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a b s t r a c t 

In this study, we aimed to uncover genes that drive the pathogenesis of liver metastasis in colorectal cancer 

(CRC), and identify effective genes that could serve as potential therapeutic targets for treating with colorec- 

tal liver metastasis patients based on two GEO datasets. Several bioinformatics approaches were implemented. 

First, differential expression analysis screened out key differentially expressed genes (DEGs) across the two GEO 

datasets. Based on gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analy- 

ses, we identified the enrichment functions and pathways of the DEGs that were associated with liver metastasis 

in CRC. Second, immune infiltration analysis identified key immune signature gene sets associated with CRC 

liver metastasis, among which two key immune gene families (CD and CCL) identified as key DEGs were filtered 

by protein-protein interaction (PPI) network. Some of the members in these gene families were associated with 

disease free survival (DFS) or overall survival (OS) in two subtypes of CRC, namely COAD and READ. Finally, 

functional enrichment analysis of the two gene families and their neighboring genes revealed that they were 

closely associated with cytokine, leukocyte proliferation and chemotaxis. These results are valuable in compre- 

hending the pathogenesis of liver metastasis in CRC, and are of seminal importance in understanding the role 

of immune tumor infiltration in CRC. Our study also identified potentially effective therapeutic targets for liver 

metastasis in CRC including CCL20, CCL24 and CD70 . 
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Colorectal cancer (CRC) is one of the most malignant tumors with
 mortality rate of 9% among all cancer-related deaths [1] . It is also
iewed as a refractory malignancy because a considerable proportion
 > 20%) of CRC was metastatic upon diagnosis, and nearly one-third of
RC relapsed after the surgical resection [2] . Such neoplasm usually
riginates from the epithelial cells lining the colon or rectum in the gas-
rointestinal tract [3] . Early CRC has almost no obvious symptoms, with
rogression of the disease, symptoms may include changes in defeca-
ion habits with hematochezia, diarrhea, constipation, and abdominal
ain among others [4] . Later stages of the disease are characterized by
evere anemia, weight loss, and other systemic symptoms [5] . Due to
ts higher morbidity and refractory nature, CRC has become a common
alignant tumor worldwide, second only to gastric, esophageal, and pri-
ary liver cancers of the digestive system [6] . One of the major CRC risk

actors is age [7] ; however, over the last 25 years, the morbidity of CRC
n young adults has increased in the European countries. Between 2004
Abbreviations: CRC, Colorectal cancer; DEG, differentially expressed gene; TIP, tum

nd Genomes; COAD, colon adenocarcinoma; READ, rectal adenocarcinoma. 
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nd 2016, CRC incidence increased 7.9% per year in the 20–29 years age
roup, 4.9% per year in the 30–39 years age group, and 1.6% per year
n the 40–49 years age groups [8] . The percent increase in CRC among
ll new cancer cases and all cancer-related deaths were 10% and 8.5%,
espectively [9] . Therefore, CRC represents a serious risk and challenge
o human health globally. 

CRC cells can migrate to other organs and viscera through the lym-
hatic and blood circulation or by direct diffusion [10] . Liver receives
ual blood supply from both the hepatic artery and portal vein, and
he competence of the abnormal blood flow provides a convenient site
or the spread of malignant tumors such as CRC, gastric cancer, and
sophageal cancer among others [11–13] . Development of liver metas-
asis is quite frequent among CRC patients, and approximately one-half
f the liver metastasis can be ascribed to CRC [14] . The mortality risk
emains high in patients with liver metastasis who are not treated with
ny form of therapy including drugs, chemotherapy, or surgery, with
urvival rarely exceeding 6–9 months. Furthermore, patients with unre-
ectable tumors who are treated with even the best chemotherapeutic
or immunophenotype; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes 
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rugs rarely survive beyond 13–18 months [14] . Thus, liver metasta-
is in CRC remains a critical challenge for the medical community and
dentification of improved therapeutic targets is vital to improve the
rognosis and treatment outcomes. Given that liver metastasis in CRC
s associated with several complex physiological processes and stages
hat drive multiple signaling pathways as well as interactive genes al-
erations [15] , the paramount goal of the present study was to uncover
enes with clinical value that drive the pathogenesis of CRC liver metas-
asis. 

The resistance of metastatic cancer could be attributed to its partial
ormancy, which confers resistance to the conventional therapy aimed
t suppressing proliferation [16] . Encouragingly, cancer immunother-
py has emerged as a promising anti-cancer strategy, whereby aberrant
ells can be obliterated, irrespective of their activation status [16] . This
ovel therapy has brought significant benefits in liver metastasis [17] .
n previous report, transfer of adaptive T cells into several types of can-
er patients could effectively increase the chance of survival [ 18 , 19 ].
pecifically, seven CRC patients with lung metastasis participated in
he project of Rosenberg’s team, and received reinfusion of in vitro-

roliferated CD8 + T cells, the clinical outcomes were satisfactory with
igh eradication rate of metastasis [20] . A crucial step of immune ther-
py, namely intratumoral immune cell infiltration, has been proposed
o stimulate the host immune response through the release of cytokines,
hereby shaping the progression of tumor cells in direct or indirect man-
er [21] . Inoue et al. demonstrated that treatment with cetuximab could
ignificantly increase the infiltration of CD3 + , CD8 + , and CD56 + cells in
he chemotherapy group, which may potentiate the immune-enhancing
ffect in CRC patients with liver metastasis [22] . The foregoing immune
ells responding to cetuximab are quite heterogeneous; for instance, the
resence of CD3 is typical among T-lymphocytes, since it can be ob-
erved in an overwhelming majority of T cells [23] , whereas CD8 marker
s only expressed by approximately one thirds of mature T cells, confer-
ing them with cytotoxic effects [23] , in addition, CD56 + cells is alias to
K (natural killer) cells that are distinguished by CD56 expression, and
xerting analogous functions to that of cytotoxic T cells [24] . Despite
he rapid progress in the research of immune infiltration, the implica-
ion of lymphocytes in this field requires further investigation [21] due
o the diversity of immune cell characteristics as noted above. Aside
rom immune cells that play important roles in regulating metastasis,
mmune driving genes are of equivalent importance. In liver metasta-
is and non-liver metastasis CRC patients , IL-17, CD8 and CD45RO are
elevant genes that show significant differential expression in the lo-
al immune microenvironment, similar to FAS and tryptase [25] . Col-
ectively, in-depth investigations of the involvement of lymphocytes in
umor micro-environment and associated immune biomarker are imper-
tive. 

Nowadays, with the development of ‘big data’ and advancements in
ioinformatics, analyzing large datasets has become faster, more thor-
ugh, and convenient. Large datasets such as screening of genomic
arkers of colorectal liver metastasis using next-generation sequenc-

ng (NGS) platforms are available publicly [26] . Differential expres-
ion analysis is effective in detecting the differentially expressed genes
DEGs) in various pathological groups. Miao et al. reported the detec-
ion of 66,772 sequenced PIWI-interacting RNAs (piRNAs) and 241 piR-
As differentially expressed in cancer and paracancerous tissues and
634 piRNAs differentially expressed in metastatic and non-metastatic
umors in hepatocellular carcinoma patients [27] . With the deepened
nderstanding of tumor micro environment, several methods have been
eveloped to efficiently analyze tumor cell immune infiltration, these
ethods include the ’ssGSEA’ and ’CIBERSORT’, both of which were in-

egrated in TIP (tracking tumor immunophenotype), a meta-server for
racking, analyzing, and visualizing the status of anticancer immunity
nd the proportion of tumor-infiltrating immune cells across seven-step
ancer-immunity cycle using RNA-seq or microarray data [28] . 

Previous big data studies concerning CRC liver metastasis had
chieved accomplishment in identifying altered transcriptome [29] ,
2 
ncRNAs [30] , or fusion genes [31] that might be responsible for CRC
iver metastasis. In all these studies, evidence that associate immune ac-
ivities with CRC liver metastasis was scarce. In this study, we performed
ifferential expression analysis to screen for the key DEGs that drive
iver metastasis in CRC and utilized TIP website to uncover immune
ub genes that drive tumor immune cell infiltration in liver metastasis
n CRC. The overall design of the current study was depicted in (Supple-
entary Figure 1), which revealed potential genes that could serve as
ew anti-metastasis targets or provide effective clinical immunotherapy
pproaches in CRC with liver metastasis. 

aterials and methods 

ata collection 

To uncover genes that drive the pathogenesis of liver metasta-
is in CRC, we downloaded two relevant data sets from the Na-
ional Center of Biotechnology Information (NCBI) database (GEO Ac-
ession viewer: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi ). The
SE75050 dataset contained mRNA/lncRNA data of 6 CRC liver metas-

asis samples and equivalent primary CRC counterparts [30] ; The
SE131418 dataset was focused on deciphering transcriptomic differ-
nces between primary CRC and lung/liver CRC metastasis based on 517
RC samples [29] , among which 141 liver metastasis and 333 primary
RC samples with complete gene expression matrix were incorporated

nto our study. 

ifferential gene expression analysis 

For differential gene expression analysis, samples in the two GEO
atasets were divided into two groups depending on their metastatic
tatus (liver metastasis or primary CRC, respectively). Then the Limma
 package was used for intra-dataset differential gene expression anal-
sis in both GSE75050 and GSE131418 datasets [32] . By comparing
etastatic groups against their corresponding primary CRC controls,
ifferentially expressed genes (DEGs) were screened under the thresh-
ld of |log2FC| > 1 and q -value < 0.05 (FC: fold change, q -value: p -
alue adjusted by Benjamini-Hochberg procedure). The volcano plot
nd heatmap were generated using the R packages ggplot2 and com-
lexheatmap, respectively. 

ene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 

KEGG) signaling pathway analyses 

To identify the biological functions and associated signaling path-
ays of the screened genes, we performed the GO and KEGG signaling
athway analyses. These methods included the gene functional annota-
ion, information visualization, and integrated discovery for the terms of
iological processes (BP), cellular components (CC), molecular functions
MF), as well as functional signaling pathway. The analysis was per-
ormed using the ClusterProfiler package in R. The significance thresh-
ld was p < 0.05 

umor cell infiltration phenotyping 

Tumor cell infiltration phenotyping was performed online using the
IP domain ( http://biocc.hrbmu.edu.cn/TIP ) based on data obtained
rom the GSE75050 or GSE131418 dataset. The samples were divided
nto liver metastasis and no metastasis (primary CRC) groups. CIBER-
ORT de-convolution algorithm was used to make inferences about 22
mmune cells composition within each sample [33] , the number of per-
utations was set to 100 to ensure the precision of deconvolution and

he results were visualized using stacking barplots and dot plots; while
he 7-step cancer immunity cycle was based on manually curated 178
ignature genes that involved in “Step1: release of cancer cell antigens ”;
Step2: cancer antigen presentation ”, “Step3: priming and activation ”,

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi
http://biocc.hrbmu.edu.cn/TIP
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Step4: trafficking of immune cells to tumors ”, “Step5: infiltration of im-
une cells into tumors ”, “Step6: recognition of cancer cells by T cells ”

nd finally, “Step7: killing of cancer cells ”, aside from Step1 and Step4,
ach signature gene set contained subsets of genes that facilitate (pos-
tive) or suppress (negative) the corresponding immune process. The
nrichment of anti-cancer immune signature gene sets were quantified
y ssGSEA algorithm [34] using gene expression profile regarding in-
ividual samples. In order to make anti-cancer properties comparable
etween different datasets, the final immune activity score of each signa-
ure step was calculated by subtracting Z-score-normalized ssGSEA (neg-
tive gene subset) score from corresponding Z-score-normalized ssGSEA
positive gene subset) score [28] . Immune signature gene families that
trongly correlated with previously defined key DEGs (associate with
RC liver metastasis) were defined as immune hub genes (unearthed by
CODE, a Cytoscape Plugin). 

ene expression profiling in GEPIA 

Colon adenocarcinoma (COAD) and rectal adenocarcinoma (READ)
re two common subtypes of CRC defined by different anatomical sites,
articularly, molecular mechanisms underlying READ resembled that in
OAD [ 35 , 36 ]. Accordingly, these subtypes were used to interpret the
iological significance of immune hub genes. As an interactive online
latform for mining RNA sequencing data from the Genotype Tissue Ex-
ression (GTEx) and TCGA projects, GEPIA was employed for analyzing
he expression profiles and pathological stages of immune hub genes in
OAD and READ. The website was also used for survival analysis based
n the immune hub genes, whereby samples were divided into high and
ow expression groups by using median expression as a threshold. The
aplan-Meier plotter generated the survival plot containing the log rank
 value and the hazard ratio (HR) with 95% confidence intervals (CIs).
ll analyses were carried out in GEPIA were grounded on TCGA and
TEx gene expression data preprocessed in the website [37] . 

enetic variations and co-expression analysis in cBioPortal 

The TCGA database covers genomic and clinical data on more
han 30 types of cancers. A study called “Colorectal Adenocarcinoma
TCGA, PanCancer Atlas) ” comprised both COAD and READ subtypes,
as chosen for analyzing the immune hub genes in the cBioPortal
 http://www.cbioportal.org ). Genetic variations were analyzed by se-
ecting copy number alterations (CNAs) and mutations as selected
olecular profiles. Spearman’s correlation (gene co-expression) analy-

is was also performed in cBioPortal based on the colorectal adenocar-
inoma study as mentioned above, the results regarding immune hub
enes were retrieved from the website and visualized locally. 

rotein-protein interaction analysis 

To establish PPI networks based on different sets of proteins,
e queried them against the STRING online database (version 11.0)
 http://string-db.org/ ), following the default parameters (medium
onfidence of interaction score). After retrieving interaction data
rom the website, we used Cytoscape (version 3.8.1) software
 http://www.cytoscape.org/ ) to locally visualize the PPI network. A Cy-
oscape plug-in called "MCODE" was used to extract biologically signif-
cant subnetworks with higher intra-connectivity. 

esults 

dentification of genes that drive liver metastasis in CRC 

To uncover genes that are differentially expressed between CRC pa-
ients with liver metastasis and those without liver metastasis, we per-
ormed differential expression analysis using the Limma package. The
olcano plots showing the expression of the significantly upregulated
3 
nd downregulated genes and those without differential expression in
SE75050 and GSE131418 datasets are shown in Fig. 1 A and B. DEGs

hat were common to GSE75050 and GSE131418 were named inter-
ecting DEGs (227 genes) ( Fig. 1 G), and underwent subsequent enrich-
ent analysis. GO functional enrichment analysis indicated that these

ntersecting DEGs were predominantly aggregated in the biological pro-
esses (GO-BP) of “cytokine secretion ”, “regulation of cytokine secre-
ion ”, “positive regulation of cytokine secretion ” and “leukocyte chemo-
axis ” ( Fig. 1 C). In the cellular component (GO-CC), “apical part of cell ”,
ruffle membrane ”, “leading edge membrane ” were the most enriched
erms ( Fig. 1 D) while in the category of molecular function (GO-MF),
chemokine activity ”, “chemokine receptor binding ” and “peptidase in-
ibitor activity ” were the most representative ( Fig. 1 E). KEGG pathway
nalysis revealed that “complement and coagulation cascades ”, “nitro-
en metabolism ” and “viral protein interaction with cytokine and cy-
okine receptor ” were the most enriched signaling pathways ( Fig. 1 F). 

Among the 227 intersecting DEGs, we defined those which were
onsistently up- or down-regulated in both datasets as key DEGs.
he expression pattern of key DEGs was depicted in a color gra-
ient heatmap ( Fig. 2 A), the top 5 up-/down-regulated key DEGs
ere TRIM48, OR5H6, TAS2R42, OR10A6, OR52A5 / SERPINC1, PELI1,

STA5, GPR171, GPR68 in GSE75050 dataset; and INSL5, MUC12, PN-

IPRP2, PHGDH, TRIM48 / TMEM229A, CALML5, MMP12, MSH4 and
REM1 as shown in GSE131418. TRIM48 was among the top 5 up-
egulated key DEGs in both datasets. In addition, the relationships
mong key DEGs were further visualized using PPI network ( Fig. 2 F).
nrichment analysis was also performed to uncover the biological roles
f 118 key DEGs. Consistent with intersecting DEGs, key DEGs were fur-
her aggregated into GO-BP terms associated with cytokine, especially
n “positive regulation of cytokine secretion ”, “regulation of cytokine
ecretion ” and “positive regulation of cytokine production ” ( Fig. 2 B).
ikewise, key DEGs participated in CC pathways included “ruffle mem-
rane ”, “leading edge membrane ”, and “apical part of cell ” ( Fig. 2 C). In
ddition, notable GO-MF enrichment of key DEGs was observed in “pep-
idase inhibitor activity ” and “carbonate dehydratase ” activity ( Fig. 2 D).
inally, the KEGG analysis results of key DEGs were slightly different
rom that of intersecting DEGs, as the 3 rd and the 4 th top enriched
athways of the former were concerned with cytochrome P450 drug
etabolism instead of “viral protein interaction with cytokine ” and “cy-

okine receptor" in the latter. Nevertheless, the top 2 enriched KEGG
athway, “complement and coagulation cascades ” as well as “nitrogen
etabolism ” remained the same by comparing with the intersecting
EGs ( Figs. 1 F and 2 E). 

mmune infiltration profiling based on CIBERSORT inference and ssGSEA 

lgorithm 

Immune response in carcinogenic process involved delicately mod-
lated events that are best interpreted as a whole instead of being ad-
ressed solely [ 38 , 39 ]. These events can be summarized as step-wise
rocesses forming a cancer immunity cycle that eradicate cancer cells
y iterative initiation, proceeding and expansion [40] . To uncover the
mmune infiltration profile of CRC with liver metastasis, the tracking tu-
or immunophenotype (TIP) website was used for tracking, analyzing,

isualizing the status of anticancer immunity across seven-step cancer-
mmunity cycle, as well as inferring the proportion of tumor-infiltrating
mmune cells using samples from CRC patients with or without liver
etastasis. We first calculated step-wise immune activity score based

n ssGSEA score of 7 signatures (corresponding to 7 steps) as indi-
ated previously (Stepwise immune activity score = ssGSEA positive score -
sGSEA negative score ). In the following immune activity analysis, we used
ilcoxon rank-sum test to find immune signatures with conspicuous

hanges of immune activity score when comparing metastatic samples
o primary CRC controls, the results were shown in dot plots ( Fig. 3 A, B),
hereby we found that in both datasets, the immune activity score of 2

ignatures (Eosinophil recruiting and Step 6, marked with red ellipses)

http://www.cbioportal.org
http://string-db.org/
http://www.cytoscape.org/


W.-Q. Liu, W.-L. Li, S.-M. Ma et al. Translational Oncology 14 (2021) 101011 

Fig. 1. Differentially expressed genes (DEGs) analysis between the liver metastasis and primary CRC samples in two datasets. TheDEGs between the liver metastasis 

and no liver metastasis groups in GSE75050 (A) and GSE131418 (B) were shown in volcano plots. Results of the intersecting DEGs functional enrichment by GO and 

KEGG pathway analyses were shown in (C, D, E, F). Intersection between DEGs in two datasets (227 intersecting DEGs) were shown in venn diagram (G). 

Fig. 2. Analyses of key DEGs. The key DEGs were consistently up/down-regulated in both datasets, whose expression patterns were shown in (A), the results of 

corresponding functional enrichment analysis were shown in (B, C, D, E). The PPI network of key genes was shown in (F). 
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ere increased, while that of 4 signatures (CD4 + T cells recruiting,
D8 + T cells recruiting, Th1 cell recruiting and B cell recruiting, marked
ith blue ellipses) were distinctly decreased in metastatic groups by

omparing primary CRC groups ( Fig. 3 A, B). These alterations were
onsistent across the two datasets, the corresponding gene sets were
efined as key immune signature gene sets. The immune signature gene
ets were further visualized in the form of ssGSEA score profile in the
wo datasets (Supplementary Fig. 2). The heatmaps of immune signature
4 
ene profiles ( Fig. 4 A and B) also helped distinguishing genes that be-
onged to key immune signature gene sets (the corresponding row names
ere marked in red/blue), among which the most representative gene

amilies (with the greatest/second greatest number of member genes)
ere the CCL (6 genes) and CD gene families (5 genes). 

The inference of immune cell infiltration in multiple samples by
IBERSORT indicated that, monocytes and resting dendritic cells infil-
rated CRC liver metastasis samples in both GSE75050 and GSE131418
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Fig. 3. Consistently altered immune signatures in two datasets. Wilcoxon rank-sum test and dot plot visualized 23 immune signatures, among which 6 immune 

signatures with consistent trend for immune activity score alteration (metastasis versus primary CRC) across GSE75050 (A) and GSE131418 (B) datasets were 

marked by ellipse, 2 signatures with elevated immune activity score in metastatic groups (Eosinophil recruiting and Step 6) were marked with red ellipses; while 

4 signatures with decreased immune activity score in metastatic groups (CD4 + T cells recruiting, CD8 + T cells recruiting, Th1 cell recruiting and B cell recruiting) 

were marked with blue ellipses. 

Fig. 4. Visualization of expression patterns concerning immune signature gene sets. Heatmaps showing expression profiles of signature gene sets of GSE75050 and 

GSE131418 were shown in (A) and (B), key immune genes in key immune signature gene sets were marked with red/blue depending on the alteration of activity 

score as defined by foregoing dot plots. 

5 
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Fig. 5. CIBERSORT inference on immune cell composition. Stacking plot showing composition of 23 immune cells across two datasets (A, B), indicated that monocytes 

and resting dendritic cells infiltrated CRC liver metastases samples. Principal component analysis (PCA) showed distinct separation between metastatic and primary 

CRC samples in two datasets. (C, D) 
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atasets ( Fig. 5 A and C).The PCA plot showed a significant separation
etween the samples with liver metastasis and those without liver metas-
asis ( Fig. 5 B and D). 

dentification of immune gene families driving immune infiltration and 

etastasis 

A total of 118 key DEGs involved in liver metastasis were identi-
ed, together with previously defined key immune signature gene sets,
e further investigated the way through which they work in concert

o regulate CRC liver metastasis in the context of immune activity. The
18 key DEGs and key immune signature gene sets were merged and
ueried against STRING database, the PPI network was retrieved from
he website and visualized locally using Cytoscape. As shown in Fig. 6 ,
lthough CCL and CD families (diamonds, colored in red) were more
losely interconnected by comparison to the 118 key DEGs (ellipse, col-
red in blue), a portion of key DEGs exhibited strong interaction with
mmune gene families. Therefore, we used a Cytoscape plugin MCODE
o excavate clusters (subnetworks) whose nodes displayed higher in-
erconnectivity. The largest subnetwork comprised 6 key DEGs and 33
mmune genes was highlighted by yellow ( Fig. 6 ), and we identified
1 immune hub genes ( CCL11, CCL19, CCL20, CCL24, CCL26, CD27,

D274, CD28, CD40, CD40LG and CD70 ) belonging to CD/CCL family
nd strongly interacting with key DEGs. These immune hub genes might
ridge immune regulation and CRC liver metastasis, and were chosen for
ubsequent analysis. 

xpression patterns of immune hub genes in COAD and READ 

Next, we explored the expression profiles of 11 immune hub genes
two hub gene families) in two common classification of CRC, namely
OAD and READ. The GEPIA website was used to analyze the gene ex-
ression profiles of the immune hub genes and their correlation with
linicopathological traits. The expression profiles of immune hub genes
re depicted in Fig. 7 and the corresponding boxplots of the expres-
6 
ion between the tumor and normal samples are shown in (Supplemen-
ary Fig. 3). The results indicated that two genes in the CCL family
 CCL20 and CCL24 ) were markedly upregulated in COAD and READ
ompared to the normal samples. In contrast, the expression of CCL11

as markedly decreased in patients as compared to normal controls,
hereas no statistical significance concerning the expression patterns
f CD families ( CD27, CD274, CD28, CD40, CD40LG and CD70 ) were
ound between COAD/READ patients and controls. 

To understand the implications of immune hub genes in different tu-
or stages, pathological stage analyses were performed; gene expres-

ion in 4 pathological stages (Stage I to Stage IV) defined by TCGA
linical annotation were visualized by violin plots (Supplementary Fig.
), whereas the statistical significance of immune hub genes expression
cross these stages was determine by F -test. However, no significant al-
erations (Pr ( > F) < 0.05) were found concerning immune hub genes
xpression across 4 pathological stages. 

rognostic value of two immune hub gene families in COAD and READ 

To explore the prognostic value of immune hub genes that were
ound to be significantly associated with CRC liver metastasis and tu-
or infiltration phenotype, we performed OS and DFS analyses us-

ng the GEPIA website ( Figs. 8 and 9 ). For the CCL gene family, pa-
ients with high CCL24 (HR = 1.2) and CCL26 (HR = 1.3) expression
ere predisposed to lower DFS as compared to their low-expression

ounterparts, whereas elevated levels of CCL11 (HR = 0.89), CCL19

HR = 0.87) and CCL20 (HR = 0.88) were associated with slightly im-
roved DFS. Aside from CCL24 (HR = 0.71), the DFS results of other
CL family members were corroborated with OS analysis results, where
igh CCL26 (HR = 1.1) expression was related to increased risk, while
igh-expression CCL11 (HR = 0.78), CCL19 (HR = 0.83) and CCL20

HR = 0.71) contributed to improved OS. The DFS analysis of CD fam-
ly showed that high CD274 (HR = 0.8), CD40 (HR = 0.8) and CD40LG

HR = 0.85) expression were associated with increased percentage of
FS, yet they contributed less to prolonged OS (HR = 0.93, 1.1, 1, re-
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Fig. 6. PPI network involving key DEGs and key immune genes. As depicted in the PPI network, CCL and CD families were shaped as diamonds and colored in red, 

whereas 118 key DEGs were shaped as ellipse and colored in blue. Nodes marked in yellow represent the largest subnetworks with higher interconnectivity that was 

filtered by Cytoscape plugin MCODE. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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pectively). High CD27 and CD28 expression displayed no influence on
FS (HR = 1), and acted differently on OS (HR: CD27 < 1, HR: CD28 > 1).
f note, patients with high CD70 expression exhibited the worst DFS

HR = 1.7) among immune hub genes, and this gene was consistently
esponsible for worse OS (HR = 1.2). 

enetic variation analysis of two immune hub gene families in COAD and 

EAD 

To assess the genetic variation of the CCL and CD families in COAD
nd READ, we performed oncoprint analysis in the cBioPortal platform.
he results indicated that CCL24 (7%) and CD40 (13%) were the most
requently altered immune hub genes in CCL/CD families ( Fig. 10 B).
CL24 was affected by amplification, missense mutation, and mRNA
igh alterations while CD40 was affected by amplification (preferen-
ially occurred in CD40 among other CD family members), missense mu-
ation, mRNA high alterations and truncating mutation. Genetic varia-
ion patterns in the two immune hub gene families were demonstrated in
ig. 10 A, where we found that mRNA high alterations were the predom-
7 
nant genetic variation in both families, while mutation, amplification
nd multiple alterations were more frequent in CD family. 

unctional enrichment of the regulatory network of immune hub gene 

amilies in COAD and READ 

The co-regulation of the immune hub gene families (CD and CCL)
nvolved in CRC liver metastasis and immune infiltration were analyzed
ased on COAD and READ samples. Genes that correlated with immune
ub genes were analyzed in cBioPortal. The concordance between dif-
erent genes was determined by Spearman’s correlation analysis and
ownloaded before being visualized locally. As shown in Fig. 11 A, B,
enes in CD family were more closely correlated as compared to that
n CCL family, indicating a higher intra-family coordination. Intrigu-
ngly, the expression of CCL20 varied inversely with other members in
CL family ( Fig. 11 A). In contrast, high coordination of gene expres-
ion was demonstrated by CD family ( Fig. 11 B). We next selected the
op 10 genes (from cBioPortal correlation results) with the highest ab-
olute value of correlation to each member gene in CCL/CD families for
n-depth analysis. A total of 50 genes (strongly correlated with CCL fam-
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Fig. 7. Expression patterns of key immune gene families in COAD and READ. Scatter plots show the expression profiles of CCL and CD gene families among two 

CRC subtypes, expression of CCL11 were depleted among CRC patients, whereas the expression patterns of CCL20 and CCL24 were quite the opposite. 

Fig. 8. Prognostic value of key immune gene families in COAD and READ (Disease free survival). Kaplan-Meier plotter showed that high CD70 expression was 

associated with DFS among CRC patients. 

Fig. 9. Prognostic value of key immune gene families in COAD and READ (Overall survival). Key immune genes did not show significant influence on the OS of CRC 

patients, as demonstrated by Kaplan-Meier plotter. High CCL20 and CCL24 expression with p(HR) approximating 0.1 might be associated with improved OS. 

8 
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Fig. 10. Genetic variation analysis of key immune gene families in COAD and READ. Alteration frequency of genetic variations in two key immune gene families 

were shown in stacking plots (A), visualized summary of variations regarding individual key immune gene was shown in (B). 

Fig. 11. Correlation analysis of key immune gene families. Correlations among CCL and CD families were calculated in cBioPortal and visualized locally (A, B), 

the size of colored circles was proportional to the absolute value of correlation between two family members. CD and CCL families, along with their respective 

neighboring genes, were respectively merged as CCL and CD clusters, prior to the construction of PPI networks (C, D). The node size corresponded to the number of 

edges, large nodes interact with more genes within the PPI network, and thus play a central role. 
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ly) and 60 genes (strongly correlated with CD family) were merged with
orresponding family members (55 and 66 genes, respectively), through
hich two cluster, namely CCL cluster and CD cluster, were finalized.
he two clusters were queried against STRING database following de-
ault setting. PPI network in ( Fig. 11 C and D) showed that CCL family
nteracted with less targets as compared to CD family. CCL20 and CCL19

isplayed higher connectivity than CCL11, CCL24 and CCL26 , whereas
D70 showed the minimum number of connections among other CD

amily members. Genes in the two PPI networks were finally subjected to
unctional enrichment analysis. CCL cluster was predominantly involved
n the BPs of “response to chemokine ”, “cellular response to chemokine ”
nd “chemokine-mediated signaling pathway ”. In the category of CC,
CL cluster was mainly involved in “external side of plasma mem-
rane ” and “cell ” and “membrane raft ”. The representative MF terms
ffected by these genes included “chemokine activity ”, “chemokine re-
eptor binding ” and “cytokine activity ”. In the KEGG pathway enrich-
ent analysis, significant involvement of CCL cluster in “Viral protein

nteraction with cytokine and cytokine receptor ”, “Cytokine-cytokine re-
eptor interaction ” and “Chemokine signaling pathway ” was observed
 Fig. 12 A). In contrast, CD cluster displayed different biological roles,
hey were significantly enriched in “T cell activation ”, “lymphocyte dif-
erentiation ”, “regulation of lymphocyte activation ” as well as “lympho-
yte proliferation ” under the category of BP. “external side of plasma
embrane ”, “cell-cell junction ”, plasma membrane signaling receptor
9 
omplex ” and “membrane raft ” were the most representative GO-CC
erms for CD cluster. Regarding MF, CD cluster predominately partic-
pated in “tumor necrosis factor receptor binding ”, “signaling receptor
omplex adaptor activity ” and “tumor necrosis factor receptor superfam-
ly binding ”. In addition, significant enrichment of CD cluster in several
EGG pathways was revealed, including “Primary immunodeficiency ”,
Cell adhesion molecules ”, “T cell receptor signaling pathway ”, “Th17
ells differentiation ” and “Chemokine signaling pathway ” ( Fig. 12 B). 

iscussion 

Bioinformatic analysis was performed on the data from the dataset
SE75050 and GSE131418 that are available publicly. Through differ-
ntial gene expression analysis between liver metastasis and primary
RC groups, we identified 227 common DEGs shared by both datasets
hat might drive CRC liver metastasis. These intersecting DEGs were
ainly enriched in GO-BP terms of cytokine secretion associated path-
ays, as well as “leukocyte chemotaxis ”. Leukocyte chemotaxis referred

o a process through which immune cells migrate to the target site at
he presence of external stimulus, for instance, infiltration of neutrophil
nto stimulated target sites was essential for innate immune response
41] , yet relatively limited reports described such process in metastasis,
evertheless, we hypothesize that this process might regulate leukocyte
nfiltration in tumor micro environment, as the migration of immune
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Fig. 12. Functional enrichment analyses of CCL and CD clusters. The results of function enrichment analysis regarding CCL and CD clusters were summarized in (A) 

and (B), respectively. 
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ells was coordinated with infiltration [42] . Cytokines can facilitate
etastatic colonization in some tumors [43] ; for instance, IL-6 and G-
SF were responsible for metastasis [44] , specifically, in CRC patients,
irculating galectin-3 could promote secretion of several cytokines in
etastatic CRC [45] . Therefore, we assume that a portion of 227 inter-

ecting DEGs in our current study might play similar roles. As for CC
ntology, “apical part of cell ”, “ruffle membrane ”, “leading edge mem-
rane ” were the most enriched terms, among which membrane ruffle
s essential for epithelial migration [46] , and also contributed to the
obility and invasion of cancer cells [47] . Regarding MF, “chemokine

ctivity ”, “chemokine receptor binding ” and “peptidase inhibitor activ-
ty ” were the most represented terms. Normally, chemokines coordi-
ate intercellular positioning and migration; however, cancer cells also
ake advantages of these attributes, and disordered chemokine regula-
ion was deemed culprit in carcinogenesis [48] . KEGG pathway anal-
sis revealed that “complement and coagulation cascades ”, “nitrogen
etabolism ” and “viral protein interaction with cytokine ” and “cytokine

eceptor ” were the most enriched signaling pathways, the involvement
f intersecting genes in cytokine-associated pathways agreed with the
esults of GO-BP category [43–45] , while nitrogen shift (metabolism)
hat control the exploitation of nitrogen originated from glutamine was
lso reported to modulate progressive malignancy [49] . 

Given that 227 intersecting DEGs displayed biological significance
hat might regulate CRC liver metastasis, we further investigated their
xpression (logFC, liver metastasis versus primary CRC) in their respec-
ive datasets, and narrowed down our targets to 118 key DEGs with
onsensus expression patterns in both datasets. The biological functions
f these genes were also obtained using GO/KEGG analysis. In general,
ost results of enrichment analysis concerning key DEGs were consis-

ent with intersecting DEGs as indicated previously, specifically, con-
istency could be observed in significantly enriched pathways includ-
ng: “positive regulation of cytokine secretion ”, “regulation of cytokine
ecretion ” and “positive regulation of cytokine production ” under GO-
P; “ruffle membrane ”, “leading edge membrane ”, and “apical part of
ell ” under GO-CC; “peptidase inhibitor activity ” under GO-MF; “com-
lement and coagulation cascades ”, as well as “nitrogen metabolism ”
nder KEGG. These results indicated that 118 key DEGs were highly
epresentative of 227 intersecting DEGs, and that these consistent path-
ays might play crucial roles in the pathogenesis of CRC liver metas-

asis. Notably, the KEGG analysis results of key DEGs were slightly
ifferent from that of intersecting DEGs, aside from the top two con-
10 
istently enriched pathway —“complement and coagulation cascades ”
nd “nitrogen metabolism ”, key DEGs were additionally concerned
ith cytochrome P450 drug metabolism, including “Drug metabolism
cytochrome P450 ” and “Metabolism of xenobiotics by cytochrome

450 ”. Cytochrome P450 (CYPs) played a central role in metabolizing
rug [50] , whose dysregulation was observed in CRC, for instance, cy-
ochrome P450 2W1(CYP2W1) could be detected in nearly one third
f colon cancer [51] ; overexpression of CYP family member CYP24A1

as responsible for invasion and metastasis and had been proposed in
arious types of cancer, including CRC [52] , these CYP family members
ere potential candidates as drug target, and we speculated that they
ight be associated with key DEGs. 

Among 118 key DEGs, the top 5 up-regulated key DEGs in GSE75050
ataset were TRIM48 (Tripartite Motif-Containing Protein 48), OR5H6

Olfactory receptors 5H6), TAS2R42 (Taste receptor), OR10A6 (Olfac-
ory receptor 10A6), OR52A5 (Olfactory receptor 52A5) and INSL5

Insulin-like peptide), MUC12 (Mucin 12), PNLIPRP2 (Pancreatic li-
ase), PHGDH (Phosphoglycerate dehydrogenase), TRIM48 as shown in
SE131418, and we probed into the genes that might be associated with
RC liver metastasis. Olfactory receptor family were implicated in tu-
origenesis, among which OR51E2 was highly expressed in prostate

ancer [53] , overexpression of OR2T6 was observed in breast cancer,
erving as an initiator in epithelial-mesenchymal transition [54] , no-
ably, OR7C1 was indispensable for maintaining colon cancer-initiating
ells (CICs) [55] . Although several olfactory receptor family members
n our current study did not overlap with forgoing results, they might
xert analogous effects. INSL5 was found in enteroendocrine cells, the
xpression increased from colorectum to rectum in a gradient man-
er, additionally, this marker was detected in rectal neuroendocrine tu-
ors [56] . MUC12 is a transmembrane mucin, whose homologue MUC1

as increased in colon cancers, accompanied by worse prognostic out-
ome [57] . PNLIPRP2 was a lypolytic enzyme attenuated in pancre-
tic ductal adenocarcinoma [58] . Elevated PHGDH expression as well
s its functions as proliferation/migration promoter was documented
n pancreatic cancer [59] . TRIM48 (tripartite motif-containing 48) was
mong the top 5 up-regulated key DEGs in both two datasets, limited
n vitro evidence indicated that elevated expression of this gene facili-
ate lung cancer cell death in xenograft model presumably by activating
SK1 [60] , as well as inhibiting growth of human glioblastoma cells

hrough ERK1/2 pathway [61] ; such tumor inhibitory effects might be
sed to counter metastasis in CRC due to the consistent upregulation
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f TRIM48 in metastatic samples across two dataset. Collectively, aside
rom TAS2R42 that was not reported in cancer, and downregulated PN-

IPRP2 in pancreatic ductal adenocarcinoma, other top up-regulated
enes were elevated in various types of cancers, their overexpression in
urrent study might account for the increased malignancy of metastatic
RC. 

As for the top 5 down-regulated key DEGs, SERPINC1 (Serpin Fam-
ly C Member 1), PELI1 (Pellino E3 Ubiquitin Protein Ligase 1), GSTA5

glutathione S-transferase alpha 5), GPR171 (G Protein-Coupled Recep-
or 171), GPR68 (G Protein-Coupled Receptor 68) were observed in
SE75050 and TMEM229A (Transmembrane Protein 229A), CALML5

Calmodulin Like 5), MMP12 (Matrix Metallopeptidase 12), MSH4

mutS homolog 4) TREM1 (Triggering Receptor Expressed On Myeloid
ells 1) were detected in GSE131418. SERPINC1 exert anti-coagulatory
nd anti-inflammatory effects, it also facilitates proliferative and apop-
otic processes in nasopharyngeal carcinoma [62] . PELI1 modulates bi-
logical activities through modifying protein at post-translational level
r ubiquitination process, its high expression coincided with advanced
-cell lymphoma cases [63] . Up-regulation of GSTA5 was reported to be
esponsible for irinotecan resistance in CRC. In vitro and in vivo studies
ndicated that GPR171 was critical for lung cancer progression, this gene
as up-regulated in nearly half of all lung cancer tissues incorporated

nto the study [64] . GPR68 was overexpressed in numerous types of
ancers, including colon cancer, and is responsible for tumor metastasis
65] . A previous study involving cell lines and tissue samples declared
ncreased ubiquitination level of CALML5 in breast cancer [66] . In a
tudy of serum samples, the expression of MMP12 was proportional to
he progression of colon cancer, which was higher in patients suffering
rom vascular invasion than their V0-stages counterparts [67] . Mutated
SH4 was detected in CRC patients [68] , another case report described
 metastatic bladder cancer patient with MSH4 mutation who demon-
trated complete response to PD-L1 blockade [69] . TERM-1 could boost
mmune responses during pro-inflammatory processes, neutrophils who
xpressed high level of TREM-1 was proposed as a promoting factor in
RC development [70] . However, the tumor-promoting nature of these
enes were not consistent with their down-regulation in metastatic sam-
les as depicted in our current study, which might be attributed to the
ophisticated regulatory network underlying carcinogenesis and, in CRC
rogression, the key DEGs, as well as other DEGs with totally differ-
nt biological functions, might orchestrate the regulation of CRC liver
etastasis. 

We next parsed immune activity in the two selected datasets using
sGSEA-based seven-steps immune cycle analysis to evaluate the activity
f each step (signature), during which the combined action of positive
nd negative regulatory gene sets were put into consideration. The result
nraveled that the immune activity score of 2 signatures (Eosinophil re-
ruiting and Step 6, marked with red ellipses) and 4 signatures (CD4 + T
ells recruiting, CD8 + T cells recruiting, Th1 cell recruiting and B cell re-
ruiting, marked with blue ellipses) were distinctly altered in CRC liver
etastatic samples by comparing primary CRC samples in both datasets.
he consistency across these immune signatures suggests their impor-
ance in regulating CRC liver metastasis, gene sets representing these
ignatures were defined as key immune signature gene sets. Infiltration
f eosinophils into solid tumor was frequent, and usually accompanied
y improved prognosis [71] , though recently there have been controver-
ies in this regard [72] . The sixth step of cancer immune cycle, namely
ecognition of cancer cells by T cells played an essential part in elim-
nating cancer, as tumors cells can avoid being recognized by T cells
hrough restraining MHC (Major Histocompatibility Complex) class I or
y suppressing other participants underlying antigen processing [73] .
elatively lower immune activity score of these two signature in liver
etastasis CRC samples indicated that recruitment of eosinophils and

ecognition of cancer cells might be hindered. The T cells have a pro-
ective role in immunity due to the ability of cellular differentiation and
ubsequent migration to target tumor tissues [74] , among which CD4 +
 cells could eliminate cancer through different ways including direct
11 
ytolytic effect or indirect regulation upon tumor micro environment or
agnify the immune response of other lymphocytes including CD8 + T

ells and B cells [75] . Th1 cells play a critical role in antitumor immu-
ity by inducing CTL-mediated potency and lengthening the immune
esponse to prolong the survival of cancer patients [76] . B cells are rep-
esentative tumor-associated immune cells that enhance autoimmunity
nd anticancer ability [77] . Increased immune activity score regarding
he recruitment of these cells in liver metastasis CRC samples might
e associated with enhanced lymphocytes infiltration that counter the
rogression of metastasis. Recruitment of preceding lymphocytes might
e crucial for CRC liver metastasis, however, the overall immune effect
lso depended on other immune processes in a dynamic fashion, and
ifferences resided in other immune signatures score across two data
ets, which could be ascribed to the varying sites of sample collection,
ifferent sample size, as well as the heterogeneity of CRC. Nevertheless,
ur results from immune phenotypic study offer different perspectives
nto the mechanism of CRC liver metastasis in the context of immune
ctivity, and we focused our subsequent analyses on these consistent
mmune signature gene sets. 

Based on the 118 key DEGs associated with metastasis, as well as key
mmune signature gene sets, we further explored their coordination in
egulating CRC liver metastasis. STRING database was used to construct
 PPI, after which the largest subnetwork was unraveled and extracted.
he subnetwork comprised 11 genes ( CCL11, CCL19, CCL20, CCL24,

CL26, CD27, CD274, CD28, CD40, CD40LG and CD70 ) that belonged
o CD/CCL family and might bridge immune regulation and CRC liver
etastasis. These genes (CCL and CD families) were defined as immune
ub genes and chosen for subsequent analysis. 

The analysis in GEPIA website showed that CCL11 was significantly
own-regulated in both COAD and READ samples, whereas the expres-
ion patterns of CCL20 and CCL24 were quite the opposite. In contrast,
o significant alterations were found among genes in CD family. CCL11

C-C motif chemokine 11) originally served as a recruiter of eosinophils
78] , and was found markedly elevated in prostate cancer patients and
ight be used to tell the difference between prostate enlargement and

ancer [79] . In promoting chemotaxis, CCL24 was more versatile, aside
rom eosinophils, this cytokine also promotes chemotaxis of T lympho-
ytes and neutrophils [ 80 , 81 ], as CCL24 and CCL11 were both responsi-
le for eosinophils recruitment, their down-regulation in glandular cells
f COAD might explain the lowered level of neoplastic infiltration of
osinophils [82] . CCL20 is a potent chemotactic factor of lymphocytes
83] . However, a recent study of breast cancer showed that CCL20 no-
iceably facilitated cell invasion and the secretion of MMP-2 / 9 in vitro

ell model, which might account for why its overexpression in breast
ancer was inversely correlated with metastatic-free/overall survival
84] . In general, the expression profile of CCL11, CCL20 and CCL24

ere similar in two CRC subtypes, these results suggested that COAD
nd READ might share similar CCL family-associated molecular mech-
nisms. The results of survival analyses indicated that the expression
f the majority of CD/CCL family members were related to survival,
et the association was still away from being statistical significant, ex-
ept for CCL20, CCL24 (high expression associated with improved OS,
ith p(HR) approximating 0.1) in OS and CD70 (high expression as-

ociated with hindered DFS, with p(HR) of 0.019) in DFS. Combining
ith results of CCL20 and CCL24 expression profile where they were

ound elevated in two CRC subtypes, as well as increased immune ac-
ivity score of “eosinophil recruiting ” in CRC liver metastatic groups,
e propose that these genes might impede CRC liver metastasis and im-
rove prognosis through the recruitment of eosinophil, although further
xperiments were warranted for validation. The overexpression of CD70

as documented in various malignancies [ 85 , 86 ], partially because of
ts interaction with CD27 (a member molecule from tumor necrosis fam-
ly), thereby controlling tumor proliferation [86] ; the disease-prone na-
ure of CD70 was consistent in our current study. Unexpectedly, in the
athological stage analyses involving COAD and READ subtypes, no sig-
ificant alterations were found concerning immune hub gene expres-
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ion across 4 pathological stages, despite their influences on OS and
FS of CRC. Therefore, the stable expression of these genes implied

hat they might exert similar biological functions across the entire span
f CRC carcinogenesis, specifically, stable CD70 expression across dif-
erent tumor stages was supported by a previous study on paired pri-
ary/metastatic NSCLC samples [87] . To sum up, in this part of the

tudy, we identified CCL20 / CCL24 that might regulate CRC liver metas-
asis through the recruitment of eosinophils, and CD70 that might pro-
ote CRC liver metastasis through facilitating tumor proliferation. 

To further assess the genetic variation in two immune hub gene fam-
lies, we performed oncoprint analysis and constructed an interaction
etwork. The genetic variation analysis revealed that mRNA high alter-
tions were the predominant genetic variation in both families, indicat-
ng that their elevated expression was responsible for carcinogenesis in
 proportion of CRC patients. The total percentage of genetic variation
or CD40 has reached up to 13%, with the highest rate of amplifica-
ion. Such variation was normally found in tumor and is restricted to
umor cells as long as the amplified gene is oncogenic [88] . Here, we
ursued the genetic variation status of CCL20, CCL24 and CD70: CCL20

nd CCL24 displayed similar patterns of genetic variation, among which
RNA high alteration was still dominating, corroborating the results of

ene profile analysis; CD70 underwent less genetic variation (3%), in-
icating its stability in the tumorigenesis of CRC, which was consistent
ith pathological stage analyses. cBioPortal was also used to calculate

he correlation within two immune hub gene families, we found close
orrelation among CD family members by comparing CCL family, specif-
cally, CCL20 was inversely correlated with other CCL family members.
uch observation was not consistent with concurrent elevation of CCL20

nd CCL26 in primary bronchial epithelial cells [89] , indicating that the
elicate balance within CCL family might be perturbed during malignant
ransformation. 

Finally, the top neighboring genes with high correlation to CD/CCL
amily members, along with CD/CCL families themselves were defined
s CD cluster or CCL cluster, respectively, both of which were used to
onstruct PPI network. According to the number of edges (connectiv-
ty), CCL19, CCL20 played more pivotal roles in CCL cluster, whereas
D70 exhibited less connectivity by comparing other family members.
ased on the functional enrichment analysis, we found that CCL clus-
er was mainly enriched in GO-BP pathways associated with migra-
ion/chemotaxis of immune cells such as leucocyte, neutrophil, and
onocyte. The leucocyte acts as a moving vehicle carrying the anti-

ancer drugs or agents to the targeted tissues and thereby exerts its
nticancer activities [90] , whereas monocytes has been described as a
ouble-edged sword in confronting cancer [91] . These results were cor-
oborated in marked enrichment of CCL cluster in pathways associated
ith immunoglobulin and chemokine/cytokine activity under GO-MF
r KEGG category, as these pathways were responsible for the recruit-
ent of the preceding cells. Results of CD cluster enrichment analyses
ere similar to that of CCL cluster, except for KEGG pathway, where
CL cluster was aggregated in pathway such as “Primary immunode-
ciency ”, “Cell adhesion molecules ”, in the former case, primary im-
unodeficiency disorder (PID) hampered the development of immune

ystem or disturbed the immune function [92] , thereby prompting the
arcinogenesis; in the latter scenario, weakened adhesion improved can-
er cells’ motility, and contributed to metastasis, a good example was
pithelial-mesenchymal transition [93] . Several other studies also re-
orted the functions of aforementioned relevant signaling pathways in
egulating tumor proliferation and metastasis [94–96] . The last part of
ur results suggested that CD and CCL might regulate CRC liver metas-
asis through regulating numerous down-stream target protein, through
hich they conspire to the pathogenesis of CRC liver metastasis. 

In summary, this study screened out some immune genes that may
erve as potential therapeutic targets for liver metastasis in CRC, among
hich CCL19, CCL20 and CD70 deserve further experimental validation.
12 
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