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Abstract

The study investigated the expression pattern and potential role of VEGFA in colon adenocarcinoma
(COAD) using bioinformatics tools and databases. Initially, UALCAN analysis revealed a
significant up-regulation of VEGFA expression in COAD samples compared to normal controls,
indicating its involvement in COAD pathogenesis. This finding was further validated using
GEPIAZ2, further emphasizing the overexpression of VEGFA in COAD. Subsequent analysis across
different parameters such as cancer stage, patient race, gender, and age consistently showed
significant overexpression of VEGFA, highlighting its potential role in COAD progression.
Additionally, promoter methylation analysis demonstrated hypermethylation of VEGFA in COAD
samples, suggesting its aberrant regulation in cancer development. The association between VEGFA
expression and overall survival (OS) was examined using KM plotter, revealing that higher VEGFA
expression is associated with poor OS in COAD patients. Furthermore, genetic alteration analysis
via cBioPortal indicated a low frequency of genetic mutations in VEGFA, with amplification being
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the most common mutation type. Overall, these findings suggest that VEGFA overexpression may
contribute to the progression and development of COAD, emphasizing the need for further research
to elucidate its precise role and potential therapeutic implications.

Introduction

Cancer, a formidable adversary that stealthily infiltrates the human body, poses a significant global
medical and socio-economic burden, with an estimated 19 million cases reported annually since
2020 (1-5). Predictions for 2023 indicate a staggering 1.95 million new cases, accompanied by
609,802 cancer-related deaths (6). With over 200 types classified based on their location and nature
within the body, cancer manifests in diverse forms (6).

Colon Adenocarcinoma (COAD), a prevalent malignant tumor worldwide, originates in gland cells
responsible for mucin production, safeguarding the inner colon (7-10). Ranked as the second most
fatal cancer and the third most commonly diagnosed malignancy in 2020 by the World Health
Organization (WHO), COAD's incidence is alarming (10). Major risk factors contributing to its
development include alcohol consumption, low-fiber and high-fat diets, sedentary lifestyles, and
smoking (11, 12).

Treatment for COAD often involves targeted therapy in conjunction with chemotherapy or
immunotherapy, although associated side effects such as bone marrow suppression, gastrointestinal
reactions, and immune deficiency pose significant challenges (11, 12). Given the intricate
relationship between genetic characteristics and therapeutic outcomes in cancer, numerous studies
have underscored the importance of genetic analysis (5, 13-17). Thus, we embarked on a systematic
examination of the VEGFA (vascular endothelial growth factor A) gene to delineate its prognostic
implications in COAD (18, 19). VEGFA, a member of the growth factor family, plays a pivotal role
in angiogenesis by promoting endothelial cell migration, proliferation, and survival, thereby
enhancing vascular permeability (20-22). Overexpression of VEGFA has been associated with
tumor size, proliferation, and poor survival rates, implicating its significance in cancer progression
(23-25).

Despite its potential role in COAD progression, no bioinformatics studies have delved into the
specific involvement of VEGFA. Therefore, this study aims to analyze VEGFA expression levels
and their prognostic relevance in COAD, employing the UALCAN database, cBioPortal platform,
and GEPIA 2 for comprehensive investigation.

Materials and methods

UALCAN

The analysis of TCGA cancer-related data is facilitated through the UALCAN database (26), a
valuable resource for comprehensive investigation. In our study, we focused on elucidating the
expression patterns of VEGFA in COAD, leveraging the capabilities of the UALCAN platform.
Specifically, we examined the relationship between VEGFA expression levels and promoter
methylation status, considering various parameters including sample type, patient age, gender, and
race (27). By scrutinizing these factors, we aimed to gain insights into the intricate interplay
between VEGFA expression dynamics and epigenetic modifications, as well as their potential
associations with clinicopathological variables in COAD.

GEPIA2 (Gene Expression Profiling Interactive Analysis 2)

GEPIA2, a powerful tool designed for comprehensive expression analysis of TCGA-seq data,
served as a pivotal resource in our study (28). Leveraging its capabilities, we conducted in-depth
survival analysis and sample-based investigations to further elucidate the prognostic implications
and sample-specific characteristics associated with VEGFA expression in COAD. By harnessing the
advanced functionalities of GEPIA2, we aimed to unravel crucial insights into the survival
outcomes and molecular landscape of COAD, shedding light on the clinical relevance of VEGFA
expression in this context.

Vol.31 No.5 (2024): JPTCP (351-360) Page | 352


https://jptcp.com/index.php/jptcp/issue/view/79

Deciphering The Role Of Vascular Endothelial Growth Factor A (VEGFA) In Colon Adenocarcinoma Progression: A
Comprehensive Bioinformatics Analysis

Kaplan-Meier Plotter

In our current study, we employed the Kaplan-Meier (KM) Plotter (29), a widely recognized web
tool renowned for its ability to estimate the impact of gene expression on overall survival (OS).
Utilizing this platform, we conducted an extensive analysis to evaluate the clinical significance of
VEGFA in influencing the survival outcomes of patients with COAD. By leveraging the KM
Plotter, we were able to ascertain hazard ratios and p-values (p < 0.05), providing valuable insights
into the prognostic relevance of VEGFA expression in COAD patients.

cBioPortal

In our study, we utilized cBioPortal, a user-friendly database renowned for its capacity to assess
cancer multi-omics data (30). Leveraging this platform, we conducted an in-depth evaluation of the
genetic mutations occurring in the VEGFA gene within COAD, utilizing datasets derived from The
Cancer Genome Atlas (TCGA). Through the comprehensive analysis facilitated by cBioPortal, we
aimed to elucidate the genetic landscape of VEGFA alterations in COAD, providing valuable
insights into the molecular mechanisms underlying this malignancy.

Results

Expression Analysis of VEGFA in COAD and normal control samples

Initially, we employed the UALCAN database to scrutinize the expression patterns of VEGFA in
samples of colorectal adenocarcinoma (COAD) and their corresponding normal controls. Our
analysis uncovered a notable upregulation of VEGFA expression in COAD samples when compared
to the normal controls (Figure 1). This significant upregulation underscores the potential
involvement of VEGFA in the proliferation of COAD. However, it is imperative to conduct further
investigations to comprehensively elucidate the precise role of VEGFA in the context of COAD
progression.
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Figure 1: Expression of VEGFA in COAD and normal samples. A p-value < 0.05 was
considered significant.

Validation of VEGFA expression analysis using GEP1A2

For additional validation of VEGFA expression in both COAD and normal samples, we turned to
GEPIA2. Consistent with our findings from UALCAN, the analysis conducted through GEPIA2
corroborated significant overexpression of VEGFA in COAD samples compared to normal samples
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(Figure 2). This alignment between the results obtained from UALCAN and GEPIA2 further
strengthens the evidence supporting the pronounced upregulation of VEGFA in COAD,
emphasizing its potential relevance in the context of this malignancy.
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Figure 2: Validation of VEGFA expression in COAD and normal samples. A p-value < 0.05
was considered significant.

Expression analysis of VEGFA in COAD divided based on different parameters

Additionally, we conducted an analysis of VEGFA expression in COAD across various parameters.
Initially, we assessed expression levels at different stages of COAD, observing a significant
overexpression compared to normal samples (Figure 3A). Subsequently, we investigated VEGFA
expression across different patient races, noting a significant overexpression (Figure 3B). Our
exploration extended to examining the influence of patient gender on VEGFA expression in COAD,
revealing significant overexpression (Figure 3C). Moreover, we analyzed the effect of patient age on
VEGFA expression, finding it to be consistently overexpressed (Figure 3D). These findings
underscore the role of VEGFA overexpression in COAD proliferation. However, further studies are
warranted to fully elucidate these observations.
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Figure 3: Expression of VEGFA in COAD patients of different clinical variables and normal
samples. A p-value < 0.05 was considered significant.

Analysis of promoter methylation level of VEGFA in COAD

Prior research has highlighted the impact of irregular methylation in the promoter region of genes on
cancer progression (31). Therefore, we investigated the promoter methylation levels of VEGFA in
both COAD samples and normal control samples. Our findings indicated hypermethylation of
VEGFA in COAD (Figure 4), suggesting a positive correlation with its expression. This aberrant
behavior of VEGFA elucidates its involvement in COAD metastasis. Furthermore, we delved into
the promoter methylation levels of VEGFA in COAD across various parameters such as patient age,
gender, race, and individual cancer stages. Our analysis revealed significant hypermethylation of the
VEGFA promoter across these parameters (Figure 5), underscoring its role in COAD proliferation.

However, further investigation is imperative to deepen our understanding in this area.
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Figure 4: Promoter methylation level of VEGFA in COAD and normal samples. A p-value <

0.05 was considered significant.
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Figure 5: Promoter methylation level of VEGFA in COAD patients of different clinical
variables and normal samples. A p-value < 0.05 was considered significant.

Analysis of VEGFA expression with Overall Survival

We employed KM plotter to investigate the association between VEGFA expression and overall
survival (OS). Our analysis demonstrated a correlation between VEGFA overexpression and poor
OS (Figure 6). Taken together, our findings strongly suggest that VEGFA plays a contributory role
in the progression and development of COAD.
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Figure 6: KM survival analysis of VEGFA in COAD patients. A p-value < 0.05 was considered

significant.
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Genetic alteration analysis of VEGFA

We examined the genetic mutations of VEGFA in COAD using the cBioPortal database. Our
analysis revealed that only 2.3% of COAD cases exhibited genetic mutations in VEGFA (Figure 7).
The most commonly observed mutation was amplification, followed by missense mutation. Overall,
our findings suggest that these mutations have a relatively minor impact on COAD.

VEGFA  23% |||

Genetic Alteration Missense Mutation (unknown significance) I Amplification No alterations

Figure 7: Mutational analysis of VEGFA in COAD patients.

Discussion

Cancer is characterized by high mortality rates, poor prognosis, and limited clinical outcomes (32-
37). Thus, there is an urgent need to identify potential molecular biomarkers for the effective
diagnosis and treatment of cancer without complications. Previous studies have identified VEGFA
as a potential participant in tumor angiogenesis, a process crucial for tumor proliferation and
metastasis (38, 39). While expression analysis of VEGFA has been extensively studied in various
cancers, its specific role in Colon Adenocarcinoma (COAD) remains unclear. In this study, we
aimed to investigate the expression level, promoter methylation level, prognostic value, and genetic
mutations of VEGFA in COAD.

Initially, we observed a significant overexpression of VEGFA in COAD compared to normal
samples. Subsequently, we explored the upregulation of VEGFA expression across various
parameters such as patient age, gender, race, and individual cancer stages, consistently finding
significant upregulation. To validate our findings, we utilized GEPIA2 and confirmed the
correlation in our results. Previous reports have indicated that increased expression levels are
typically associated with poor overall survival (OS) and tumor metastasis. Therefore, these
collective findings strongly suggest that VEGFA may play a pivotal role in the progression and
proliferation of COAD. Furthermore, we delved into the promoter methylation level to elucidate the
expression pattern of VEGFA, as promoter methylation is known to regulate gene expression. Our
analysis revealed hypermethylation of VEGFA in COAD patients compared to normal patients.
Based on these results, we hypothesize that VEGFA could serve as a therapeutic target, as well as a
prognostic and diagnostic biomarker in COAD.

As previous studies have elucidated, the overexpression of functional genes often serves as
prognostic indicators (42). Our survival analysis further confirmed that upregulated expression of
VEGFA is indeed correlated with poor overall survival (OS) in COAD patients, suggesting its
potential as a prognostic indicator. Additionally, our analysis of genetic alterations using cBioPortal
revealed that only 2.3% of COAD cases exhibited VEGFA genetic mutations, indicating that these
mutations have minimal impact on the regulation of VEGFA. These findings align with previous
research highlighting the association of VEGFA with tumor angiogenesis. Therefore, the observed
overexpression, poor prognosis, and hypermethylation of VEGFA collectively explain its roles in
the progression of COAD.

Conclusion

In this study, we comprehensively investigated VEGFA expression, genetic mutations, prognostic
value, and promoter methylation levels, uncovering their positive associations with the development
and progression of COAD. Our findings strongly suggest that VEGFA serves as both a potential
therapeutic target and biomarker in COAD. However, further studies are imperative to deepen our
understanding in this regard.

Vol.31 No.5 (2024): JPTCP (351-360) Page | 357


https://jptcp.com/index.php/jptcp/issue/view/79

Deciphering The Role Of Vascular Endothelial Growth Factor A (VEGFA) In Colon Adenocarcinoma Progression: A

Comprehensive Bioinformatics Analysis

Acknowledgement
None
Conflict of interest
None

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Sial N, Saeed S, Ahmad M, Hameed Y, Rehman A, Abbas M, et al. Multi-omics analysis
identified TMED2 as a shared potential biomarker in six subtypes of human cancer.
International Journal of General Medicine. 2021:7025-42.

Usman M, Okla MK, Asif HM, AbdElgayed G, Muccee F, Ghazanfar S, et al. A pan-cancer
analysis of GINS complex subunit 4 to identify its potential role as a biomarker in multiple
human cancers. American Journal of Cancer Research. 2022;12(3):986.

Ahmad M, Khan M, Asif R, Sial N, Abid U, Shamim T, et al. Expression characteristics and
significant diagnostic and prognostic values of ANLN in human cancers. International Journal
of General Medicine. 2022:1957-72.

Usman M, Hameed Y, Ahmad M. Does human papillomavirus cause human colorectal cancer?
Applying Bradford Hill criteria postulates. ecancermedicalscience. 2020;14.

Khan M, Hameed Y. Discovery of novel six genes-based cervical cancer-associated biomarkers
that are capable to break the heterogeneity barrier and applicable at the global level. Journal of
Cancer Research and Therapeutics. 9000.

Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA: A Cancer Journal for
Clinicians. 2023;73(1):17-48.

Miao Y, Wang J, Ma X, Yang Y, Mi D. Identification prognosis-associated immune genes in
colon adenocarcinoma. Biosci Rep. 2020 Nov 27;40(11).

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA: a cancer journal for clinicians.
2018;68(1):7-30.

Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC, et al.
Colorectal cancer statistics, 2020. CA: a cancer journal for clinicians. 2020;70(3):145-64.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global cancer
statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA: a cancer journal for clinicians. 2021;71(3):209-49.

Xu M, Chang J, Wang W, Wang X, Wang X, Weng W, et al. Classification of colon
adenocarcinoma based on immunological characterizations: Implications for prognosis and
immunotherapy. Front Immunol. 2022;13:934083.

Dekker E, Tanis PJ, Vleugels JL, Kasi PM, Wallace MB. Colorectal cancer. The Lancet.
2019;394(10207):1467-80.

Galon J, Angell HK, Bedognetti D, Marincola FM. The continuum of cancer
immunosurveillance:  prognostic, predictive, and mechanistic signatures. Immunity.
2013;39(1):11-26.

Usman M, Hameed Y. GNB1, a novel diagnostic and prognostic potential biomarker of head
and neck and liver hepatocellular carcinoma. Journal of Cancer Research and Therapeutics.
9000.

Identification of Key Biomarkers for the Future Applications in Diagnostics and Targeted
Therapy of Colorectal Cancer. Current Molecular Medicine. 2022.

Dong Y, Wu X, Xu C, Hameed Y, Abdel-Maksoud MA, Almanaa TN, et al. Prognostic model
development and molecular subtypes identification in bladder urothelial cancer by oxidative
stress signatures. Aging. 2024;16(3):2591-616.

Hameed Y. Decoding the significant diagnostic and prognostic importance of maternal
embryonic leucine zipper kinase in human cancers through deep integrative analyses. Journal of
Cancer Research and Therapeutics. 2023;19(7):1852-64.

Vol.31 No.5 (2024): JPTCP (351-360) Page | 358


https://jptcp.com/index.php/jptcp/issue/view/79

Deciphering The Role Of Vascular Endothelial Growth Factor A (VEGFA) In Colon Adenocarcinoma Progression: A

Comprehensive Bioinformatics Analysis

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Gille H, Kowalski J, Li B, LeCouter J, Moffat B, Zioncheck TF, et al. Analysis of biological
effects and signaling properties of Flt-1 (VEGFR-1) and KDR (VEGFR-2): a reassessment
using novel receptor-specific vascular endothelial growth factor mutants. Journal of Biological
Chemistry. 2001;276(5):3222-30.

Lohela M, Bry M, Tammela T, Alitalo K. VEGFs and receptors involved in angiogenesis
versus lymphangiogenesis. Current opinion in cell biology. 2009;21(2):154-65.

Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nature medicine.
1995;1(1):27-30.

Ferrara N. VEGF and the quest for tumour angiogenesis factors. Nature Reviews Cancer.
2002;2(10):795-803.

Salven P, Perhoniemi V, Tykka H, Maenpéé H, Joensuu H. Serum VEGF levels in women with
a benign breast tumor or breast cancer. Breast cancer research and treatment. 1999;53:161-6.
Ghosh S, Sullivan CA, Zerkowski MP, Molinaro AM, Rimm DL, Camp RL, et al. High levels
of vascular endothelial growth factor and its receptors (VEGFR-1, VEGFR-2, neuropilin-1) are
associated with worse outcome in breast cancer. Human pathology. 2008;39(12):1835-43.
Bando H, Weich H, Brokelmann M, Horiguchi S, Funata N, Ogawa T, et al. Association
between intratumoral free and total VEGF, soluble VEGFR-1, VEGFR-2 and prognosis in
breast cancer. British journal of cancer. 2005;92(3):553-61.

Nieder C, Andratschke N, Jeremic B, Molls M. Comparison of serum growth factors and tumor
markers as prognostic factors for survival in non-small cell lung cancer. Anticancer research.
2003;23(6D):5117-23.

Chandrashekar DS, Bashel B, Balasubramanya SAH, Creighton CJ, Ponce-Rodriguez I,
Chakravarthi BV, et al. UALCAN: a portal for facilitating tumor subgroup gene expression and
survival analyses. Neoplasia. 2017;19(8):649-58.

Chandrashekar DS, Karthikeyan SK, Korla PK, Patel H, Shovon AR, Athar M, et al. UALCAN:
An update to the integrated cancer data analysis platform. Neoplasia. 2022;25:18-27.

Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced web server for large-scale
expression profiling and interactive analysis. Nucleic acids research. 2019;47(W1):W556-W60.
Maciejczyk A, Szelachowska J, Czapiga B, Matkowski R, Haton A, Gyorffy B, et al. Elevated
BUBRL1 expression is associated with poor survival in early breast cancer patients: 15-year
follow-up analysis. Journal of Histochemistry & Cytochemistry. 2013;61(5):330-9.

Uhlén M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A, et al. Tissue-
based map of the human proteome. Science. 2015;347(6220):1260419.

Luczak MW, Jagodzinski PP. The role of DNA methylation in cancer development. Folia
histochemica et cytobiologica. 2006;44(3):143-54.

Sarkar S, Horn G, Moulton K, Oza A, Byler S, Kokolus S, et al. Cancer development,
progression, and therapy: an epigenetic overview. International journal of molecular sciences.
2013;14(10):21087-113.

Hu H, Umair M, Khan SA, Sani Al, Igbal S, Khalid F, et al. CDCAS8, a mitosis-related gene, as
a prospective pan-cancer biomarker: implications for survival prognosis and oncogenic
immunology. American Journal of Translational Research. 2024;16(2):432.

Abdel-Maksoud MA, Ullah S, Nadeem A, Shaikh A, Zia MK, Zakri AM, et al. Unlocking the
diagnostic, prognostic roles, and immune implications of BAX gene expression in pan-cancer
analysis. American Journal of Translational Research. 2024;16(1):63.

Luo M, Rehman A, Haque S, Izhar S, Perveen F, Haris M, et al. Thorough examination of the
potential biological implications of the cuproptosis-related gene LIPT2 in the prognosis and
immunotherapy in pan-cancer. American Journal of Translational Research. 2024;16(3):940.
Huang L, Irshad S, Sultana U, Ali S, Jamil A, Zubair A, et al. Pan-cancer analysis of HS6ST2:
associations with prognosis, tumor immunity, and drug resistance. American Journal of
Translational Research. 2024;16(3):873.

Vol.31 No.5 (2024): JPTCP (351-360) Page | 359


https://jptcp.com/index.php/jptcp/issue/view/79

Deciphering The Role Of Vascular Endothelial Growth Factor A (VEGFA) In Colon Adenocarcinoma Progression: A

Comprehensive Bioinformatics Analysis

37.

38.

39.

40.

41.

42.

Abdel-Maksoud MA, Ullah S, Nadeem A, Khan QUA, Zia MK, Ali S, et al. PTPN3 in cancer:
unveiling its immune-mediated impact on prognosis and dysregulated signaling pathways.
American Journal of Translational Research. 2023;15(11):6464.

Kumar A, Cherukumilli M, Mahmoudpour SH, Brand K, Bandapalli OR. ShRNA-mediated
knock-down of CXCLS8 inhibits tumor growth in colorectal liver metastasis. Biochemical and
biophysical research communications. 2018;500(3):731-7.

Li W, Ma J-A, Sheng X, Xiao C. Screening of CXC chemokines in the microenvironment of
ovarian cancer and the biological function of CXCL10. World journal of surgical oncology.
2021;19:1-16.

Hameed Y, Usman M, Liang S, Ejaz S. Novel diagnostic and prognostic biomarkers of
colorectal cancer: Capable to overcome the heterogeneity-specific barrier and valid for global
applications. PL0oS One. 2021;16(9):e0256020.

Ullah L, Hameed Y, Ejaz S, Raashid A, Igbal J, Ullah 1, et al. Detection of novel infiltrating
ductal carcinoma-associated BReast CAncer gene 2 mutations which alter the deoxyribonucleic
acid-binding ability of BReast CAncer gene 2 protein. J Cancer Res Ther. 2020;16(6):1402-7.
Valk K, Vooder T, Kolde R, Reintam M-A, Petzold C, Vilo J, et al. Gene expression profiles of
non-small cell lung cancer: survival prediction and new biomarkers. Oncology. 2011;79(3-
4):283-92.

Vol.31 No.5 (2024): JPTCP (351-360) Page | 360


https://jptcp.com/index.php/jptcp/issue/view/79

