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Background: Colon cancer is one of the most common malignant tumors in the
world. FOLFIRI (leucovorin, fluorouracil, and irinotecan) is a common
combination in chemotherapy regimens. However, insensitivity to FOLFIRI is
an important factor in the effectiveness of the treatment for advanced colon
cancer. Our study aimed to explore precise molecular targets associated with
chemotherapy responses in colon cancer.

Methods: Gene expression profiles of 21 patients with advanced colorectal
cancer who received chemotherapy based on FOLFIRI were obtained from the
Gene Expression Omnibus (GEO) database. The gene co-expression network
was constructed by the weighted gene co-expression network analysis
(WGCNA) and functional gene modules were screened out. Clinical
phenotypic correlation analysis was used to identify key gene modules.
Gene Ontology and pathway enrichment analysis were used to screen
enriched genes in key modules. Protein—protein interaction (PPI) analysis
was used to screen out key node genes. Based on the Gene Expression
Profiling Interactive Analysis (GEPIA) database, the correlation between the
expression levels of these genes and the overall survival (OS) and disease-free
survival (DFS) of colon cancer patients was investigated, and the hub genes were
screened out. Immunohistochemistry of candidate hub genes was identified
using the Human Protein Atlas database. Finally, clinical information and RNA
sequencing data of colon cancer were obtained from The Cancer Genome
Atlas project database (TCGA), the GEPIA, and the Human Atlas databases for
validation.

Results: The WGCNA revealed that three hub genes were closely related to
chemotherapy insensitivity of colon cancer: AEBP1, BGN, and TAGLN. The
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protein expression levels of AEBP1, BGN, and TAGLN in tumor tissues were
higher than those in normal tissues. In addition, the gene expression levels of
AEBP1, BGN, and TAGLN were negatively correlated with OS and DFS in colon
cancer patients. Therefore, AEBP1, BGN, and TAGLN have been identified as
potential biomarkers related to the response to FOLFIRI treatment of colon
cancer.

Conclusion: We found that AEBP1, BGN, and TAGLN, as potential predictive
biomarkers, may play an important role in the response to FOLFIRI treatment of
colon cancer and as a precise molecular target associated with chemotherapy

response in colon cancer.
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Introduction

As one of the most common malignancies, colon cancer is annually
estimated to have 945,000 new cases all over the world (Weitz et al,
2005). With the development of tumor molecular biology and the
application of new chemotherapeutics and molecular targeted drugs
(Chasov et al., 2020), the treatment of colon cancer has made significant
progress. However, the high rate of recurrence and metastasis impedes
the prognosis of patients with advanced colon cancer. So, chemotherapy
is indispensable in the clinical intervention strategy. These years have
shown that fluorouracil (FU)-based chemotherapy serves as the
standard treatment for patients with metastatic colon cancer.
Nowadays, the NCCN (National Comprehensive Cancer Network)
guidelines recommend the FOLFOX regimen as one of the standard
adjuvant chemotherapy schemes for colon cancer. Irinotecan, as a
crucial chemotherapeutic drug for the treatment of colorectal cancer,
has been widely used in clinical practice and has a significant effect on
the treatment of advanced colorectal cancer. The effectiveness of this
single drug and the combination of fluorouracil and/or targeted drugs
has been fully demonstrated. For patients with advanced colon cancer,
the efficacy of the combination chemotherapy of FOLFOX (oxaliplatin,
FU, and calcium folinate) and FOLFIRI (leucovorin, FU, and irinotecan)
has been affirmed. The combination of FOLFIRI (leucovorin, FU, and
irinotecan) is common in chemotherapy regimens. However, statistics
show that the inactive rate of FOLFIRI is approximately 50% (Goldberg
et al, 2004). The molecular biological mechanisms of insensitivity to
FOLFIRI treatment are still to be investigated.

In chemotherapy sensitivity of colorectal carcinoma,
inheritance is an essential factor. Mariadason et al. (2003)
reported that the measurement of multiple marker genes
performed a more accurate assessment of the response to
chemotherapy. In addition, a study revealed that gene
expression profiling might improve the response prediction
efficiency of preoperative chemoradiotherapy in rectal
adenocarcinoma (Ghadimi et al., 2005).

The application of the weighted gene co-expression network
analysis (WGCNA) is popular, in terms of the construction of
free-scale gene co-expression networks and analysis of large-scale
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gene expression profile datasets, which contributes a lot to
identify modules of highly correlated genes (Langfelder and
Horvath, 2008). The WGCNA has been successfully used to
explore the relationship between gene sets and clinical tumor
characteristics, which provides new approaches for tumor
biomarker screening (Tian et al., 2020; Zhou et al,, 2021).

In this paper, we studied the correlation patterns between
genes through the WGCNA-based system biology methods and
screened and finally determined new biomarkers related to the
response to FOLFIRI treatment of colon cancer.

Materials and methods
Data procession

Figure 1 reveals the process of our study. We downloaded
the gene expression profiles of GSE62080, which were based on
the GPL570 platform (Affymetrix Human Genome U133 Plus
2.0 Array) from the Gene Expression Omnibus (GEO) database
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
gs62080). We chose GSE62080 because this expression profile
data include 21 samples from patients with advanced colorectal
cancer, and all patients had received chemotherapy based on
the FOLFIRI regimen. We used the robust multiple-array
average (RMA) algorithm in the affy package of the
Bioconductor in R to preprocess the gene expression profile
data. We got the gene expression profile dataset containing
23,519
normalization, and probe aggregation. Then, 10,825 genes

genes after background correction, quantile

which were the top 50% most variant genes by analysis of
variance were screened for further analysis.

Co-expression network construction

After performing the WGCNA package in R, a gene co-
expression network was constructed by the gene expression data
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Flowchart of data preparation, processing, analysis, and validation.
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FIGURE 2
Clustering dendrogram of 21 samples.
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profile from 10,825 genes screened before (Langfelder and
Horvath, 2008). The following is the adjacency matrix aij to
calculate the connection strength between each pair of nodes:

Si,j = 'COT’(X,‘, X])|a,] = S,]ﬂ

In this formula, vectors of the expression value for gene i
and j were represented as X; and X;. The Pearson correlation
coefficient of gene i and gene j was shown as S;;. The power of
B 7 (scale-free R2 0.95) is adopted as the soft-
thresholding parameter to ensure a scale-free network. For
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the hierarchical clustering of the weighting coefficient
matrix, the genes with a high correlation were gathered in
the same module and identified. We used the adjacency
matrix to calculate the topological overlap measure
(TOM), which the shared
neighbors, and the functional modules of 10,825 genes

represented overlap in

were determined.

TrarAij X Aj + Ay

TOM;; = min(Ki:Kj) +1- Ai,j.
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Determination of the soft-thresholding power in the WGCNA. (A) Analysis of the scale-free fit index for various soft-thresholding powers (B). (B)

Analysis of the mean connectivity for various soft-thresholding powers.

In this formula, A is the weighted adjacency matrix given by
Ajj = |cor (X;, X j)lf" . B = 7 is the soft-thresholding parameter.
Then, we set the minimum size of the gene group to be 100 for the
gene dendrogram and conducted an average linkage hierarchical
clustering based on the TOM-based dissimilarity measure. After
that, the DynamicTreeCut algorithm was performed to classify
genes with similar expression profiles into the same gene modules.

We used 1 — TOM; j as the distance to perform hierarchical
clustering of genes and then identified modules based on the
dynamic pruning method. The most representative genes in
each module are called module eigengene (ME), which
represents the level of gene expression in the module. ME is
the first principal component of each gene module. ME is
calculated as follows:

ME = princomp(Xi,]-q).

In this formula, q is the gene module. Then, we used the
Pearson correlation between the expression profile of a certain
gene in all samples and the expression profile of a certain ME to
measure the module membership (MM) of this gene in the
module. MM is calculated as follows:

MM = cor (x;, ME?).

Here, ME1 represents the ME of the module q; M M7 represents
the MM of the gene i in module q. In addition, the gene
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significance (GS) was defined as the mediated p-value of each
gene in the linear regression between gene expression and clinical
characteristics. GS was used to measure the degree of association
between genes and clinical characteristics. Moreover, we define
the module significance (MS) as the average GS of all genes
involved in the module.

Gene Ontology and pathway enrichment
analysis

The database g: Profiler (https://biit.cs.ut.ee/gprofiler/gost)
was used for annotation, visualization, and integrated discovery.
In this study, Gene Ontology (GO) and KEGG pathway analysis
were technically supported based on the g: Profiler. GO analysis
also included the biological process (BP), molecular function
(MF), and cellular component (CC).The cut-off criterion of
adjusted p < 0.001.

Hub gene identification and validation
We measured the connectivity of genes by the absolute

value of the Pearson correlation. Hub genes were defined as
genes with high module connectivity (cor. gene module
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Identification of modules associated with the FOLFIRI response of colon cancer. (A) Dendrogram of all differentially expressed gene clusters
based on a dissimilarity measure (1-TOM). (B) Distribution of the average gene significance and errors in the modules associated with status and

scores of colon cancer.

membership > 0.9). We measured the correlation between
hub genes and certain clinical traits based on the absolute
value of the Pearson correlation (cor. gene trait significance
>0.2). The clinical characters and RNA sequencing data
were screened from The Cancer Genome Atlas project
(TCGA, https://cancergenome.nih.gov/). The
edgeR package in R was used to normalize the mRNA

database

sequencing data. Moreover, we used the Human Protein

Atlas (HPA, http://www.proteinatlas.org) to identify
associations  of  candidate hub  genes and the
immunohistochemistry of candidate hub genes. Survival

analysis was exhibited on the basis of the Gene Expression
Profiling Interactive Analysis (GEPIA) (Tang et al., 2017).
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Results

Weighted co-expression network
construction

We obtained the expression profile data which contained
21 samples and 21,648 genes. The variance of each gene in
each sample was calculated, and the top 50% of genes with a
small variance were eliminated. We analyzed and clustered the
samples of GSE62080 based on the average linkage method
and the Pearson correlation method. Figure 2 portrays the
clustering results with sample characteristics. The status was
divided into R (change in indicator lesion size <-50%) and
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Heatmap of the correlation between module eigengenes and the FOLFIRI response of colon cancer.

NR (change in indicator lesion size > —50% or progression of
disease). The scores were defined as follows: 5: change in
indicator lesion size < -75%; 4: =75% < change in indicator
lesion size < —50%; 3: =50% < change in indicator lesion size
< -25%; 2: =25% < change in indicator lesion size < 0%; 1:
change in indicator lesion size = 0%; and 0: progression of
disease. We adopted the power of B = 7 as the soft-
thresholding parameter to ensure a scale-free network
(Figure 3). Then, we set the minimum size of the gene
group to be 100 for the gene dendrogram and conducted
the average linkage hierarchical clustering based on the TOM-
based dissimilarity measure. The ME of each module was
calculated, and 19 modules were identified (Figure 4).

Clinical phenotypic correlation analysis
and key module identification

According to the eigenvectors of each module, we
calculated the correlation between these modules and
clinical phenotype and the result is shown in Figure 5. In
the figure, the deeper the red color, the stronger the
correlation, and the deeper the blue, the weaker the
correlation. The figure revealed that the blue module had
the strongest correlation with the significant response after
FOLFIRI treatment. According to the expression level of each
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gene in each sample, we, respectively, calculated the
correlation between the genes in these modules and status
after FOLFIRI treatment. We separately counted the
distribution of GS in each module (Figure 6). According to
the ME of each module, we calculated the correlation between
19 modules (Figure 7). Through the aforementioned analysis
results, the blue module was verified as having the highest
correlation with the significant response after FOLFIRI
treatment. Therefore, we take the blue module as a key
module for further analysis.

Gene Ontology and pathway enrichment
analysis

All genes in the blue module were divided into the
biological process (BP) group, cellular component (CC)
group, and molecular function (MF) group. We used
Cytoscape (vision 3.8.2) analysis and screened out the top
20 functions of enriched genes in the BP, CC, and MF groups,
respectively, and used the EnrichmentMap in Cytoscape for
visualization of enrichment results. The genes in the BP group
were mainly enriched in extracellular matrix organization, cell
adhesion, growth factor response, and anatomical
development morphogenesis. The genes in the CC group

were mainly enriched in functions associated with collagen
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extracellular space, banded collagen trimer, and cell substrate
junction. The genes in the MF group were mainly enriched in
sulfur compound heparin, signaling receptor binding, and
constituent conferring elasticity. Moreover, through Kyoto

Frontiers in Genetics

03 04 05 06 07 08 0.9

Module Membership in magenta module

07

0.3 04 05 06 07 08 0.9
Module Membership in grey60 module

biosynthesis—chondroitin

sulfate/dermatan

10.3389/fgene.2022.928356

Encyclopedia of Genes and Genomes (KEGG) pathway
analysis, we found that significant genes were mainly
related to ECM-receptor interaction, glycosaminoglycan

sulfate,
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Correlation between 19 modules. The depth of red represents the strength of the correlation.

proteoglycans in cancer, protein digestion, and absorption.
The results are shown in Figure 8.

Identification and validation of hub genes

We set the cut-off criteria as [MM] > 0.9 and |GS| > 0.2 and
selected 50 hub genes with high connectivity in the blue module.
Using STRING, we further performed protein—protein interaction
(PPI) analysis on these 50 genes and then used MCODE in
Cytoscope for further data screening and visualization. Finally,
13 key node genes (COL18A1, TIMP2, DCN, LTBPI1, FBNI,
TAGLN, EFEMP2, LUM, CDHI11, ACTA2, BGN, COL6A2, and
AEBP1) were screened out (Figure 9). We further explored the
association of the expression levels of the aforementioned genes on
overall survival (OS) and disease-free survival (DFS) in colon cancer
patients in the GEPIA database. The results showed that the high
levels of AEBP1, BGN, EFEMP2, and TAGLN expressions were
associated with a shorter OS, and over-expression of AEBP1, BGN,
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CDHI11, COL18A1, LUM, TAGLN, and TIMP2 were negatively
associated with DFS (Figure 10). We selected three genes (AEBP1,
BGN, and TAGLN) that were negatively related to both OS and DFS
for further exploration. A significant correlation between
AEBP1 and BGN expressions was found. In addition,
AEBP1 and TAGLN expressions also showed a significant
correlation. However, the correlation between BGN and TAGLN
expressions was not statistically significant (Figure 11). According to
the Human Protein Atlas database, we found that the protein
expression levels of AEBP1, BGN, and TAGLN in tumor tissues
were higher than those in normal tissues (Figure 12).

Discussion

Colon cancer, as a common malignant tumor, seriously
endangers people’s health. With the emergence of drug
resistance after chemotherapy, improving the treatment
response rate of advanced colon cancer has always been a key
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issue for clinical oncologists. This combination of irinotecan,
fluorouracil, and leucovorin is reported as one of the first-line
chemotherapies for advanced colon cancer with objective
response rates of 49% and 56% (Douillard et al., 2000;
Tournigand et al., 2004). Although studies have reported the
existence of markers for predicting chemotherapy response, the
clinical applications are still not routine. Thus, we need to explore
precise molecular targets related to colon cancer chemotherapy
response. In this study, we used gene expression datasets from the
GEO database to screen for potential biomarkers related to
FOLFIRI treatment response in advanced colon cancer.
Furthermore, we obtained clinical information and RNA
sequencing data of colon cancer from TCGA, the GEPIA and
the Human Atlas for verification.

We used the WGCNA to explore gene co-expression
modules related to the response to FOLFIRI treatment in
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advanced colon cancer. Through the construction of the co-
expression network, we finally screened out 19 modules.
Based on the results of the correlation analysis, we screened
out the blue modules with the highest correlation with
chemotherapy response. We further screened 50 hub genes
in the blue module and finally found the key genes
AEBPI, BGN, and TAGLN that are negatively related to
OS and DFS.

Adipocyte enhancer-binding protein 1 (AEBP1) acts as an
essential inflammation regulator (Majdalawieh and Ro, 2010).
Studies have shown that AEBP1 plays an important regulatory
role in the pathogenesis of atherosclerosis and may be a potential
marker for the prevention and treatment of atherosclerosis
2011). It was reported that AEBP1 may
participate in activating the NF-kB pathway by binding and
inhibiting the activity of IK-BA, which further mediates the

(Bogachev et al,
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inflammatory response (Majdalawieh et al., 2020). In recent
years, the role of AEBP1 in tumor regulation has gradually
attracted people’s attention. In gliomas, AEBP1 was defined as
a potential oncogenic driver, with potential implications for
therapeutic intervention (Sinha et al, 2019). In addition,
Holloway et al. found that AEBP1 was involved in the
signaling pathway between epithelial cells and cell matrix,
leading to the formation of the tumor inflammatory
microenvironment (Holloway et al, 2012). In our study, we
found that AEBP1 may be a predictive target for response after
FOLFIRI treatment in colon cancer.

Biglycan (BGN) was found to be associated with tumor
progression in gastric cancer (Hu et al., 2014), pancreatic
adenocarcinoma (Aprile et al., 2013), endometrial cancer (Liu
et al,, 2014), and prostate cancer (Jacobsen et al., 2017).
Moreover, studies have shown that high expression of BGN
is associated with reduced overall survival in lung cancer
(Morimoto et al.,, 2021). In colorectal cancer, Gu et al.
found that high expression of BGN is associated with the
tumor malignant phenotype (Gu et al.,, 2012). Our research
suggests that BGN has an important predictive role in
FOLFIRI response in advanced colon cancer. However, the
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mechanism of BGN in chemotherapy resistance of colon
cancer has not been explored.

Transgelin (TAGLN) is a mesenchymal protein involved
in the EMT process and plays a regulatory role in a variety of
cancers (Lees-Miller et al., 1987; Thompson et al., 2012; Naito
et al., 2014). It is worth noting that TAGLN seems to

participate in promoting and suppressing cancer in
regulating the progression of malignant tumors. For
instance, TAGLN expression was found to be

downregulated in breast ductal carcinoma (Wulfkuhle
et al., 2002). Controversially, some studies found a positive
correlation in colorectal cancer (Lin et al., 2009) and nerve
sheath tumor (Park et al., 2014). The regulatory effect of
TAGLN on colon cancer progression needs to be further
that
chemotherapy combined with anti-tumor immunity can

explored. Recently, many studies have shown
greatly improve the curative effect on tumors (Chasov
et al., 2020). Free fluorouracil combined with anti-tumor
immunity can significantly inhibit the growth of tumors in
the mouse model of colon adenocarcinoma in situ (Guo et al.,
2021). A randomized phase II clinical study showed that the

combination of immune checkpoint inhibitors and cytotoxic
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FIGURE 12

TAGLN-T

Protein expression levels of AEBP1, BGN, and TAGLN. “T" represents tumor, and “N” represents normal tissue.

drugs is an early effective strategy for the treatment of
metastatic colon cancer (Antoniotti et al., 2020). A clinical
retrospective study showed that even in patients with
with

application

metastatic colon  cancer immune refractory

the of
checkpoint inhibitors before chemotherapy can enhance

microsatellite  stability, immune
the cytotoxicity (Martin-Romano et al., 2020). This shows
that chemotherapy combined with immunotherapy can
improve the chemotherapy effect on patients. The drug
resistance core gene identified in this study may provide
some guidance for the timing of chemotherapy combined
with immunotherapy.

Our study has certain limitations. First of all, our results of
the WGCNA can be biased or invalid when coping with
technical artifacts or tissue contaminations. Second, in order
to verify the credibility of the WGCNA results, we used the
GEPIA database and the HPA database. Due to the limitations
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of the database, we cannot ensure that each tumor and normal
sample were from the same patient. Third, as this study is based
on the weighted gene co-expression network analysis of
GSE62080, it is inevitable that some clinical covariates and
potential confounding factors are not involved, which will cause
certain bias to the research results.

In recent years, the co-expression analysis technology
using large-scale datasets for multi-gene analysis is
profound in the construction of cancer key gene expression
networks in the research of malignant tumors. In this paper,
we studied the correlation between genes, modules, and
clinical characteristics through the gene co-expression
network constructed by the WGCNA and successfully
screened out three key genes (AEBPI, BGN, and TAGLN)
related to the response after FOLFIRI. Our study provides
potential predictive biological markers for the FOLFIRI

response in advanced colon cancer.

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.928356

Wu et al.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://www.ncbi.
nlm.nih.gov/ and GSE62080.

Author contributions

PW designed the research and wrote the manuscript. XP and
KL were involved in the data collection and data statistical
analysis. NG supervised the whole process, made key
modifications to the article, and finally passed the article. All
authors contributed to this article and approved the submitted

version.

Funding

This project was funded by the National Key Research and
Development Program of China (No. 2017YFA0104302), the
State Key Program of National Natural Science Foundation of
China (No. 51832001), the Innovative Research Group Project of

References

Antoniotti, C., Borelli, B., Rossini, D., Pietrantonio, F., Morano, F., Salvatore, L.,
et al. (2020). AtezoTRIBE: A randomised phase II study of FOLFOXIRI plus
bevacizumab alone or in combination with atezolizumab as initial therapy for
patients with unresectable metastatic colorectal cancer. BMC Cancer 20 (1), 683.
doi:10.1186/s12885-020-07169-6

Aprile, G., Avellini, C., Reni, M., Mazzer, M., Foltran, L., Rossi, D., et al. (2013).
Biglycan expression and clinical outcome in patients with pancreatic
adenocarcinoma. Tumour Biol. 34 (1), 131-137. doi:10.1007/s13277-012-0520-2

Bogachev, O., Majdalawieh, A., Pan, X., Zhang, L., and Ro, H. S. (2011).
Adipocyte enhancer-binding protein 1 (AEBP1) (a novel macrophage
proinflammatory mediator) overexpression promotes and ablation attenuates
atherosclerosis in ApoE (-/-) and LDLR (-/-) mice. Mol. Med. 17 (9-10),
1056-1064. doi:10.2119/molmed.2011.00141

Chasov, V., Mirgayazova, R., Zmievskaya, E., Khadiullina, R., Valiullina, A.,
Stephenson Clarke, J., et al. (2020). Key players in the mutant p53 team: Small
molecules, gene editing, immunotherapy. Front. Oncol. 10, 1460. doi:10.3389/fonc.
2020.01460

Douillard, J. Y., Cunningham, D., Roth, A. D, Navarro, M., James, R. D., Karasek, P.,
et al. (2000). Irinotecan combined with fluorouracil compared with fluorouracil alone
as first-line treatment for metastatic colorectal cancer: A multicentre randomised trial.
Lancet 355 (9209), 1041-1047. doi:10.1016/s0140-6736(00)02034-1

Ghadimi, B. M., Grade, M., Difilippantonio, M. J., Varma, S., Simon, R,
Montagna, C., et al. (2005). Effectiveness of gene expression profiling for
response  prediction  of rectal adenocarcinomas to  preoperative
chemoradiotherapy. J. Clin. Oncol. 23 (9), 1826-1838. d0i:10.1200/JC0O.2005.00.406

Goldberg, R. M., Sargent, D. J., Morton, R. F., Fuchs, C. S., Ramanathan, R. K,,
Williamson, S. K., et al. (2004). A randomized controlled trial of fluorouracil plus
leucovorin, irinotecan, and oxaliplatin combinations in patients with previously
untreated metastatic colorectal cancer. J. Clin. Oncol. 22 (1), 23-30. doi:10.1200/
JC0O.2004.09.046

Gu, X., Ma, Y., Xiao, J., Zheng, H., Song, C., Gong, Y., et al. (2012). Up-regulated
biglycan expression correlates with the malignancy in human colorectal cancers.
Clin. Exp. Med. 12 (3), 195-199. doi:10.1007/s10238-011-0155-4

Guo, J, Yu, Z, Sun, D, Zou, Y, Liu, Y, and Huang, L. (2021). Two
nanoformulations induce reactive oxygen species and immunogenetic cell death

Frontiers in Genetics

13

10.3389/fgene.2022.928356

the National Natural Science Foundation of China (No.
61821002), the 15th Batch High-level Talents Project of “Six
Talent Peaks” in Jiangsu Province (No. WSW-049), the Talents
Program of Jiangsu Cancer Hospital (No. YC201809), and the
Southeast
Institute (No. 7699990001E). The sponsors were not involved
in the design, execution, or writing of the study.

University-Monash ~ University Joint Research

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

for synergistic chemo-immunotherapy eradicating colorectal cancer and
hepatocellular carcinoma. Mol. Cancer 20 (1), 10. doi:10.1186/s12943-020-
01297-0

Holloway, R. W., Bogachev, O., Bharadwaj, A. G., McCluskey, G. D,
Majdalawieh, A. F., Zhang, L., et al. (2012). Stromal adipocyte enhancer-binding
protein (AEBP1) promotes mammary epithelial cell hyperplasia via
proinflammatory and hedgehog signaling. J. Biol. Chem. 287 (46), 39171-39181.
doi:10.1074/jbc.M112.404293

Hu, L., Duan, Y. T,, Li, J. F, Su, L. P,, Yan, M., Zhu, Z. G,, et al. (2014). Biglycan
enhances gastric cancer invasion by activating FAK signaling pathway. Oncotarget 5
(7), 1885-1896. doi:10.18632/oncotarget.1871

Jacobsen, F., Kraft, J., Schroeder, C., Hube-Magg, C., Kluth, M., Lang, D. S, et al.
(2017). Up-regulation of biglycan is associated with poor prognosis and PTEN
deletion in patients with prostate cancer. Neoplasia 19 (9), 707-715. doi:10.1016/j.
neo.2017.06.003

Langfelder, P., and Horvath, S. (2008). Wgcna: an R package for weighted
correlation network analysis. BMC Bioinforma. 9, 559. doi:10.1186/1471-2105-
9-559

Lees-Miller, J. P., Heeley, D. H., and Smillie, L. B. (1987). An abundant and novel
protein of 22 kDa (SM22) is widely distributed in smooth muscles. Purification
from bovine aorta. Biochem. J. 244 (3), 705-709. doi:10.1042/bj2440705

Lin, Y., Buckhaults, P. J., Lee, J. R., Xiong, H., Farrell, C., Podolsky, R. H., et al.
(2009). Association of the actin-binding protein transgelin with lymph node
metastasis in human colorectal cancer. Neoplasia 11 (9), 864-873. doi:10.1593/
neo.09542

Liu, Y., Li, W,, Li, X,, Tai, Y., Lu, Q,, Yang, N, et al. (2014). Expression and
significance of biglycan in endometrial cancer. Arch. Gynecol. Obstet. 289 (3),
649-655. doi:10.1007/s00404-013-3017-3

Majdalawieh, A., and Ro, H. S. (2010). Regulation of IkappaBalpha function and
NF-kappaB signaling: AEBP1 is a novel proinflammatory mediator in
macrophages. Mediat. Inflamm. 2010, 823821. doi:10.1155/2010/823821

Majdalawieh, A. F., Massri, M., and Ro, H. S. (2020). AEBP1 is a novel oncogene:
Mechanisms of action and signaling pathways. J. Oncol. 2020, 8097872. doi:10.1155/
2020/8097872

frontiersin.org


https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://doi.org/10.1186/s12885-020-07169-6
https://doi.org/10.1007/s13277-012-0520-2
https://doi.org/10.2119/molmed.2011.00141
https://doi.org/10.3389/fonc.2020.01460
https://doi.org/10.3389/fonc.2020.01460
https://doi.org/10.1016/s0140-6736(00)02034-1
https://doi.org/10.1200/JCO.2005.00.406
https://doi.org/10.1200/JCO.2004.09.046
https://doi.org/10.1200/JCO.2004.09.046
https://doi.org/10.1007/s10238-011-0155-4
https://doi.org/10.1186/s12943-020-01297-0
https://doi.org/10.1186/s12943-020-01297-0
https://doi.org/10.1074/jbc.M112.404293
https://doi.org/10.18632/oncotarget.1871
https://doi.org/10.1016/j.neo.2017.06.003
https://doi.org/10.1016/j.neo.2017.06.003
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1042/bj2440705
https://doi.org/10.1593/neo.09542
https://doi.org/10.1593/neo.09542
https://doi.org/10.1007/s00404-013-3017-3
https://doi.org/10.1155/2010/823821
https://doi.org/10.1155/2020/8097872
https://doi.org/10.1155/2020/8097872
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.928356

Wu et al.

Mariadason, J. M., Arango, D., Shi, Q., Wilson, A. J., Corner, G. A., Nicholas, C.,
et al. (2003). Gene expression profiling-based prediction of response of colon
carcinoma cells to 5-fluorouracil and camptothecin. Cancer Res. 63 (24), 8791-8812.

Martin-Romano, P., Ammari, S., El-Dakdoukti, Y., Baldini, C., Varga, A., Vuagnat, P,
et al. (2020). Chemotherapy beyond immune checkpoint inhibitors in patients with
metastatic colorectal cancer. Eur. J. Cancer 137, 117-126. doi:10.1016/j.€jca.2020.06.030

Morimoto, H., Hida, Y., Maishi, N., Nishihara, H., Hatanaka, Y., Li, C,, et al. (2021).
Biglycan, tumor endothelial cell secreting proteoglycan, as possible biomarker for lung
cancer. Thorac. Cancer 12 (9), 1347-1357. doi:10.1111/1759-7714.13907

Naito, S., Pippin, J. W, and Shankland, S. J. (2014). The glomerular parietal
epithelial cell’s responses are influenced by SM22 alpha levels. BMC Nephrol. 15,
174. doi:10.1186/1471-2369-15-174

Park, G. H,, Lee, S. J., Yim, H.,, Han, J. H., Kim, H. J., Sohn, Y. B., et al. (2014).
TAGLN expression is upregulated in NF1-associated malignant peripheral nerve
sheath tumors by hypomethylation in its promoter and subpromoter regions.
Oncol. Rep. 32 (4), 1347-1354. doi:10.3892/0r.2014.3379

Sinha, S., Renganathan, A., Nagendra, P. B, Bhat, V., Mathew, B. S., and Rao, M.
R. S.(2019). AEBP1 down regulation induced cell death pathway depends on PTEN
status of glioma cells. Sci. Rep. 9 (1), 14577. doi:10.1038/541598-019-51068-1

Tang, Z., Li, C., Kang, B., Gao, G., Li, C,, and Zhang, Z. (2017). Gepia: A web
server for cancer and normal gene expression profiling and interactive analyses.
Nucleic Acids Res. 45 (W1), W98-W102. doi:10.1093/nar/gkx247

Frontiers in Genetics

14

10.3389/fgene.2022.928356

Thompson, O., Moghraby, J. S., Ayscough, K. R., and Winder, S. J. (2012).
Depletion of the actin bundling protein SM22/transgelin increases actin dynamics
and enhances the tumourigenic phenotypes of cells. BMC Cell Biol. 13, 1. doi:10.
1186/1471-2121-13-1

Tian, Z., He, W., Tang, J., Liao, X., Yang, Q., Wu, Y., et al. (2020).
Identification of important modules and biomarkers in breast cancer
based on WGCNA. Onco. Targets. Ther. 13, 6805-6817. doi:10.2147/OTT.
$258439

Tournigand, C., Andre, T., Achille, E., Lledo, G., Flesh, M., Mery-Mignard, D.,
et al. (2004). FOLFIRI followed by FOLFOXE6 or the reverse sequence in advanced
colorectal cancer: A randomized GERCOR study. J. Clin. Oncol. 22 (2), 229-237.
doi:10.1200/JC0O.2004.05.113

Weitz, J., Koch, M., Debus, J., Hohler, T., Galle, P. R., and Buchler, M. W. (2005).
Colorectal cancer. Lancet 365 (9454), 153-165. doi:10.1016/S0140-6736(05)
17706-X

Woultkuhle, J. D., Sgroi, D. C., Krutzsch, H., McLean, K., McGarvey, K., Knowlton,
M., et al. (2002). Proteomics of human breast ductal carcinoma in situ. Cancer Res.
62 (22), 6740-6749.

Zhou, J., Guo, H,, Liu, L., Hao, S., Guo, Z., Zhang, F., et al. (2021). Construction of
co-expression modules related to survival by WGCNA and identification of
potential prognostic biomarkers in glioblastoma. J. Cell. Mol. Med. 25 (3),
1633-1644. doi:10.1111/jcmm.16264

frontiersin.org


https://doi.org/10.1016/j.ejca.2020.06.030
https://doi.org/10.1111/1759-7714.13907
https://doi.org/10.1186/1471-2369-15-174
https://doi.org/10.3892/or.2014.3379
https://doi.org/10.1038/s41598-019-51068-1
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1186/1471-2121-13-1
https://doi.org/10.1186/1471-2121-13-1
https://doi.org/10.2147/OTT.S258439
https://doi.org/10.2147/OTT.S258439
https://doi.org/10.1200/JCO.2004.05.113
https://doi.org/10.1016/S0140-6736(05)17706-X
https://doi.org/10.1016/S0140-6736(05)17706-X
https://doi.org/10.1111/jcmm.16264
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.928356

	Screening prognostic genes related to leucovorin, fluorouracil, and irinotecan treatment sensitivity by performing co-expre ...
	Introduction
	Materials and methods
	Data procession
	Co-expression network construction
	Gene Ontology and pathway enrichment analysis
	Hub gene identification and validation

	Results
	Weighted co-expression network construction
	Clinical phenotypic correlation analysis and key module identification
	Gene Ontology and pathway enrichment analysis
	Identification and validation of hub genes

	Discussion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


