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Abstract
To identify molecular features related to immunogenic activity in breast cancer (BC) and provide new targets and directions
for BC immunotherapy. We �rst used ESTIMATE to evaluate the degree of immune cell in�ltration of the BC patients in TCGA
and METABRIC, and explore the relationship between the degree of immune cell in�ltration and prognosis of breast cancer
patients. Then, we identi�ed the cancer pathways, proteins, miRNAs related to BC immunogenicity, and predicted miRNAs
target genes and identi�ed the pathways related to target genes with KEGG pathway enrichment analysis. We also explored
the correlation between PD-L1 expression level and cancer pathways and found that PD-L1 expression showed a positive
association with cancer pathways. In this article we have successfully identi�ed several cancer pathways, proteins, miRNAs
and their target genes, which could be as promising new target for BC immunotherapy. And PD-L1 blockade therapy may be
more effective in BC patients with the activation of some cancer pathways.

Introduction
For women, breast cancer (BC) is the most common cancer, as well as the second leading cause of cancer death in female
population [1]. At present, drug treatment of BC is mainly restricted in chemotherapy  endocrine therapy and HER-2 targeted
therapy. Immunotherapy has achieved notable progress in a variety of cancers including melanoma, non-small cell lung
cancer, renal cell cancer, Hodgkin's lymphoma, bladder cancer, head and neck cancer [2]. However, immunotherapeutic
strategies for breast cancer are still limited so far. Although BC is not highly responsive to immunotherapy when compared
with other malignant disease like melanoma and non-small cell lung cancer, there is emerging evidence shows variable
immunogenicity activity exists in certain BC subtypes [3]. Recently, for triple negative breast cancer (TNBC) which is highly
invasive and lacking of treatment targeting hormone or HER2 receptor, Atezolizumab in combination with paclitaxel protein-
bound has been accelerated approved by FDA for the treatment of adult patients with unresectable locally advanced or
metastatic TNBC, continued approval might be contingent upon veri�cation and description of clinical bene�t in
con�rmatory trials [4]. This indicates a promising prospect for BC immunotherapy in future.

Concerning to immunotherapy, which has bene�ted only a subset of patients, with some patients failing to respond to
treatment at all and others achieving a limited response followed by tumor progression [5], Identi�cation of molecular
biomarkers predicting tumor immunotherapy bene�ts would be crucial. There have been evidences indicating that PD-L1,
dMMR, MSI-H, TMB and other biomarkers been related to tumor immunotherapy [6-9]. IHC positivity of PD-L1 in tumor cells
or immune cells was predictive of better response of anti-PD-(L)1 therapy [7]. A phase 2 study conducted by Le et al [8]
evaluated the clinical activity of pembrolizumab, the data from which indicated tumors with dMMR are more responsive to
immunotherapy. Snyder et al [9] have found that high mutational load in melanoma correlated with sustained clinical bene�t
from ipilimumab or tremelimumab-based CTLA-4 inhibition. Therefore, it should be noted that the data supporting these
biomarkers are mainly obtained from lung cancer, malignant melanoma and colorectal cancer, and data originating from BC
cases are still quite limited. In addition, even as the most widely accepted biomarker, there are also up to 20% patients with
PD-L1–negative tumors bene�t from immune therapies [8,10-11]. This suggests that further screening of biomarkers for
accurate prediction of breast cancer immunotherapy response is of extreme importance in the BC immunotherapy.

In this study, we successfully identi�ed the cancer signaling pathways, proteins and miRNAs that are closely related to the
immunogenicity of BC, predicted the target genes regulated by these miRNAs, and explored the relationship between PD-L1
expression level and these pathways. Our �ndings provided new basis and direction for future immunotherapy of BC.

Materials & Methods
Data sources

TCGA RNA-Seq gene expression pro�le (Level 3), protein expression pro�le (Level 3), miRNA expression data and clinical
data of BC were acquired from Genomic Data Commons Data Portal (https://portal.gdc.cancer.gov/). METABRIC gene
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expression pro�le and clinical date were acquired from cBioPortal (http://www.cbioportal.org). Computing and statistical
analysis were carried out by R (https://www.r-project.org/).

We analyzed the enrichment levels of 8 immune signatures based on gene expression pro�les, as well as the enrichment
levels of 23 cancer pathways screened using KEGG. The 8 immune signatures included CD8+ T cells, immune checkpoints,
cytolytic activity, human leukocyte antigen (HLA), macrophages, natural killer (NK) cells, tumor in�ltrating lymphocytes
(TILs), and regulatory T cells (Treg). The 23 cancer pathways included NOD-like receptor, Toll-like receptor, JAK-STAT, MAPK,
PI3K-AKT, apoptosis, Focal adhesion, Ca2+, Wnt, VEGF, TNF, HIF-1, Hedgehog, Notch, ECM-like receptor, NF-κB, TGF-β,
glycolysis, ErbB, estrogen receptor, MMR, cell cycle and p53 signaling pathway.

Activity-evaluation of immune Cell types and functions

We used the ssGSEA score to quantify the activity or enrichment level of different immune cells, immune functions and
cancer pathways in tumor samples. A higher ssGSEA score represents a higher activity. In addition, we used ESTIMATE
algorithm to estimate the level of immune in�ltration within tumor tissue [12]. Based on gene expression pro�le, ESTIMATE
outputted an immune score for each sample to quantify the degree of immune cell in�ltration in tumor tissue.

Prediction of microRNA target gene

Firstly, TargetScan 7.2 was used to obtain the target genes predicted by miRNA, then miRWalk 2.0, miRtarBase, miRmap and
miRPathDB were used. The target genes simultaneously predicted by all the 5 databases were selected as the target genes
regulated by miRNA. Finally, Cytoscape was used to construct the regulatory network between the target genes.

Survival analysis

Survival analysis of BC patients was performed based on immune score data. The Kaplan-Meier survival curve was used to
represent the differences in OS and DFS between patients with high or low immune score. The median immune score was
used to identify patients with high or low immune scores. The log-rank test was used to calculate the difference of survival
time between the two groups of patients, and P < 0.05 represented a signi�cant difference.

Statistics and analysis

Pearson's correlation was used to calculate the correlation between immunity and the cancer pathway (ssGSEA score).
Spearman's correlation was used to calculate the correlation between gene expression level and cancer pathway enrichment
level, as well as the correlation between immune score and the level of cancer pathway enrichment, protein expression or
miRNA expression. The error discovery rate (FDR) calculated using Benjamini and Hochberg (BH) methods was used to
rectify the P value. FDR < 0.05 was considered statistically signi�cant.

Results
The degree of immune Cell in�ltration is positively correlated with the survival prognosis of BC Patients

In the TCGA and METABRIC data set, we compared the survival of BC patients with different level of immune cell in�ltration
degree (high or low immune score). Both of the outcomes of the two data sets showed that BC patients with high immune
score had a signi�cantly better overall survival (OS) (sequential test P < 0.05, Fig. 1), which indicates that BC patient with
high immunity in�ltration has better clinical outcomes.

The cancer-related pathway is positively correlated with the degree of immune Cell in�ltration and immunogenicity

Using KEGG pathway enrichment analysis, we identi�ed 23 cancer pathways: NOD-like receptor, Toll-like receptor, JAK-STAT,
MAPK, PI3K-AKT, apoptosis, Focal adhesion, Ca2+, Wnt, VEGF, HIF-1, TNF, Hedgehog, Notch, ECM-like receptor, NF-κB, TGF-β,
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glycolysis, ErbB, estrogen receptor, MMR, cell cycle, and p53 signaling pathways. We compared the relationship between
cancer pathway activity and the in�ltration degree of BC immune cells in TCGA and METABRIC data sets. The results
showed that in the two data sets, almost all cancer pathways were positively correlated with the in�ltration degree of
immune cells, only Hedgehog and Notch were negatively correlated with the in�ltration degree of immune cells (Spearman's
correlation, FDR < 0.05, Fig. 2a). Then we further compared the correlation between the activity of cancer pathway and the 8
immune characteristics. Being consistent with the degree of immune cell in�ltration, almost all of the cancer pathways are
positively correlated with the activity of the 8 immune characteristics, while Hedgehog and Notch were negatively associated
with immune characteristics (Pearson's correlation, FDR < 0.05, Fig. 2b).

Identify key proteins associated with immune score and immunogenicity

We compared the correlation between protein and immune cell in�ltration at protein levels. Eight proteins were identi�ed
being positively correlated with the immunity score: LCK, cleaved_capase-7, Syk, Axl, PI3K, Annexin-1, PKC-α, ATM. Five
proteins were negatively correlated with immune score: ER-α, E-Cadherin, GATA3, HER3, Claudin-7 (Spearman's correlation, |R|
> 0.25, FDR < 0.05, Fig. 3a). In further analysis, the correlation between these proteins and the 8 immune characteristic
activities were almost the same (Pearson's correlation, FDR < 0.05, Fig. 3b). These results suggest that the expression of the
up or down regulated key proteins we identi�ed is associated with increase or decrease of immunogenicity in BC.

The correlation between microRNA (miRNA) and immune score

microRNA (miRNA) is a conserved noncoding RNA segment of 22-25 nucleotide sequences that regulates gene expression at
the transcriptional level by targeting speci�c mRNAs and leading to their degradation or inhibition the translation. miRNA-
mediated gene regulation is critical to cell function, and more than one-third of mRNAs might be miRNA targets [13]. Recent
studies have shown that miRNA also plays a key role in the regulation of immune function, including innate and adaptive
immune responses, immune cell development and differentiation and autoimmunity prevention [14].

Spearman's correlation was used to compare the correlation between miRNA and the immune cell in�ltration degree within
TCGA. According to FDR < 0.05, 187 miRNAs positively correlated with immune score and 69 miRNAs negatively correlated
with immune score were identi�ed. By further setting R > 0.5, 4 miRNAs positively correlated with immune score were
identi�ed: hsa-mir-155, hsa-mir-150, hsa-mir-146 and hsa-mir-223. By setting |R| > 0.25, 4 miRNAs negatively correlated with
immune score were identi�ed: hsa-mir-96, hsa-mir-182, hsa-mir-125a, and hsa-mir-190b (Fig. 4).

We further used TargetScan 7.2 to predict target genes of the four miRNAs which had a correlation coe�cient of immune
score greater than 0.5: hsa-mir-155, hsa-mir-150, hsa-mir-146a and hsa-mir-223. In order to reduce false positive rate and
ensure the reliability, miRWalk 2.0, miRPathDB, miRTarBase and miRNAMap were simultaneously used for prediction. The
intersection of above databases and software was taken and the results were shown in Table 1.

We further compared the correlation between these target genes and the in�ltration degree of immune cells (Spearman's
correlation, FDR < 0.05), and analyzed the regulation network of the selected target genes (Fig. 5a).

Finally, we performed KEGG pathway enrichment analysis on these genes. The results showed these genes were involved in
multiple cancer-relating signaling pathways in BC, such as NOD-like receptor, Toll-like receptor, JAK-STAT, MAPK, apoptosis,
Focal adhesion, Ca2+, Wnt, VEGF, Hedgehog, Notch, TGF-β, glycolytic, ErbB, cell cycle, and p53 signaling pathways. They
also involved in several immune-relating pathways, such as B cell receptor signaling pathway, T cell receptor signaling
pathway, chemokine signaling pathway, NK cell-mediated cytotoxicity signaling pathway, and cytokine-cytokine receptor
interaction pathway (Fig. 5b). This indicates that miRNA plays an important regulatory role in BC as well as the
immunotherapy of BC, which may be achieved by regulating the target genes.

Correlation between PD-L1 and cancer pathway activity
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The expression of PD-L1 on tumor cells plays a key role in tumor immune escape [15]. We analyzed the correlation between
PD-L1 expression and cancer pathway activity. It was found that in the two data sets that the expression level of PD-L1 was
signi�cantly positively correlated with the activity of 11 cancer pathways (NOD-like receptor, Toll-like receptor, NF-κB, JAK-
STAT, TNF, cell apoptosis, HIF-1, VEGF, ErbB, and p53 pathway), while negatively correlated with the activity of Notch
pathway (Spearman's correlation, P < 0.05) (Fig. 6). This reveals that PD-1 or PD-L1 blocking therapy may be more effective
for breast cancer subtypes in which these cancer pathways were activated.

Discussion
In order to identify the molecular characteristics associated with immunogenicity of BC, we compared the survival of BC
patients with different degree of immune cell in�ltration. The results showed that BC patients with high immune invasion
had better clinical prognosis.

Then we identi�ed 23 common cancer pathways in BC from KEGG and analyzed the correlation between cancer pathway
activity and the degree of immune cell in�ltration. The correlation between cancer pathway activity and 8 immune
characteristics were simultaneously analyzed. We found that almost all of these cancer pathways were positively correlated
with the degree of immune cell in�ltration, while Hedgehog signaling pathway and Notch signaling pathway were negatively
correlated.

A research by Otsuka A et al has shown that inhibition of the Hedgehog signaling pathway could change tumor
microenvironment, transform the chemokine and cytokine network, increase the amount of CD8+ cytotoxic T cells invading
tumor cells and promote adaptive immune response of basal cell carcinoma [16]. Notch signal negatively regulates the
in�ammatory response that activated by Toll-like receptor (TLR), an important molecule in nonspeci�c immunity, which
plays a connecting role in nonspeci�c immunity and speci�c immunity [17]. Therefore, inhibition of Hedgehog or Notch
pathway may enhance the e�cacy of immunotherapy in BC. Thus the combination of Hedgehog or Notch pathway inhibitor
and immunotherapy might be a potential direction for the treatment of breast cancer.

At the protein level, we identi�ed 13 proteins that were most relevant to immune score and immune characteristics. Among
them, 8 proteins were identi�ed being positively correlated with the immunity score: LCK, cleaved_capase-7, Syk, Axl, PI3K,
Annexin-1, PKC-α, ATM; while another 5 proteins were negatively correlated: ER-α, E-Cadherin, GATA3, HER3, Claudin-7.
Among the 5 proteins, LCK is one of the molecules from protein tyrosine kinase (SRC) family that plays a key role in the T
cell receptor (TCR) signaling pathway. There had been study showing that the inhibitory effect of PD-1 on TCR signal
molecule activation is signi�cantly enhanced by PD-1 mediated LCK inhibition [18]. Capase-7 is a key protein in the cell
apoptotic pathway, which regulates immune response by mediating in�ammation [19]. As an adaptive immune receptor
signal, the role of Syk is crucial in innate immune recognition [20]. Axl overexpresses in a variety of tumor tissues and cells.
Wei et al [21] combined Axl with chimeric antigen receptor T cells, namely AXL-CAR-T, and found it exhibits obvious anti-
tumor effect in TNBC xenotransplantation model, implying Axl could be a potential therapeutic target for TNBC [21].
Annexin-1, a signi�cant anti-in�ammatory protein controlling the interleukin-mediated immune response [22], has both
innate and adaptive immune function and mainly participates in in�ammatory cell regulation. As adherence junction protein,
E-cadherin adjusts a number of intracellular signal transduction pathways. Recent studies have revealed that E-cadherin
affects immunity via regulating mononuclear macrophages [23]. Down regulation of Claudin-7 induces metastasis and
invasion of colorectal cancer by promoting epithelial-mesenchymal transition [24]. The zinc �nger transcription factor GATA-
3, a major regulator of T helper 2 (Th2) cell differentiation, modulates the expression of IL-4, IL-5 and IL-13 [25]. GATA-3
facilitates type II immunity by adjusting the development and function of type 2 innate lymphocyte cells (ILC-2) [26]. HER3 is
crucial heterodimer ligand of EGFR and HER2 and high expression of it accelerates the invasion of BC. Therefore, HER3
inhibition could be widely used in the treatment of EGFR- and HER2-driven tumors. Osada T et al [27] reported that HER3
targeted vaccine activates HER3 speci�c T cells and induces anti-HER3 speci�c antibodies, which changes both the T cell
in�ltration inside tumor and the response to immune checkpoint inhibition. Based on the expression of these up- or down-
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regulated protein molecules we identi�ed is closely related to the increase or decrease of immunogenicity in BC, we provided
a direction for immunotherapy of BC at the protein level.

MicroRNA (miRNA) is a group of small ultra-conserved noncoding RNA that regulates gene expression at transcriptional
level. They targets speci�c mRNA and consequently induce their degradation or inhibit their translation. By this way, miRNA
plays a quite important role in the immune system, cell differentiation, tumorigenesis and cell death [28]. We identi�ed
miRNAs that are signi�cantly associated with immunity through Spearman's analysis. The result indicated that the
expression levels of these up- or down-regulated miRNAs are also related to the increase or decrease of immunogenicity in
BC. It have been reported that the serum expression of miR-155 has increased more than 2 times in BC patients, which is
positively correlated with the clinical stage and Ki-67 expression, while negatively correlated with p53 status [29]. It also
regulates the production of mature B cells [13]. Another important miRNA, miR-150, targets at NOTCH3 and impacts both the
physiology and development of T cell [30]. miR-146a inhibits the proliferation and metastasis of TNBC cells by regulating
SOX5 [31], and also adjusts immune response in the microenvironment of melanoma [32]. miR-223 regulates immune
response via adjusting granulocyte production and inhibiting of macrophage differentiation [33].

Subsequently, we predicted the target genes that regulated by the 4 miRNAs with a correlation coe�cient greater than 0.5
through prediction software and database, and then analyzed the regulatory network and enrichment of KEGG pathway of
these target genes. Regulatory network analysis showed these target genes had signi�cant correlation with immunogenicity.
KEGG pathway enrichment analysis showed that these genes participated in amount of BC relating signal pathways that
identi�ed by us, and also participated in several immune relating pathways. These results indicate that the miRNAs we
identi�ed plays a crucial regulatory role in BC and its immunotherapy, the basis of which might be regulating of the target
genes we've identi�ed. Therefore, these miRNAs are highly possible to be a therapeutic target for BC, which provided a
direction for immunotherapy of BC at the miRNA level.

The expression of PD-L1 is of great importance in tumor immune escape [15]. We analyzed the correlation between PD-L1
expression and cancer pathway activity. It was found that the expression level of PD-L1 was positively correlated with the
activities of 11 cancer pathways (NOD-like receptor, Toll-like receptor, NF-κB, JAK-STAT, TNF, apoptosis, HIF-1, VEGF, ErbB
and p53 pathway). We have already found these cancer pathways were positively correlated with the degree of immune cell
in�ltration and their immunogenicity, indicating the activation of these cancer pathways will strengthen the immunogenicity
in breast cancer. However, the expression level of PD-L1 was negatively correlated with the activity of NOTCH pathway.
Combined with our �nding that inhibition of Notch pathway activity enhances the immunogenicity of BC, we assume that
the increased activity of NOD-like receptor, Toll-like receptor, NF-κB, JAK-STAT, TNF, cell apoptosis, HIF-1, VEGF, ErbB, p53
pathway activity, and the inhibited activity of Notch pathway might be more suitable for immunotherapy, thereby make the
PD-1 or PD-L1 blocking therapy more e�cient.

To summarize, we have identi�ed the molecules related to the immunogenicity of BC from different levels including cancer
pathway, protein, miRNA and gene, which has provided new basis and different targets for immunotherapy of BC. However,
the veri�cation of related molecules in molecular biology level and in clinical trials still needs further research and
discussion.
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Tables
 

Table 1 Target Gene Prediction of 4 miRNAs

hsa-mir-155

WWC1 SMAD2 JARID2 TSHZ3 ANKFY1 BACH LRRC40 MIDN CSNK1A1

CBL TADA2B TCF4 ZIC3 HIVEP2 MYO10 PICALM FOXK1 CARD11

MEIS1 SH3PXD2A ZNF644 CARHSP1 RREB1 MSI2 SERTAD2 TMEM136 RCOR1

TOMM34 HNRNPA3 CHD8 CEP41 DNAJB1 TPD52 MYB TMEM33 VEZF1

GPM6B PELI1 RAB3B ARL5B PTAR1 FOXO3 TRIM32 SLC33A1 PAXBP1

RCN2 S1PR1 PIK3CA NOVA1 AAK1 ITK CPEB4 SIRT1 PIK3R1

NFAT5 HERC4 RAPGEF2 ZBTB38 FAM135A RAPH1 CHD9 INPP5D DMTF1

TCF12 TBRG1 MBNL3 LCORL PRKAR1A LNX2 IL17RB EEF2 TPM1

ORMDL3 CREB5 MACC1 CNOT6L MDN1 TMEM236 MRVI1 PHEX LANCL3

GID4 ABCF3 UBE2K RANGAP1 MYLK ARID2 KANSL1 EHD1 TRPS1

TP53INP1 MYO1D TLE4 GSK3B RAB11FIP2 ATP6V1C1 RICTOR CREBRF IKBKE

SMAD5 CDC73 RAB30 HMGCS1 ARHGEF33 ADAMTS5 PKIA WBP1L BCAT1

FUBP1 SHANK2 GNAS IRAK3 DCAF17 WNK1 ZNF248 ZNF699 MYO6

FLT1 MMP16 SYT6 ATXN1L          

hsa-mir-150

ADIPOR2 HILPDA MBD6 STAT1 TP53 AIFM2 EGR2 NR2F2 PDCD4

GOSR1 EPHB2 ZBTB7A MMP14 GAN VPS53 EXO5 SRCIN1 MTMR9

MKNK2 CREBZF COL4A4 CYTIP REEP4 DAZAP2 MYB ENND4C TMEM138

MRPS25 IGF1R WDR26 SFXN1 GNL3L EMP1 STXBP5L ORAI2 LRRC1

UBN2 TCEANC2 PHAX MACC1 KDELR1 MLXIP SOD2 MRS2 BTLA

PCP4L1 SP1 CD46 VMP1 ZEB1 PRKCA GCFC2 XIAP EP300

TRPS1 YRDC INTU CBL NOTCH3 SRXN1 DHX33    

hsa-mir-146
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MMP16 TRAF6 IRAK1 SMAD4 WASF2 CARD10 ERBB4 HNRNPD CD80

TLR4 ELAVL1 CXCL12 RAC1 LAMC2 RNF11 PTGS2 ROCK1 CASP7

NOS1 SLC5A5 COPS8 PTGES2 NOTCH1 CCND2 ZNRF3 LRP2 RARB

BCLAF1 FANCM NFAT5 EGFR FAS        

hsa-mir-223

RHOB NFIA IGF1R SCARB1 PTBP2 ATM STAT1 EGF E2F1

ECT2 PRDM1 CARM1 MAFB ZEB1 LMO2 CHUK FBXW7 HSP90B1
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Figure 1

Kaplan-Meier survival curves in BC with high/low degree of immune cell in�ltration (log-rank test, P < 0.05)
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Figure 2

Correlations of cancer-associated pathways with immune cell in�ltration (immune score) and immune signatures in BC. a.
Cancer-associated pathways that signi�cantly correlate with immune score (Spearman's correlation test, FDR<0.05; *: P <
0.05; **: P < 0.01; ***: P < 0.001). b. Correlations of cancer-associated pathways with immune signatures (Pearson's
correlation test, FDR<0.05).
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Figure 3

Correlation of proteins expression levels with immune activities in BC. a. The proteins lck, Cleaved_Capase-7, Syk, Axl, PI3K,
Annexin-1, PKC-α, and ATM expression positively correlate with immune score, and proteins ER-α, E-Cadherin, GATA3, HER3,
Claudin-7 expression negatively correlate with immune score (Spearman's correlation test, FDR < 0.05). b. The Proteins lck,
Cleaved_Capase-7, Syk, PI3K, Annexin-1, PKC-α and ATM expression positively correlate with immune signatures, and the
proteins ER-α, E-Cadherin, GATA3, HER3 and Claudin-7 expression negatively correlate with immune signatures. (Pearson's
correlation test, FDR < 0.05).
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Figure 4

Correlations of miRNA expression levels with immune cell in�ltration in BC (Spearman's correlation test, FDR < 0.05)
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Figure 5

miRNA target gene interaction network and pathway enrichment analysis. a. miRNA-genes interaction network (plotted by
Cytoscape). A red node indicates a gene whose expression is positively correlated with immune score and green indicates a
gene whose expression negatively correlated with the immune score. b. KEGG pathway (cancer-related and immune-related)
enrichment analysis of the genes targeted by the miRNAs whose expression is signi�cantly associated with immune
signatures.
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Figure 6

Correlations of PD-L1 expression level with cancer-associated pathways in BC. (Spearman's correlation test, FDR < 0.05; *: P
< 0.05; **: P < 0.01; ***: P < 0.001).  


