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Abstract

Breast cancer (BC) is a leading cause of morbidity and mortality among women globally, with genetic factors playing
a significant role in its progression. This study aims to assess the association of VEGFA rs699947 polymorphism with
BC risk in a Pakistani population through a case-control design. The objectives are to identify any genotypic and
allelic associations, perform functional analysis, and validate findings using in-silico tools. DNA from 100 women
(50 BC cases, 50 controls) is analyzed for VEGFA rs699947 polymorphism using TETRA-ARMS PCR, and statistical
tests are employed to evaluate associations. The study finds no significant association between rs699947 and BC risk,
though functional analysis indicated a minor regulatory role. These findings suggest limited genetic influence but
provide insight into the SNP's functionality, emphasizing the need for further research. The study highlights potential
therapeutic value of natural compounds, such as Quercetin and Apigenin, inhibiting VEGFA. The novelty of this study
lies in its first examination of this polymorphism in a Pakistani cohort and its integration of in-silico analysis for
validation.
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1. INTRODUCTION

Breast cancer (BC) remains one of the most prevalent and deadly cancers globally, accounting for a significant portion
of cancer-related morbidity and mortality among women. BC is a highly heterogeneous disease that is caused by a
multitude of factors such as age, gender, lifestyle, family history, hormonal dysregulations, environmental conditions,
and gene predispositions [1-4]. In women, it is a leading cause of death which makes up one in six of the death cases.
According to GLOBOCAN 2022, about 2.3 million new cases of BC and 0.666 million BC related mortalities occurred
worldwide. These figures accounted for 23.8% of the cancer cases and 15.4% of all cancer related deaths in women
[5-9]. The progression and manifestation of cancer are influenced by the genotypes of tumor cells, which correspond
to six distinct phenotypes associated with physiological changes [10]. Among these, one important hallmark is the
induction of angiogenesis that introduces visible differences in the tumor and normal cells blood vasculatures [11]. It
plays important roles in the progression and dissemination of BC in which neovascularization by pro- and anti-
angiogenic factors such as fibroblast growth factor, vascular endothelial growth factor (VEGF), interleukin,
transforming growth factor-f, platelet-derived growth factor and several others have been implicated [12-14]. In
normal cells, the blood vessel plexus represent cohesive structures that evenly distribute nutrients and oxygen to all
the cells. However, following angiogenesis, new blood vessels sprout from the existing ones by solid tumors that
facilitate the growth, and metastatic spread of the cancer cells by transporting the required nutrients, oxygen, and
immune cells [14-16].

The complexity of breast cancer's development arises from a multitude of factors, including genetic predispositions,
hormonal influences, environmental exposures, and lifestyle choices. Despite the substantial amount of research
conducted on breast cancer, the identification of specific genetic markers linked to its susceptibility continues to be
an area of active investigation [17-19]. One such genetic factor is the vascular endothelial growth factor A (VEGFA),
which plays a crucial role in angiogenesis, the process of new blood vessel formation. Angiogenesis is a critical
mechanism that supports tumor growth and metastasis by providing the tumor with essential nutrients and oxygen
[20-23]. Vascular endothelial growth factor A (VEGFA) has been found to be highly expressed in tumor cells that
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might stimulate the process of angiogenesis specifically in the vascular endothelial cells. VEGFA is a highly
polymorphic gene that is located on chromosome 6p21.3 and consists of seven introns and eight exons [24-26].
Important role of more than 1000 VEGFA SNPs within the gene inclusive of the upstream and downstream sequences
have been found in various diseases. Among these, rs3025039 (+936C>T), rs2010963 (+405C>G), rs833061 (-
460T>C), 15699947 (-2578C>A) have been identified as potential BC susceptibility gene polymorphisms [27-31]. -
2578 A>C (1s699947) is an intergenic polymorphism that is present 5’ upstream of the transcription start site. This
SNP region has been identified as an important transcription regulator with significant involvement in promoter and
enhancer activity for VEGFA expression [32-36].

Among the various polymorphisms within the VEGFA gene, the 15699947 (-2578 A>C) variant has attracted attention
due to its potential involvement in regulating VEGFA expression and, consequently, its influence on cancer
progression. However, studies investigating the association between this polymorphism and breast cancer have yielded
conflicting results across different populations [37-44]. These discrepancies highlight the need for region-specific
research to better understand the genetic factors that contribute to breast cancer risk. In particular, while many studies
have focused on Western or Asian populations, there is a lack of comprehensive genetic research on Pakistani women.
The present study focused on identification of VEGF genotypic and allelic associations with breast cancer and validate
findings by using In-silico tools

2. METHODOLOGY

This section contains the following sub-sections:

2.1 Study population

This case—control study was conducted to study the association of VEGFA gene polymorphism rs699947 in 100
Pakistani women. A total of 50 patients with a mean age of 52.54 years with histologically confirmed BC were
recruited in the medical oncology and gynecology departments of the Services Institute of Medical Sciences, Lahore,
Pakistan. A structured questionnaire was designed and used to recruit patients by in-person interviews to elicit
information on demographic features, gyneco-obstetric history and clinicopathological features of the patients. The
control group comprising of age and gender-matched healthy individuals (n=50, mean age 52.24 years) had no history
of previous or concurrent malignant diseases. The study was approved by the Ethics and Biosafety committee of the
Institute of Microbiology and Molecular Genetics, University of the Punjab, Lahore, Pakistan (D/647/MMG). Data
and samples were collected after obtaining written informed consent from the study participants. The research was
conducted in accordance with the Declaration of Helsinki.

2.2 Sample collection and DNA extraction

After examining the clinicopathological findings of the recruited patients and age and gender matched controls, 3ml
peripheral blood samples were collected in EDTA tubes by venipuncture by an experienced phlebotomist. Genomic
DNA was extracted following the phenol-chloroform DNA extraction protocol by Sambrook and Russell [45]. The
extracted DNA was dissolved in nuclease-free water and stored at -20°C until further analysis.

2.3 Instrument Detail

DNA was extracted from peripheral blood samples using the phenol-chloroform method as described by Sambrook
and Russell (2006). The extraction was carried out using Thermo Fisher Scientific's Nalgene 50 ml tubes and processed
using an Eppendorf Centrifuge 5804R. PCR amplification was performed on an Applied Biosystems 7500 Real-Time
PCR System.

2.3 Genotyping of VEGFA polymorphism rs699947 (-2578A>C)

VEGFA (-2578 A > C) genotyping was performed using TETRA Amplification refractory mutation system (TETRA -
ARMS) PCR. For the analysis of the polymorphism, sequence-specific outer forward and reverse (OF and OR) and
internal forward and reverse (IF and IR) primers were used in table 1. These allowed the amplification of targeted
DNA sequence bearing the polymorphism. The amplification products were visualized by gel electrophoresis.

Table 1: TETRA-ARMS PCR primers for detection of VEGFA polymorphism rs699947 (-2578A>C)

Sr. No. Primers Sequence (5’ to 3°) Temperature
O

1 Outer Forward | CGAGTCACGAATGATGGAAAGGGAG 66

2 Outer Reverse | AAGGCCCCATCCATTCTTGCATATAGG 63

3 Inner Forward | GCCAGCTGTAGGCCAGACCCTGGTAA 67

4 Inner Reverse | CCAGTCAGTCTGATTATCCACCCAGAC 68
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2.4 Primer Designing and Software Analysis:

Primers for VEGFA 15699947 were designed using Primer3 software. The genotyping was performed using TETRA -
ARMS PCR, and data analysis was carried out using IBM SPSS Statistics version 21. Bioinformatics tools such as
CADD and RegulomeDB were used to assess the pathogenicity of the variant.

2.5 Statistical Analysis

The data obtained from the cases and controls was subjected to detailed statistical analysis using IBM SPSS version
21. The subject characteristics including means and frequencies of clinicopathological parameters were determined
by descriptive analysis. The genotypic and allelic frequencies of both the groups were calculated. The differences in
the means of the genotype and allele frequencies of both the case and control groups were determined by independent
sample T test. Association analysis and determination of Hardy-Weinberg Equilibrium (HWE) by the allelic
frequencies was done by Chi-square analysis. Odds ratio (OR) at 95% confidence interval (CI) for both the groups
and contrasting genotype models was calculated to determine the association between the genotypes and alleles with
the risk of the development of BC. Correlation analysis was done to determine the relationship between genotypes
and all the clinical parameters. The level of significance was kept at p < 0.05.

2.6 Bioinformatics Analysis

The functional and pathogenicity analysis of the polymorphism was done by using in-silico tools including Combined
Annotation Dependent Depletion (CADD), RegulomeDB, and HaploReg v4.2. Scores were provided for Genomic
Evolutionary Rate Profiling (GERP), ENCODE, Chromatin State Segmentation (cHmm), RegulomeDB,
pathogenicity, conservation matrix and evolutionary constraints. Molecular docking and protein-protein network
analysis was done by using Auto dock Vina (v1.5.7), MGL-Tools (v1.5.7), PyMol (v2.5.2), Discovery Studio (v2025),
and Cytoscape (v3.10.3). 3D structure of VEGFA was retrived from NCBI-PDB (PDB ID 5DN2
https://www.rcsb.org/structure/SDN2) and compounds from PubChem (https://pubchem.ncbi.nlm.nih.gov/) in SDF
format which were later converted into 3D format online. Binding affinities of natural compounds were recorded as
kcal/mol.

3 RESULTS

The result section contains the descriptive analysis, genotyping and association analysis, genetic contrast models,
Association of Clinical Parameters with rs699947 Genotypes, Functional Analysis, Pathogenicity Analysis, STRING
network analysis of VEGFA, Molecular docking VEGFA inhibition analysis and Constraint Analysis of VEGFA
r$699947 in the following sub-sections.

3.1 Descriptive Analysis

Association of VEGF gene polymorphism rs699947 with the occurrence of breast cancer (BC) among Pakistani
women was studied. The study population consisted of 100 individuals divided in two groups i.e., a control and a case
group. BC patients (n=50) made up the case group with a mean age of 52.54 + 12.14 years and healthy individuals
(n=50) made up the control group with mean age 52.24 + 10.21 years. BC related diagnostic information was collected
from the patients which included the histological type of the carcinoma, tumor grade, nodal involvement, and site of
biopsy as shown in figure 1. Among the histological type, recruited patients presented with invasive ductal, invasive
mammary, mixed tubular, and undefined types of carcinomas. Tumors were graded as well-differentiated cells (grade
1), moderately differentiated cells (grade 2), and poorly differentiated cells (grade 3). Depending on the nodal
involvement grades, the patients were sub categorized as NO (grade 0) with no involvement of lymph nodes, N1
(grades 1-3) with minor effect on lymph nodes, N2 (grade 4-9) lymph nodes affected, and N3 (grade 10 or more)
indicating severely affected lymph nodes with spread to distant nodes as well.
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Descriptive Statistics of Breast Cancer Patients (n=50)
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Figure 1: Frequencies of the diagnostic parameters of breast cancer patients (n=50) included in the study

3.2 Genotyping and Association Analysis

Following the blood sample collection from both the patients and controls, ARMS-PCR based genotyping was done
to identify the rs699947 genotypes in the study population and estimate its relevance with development of BC.
Homozygous dominant genotype AA (ancestral), homozygous recessive CC (variant), and heterozygous (AC) were
found in both groups as given in the table 2. Fisher’s exact test was applied to the genotypic distributions in both the
cases and controls to determine the deviations from Hardy-Weinberg Equilibrium (HWE). The p-value 0.293> 0.05
suggested no significant deviation from the expected HWE proportions indicating genotypic consistency in the studied
groups. This indicated that the polymorphism under investigation did not show signs of selection, genotyping errors,
or population stratification. This supported the assumption that the study population was genetically stable and
minimal involvement of rs699947 genotypes were found in the development of BC.

Table 2: Fisher’s Exact test for Hardy-Weinberg equilibrium (n=100)

Subjects Genotypes Fisher’s Exact Test
A/A C/C A/C

Cases (n = 50) 20 16 14 0.293

Controls (n = 50) 28 12 10

The allelic and genotypic frequencies were then used to find out the association of BC with different genotypes. The
probabilities of the occurrence of the disease were calculated by OR at 95% CI as given in the table 3. In control
group, the A allele (0.66) and AA genotype (0.28) were found to be more frequent than in cases (A= 0.54; AA=0.16),
suggesting a possible protective effect of the ancestral allele. The OR value 1.49 suggested a 49% increased risk of
breast cancer for individuals carrying the C allele as compared to those carrying the A allele. However, CI (0.62-3.59)
crossed the threshold value 1 which indicated no statistical significance. The association analysis using the chi-square
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test provided with a p-value of 0.504 > 0.05 which indicated that insignificant association was present between this
polymorphism and breast cancer risk among the studied population.

Table 3: Association analysis of breast cancer risk with different allelic and genotypic frequencies among the
cases and the controls

Alleles/ A C A/A Cc/C A/C Odds Ratio (95% | p-value
Genotypes CD
Cases 54 (0.54) | 46 20 (0.20) | 16 14

(0.46) (0.16) (0.14) 149 (95% CI| 0.504
Controls 66 (0.66) | 34 28 (0.28) | 12 10 0.62—3.59)

(0.34) (0.12) (0.10)

The lack of association was validated by independent sample T-test which was performed to assess the variations in
the means of both the controls and case groups with respect to their genotypic frequencies. The p-value of 0.143 >
0.05 indicated that insignificant differences were present in the means of both the groups.

3.3 Genetic Contrast Models

Different genetic contrast models; Allelic, Dominant, Recessive, Codominant, Over-dominant, were developed and
compared. The model fitting information for these genetic models was analyzed which compared the Akaike
Information Criterion (AIC), Bayesian Information Criterion (BIC), and Likelihood Ratio across these models
depicted in the figure 2. The Dominant Model appeared to be the best fit for the data as it had the lowest AIC, BIC,
and Likelihood Ratio values. On the other hand, the codominant model was found to be the worst fit among all the
models as it had the highest AIC, and BIC values. Contrarily, the Allelic, Over-dominant, and Recessive models had
similar intermediate performances. Therefore, to ensure the best balance of fit and complexity, the Dominant model
was selected as the best fit among all models.

Model Fitting Information
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Figure 2: The model fitting information for genetic models (Allelic, Dominant, Recessive, Codominant, Over-
dominant), comparing the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and
Likelihood Ratio.
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The genetic contrast models were further used to assess the probability of the occurrence of BC in the table 4. The
genotype groups for cases and controls, OR with 95% CI, and p-values for various genetic models were found. No
statistically significant association was found between the VEGF rs699947 polymorphism and the occurrence of BC
in any genetic model. Dominant and recessive models showed slightly increased OR values, however, their CI were
wide, and p-values suggested no strong evidence of association. Over-dominant model suggested potential protective
effects, however, none of the model played role in the development of the disease in association with the
polymorphism under investigation. Thus, although the dominant model was found to be the best fit, however, no strong
genetic association was found between rs699947 and BC risk in this population. This highlighted the need of further
studies with larger sample sizes to confirm these findings and detect any potential minor effects that might not have
been observed due to limited statistical power with the current dataset.

Table 4: Genetic contrast models for VEGF gene rs699947

Model Alleles/Genotypes Genotype Groups OR (95% CI) p-value
Cases Controls

Allelic A 54 66 0.605 0.112
C 46 34 (0.342 - 1.070)

Dominant A/A+ A/C 12 38 0.671 0.504
C/C 16 34 (0.278 - 1.618)

Recessive A/A 22 28 0.524 0.161
A/C+C/C 30 20 (0.237 - 1.160)

Codominant A/A 20 28 - 0.276
C/C 16 12
A/C 14 10

Over-dominant | A/C 14 10 1.556 0.482
A/A+C/C 36 40 (0.615 - 3.935)

3.4 Association of Clinical Parameters with rs699947 Genotypes

Correlation Analysis of the clinical parameters was done to quantify the relationship of different variables used in the
study. Significant correlation of nodal involvement was found with tumor grade (0.032 < 0.05) and genotypes (0.002
< 0.05) of the BC patients as shown in the figure 3. However, no other significant relationships were found between
other parameters.

Signficant Correlation of Nodal Involvement in Breast Cancer Patients

Tumor Grade 0.032

Variables

Genotypes 0.002

] 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Significant Correlation (p < 0.05)

Figure 3: Correlation analysis of clinical parameters with significant correlation of Nodal involvement with
tumor grade and genotypes across the BC patients
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For further analysis, the association of the genotypes (AA, CC, and AC) was determined with different clinical BC
parameters including nodal involvement, site of biopsy, tumor grade, and histological type shown in the figure 4.
Overall, the nodal involvement and tumor grade showed some genotype-dependent variation across different groups,
especially for AC genotype. Site of biopsy and histological type appeared to be unaffected by genotype. Contrarily,
outliers in some groups suggested individual variations that could be clinically relevant.

Association of Genotypes with BC Clinical Parameters
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Figure 4: Association of genotypes (AA, CC, and AC) with different clinical BC parameters including (a)
Nodal Involvement; (b) Site of Biopsy; (c) Tumor Grade, and (d) Histological Type.

AA and CC genotypes showed higher nodal involvement, with minimal variability. On the other hand, AC genotype
exhibited more variability, with some individuals showing no nodal involvement while others indicated higher values.
Outliers were present in AA and AC groups, suggesting some cases having extreme values shown in fig 4a. With
respect to the biopsy sites, the distribution appeared to be similar across all three genotypes. No apparent differences
appeared in median values, suggesting that the genotype does not significantly affect the biopsy site as shown in the
fig 4b. AA and CC genotypes showed a uniform tumor grade, with minimal variation. AC genotype exhibited a wide
range of tumor grades, suggesting potential heterogeneity. Contrarily, outliers were present in all groups that indicated
the presence of some extreme cases as depicted in fig 4c. In the association of histological type with genotypes, AC
genotype showed a slightly higher median histological type. However, the distribution was similar across all genotypes
that suggested no strong genotypic effect on the histological type as shown in the fig 4d.

3.5 Functional Analysis

The functional role of rs699947 was further predicted by bioinformatics analysis to predict its relevance with the
breast cancer risk in the studied population. The tools including CADD, RegulomeDB, and HaploReg v4.2 were used.
Functional scores for GERP, ENCODE, Chromatin cHmm, and RegulomeDB parameters were found in table 5. The
high GERP scores and histone modification marks suggested that this polymorphism could have influenced the
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regulatory elements while potentially affecting gene expression. The cHmm values represented chromatin
segmentation states, where different numerical scores corresponded to specific regulatory elements like enhancers,
promoters, and heterochromatin. These values indicated that presence of this polymorphism in a regulatory region,
potentially affecting transcription factor binding or enhancer activity. RegulomeDB score also represented the
likelihood of this variant of having the regulatory function, however, it was not found to be among the strongest
predicted functional variants involved in the development of BC.

Table 5: Different functional parameter scores found by tools including Combined Annotation Dependent
Depletion (CADD), and RegulomeDB.

Parameter Value Description

GerpN (Neutral Score) 6.16 Strong evolutionary constraint suggesting the region is
functionally important.

GerpS (Selection Score) 2.66 Presence of evolutionary constraint and possible
functional importance.

EncodeH3K4mel-3 Various Indication of active enhancers and promoters in
regulatory regions.

EncodeH3K9ac 30.05 Strong mark associated with active promoters and
transcription.

EncodeH3K27ac 35.96 High enhancer activity, suggesting that this region is

transcriptionally active.
cHmm (Chromatin State | E4 =3, E12 = 3, E13 | Histone modification and chromatin accessibility states

Segmentation) =7,E14=5,E15=18 | across different tissues, suggesting possible regulatory
activity in different chromatin states (e.g., enhancers or
promoters).

RegulomeDB Score 0.55436 0.55436 is a moderate to low regulatory potential score

suggesting that this polymorphism may have some
transcription factor (TF) binding or regulatory
evidence. Therefore, it might not be among the
strongest predicted functional variants.

3.6 Pathogenicity Analysis

The pathogenicity analysis revealed that this polymorphism had a low but non-negligible functional impact as given
in the table 6. The raw pathogenicity and PHRED scores suggested that it might not be highly deleterious, but it could
still play a regulatory role.

Table 6: Pathogenicity analysis by Combined Annotation Dependent Depletion (CADD) indicating less
deleterious nature of rs699947 polymorphism

Parameter Value Description

Roulette-FILTER low A low predicted impact on function.

Roulette-MR 0.02 A minor predicted regulatory effect.

RawScore 0.67358 The raw pathogenicity prediction score.

PHRED 7.142 PHRED-scaled score indicating less deleterious nature of the
polymorphism rs699947.

3.7. STRING network analysis of VEGFA

The VEGFA protein-protein interaction investigates this specific protein located within the promoter region of the
VEGFA gene. The genetic variations affect the VEGFA expression levels since different alleles display various
transcriptional activities. An elevated VEGFA expression rate because of this polymorphism would boost tumor blood
vessel development thus ensuring tumors receive vital oxygenated blood and necessary nutrients that allow cancer
growth along with metastasis evolution. The decrease of VEGFA expression levels negatively impacts angiogenesis
processes which in turn could restrict tumor growth. The STRING network demonstrates why VEGFA matters through
its discovery of links between this protein and fundamental proteins involved in breast cancer processes.

The receptor delivers signals that determine most of the pro-angiogenic actions of VEGFA. Endothelial cell survival
along with migration and proliferation become possible when VEGFA binds to KDR receptors. The amounts of
VEGFA can be modified by genetic variants that subsequently affect how KDR gets activated which controls tumor
blood vessel formation. Enzymes degrade the extracellular matrix through which cancer cells locate themselves to
invade other tissue structures and spread throughout the body. The expression of MMP becomes elevated through the
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effects of VEGFA which creates a link between new blood vessel formation and metastatic behavior. Increased VEGFA
production resulting from rs699947 could boost MMP activity which would intensify breast cancer aggressiveness.
This endogenous inhibitor of angiogenesis functions to block the signaling of VEGFA. Network data shows that this
factor maintains a regulatory relationship between pro-angiogenic and anti-angiogenic factors that occur in tumors.
An increase in VEGFA expression due to rs699947 genotypes would potentially overpower THBS1 inhibitory
influence on tumor angiogenesis.

The proteins support ECM modification and control the release of angiogenic regulatory substances (COL18A1 breaks
down into the anti-angiogenic endostatin). The connection between VEGFA and these ECM proteins supports a
complex matrix-stability and vascular-proliferation relationship in breast cancer tumors. The cell-surface molecules
control the signaling properties of growth factors by facilitating receptor interaction with VEGFA. Modifications in
VEGFA protein levels can modify the receptor-mediated interactions which subsequently affects the expression of
angiogenic effects. STRING network visualizes at a systems level that VEGFA rs699947 variant affects breast cancer
progression through protein interactions in the body. Elevations in VEGFA levels resulting from the polymorphism
would potentially improve angiogenic processes through KDR and MMPs as well as additional protein partners to
produce worse clinical results. Patients with high-risk genotypes would receive better results from treatments aimed
at VEGFA or its interacting proteins including bevacizumab and MMP inhibitors as shown in figure 5.

NCL 0\HSPG2
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Figure 5: The STRING network displays functional protein relationships through its connections. The central
element of the network functions as VEGFA which serves as the key element for controlling angiogenesis
required for breast cancer tumor progression and metastasis
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3.8. Molecular docking VEGFA inhibition analysis
Analyses of VEGFA binding showed natural compounds possessed different affinity levels when docked. Natural
compound Quercetin achieved the most powerful binding affinity of -5.5 kcal/mol among the studied natural agents
while Apigenin and Chlorogenic acid followed with -5.4 kcal/mol. The interaction strength between Epigallocatechin-
3-gallate and Sunitinib as VEGFA inhibitors was comparable with an affinity of -5.3 kcal/mol. The chemical binding
strength of Resveratrol appeared at -5.0 kcal/mol but Bornyl acetate and Carene exhibited the lowest binding forces
at -4.1 kcal/mol and -3.9 kcal/mol respectively. Natural compounds study findings demonstrate that Quercetin together
with Apigenin and Chlorogenic acid exhibit VEGFA inhibitory capabilities which match or surpass those of Sunitinib.
Additional experimental studies must verify that these compounds are suitable candidates for use in cancer treatment
and anti-angiogenesis therapy as shown in figure 6.
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Figure 6: (a) Binding affinity of natural phytochemicals against VEGFA and 3D structure of VEGFA bound with (b)
quercetin (-5.5 kcal/mol) and (c) apigenin (-5.4 kcal/mol), PyMol view (right), and Discovery Studio Mol2 view
(left)

3.9 Constraint Analysis of VEGFA rs699947

The ancestral allele in VEGFA 15699947 polymorphism is an adenine (A) however, in different population, it may be
altered into a cytosine (C) or a thymine (T) [46]. The population frequency and mutation proximity evaluated by
CADD analysis revealed that the mutation may be present nearby multiple SNPs, suggesting that this region could be
a hotspot for genetic variation and may contribute to disease risk. However, RegulomeDB revealed the presence of
208 peaks suggesting the overlap of this SNP overlaps with 208 experimentally identified regulatory elements further
endorsing the presence of high regulatory activity in the region of SNP. Evolutionary constraint analysis and
conservation scores were also determined for the polymorphism is enlisted in the table 7. The low PhCons scores
suggested that the region is not highly conserved across species, but the PhyloP values indicated that some functional
constraint, especially in vertebrates was present.

Table 7: Evolutionary constraint analysis and conservation scores of VEGFA rs699947 polymorphism

Parameter Value | Description

priPhCons 0.028 Primate-specific conservation score revealing weak evolutionary conservation.

mamPhCons 0.001 Mammalian conservation score, suggesting little evolutionary constraint.

verPhCons 0.001 Low vertebrate conservation score indicating that the region has not been highly
conserved through evolution.

priPhyloP 0.475 A moderate value suggests mild evolutionary conservation.

mamPhyloP 0.7 Slightly higher conservation.

verPhyloP 0.889 Indicating some level of evolutionary importance.

Based on the RegulomeDB ranking system and functional evidence, this variant was classified as having rank 1f. This
confirmed the presence of 1699947 in a transcription factor binding site (TFBS). It also revealed its possible role in
disrupting or modifying a known DNA sequence motif. Analysis also revealed that it might overlap with an
experimentally validated DNase peak, indicating open chromatin and potential regulatory function. However, it was
not found to be associated with eQTLs, indicating that it has not been strongly linked to gene expression changes in
different population studies. Therefore, although this variant may alter transcription factor binding and chromatin
accessibility, potentially modulating VEGFA expression however, it might not be classified as a highly impactful
variant that it could contribute to gene regulation and lead to the development of BC as confirmed by the genotyping
analysis in this population under study.

4. DISCUSSION

The present study investigated the association of the 1$699947 polymorphism present upstream of the VEGFA gene
with the BC risk. Comparative genotyping analysis was done and the experimental results were validated by in-silico
functional and pathogenicity analysis. VEGFA rs699947 is an intergenic SNP that is located upstream of the gene.
VEGFA gene, controlled by various regulatory elements, is an important gene that plays role in angiogenesis.
However, disruption in the regulation may lead to dysregulated expression [47]. CADD analysis for rs699947 revealed
its role in the promotor activity as it is present 1533 bp upstream of the Transcription Start Site (TSS) and 1778 bp
upstream of the Transcription End Site (TSE). RemapOverlapTF and RemapOverlapCL suggested its overlap with
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four transcription binding sites and five chromatin landmarks. These predictions indicated its presence at transcription
factor binding sites, suggesting its regulatory functions. This increased the investigative relevance of rs699947 in this
population. Genotyping analysis revealed the presence of ancestral “AA,” variant “CC,” and heterozygous “AC”
genotypes in both the case and control groups. Higher frequencies of the wildtype “A” allele and “AA” genotype were
present in the control as compared to the cases. However, the genotyping and association analysis indicated
insignificant role of the homozygous dominant and recessive, or the heterozygous genotypes in the increased risk of
BC in the studied population. Independent sample T test validated the results by indicating no significant differences
present in the means of the genotypes of both the groups. The results were consistent with findings reported by Wang
et. al. [48] in their meta-analysis involving 16703 individuals (8175 BC cases and 8528 controls) and Kumar et. al.
[49] investigating 2369 BC cases and 2584 controls to determine BC risk with five VEGFA polymorphisms including
1s699947. However no associations were found in their studies.

Madrid-Paredes et. al. [50] also reported no risk of BC in association with this polymorphism by examining the
genotypes of 84 BC cases and 119 controls of Spanish origin. The genotypic frequencies in our study were in HW
equilibrium, which was found similar to study conducted BC related rs699947 investigation conducted by Furriol et.
al. [51]. In the genetic contrast models, although no model was found to be in significant association with the increased
BC risk, however the dominant model (AA + CA) was found to be the best fit. Similar findings given by Vieira-
Monteiro et. al. [52] on Brazilian BC patients, have revealed AA + CA model to be in significant association with
high-grade (G2 + G3) tumors and with shorter disease free survival among the BC patients. Contrastingly, Rahoui et.
al. [53] reported that women carrying rs699947 (AC + AA) genotypes had a reduced risk to develop BC and Al-
Mohaya et. al. [54] depicted the recessive model (CC + CA) to be in strong association with the development of BC.
The STRING analysis demonstrates that VEGFA activates angiogenic partners which also remodel extracellular
matrix (ECM) and activate growth factor signaling through KDR (VEGFR2) and MMP2/9 collaboration with THBS1
and PLG as well as COL18A1/COL15A1. This investigation establishes VEGFA operates as a basic requirement for
cancerous tissue vascularization while it stimulates metastasis progression. Molecular docking experiments
demonstrated that Quercetin together with Apigenin and Chlorogenic acid should be used since they showed effective
VEGFA binding properties. The inhibitor activity of natural compounds was comparable to or greater than that of
Sunitinib (-5.3 kecal/mol) indicating their potential use as therapeutic agents.

The combination of STRING network analysis and docking results improves the credibility of natural VEGFA
inhibitors. STRING results support KDR as the principal VEGFA receptor because it functions as an essential
transmission channel for angiogenesis processes. The molecular docking process confirmed that Quercetin (-5.5
kcal/mol) followed by Apigenin (-5.4 kcal/mol) exhibited better free energy interactions than Sunitinib (-5.3 kcal/mol)
thus demonstrating their capability to block the VEGFA-KDR binding sites. The antitumoral activity of
Epigallocatechin-3-gallate (EGCG; -5.3 kcal/mol) enables the compound to simultaneously bind to MMP2/9 for anti-
ECM breakdown activity and suppress VEGFA-mediated metastasis activators. As an endogenous angiogenesis
inhibitor THBSI1 receives strengthening from Chlorogenic acid (-5.4 kcal/mol) through its direct VEGFA interaction.
The minimal strength of Carene (-3.9 kcal/mol) corresponds to its limited therapeutic application because it does not
occur in VEGFA signaling pathways. The recent discoveries about breast cancer have proved beneficial to its medical
treatments. The natural compounds Quercetin and Apigenin bind better to VEGFA than Sunitinib yet maintain their
potential as effective anti-angiogenic therapeutic agents. The natural compounds demonstrate potential for effective
use as treatment agents that generate fewer adverse side effects than synthetic inhibitors. Natural compound EGCG
had multiple interaction targets because it blocked VEGFA while targeting its interacting factors including MMPs to
provide better tumor control. New knowledge about rs699947 polymorphisms in VEGFA genetic variations proves
that healthcare strategies should be tailored specifically to individual patients. Special therapeutic methods require
immediate development for European populations who carry high-risk alleles since their reaction differs from standard
natural inhibitor responses.Experimental testing needs to be carried out in future studies to confirm present research
findings. Laboratory investigations implementing both cellular assessments and animal testing must confirm that the
best performing natural elements effectively obstruct VEGFA-KDR signaling routes. Breast cancer patient treatment
responses toward compounds can be advanced by clinical research that links rs699947 genotypes with their
corresponding breast cancer patient responses. The overall results of THIS study suggested no conclusive role of
VEGFA 15699947 polymorphism in breast cancer predisposition. While our study does not support a strong genetic
influence of 1s699947 on breast cancer, however, the findings highlight the need for larger cohort studies and
functional analyses to better understand its biological relevance in tumor progression and angiogenesis.

CONCLUSION

This study investigated the association between the VEGFA rs699947 polymorphism and breast cancer (BC) risk in a
Pakistani population. Genotyping and statistical analyses revealed no significant association between rs699947 and
BC risk. Functional analysis suggested that although 1699947 may play a role in VEGFA gene regulation, its impact
on BC progression is minimal, as indicated by the moderate to low regulatory potential scores. Despite this, the study
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emphasizes the need for larger cohort studies to validate these findings and explore any potential minor effects that
may not have been detected due to the limited sample size. Additionally, natural compounds such as Quercetin and
Apigenin exhibited promising VEGFA-blocking properties, suggesting potential therapeutic value for future cancer
treatments. Further experimental validation and clinical trials are required to confirm these findings and explore their
therapeutic applications in BC treatment.
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