DRUG DESIGN BY HOMOLOGY MODELING TO INHIBIT BREAST CANCER TARGETING PIGF PROTEIN
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ABSTRACT

The imbalance between apoptosis and cell proliferation or over-expression of a particular protein and deviation in biological pathways leads to cancer. Several types of cancers exist in which breast cancer is known since ancient times. 5-10% of breast cancers are due to inherited genetic predisposition. Obesity, lack of exercise, alcoholism and exposure to ionizing radiations are a few risk factors for the development of breast cancer. In recent research, January 2022 it is estimated that in the United States, there are more than 3.8 million women with breast cancer history. PIGF (Placental growth factor), an angiogenic protein which is a subfamily of VEGF (Vascular endothelial growth factor) plays a crucial role in breast cancer. We identified P49763 protein having 221 amino acids as the target protein. For the FASTA sequence, the UniProtKB server was used. Search engine tools that were used to search the template include NCBI, Phyre2, JPred, and HH Pred. PDB Id 1FZV was identified as the suitable template with 92.06% and low E- Value with 65% of query coverage. The clustalW was used for the alignment of the target and template sequence. The Aligned sequence was submitted to the SWISS-MODEL server for the 3D model. The model was verified by ERRAT, PROCHECK, and VERIFY 3D. The Favorable region in the Ramachandran Plot was found to be 91.6%. The ERRAT showed overall quality factor of 96.97%. The verify 3D showed less than 80% of amino acids that have scored ≥ 0.1 in the 3D/1D profile. The 3D model built was docked with VEGFR 1(a natural substrate) and identified that CYS34, ASP71, GLY70, SE56, GLU27, PHE25, TRP29, and LEU221 amino acids play a key role in pathway progress. Inhibition of interaction of any of these amino acid residues may hinder cancer development.
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INTRODUCTION
Breast cancer has highest prevalence in women.The most diagnosed disease in US is breast cancer after lung cancer. The latest statistic update provided by American Society about breast cancer for women estimated to be 297, 790 including the number of new cases and death [1-2]. Over the last 26 years, incidents rate of Breast cancer in females is increased by 39.1% [3]. Breast cancer originates in different tissues of the breast. If cancer starts in Lobules, the glands that make breast milk, it is known as lobular cancer. If it is caused in ducts that connect lobules and nipples, it is known as Ductal cancer. Cancer that starts in the nipple is called Paget disease and breast cancer which originates in stroma it is known as the Phyllodes tumor. If cancer starts in blood vessels and lymph vessels of breast, then it is known as Angiosarcoma [4]. Risk factors of the breast cancer include ageing, Mutations (BRCA1, BRCA2), Reproductive history, Having Dense breast, Family history, Exposure to Radiation therapy or Drugs, Physical Inactiveness, Alcohol consumption, Obesity, Hormonal therapy etc [5,6,7]. Symptoms include lumps in breast or underarm, swelling of part of the breast, Irritation of breast skin, Discharge of blood from nipples, Change in the shape or size of the breast and Pain in any area in the breast etc. 
Cell signaling transduction is a fundamental process in development and progression of cancer. Modifications in various cell signaling pathways promote tumor growth. Most frequent associated mutations with hereditary breast cancer include BRCA1, BRAC2 and TP53 genes [8]. Breast cancer is divided into different sub types based on involvement of estrogen receptor (ER), Progesterone receptor (PR), and HER2 receptor. Activity of HER2 receptors promotes signaling of other pathways such as MAPKs, GSK-3, PI3K/Akt/mTOR pathways accelerating the progression of breast cancer. PI3K/Akt/mTOR signaling pathways involved in growth, proliferation, survival and metabolism are associated with several diseases and syndromes including breast cancer[9]. Most of the clinically available drugs target any of the key factor in the pathway and thereby effect cancer progression. Evista (raloxifene hydrochloride), Soltamox (tamoxifen citrate), Elacestrant, Abemaciclib  are few examples of such drugs used to treat breast cancer whose  mode of action is through binding to their receptors and inhibit the signal transduction functioning in cancer. Targeting angiogenic factors such as vascular endothelial growth factor (VEGF) or transcription factors have been considered potential treatment options for several types of cancers. Hormones and their receptors also play an important role in the pathogenesis of breast cancer. Among several factors, the family of vascular endothelial growth factors, are the most potent pro-angiogenic factors. They comprise secreted proteins including VEGF-A, VEGF-B, VEGF-C, VEGF-D and placental growth factor (PlGF)[10] . Placental growth factor (PIGF) selectively binds to the tyrosine kinase receptors which are present on the endothelial cells. The natural substrate of PIGF is VEGFR1 which on phosphorylation activates and modulates the Akt, PI3K pathways. The activation of these signal transduction pathways leads to survival of endothelial cells and enhancement of vascular permeability thereby promoting angiogenesis around tissues. Blocking of these pathways will hinder blood supply and essential nutrients for the growth of cancer cells leading to arrest of cancer progression.

METHODOLOGY

Using Universal Protein Knowledgebase (Uniprot) database, we identified PIGF protein as the Target sequence with 221 amino acids and with no isoforms and Uniprot ID is P49763. Homology modeling was used to construct the 3D Structure of a protein. Pair wise Alignment was done by CLUSTAL W and 3D stucture was generated by BIOVIA discovery studio 3.0. SWISS MODEL Secondary Structure analysis by homology modelling, PROCHECK was used to validate the model, ERRAT from the structural Analysis and verification server (SAVES) was used to analyse structure. Ramachandran plots were used to understand the distribution of the (φ, ψ) torsion angles of the protein backbone. ProSA plot was used to study amino acid residues. NCBI blast for active site identification.

RESULTS and DISCUSSION
a. Homology Modelling 
Homology Modelling is also known as the Comparative Modeling of protein. For template sequence, the target protein was retrieved from protein BLAST in NCBI, and the PDB ID was identified as 1FZV. This ID was considered as a Template sequence as it gave accurate lowest e-value scores with sixty percentage. The lowest e-values of proteins are considered as the template. The template selection also works on particular criteria such as Identity, sequence, similarities, and e- values. The target sequence was then submitted to search engine tools such as BLAST for sequence identification, HHPred for remote protein homology detection and JPred for secondary structure identification. All these criteria were analysed for identification of the template for protein structure prediction as shown in Table 1.

Table.1 Template Search
	No
	SERVER
	ID
	E-value

	1
	NCBI BLAST
	1 FZV
	1.00 e-79

	2
	J PRED
	1 FZV
	6.00 e-64

	3
	HH PRED
	1 FZV
	3.60 e-18


The 1FZV template protein is a chain A, placenta growth factor and it has a 65% query
coverage, and with 92.06%.
b. Alignment 
Target sequence (P49763) and Template sequence (1FZV) were submitted for the Pair-wise alignment by CLUSTAL W [11]. The Alignment identified the regions of similarities of target and template sequences as shown in the Figure.1. The blue color letters represent the similarities of target and template sequences. There are 221 amino acids in which 131 amino acids are found to be similar, making 60% of strong similarities between target and template sequences. The similarity region starts 69th Amino acid and extends till 81th amino acid. Another region spans from 199th amino acid to 221th amino acid. Further, these alignments were submitted to BIOVIA discovery studio 3.0 [12] to generate 3D stucture as shown in Figure 2. The Biovia Discovery studio predicts the secondary structure of a protein and is used for stimulating small molecules and macromolecule systems it identifies the three-dimensional fold of a protein, it understands the spatial orientation and interactions of active site residues. SWISS MODEL[13 and 14] is an web based server for automated comparative modelling of 3D protein structures, it helps in building proteins homology models at different levels of complexity. 3D model was then assessed for it’s quality by Q-mean scoring Function. Q mean -Qualitative model energy Analysis is represented in Figure 3. SWISS-MODEL relies on Q-mean scoring function as it uses statistical potentials of mean force to generate global and per residue quality estimates. The local quality estimates are enhanced by pairwise distance constraints that represent ensemble information from all template structures found, Q mean Z-scores around zero indicate good agreement between the model and experimental structures of similar size. Q mean Z score was found to be 0.76 which is in line with the prediction. 

[image: image1.emf]
Figure 1: Alignment of P49763 (Target protein) and 1FZV (Template Protein)

[image: image2.emf]
Figure 2: 3D model of  protein secondary structure as predicted by Biovia discovery
studio 3.0

[image: image3.emf]
Figure . 3 Q-mean score of 3D structure of a protein P49763
c. Secondary Structure analysis 
The 3D structure was generated by the homology modeling, the structure was found to comprise of Five beta sheets, one gamma sheet, one beta hairpin, Two helices, five strands and three disulphide bonds along with amino acid chain lengths as shown in Figure 4. 

[image: image4.emf]
Figure 4. Secondary Structure of target protein-P49763

d. Validation 
PROCHECK was used to validate the model, ERRAT was used from the structural Analysis and verification server (SAVES). Ramachandran plots (Figure 5) report the distribution of the (φ, ψ) torsion angles of the protein backbone. This plot is a way to visualize and reports the number of residues belonging to “Outlier”, “allowed” and “favored’ regions. The red color in plots indicates the most favorable region and yellow indicates additionally allowed as shown in Figure.5. It was observed that 91.6% are in the favored regions, and 7.8% are in additional allowed regions. The total number of residues are 189 of which 166 are found to be non-glycine and non-proline residues. The plot statistics are shown in Table.2. The observation indicates that the protein was stereo chemically appropriate and was generated after energy minimization.[15, 16, 17]. Further, the ProSA plot[18] is used to analyse local model quality, represented in Figure 6. On analyzing, the ProSA plot shows that most of the amino acid residues have negative energy indicating that the PIGF protein has good local quality in the structure. This ProSA plot z-score value is -4.68 that falls in the NMR regions. ERRAT is used to check an overall quality factor for non-bonded atomic interactions in which higher scores with minimum error confirms higher quality. The overall quality is 96.970 as shown in Figure 7. 

[image: image5.emf]
Figure.5 Ramachandran plot of the 3D protein.

Table.2 Ramachandran plot of statistics
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Figure 6. A) ProSAplot. Black spot represents the 3D model falls in the NMR regionwith the Z- score= -4.68.B) ProSA plot Energy Profile.
[image: image9.emf]
Figure 7. ERRAT Plot  with overall quality Factor**: 96.970

e. ACTIVE SITE IDENTIFICATION 
The conserved domains of PIGF were also characterized by NCBI blast as shown in Figure 8. Further, the binding site domains of the PIGF protein were also identified. The protein–protein docking sites are CYS34, ASP71, GLY70, SE56, GLU27, PHE25, TRP29, LEU221 are found to be conserved.The amino acids residues are shown as ball and stick as shown in Figure 9 [19] 

[image: image10.emf]
Figure. 8 Conserved domain of PIGF Protein.
[image: image11.png]



Figure.9 Interaction showing Protein Protein Docking

CONCLUSION 
Earlier studies showed that PIGF Protein expression is higher in breast cancer and was found to be associated with survival without recurrence of the disease. Hence, we identified PIGF as target protein to build 3D Model through Homology modelling, Further, we searched for Template sequence using search engine tools such as BLAST, Hpred, Jpred and identified PDB ID:1FZV as the template protein. The template and target protein were assesed through several servers such as CLUSTAL W, SWISS MODEL. BIOVIA DISCOVERY STUDIO, PROCHECK, ProSA (A,B) and ERRAT to understand and assess the template protein. The results are promising proving that this the potential protein for development of drug that interacts and hinders the signalling pathway and thereby cancer. Rama Chandran plot scores revealed that the model is reliable. Further docking studies concluded that CYS34, ASP71,GLY70, SE56,GLU27,PHE25,TRP29, LEU221 amino acids of PIGF are involved in interactions that are required for PIGF protein to bind to it’s receptor. The binding signals downstream effectors resulting in inhibition of target genes. Further, understanding the receptor domain docking site of PIGF helps in identifying new molecular entities as PIGF antagonist.
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