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Objective: Triple-negative breast cancer (TNBC) is a high heterogeneity cancer. The

identification of genomic aberrations that drive each of the TNBC subtypes may predict

the prognosis of patients with TNBC and provide novel therapeutic strategies in clinical

practice. This study focuses on the transcriptome-based gene expression of TNBC

and aims to generate comprehensive gene co-expression networks correlated with the

immune-related subtype of TNBC.

Methods: The transcriptome profiles of 107 female patients with TNBC were analyzed.

Weighted gene co-expression network analysis (WGCNA) was applied to construct

related networks and to sort hub-genes associated with the survival of TNBC patients.

The data of the transcriptional expression, genomic alteration, survival status, and

tumor immune microenvironment, which associated with hub-genes, were extracted,

retrieved, and analyzed from Oncomine, UALCAN, TCGA, starBase, Kaplan–Meier

Plotter, cBioPortal, and TIMER databases.

Results: Immune-related hub-genes, including BIRC3, BTN3A1, CSF2RB, GIMAP7,

GZMB, HCLS1, LCP2, and SELL, were found to be associated with clinical features

of TNBC evaluated by WGCNA. These hub-genes belonged to the immunomodulatory

subtype of TNBC andwere upregulated in the TNBC cells. The protein expression of eight

immune-related hub-genes was further confirmed to be upregulated in TNBC/CD8+

tissues detected by immunohistochemical staining. Survival analysis revealed that

overexpression of eight immune-related hub-genes was in favor of the survival of

patients with TNBC. Moreover, a positive correlation between eight immune-related

hub-genes and immune cell infiltration was observed in TNBC patients. Furthermore,

checkpoint inhibitor genes such as PD-L1, PD-1, and CTLA4 were more enrichment

in the immunomodulatory subtype of TNBC and the expression of PD-L1, PD-1, and

CTLA4 was positively correlated with eight immune-related hub-genes in the breast

cancer dataset of TCGA.
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FIGURE 4 | The transcription level of eight immune-related hub-genes in breast cancer subtypes (UALCAN). The transcriptional levels of BIRC3 (A), BTN3A1 (B),

CSF2RB (C), GIMAP7 (D), GZMB (E), HCLS1 (F), LCP2 (G), and SELL (H) are shown. *p < 0.05, **p < 0.01, ***p < 0.001.

amplification, deep deletion, and mRNA high, in the queried
TCGA breast cancer samples (Figure 8A). The alteration
frequency derived from mutations, copy-number alterations,

and mRNA expression data was shown in 4 types of breast
invasive carcinomas (Figure 8B). Among the various alterations,
the amplification and high mRNA expression accounted for the

Frontiers in Oncology | www.frontiersin.org 8 September 2020 | Volume 10 | Article 1787



Zhang et al. Identifying Gene Signature in TNBC

FIGURE 5 | Representative immunohistochemistry staining for eight immune-related protein expression in Non-TNBC and TNBC tissues. Magnification, ×200.

twomost changes in breast invasive ductal or lobular carcinomas.
By comparison of subtypes of breast cancer, the basal-like subtype
of breast cancer (79/172, 46.2%) accounted for the most genetic
alterations than other subtypes. Most notably, genetic alterations
were found to be higher in normal breast tissues (11/36, 30.56%)
than LumA (101/499, 20.24%), LumB (38/197, 19.29%), and
HER2 (23/76, 29.49%) subtypes of breast cancer (Figure 8C).
Intriguingly, themutation frequency analysis of the top five genes
showed that a higher proportion ofTP53mutation co-occurrence

was found in the immune-related gene-altered group compared
to the unaltered group (P= 2.271e−6; Figure 8D). Furthermore,
a Kaplan–Meier plotter and log-rank test showed no significant
effect of genetic alterations of eight immune-related genes on
overall survival (P = 0.0613; Figure 8E), disease-free survival (P
= 0.320; Figure 8F), and progression-free survival (P = 0.0776;
Figure 8G), but significant effect on disease-specific survival (P
= 0.0325; Figure 8F), between the genetic alteration group and
the unaltered group in TCGA-breast cancer cohorts.
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FIGURE 6 | The transcription level of eight immune-related genes in TNBC subtypes (UALCAN). The transcriptional levels of BIRC3 (A), BTN3A1 (B), CSF2RB (C),

GIMAP7 (D), GZMB (E), HCLS1 (F), LCP2 (G), and SELL (H) are shown. *p < 0.05, **p < 0.01, ***p < 0.001; ns, no significance. BL1, basal-like 1; BL2, basal-like 2;

IM, immunomodulatory; M, mesenchymal; MSL, mesenchymal stem-like; LAR, luminal androgen receptor; UNS, unspecified; TNBC, triple-negative breast cancer.
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FIGURE 7 | Kaplan–Meier survival curves comparing the high and low expressions of eight immune-related hub-genes.

Correlation of Eight Immune-Related
Genes With Tumor Purity and Immune Cell
Infiltration in Patients With TNBC
Since the functional annotation analysis revealed that the
eight immune-related genes participated in the process of the
immune response, next, the correlation between the expression
of eight immune-related genes and immune cell infiltration in
the TIMER database was further analyzed. Interestingly, high
expression levels of eight immune-related genes were found to be
associated with high immune cell infiltration in TNBC. A positive
correlation between BIRC3 expression and the infiltration of
B cells (Cor = 0.515, p = 9.22e−10), CD8+ T cells (Cor
= 0.321, p = 2.89e−4), CD4+ T cells (Cor = 0.659, p =

1.66e−16), neutrophil (Cor = 0.669, p = 1.31e−15), and DCs
(Cor = 0.593, p = 3.59e−12) were observed, while BIRC3
expression was negatively associated with the purity (Cor =

−0.517, p = 3.57e−10; Figure 9A). Similarly, the expression of
BTN3A1, CSF2RB, GIMAP7, GZMB, HCLS1, LCP2, and SELL
was positively correlated with the infiltration of B cells, CD8+

T cells, CD4+ T cells, neutrophil, and DCs, but was negatively
correlated with the tumor purity (Figures 9B–H). However, we
did not find significant correlations of the expression of BIRC3,
BTN3A1, CSF2RB, GIMAP7, GZMB, and SELL with infiltrating
levels of macrophages, except for HCLS1 and LCP2.

To further investigate the relationship between eight immune-
related genes and the diverse immune-infiltrating cells in TNBC,
we analyzed the immune markers of immune cells with the
TIMER database. Several immune markers of tumor-associated
macrophages, DCs, neutrophils, T helper type 1 cells (Th1) cells,
T helper type 2 cells (Th2), and regulatory T cells (Treg) were
found in the basal subtype of breast cancer. The expression

level of eight immune-related genes was significantly correlated
with most immune markers in various immune cells (Table 2).
CCL2, IL-10, CD163, VSIG4, CSF1R, FCGR2A, and FCER2
of TAMs, ITGAX, CD1C, NRP1, and THBD of DCs, CCR7,
ITGAM, and CD59 of neutrophils, STAT4, TBX21, and CD4 of
Th1 cells, CCR4 and CCR4 of Th2 cells, and FOXP3, STAT5B,
and TGFB1 of Treg cells were positively correlated with eight
immune-related genes. These results further indicate that eight
immune-related genes may enhance immune activities in the
TNBC microenvironment.

Eight Immune-Related Genes Were
Positively Correlated With the Expression
of PD-L1, PD-1, and CTLA4 in TCGA-BRCA
Samples
Since immune checkpoint blockers may constitute an effective
therapeutic strategy, next, we investigated the immune
checkpoint-related molecules such as PD-L1 (CD274), PD-
1 (PDCD1), and CTLA4 (cytotoxic T-lymphocyte associated
protein 4) in TNBC subtypes. Data from TCGA showed that
the highest level of PD-L1, PD-1, and CTLA4 gene expression
was found in the IM subtype of TNBC compared with other
subtypes and normal breast tissues (Figure 10A), indicating
that patients with high IM subtype may benefit from the
therapy of checkpoint blockers. Since eight immune-related
genes were also elevated in TNBC IM patients, we next
examined the correlation of eight immune-related genes with
checkpoint-related genes using TCGA breast cancer datasets.
Intriguingly, a positive correlation of mRNA expression was
observed between eight immune-related genes and PD-L1
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FIGURE 8 | The genetic alterations of eight immune-related hub-genes in breast cancer patients. (A) OncoPrint summary of alterations on a query of eight

immune-related hub-genes. Six types of genetic alterations were defined: Missense Mutation, Truncating Mutation (putative driver), Truncating Mutation (unknown

significance), Amplification, Deep Deletion, and mRNA High. (B) Summary of the alteration frequency derived from mutations, copy-number alterations, and mRNA

expression data in 4 types of breast invasive carcinomas in the TCGA cohort. (C) Summary of alterations of eight immune-related hub-genes in TCGA breast cancer

subtypes. (D) Analysis of gene mutation co-occurrence comparing the altered group and unaltered group of eight immune-related hub-genes. Kaplan–Meier plotter

shows the overall survival (E), disease-free survival (F), progression-free survival (G), and disease-specific survival (H) in the altered and unaltered groups of eight

immune-related hub-genes.
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FIGURE 9 | The correlation between the expression of eight immune-related hub-genes and immune cell infiltration (TIMER). The correlation between the abundance

of immune cells and the expression of BIRC3 (A), BTN3A1 (B), CSF2RB (C), GIMAP7 (D), GZMB (E), HCLS1 (F), LCP2 (G), and SELL (H) in TCGA-basal.

Frontiers in Oncology | www.frontiersin.org 13 September 2020 | Volume 10 | Article 1787

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Z
h
a
n
g
e
t
a
l.

Id
e
n
tifyin

g
G
e
n
e
S
ig
n
a
tu
re

in
T
N
B
C

TABLE 2 | Correlation between eight immune-related hub-genes and the biomarkers of immune cells.

Immune cells Gene marker BIRC3 BTN3A1 CSF2RB GIMAP7 GZMB HCLS1 LCP2 SELL

Cor P Cor P Cor P Cor P Cor P Cor P Cor P Cor P

TAM CCL2 0.553 *** 0.529 *** 0.703 *** 0.643 *** 0.651 *** 0.643 *** 0.773 *** 0.667 ***

IL10 0.637 *** 0.634 *** 0.757 *** 0.671 *** 0.616 *** 0.705 *** 0.812 *** 0.666 ***

CD163 0.626 *** 0.629 *** 0.777 *** 0.656 *** 0.605 *** 0.726 *** 0.827 *** 0.596 ***

VSIG4 0.546 *** 0.448 *** 0.703 *** 0.563 *** 0.527 *** 0.657 *** 0.744 *** 0.486 ***

CSF1R 0.684 *** 0.644 *** 0.852 *** 0.730 *** 0.586 *** 0.835 *** 0.896 *** 0.675 ***

FCGR2A 0.477 *** 0.596 *** 0.670 *** 0.593 *** 0.572 *** 0.681 *** 0.775 *** 0.503 ***

FCER2 0.395 *** 0.321 *** 0.555 *** 0.681 *** 0.479 *** 0.621 *** 0.565 *** 0.770 ***

DCs ITGAX 0.648 *** 0.598 *** 0.852 *** 0.741 *** 0.619 *** 0.825 *** 0.890 *** 0.714 ***

CD1C 0.497 *** 0.378 *** 0.623 *** 0.604 *** 0.388 *** 0.621 *** 0.605 *** 0.667 ***

NRP1 0.184 * 0.309 *** 0.338 *** 0.356 *** 0.130 0.120 0.337 *** 0.420 *** 0.267 **

THBD 0.208 * 0.208 * 0.435 *** 0.491 *** 0.210 * 0.394 *** 0.437 *** 0.478 ***

Neutrophils CCR7 0.656 *** 0.517 *** 0.777 *** 0.870 *** 0.702 *** 0.781 *** 0.813 *** 0.950 ***

ITGAM 0.720 *** 0.568 *** 0.783 *** 0.634 *** 0.664 *** 0.714 *** 0.815 *** 0.565 ***

CD59 0.335 *** 0.318 *** 0.174 * 0.171 * 0.112 0.180 0.278 *** 0.237 ** 0.149 0.070

Th1 STAT4 0.743 *** 0.689 *** 0.771 *** 0.878 *** 0.748 *** 0.775 *** 0.868 *** 0.841 ***

TBX21 0.657 *** 0.704 *** 0.780 *** 0.864 *** 0.866 *** 0.811 *** 0.885 *** 0.819 ***

CD4 0.738 *** 0.678 *** 0.899 *** 0.844 *** 0.702 *** 0.903 *** 0.960 *** 0.807 ***

Th2 GATA3 0.142 0.090 0.006 0.940 0.075 0.37 0.112 0.180 0.104 0.2 0.090 0.290 0.122 0.150 0.171 *

CXCR4 0.231 ** 0.116 0.170 0.116 0.17 0.115 0.170 −0.006 0.940 0.168 * 0.132 0.120 0.047 0.580

CCR4 0.661 *** 0.591 *** 0.787 *** 0.806 *** 0.556 *** 0.760 *** 0.835 *** 0.847 ***

CCR8 0.867 *** 0.644 *** 0.777 *** 0.777 *** 0.593 *** 0.753 *** 0.853 *** 0.817 ***

Treg FOXP3 0.653 *** 0.614 *** 0.784 *** 0.798 *** 0.685 *** 0.791 *** 0.845 *** 0.850 ***

STAT5B 0.208 * 0.292 *** 0.283 *** 0.356 *** 0.063 0.450 0.337 *** 0.283 *** 0.323 ***

TGFB1 0.429 *** 0.487 *** 0.681 *** 0.619 *** 0.352 *** 0.664 *** 0.661 *** 0.547 ***

TAM, tumor-associated macrophages; DCs, dendritic cells; Th1/2, T helper type 1/2 cells; Treg, regulatory T cells; Cor, correlation coefficient; P, P-value; *P < 0.05; **P < 0.01; ***P < 0.001.

F
ro
n
tie
rs

in
O
n
c
o
lo
g
y
|w

w
w
.fro

n
tie
rsin

.o
rg

1
4

S
e
p
te
m
b
e
r
2
0
2
0
|V

o
lu
m
e
1
0
|A

rtic
le
1
7
8
7

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Identifying Gene Signature in TNBC

FIGURE 10 | The correlation of eight immune-related hub-genes with the expression of PD-L1, PD-1, and CTLA4 in TCGA-BRCA samples. (A) The transcription level

of PD-L1 (CD274), PD-1(PDCD1), and CTLA4 in TNBC subtypes (UALCAN). *p < 0.05, **p < 0.01, ***p < 0.001. (B) The correlation between the expression of eight

immune-related hub-genes and PD-L1 (CD274) in the TCGA-BRCA cohort (starBase).

(Figure 10B), PD-1 (Supplementary Figure 8), and CTLA4
(Supplementary Figure 9) in patients with breast cancer.

DISCUSSION

The current study used WGCNA to analyze mRNA microarray
datasets with 107 TNBC patients and identified a module of
TNBC highly related to survival and metastasis. Functional
annotations containing GO terms and KEGG pathways were
displayed in this interesting module and revealed 558 genes
within the module participated in the process of the immune
response. Furthermore, among 50 hub-genes in themodule, eight
hub-genes were immune-related and associated with survival
in the discovery and validation datasets. Finally, comprehensive
analyses of eight immune-related hub-genes at the levels of
mRNA and protein expression, genetic alterations, and tumor
immune microenvironment with validation from qRT-PCR
and immunohistochemistry and data mining from Oncomine,

UALCAN, TCGA, starBase, Kaplan-Meier plotter, cBioPortal,
TIMER databases were conducted.

WGCNA of network modeling is a novel approach that relies
on complex statistical algorithms and can determine complex
biological relationships between the biological networks and
their phenotypes (23). This powerful method has been applied
to study many refractory diseases, such as Alzheimer’s disease
(41), familial combined hyperlipidemia (42), and breast cancer
(43). The general advancements in genome sequencing and
other “omics” technologies have promoted an understanding
of the biological heterogeneity of TNBC and have revealed
more intrinsic molecular TNBC subtypes (44). When we make
a treatment plan such as primary surgery, chemotherapy,
radiotherapy, endocrine therapy, and biotherapy, the specific
molecular subtype should be taken into account as described
in the literature (45). However, nearly 30–40% of patients
with breast cancer at the early-stage may ultimately develop
metastatic lesions, recurrence, or resistance to chemotherapy
(46). Furthermore, both TNBC and basal-like breast cancers have
a higher rate of local relapse and are more likely to metastasize
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to viscera rather than bone, particularly to the brain and lungs
(47). To date, there are no practicable biomarkers to specifically
distinguish the subtypes of TNBC. The current study unveiled
eight immune-related hub-genes in TNBC patients and these
potential biomarkers may be the key to manage early TNBC
treatment. It has been shown that blockade therapies can be
applied to patients who have elevated biomarkers (48).

Among 11 co-expression modules constructed in this study,
the blue module containing 558 genes was most correlated
with the survival status and metastasis of TNBC and was most
enriched in the immune process and defense response defined by
the functional enrichment analysis of GO terms. Furthermore,
the KEGG pathway analysis showed that the most significant
items were antigen processing and presentation. Therefore, we
hypothesized that the blue module affected TNBC survival
and metastasis mainly through the dysfunction of the immune
system. Indeed, the mRNA expression of all eight hub-genes was
elevated in the immunomodulatory subtype of TNBC compared
with other subtypes of TNBC. Our immunohistochemistry study
validated the protein expression of eight immune-related hun-
genes in tissue samples derived from patients with TNBC and
non-TN breast cancer. The high expression levels of eight
proteins were found in TNBC tissues compared to non-TN breast
cancer tissues, indicating that these eight proteins may play
important roles in patients with TNBC.

In recent years, immunotherapy has been a promising therapy
for cancer (49). The PD-L1 antibody such as Atezolizumab
presented outstanding outcomes in the treatment of TNBC
patients who had PD-L1 positive expression (50). In the immune
equilibrium phase, it is capable to reduce the risk of tumor
metastasis or to maintain tumor dormancy although the immune
system is unable to eliminate the tumor (51). Furthermore,
the percentages of tumor-infiltrating lymphocytes (TILs), CD8+

cells, and CD4+ T cells are lower in the metastatic tumors
of TNBC compared to primary tumors (52), implying that
immune escape may play an important role in tumor metastasis.
Previous studies have indicated that the immune response of
TNBC patients makes a positive impact on therapy response with
improved progression-free survival (53, 54).

The current study demonstrated that these eight immune-
related hub-genes were upregulated in immune cells and acted
as favorable factors of the survival of patients with breast cancer
or TNBC. Accumulated studies have indicated that a high
ratio of TILs could act as an independent factor to improved
patient survival in breast cancer (55–57). CD8+ T cell-mediated
cytotoxic effect can promote the growth of endogenous CD8+

and CD4+ T cells and immunity-associated cells, thus facilitating
their antitumor function in the tumor microenvironment (58).
Genetic alterations were more common in TNBC, which was
in agreement with our findings in TCGA TNBC patients. High
levels of genomic mutations of TP53 (82%) and PIK3CA (10%),
the two most frequently mutated somatic genes, occur in TNBC
(59). Interestingly, our results also showed that the alterations
of eight immune-related genes were co-occurrence with TP53
mutation, indicating a potential regulatory mechanism.

The immune microenvironment of cancer cells plays an
important role in inhibiting tumor proliferation or promoting
tumor progression (60). It has been shown that the IM subtype

of TNBC is characterized by high levels of immune antigens and
genes involved in cytokine and core immune signal transduction
pathways (59). A more recent report shows that the IM gene
signature is an indicator of the presence of TILs and redefines
the IM subtype as a modifier of the other subtypes rather than
a single subtype (61). The most noticeable difference between
IM subtype and other TNBC subtype seems to lie in high
expression levels of immune-related genes. Our eight immune-
related hub-genes screened by WGCNA were more enriched
in the TNBC IM subtype and positively correlated with the
infiltration of the TILs and other immune cells. These data
indicate that eight immune-related hub-genes were not only
as prognostic indicators but also reflect “immune-hot” status
in the TNBC IM subtype. It has been reported that mRNA
expression levels of immune checkpoint inhibitor genes such as
PD-L1, PD-1, CTLA4, and IDO1 are higher in the IM subtype
(13). Similarly, we also found a higher level of PD-L1, PD-1,
and CTLA4 transcription in the IM subtype of TNBC through
the analysis of TCGA datasets. Of noted, a surprising result
of a phase III trial indicated that anti-PD-L1 (Atezolizumab)
combined with nanoparticle albumin-bound (nab)-paclitaxel
prolonged progression-free survival in metastatic TNBC with
PD-L1-positive subgroup (50). Furthermore, our eight immune-
related hub-genes had a positive relationship with PD-L1, PD-1,
and CTLA4, implying that patients with these immune-related
signatures may benefit from immune checkpoint inhibitors.

The current study using TCGA datasets analyzed the
association of the expression of eight immune-related hub-
genes with the clinical features, such as age, stage, menopausal
status, and lymph node metastasis. Among these eight hub-
genes, BIRC3 expression was found to be higher in younger, pre-
menopause patients with nodal metastatic BC at early-stage. The
expression of GZMB, HCLS1, HCP2, and SELL was higher in
metastatic patients. SELL expression was also found to be higher
in younger patients with breast cancer. However, the expression
of BTN3A1, CSF2RB, and GIMAP7 was not associated with
clinical features in patients with breast cancer, suggesting the
irrelevance of these immune-related genes to clinical features.

BTN3A1 is the main isoform of the butyrophilin 3A
(BTN3A, CD277) family and can directly bind phosphor-
antigens (62), activating the Vγ9Vδ2 T cells in colorectal cancer
microenvironment for the anti-tumor response of zoledronate
(63). BIRC3, an inhibitor of apoptosis protein by inhibiting
caspases cascade, serves as a putative biomarker for patients
with oesophageal adenocarcinoma (64) and is associated with
therapeutic resistance in glioblastoma and breast cancer cells
(65, 66). CSF2RB is the common beta chain receptor for the GM-
CSF, IL-3, and IL-5 activation (67) and a rare genetic variant of
CSF2RB (rs16997517) is related to a decreased risk of squamous
cell cervical cancer (68). GZMB exists as cytoplasmic granules
in cytotoxic T cells and NK cells that directly kills the target
cells in a perforin-dependent manner (69). GZMB contributes
to the invasive and metastatic phenotypes in colorectal cancer
and urothelial carcinoma (70, 71). A lower level of GZMB is
associated with shorter relapse-free survival of TNBC patients,
whereas a higher level of GZMB is associated with improved
cancer-specific survival of colorectal cancer patients (72, 73).
HCLS1 is expressed mainly in hematopoietic cells (74), which
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regulates the migration of leukemic cells and may be a promising
target for the treatment of chronic lymphocytic leukemia (75, 76).
LCP2 acts as a substrate to activate the T cell antigen receptor
signaling pathway and is expressed in chronic lymphocytic
leukemia cells (77). SELL is expressed in inflammatory cells
including T cells and B cells and serves as a biomarker to
predict the metastatic risk of high-grade urothelial carcinoma
(78). GIMAP7 belongs to the GTP-binding superfamily and the
prognostic role of GIMAP7 in cancer has not been explored
yet. Nevertheless, all eight immune-related hub-genes seem to be
important because of the involvement of the immune response in
cancer patients.

To our knowledge, this is the first study to identify several
gene signatures that were closely related to the IB subtype of
TNBC. However, some limitations still exist. First, the detailed
clinical information of metastasis status was unavailable in
the validation dataset. Second, most TNBC datasets in the
public repository database lack clinically relevant information.
Therefore, the robustness of eight immune-related hub-genes
should be confirmed in prospective, multiple-center, large-
sample cohorts in the future. Practically, it is better to have
another independent study to validate our results.

In summary, eight immune-related genes as molecular
signatures are unveiled in the IM subtype of TNBC. These
immune-related genes are upregulated in the TNBC tissues and
cell lines as well as the IM subtype of patients, which are
associated with the survival and metastasis of TNBC, acting
as favorable factors for the survival of patients with TNBC.
We also reveal a positive correlation of the expression of eight
immune-related genes with the infiltration of immune cells
in TNBC. Moreover, eight immune-related genes have a close
relationship with checkpoint inhibitor genes such as PD-L1, PD-
1, and CTLA4, suggesting that TNBC patients in the IM subtype
may benefit from checkpoint inhibitor therapies. Large-scale
TNBC genomics research and subsequently functional studies are
required in the future.
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