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Abstract: Despite the great progress in its early diagnosis and treatment, colon adenocarcinoma
(COAD) is still poses important issues to clinical management. Therefore, the identification of
novel biomarkers or therapeutic targets for this disease is important. Using UALCAN, the top
25 upregulated and downregulated genes in COAD were identified. Then, a Kaplan-Meier plotter
was employed for these genes for survival analysis, revealing the correlation with overall survival
rate only for MMP3 (Matrix Metallopeptidase 3) and TESC (Tescalcin). Despite this, the mRNA
expression levels were not correlated with the tumor stages or nodal metastatic status. MMP3 and
TESC are relevant targets in COAD that should be additionally validated as biomarkers for early
diagnosis and prevention. Ingenuity Pathway Analysis revealed the top relevant network linked to
Post-Translational Modification, Protein Degradation, and Protein Synthesis, where MMP3 was at the
core of the network. Another important network was related to cell cycle regulation, TESC being a
component of this. We should also not underestimate the complex regulatory mechanisms mediated
by the interplay of the multiple other regulatory molecules, emphasizing the interconnection with
molecules related to invasion and migration involved in COAD, that might serve as the basis for the
development of new biomarkers and therapeutic targets.
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1. Introduction

Although great improvements have been made in the management of colon cancer, it
still represents an unmet clinical need, especially in the late stages of the disease, where
the limited response to therapy and an important alteration in quality of life threaten
patients’” outcomes. Colon adenocarcinoma (COAD) is a common malignant tumor of the
digestive tract, with an incidence of 37.7% with 114,515 new cases and a 13.4% mortality
rate with 576,858 deaths reported by Globocan in 2021 [1,2]. In most cases, this cancer is
asymptomatic until late stages, with widely available screening programs only in developed
countries. Meanwhile, a reduced reported screening rate in low and middle-income
countries is reflected by increasing mortality for these patients [3].

Treatments in advanced stages, which are often accompanied by metastasis or locally
advanced disease, face limitations in regards to systemic chemotherapy and radiotherapy
due to high toxicity, while surgical removal is a viable option mostly for earlier stages [1].
With such a high number of deaths annually, it is vital to search among the many altered
molecules from cancer tissue, some of them with yet unknown roles, to identify more
effective molecular actors and to investigate their potential role in colon cancer, thus
possibly improving patient survival [4].
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Multiple molecular alterations occur during COAD development and progression,
impacting the patient’s prognosis [5-7]. Their identification and study will improve disease
management [8-11]. In the last few years, several molecular signatures have been validated
as being correlated with prognostic and prediction significance [5,8,12,13].

Bioinformatic analysis of omics data has been widely used to explore the pathogenesis of
human diseases [14]. The Cancer Genome Atlas (TCGA) is a comprehensive database where
the molecular profiles and clinical parameters of 34 different tumor types on multiple levels
(level of expression for coding and non-coding genes, mutational status, methylation patterns,
or proteomic/metabolomic profile) are included [15]. The use of datasets from TCGA expands
the opportunities for data mining and can provide a deeper understanding of cancer biology
and tumor-specific vulnerabilities [16]. Previous studies concerning COAD gene expression
profiling identified genes with an altered expression level [16-18]. These findings allow for
the discovery of potential new molecules that may lead to a significantly more accurate
diagnosis if found in the early stages, better patient stratification, and the development of
new targeted therapies [19].

The more in-depth the studies are extended, the more the extracted information can
define new potential molecules that can help the improvement of colon adenocarcinoma
management. To identify potentially powerful “actors” in COAD progression, we chose
to investigate the pathways and interaction networks associated with the most altered
identified genes in COAD (top 25 upregulated coding genes and top 25 down-regulated
coding genes, based on the UALCAN database (http:/ /ualcan.path.uab.edu, 12 August
2022) using Ingenuity Pathway Analysis from Qiagen (IPA). The UALCAN portal has been
widely used since its release in 2017 and has received immense praise and popularity. IPA
is used to identify the interactions among the altered genes and integrate and identify the
most relevant pathways associated with COAD.

This study aimed to identify the potential candidate genes in COAD and to further
uncover their roles in this pathology. Among the top 25 up and 25 down-regulated genes,
we explored two specific genes involved in several mechanisms from early stage to late
stage colon adenocarcinomas, specifically the MMP3 and TESC genes, the only two genes
among these top up and down-regulated genes that were correlated with overall survival
rates (according to STARBASE).

The TESC (tescalcin) gene codifies for a protein with an intracytoplasmic localization
that is expressed in several cancer types. It was recently proposed as a target for colon cancer
therapy. MMP23 is known to be located intracellularly and is involved in the degradation of
collagen, possessing the molecular functions of a hydrolase, metalloprotease, and protease.
It is also involved in the epithelial to mesenchymal transition. In our study, the genes’
level of expression was correlated with the overall survival rate. Both genes are still not
often studied in this cancer type; therefore, due to their statistical power in overall survival,
we investigated the bioinformatics data related to them. For validation, we used another
cohort of patients found in the COLONOMICs project [20]. In addition, these data should
be further validated in additional patient cohorts on biological samples from both tumor
tissue and plasma. This part was not the purpose of our study at this time.

2. Materials and Methods
2.1. Study Design

A flow chart of the study design with datasets and analysis for COAD is shown in
Figure 1.

2.2. Data Mining of TCGA Data Set in COAD

The bioinformatics portal UALCAN (http:/ /ualcan.path.uab.edu, accessed on 8 June
2022) used TCGA level 3 RNA-sequencing and clinical data from COAD. This database was
used to access the altered gene expression pattern [21]. The COAD cohort is represented
by 286 primary COAD tumors and 41 adjacent normal tissue to some of the samples,
comparing cancer tissue samples with normal tissue samples. UALCAN lists genes that
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show high differential expression among normal and tumor samples in the form of an
interactive heatmap. The database delivers a graphical representation of the expression
profile as a heatmap with the top 25 altered genes or as a box plot for individual genes;
the expression level of the searched gene is normalized as transcript per million reads,
and the p-value < 0.01 is considered to be significant. In UALCAN, the difference among
the groups is performed using a t-test using a PERL script with the Comprehensive Perl
Archive Network (CPAN) module “Statistics: t-test” [21].

COAD TCGA data set

Heatmap in COAD-UALCAN

UALCAN-TCGA dataset
= 286 tumor tissue
* 41 normal adjacent tissue

v
Survivalanalysis ___ Survival analysis for MMP3 and TESC

top 25 upregulated and 25 downregulated miRNAs (STARBASE database) was statistically significantin STARBASE
STARBASE -TCGA dataset
* 474 tumor tissue
* 41 normal adjacent tissue

I PA network ana IVSIS Correlation between MMP3 and TESC

-canonical pathways
-cellular and biological mechanisms

(STARBASE database)

MMP3 and TESC mRNA expression on

-top associated networks L+ cancerstages/metastaticstatus  —, \° fig”if,i“‘”t
alteration
-regulator effect networks (STARBASE database)
MMP3 and TESC mutational status _, Low mutation
> (cBioportal- TCGA) frequency

MMP3 and TESC protein expression Confirm mRNA
(UALCAN-CPTAC) TCGA data

Multi-cancer view MMP3 and TESC
—> mRNA expression and overall survival
(TIMER 2.0)

OUTPUT

MMP3 and TESC are promising biomarkers in
COAD, that should be further validated in
additional patient cohort

Figure 1. Flow diagram of the study design. Initial data sets from TCGA colon adenocarcinoma
patients were analyzed using the UALCAN portal (comprising data from 286 tumor samples and
41 adjacent tissue), then survival analyses were performed for the top 25 upregulated and down-
regulated genes using the STARBASE-TCGA data set (474 tumor samples and 41 adjacent tissue).
The selected genes MMP3 and TESC (based on survival analysis-STARBASE) were validated on the
Colonomics database, which contains a different set of patients than TCGA. Our data from two dif-
ferent patient cohorts showed that both genes can be found in all stages of colon adenocarcinoma
patients, that their association with overall survival is significant, and that their protein profiling
confirms the mRNA level of expression in UALCAN-CPTAC. These initial data suggest that they
could be indicators of colon adenocarcinoma and, due to their link with overall survival, can become
therapeutic targets. Further validation on patients’ needs to be performed for data consistency.
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2.3. Inclusion and Exclusion Criteria

To perform the bioinformatics analysis, we selected only patients with colon adenocar-
cinoma. A total of 286 patients with COAD were found in the UALCAN database, with
41 matched pairs of normal adjacent tissue according to the following table. We collected
data from all 286 patients, who were of both sexes, with tumors at all stages, including
lymph node involvement data. The exclusion criteria were patients with rectal cancer. Data
of the patients included in our bioinformatics analysis are summarized in Table 1.

Table 1. UALCAN patient’s characteristics.

Demographics COAD
Tumor (n = 286) Normal (n = 41)
Age—Range (years) 31-90
F 127
Gender M 156
Unknown 3
Adenocarcinoma 243
Histological subtype Mucinous adenocarcinoma 37
Unknown 3
I 45
I 110
Tumor stage III 80
v 39
Unknown 2
Nodal metastasis E(lj 17606
status N2 47
Unknown 3

For the evaluation of the significance of differences in expression levels between
normal and primary tumors, or tumor subgroups based on clinicopathological features,
Welch's t-test estimations were used (* p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001) [22].

The UALCAN database was used for the identification of the top 25 upregulated
and top 25 downregulated genes. Additionally, UALCAN was used for the graphical
representation of protein expression levels for the same transcripts. Data from The Cancer
Omics Atlas (TCOA) repository database provides information about gene expression,
somatic mutations, miRNA expression, and protein expression data based on an individual
molecule or a specific cancer type [23]. We used it for the downloaded top 25 upregulated
and top 25 down-regulated genes in COAD for analysis and mechanistic insights.

2.4. Survival Analysis STARBASE Database

The StarBase database (https://starbase.sysu.edu.cn/panGeneCoExp.php#, accessed
on 14 June 2022) is a portal that can facilitate tumor subgroups’ gene expression and
survival analyses, providing easy access to publicly available cancer transcriptome data
contained by TCGA [24]. We evaluated the COAD patients’ survival related to the top
25 upregulated and top 25 downregulated genes. The genes’ names were keyed into the
STARBASE database, and Kaplan-Meier survival plots, hazard ratio (HR), 95% confidence
interval (CI), and log-rank p values were displayed directly on the web page; a log-rank
p < 0.05 was considered statistically significant.
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2.5. Pearson Correlation Analysis for Gene Expression Data

Data from survival analysis revealed the MMP3 and TESC coding genes that were
further used for correlation analysis in COAD, using the STARBASE database [24,25]. A
Pearson correlation coefficient r > 0.40, which was set as a cutoff, and a p-value < 0.05
were considered statistically significant (https://starbase.sysu.edu.cn/panGeneCoExp.php,
accessed on 12 June 2022).

2.6. Genetic Alterations Using cBioPortal

The frequency of gene alterations (amplification, deep deletion, and missense muta-
tions) in cancer can be assessed by using cBioPortal (http://www.cbioportal.org, accessed
on 2 August 2022). cBioportal is an interactive open-source platform that provides large-
scale cancer genomics datasets [26].

2.7. MMP3 with TESC in COAD Protein Expression Levels

UALCAN also provides a protein expression analysis option for COAD, based on
data available from the Clinical Proteomic Tumor Analysis Consortium (CPTAC, http:
/ /ualcan.path.uab.edu/analysis-prot.html accessed on 10 June 2022) [27].

2.8. Validation of MMP3 and TESC Expression Level with the Colonomics Database

Colonomics is a web resource for analyzing biomarkers of diagnosis and progno-
sis in colorectal cancer (https://www.colonomics.org/expression-browser/, accessed on
9 August 2022). It can be used to generate plots of the gene expression profiles based on
a patient cohort of 98 paired adjacent mucosa and tumor tissues from colorectal cancer
patients and 50 colon mucosa from healthy donors; the patient’s characteristics have been
described previously by Sanz-Pamplona et al., 2014 [18]; p-value < 0.01 is considered to
be significant.

2.9. Pathway Analysis in COAD

Functional annotation was performed using Ingenuity Pathway Analysis (IPA, https://
digitalinsights.qiagen.com/products-overview /discovery-insights-portfolio/analysis-and-
visualization/qiagen-ipa/, accessed on 2 August 2022) applying predefined pathways and
functional categories of the Ingenuity Knowledge Base [28]. The “Core Analysis’ function
included in IPA was used to interpret the top 25 upregulated and top 25 downregulated
genes in COAD, downloaded from TCOA. After the analysis, the generated networks
were arranged by a score in order of significance using the Ingenuity Knowledge Base.
The significance of the bio functions and the canonical pathways were judged based on
the Fisher Exact test p-value; being grouped into Disease and Disorders; Molecular and
Cellular Functions; and Physiological System Development and Function. Additionally, the
implication in canonical pathways was considered and ranked by the ratio value (number
of molecules in a particular pathway that has the cut criteria, divided by the total number
of molecules of the pathway). IPA generates networks for the altered signature in COAD
that are correlated with previously identified associations between genes or proteins but
independently of established canonical pathways. Moreover, these networks are linked to
functions based on the molecules involved.

2.10. Multi-Cancer View of MMP3 and TESC in Cancer

Additional multi-cancer view graphical representations for MMP3 and TESC of the
expression levels were downloaded from TIMER2.0 (http:/ /timer.cistrome.org, accessed
on 1 June 2022) [29,30].
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3. Results
3.1. Altered Gene Expression Pattern in COAD Based on TCGA Dataset

A total number of 628 altered genes with an altered expression level (363 overexpressed and
265 downregulated genes), using as a cut-off value a fold change of +2 and a p-value < 0.05 (TCGA
patient cohort linked to the TCOA online tool) was found [5]. Gene expression analysis
using TCGA data portal analysis with the UALCAN database for COAD permits emphasis
on the top 25 upregulated and top 25 downregulated genes, displayed as a heatmap in
Figure 2 and Table S1. The Log2(fold change) and p-value are based on the analysis done

using TCOA online tool.
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Figure 2. Heatmap showing patterns of most altered genes in COAD. (A) Heatmap graphical
representation of the top 25 overexpressed genes, (B) top 25 under expressed genes in COAD versus
adjacent normal tissue, data available from the TCGA dataset, generated by web-portal UALCAN.
The expression level of genes in COAD is represented as a log2(TPM+ 1) scale.

3.2. Significance of the MMP3 and TESC in COAD

Among the top 25 upregulated and top 25 downregulated genes in COAD, two
genes (MMP3 and TESC) were correlated with overall survival (OS) in COAD. Both genes
are upregulated in COAD. The prognostic values of MMP3 and TESC mRNA in COAD
evaluated by STARBASE online databases are displayed in Figure 3; we found that the
expression of MMP3 and low expression of TESC suggest an unfavorable prognosis for
patients with COAD.
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Figure 3. Expression levels and prognostic value of MMP3 and TESC in COAD. (A) the expression
level for MMP3, graphical representation using UALCAN based on COAD TGCA data set; statistical
significance was evaluated using Welch’s t-test (UALCAN interface), **** p < 0.0001. (B) expression
level for TESC, graphical representation using UALCAN based on the COAD TGCA data set; statisti-
cal significance was evaluated using Welch’s ¢-test (UALCAN interface), *** p < 0.0001. (C) High
expression of MMP3 indicates a better OS in COAD, using Kaplan-Meier Plotter database); (D) High
expression of TESC indicates a better OS. Graphical representation of Kaplan-Meier Plotter was done
using the STARBASE database). This can be explained by a lower number of patients with lymph
node-positive/metastasis in the entire cohort.

No direct correlation between TESC and MMP3 (r = 0.004 and a p value = 0.925) has
been revealed, as can be observed in Figure 4.
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Figure 4. Pearson correlation between MMP3 and TESC expression in COAD samples (1 = 471) using
the STARBASE database.

3.3. MMP3 and TESC mRNA Expression and Cancer Stages and Lymph Node-Positive/Metastatic
Status in COAD

The mRNA expression levels of MMP3 and TESC in tumor tissue were much higher
compared to normal tissues. The relationship between the mRNA expression levels of
MMP3 and TESC and the tumor stage of COAD patients was analyzed based on the
UALCAN database (Figure 5). As shown in Figure 6, the mRNA expressions of MMP3 and
TESC are statistically significant across all tumor stages and lymph node status of COAD.
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Figure 5. The relationship between MMP3 and TESC mRNA expression and cancer stages (UALCAN).
Cancer stages include COAD from stage 1 to stage 4. Statistical significance was evaluated using
Welch’s t-test (UALCAN interface), **** p < 0.0001.
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CAN) in COAD. Statistical significance was evaluated using Welch’s t-test (UALCAN interface),

et p < 0.0001.

3.4. MMP3 and TESC Mutational Signature in COAD Evaluated Using cBioPortal

The application of cBioPortal was for the evaluated mutational signature to show the
mutational frequency of the selected genes (MMP3, TESC compared with TP53, which
was identified to be highly mutated in COAD [5]) in the COAD TCGA cohort. The data is

presented in Figure 7.
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Figure 7. Analysis of genomic alterations in the identified hub genes and their correlations with
survival prognosis in COAD using cBioPortal. (A) In the genomic alterations representation of the
hub genes in the selected TCGA dataset of COAD, each column represents a patient. Localization
and frequency of all mutations for (B) TP53, (C) MMP3, (D) TESC, (E) MMP3 expression level in
COAD based on TP53 mutation status; statistical significance was evaluated using Welch’s t-test
(UALCAN interface), **** p < 0.0001, (F) TESC expression level in COAD based on TP53 mutation
status; statistical significance was evaluated using Welch'’s ¢-test (UALCAN interface), **** p < 0.0001.

3.5. Validation of MMP3 and TESC with the Colonomics Patient Cohort

As represented in Figure 8, expression levels of two genes, MMP3 and TESC, were
validated in an additional transcriptomic dataset, consisting of 98 paired adjacent mucosa
and tumor tissues from colorectal cancer patients and 50 colon mucosa from healthy donors.
Compared with normal mucosa or normal adjacent tissue, expression levels of MMP3 and
TESC were significantly increased in colon cancer.

3.6. MMP3 and TESC Protein Expression Levels

Additional analysis was performed to validate the mRNA expression levels for MMP3
and TESC at the protein level (Figure 9), revealing an overexpression at the protein level.
The data is in agreement with those from the mRNA level.



Biomedinformatics 2022, 2

484

expression

Z-value

14
B NoCancer
B Adjacent
_ B Tumor
12 Y
©
)
% 3o
o "
&
&
8 - g oo,
O..
: e ° e
- : L4
6 : e L)
: “
: $ "
: o 2
NERT R ek
; *
. ° -
24 |
0 1
$MMP3
n mean sd diff s.e t-stat P-value
NoCancer 50 3.19 0.26
Adjacent 98 3.55 0.68 0.36 0.28 1.29 0.2
Tumor 98 7.81 2.44 4.63 0.28 16.63 <2e-16
considered statistically significant.
(A)
Protein expression of MMP3 in Colon cancer
4
%%k ok &
2 |
o] —
- -
6

expression

14 A

12

10

B NoCancer
B Adjacent
B Tumor
™
‘
o
o
, °E
6 - .~
e 2 3
4 - e
BL. %
| - -

I
TESC
$TESC
n mean sd diff s.e t-stat P-value
NoCancer 50 2.95 ©.46
Adjacent 98 3.35 0.47 ©.39 0.20 1.95

98 7.30 1.74 4.35 ©.20 21.61

0.052

Tumor <2e-16

Figure 8. Validation of the MMP3 and TESC with the Colonomics patient cohort, p < 0.05 was

Hormal
(n=100%

Primary tumos
(n=97)

CPTAC samples

Z-value

(B)
Protein expression of TESC in Colon cancer

&k Kk

MNormal
in=100)

Primary tumor
(n=97)

CPTAC samples

Figure 9. MMP3 and TESC protein expression in COAD samples (comprising data from 100 normal
adjacent tissue and 97 primary COAD tumors) using the CPTAC-UALCAN platform. Statistical
significance was evaluated using Welch’s t-test (UALCAN interface), *** p < 0.001 and **** p < 0.0001.



Biomedinformatics 2022, 2 485

3.7. IPA Network Analysis

The main canonical pathways generated using IPA based on the top 25 upregulated
and downregulated genes in COAD are related to Granulocyte Adhesion and Diapedesis,
Leukocyte Extravasation Signaling, Agranulocyte Adhesion, and Diapedesis or Inhibition
of Matrix Metalloproteases (Figure 10A). Using the same data set for analysis, the top
associated networks were generated, as displayed in Table 2. The network N1 (related to
Post-Translational Modification, Protein Degradation, and Protein Synthesis) is displayed
in Figure 10B, revealing the MMPs as a core element of this network. Additional graphical
representation of the N4 network (related to Cell Cycle, Cancer, and Neurological Disease),
revealing TESC’s direct relationship with HIT and HRAS, as displayed in Figure 10B.
Additional valuable data related to the prognostic value and main target molecules for the
altered genes are displayed in Table 2. Additional IPA regulator networks are presented in
Figure 11, and the Top Molecular and Cellular Functions generated using IPA are displayed

in Table S2.
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Figure 10. Mechanistic insights in COAD were generated based on the top 25 upregulated and
downregulated genes generated using IPA. (A) Canonical pathways identified by IPA (B) Top-ranked
enriched network, related to Post-Translational Modification, Protein Degradation, Protein Synthesis.
(C) Network related to Cell Cycle, Cancer, and Neurological Disease. Red: significantly increased
expression level; green: significantly decreased expression level. The regulators are colored by
their predicted activation state: activated (orange) or inhibited (blue). Darker colors indicate higher
absolute Z-scores. MMP3 and TESC are highlighted with blue circles.
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Table 2. Top associated networks were generated using IPA, based on the altered signature on COAD.

ID Associated Network Score

Post-Translational
Modification, Protein

N1 Degradation, Protein 32
Synthesis
Developmental Disorder,
Ophthalmic Disease,
N2 Organismal Injury and 29
Abnormalities
Hereditary Disorder,
Ophthalmic Disease,
N3 Organismal Injury and 2
Abnormalities
Cell Cycle, Cancer,
N4 Neurological Disease 18
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Figure 11. IPA regulator effect networks analysis of the top 25 upregulated and top 25 downregulated
genes in COAD. Upstream regulators are located at the top of the network, target genes are in
the middle of the network (orange color), and predicted disease or function in the bottom of the
network. (A) TNF target molecule, network related to invasion of tissue and growth of epithelial
tissue; (B) ERBB2 target molecule, related to the migration of cells. The data are generated using the
Regulator Effects module in IPA. The MMP3 gene is highlighted with a blue circle.

4. Discussion

The initiation and progression of COAD involve important alterations at the tran-
scriptomic level [18,31]. The TCGA cohort is an open-access database, comprising 34 types
of cancer tissue and normal tissue. In our study, we extracted the top 25 upregulated
and top 25 downregulated coding genes in COAD to assess their prediction of the overall
survival rate. For further analysis, we selected two key genes involved in epithelial to
mesenchymal transition and angiogenesis (MMP3) and a potential oncotarget (TESC), for
which the previous data found in the literature correlated with our findings. Both genes,
MMP3 and TESC, were correlated with overall survival rate according to the Starbase
online tool. We compared the level of expression of these two genes with other cancers
where they appear with a dysregulated expression compared to normal epithelial cells of
the colon. A pan-cancer view of the expression levels for MMP3 and TESC downloaded
from UALCAN displays interesting aspects related to these genes in solid cancer (Figure 12).
MMP3 was found to have a prognostic role in pancreatic cancer and cervical cancer, while
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MMP3 Expression Level (log2 TPM)

TESC Expression Level (log2 TPM)

TESC showed no prognostic role in investigated cancers. TESC was also proposed as an
oncotarget. Furthermore, TESC was investigated in a patient’s cohort by Kang et al., reveal-
ing that the cases with overexpression of TESC are related to reduced survival compared
to the cases displaying high expression value; this study proposes TESC as a potential
diagnostic marker in colorectal cancer, due to a high difference in the expression level
between normal tissue and tumor tissue. The authors show inhibition of TESC decreases
cell survival in vitro conditions [32].
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Figure 12. Multi-cancer view of the expression levels and survival analysis for MMP3 and TESC
downloaded from TIMER2.0. (A) Multi-cancer view of the expression levels of MMP3. (B) Multi-
cancer view of the expression levels for TESC. (C) Multi-cancer view of the correlation between
overall survival with MMP3 and TESC (* p < 0.05, ** p < 0.01, ** p < 0.001).

The matrix metalloproteinases (MMPs) family consists of at least 24 calcium-dependent,
zinc-containing endopeptidases. The pattern of these proteins in cancer is dependent on
the MMP variant and the type of cancer [33,34]. MMPs belong to a large group of proteases
capable of breaking all components of the extracellular matrix, being involved in all steps
of tumorigenesis, cancer invasion, and metastasis [35-42]. MMP3, along with CXCL1, is
considered an important stromal protein marker of the dysplasia—carcinoma transition in
sporadic colorectal cancer [43]. Moreover, MMP3 is one of the colorectal cancer biomarkers
related to the inflammatory microenvironment [44].

In several cancer types, MMP3 is considered a biomarker alone or in combination
with other molecules [14,19,37,38,41,42,45-48]. Tumor cells typically express a high level of
different MMPs [33,37,38]. As previously shown, MMP1, -3, -7, -9, -10, -11, -12, and -14 are
upregulated in COAD samples [38,39]. Expression levels of MMP-1, -2, -7, -9, and -13 were
observed to be related to worse outcomes; meanwhile, in the case of MMP-12, expression
was observed to have a protective role [37].

MMP3, coding stromelysin-1, is upregulated in colon cancers [33] and its expression
level affects the survival of patients with colon adenocarcinoma [14], also confirmed by the
TCGA data presented in Figure 2. MMP3 has an important role in COAD tumor growth
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and metastasis [33]. Another study revealed that C/EBPf upregulation was correlated
with MMP3 expression and it is associated with metastatic status in colorectal cancer [49].
IPA data has revealed MMP?3 to be involved in cellular movement along with other altered
genes in COAD.

The prognostic value of MMP3 shows a divergence between different databases. This
is possible because the cellular source of a specific MMP might have an impact on the
biological outcome related to its expression [19,50].

TESC (Tescalcin) regulates the activities of the Na*/H" exchanger and is related to
the activation of the extracellular signal-regulated kinase (ERK) cascade to the expression
of transcription factors that control cell growth and differentiation [51]. TESC is altered
in several cancers [51]; TESC expression promotes the invasive and metastatic effects of
colorectal cancer [52]. TESC was observed to be overexpressed in tumor tissue, as it was
shown based on TCGA data, but also in serum from colorectal cancer patients, underlining
its oncogenic role in this pathology [52], with prognostic significance in several other cancer
types such as hepatocellular carcinoma [53] and gastric cancer [54]. TESC is overexpressed
in colorectal cancer (CRC), but not in normal mucosa and premalignant dysplastic lesions,
the high expression levels being related to an increased cell proliferation rate, invasiveness,
and metastatic features [32,52,55]. TESC is presented as a potential oncotarget in colon
adenocarcinoma, as revealed in data found by Kand et al., who indicated that depletion of
TESC in this cancer type results in decreased tumor growth [32].

The genomic landscapes result from a combination of multiple overlapping muta-
tional processes, making their deconvolution from genomic data a difficult challenge [56].
According to the analysis using cBioportal, based on TCGA data (Figure 7), we can observe
that MMP3 and TESC have a low mutation rate, versus TP53, which has a higher mutation
rate in COAD, as we observed in a previous study [5]. Additionally, in colorectal cancers,
the presence of specific MMP3 polymorphisms was observed [57].

Alteration of genes involved in post-translational modification, protein degradation,
and protein synthesis can lead to important structural alterations in existing proteins that
participate in multiple biological processes [58]. Additionally, studies related to these
alterations will have an important role in the immune recognition of tumor therapy [58].

The limitation of the present study is related to the type of analysis based on con-
clusions drawn from bioinformatics and analysis of previous experimental results. Even
so, data generated by bioinformatics tools have an important advantage for cancer with a
high number of cases, as all platforms collect a higher number of samples associated with
clinical data and pathological data. In addition, analytical methods such as IPA applied in
the present study revealed an important role in Post-Translational Modification, Protein
Degradation, and Protein Synthesis in COAD, where an important element of this network
is MMP3, a gene correlated with overall survival. Another important network was related
to the cell cycle, with the TESC gene being a key component of this network. Our studies
provide the clue that bioinformatics strategies could identify key genes associated with the
pathogenesis of COAD, which can be exploited as biomarker candidates or therapeutic
targets. However, these data alone do not provide sufficient insights into patient prognosis
or treatment. Therefore, other molecular data should be considered in combination with
our candidate genes for further understanding of COAD and to improve patient care.

5. Conclusions

An analysis of the top 25 upregulated and downregulated genes that were screened
for the prediction of the overall survival rate in COAD was performed. Thus, we were able
to identify two key genes (MMP3 and TESC) that may be associated with the prognosis of
patients with COAD. Additional validation of the expression levels for MMP3 and TESC
on the colonomics data set was subsequently performed. Additional validation studies
in the large patient cohort will decipher the role of the two genes and will bring novel
insights regarding stage correlation with expression level and hallmarks of cancer where
these genes could serve as potential biomarkers and oncotargets. At the time when this
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study was performed, limited information about both genes was provided by studies done
on patients with colon adenocarcinoma, leaving a lot of space for validation or discoveries
about their potential value in different cancers.

IPA network analysis revealed further insights into the MMP3 and TESC profiles and
provides a basis to investigate the regulatory mechanisms involved in COAD research,
particularly in the context of the tumor microenvironment.

Supplementary Materials: The following supporting information can be downloaded at: https:
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