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Construction of ceRNA prognostic model G

based on the CCR7/CCL19 chemokine axis
as a biomarker in breast cancer
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Abstract

Background The study of CCR7/CCL19 chemokine axis and breast cancer (BC) prognosis and metastasis is a current
hot topic. We constructed a ceRNA network and risk-prognosis model based on CCR7/CCL19.

Methods Based on the INncRNA, miRNA and mRNA expression data downloaded from the TCGA database, we used
the starbase website to find the INcRNA and miRNA of CCR7/CCL19 and established the ceRNA network. The 1008 BC
samples containing survival data were divided into Train group (504 cases) and Test group (504 cases) using R “caret”
package. Then we constructed a prognostic risk model using RNA screened by univariate Cox analysis in the Train
group and validated it in the Test and All groups. In addition, we explored the correlation between riskScores and clin-
ical trials and immune-related factors (22 immune-infiltrating cells, tumor microenvironment, 13 immune-related
pathways and 24 HLA genes). After transfection with knockdown CCR7, we observed the activity and migration ability
of MDA-MB-231 and MCF-7 cells using CCK8, scratch assays and angiogenesis assays. Finally, gPCR was used to detect
the expression levels of five RNAs in the prognostic risk model in MDA-MB-231 and MCF-7 cell.

Results Patients with high expression of CCR7 and CCL19 had significantly higher overall survival times than those
with low expression. The ceRNA network is constructed by 3 pairs of mRNA-miRNA pairs and 8 pairs of miRNA-
INCRNA. After multivariate Cox analysis, we obtained a risk prognostic model: riskScore= -1.544 ** TRG-AS1'+ 0.936 *
AC010327.54+0.553 *CCR7 -0.208 *CCL19-0.315 *'hsa-let-7b-5p. Age, stage and riskScore can all be used as independ-
ent risk factors for BC prognosis. By drug sensitivity analysis, we found 5 drugs targeting CCR7 (convolamine, amikacin,
AH-23,848, ondansetron, flucloxacillin). After transfection with knockdown CCR7, we found a significant reduction

in cell activity and migration capacity in MDA-MB-231 cells.

Conclusion We constructed the first prognostic model based on the CCR7/CCL19 chemokine axis in BC
and explored its role in immune infiltration, tumor microenvironment, and HLA genes.
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Introduction

Breast cancer is a serious threat to women’s health and
life in today’s society. According to statistics, about
1.3 million new cases of breast cancer (BC) occur each
year worldwide, and 450,000 patients die from BC.
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there are no specific tumor-related markers for BC. In
the era of precision therapy, it is urgent to find molecu-
lar biomarkers that are closely related to the develop-
ment of BC and provide new tools for BC diagnosis and
treatment.

Chemokines are a class of small molecule cytokines
with a molecular weight of 8—12 KDa. They are the
largest subfamily of cytokine family and can bind to
chemokine receptors for the chemotactic movement of
cells. More than 50 kinds of chemokines and 20 kinds
of chemokine receptors have been discovered so far.
Chemokines can be further classified into CC, CXC,
CX3C and XC subgroups based on the location of the
N-terminal cysteine disability in their protein sequence
[2]. CCR7 is a G protein-coupled receptor expressed on
the membranes of naturally activated T cells, B cells and
dendritic cells, and contains 378 amino acids (45 KDa)
[3, 4]. CCR7 is expressed in both primary BC cells and
metastatic BC cells and plays an important role in pro-
moting the spread and migration of BC cells [5]. CCL19,
also known as MIP-3f and exodus-3, is a chemokine
expressed in secondary lymphoid organs and the thy-
mus and contains 98 amino acids (8.8 KDa) [6, 7]. The
CC chemokine receptor member CCR7 interacts with
its ligands CCL19 and CCL21 to play an important role
in the growth and development of lymphoid organs and
the targeting of lymphocytes and dendritic cells to lymph
nodes for homing.

Competitive endogenous RNA (ceRNA) hypothesis
is a new regulation mode of gene expression. Its theory
mainly refers to that long non-coding RNA (IncRNA) and
Circular RNA (circRNA) can competitively bind Micro-
RNA (miRNA), interfere with the binding of miRNA and
Messenger RNA (mRNA), thus regulating gene expres-
sion and affecting cell function [8]. Although ceRNA
network has been verified in a variety of tumor cells,
the ceRNA network of CCR7/CCL19 chemokine axis in
BC has not been studied. In this study, we constructed
a CCR7/CCL19 ceRNA network and predictive risk
model based on TCGA database and some online web-
sites. Meanwhile, we analyzed the relationship between
riskScore of predictive risk model and some factors of
immune.

Materials and methods

Data download and collation

We downloaded transcriptome RNA-sequencing data of
count file of IncRNA, miRNA, and mRNA and clinical
information of BRCA patients the Cancer Genome Atlas
(TCGA) database (https://tcga-data.nci.nih.gov/tcga/).
For the transcriptome data, we downloaded human.
gtf from Ensembl (http://asia.ensembl.org/index.html),
which was used to Transform Ensembl ID into gene
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names through Perl scripts. For miRNA data, mature.fa
obtained from miRbase (http://microrna.sanger.ac.uk/)
transform miRNA sequences into human mature miRNA
names through Perl scripts. Finally, the transcriptome
data included 1208 samples (112 normal samples and
1096 tumor samples), miRNA data included 1193 sam-
ples (103 normal samples and 1090 tumor samples), and
clinical data included 1085 samples.

Difference and survival analysis of CCR7 and CCL19
According to TCGA sample barcode rule, we extracted
paired samples and CCR7 and CCL19 corresponding
expression matrix. We used 110 matched pairs of breast
cancer and paracancerous tissues from the TCGA-BRCA
data to perform pairwise difference analysis for CCR7 and
CCL19, and plotted boxplots using R “ggplot2” package.
Meanwhile, CCR7 and CCL19 were analyzed using the
Gene Expression Profiling Interactive Analysis (GEPIA)
online tool (http://gepia.cancer-pku.cn/), which inte-
grated gene expression profile data from TCGA and Gen-
otype-Tissue Expression (GTEx) projects to add more
expression data from normal samples [9]. The samples
were divided into high-low expression groups according
to the median value of gene expression in TCGA data-
base, and the survival data were combined for Kaplan-
Meier analysis with R “survival” package. In addition,
Kaplan-Meier Plotter and GEPI online tools were used
for verification. Finally, the “ggsurvplot” function was
used to plot the survival curve of CCR7 and CCL19 com-
bined grouping. In addition, we performed a meta-anal-
ysis combined with Cox analysis from the PrognoScan
online tool (http://dna00.bio.kyutech.ac.jp/PrognoScan/)
to investigate the relationship between CCR7 and CCL19
expression levels and prognosis.

Establishment of ceRNA network

Based on the hypothesis that IncRNA competes with
miRNA to regulate mRNA expression in the cytoplasm,
we constructed the ceRNA network with the follow-
ing steps: Firstly, starbase (https://starbase.sysu.edu.cn/)
was used to find the CCR7 and CCL19 binding miRNAs
respectively, and miRNA-mRNA co-expression analy-
sis screened final targeted miRNA. Secondly, the same
method as above was used to find the final miRNA-tar-
geted IncRNA. Thirdly, cytoscape software constructs the
ceRNA network and outputs the visualization results. The
criteria for screening were that IncRNAs showed the same
expression trend as mRNAs and were opposite to miRNAs.
Since the expression of miRNA-mRNA and miRNA-
IncRNA in the ceRNA network needed to meet the nega-
tive correlation relationship, spearman test was used
to verify the association strength between RNAs with
screening condition of Pearson correlation coefficient
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r<-0.15 and p value <0.05. Starbase is an online database
of RNA-RNA and RNA-protein interaction networks
constructed based on 37 independent sequencing experi-
ments [10], which contains the prediction results of 7
software. When two or more software predictions were
met, the miRNA or IncRNA was included in the subse-
quent analysis.

Construction of prognostic model

One thousand eight BRCA samples integrated with
survival data were divided into Train group (504) and
Test group (504) using R “caret” package. Multivari-
ate Cox analysis was conducted for all mRNA, miRNA
and IncRNA in the ceRNA network obtained from the
above analysis screening out survival related RNAs with
a screening criterion of P<0.01. Risk assessment model
was constructed according to the regression coefficient of
each RNAs. BRCA samples from Train group, Test group
and All group were divided into high and low-risk group
according to the median riskScore of Train group. Sur-
vival difference between the two groups was compared
using R “survival” and “survminer” package, and the
survival curve was displayed. Receiver operating char-
acteristic curve (ROC) curves and calibration curves for
1-, 3-, and 5-years were plotted using R “timeROC” and
“rms” packages to evaluate the predictive performance of
riskScores. PCA curve was drawn using R “ggplot2” pack-
age to compare the survival status of the high- or low-risk
groups. Area Under Curve (AUC) measures the predic-
tive power of risk models for clinical outcomes.

Correlation with clinical trails

Univariate and multivariate Cox analyses were performed
in riskScore and age and TNM stage extracted from
TCGA clinical database. And nomogram was draw based
on the result of multivariate Cox analysis with “rms” and
“regplot” package. As a two-dimensional functional image
with coordinates, the Nomogram can visualize multi-
ple predictors, quantify the prognostic risk of a disease,
and develop an individualized and reliable reference for
patients. ROC curves and calibration curves of 1-,3- and
5- years were performed to evaluate the degree of con-
sistency between the predicted results of nomograph
model and the actual results.

Enrichment analysis

To further determine the biological functions and path-
way of risk model, we firstly set |logFC|>1 and FDR <0.05
as threshold and performed risk difference analysis to
obtain risk difference genes. Then, R “org.hs.eg. db” pack-
age was used for GO and KEGG enrichment analysis of
risk differential genes, and the analysis results were sum-
marized according to screening conditions (P<0.05)
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presented as bubble charts. In addition, STRING (https://
www.string-db.org/) and Cytoscape (version3.8.2) soft-
ware were used to map the protein-protein interaction
(PPI) network of risk differential genes. When using a
STRING database, we set the correlation as 0.7. The top
10 genes were screened by cBioPortal plug-in.

Correlation with immune-related factors

To explore the relationship between ceRNA risk model
and some immune-related factors, we performed Wil-
coxon rank-sum test and spearman correlation test
with 22 immune-infiltrating cells, tumor microenviron-
ment, 13 immune-related pathways and 24 HLA genes.
The CIBERSORT algorithm were utilized to assess the
22 kinds of immune cell types and in BRCA with the
threshold of p<0.05. The algorithm is an inverse convo-
lutional algorithm to calculate the expression of immune
cells infiltrated in 22 tumors. The ESTIMATE algorithm
was performed to quantify the tumor microenvironment,
including Immunescore and Stromalscore. The Estimate
algorithm is a commonly used algorithm for immune infil-
tration analysis, which allows scoring of tumor stromal
cell and immune cell infiltration results from transcrip-
tome sequencing data or gene expression obtained from
gene microarrays [11]. 16 Immunoinfiltrating cells were
scored by single-sample gene set enrichment analysis
(ssGSEA) with R “gsva” package, and 13 immune-related
pathways were analyzed [12]. Human leukocyte antigen
(HLA) system is a closely linked gene group, which is the
most complex polymorphic system in Human body.

Drug sensitivity analysis in cMap

The up- or down-risk difference genes input connec-
tivitymap (cMap) database (http://www.broad.mit.edu/
cmap/) as Query Signature file format. And the risk dif-
ferential genes were compared with the reference gene
expression profile in cMap to find relevant small mol-
ecule compounds or drugs. The results were sorted by
score to screen out small molecule compounds or drugs
with negative correlation. Then molecular structure
of the drug was found through PubChem online tool
(https://pubchem.ncbi.nlm.nih.gov/).

Cell transfection

The siCCR7 sequence (5-CCAUCUACAAGAUGA
GCUUTT-3’) was entrusted to Girma Genetics Ltd. The
plasmid and lipofectamineTM3000 (Thermo Fisher Sci-
entific, L3000015) were diluted separately with 200 pl
of serum-free medium, then the two were mixed thor-
oughly and left to stand for 10 min to allow the plasmid
to be fully encapsulated. After 6 h the supernatant was
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discarded and replaced with fresh DMEM medium for
subsequent analysis.

CCK-8 assay

After transfection, cells were digested with trypsin
and inoculated in 96-well plates. 10 pL of CCK8 solu-
tion (Bioss, BA00208) was added to each well on day
2 to avoid air bubbles. The plates were incubated in an
incubator for 2 h. We measured the absorbance (OD)
at 450 nm using an enzyme marker and calculated the
cell viability (cell viability= (ODg,perimental group “OD Blank
group)/ (OD Control group -OD Blank group) XlOO%)'

Wound healing assay

We started by first making even horizontal lines on the
back of the 6-well plate with a marker pen. Inoculate the
cells in the 6-well plate at a density of 5x105. The next
day a 200 pl gun was used to score the horizontal line
perpendicular to the back with a straightedge, the gun
should be vertical and not tilted. Wash the cells 3 times
with PBS to remove the scratched down cells and add
serum-free medium. Place in incubator and incubate.
Remove the 96-well plate at 0 and 24 h to take pictures
under the microscope respectively. And the results were
quantified using image] software.

Angiogenesis assay

Cells were inoculated onto Matrigel-lined 96-well
plates and incubated in a cell culture incubator and
observed under the microscope for lumen formation
at 2, 6 and 12 h respectively. Microscopic photographs
were taken, and the results were quantified using
image] software.

Quantitative real-time PCR

Total RNA was extracted from MCF-7 and MDA-MB-23
breast cancer cells (purchased from Wuhan Procell Life
Science&Technology Co., Ltd.) using AG RNAex Pro Rea-
gent (AG21101). Reverse transcription was performed
using Evo M-MLV RT Kit with gDNA Clean for qPCR

Table 1 Primer sequences of components in ceRNA network
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(AG11705). RT-PCR was performed using SYBR Green
Premix Pro Taq HS qPCR Kit (AG11701) in Rotor-Gene
Q instrument (Qiagen). Each sample was tested in tripli-
cates, and each sample underwent a melting curve analysis
to check for the specificity of amplification. The expression
level was determined as a ratio between the hub genes and
the internal control GAPDH or U6 in the same mRNA
sample and calculated by the comparative Ct method. The
relative expression of target genes was calculated by AACt
method. The primer sequences are as Table 1.

Results

Expression and prognostic value of CCR7 and CCL19

Our analysis process is shown in Fig. 1. Initially, we ana-
lyzed the expression of CCR7 and CCL19 and their rela-
tionship with overall survival (OS) time in BC. On the
one hand, we found that CCR7 was highly expressed in
tumor samples in the TCGA database (p<0.05), while
the difference in CCL19 was not statistically significant
(p=0.328) (Fig. 2A, B). The same results were obtained
in GEPIA online tools (Fig. 2C, D). Figure 2E shows the
lighter color of CCR7 in the TCGA-BRCA paracarcinoma
samples, indicating a lower expression of CCR7. On the
other hand, in all of TCGA database (Fig. 3A, D), Kaplan-
Meier Plotter (Fig. 3B, E) and GEPIA (Fig. 3C, F) online
tools, K-M test results showed that patients with high
expression of CCR7 or CCL19 had significantly higher
overall survival (OS) than those with low expression of
that (p <0.05). Figure 3G shows that when the expression
levels of CCR7 and CCL19 are both high, the survival
rate of BC patients is the highest.

Establishment of ceRNA network

We randomly divided the samples of BC patients into
Train and Test groups in this study, we established a
IncRNA-miRNA-mRNA ceRNA network. Firstly, accord-
ing to starbase database, we downloaded 46 CCR?7-
miRNA pairs and 13 CCL19-miRNA pairs (Fig. 4A).
Then three miRNAs were identified by mRNA-miRNA
co-expression analysis (cor<-0.15, p<0.05), including

Gene Forward (5'—3’) Reverse (5'—=3’)

GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA

U6 GGAACGATACAGAGAAGATTAGC TGGAACGCTTCACGAATTTGCG
CCR7 CCAGAGGAGCAGCAFTGA CGGATGATCACAAGGTAACAGAAG
CCL19 GGTGCCTGCTGTAGTGTTC AGTCTCTGGATGATGCGTTCTA
TRG-AS1 CTTAGAGCCTCCGTATCTGT TTATGATGGCTACGATGTCAC
AC010327.5 CTCGCTCAGCTAACAGGA GCTCCACCACAAACACT
hsa-let-7b-5p CGCGTGAGGTAGTAGGTTGT AGTGCAGGGTCCGAGGTATT
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Fig. 1 Flowchart of the analysis process

has-miR-125a-5p, has-let-7b-5p and has-miR-671-5p.
They were all negatively correlated with the expression
of CCR?7 (Fig. 4B-D). has-let-7b-5p and has-miR-671-5p
are highly expressed in tumor patients, while has-miR-
125a-5p is opposite (Fig. 4E-G). In TCGA and Kaplan-
Meier Plotter databases, we found that high expression
of has-let-7b-5p was associated with higher overall sur-
vival, while low expression of has-miR-125a-5p and has-
miR-671-5p were associated with higher OS (p<0.05)
(Fig. 4H-M).

Secondly, we obtained 122 has-miR-125a-5p-IncRNA
pairs, 145 has-let-7b-5p-IncRNA pairs and has-miR-671-
5p-IncRNA pairs (Fig. 5A). 8 IncRNAs were obtained
by the same co-expression analysis as above, including
AC010327.5, AC010997.4, AC074117.1, ITGA9-AS],
SNHG12, TMPO-AS1, TRG-AS1 and XIST. Correlation
analysis showed that these IncRNAs were inversely pro-
portional to the three miRNAs (Fig. 5B-I). All of these 8
IncRNAs were highly expressed in tumor tissues (Fig. 5J-
Q). In TCGA database, we found that OS differences
between high and low expression groups of AC010997.4,
TRG-AS1, SNHG12 and ACO074117.1 by K-M test
(Fig. 51-Y). Finally, we merged the 3 mRNA-miRNA pairs

CCKS8 assay

Experimental verification

Angiogenesis assay gPCR

and 8 miRNA-IncRNA pairs to construct a ceRNA net-
work (Fig. 6A). We uploaded the data including id, sur-
vival time (futime), survival status (fustat) and expression
of CCR7, CCL19, TRG-AS1, AC010327.5 and hsa-let-
7b-5p as Supplement L.

Establishment of Risk Model

We randomly divided the samples of BC patients into
Train and Test groups, and analyzed the Train group,
Test group and All group respectively. Firstly, multivari-
ate Cox analysis was performed on 13 RNAs in Train
group, and 5 RNAs were extracted by stepwise regression
method and incorporated into Cox regression model. We
found that *"TRG-AS1', CCL19 and ‘hsa-let-7b-5p* was
a protective factor (HR<1); AC010327.5 and CCR7 were
risk factors (HR > 1) (Fig. 6B). Figure 6 C showed that the
correlation between 5 RNAs and riskScore. TRG-AS1
and CCR7 (r=0.82), TRG-AS1 and CCL19 (r=0.63),
CCR7 and CCL19 (r=0.83) have high co-expression
relationship. Figure 6D shows the RNA expression of
these five genes in normal breast MCF-10 cell lines and
breast cancer MCF-7 and MDA-MB-231 cell lines. The
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Fig. 2 Differential expression of CCR7 and CCL19 in BC. A Pairing difference analysis of CCR7 in TCGA database. B Pairing difference analysis
of CCL19 in TCGA database. C Difference analysis of CCR7 in GEPIA online tool. D Difference analysis of CCL19 in GEPIA online tool. E Difference

heatmap of CCR7 and CCL19 in TCGA database

expression of CCR in MCEF-7 was significantly higher
than that in MCF-10 (p <0.001).

Validation of Risk model

Finally, the calculation formula of riskScore is as
follows: riskScore= -1.544 *'TRG-AS1'+ 0.936
AC010327.5+0.553 *CCR7 -0.208 *CCL19 -0.315
**hsa-let-7b-5p. We then calculated the riskScore for
each sample and divided patients into high-risk and
low-risk groups based on the median riskScore for
Train (Train group: 252 at high risk, 252 at low risk;
Test group: 243 at high risk and 261 at low risk; All
group: 495 at high risk, 513 at low risk). In the survival
analysis, K-M curve showed that the survival rate of
the low-risk group was significantly higher than that of
the high-risk group (p<0.05) (Fig. 7A-C). Figure 7D-F
shows that the high-risk group had a higher rate of
early death than the low-risk group. PCA was used to
prove significant difference in distribution between
low-risk and high-risk groups according to riskScore
(Fig. 7G-I). To verify the accuracy of the model, ROC
curves (Fig. 7J-L) and calibration curves (Fig. 7M-O) of
1-, 3- and 5-years were drawn, which showed that the
model had good predictive power.

Correlation with clinical trails

In order to explore the relationship between the riskScore
and clinicopathological features of BC, we used riskScore
as a variable in the All group and conducted univariate
and multivariate Cox regression analyses in combination
with other clinicopathological features (age and TNM
stage). The results showed that age, stage and riskScore
were independent risk factors for prognosis (HR>1,
p<0.05) (Fig. 8A, B). In addition, these risk factors were
used to construct a clinical prognosis model and plotted
a Nomogram (Fig. 8C). In the nomogram, we randomly
selected a patient, who was 45 years old, in stage II and
whose total score was 43.7, thus estimating that the
5-year survival rate of the patient was 9.66%, 3-year sur-
vival rate was 4.85%, and 1-year survival rate was 0.752%.
C-index was calculated as 0.7657. Meanwhile ROC curve
and calibration curve illustrate the accuracy of the model
(Fig. 8D, E).

Enrichement analysis

Two hundred risk difference genes were found through
analyzing the differences between high- or low-risk
group of patients. Figure 9 A shows all the genes that
meet the criteria of |logFC|>1.5. GO enrichment analysis
showed that risk differential genes were mainly enriched
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in complement activation, classical pathway, humoral
immune response mediated by circulating immunoglob-
ulin, complement activation, immunoglobulin mediated
immune response and B cell mediated immunity (Fig. 9B,
E). Metascape online tool results showed that adaptive
immune Response, B cell receptor signaling pathway and

immunoglobulin production were closely related to risk
differential genes (Fig. 9C, D). To investigate the interac-
tion of risk differential genes, we mapped PPI networks
using the STRING online tool and Cytoscape software
(Fig. 10A). It can be seen from Fig. 10B that PTPRC and
CDB8A have the most related nodes.
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Important role in immune

Since enrichment analysis showed that the risk model
was highly correlated with immunity, we further ana-
lyzed the correlation between the prognostic model
and immune cell infiltration, tumor microenvironment,
immune-related cells and pathways, and HLA genes in
the Train group.

First, CIBERSORT algorithm was used to calcu-
late the score of immunoinfiltrating cells in each BC
patient. In the differential analysis of immunoinfil-
trating cells, we found significantly differences in
B cells naive, T cells CD8, T cells CD4 memory rest-
ing, Macrophages MO, etc. between the high and low-
risk groups (p<0.05) (Fig. 11B). Correlation analysis

showed that T cells gamma delta, T cells CD8, etc. were
negatively correlated with riskScore; Mast cells acti-
vated, Dendritic cells activated, etc. were positively cor-
related with riskScore (Fig. 11A).

Second, StromalScore, ImmuneScore, and ESTI-
MATEScore are calculated using the R “Estimate”
package, which were respectively —0.265278873,
-0.235851355 and —0.306087818 (Fig. 12A-C). Besides,
all the scores were higher in the low-risk group than in
the high-risk group (Fig. 12D).

Third, immune-related cells and pathway score were
scored by ssGSEA analysis in each BC sample. In addi-
tion, there was no statistically significant difference in
Type_I_IFN_Reponse between the high and low-risk
groups, 12 of the immune pathways in the low-risk
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Spearman test and was included in subsequent analysis

group had higher immune scores (Fig. 12E). As shown in
Fig. 12F 16 immune cells were different between the high
and low-risk groups, and the immune score of the low-
risk group was higher than that of the high-risk group.
The results were consistent with the correlation analysis
and enrichment analysis of immune infiltrating cells.

Fourth, HLA plays a key role in the presentation of
antigens to T cells and in the basic formation of host
defense mechanisms against pathogens [13]. We found
significant differences in HLA genes between high and
low-risk groups (Fig. 12G).

Based on the above analysis, we conclude that this
prognostic model plays an important role in immune-
related functions and pathways.

Drug sensitivity analysis by cMap

Potential small molecule drugs were explored using cMap
and totally 5 molecule drugs were screened out (Table 2).
Megestrol (mean = -0.451, n=4, P<0.001) has a greater
potential in the treatment of BC, whose molecular struc-
ture is shown in Fig. 13.
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Cellular activity and migration capacity

To further explore the effect of CCR7 on breast can-
cer cells, we transfected MCF-7 and MDA-MB-231
cells using siCCR7. The results of the cell scratch
assay showed that the migration ability of the cells
was reduced after knockdown of CCR, and this phe-
nomenon was more pronounced in MDAOMBO0231
cells (Fig. 14A, B). CCR7 is a promoter of lymph

(See figure on next page.)

angiogenesis and angiogenesis induction. Further
angiogenesis assays showed a significant decrease
in tubular tissue in MDA-MB-231 cells after knock-
down of CCR7 at 12 h compared to control (Fig. 14C,
D). CCK-8 results showed that the cellular activity
of siCCR7 group was significantly lower than that of
siNC group in MDA-MB-231 cells (Fig. 14F). PCR
results showed that CCL19 and AC010327.5 RNA

Fig. 7 Validation of the risk model in Train, Test and All group. A-C Kaplan Meier curves of overall survival in the Train group (A), Test group (B)
and All group (C). D-F OS status distribution of the high- or low-risk group in the Train group (D), Test group (E) and All group (F). G-I Principal
components analysis between low- and high-risk groups in the Train group (G), Test group (H) and All group (I). J-L The correlation scatter plot
between the riskScore and overall time in the Train group (J), Test group (K) and All group (L). M-O The 1-, 3- and 5-years receiver operating
characteristic (ROC) curve analysis in the Train group (M), Test group (N) and All group (O). P-1 The 1-, 3- and 5-years calibration curve in the Train

group (P), Test group (Q) and All group (1)
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expression was reduced along with knockdown of
CCR?7 (Fig. 14E).

Discussion

Breast cancer is the most common malignant tumor in
women, which is a serious threat to women’s health and
life. According to the latest global cancer burden data for
2020 released by the International Agency for Research
on Cancer (IARC), the number of new cases of BC is
growing rapidly worldwide and has replaced lung cancer
as the number one cancer worldwide [14]. The develop-
ment and progression of BC is due to a combination of
factors, and its high degree of heterogeneity depends
largely on the activation and loss of its proto-oncogenes,
oncogenes and signaling pathways [15]. The expression
of the relevant genes can indirectly reflect the prolifera-
tion ability of cancer cells and assess the malignancy of
the tumor. Therefore, it is urgent to find sensitive and
specific indicators at the molecular level to assess the
progression and prognosis of BC survival. An increas-
ing number of studies have found that some chemokines
and their receptors are highly expressed on the surface of
tumor cells, which are involved in the metastatic process

of tumors [16]. And the migration and metastasis of
BC tumors depend largely on the interaction between
chemokine receptors and chemokines expressed in can-
cer cells and metastatic disease sites.

CCR?7 is important for tissue homeostasis, immune
surveillance, and tumorigenesis through binding to
chemokines CCL19 and CCL21. CCR7/CCL19 promotes
the development of systemic tumors such as BC [17],
pancreatic cancer [18], melanoma [19], non-small cell
lung cancer [20] and gastric cancer [21], and mediates
the movement of dendritic cells to lymphoid organs play-
ing an important role in the immune response and the
transport and homing of lymphocytes to lymph nodes
[22-24]. Bing Xu et al. found that CCL19 activates AKT
signaling pathway to mediate tumor cell invasion and
migration and regulates epithelial-mesenchymal transi-
tion (EMT) process of BC cells through CCR7/CCL19
axis [25, 26]. The binding of CCR7 and its ligand CCL19
induces chemotactic migration and cytoskeletal rear-
rangement of target cells, which are involved in a variety
of physiological and pathological processes that regulate
tumor survival and proliferation, invasion, and metasta-
sis, including leukemia [27] and head and neck tumors
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“org.Hs.eg.db” package [60-62]. C, D GO analysis in metascape online tool

[26]. CXCR4 has been shown to be an important prog-
nostic marker in BC [28]. In cancer CCR?7 is upregulated
together with CXCR4, and the dimer formed by both can
activate signaling pathways and promote tumor metasta-
sis [28]. Hayasaka et al. examined the effect of CXCL12 on

60
-log10(P)

W complement activation, classical pathway
O humoral immune response mediated by circulating immunoglobulin

B B cell mediated immunity [@ complement activation
B immunoglobulin mediated immune response

ntial genes that meet the criteria of |logFC|>2. B, E GO analysis using R

the CCR7-dependent signaling in MDA-MB-231 human
BC cells and found that CXCL12 promotes homodimer
formation, ligand binding, and cellular responses at lower
concentrations of CCL19 [29]. It has also been found that
CCL19 can increase the heterogeneity of breast cancer cell
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Fig. 11 The correlation between immune infiltrating cells and risk model. A Correlation analysis between immune infiltrating cells and RiskScore.
B Differences analysis in immune infiltrating cells between high and low-risk groups

motility in the 3D microenvironment of breast cancer. Cell
motility was more asymmetric at CCL19 concentrations
close to the CCR7 dynamic kinetic binding constant, sug-
gesting that CCL19 is involved in regulating tumor cell
heterogeneity and invasive ability in the breast cancer
microenvironment [30]. CCL19 in breast cancer is consid-
ered an important biological marker for tumor diagnosis
and prognosis [31].

In previous reports in the literature, tumor-associated
mRNAs were always screened by differential analysis,

which lacked biological plausibility. Potential mecha-
nisms underlying breast cancer prognosis from an immu-
nochemokine perspective are unknown. Based on the fact
that CCR7/CCLI19 plays a crucial role in breast can-
cer development and metastasis, we further explored
the IncRNAs and micRNAs associated with it and con-
structed a ceRNA network. And the risk prognosis model
was constructed by multifactor Cox analysis. Models
included CCR7, CCL19, TRG-AS1, AC010327.5 and hsa-
let-7b-5p. LncRNA TRG-AS1 promotes the ability of some
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Fig. 13 Molecular structures of 5 drugs found by cMap
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Table 2 Results of cMap analysis based on risk difference genes
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cMap name mean n enrichment p specificity percent
non-null
Convolamine -0.573 4 -0.888 0.00036 0 75
Amikacin 0.465 4 0.864 0.00046 0.0089 75
AH-23,848 -0.76 3 -0.933 0.00048 0 100
Ondansetron -0.442 4 -0.835 0.00133 0 50
Flucloxacillin -0412 4 -0.823 0.00189 0.0063 50

tumor cells to proliferate, differentiate, epithelial mesen-
chymal transition, migration, invasion and signaling. As
a highly conserved regulatory factor, LncRNA TRG-AS1
does not have the function of encoding proteins per se, but
it can directly interact with a variety of transcription fac-
tors in the form of RNA to precisely regulate the expres-
sion of target genes and influence tumor progression [32,
33]. Let-7, the largest known mi RNA family, is conserved
across multiple species and plays a role in the develop-
ment of a variety of epithelial tumors. most of the miRNAs
in the Let-7 family, except let-7a-3, are oncogenes, which
are involved in oncocyte cycle regulation and affect can-
cer cell migration and invasion. Numerous studies have
shown that hsa-let-7b-Sp functions as a tumor suppres-
sor in cervical cancer, breast cancer and glioma [34, 35].
RiskScore combines clinical factors (age and stage) to
further diagnose the survival risk of BC patients for cli-
nicians. Some studies reported [36] that TNM stage and
tumor size differed in metastatic and non-metastatic BC
(P<0.001), suggesting that our model may be a good pre-
dictor of tumor metastasis.

We genetically enriched 200 risk differential genes
and found that it was mainly enriched in complement
activation, immune response mediated by immuno-
globulin, B cell and lymphocyte. Cuesta-Mateos et al.
[37] demonstrated that anti-CCR7 monoclonal anti-
bodies can preserve T cell subsets while effectively
removing tumor cells through a complement-mediated
mechanism of action in chronic lymphocytic leukemia
(CLL). CD4+CXCR5+TH cells can migrate to B lym-
phocytes and contribute to immunoglobulin type switch-
ing by downregulating CCR7 expression [38]. Qin et al.
[39] found that in bone marrow Mesenchymal Stem Cells
(MSCs) the proliferation of CD19+IL-10+Breg cells

(See figure on next page.)

could be directly promoted through the SDF-1a/CXC4R
and CCL19/21-CCR7 axes thereby suppressing the
immune microenvironment. CCR7/CCL21/CCL19 are
key molecules that regulate lymphocyte homing and pro-
mote tumorigenic development and pleiotropic effects
[40]. Mature DCs and most naive T lymphocytes express
CCR7 [41], which can complete homing in response
to the concentration gradient of cytokines CCL19 and
CCL21 secreted by secondary lymphoid organs [42].

We found 2 Hub genes, CD8A and PTPRC, in the PPI
network diagram. CD8A is a marker of CD8+T cells.
Zhang et al. also identified CD8A as one of the top 10
hub genes by bioinformatics analysis [43]. CCR7 with
its ligands CCL21 and CCL19 regulates the apoptosis of
CD8+T cells and participates in the process of tumor
microenvironment remodeling [44]. Receptor-type
tyrosine-protein phospha-tase C (PTPRC) is involved
in natural killer cell-mediated cytotoxic responses,
chemokine signaling pathways, T-cell receptor signal-
ing and cytokine-receptor interactions in the inflamma-
tory response [45], and is closely related to the CCR7
chemokine axis.

To further explore the relationship between the CCR7/
CCL19 chemokine axis prognostic risk model and immu-
nity, we explored the relationship between riskScores
and immune infiltrating cells, tumor microenvironment,
ssGSEA scores and HLA genes. Cellular chemokines
are important modulators of immune cell infiltration
and inflammatory responses [46], which can undergo
recruitment to infiltrate immune cells into the tumor. The
CCR7/CCL19 chemokine axis plays an important role in
mediating immune cells against tumors [47]. Meanwhile,
CCL21/CCL19 attract CCR7+T cells as well as other
immune cells and alter the ectopic lymph node structure

Fig. 14 CCR7 regulates breast cancer cell migration and angiogenesis. A, B siCCR7 transfected MDA-MB-231 and MCF-7 cells, the effect of CCR7
on cell migration ability was assessed by scratch assay. C, D siCCR7 transfected MDA-MB-231 cells, the effect of CCR7 on tumour angiogenesis

was assessed by angiogenesis assay. E siCCR7 transfected MDA-MB-231 and MCF-7 cells, the RNA expression levels of five prognostic genes were
detected by PCR. F siCCR7 was transfected with MDA-MB-231 and MCF-7 cells, the effect of CCR7 on cellular activity was assessed by CCK8 assay.

(*P<0.05,**P<0.01,**P<0.001, ***P<0.0001)
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associated with cancer prognosis by co-localizing synap-
tic cells and T cells, thereby promoting immune activity in
the tumor microenvironment (TME) leading to immune
infiltration [48]. lida et al. [49] enhanced the therapeutic
effect of anti-PD-L1 antibodies by promoting immune
cell infiltration through local injection of CCL19 mes-
enchymal stem cells (iMSC/CCL19) into mice. HLA-F
expression is associated with the ability of tumor cells to
escape the body’s immune killing capacity, and its reduced
expression suggests metastasis of tumor cells [50].

In the drug sensitivity analysis, we found five drugs
(convolamine, amikacin, AH-23,848, ondansetron, and
flucloxacillin). Convolamine contains many bioactive
phytoconstituents, such as alkaloids, flavonoids and phe-
nolics, which can modulate immunotherapy [51]. Ami-
kacin is an aminoglycoside antibiotic. Yun-Hsin et al.
[52] found that amikacin inhibited the migration of
human BC MDA-MB-231 cells [52]. AH-23,848 is an EP4
antagonist and cyclooxygenase 2 (COX-2) can stimulate
CCR?7 expression through EP2/EP4 receptors, thereby
promoting lymphatic invasion of BC cells [53, 54]. In a
randomized double-blind controlled trial, Olanzapine
combined with ondansetron and dexamethasone was
more effective than placebo in preventing chemotherapy-
induced nausea and vomiting (CINV) caused by doxoru-
bicin plus cyclophosphamide in patients with early-stage
BC, especially in the first 24 h after chemotherapy [55].
Flucloxacillin is an antimicrobial resistance to penicilli-
nase and is designed for oral and injectable administration
with bactericidal activity [56]. These five drugs have been
relatively little studied in BC and need further research.

Finally, we found that CCR7 was associated with cell
migration and angiogenesis by knocking down CCR7?
expression in breast cancer cells. Studies have reported
that CCR7 can be involved in various biological behav-
iors of tumor cells, such as proliferation, migration, and
angiogenesis, and plays an important role in them [57].
It has been shown that CCR?7 is expressed in the vascular
endothelium surrounding tumors and plays an important
role in angiogenesis [58]. CCR7 can regulate the migra-
tion of T cells and dendritic cells, chemotaxis of immune
cells to target organs, and also regulate their immune
function, causing inflammatory responses [59].

In conclusion, we constructed the first prognostic
model based on the CCR7/CCL19 chemokine axis in
BC and explored its role in immune infiltration, tumor
microenvironment, and HLA genes. This study provides
the biological basis for an in-depth study of the role of
CCR7 chemokine week in BC and identifies new drugs
for the possible treatment of BC through drug sensitivity
analysis. We also knocked down CCR7 in MDA-MB-231
and MCEF-7 cells and observed changes in cell activity
and migratory capacity.
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