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ABSTRACT: Poor survival rate of patients 

suffering from cancer has a strong relationship with 

cancer stem cell marker CD44 and its variants, 

heterogeneously overexpressed on cell surface.The 

success of chemotherapy is reliant on precised 

delivery of therapeutics to the malignant target. 

Modern drug delivery approaches are utilizing the 

concept of active targeting using 

polymeric/inorganic nanocarriers decorated with 

ligand that has a strong affinity towards the 

receptor target.Peptide targeted drug/biological 

macromolecules delivery is a proved and promising 

approach. In this work docking study of a synthetic 

short peptide Arginyl-Glycyl-Asparagine(Arg-Gly-

Asn) to CD44 has been performed. From the 

Computational simulation result it is noticeable that 

the peptide ligand can bind to the site of the 

receptor similar to that of it’s natural ligand 

hyaluronic acid with considerable affinity. The 

result reveals that Arg-Gly-Asn can be a novel 

CD44 targeting peptide to be explored after 

functionalizing in drug delivery systems.  

KEY WORDS: CD44, Hyaluronic acid, Synthetic 
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I. INTRODUCTION 
Tumor resistancy to drug internalization is 

one of the key problem of successful treatment.To 

overcome such barriers in a clever manner can be 

accomplished effectively by active targeting where 

an assorment of ligands are exploited to target 

specific antigens or receptors overexpressed in 

cancer cells. Aptamers, antibodies, antibody 

fragments, proteins, amino acids, peptides, 

polysaccharide etc. are conjugated on the surface of 

nanocarriers encapsulating the potent 

chemotherapeutic cargo(s).Efficient targeting is 

reliant on vast number of factors among which high 

affinity towards desired target, optimal ligand 

stability and low immunogenicity play the pivotal 

roles. Peptides are of bleeding edge interest due to 

its higher permeation potentiality than high 

molecular weight antibodies or proteins and more 

patient compatibility. Significance of peptide is not 

bound to target tumor rather than some targeting 

peptides for example Cilengitide [cyclo (RGDfN 

(Me)V-)], Disruptin (SVDNPH)etc.exert tumor 

growth inhibitory or suppression activities[1-2]. 

This reveals to develop peptide conjugated 

targeting drug delivery systemhaving synergistic 

action, more significant in multiresistant 

cancer.According to the mode of action or 

pharmacological target peptides can be classified 

into diverse group like tumor vascular system 

targeting peptides(blood vessel/lymphatic vessel), 

cell penetrating peptides, macrophage targeting 

peptides etc. [3]. Although peptides are less 

susceptible to metabolizing enzymes than proteins, 

modification of peptide chain terminus, 

polyethylene glycol conjugation, cyclization, 

oligomerization or using peptides with unnatural 

amino acid sequence can enhance the half-life[4]. 

The flexibility of peptides give the horde of 

opportunities to attach imaging agents, 

radioisotopes in its architechture facilitating to 

develop efficient diagnostic tools. Paramagnetic 

quantum dots(pQDs) labeled with cyclic Asn-Gly-

Arg (cNGR) peptide shown to possess specificity 

for tumorangiogenicvessels and 3-fold higher 

detection power than non-peptide conjugated pQDs 

by molecular MRItechnique[5]. Additionally the 

simplicity in peptide synthesis processes and 

cheapness is one of the major concern in the 

developing nations. 

CD44(Cluster of differentiation-44), a 

transmembrane glycoprotein is associated with 

varities of malignancies like lung cancer, 

gallbladder cancer, breast cancer, ovarian cancer, 

prostate cancer, colon cancer, pancreatic cancer, 

colorectal cancer and many others.Level of CD44 

receptor and it’s different isoform with varying 

cancer type has been shown to instigate EMT 

(Epithelial-Mesenchymal-Transition) and 

associated metastasis, cancer cell plasticity. 
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Moreover the malignant cells that go through non-

motileepithelial to migratorymesenchymal cell 

transition exhibits enhanced resistance to 

chemotherapy and apoptosis[6-7].Therefore active 

targeting of CD44 has been taken into account to 

block the multiple cell signalling pathways of 

cancer progression with more speficity and to 

achieve increased intracellular concentration of 

drugs/therapeutic molecules.Recent advancements 

in CD44 targeting is based on neutralizing 

antibodies, peptide mimetics, CD44 decoys, 

aptamers although very few peptide mediated 

targeting strategies have been explored to deliver 

anticancer agents or therapeutic macromolecules to 

the CD44 overexpressed tumor cells. A urokinase 

derived peptideKPSSPPEE, known as A6 peptide 

when functionalized to polymerosomal anticancer 

drug exhibit A6 peptide density based antitumor 

effectivity with remarkable specificity and faster 

cellular internallization in CD44-positive multiple 

myeloma[8]. A bio-probe containing RP-1 peptide 

has been evaluated for the diagnosis of gastric 

cancer along with prognosis prediction at the early-

stage, resulted high sensitivity[9].Based on 

different evidences of successful clinical 

interventions mediated by tumor specific peptide-

functionalized therapeutic cargo delivery systems 

and peptide based diagnostic tools it can be stated 

that there is more need to look into new peptides 

that can be either natural or synthetic nature.Here 

L-Arginyl-glycyl-L-asparagine (Arg-Gly-Asn) or 

Arginyl-glycyl-asparagine tripeptideof molecular 

weight 345.36 g/molhas been investigated for its 

affinity towards the CD44 receptor by docking 

study which has not been reported before. TheArg-

Gly-Asn shares 2 similar amino acids in peptide 

sequence to that of RGD peptide /Arginyl-glycyl-

aspartic acid (Arg-Gly-Asp); the most generally 

utilized endothelial restricting tripeptide with high 

selectivity towards multiple integrins for tumor-

targeting and combination therapy[10]. 

The primary ligand of the CD44 receptor 

is hyaluronic acid(HA/hyaluronan); however the 

mechanism of its binding to the ubiquitous CD44 

receptor protein is activation state dependent[11]. 

After binding to the receptor domain HA incite 

conformational changes that permit binding of 

several adaptor proteins/cytoskeletal elements 

which enact signaling pathways prompting cell 

adhesion, multiplication, migration and 

invasion[12]. Therefore here HA has been selected 

as a control to compare binding affinity of test-

peptide molecule. 

The result of computational analysis of 

Arginyl-Glycyl-Asparagine as a targeting agent is 

not a conclusive report rather than a hypothetical 

prediction as there is need of more stringent 

screening by in-vitro and in-vivo evaluation. 

 

II. EXPERIMENTAL METHODS: 
Receptor and Ligand: Hyaluronan binding 

domain of human CD44 structure[PDB ID: 1POZ] 

has been downloaded from RCSB Protein Data 

Bank (PDB) [13] where the structure has no 

mututation. Structure of CD44 target protein was 

visualized by PyMOL (Figure 1). Arginyl-Glycyl-

Asparagine wasdownloaded from PubChem 

[compound CID: 25252933][14]. Hyaluronic acid 

[PubChem CID: 24847767] was used as control 

which is a reported ligand of human CD44[15]. 

Hyaluronic acid 2D structure obtained was 

converted into 3D structure prior to docking. 

 
 

Molecular Docking: Docking study has been 

carried out using Autodock tools (AutoDockTools- 

1.5.6 and AutodockVina). Before docking both 

receptor protein and ligand peptide was prepared 

for docking to avoid errors. SDF file of ligand was 

converted into PDB file format by PyMOL and 

followed by conversion into PDBQT file format 

using AutoDockTools (ADT). Protein was 
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downloaded in PDB format and therefore it was 

converted to PDBQT directly.  ADT read pdbqt 

format during docking command and can generate 

target files. Before generation of Protein (receptor) 

PDBQT file, water molecules were deleted from 

the structure, polar hydrogens and Kollman charges 

were added to the molecule.Gasteiger charge was 

assigned to both ligand and receptor.To recognize 

the binding site blind docking was performed. The 

Grid box size was set to 36, 42 and 62 along the x, 

y and z axes respectively with spacing of 1Å  and 

the center was 2, 1, -10 along x,y,z axes[16]. The 

energy range has been used 3 and exhaustiveness 

was 8. All other parameter were set to default. 

Docking complex with 9 different modes were 

generated which were visualized with ADT tools, 

PyMOL visualizer as well as Protein Ligand 

Interaction Profiler(PLIP)[17]. 

 

 

 
 

III. RESULTS AND DISCUSSION 
9Poses were generated after docking 

simulation.Conformation-1 and conformation-2 of 

ligand has been shown to associate with highest 

affinity value of -6.0 kcal/mol (Table-1a). Root 

mean square deviation between the 1
st
 and 2

nd
 

conformation is 27.575Å .The binding pocket 

related to the 1
st
 conformation matches to the 

hyaluronic acid binding site[Figure 5]. 
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Table 1a. Output result of Arg-Gly-Asnpeptide docking with receptor 

 
Table 1b. Output result of hyaluronic acid docking with receptor 

 
 

PLIP showed that the 1
st
 pose of ligand 

Arg-Gly-Asn interacts to the receptor protein by 

forming 10 hydrogen bonds and 1 hydrophobic 

interaction [figure-4].There was no pi-pi or pi-

cation interaction.90A ARG and 92A HIS amino 

acids have formed salt bridges to the carboxylate 

group of ligand peptide. 91A ILE of receptor 

protein has participated in hydrophobic interaction 

with the ligand. 

 

 
 

Some of the amino acid residuesof the 

receptor involved in the interaction to the Arg-Gly-

Asn peptide are similar to that of the amino acid 

residues interacts with Hyaluronic acid (Table-3). 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 1 Jan-Feb 2021, pp: 1164-1170 www.ijprajournal.com     ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-060111641170 | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 1168 

 
 

Table 2. Details of hydrogen bond interactions between Arg-Gly-Asn and receptor 
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IV. CONCLUSION 
In this study it is predicted thatArginyl-

Glycyl-Asparagine peptide has affinity to the 

hyaluronan binding domain of CD44 receptor and 

number of hydrogen bonding as well as 

hydrophobic interaction exist which can contribute 

to receptor-ligand complex stabilization.The 

resulted hit from the docking study need to be 

subjected to pharmacological evaluation to validate 

its affinity and potency to proof the suitability of 

the peptide to be used as targeting agent. 
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