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Abstract: Colon adenocarcinoma (COAD) is a common tumor of the gastrointestinal tract with a high mortality rate.
Current research has identified many genes associated with immune infiltration that play a vital role in the devel-
opment of COAD. In this study, we analysed the prognostic and diagnostic features of such immune-related genes
in the context of colonic adenocarcinoma (COAD). We analysed 17 overlapping gene expression profiles of COAD
and healthy samples obtained from TCGA-COAD and public single-cell sequencing resources, to identify potential
therapeutic COAD targets. We evaluated the abundance of immune infiltration with those genes using the TIMER
(Tumor Immune Estimation Resource) deconvolution method. Subsequently, we developed predictive and survival
models to assess the prognostic value of these genes. The LGALS4 (Galectin-4) gene was found to be significantly
(P<0.05) downregulated in COAD and bladder urothelial carcinoma (BLCA) compared to healthy samples. We iden-
tified LGALS4 as a prognostic and diagnostic marker for multiple cancer types, including COAD and BLCA. Our
analysis reveals a series of novel candidate drug targets, as well as candidate molecular markers, that may explain
the pathogenesis of COAD and BLCA. LGALS4 gene is associated with multiple cancer types and is a possible prog-
nostic, as well as diagnostic, marker of COAD and BLCA.
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Introduction with mutations and altered epigenetic expres-

sion of particular genes. It is widely accepted

Colon adenocarcinoma (COAD), or colon can-
cer, affects over 1.8 million people each year
worldwide and ranks second in terms of can-
cer-associated mortality. In 80% of reported
cases, colorectal carcinomas develop from
benign colonic adenomas. Since the survival
rate of COAD decreases according to cancer
stage at diagnosis, early detection and removal
of these premalignant adenomas is crucial.

Numerous studies have demonstrated that the
pathogenesis of COAD is closely associated

that specific oncogenes (e.g. Ras, EGFR (Erb-
B1), Erb-B2, TGFa and TGF-B1) and tumor sup-
pressor genes (e.g. APC, P53, p27, MSI, LH
18q) are implicated in the development of
colorectal cancer [1]. However, immune infiltra-
tion within the tumor microenvironment is also
thought to participate in a complex interplay
with malignant cells, potentially through bidirec-
tional modulation of gene expression [2]. In
recent studies, omics-based technologies,
including RNA sequencing, microarrays, pro-
teomics and metabolomics have been used
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Table 1. Datasets employed in this study

Dataset Number of samples Technology/Platform Reference

TCGA-COAD COAD = 459; Normal = 41 RNA sequence [7]

TCGA-BLCA BLCA = 408; Normal = 19 RNA sequence [7]

GSE71187 COAD = 46; Normal = 12 GPL6480, Agilent-014850 Whole Human Genome Micro- [39]
array 4x44K G4112F

GSE13507 Primary bladder cancer = 165; Normal bladder mucosa =9 GPL6102, lllumina human-6 v2.0 expression beadchip [40]

extensively and were extremely useful for the
identification of novel diagnostic and prognos-
tic COAD markers. Ge et al. recently identified
immune cell infiltration, within the COAD micro-
environment, as paramount to tumor growth
and progression, in addition to immune-related
gene (e.g. 1L11, EREG, IL17C, and CALCA) muta-
tions, which were significantly related to prog-
nosis of the disease [3]. Peltekova et al. also
identified the COLCA1 and COLCA2 genes as
implicated in the pathogenesis of colon cancer
through the involvement of immune pathways
[4].

Furthermore, the tumor microenvironment may
alter the response to treatment and play a role
in therapeutic approaches. Wang et al. identi-
fied multiple epigenetic pathways, most notably
the PPAR signalling pathway [2], that were
altered in expression within an inflamed tumor
microenvironment, directly affecting respon-
siveness to chemotherapy agents. The PPAR
geneinduces growth inhibition and is expressed
in multiple cancer types, including colon, pros-
tate, breast, and gastric cancer [5].

In this study, we used TCGA-COAD and public
single-cell sequencing datasets and identified
17 genes common to COAD and normal sam-
ples. We further linked those genes with the
abundance of immune infiltration of those
genes using TIMER [6]. Subsequently, we per-
formed an overall Cox survival analysis to iden-
tify the prognostic potential of those genes. We
identified particular LGALS4 gene mutations
with prognostic and diagnostic value for multi-
ple cancer types, including COAD and BLCA. We
validated those findings against Gene Ex-
pression Omnibus (GEO) independent datas-
ets. Our analysis reveals novel drug targets, as
well as candidate molecular markers, that may
allow an improved understanding of the patho-
genesis of COAD and BLCA.

Materials and methods

Data source

The TCGA-COAD and TCGA-BLCA datasets used
in this study were downloaded from the TCGA
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database [7]. The gene expression matrix and
clinical data were downloaded from the GEO
database repository [8]. All datasets were
downloaded on the 1%t of November 2020.
Details of the TCGA and GEO datasets used in
this study are summarized in Table 1. Figure 1
depicts the study workflow.

Selection of candidate genes from RNA se-
quencing and single-cell sequencing

We analyzed the differential expression of
genes involved in colonic adenocarcinoma
using the TCGA-COAD (The Cancer Genome
Atlas-Colon Adenocarcinoma) RNA-Seq level 3
raw count data [7]. We used DESeq2 to investi-
gate the RNAseq raw count so as to identify dif-
ferentially expressed genes [9]. The P-values
were found by the Wald test and were corrected
for multiple testing using the Benjamini and
Hochberg method. Since the unbalanced class
distribution of labels (COAD: 459 vs. Normal:
41) can affect predictive performance, in par-
ticular for minority classes [10], we applied
data under-sampling. We chose 41 colon ade-
nocarcinoma samples and 41 normal samples
iteratively (non-repeating random samples of
COAD) and analyzed them using DESeq2. We
then combined the results (P<0.0001) by tak-
ing the union of the list of genes in the resultant
table from each iteration. The adjusted P-value
<0.001 resulted in the identification of 6066
genes across all iterations. We used random
forest-based Recursive Feature Elimination
(RFE) to select a small subset of genes from a
broad range of gene expression data [11]. Due
to class unbalance, we performed RFE itera-
tively over the undersampled data. This result-
ed in the identification of a total of 345 genes
across all iterations. The union of the genes
from each iteration resulted in the selection of
121 genes. Out of the 345 identified genes, 76
appeared more than once among 11 iterations.
The FPKM values of the significant genes from
the single-cell data were obtained from the
dataset provided by Li et al. [12], and Zhang et
al. [13]. We then selected 17 common overlap-
ping genes across the TCGA-COAD RNA seq
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and single cell RNA sequencing datasets, which
were used for further analysis.

Evaluation and identification of immune cell
infiltration

To identify and evaluate the abundance of
immune infiltrates, we uploaded 17 genes to
TIMER2.0 [6, 14]. TIMER is a resource for sys-
tematic and extensive analysis of immune infil-
trates across diverse cancer types. The abun-
dances of six cell types, namely: B cells, CD4+
T cells, CD8+ T cells, neutrophils, macrophages,
and dendritic cells were estimated by the
TIMER algorithm. The TIMER web server pro-
vides immune infiltrates’ abundances estimat-
ed by multiple immune deconvolution methods
and allows to generate high-quality figures
dynamically and comprehensively. We used the
“Survival module” [15] to explore associations
between clinical outcome and abundance of
immune infiltrates and gene expression.

Statistical analysis

Principal component analysis (PCA) and Area
under the receiver operating characteristic
(AUROC) analysis: We applied unsupervised
Principal component analysis (PCA) to identify
correlation structures or clusters within the nor-
mal vs. colon cancer patients across TCGA
(COAD and BLCA) and GEO datasets (GSE71187

11355

GSE7118

Figure 1. Workflow of
the multiple analyses
performed in this study.

I GSE13507

and GSE13507). We then used a logistic
regression model to identify prediction perfor-
mance, and AUROC curves were produced.

Survival and Kaplan-Meier analysis: We used
the Kaplan-Meier method [16] to analyse the
overall survival (0S). We also used the log-rank
test to compare the differences between
groups normal vs. colon cancer patients across
TCGA (COAD and BLCA) and GEO datasets. A
multivariate Cox proportional hazards model
was applied, and the results were presented as
hazard ratios (HRs) with 95% confidence inter-
vals. Results with significant differences
(P<0.05) in the multivariate Cox proportional
hazard model and log-rank test are listed in
Tables 3 and 4.

All statistical analyses were performed using R
version 4.0.3 software (http://www.r-project.
org). The “survival” and “survminer” R packag-
es were used for the Cox modeling and survival
analysis [15]. In all the statistical tests, P-values
<0.05 were considered significant.

Results

Significant associations of the selected genes
with immune cell infiltration

To identify the significant associations between
the genes of interest and their expression in
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Table 2. Associations between the 17 genes and the immune cell types with Spearman correlation

values

Gene Symbol B cell CD8+ TCell CD4+TCell Macrophage Neutrophil Dendritic cell
ADH1B 0.189 -0.007 0.386 0.374 0.17 0.247
KIAA1199 -0.046 0.073 0.181 0.081 0.071 0.08
CDH3 -0.031 0.000 0.094 -0.022 0 0.053
CA7 0.075 -0.105 0.066 -0.054 -0.071 -0.007
GUCA2B 0.091 -0.11 0.079 0.000 0.058 0.078
ABCC13 0.169 -0.142 0.049 -0.094 -0.158 -0.064
ABCG2 0.247 0.183 0.233 0.328 0.329 0.316
CPNE7 -0.153 -0.315 0.031 -0.18 -0.179 -0.277
HHLA2 0.221 0.014 0.168 -0.035 0.089 0.104
CEACAM7 0.183 -0.03 0.098 -0.077 0.054 0.07
AQP8 0.129 -0.178 0.168 -0.022 -0.063 0.019
GTF3A -0.095 -0.112 -0.128 0.047 -0.114 -0.201
MMP28 0.215 0.049 0.18 0.054 0.077 0.19
LGALS4 0.141 -0.07 -0.043 -0.194 -0.188 -0.057
HSD11B2 0.035 -0.228 0.053 -0.194 -0.3 -0.202
CHP2 0.133 -0.178 0.134 0.068 -0.1 -0.059
NR3C2 0.353 0.261 0.165 0.085 0.232 0.305

Positive and significant correlations (P<0.05) are highlighted in bold.

Table 3. A multivariate Cox model showing the Hazard Ratio (HR) and corresponding P values for the

TCGA-COAD dataset

Parameters measured Coefficient Hazard Ratio (HR) 95% (Lower) 95% (Higher) P value
Age 0.026 1.026 1.009 1.044 0.003
Gender 0.049 1.051 0.699 1.579 0.812
B cell 1.224 3.402 0.044 2.648 0.582
CD8+ T Cell -4.688 0.009 0.000 0.410 0.016
CD4+ T Cell -0.481 0.618 0.006 9.210 0.836
Macrophage 3.962 2.556 0.446 5.073 0.103
Neutrophil -2.373 0.093 0.000 4.651 0.493
Dendritic 0.778 2.178 0.140 4.867 0.578
LGALS4 -0.247 0.781 0.626 0.974 0.028

Significant (P<0.05) P values from the Cox proportional-hazards model are marked as bold in the last column.

COAD, we analysed the abundances of six
immune cell types using the immune deconvo-
lution framework TIMER. Significant (P<0.05)
Spearman correlation values are listed in Table
2. Detailed analysis of the 17 genes and th-
eir immune infiltration is presented in the
Supplementary Figure 1. ABCG2 expression
was positively correlated with six immune cell
types, namely B cells (P = 5.23e-07), macro-
phages (P = 8.64e-09), CD4+ T cells (P =
2.25e-05), CD8+ T cells (P = 1.86e-09), neutro-
phils (P = 2.12e-08), and dendritic cells (P =
2.01e-08). ADH1B gene expression was also
positively associated with the levels of B cells
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(P = 1.38e-04), CD4+ T cells (P = 2.25e-05),
macrophages (P = 8.64e-09), neutrophils (P =
2.12e-08), and dendritic cells (P = 2.01e-08).
Of the six cell types examined, B cell and CD4+
cell infiltration exhibited higher degrees of
association with the majority of the genes.
Those selected genes may play a vital role not
only in the activation but also in the recruitment
of multiple immune cell types in COAD.

Prognostics aspects of LGALS4
We used a Cox proportional hazards model to

evaluate the OS of the patients with each of the
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Table 4. Multivariate Cox model showing Hazard Ratios (HR) and corresponding P values from the

TCGA-BLCA dataset

Parameters measured Coefficient Hazard Ratio (HR) 95% (Lower) 95% (Higher) P value
Age 0.029 1.029 1.013 1.045 0.000
Gender -0.169 0.844 0.599 1.191 0.335
B cell -2.947 0.052 0.002 1.135 0.060
CD 8 Tcell 1.968 7.158 0.476 10.626 0.155
CD 4 Tcell -0.352 0.703 0.017 2.119 0.853
Macrophage 3.872 4.018 3.959 8.916 0.000
Neutrophil -2.894 0.055 0.000 6.701 0.237
Dendritic -0.342 0.711 0.159 3.167 0.654
LGALS4 -0.096 0.908 0.836 0.987 0.023

genes separately. The model included clinical
values (age and gender) as well as immune
cells (B cells, CD8+ T cells, CD4+ T cells, mac-
rophages, neutrophils, and dendritic cells).
LGALS4 gene, CD8+ T cells and age (Table 3)
were identified as significant (P<0.05) values
by the Cox proportional-hazards model. To
understand the probability of overall survival,
we used the Kaplan-Meier (KM) survival curve
for both TCGA and GEO datasets, GSE71187.
For the TCGA-COAD dataset (Figure 2A), a
Hazard Ratio (HR) of 0.622 with a confidence
interval (Cl) 0.395-0.980 at P = 0.041, was
reported. For the GSE71187 (Figure 2B), HR
and CI were 0.0382 with (0.05-0.919) at P =
0.038.

LGALS4 was a biomarker of COAD

We performed a PCA analysis on both the TCGA
cohort and GSE71187. Two separate clusters
(normal and COAD) were identified for both
sets (Figure 3). This indicates that those genes
may be useful signatures (or biomarkers) for
discriminating normal vs. COAD samples.
Moreover, we calculated the sensitivity and
specificity of the discriminative ability of the
identified genes between COAD and normal
patients. The results suggested that LGALS4
was highly discriminative between COAD
patients and healthy controls. The AUROC
results for LGALS4 for TCGA and GSE71187
were 0.973 (Cl: 0.934-0.994) and 0.98 (Cl:
0.93-1) respectively (Figure 4A, 4B).

LGALS4 expression impact on other cancer
types

We performed a Wilcoxon rank-sum test and
investigated the expression pattern of LGALS4
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across TCGA datasets corresponding to multi-
ple cancer types. A visual representation of all
the cancer types and the normalized expres-
sion of all the genes is shown in Figure 5A.
Interestingly, we found LGALS4 expression to
be significantly downregulated both in COAD
with P = 8.3e-23 (Figure 5B) and BLCA with P =
0.024 (Figure 5C). We then performed a Cox
survival analysis (Table 4) to assess whether
LGALS4 expression is associated with BLCA
cancer patients’ survival and identified an HR:
0.908, CI: (0.836-0.987), and P-value of 0.023.
The Likelihood ratio test was significant at P =
1.19e-07.

Predictive aspects of the LGALS4 gene in
BLCA

In order to investigate LGALS4 predictive ability
between controls and BLCA patients, we
employed a GEO dataset (GSE31507) and
applied a logistic regression model. We mea-
sured the model's performance by evaluating
the AUROC, which resulted in a value of 0.74
with Cl (0.66-0.82) (Figure 6A). A Wilcoxon
rank-sum test of the LGALS4 expression
between the controls and the BLCA, was also
significant (P<0.001). A violin plot indicating the
significant up and down-regulation of the
LGALS4 gene in BLCA (GSE31507 dataset) is
presented in Figure 6B.

Discussion
Tumor infiltration

We used genes identified from TCGA-COAD and
single-cell RNA sequencing datasets, in an
effort to delineate their role in the immune infil-
tration [17, 18]. Within the tumor microenviron-

Am J Transl Res 2021;13(10):11353-11363
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ment [17], immune cells play a role in modulat- nificant positive correlation between the
ing and changing tumor behavior. We used the expression levels of many of the genes, for
deconvolution algorithm TIMER [6] to investi- example, ADH1B, ABCG2, and NR3C2. Lu et al.
gate associations between identified genes have also reported NR3C2 involvement in the
and associate them with immune-related cell immune infiltration of breast cancer [19]. They
types in COAD and BLCA. We also found a sig- collected data from 24 immune cell types
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including macrophages, eosinophils, neutro-
phils, natural killer cells, and dendritic cells.
The correlation between NR3C2 gene expres-
sion and immune infiltration was explored using
the TIMER2.0 database and the NR3C2 expres-
sion was correlated with immune cells and
some other T cell subsets [19]. Their report
concluded that NR3C2 genes could be a prog-
nostic biomarker for the treatment of breast
carcinoma. Jin et al. reported on the role of
ABCG2 in the maturation of dendritic cells
(DCs) and showed that its inhibition suppress-
es DC maturation and promotes the generation
of immune tolerogenic effect [20]. They con-
cluded that the up- or down-regulation of the
ABCG2 activity can affect the balance of
immune cell activation verses immune toler-
ance mechanisms. This finding suggests the
need for a better understanding of the function
of the ABCG2 gene and its effect on immune
tolerance in order to develop better treatment
methods for multi-drug resistant cancer.
Gharpure et al. reported the involvement of
ADH1B gene in ovarian cancer cell invasion and
metastasis [21]. Their results showed that over-
expression of ADH1B gene facilitates a more
infiltrative cancer cell phenotype, and increas-
es the adhesion of cancer cells to mesothelial
cells, extracellular matrix degradation, and
hypoxia, all of which promote cancer progres-
sion and metastasis [21].
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The LGALS4 gene has a significant positive
association with B cell infiltration in COAD.
Among six immune cell types, B cells and CD4+
cells were more associated with almost all the
genes listed in the Table 2. These correlations
suggest that genes may play a vital role in the
activation and recruitment of immune cells in
COAD. In the case of the BLCA, LGALS4 is
significant positively associated with B cell infil-
tration. More recently, Na et al. identified
nine immune-related genes, namely MMP9,
PDGFRA, AHNAK, OLR1, RAC3, IGF1, PGF,
OAS1, and SH3BP2, and used them to develop
a risk stratification model by multivariate Cox
proportional hazards regression analysis [22].

Prognostic and diagnostic use of LGALS4 in
COAD

Kim et al. investigated the role of LGALS4 in
COAD development, both in vitro and in vivo
[23]. They reported that LGALS4 silencing
increases cell proliferation and activates NF-kB
and STAT3 signaling along with IL-6 up-regula-
tion. LGALS4 is a microvillar lipid raft involved
in cell adhesion [23], and is secreted to medi-
ate cell responses [24]. Consistent with our
findings, LGALS4 has been reported as strongly
down-regulated in COAD [25]. Previous LGALS4
gene expression studies, for example, by Lin
et al. [26], have identified 51 differentially

Am J Transl Res 2021;13(10):11353-11363
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expressed genes between COAD and normal
samples and the LGLS4 gene was also down-
regulated in the tumor samples. Based on
these findings, Lin et al. 2002 proposed and
developed a scoring system to separate adeno-
mas from carcinomas [26]. Zhang et al., 2019
integrated six GEO gene expression datasets
(GSE25070, GSE44076, GSE44861, GSE-
21510, GSE9348, and GSE21815) to identify
key colon cancer regulators [27]. Rodia et al.
2018 reported that the LGALS4 interaction
with other genes, namely EACAM6, TSPANS,
and COL1A2, was able to discriminate between
low risk vs. high-risk colon cancer patients,
leading to the hypothesis of the LGALS4 gene’s
role in the development and progression of
colorectal cancer [28, 29]. They also reported
the combined effect of these genes, as a part
of a diagnostic panel, resulting in a logistic
regression model with a 0.91 AUROC value.

LGALS4 gene is involved in BLCA and other
cancer types

Interestingly, the function of LGALS4 seems
multifactorial with a key role in the progression
of BLCA as well as other similar cancer types.
Ding et al. 2019 [30], performed a Weighted
Gene Co-expression Network Analysis (WGCNA)
over BLCA related TCGA datasets, reporting
similar results to our own, identifying LGALS4
as a hub gene that plays a critical role in the
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progression of urothelial carcinoma, as well as
depicting its role as a possible diagnostic bio-
marker and target for bladder cancer therapy.

LGALS4 produces Galectin-4 which is involved
in various biological processes, including intes-
tinal wound healing, promotion of axon growth,
and myelination in a neuron [31]. LGALS4 has
also been implicated in autoimmune disease,
for example inflammatory bowel disease, and
has been associated with the development and
progression of other cancer types, including
pancreatic carcinoma [32], hepatocellular car-
cinoma [33], COAD [25], gastric cancer [34],
and lung cancer [35]. In the case of COAD, the
LGALS4 expression is strikingly reduced com-
pared to normal colonic tissues, leading to
tumor progression and metastasis [25, 36, 37].
Inthe case of urothelial bladder cancer, LGALS4
has been demonstrated as a prognostic mark-
er, affecting cell function and inhibiting cancer
cell growth and invasiveness [30]. Furthermore,
hypermethylation in the promoter of this gene
has been positively related to reduced patient
survival [38].

Our study was limited since the datasets
employed were unbalanced (different numbers
of normal vs. cancer types). Additionally, our
approach remains computational in nature
and, as such, as our findings require experi-
mental validation, for example by LGALS4 func-
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tional validation studies using qPCR (quantita-
tive polymerase chain reaction) to confirm our
results.

Conclusions

LGALS4 gene expression is downregulated in
multiple cancer types, including COAD and
BLCA. It may be a prognostic and diagnostic
biomarker for the presence and progression of
COAD and BLCA.

Availability of data and materials

The TCGA-COAD and BLCA dataset used can be
obtained from the TCGA database (https://can-
cergenome.nih.gov/). The GEO datasets used
in this paper can be obtained from GEO online
database (https://www.ncbi.nlm.nih.gov/geo/).
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Supplementary Figure 1. Spearman correlation analysis with P values linking the 17 genes and their immune infiltration status is listed.




