it would be helpful to 

modify the structures of these compounds or to mutate 

the osteocytes-specific proteins in such a way that could 

increase the regenerative potential of bone. 
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