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Abstract: The aim of this study was to explore colorectal tumor-associated macrophage (TAM) biomarkers for early 
diagnosis and surveillance of colorectal cancer (CRC). We used bioinformatic methods to screen array expression 
data of CRC-related macrophages (GEO: GSE29214) to detect the differentially expressed genes (DEGs) between 
CRC-related macrophages and normal control cells. We found 431 DEGs in TAMs compared with the control group; 
399 were up-regulated and 32 were down-regulated. A functional enrichment analysis showed that the DEGs were 
involved in positive regulation of the ERK1 and ERK2 cascade, cell activation involved in the immune response, 
cytokine-mediated signaling pathway, and receptor activity, all of which were significantly enriched. We constructed 
a protein-protein interaction (PPI) network to identify hub genes. We identified 10 hub genes: ITGB2, ITGAM, C3AR1, 
PTAFR, C3, CYBB, FCER1G, PLAU, STOM, and GPR84, in the PPI network. We verified the results using array expres-
sion data of peripheral blood mononuclear cells (GEO: GSE47756). The results showed that the expression trends 
of CYBB, PLAU, and STOM were consistent with those found in the GSE29214 dataset. Further verification with The 
Cancer Genome Atlas and Human Protein Atlas showed that the high expression of PLAU in TAMs was statistically 
significant (P<0.05). We concluded that PLAU may be a biomarker of CRC-associated macrophages and may have 
prognostic and predictive significance for clinical utility in CRC management.
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Introduction

Colorectal cancer (CRC), the most common 
gastrointestinal tumor, is the fourth most dead-
ly carcinoma with almost 900,000 deaths an- 
nually [1]. Although the mortality and incidence 
of CRC have tended to decrease in countries 
that have nationwide screening colonoscopy 
programs for CRC, the rates are still rising in 
most other countries, especially the more 
wealthy countries. In addition, there has been a 
worrying increase in patients younger than 50 
years presenting with CRC, especially left-sided 
CRC [1-3]. Therefore, novel biomarkers that 
enable precise diagnosis and treatment of CRC 
are urgently needed. 

Although the molecular mechanism of CRC has 
been widely explored, the exact pathogenesis 
of CRC remains elusive [4]. The tumor microen-
vironment was found to play important roles in 
tumor treatment responses [5]. Immunothera- 
py-targeted tumor microenvironment approach-

es have shown some effective results in a 
select group of CRCs [6]. Tumor-associated 
macrophages (TAMs), recruited from the peri- 
pheral blood or yolk sac, are among the most 
abundant immune cells in the tumor microenvi-
ronment. Macrophages, mainly the M1 and M2 
subtypes, can either enhance antitumor re- 
sponse or induce tumor progression, metasta-
sis, and resistance to therapy [7]. TAMs have 
been used as target cells for CRC treatment. In 
addition, the diagnostic performance of many 
biomarkers for early-stage CRC screening, for 
prognostication, or for predicting response to 
therapy needs to be improved, and most of 
them need further validation in large indepen-
dent patient cohorts [8]. Therefore, the use of 
TAM biomarkers for diagnosis, prognostication, 
and prediction of treatment response needs to 
be explored further.

Due to the interindividual timing, location, and 
proteins functional heterogeneity of TAMs, in 
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this study, we focused on TAM genes to detect 
new biomarkers and therapeutic targets for 
CRC. We used the array expression data of 
macrophages in patients with CRC and bioinfor-
matic methods to detect differentially express- 
ed genes (DEGs) and explore possible patho-
genic mechanisms. We verified the DEGs and 
hub genes using the array expression data of 
the main origin cells of colorectal TAM (periph-
eral blood mononuclear cell), as well as the 
Human Protein Atlas (HPA), and The Cancer 
Genome Atlas (TCGA) databases.

Materials and methods  

Acquisition of gene chip datasets 

We obtained the array expression data from 
the Gene Expression Omnibus (GEO) (https://
www.ncbi.nlm.nih.gov/geo/). We used ‘colorec-
tal neoplasms’ as the search term and obtained 
36462 search results from GEO. After careful 
manual inspection of the search results, we 
selected two microarray datasets, GSE29214 
and GSE47756, for analysis [9,10]. These data-
sets were obtained using the Illumina human-
Ref-8 v2.0 expression beadchip (GPL6104) and 
the Illumina HumanHT-12 V4.0 expression be- 
adchip (GPL10558) platforms. The GSE29214 
dataset contains data for human colorectal 
tumor spheroids (n=2, control group) and co-
culture spheroids of tumor cells and macro-
phages (n=4, experimental group). The GSE2- 
9214 dataset contains data for human periph-
eral blood monocytes of healthy volunteers 
(n=38, control group) and non-metastatic co- 
lorectal cancer peripheral blood monocytes 
(n=27, experimental group). Because we used 
publicly available datasets in this study, no ethi-
cal issues are involved.

Screening for DEGs

We identified the DEGs between the CRC-re- 
lated macrophage and CRC groups in GSE2- 
9214 using GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r/). The screening criteria were 
adjusted P-value <0.05 and |logFC| ≥1, where 
the P-value was calculated by the two-tailed 
t-test and corrected using the Benjamini-
Hochberg method and |logFC| is the absolute 
value of the logarithm of fold change. SangerBox 
(http://sangerbox.com/) was used to generate 
a volcano plot of the DEGs. The parameters 
were set as follows: abscissa, log2 (FC); ordi-
nate, −log10 (P-value); and cutoff P-value, 0.05. 
The red, green, and gray dots indicate up-regu-

lated, down-regulated, and non-significant 
genes, respectively.

Enrichment analysis

To identify biologic processes associated with 
CRC, we performed a functional enrichment 
analysis of the DEGs using Metascape (https://
metascape.org/gp/#/main/step1) and the Da- 
tabase for Annotation, Visualization and In- 
tegrated Discovery (DAVID v.6.8, https://david.
ncifcrf.gov/) with the Gene Ontology (GO), KEGG 
Pathway, Canonical Pathways, Reactome Gene 
Sets, and CORUM databases. Species was lim-
ited to Homo sapiens. P-values <0.01 and 
counts ≥3 were considered to be statistically 
significant in Metascape [11]. False discovery 
rate <0.01 and gene counts ≥20 were consid-
ered statistically significant in DAVID [12]. The 
data analysis and visualization tool (http://
www.bioinformatics.com.cn/) was used to visu-
alize the results and generate a bubble chart.

Protein-protein interaction (PPI) network analy-
sis

We used the STRING v11.0 database (https://
string-db.org/) for the PPI network analysis of 
the DEGs. The minimum effective binding score 
was set as 0.4. The PPI network analysis results 
were imported into Cytoscape v3.6.0 software 
for further topological analysis [13]. The cyto-
Hubba plugin of Cytoscape was used to analyze 
the connection weights of the PPI network to 
identify the top 10 hub genes [14].

Validation of hub genes

The top 10 identified hub genes were validated 
using the array expression data of monocyte 
genes in peripheral blood cells of CRC patients 
(GSE47756). GraphPad Prism v5.0 was used 
for statistical analysis with the unpaired t test; 
P-values <0.05 were considered significant. 
The statistically significant hub genes were vali-
dated using UALCAN (http://ualcan.path.uab.
edu/index.html) and HPA (https://www.protein-
atlas.org/) [15, 16].

Results 

Identified DEGs

We detected 431 DEGs between the experi-
mental and control groups in the GSE29214 
dataset; 399 were up-regulated and 32 were 
down-regulated (Figure 1).
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Functional clustering

The GO enrichment analysis of the DEGs was 
performed using DAVID. GO terms were as- 
signed under the three main categories: bio-

degree algorithm of the cytoHubba plugin. The 
network connection weight identified the top 
10 hub genes as ITGB2, ITGAM, C3AR1, PTAFR, 
C3, CYBB, FCER1G, PLAU, STOM, and GPR84, 
all of which were up-regulated (Figure 4).

Figure 1. Volcano plot of GSE29214. The cutoff P value is 0.05, and logFC 
is-1/1. Red dots: up-regulated genes; green dots: down-regulated genes; 
gray dots: non-statistically significant genes.

Figure 2. Bubble chart of enrichment analysis for differential genes in 
GSE29214.

logic process, cellular compo-
nent, and molecular function. 
Under biologic process, the 
main enriched terms were sig-
nal transduction, immune re- 
sponse, inflammatory respon- 
se, innate immune response, 
regulation of immune respon- 
se, chemotaxis, positive regu-
lation of ERK1 and ERK2 cas-
cade, cell-cell signaling, cellu-
lar response to lipopolysaccha-
ride, and leukocyte migration. 
Under cellular component, the 
main enriched terms were 
plasma membrane, integral 
component of membrane, ex- 
tracellular exosome, integral 
component of plasma mem-
brane, extracellular region, ex- 
tracellular space, cell surface, 
external side of plasma mem-
brane, lysosome, and lysosom-
al membrane. Under molecular 
function, the main enriched 
term was receptor activity. The 
GO and KEGG pathway analy-
ses using Metascape and the 
data analysis and visualization 
tool showed that the DEGs 
were enriched mainly in leuko-
cyte activation involved in im- 
mune response, regulated exo-
cytosis, myeloid cell activation 
involved in immune response, 
granulocyte activation, cyto-
kine-mediated signaling path-
way, and immune response-
regulating signaling pathway 
(Figure 2).

Results of PPI network analy-
sis and hub genes

All the DEGs were submitted to 
STRING database for analysis, 
and the results were imported 
into Cytoscape to construct 
the PPI network (Figure 3). The 
topology of the PPI network 
was calculated based on the 
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Validation of the hub genes

The expression levels of the top 10 hub genes 
were validated using the array expression data 
in GSE47756. We found that the differences in 

the expression levels of ITGAM, CYBB, PLAU, 
C3, and STOM between CRC cells and healthy 
human peripheral blood mononuclear cells 
were statistically significant (Figure 5); the 
expression levels of the other five genes were 
not different between the groups. In addition, 
CYBB, PLAU, and STOM were up-regulated in 
GSE47756, which is consistent with their 
expression in GSE29214 (Table 1). We ana-
lyzed the expression and survival analysis of 
these three hub genes in TCGA using UALCAN. 
We found that the expression of PLAU in the 
colon adenocarcinoma and rectal adenocarci-
noma datasets was different between the ade-
nocarcinoma group and normal group (Figure 
6, P<0.05) and there was no difference in sur-
vival analysis between the adenocarcinoma 
group and normal group (P>0.05). The expres-
sion of CYBB and STOM, which were down-reg-
ulated in the adenocarcinoma tissues, was dif-
ferent between the adenocarcinoma group and 
normal group (P<0.05) and there was no differ-
ence in survival analysis between the adeno-
carcinoma group and normal group (P>0.05). 

Figure 3. PPI network constructed with DEGs. Note: red nodes indicate down-regulated genes, and blue nodes 
indicate up-regulated genes.

Figure 4. The interaction network of hub genes. The 
color of the hub gene nodes change from yellow to 
red, representing a score from low to high.
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Immunohistochemistry staining based on HPA 
showed the expression of PLAU was higher in 
the CRC tissue than in the normal tissue (Figure 
7); however, there was no difference in the 
expression of CYBB and STOM between the 
CRC and normal tissues.

Discussion

Early diagnosis can improve the prognosis and 
quality of life for patients with CRC. However, 

there is a lack of specific, sensitive, and non-
invasive biomarkers for the diagnosis and treat-
ment of CRC. Using bioinformatic methods to 
analyze a GEO dataset, we identified PLAU as a 
hub gene in TAMs. We verified the DEGs and 
related enrichment analysis results using a dif-
ferent GEO dataset and publicly available data-
bases, which will provide a valuable basis for 
future studies of CRC pathogenesis and im- 
munotherapy.

Figure 5. Relative expression 
of hub genes in GSE47756 
dataset. P<0.05.

Table 1. Top ten hub genes with higher scores
Gene symbol Score Regulation in GSE29214 Regulation in GSE47756 Description
ITGB2 37 up down integrin subunit beta 2
ITGAM 36 up down integrin subunit alpha M
C3AR1 36 up up complement C3a receptor 1
PTAFR 34 up up platelet activating factor receptor
C3 32 up down complement C3
CYBB 30 up up cytochrome b-245 beta chain
FCER1G 29 up down Fc fragment of IgE receptor Ig
PLAU 28 up up plasminogen activator, urokinase
STOM 28 up up stomatin
GPR84 27 up up G protein-coupled receptor 84
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Previous studies have found that PLAU (also 
known as u-PA (urokinase plasminogen activa-
tor)), was involved in tumor cell invasion, migra-
tion, and metastasis, and that PLAU was more 
highly expressed in CRC groups than in normal 
groups [17, 18]. Increased PLAU levels in serum 
and tumors were associated with cancer pro-
gression and poor prognosis in patients with 
CRC. However, the biologic role and source of 
PLAU and its underlying mechanisms in CRC 
remain uncertain [17]. Consistent with previous 
studies, we found that PLAU was a hub gene of 
TAMs and was up-regulated in CRC. Together, 
these results suggest that the high expression 

ched in signaling pathways such as ERK and 
immune response, and the up-regulation of 
PLAU was closely related to the invasion and 
metastasis of CRC through the ERK or t-PA 
receptor pathway. In a previous study, we found 
that the Wnt5a/CaMKII/ERK axis, which was 
localized mainly in TAMs of tumor stroma, espe-
cially M2-like TAMs, was required for TAMs to 
promote CRC progression [19]. In addition, the 
urokinase-type plasminogen activator receptor 
(uPAR), which had a high uPAR score on TAMs, 
was found to be a marker of poor prognosis in 
CRC [20]. These results are similar to our DEGs 
enrichment results, further verifying that ERK 

Figure 6. A. Expression of PLAU in colonic adenocarcinoma patients (colon adenocarcinoma group vs. normal group, 
P<0.05). B. Expression of PLAU in rectal adenocarcinoma patients (rectal adenocarcinoma group vs. normal group, 
P<0.05).

Figure 7. Immunohistochemistry of PLAU based on the Human Protein Atlas 
(×200). A. Protein levels of PLAU in normal tissue (Staining: Medium; Inten-
sity: Moderate; Quantity:75%-25%; Location: Cytoplasmic/membranous). B. 
Protein levels of PLAU in Colorectal cancer tissue (Staining: Low; Intensity: 
Weak; Quantity: >75%; Location: Cytoplasmic/membranous).

of PLAU in the tumor microen-
vironment may play an impor-
tant role in the differentiation 
of macrophages and the pro-
gression of CRC cells. PLAU 
may be a biomarker for the 
prognosis of CRC patients and 
a target for new cancer thera-
peutics [18].

The enrichment analysis of 
DEGs showed that the dysregu-
lated genes of TAMs in CRC 
were enriched in positive regu-
lation of the ERK1 and ERK2 
cascade, cell activation invo- 
lved in immune response, cyto-
kine-mediated signaling path-
way, and receptor activity. 
PLAU was significantly enri- 
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and uPAR are closely related to the pathogene-
sis of CRC.

The present study provides new evidence that 
PLAU may serve as a novel predictive biomark-
er in CRC invasion and metastasis for early 
diagnosis and to predict the prognosis of CRC. 
To avoid interference cased by the heterogene-
ity of TAMs and the interaction between the 
CRC microenvironment and macrophages, we 
used peripheral blood monocytes to verify the 
identified hub genes and potential pathways. 
Our results showed that abnormal genes 
expressed in TAMs may be involved in ERK and 
t-PA receptor pathways through a complex PPI 
regulatory network to regulate the progress of 
CRC. Therefore, PLAU may provide prognosis 
and predictive value for clinical utility in CRC 
management, as it does in breast cancer [21].

This study has some limitations. There may be 
differences in gene expression between in vitro 
TAMs and the peripheral blood mononuclear-
macrophage system in CRC, and the heteroge-
neity of TAMs, such as TAMs from different 
treatment times, intratumor locations, macro-
phage origin, and macrophage polarization, 
may affect the results. However, our results 
show that PLAU may be used as a potential bio-
marker for early detection of CRC, for predicting 
the progression and prognosis of CRC, and pro-
viding evidence for exploring the molecular 
mechanisms of CRC. In future studies, single-
cell tracking technology should be used to 
determine the relationship between blood 
mononuclear cells and TAMs and to reprogram 
TAMs, and a rigorous experimental design 
should be adopted to mine and evaluate TAM 
abnormal genes in CRC for precise diagnosis 
and immunotherapy.
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