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ARTICLE INFO STRUCTURED ABSTRACT

Keywords: Introduction: The PTGS2 gene codes for the cyclooxygenase-2 (COX-2) enzyme that catalyzes the committed step
PTGS2 in prostaglandin (PG) synthesis. Various in-vivo and in-vitro data suggest that prostaglandin E2 mediates as a
M signaling molecule for activating the VEGF signaling pathway (VSP), forming an association between COX-2 and
Head and neck VSP. Several chemoth imens increasingly rel ing the synthesis of PGs. Th d and
Angiogenesis . Several chemotherapy regimens increasingly rely on preventing the synthesis o: s. The targeted an

Gene expression metronomic chemotherapy agents, which suppress the COX-2 enzymes, have a major role in suppressing the oral
Gancer cancer cascade. Hence, this study was designed to understand the pattern of PTGS2 expression and genes

regulating VSP in head and neck cancers.

Methods: PTGS2 expression was analyzed in the TCGA database computationally with the help of the UALCAN
web-server. The expression of VEGF signaling pathway genes was mined, and their expression pattern was
determined. Co-expression analysis was done to elucidate the association between VEGF signaling genes and
PTGS2. The ShineyGo web server was used for gene set enrichment.

Results: Significantly high PTGS2 expression was observed in tumor samples. Further genes regulating VEGF
signaling were significantly overexpressed in tumor samples. Co-expression analysis results showed a significant
positive correlation between PTGS2 and angiogenesis-regulating genes. The majority of the genes were enriched
for angiogenesis pathways.

Conclusion: PTGS2 was significantly expressed in head and neck cancer, and its expression was associated with
genes regulating angiogenesis.

1. Introduction

Squamous cell carcinoma of the head and neck is the sixth most
frequent cancer worldwide and the most prevalent cancer in South Asia
accounting for about 890,000 reported new cases and around 450,000
reported fatalities occurring globally. According to the Global Cancer
Observatory (GLOBOCAN), 1.08 million new cases of malignancies of
the Head and Neck region will be diagnosed each year by 2030, and
about a 30% increase in the disease’s occurrence."” Since the prolifer-
ation and migration of cancer cells depend on an adequate supply of
oxygen and nutrients, angiogenesis is an important occurrence in the
natural history of cancer.> Numerous malignancies, including squamous
cell carcinoma of the head and neck, have been studied to determine the
function of angiogenesis. Numerous pro- and anti-angiogenic molecules

* Corresponding author.
E-mail address: naveenkumar.an@manipal.edu (N.A. Kumar).

https://doi.org/10.1016/j.jobcr.2023.07.002

control the highly dynamic and complicated angiogenic process. The
angiogenic switch to an angiogenic phenotype, in which proangiogenic
pathways overcome or avoid negative regulators of angiogenesis, is
regarded as a distinguishing feature of cancer progression.” To date,
many molecules have been isolated that regulate angiogenesis and have
a significant role in promoting cancer.

One such molecule is the cyclooxygenase-2 (COX-2) enzyme, which
is coded by the gene Prostaglandin-endoperoxide synthase 2 (PTGS2).
COX-2 expression is negligible in normal tissue but can be induced with
the help of a variety of stimuli for inflammatory responses. COX-2 en-
hances apoptotic resistance, proliferation, angiogenesis, inflammation,
invasion, and metastasis of cancer cells. It also causes cancer stem cell
(CSC)-like activities.” Human tumors have an increase in the number of
blood vessels, which is related to COX-2, which is produced in tumor
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endothelial cells and is necessary for cancer cell migration.®

Prostaglandins (PGs) are metabolites of arachidonic acid whose
synthesis is regulated by COX-2. PGs take part in various biological
pathways mainly as lipid mediators in various tissues. Many studies
suggest the association of various PGs to regulate angiogenesis by
inducing vascular endothelial growth factor (VEGF) expression in
endothelial cells, especially prostaglandin E2 (PGE2), which is a product
synthesized as a downstream pathway of arachidonic acid metabolism
regulated by the COX-2 enzyme (Fig. 1).° Due to the ability of PGs to
bind with VEGF, COX-2 inhibitors can reduce angiogenesis in cancer
cells.” The most potent inducer of angiogenesis, endothelial cell prolif-
eration, and capillary permeability is the VEGF which differs from other
growth factors since it is a secreted protein, an endothelial cell-specific
mitogen in-vitro, and the only reported growth factor capable of
increasing vascular permeability. In osteoblasts, synovial fibroblasts,
and other cell types cultured, PGE2 stimulates VEGF expression.’
Inhibiting COX-2 activity and hence prostaglandin generation has been
demonstrated in studies to drastically lower VEGF expression, block
angiogenesis, and restrict the growth of cancer cells.'”

Various in-vitro and in-vivo data suggest the association of COX-2
with the VEGF pathway in various cancers, but the genetic basis is yet
to be explored in detail, especially with head and neck squamous cell
carcinoma (HNSCC) tumor samples. Hence, this study was designed to
assess the relationship between PTGS2 gene expression and the
expression of genes regulating the VEGF signaling pathway with their
paired normal by averaging the expression of HNSCC tumor samples in-
silico. The link between PTGS2 and the VEGF signaling pathway was
further established by gathering data from gene enrichment analysis and
pathway analysis.

2. Methodology
2.1. Data acquisition and gene expression pattern

Data sets with information on mRNA expression in HNSCC from The
Cancer Genome Atlas (TCGA), PanCancer Atlas data were selected, and
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the genes of interest were queried in cBioportal data sets (https://www.
cbioportal.org/) for mRNA expression z-scores relative to normal sam-
ples (log RNA Seq V2 RSEM) with a Z score threshold of 2.0 and a protein
expression Z score. Oncoprint was generated to illustrate the mRNA
expression of PTGS2 and VEGF signaling pathway genes (genes regu-
lating angiogenesis).

2.2. Gene expression analysis in HNSCC

Gene expression of the PTGS2 gene and VEGF signaling pathway was
analyzed in normal vs. tumor samples and across tumor grade in TCGA
HNSCC data sets using the University of Alabama at Birmingham Cancer
Data Analysis Portal (UALCAN)' 12 (http://ualcan.path.uab.edu). Gene
expression of PTGS2 and the VEGF signaling pathway was assayed in
TCGA-HNSCC samples based on critical molecular signatures, i.e., TP53
mutation and Human papillomavirus (HPV) infection status, using the
UALCAN cancer data analysis portal. TCGA whole exome sequencing
data are used to determine the status of the TP53 mutation. From the
Genomic Data Commons site, we downloaded Mutation Annotation
Format (MAF) data (derived from VarScan 2). Using RNA-seq data, the
samples with and without the TP53 mutation were compared. The p16
and in-situ hybridization data were considered while considering the
HPV status in the HNSCC data sets. The significance of the difference
between normal and tumor tissue was estimated using the student’s
t-test considering unequal variance. One-way analysis of variance
(ANOVA) was used to determine the significant difference between the
expression of normal samples and the expression across tumor grades
(based on the American Joint Committee on Cancer for pathologic
tumor grade) and in critical molecular markers, such as the status of the
TP53 mutation and HPV status (p16 and ISH). The mRNA expression is
expressed as transcription per million (TPM) for all the selected genes.

2.3. Co-expression analysis

Co-expression of the PTGS2 gene with VEGF signaling pathway genes
was done using cBioportal online database (https://www.cbioportal.
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Fig. 1. The role of COX-2 in inducing sustained angiogenesis and tumor progression by activating the VEGF signaling pathway with the aid of prostaglandin

E2 (PGE2).
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org/.) in HNSCC (TCGA, PanCancer Atlas) data sets. Pearson’s correla-
tion analysis was used to compare the expression between two genes
[RSEM (Batch normalized from Illumina HiSeq RNASeqV2): VEGFA
(log2)].

2.4. Pathway analysis

A graphical tool for gene enrichment analysis ShinyGO 0.76 (http
://bioinformatics.sdstate.edu) was used, and the gene of interest was
queried for gene ontology enrichment analysis done in the GO Biological
Process database with a false detection rate (FDR) cutoff of 0.05.

3. Results

3.1. mRNA expression pattern of PTGS2 and genes regulating VEGF
signaling pathway in HNSCC

In the data of HNSCC (TCGA, PanCancer Atlas), with a sample size of
523 samples, around 328 of the samples had been shown to have altered
genes in the queried genes. Out of all the altered genes, VEGFA showed
the highest percent of alteration in mRNA expression at about 28% in
the selected data sets, followed by PTGS2 with 23% of the alteration. In
the C-X-C motif chemokine receptor 1 (CXCR1) and C-X-C motif che-
mokine receptor 2 (CXCR2) genes, the alteration was observed to be
18% and 17%, respectively. Kinase insert domain receptor (KDR)
showed alteration in 4% of the sample, followed by VEGFB with the
lowest alteration.

3.2. Expression of PTGS2 and VEGF pathway genes in HNSCC

Based on TCGA-HNSCC gene expression data, the expression of
PTGS2 and VEGF signaling pathway genes was explored by comparing
normal and tumor tissue samples. All the genes, i.e., VEGFA, VEGFB,
KDR, CXCR1, CXCR2, and PTGS2, showed a significant difference in
expression between normal and tumor tissue samples (Fig. 2). All genes,
including PTGS2, showed higher median expression in tumor tissue
when compared to normal tissue, except CXCR2, where higher median
expression was observed in normal tissue when compared to tumor

Journal of Oral Biology and Craniofacial Research 13 (2023) 567-574

tissue.
3.3. Gene expression based on tumor grade in HNSCC

The expression of PTGS2 and VEGF signaling pathway genes was
carried out with the help of the UALCAN cancer analysis portal. A sig-
nificant difference in expression was observed between different tumor-
grade samples when compared to normal (Fig. 3). VEGFA gene expres-
sion was observed more in grade 2 and grade 3 tumors, with median
expression being 52.401 TPM and 52.281 TPM, whereas normal tissue
samples had a median expression of 20.59 TPM. In the VEGF-B gene,
grade 3 tumor samples showed higher expression, with a median
expression of 101.28 TPM in tumor samples compared to normal sam-
ples with 49.65 TPM. Grade 4 tumor samples expressed KDR genes with
an expression of 5.217 TPM, whereas the normal tissue sample expres-
sion was 1.93 TPM. CXCR1 was more expressed in grade 1 tumors
compared to other tumor-grade samples when compared to the normal
expression of 0.167 TPM. The expression trend shown by CXCR2 was
different when compared to other genes, where the CXCR2 gene was
more expressed in normal tissue samples, i.e., a median expression of
8.807 TPM when compared to the tumor. Grade 1 tumor samples were
found to have more expression, with the median being 2.249 TPM for
the CXCR2 gene. PTGS2 gene expression was highest in grade 4 cancers,
with a median expression of 18.73 TPM. Normal samples were observed
to have a median gene expression of 2.58 TPM for the PTGS2 gene.

3.4. Gene expression in critical molecular signatures in HNSCC

In patients with HPV-negative status, PTGS2, KDR, CXCR1, and
CXCR2 expression was significantly high compared to its paired normal.
Similarly, VEGFA and VEGFB were found to be more expressed in pa-
tients with HPV-positive status. In tumor samples with TP53 mutation,
high expression of VEGFA, VEGFB, CXCR1, and PTGS2 was observed
whereas KDR and CXCR2 was more expressed in TP53 non-mutant
samples. The results obtained are shown graphically in Figs. 4 and 5.
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Fig. 2. The gene expression analysis of genes, i.e., A. VEGFA, B. VEGFB, C. KDR, D. CXCR1, E. CXCR2, and F.

normal samples using the UALCAN web server. (***p < 0.0001).
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Fig. 3. The gene expression analysis of genes, i.e., A. VEGFA, B. VEGFB, C. KDR, D. CXCR1, E. CXCR2, and F. PTGS2, in HNSCC in tumor grades as compared to

normal samples using the UALCAN web server. (***p < 0.0001).
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Fig. 4. The gene expression analysis of genes, i.e., A. VEGFA, B. VEGFB, C. KDR, D. CXCR1, E. CXCR2, and F. PTGS2, in HNSCC with HPV status using the UALCAN

web server. (***p < 0.0001).

3.5. Co-expression analysis using cBioPortal

The co-expression analysis was done using cBioPortal to use Pearson
correlation to measure the strength of the linear relationship between
the expression of two genes. Co-expression analysis was done between
PTGS2 expression and VEGF signaling pathway genes. A positive cor-
relation was observed between PTGS2 and VEGF pathway genes except
for VEGFB, where a negative correlation was observed with the PTGS2
gene (Fig. 6).

3.6. Gene set enrichment analysis

To assess the pathways associated with PTGS2 genes and to decipher
the role of PTGS2 in oncogenesis, gene set enrichment analysis was done
using ShinyGo gene ontology software. The queried gene sets for GO
biological processes were found to be associated with various biological
pathways, i.e., sprouting angiogenesis, regulation of angiogenesis,
regulation of chemotaxis, and various other pathways linked to angio-
genesis (Fig. 7). Details of the result obtained by the GO biological
process are given in Table 1.
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Fig. 5. The gene expression analysis of genes, i.e., A. VEGFA, B.
UALCAN web server. (***p < 0.0001).
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Fig. 6. Co-expression analysis using cBioPortal between A. VEGFA vs. PTGS2, B. VEGFB vs. PTGS2, C. KDR vs. PTGS2, D. CXCR1 vs. PTGS2, and E. CXCR2 vs. PTGS2.

4. Discussion

HNSCC is a very deadly malignancy that costs the lives of many
people around the globe. Despite various advances in anti-cancer ther-
apy, recurrence and metastasis of the disease are common among pa-
tients, leading to a poor prognosis for treatment. ' Angiogenesis is a
well-studied hallmark of cancer and draws the attention of scientists
working on anti-cancer therapy. Many studies have established the
importance of angiogenesis in tumor progression and its pivotal role in
locally advanced and higher grades of HNSCC. Various
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chemotherapeutic regimes aim to target angiogenesis by inhibiting
various molecules regulating angiogenesis, which is a promising strat-
egy leading to better survival in patients with HNSCC.'° The PTGS2 gene
encodes the protein COX-2 enzyme, also known as prostaglandin
epoxide synthase, which is needed for the conversion of arachidonic acid
to PGs. Cyclooxygenase-1 (COX-1) and COX-2 are the two COX isoforms
that have been identified. COX-1 is produced naturally in the gastric
mucosa, whereas COX-2 is particularly inducible in areas of inflamma-
tion and malignancy.'* Data from in-vitro and in-vivo investigations show
that PGs produced by the COX-2 enzyme are critical for cancer
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Fig. 7. The PTGS2-correlated transcripts and enrichment analysis using ShinyGO, the lollipop plot illustrating the enriched pathways (FDR 0.05).

initiation, promotion, and progression.'> COX-2 converts arachidonic
acid to prostaglandin H2 (PGH2), which is subsequently converted to
PGE2, an eicosanoid molecule that stimulates the manufacture and
release of VEGF, a powerful angiogenic growth factor.'® It was
demonstrated in Apc/COX-2 double knockout mice that stromal COX-2
expression is required for the production of VEGF and, as a result, tumor
angiogenesis.'” As a result, we hypothesized that PTGS2 expression and
the expression of genes regulating VEGF signaling are associated, which
serves as the foundation for this study because all of the evidence is
based on in-vitro and in-vivo studies, making it necessary to validate the
expression pattern of the selected genes in human tissue samples using
in-silico analysis of the TCGA data in HNSCC tumor tissue samples.

In a study done by Cherie-Ann et al.,'® COX-2 was expressed in
HNSCC when compared to normal; similarly, we observed a higher gene
expression of PTGS2 (the gene coding COX-2) in HNSCC tumor samples
when compared to normal samples, and even significantly higher
expression was observed in grade 4 tumor samples when compared to
normal. In a study carried out by Salven P. et al. and A. Giatromanolaki
et al.,'® expression of VEGF and KDR was found to be overexpressed in
HNSCC,'° and a similar trend was observed with other genes where the
genes regulating angiogenesis were more expressed in tumor tissue
when compared to normal. A different anomaly was observed with
CXCR2 gene expression, where its expression was higher in normal
samples when compared to tumor samples, contrary to the results ob-
tained in various other studies.?® A similar trend was seen with CXCR2
expression in an in-silico study by Shen Y et al.?! aimed to decipher the
expression levels of the CXC chemokine receptor gene family and to
determine its prognostic value in HNSCC. It was found that CXCR2
expression in HNSCC was higher in normal tissue compared to tumor
tissue in ONCOMINE datasets. When gene expression in different tumor
grades is assessed, it is found that grade 4 tumors exhibit significantly
greater levels of KDR expression. VEGFB had more expression in grade 3
tumors; similar results were observed in a similar study done by Vickie
et al.”?> where VEGF-B was significantly expressed in grade 3 tumor
specimens. All genes were significantly expressed in grade 1 and 2
tumors.

In a study done by O. Gallo et al.,”> COX-2 mRNA and protein
expression were higher as compared to normal, which was correlated to
increased VEGF mRNA expression. Similarly, we observed the
co-expression between the PTGS2 gene and the VEGF protein gene (both
VEGF-A and VEGEF-B). A positive correlation was observed with VEGF-A,
whereas a negative correlation was observed between PTGS2 and
VEGF-B expression. A positive correlation between the expression of
PTGS2 and KDR, CXCR1, and CXCR2 was also apparent. Following the
results obtained by the gene set enrichment analysis, PTGS2, and VEGF
signaling genes showed positive enrichment in various pathways that
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are linked to the process of neovascularization, supporting the notion
that PTGS2 genes and VEGF signaling pathways work synergistically to
induce, support, and sustain tumor angiogenesis, leading to disease
progression.

In a prospective phase II clinical trial to elucidate the association of
VEGF expression with HPV status in patients with oropharyngeal
squamous cell carcinomas, it was found that the expression of VEGF
mRNA was significantly increased in HPV p16 positive samples.”! A
similar trend was observed in-silico, where the expression of VEGFA and
VEGFB genes in the HPV-positive samples was higher compared to HPV
pl6 negative samples in TCGA HNSCC data. In-vitro data suggest that
p1l6 oncoproteins, i.e., E5, E6, and E7, can induce VEGF expression in-
dependent of the p53 pathway, providing an insight into high VEGF
expression in HPV-negative samples.”” In a study done by Tarikh et al.,*°
it was found that COX-2 expression is not correlated with HPV status in
patients diagnosed with laryngeal squamous cell carcinoma. A similar
trend was observed in our study; it was observed that PTGS2 expression
was low in HPV-positive patients as compared to normal samples. Ac-
cording to in-vitro data, E6 and E7 oncoproteins were found to induce
COX-2 enzyme expression, but a similar trend was not observed in-silico
in patient tumor samples.?” Though PTGS2 expression was found to be
higher in TP53 mutant cells, clinically, no correlation has been found
between the two factors in disease progression and survival.?® Several
studies support the hypothesis that p53 regulates the angiogenesis
process via the expression of VEGF*’; parallelly, in this study, a similar
expression pattern was observed where the expression of VEGFA and
VEGFB was higher in tumor samples with TP53 mutations.

The above findings aid us in deciphering that the PTGS2 gene might
play a role in inducing and regulating angiogenesis in HNSCC. COX-2,
the protein product of the PTGS2 gene, as such does not participate in
tumor development, but the prostaglandins produced by the enzyme,
especially PGE2, act as a signaling molecule to further initiate the
expression of VEGF, which aids in sustained angiogenesis.’’ It has been
demonstrated experimentally that PGE2 can be considered a connecting
link between COX-2 expression and activation of the VEGF signaling
pathway, which further leads to angiogenesis in the in-vitro model.>!
Although many unique compounds that block VEGF have been identi-
fied so far, their usage in routine clinical practice is limited, and newly
discovered medications must first pass through a highly rigorous
screening process before being adopted as standard practice. Therefore,
it is crucial to use medications that are already in use in standard clinical
practice. In that regard, the PTGS2 gene has emerged as a potent
druggable target, and COX-2 inhibition has proven to be a promising
strategy to treat malignancies of the head and neck region, having a
further downstream effect on the VEGF signaling pathway.”'> Clini-
cally, COX-2 inhibition has proven to improve survival opportunities for
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Table 1
List of top significant pathways in GO Biological process with FDR cutoff 0.05.

Enrichment nGenes  Pathway Fold Pathway

FDR Genes Enrichment

4.86E-06 4 131 116.0102 Sprouting angiogenesis

4.86E-06 4 164 92.66667 Positive regulation of
angiogenesis

4.86E-06 4 154 98.68398 Positive regulation of
chemotaxis

4.86E-06 3 28 407.0714 Regulation of positive
chemotaxis

4.86E-06 3 27 422.1481 Positive regulation of
positive chemotaxis

4.86E-06 5 343 55.38387 Cell chemotaxis

4.86E-06 3 27 422.1481 Vascular wound healing

4.86E-06 3 22 518.0909 Positive regulation of cell
migration involved in
sprouting angiogenesis

4.86E-06 4 164 92.66667 Positive regulation of
vasculature development

5.10E-06 5 544 34.92034 Angiogenesis

5.14E-06 5 556 34.16667 Positive regulation of cell
migration

5.14E-06 2 2 3799.333 Interleukin-8-mediated
signaling pathway

5.14E-06 5 597 31.82021 Positive regulation of
locomotion

5.14E-06 5 595 31.92717 Positive regulation of
cellular component
movement

5.14E-06 3 36 316.6111 Angiogenesis involved in
wound healing

5.14E-06 5 581 32.6965 Positive regulation of cell
motility

5.81E-06 5 622 30.54126 Positive regulation of
response to external
stimulus

5.81E-06 5 635 29.91601 Blood vessel
morphogenesis

5.81E-06 3 39 292.2564 Regulation of cell
migration involved in
sprouting angiogenesis

6.51E-06 6 1590 14.33711 Cell migration

6.77E-06 3 43 265.0698 Vascular endothelial
growth factor signaling
pathway

7.50E-06 5 717 26.49465 Blood vessel
development

7.50E-06 5 699 27.17692 Chemotaxis

7.50E-06 5 702 27.06078 Taxis

7.50E-06 4 239 63.58717 Regulation of chemotaxis

7.50E-06 2 3 2532.889 Response to interleukin-8

7.50E-06 2 3 2532.889 Cellular response to
interleukin-8

8.17E-06 5 748 25.39661 Vasculature development

8.17E-06 6 1776 12.83559 Cell motility

8.17E-06 6 1776 12.83559 Localization of cell

patients. Many drugs have been developed that target PTGS2, especially
non-steroidal anti-inflammatory drugs (NSAIDs), which act directly on
the cyclooxygenase (both COX-1 and COX-2) enzymes. Drugs like cele-
coxib that specifically act on the COX-2 enzyme, inhibiting its function,
have been proven clinically to be very efficient in curbing cancer pro-
gression, especially in head and neck cancers.*? COX-2 inhibitors have
now been employed in various multi-drug chemotherapeutic regimens
to treat head and neck cancers, like metronomic chemotherapy, which
acts on various druggable targets, including COX-2, and has been shown
to increase patient survival.>>%°

The objective of the study to establish a relation between PTGS2 and
angiogenesis using in-silico analysis (using various bioinformatics and
gene ontology databases) was reached, but this study has various limi-
tations where different databases with heterogeneous datasets have
been used to assess the expression pattern of the queried genes. Except
for the ShinyGO gene ontology database, all other analysis was done
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using TCGA datasets for HNSCC. Another major limitation of the in-silico
gene expression approach is the cumbersome nature of the subsequent
data analysis. The trend of expression identified in the above-mentioned
datasets is particular to a specific population and may not apply to all
ethnic groups; hence, the results thus obtained need to be further
validated.

Nevertheless, this study was done with the perspective of predicting
the role of PTGS2 as a potent druggable target, its expression pattern,
and the associated molecular pathways linked to it. Although bioinfor-
matics predictions can foretell expression patterns, the association of
various genes with various pathways may cause us to augment or un-
derestimate the role of PTGS2. To validate the aforesaid findings, future
experiments aimed at validating the current predictions are required,
like gene expression studies on patient samples. To further confirm the
role of PTGS2 in angiogenesis, gene knockout studies using primary cell
cultures from patient samples will be required. A transcriptomic exam-
ination of patient tissues can help us construct a more complete picture
of PTGS2 and its role in disease progression. Hence, future research done
to validate the role of PTGS2 in inducing angiogenesis will aid in
increasing the utility of PTGS2 application clinically in HNSCC.

5. Conclusion

We may infer from the data above that PTGS2 gene expression
significantly affects the expression of the VEGF signaling pathway and
further promotes angiogenesis in head and neck malignancies. Drugs
that inhibit the activity of the PTGS2 enzyme have shown promising
outcomes in delaying disease progression and maintaining tumor
dormancy, although the mechanism of action of these drugs is still un-
clear. The in-silico investigation indicated conclusively that PTGS2 plays
an indispensable role in modulating sustained angiogenesis in cancer
tissue and is one of many pathways altered by PTGS2 expression. The
aforementioned hypothesis needs to be tested and validated experi-
mentally because of certain limitations of in-silico analysis.
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