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Abstract: CD8 T cell is an essential component of tumor-infiltrating lymphocytes (TIL) and tumor
immune microenvironment (TIME). Using the xCell CD8 T cell score of whole tumor gene expression
data, we estimated these cells in total of 3837 breast cancer patients from TCGA, METABRIC
and various GEO cohorts. The CD8 score correlated strongly with expression of CD8 genes.
The score was highest for triple-negative breast cancer (TNBC), and a high score was associated
with high tumor immune cytolytic activity and better survival in TNBC but not other breast cancer
subtypes. In TNBC, tumors with a high CD8 score had enriched expression of interferon (IFN)-α
and IFN-γ response and allograft rejection gene sets, and greater infiltration of anti-cancerous
immune cells. The score strongly correlated with CD4 memory T cells in TNBC, and tumors with
both a high CD8 score and high CD4 memory T cell abundance had significantly better survival.
Finally, a high CD8 score was significantly associated with high expression of multiple immune
checkpoint molecules. In conclusion, a high CD8 T cell score is associated with better survival in
TNBC, particularly when tumor CD4 memory T cells were elevated. Our findings also suggest a
possible use of the score as a predictive biomarker for response to immune checkpoint therapy.

Keywords: biomarker; CD4 memory T cells; CD8 T cells; cytolytic activity; immune cell;
tumor immune microenvironment; tumor infiltrating lymphocyte; triple negative breast cancer;
survival analysis; xCell

1. Introduction

The tumor immune microenvironment (TIME) plays a critical role in tumor progression, response
to therapeutics, and prognosis in several cancers [1], including breast cancer [2,3]. Tumor-infiltrating
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lymphocytes (TIL) are one of the major components of TIME, and the density and types of
lymphocytes in the TIL fraction of a tumor have marked prognostic associations in breast cancer [4,5].
This is particularly the case for triple-negative breast cancer (TNBC), which has the greatest number of
TILs [3,5]. TNBC has a worse prognosis than other breast cancer subtypes due to its aggressive clinical
behavior and lack of molecular targets for therapy [6,7]. Recently, TIL has been reported not only
as a prognostic indicator but also a predictive biomarker for pathological complete response (pCR)
following neoadjuvant chemotherapy (NAC), which is considered an important surrogate to predict
the long-term clinical outcome for TNBC patients [5,8]. Loi et al. showed that TIL was associated with
reduced risk of death in 2009 TNBC patients [5], and Denkert et al. showed a positive association
between TILs and response to NAC, including the achievement of pCR in TNBC, in 1000 breast cancer
patients [9]. Another study has reported similar results [10].

CD8 T cells are an important immune cell in TIL. Baker et al. reported a prognostic significance of
CD8 T cells in estrogen receptor (ER)-negative breast cancer, but not in ER-positive cancer in a study of
1854 patients [8]. In addition to CD8, the importance of another subtype of immune cells such as CD4
T cell and macrophage has also been reported. For example, increased CD4 and CD8 T cell abundance
in TIL is associated with better survival outcomes [11,12]. Nonetheless, the literature regarding the
characterization of TIL and their prognostic utility in breast cancer has been conflicting [13,14].
One explanation for this inconsistency is the variability in the methods and criteria used to quantify
TIL. TIL is typically measured by hematoxylin-eosin (H&E) staining and immunohistochemistry
(IHC) for research purpose, which are the recommendations of the TILs Working Group [15–17].
However, inter-observer variation between examining pathologists is still deemed too large for TIL
evaluation to be used in routine clinical practice [18]. Consequently, numerous studies have investigated
various methodologies to quantify TIL, such as H&E assessment [9,19,20], IHC [21], and mRNA
expression profiling [22,23], to identify an accurate and efficient method that can be reliably used
across multiple studies.

Our group and others have reported the association of cancers with features of TIME, estimated
from transcriptome data of bulk tumors by computational algorithms [24–31]. The xCell algorithm
was used to estimate 64 immune and stromal cell types using gene signature profiles unique to
each cell type [32]. The scores allow comparison of the estimated number of immune cells between
samples, and their utility has been validated by others [33,34]. We have reported that a fibroblast score,
calculated by xCell algorithm from transcriptome data [32], predicted a worse outcome in pancreatic
cancer patients [35]. We also found that adipocytes in the TIME of breast cancer were associated with
metastatic and inflammation-related pathways, particularly in ER-positive/human epidermal growth
factor receptor 2 (HER2)-negative breast cancer [36].

Here, we hypothesize that CD8 T cells are associated with better clinical outcome, such as survival
and response to treatment. We test this hypothesis using the xCell-gene-signature-based method to
infer CD8 T cell abundance in the tumor of large cohorts with publicly available data—The Cancer
Genome Atlas (TCGA), Molecular Taxonomy of Breast Cancer International Consortium (METABRIC),
and multiple Gene Expression Omnibus (GEO) cohorts.

2. Results

2.1. CD8 T Cell Score Is Associated with Clinical Aggressiveness in Breast Cancer

We analyzed the gene expression of bulk tumors using the xCell algorithm [32] to quantify CD8 T
cells abundance as the xCell CD8 T cell score. The genes that xCell uses for scoring CD8 T cells are
listed in Table S1. To establish the accuracy of this scoring method, we examined if the CD8 T cell
score correlates with expression of the CD8 T cell surface marker genes, CD8A and CD8B. The CD8
score significantly correlated with the expression of both CD8A and CD8B in TCGA (Figure 1A;
CD8A: r = 0.58 and CD8B: r = 0.52, both p < 0.01) as well as the METABRIC cohort (Figure 1A;
CD8A: r = 0.86, CD8B: r = 0.51, both p < 0.01).
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Figure 1. Association of CD8 T cells score with CD8A and CD8B gene expression and clinical 
aggressiveness in The Cancer Genome Atlas (TCGA) and Molecular Taxonomy of Breast Cancer 
International Consortium (METABRIC) cohorts. (A) Correlation between CD8 score and CD8A and 
CD8B gene expressions in both cohorts. Spearman correlation statistics was used for the analysis. * p 
< 0.01. (B) Boxplots of the CD8 score by AJCC cancer staging, Nottingham pathological grade, and 
comparison of low and high CD8 score groups with MKI67 gene expression in both cohorts. 
One-way ANOVA was used to calculate p value. A median of the CD8 T cells score was used to 
divide patients into low and high score groups. 

Next, we examined if the CD8 score has any relationship with the clinical aggressiveness of 
breast cancer. Although there was no relationship between the score and the American Joint 
Committee on Cancer (AJCC) stage of tumors, the CD8 score was uniformly higher among tumors of 
higher Nottingham pathological grade in both cohorts (Figure 1B; both p < 0.001). Further, when 
tumors were dichotomized to high and low groups using the score’s median value for the cohort, 
MKI67 gene expression was higher among high compared to low CD8 score tumors in both TCGA 
and METABRIC cohorts (Figure 1B; both p < 0.001). Overall, these results suggest that the CD8 score 
is associated with cancer cell proliferation. 
  

Figure 1. Association of CD8 T cells score with CD8A and CD8B gene expression and clinical
aggressiveness in The Cancer Genome Atlas (TCGA) and Molecular Taxonomy of Breast Cancer
International Consortium (METABRIC) cohorts. (A) Correlation between CD8 score and CD8A and
CD8B gene expressions in both cohorts. Spearman correlation statistics was used for the analysis.
* p < 0.01. (B) Boxplots of the CD8 score by AJCC cancer staging, Nottingham pathological grade,
and comparison of low and high CD8 score groups with MKI67 gene expression in both cohorts.
One-way ANOVA was used to calculate p value. A median of the CD8 T cells score was used to divide
patients into low and high score groups.

Next, we examined if the CD8 score has any relationship with the clinical aggressiveness of breast
cancer. Although there was no relationship between the score and the American Joint Committee
on Cancer (AJCC) stage of tumors, the CD8 score was uniformly higher among tumors of higher
Nottingham pathological grade in both cohorts (Figure 1B; both p < 0.001). Further, when tumors
were dichotomized to high and low groups using the score’s median value for the cohort, MKI67 gene
expression was higher among high compared to low CD8 score tumors in both TCGA and METABRIC
cohorts (Figure 1B; both p < 0.001). Overall, these results suggest that the CD8 score is associated with
cancer cell proliferation.
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2.2. CD8 T Cell Score Is Highest in Triple Negative Breast Cancer (TNBC) Subtype, and TNBC Patients with
High Score Have Better Survival

Since the degree of lymphocyte infiltration is known to differ between breast cancer subtypes, we
investigated the distribution of the CD8 score among various subtype. In both TCGA and METABRIC
cohorts, the CD8 score was significantly higher in TNBC subtype in which ER/PR/HER2 status was
determined by IHC (Figure 2A; both p < 0.001), as well as in the basal subtype of PAM50 gene
expression-based classification (p = 0.003, and p < 0.001, respectively).
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Figure 2. Association of CD8 T cells’ score and subtypes with neoadjuvant treatment
chemotherapy (NAC) response and survival within each subtype. (A) Boxplots of the CD8 score
by immunohistochemistry (IHC) determined subtype and PAM50 classification in the TCGA and
METABRIC cohorts. One-way ANOVA was used to calculate p value. (B) Bar plots of the pathological
complete response (pCR) rate between low- and high CD8 score in TNBC and estrogen receptor
(ER)-positive/HER2-negative in the GSE20194 (n = 197), GSE25066 (n = 467), and GSE32646 (n = 115)
breast cancer cohorts that underwent neoadjuvant chemotherapy (NAC). Fisher’s test was used to
calculate p value. (C) Disease-Specific Survival (DSS) of CD8 score low (blue line) and high (red
line) within each subtype; TNBC, ER-positive/HER2-negative, and HER2-positive, in the TCGA and
METABRIC cohorts. Kaplan–Meier survival curves with log-rank test were used for the analysis.
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We next examined the association of the CD8 score with clinical outcomes, including treatment
response to NAC and Disease-Specific Survival (DSS). Surprisingly, the score was not associated
with pCR rate after NAC in TNBC or in ER-positive/HER2-negative breast cancer in the GSE20194,
GSE25066, and GSE32646 cohorts (Figure 2B). On the other hand, high CD8 score TNBC was significantly
associated with better survival consistently in both TCGA and METABRIC cohorts (p = 0.025 and
p = 0.002, respectively), whereas there was no association in either ER-positive/HER2-negative or
HER2-positive subtype (Figure 2C). Taken together, these findings show that the CD8 score is highest
in TNBC, and that a high CD8 score is significantly associated with better survival in TNBC, but no
other subtypes. Additionally, given that TNBC is a highly proliferative subtype, it was of interest
to investigate whether CD8 score can predict the survival of highly proliferative ER-positive breast
cancer, including the luminal B subtype. To this end, we compared the survival by CD8 score levels
in ER-positive breast cancer with high vs. low proliferation (MKI67 expression) and luminal A vs. B
in TCGA and METABRIC cohorts. As shown in Figure S1, we found that there was no significant
difference in DSS in any of the groups in both cohorts (Figure S1).

2.3. CD8 T Cell Score Correlates with CD8A and CD8B Gene Expression, but Not Cell Proliferation in TNBC

Given that TNBC was the only subtype where CD8 score had survival relevance, it was of interest
to investigate the tumor features that the CD8 score was associated with in TNBC. In both TCGA and
METABRIC, the correlation of the score with CD8A and CD8B gene expression was much stronger
in TNBC compared to the whole cohort (Figure 3A; CD8A: r = 0.726, and 0.896, CD8B: r = 0.694,
and = 0.600, respectively, all p < 0.01). Unlike in the whole breast cancer cohort (Figure 1), the score
was not associated with Nottingham pathological grade or MKI67 expression in the TNBC of either
cohort (Figure 3B). These results suggest that the CD8 score reflects CD8 cell infiltration strongly in
TNBC; however, it does not correlate with cell proliferation in this subtype.
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Figure 3. Association of CD8 T cells score with CD8A and CD8B gene expression and clinical
aggressiveness of TNBC in TCGA and METABRIC cohorts. (A) Correlation between CD8 score and
CD8A and CD8B gene expressions in TNBC of both cohorts. Spearman correlation statistics is used
for the analysis. * p < 0.01. (B) Boxplots of the CD8 T cells score by Nottingham pathological grade,
and comparisons between low and high CD8 score group with MKI67 gene expression of TNBC in
both cohorts. One-way ANOVA was used to calculate p value.
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2.4. TNBC Tumors with High CD8 T Cell Score Have Elevated Immune Activity

In order to possibly obtain an insight into the biological basis for the association of a high
CD8 score with improved survival in TNBC, we utilized gene set enrichment analysis (GSEA) to
compare the transcriptomes of high- and low-score tumors at the level of MSigDb Hallmark gene sets.
TNBC with a high CD8 score had significantly enriched expression of interferon (IFN)-α response and
IFN-γ response, as well as allograft rejection gene sets in both cohorts (Figure 4A; normalized enrichment
score (NES) = 1.47, NES = 1.43, and NES = 1.58; false discovery rate (FDR) = 0.16, FDR = 0.15,
and FDR = 0.08 in TCGA, NES = 1.65, NES = 1.73, and NES = 1.81, all FDR < 0.001 in METABRIC
cohort, respectively).
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Figure 4. Gene Set Enrichment Analysis (GSEA) with the MSigDb Hallmark gene sets to high CD8
T cells score TNBC, association with multiple immune related scores, and correlation with cytolytic
activity score (CYT) in TCGA and METABRIC cohorts. (A) GSEA of Hallmark IFN-α response, IFN-γ
response, and Allograft rejection gene sets to high CD8 score TNBC in both cohorts, along with
normalized enrichment score (NES) and false discovery rate (FDR). The statistical significance of GSEA
was determined as FDR < 0.25. (B) Boxplots of comparison between low- and high-CD8 T cell score
groups with immune-related scores; Leukocyte fraction, Lymphocyte infiltration, tumor infiltrating
leukocyte (TIL) regional fraction, T cell receptor (TCR) and B cell receptor (BCR) richness score.
(C) Correlation plots of CD8 score with CYT with spearman r and p value in both cohorts. * p < 0.01.
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Given that TNBC tumors with a high CD8 score had enriched expression for cancer
immunity-related gene sets, we investigated the relationship between the CD8 score and several
immune-related features of tumors of the TCGA cohort. These features were previously quantified by
Thorsson et al. [37]. The analyses revealed that TNBC tumors with a high CD8 score had significantly
increased levels of leukocyte fraction, lymphocyte infiltration, TIL regional fraction, and T cell receptor
(TCR), as well as B cell receptor (BCR) richness (Figure 4B, all p < 0.001). Furthermore, the CD8
score was highly correlated with the tumor immune cytolytic activity score (CYT), which was defined
by granzyme A and perforin expression, in the TNBC of both TCGA and METABRIC cohorts
(Figure 4C; r = 0.650 and = 0.792, respectively, both p < 0.01). These results suggest that the CD8 score
reflected immune-cell-mediated cancer cell killing in the tumor microenvironment.

2.5. CD8 T Cell Score in TNBC Correlates with Infiltration by Anti-Cancer Immune Cells but Not Mutation or
Neoantigen Load

TIL is known to be attracted to tumors with a high mutation load because of their increased
neoantigenicity [38]. To this end, we investigated whether CD8 T cell score associated with the mutation
and/or neoantigen load of TNBC tumors, the measures of which were obtained from the study of
Thorsson et al. [37] for the TCGA cohort. We found that the CD8 score in TNBC was not associated
with any of the measurements of either mutation or neoantigen burden (Figure 5A; all p > 0.05).
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Figure 5. Mutation and neoantigen load as well as tumor infiltrating immune cell compositions
by low and high CD8 T cells score of TNBC in the TCGA and METABRIC cohorts. Boxplots
of comparison between low and high CD8 score groups with (A) mutation and neoantigen load
scores; Fraction altered, single-nucleotide variant (SNV) and indel neoantigens, silent and non-silent
mutation rate scores, and (B) Boxplots of comparison between low and high CD8 T cells score groups
with infiltrating immune cell compositions using xCell algorithm. Anti-cancerous immune cells;
CD4 memory T cells, T helper 1 cells (Th1), M1 macrophages, and B cells. Pro-cancerous immune
cells; Regulatory T cells, T helper cells (Th2), and M2 macrophages. One-way ANOVA was
used to calculate p value.
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Next, we studied the difference in the immune cell compositions of high compared to low CD8
score TNBC tumors of the TCGA and METABRIC cohorts. The xCell algorithm was used to estimate
the abundance of various types of immune cells. We found that in both cohorts, high CD8 score
TNBC tumors were highly infiltrated with anti-cancerous immune cells (CD4 memory T cells,
M1 macrophages, and B cells) (Figure 5B; all p < 0.001). There was no consistent association
between the CD8 score and abundance of pro-cancerous immune cells. For regulatory T cells
(Tregs), T helper 2 cells (Th2), and M2 macrophages, there was no significant association in the TCGA
cohort, but high CD8 score TNBC tumors of METABRIC cohort had a high amount of Treg and Th2
cells (both p < 0.001). These findings suggest that high CD8 score TNBC tumors have a high infiltration
of anti-cancerous immune cells, even though their mutation or neoantigen load is similar to low CD8
score TNBC tumors.

2.6. High CD8 T Cell Score Accompanied by High CD4 Memory T Cell Infiltration Is Associated with Better
Survival in TNBC

Among the anti-cancerous immune cells whose levels were increased in high CD8 score TNBC
tumors, the abundance of CD4 memory T cells had a strong correlation with the score in both TCGA and
METABRIC cohorts (Figure 6A; CD4 memory T cells; r = 0.72, and r = 0.80, respectively). Interestingly,
high CD8 score TNBC tumors with high CD4 memory T cells had significantly better disease-free
survival (DFS) and overall survival (OS) in the TCGA cohort (Figure 6B; p = 0.063 in DSS, p = 0.013
in DFS, and p = 0.008 in OS). This association of CD4 memory T cell abundance with survival was
not observed for the low CD8 score TNBC tumors (Figure 6C; p = 0.301 in DSS, p = 0.463 in DFS,
and p = 0.403 in OS). Thus, in TNBC, patients with a high infiltration of tumors by both CD4
memory T cells and CD8 T cells have better survival.
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of the TCGA and METABRIC cohorts. Spearman’s rank correlation critical value was used
to the analysis. * p < 0.01. Kaplan–Meier plots of disease-specific (DSS), disease-free (DFS),
and overall (OS) survival between low (blue) and high (red) CD4 memory T cell score groups in
(B) high- or (C) low-CD8 score groups with log-rank p value. (D) Comparison of low and high
CD8 T cells score groups in gene expression of immune checkpoint molecules in the TCGA and
METABRIC cohorts. The one-way ANOVA was used to calculate p values. CTLA4, cytotoxic
T-lymphocyte-associated protein 4; IDO1/2, indoleamine dioxygenase 1/2; LAG3, lymphocyte activation
gene 3; PD-1, programmed death-1; PD-L1/2, programmed death ligand 1/2; TIGIT, tyrosine-based
inhibitory motif domain.

We also found that in both TCGA and METABRIC cohorts, TNBC tumors with a
high CD8 T cell score have significantly elevated expression of multiple immune checkpoint
molecules—programmed cell death 1 (PD-1), programmed death ligand 1 (PD-L1) and 2 (PD-L2),
cytotoxic T-lymphocyte-associated protein 4 (CTLA4), indoleamine dioxygenase 1 (IDO1) and 2 (IDO2),
lymphocyte activation gene 3 (LAG3) and tyrosine-based inhibitory motif domain (TIGIT) (Figure 6D).
These findings suggest that the CD8 score may have a potential utility as a predictive biomarker for
the treatment of breast cancer with immune checkpoint inhibitors.

3. Discussion

To examine the clinical relevance of CD8 TIL in breast cancer, we applied the xCell algorithm to
bulk tumor transcriptomes to quantify the CD8 T cell score of tumors of multiple cohorts of breast
cancer patients. The score correlated with the expression level of CD8 T cell-related genes, as expected,
and it was highest in the TNBC subtypes of breast cancer compared to others in both the TCGA and
METABRIC cohorts. A high CD8 score was significantly associated with better survival in TNBC but
not in other subtypes, though the score had no association with pCR rate after NAC for any subtype.
A high CD8 score TNBC was enriched for IFN-α and IFN-γ as well as allograft rejection gene sets,
and had an increased immune cytolytic activity (CYT) score in both cohorts. However, the score
was not associated with tumor mutation or neoantigen burden. The score strongly correlated with
CD4 memory T cells in TNBC, and tumors with both a high CD8 score and high CD4 memory T cell
abundance had significantly better survival. Finally, a high CD8 score was significantly associated
with high expression of multiple immune checkpoint molecules.

The mainstays of analyzing immune cells are IHC and flow cytometry. However, the evaluation
of immune cells by IHC may vary greatly depending on the site or observer. The flow cytometry
of fresh human tumor samples in clinical setting is also difficult, and labor- and cost-intensive.
With the improvement in sequencing technology in recent years, research on immune cells using
whole-tumor transcriptomic data has become very common [39–46]. In the current study, the prognostic
utility of CD8 score is consistent with the fact that the effect of CD8 T cells is more powerful in TNBC,
and abundant TIL contribute to the better clinical outcome in TNBC [8]. Furthermore, high CD8 score
TNBC tumors were also found to have high immunoreactivity.

In breast cancer, TILs are largely composed of CD8, and to a lesser extent, CD4 T cells, regulatory
T cells, macrophages, mast cells, and plasma cells [47]. CD8 T cells, CD4 T cells, and regulatory T cells
are the main players for immune surveillance and tolerance and they highly correlate with each other in
TIME [48]. CD8 T cells lyse and clear cancer cells directly, but after being primed by CD4 T cells [11,12,49]
and the crosstalk of these T lymphocytes is part of the cancer immune cycle [50]. Increased CD4 T cell
infiltration has been reported to be associated with better survival outcomes, and Matsumoto et al.
demonstrated that an increase in both CD4 and CD8 T cells signified good prognosis in TNBC [51].
Our current study, which used transcriptome to quantify CD8 and CD4 cells, completely echoed these
results, which showed that our CD8 T cell score is a valid tool to estimate the number of CD8 cells
in a clinical setting. On the other hand, regulatory T cells, which constitute 5–10% of CD4 T cells,
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suppress the proliferation and cytokine production of CD8 T cells [52], and Suzuki et al. reported that
not the number of CD8 cells or regulatory T cells, but CD8/regulatory T cell ratio alone correlated with
colorectal cancer patient survival [53]. Therefore, it may be of interest to study the clinical relevance of
regulatory T cells in breast cancer in the future. Finally, high densities of tumor-associated plasma cells
were reported as a predictive and prognostic factor in TNBC [54].

Although the CD8 score showed similarities with many reports, it did not associate with pCR
following NAC. It is known that the intensity of the tumoral immune response influences the
effectiveness of cancer therapy in TNBC [5,55]. Given the strong evidence that the amount of TIL
is associated with pCR after NAC [5,9,10], we speculate that the NAC response may be related to
immune cells other than CD8 T cells in TIL. Indeed, the previous studies identified TIL pathologically,
and did not identify the detailed types of lymphocytes. Campbell et al. reported that the level of
macrophage infiltration is predictive of NAC response [56]. To this end, it may be interesting to
investigate which immune cell closely associates with response to NAC in the future.

There was no association between CD8 score and mutation or neoantigen load in this study.
It is well known that tumors with a high tumor mutation burden produce a larger number of
neoantigens, making them more immunogenic [57]. On the other hand, it was argued that the
excess lymphocyte infiltration in breast cancers involving BRCA1 mutations is simply an exaggeration
of a phenotypic feature that has no bearing on disease progression [38]. Further investigation of the
mechanisms responsible for the accumulation of lymphocytes within breast cancers with regards to
tumor mutations and NAC response is warranted.

Currently, immunotherapy is only indicated for TNBC in breast cancer. After the results of
Impassion 130 trial, a PD-L1 inhibitor agent, atezolizumab, in combination with nab-paclitaxel therapy,
was approved by Food and Drug Administration for patients with locally advanced or metastatic
TNBC that shows PD-L1 expression in more than 1% of any cells [58]. KEYNOTE-522 is a phase
III study of NAC combined with pembrolizumab in patients with TNBC [59]. The trial reported a
significantly higher pCR rate in the pembrolizumab combined group than in the chemotherapy alone
group. Hypothetically, some believe that immune checkpoint inhibition on primary tumors exposes the
host immune cells to abundant tumor antigens compared from adjuvant setting, thus immunotherapy
may play an important role in NAC for TNBC and eventually become standard-of-care for a subset of
TNBCs. However, the challenge of this field is well-defined biomarkers for better patient selection.
Given that the high CD8 score TNBC tumors have significantly higher expression of multiple immune
checkpoint molecules, we cannot help but speculate that our CD8 T cell score may be a useful tool as a
biomarker of treatment response to immune checkpoint inhibitors.

While the current study has supplied much useful information concerning the prognostic utility
of the CD8 T cells score in TNBC, the study has several limitations that we acknowledged. The study
is a retrospective that used publicly available datasets. Our analyses are limited to the clinical
parameters, the quality, and exact spatial location of where the sample was taken by the original
authors. Furthermore, we also did not conduct any in vitro and in vivo experiments, and thus are
reliant on the current literature to understand the underlying mechanisms. Finally, prospective studies
to investigate whether patients selected by CD8 score respond to immune checkpoint inhibitors are
needed to establish the CD8 score as a predictive biomarker.

In conclusion, a high CD8 T cell score is significantly associated with better survival in TNBC,
particularly when CD4 memory T cells are elevated.

4. Materials and Methods

4.1. Tumor Immune Microenvironment Analysis

xCell algorithm [32] was used to examine whole-tumor gene expression data to score the
relative abundance across tumors of 64 types of immune and stromal cells, as we previously
described [30,35,36,45,46,60]. The CD8 T cell of xCell algorithm was used as the CD8 T cell score



Int. J. Mol. Sci. 2020, 21, 6968 11 of 16

in this study in the same manner as was done for fibroblast [35] and adipocyte [36] previously.
The genes that defined CD8 T cells are listed in Supplementary Table S1.

4.2. Clinical and Transcriptomic Data Collection for Breast Cancer Patients

In this study, 1065 patients of The Cancer Genome Atlas (TCGA)-BRCA [61], and 1903
patients of the Molecular Taxonomy of Breast Cancer International Consortium (METABRIC) [62]
were included. For both cohorts, normalized and log2-transformed gene expression data were
obtained from cBio Cancer Genomic Portal. We obtained the pathological grade data for the
TCGA tumors using Text Information extraction System (TIES) Cancer Research Network [63],
as described previously [64–67]. Further, in order to investigate the association of the CD8 T cell
score with the treatment response for neoadjuvant chemotherapy (NAC), clinical and transcriptomic
data of three cohorts—Shi et al. (GSE20194; n = 278) [68], Symmans et al. (GSE25066; n = 476) [69],
and Noguchi et al. (GSE32646; n = 115) [70]—were obtained from the Gene Expression Omnibus
(GEO) database. Probe-level expression values were summarized using mean to obtain gene
expression values. Given that the patient data used in this study, TCGA, METABRIC and GEO
cohorts, are all de-identified and are in the public domain, Institutional Review Board approval
was waived.

4.3. Gene Set Enrichment Analysis

To explore signaling pathways enrichment, Gene Set Enrichment Analysis (GSEA) [71] was
performed between low and high CD8 T cells score groups using GSEA Java software (https://www.
gsea-msigdb.org/gsea/index.jsp version 4.0) with MSigDb Hallmark gene sets [72]. A false discovery
rate (FDR) of less than 0.25 was used to deem statistical significance, as recommended by the GSEA.

4.4. Other Statistical Analyses

All analyses and data plotting were performed using R software (https://www.r-project.org/ version
4.0.1, R Project for Statistical Computing) and Microsoft Excel (version 16, Redmond, WA, USA) for
Windows. All depicted boxplots are of Tukey type, showing medians and inter-quartile ranges.
One-way analysis of variance (ANOVA) or Fisher’s exact tests were used to compare group means.
The within-cohort median of the CD8 T cell score was used to divide patients into low and high
groups. Survival among groups was compared using the Kaplan–Meier plot with the log-rank test.
A p value less than 0.05 was considered statistically significant.

5. Conclusions

In conclusion, a high CD8 T cell score is associated with improved survival of TNBC patients,
particularly in combination with CD4 memory T cells.

Supplementary Materials: Supplementary Materials can be found at http://www.mdpi.com/1422-0067/21/18/
6968/s1.
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Abbreviations

AJCC American Joint Committee on Cancer
DFS disease-free survival
DSS disease-specific survival
ER estrogen receptor
FDR false discovery rate
HER2 human epidermal growth factor receptor 2
METABRIC Molecular Taxonomy of Breast Cancer International Consortium
NES normalized enrichment score
OS overall survival
pCR pathological complete response
TCGA The Cancer Genome Atlas
TNBC triple negative breast cancer

References

1. Pagès, F.; Galon, J.; Dieu-Nosjean, M.C.; Tartour, E.; Sautès-Fridman, C.; Fridman, W.H. Immune infiltration
in human tumors: A prognostic factor that should not be ignored. Oncogene 2010, 29, 1093–1102. [CrossRef]

2. Katsuta, E.; Rashid, O.M.; Takabe, K. Clinical relevance of tumor microenvironment: Immune cells, vessels,
and mouse models. Hum. Cell 2020. [CrossRef] [PubMed]

3. Stovgaard, E.S.; Nielsen, D.; Hogdall, E.; Balslev, E. Triple negative breast cancer-prognostic role of
immune-related factors: A systematic review. Acta Oncol. 2018, 57, 74–82. [CrossRef] [PubMed]

4. Ibrahim, E.M.; Al-Foheidi, M.E.; Al-Mansour, M.M.; Kazkaz, G.A. The prognostic value of tumor-infiltrating
lymphocytes in triple-negative breast cancer: A meta-analysis. Breast Cancer Res. Treat. 2014, 148, 467–476.
[CrossRef] [PubMed]

5. Loi, S.; Michiels, S.; Salgado, R.; Sirtaine, N.; Jose, V.; Fumagalli, D.; Kellokumpu-Lehtinen, P.L.; Bono, P.;
Kataja, V.; Desmedt, C.; et al. Tumor infiltrating lymphocytes are prognostic in triple negative breast cancer
and predictive for trastuzumab benefit in early breast cancer: Results from the FinHER trial. Ann. Oncol.
2014, 25, 1544–1550. [CrossRef] [PubMed]

6. Aleskandarany, M.A.; Green, A.R.; Benhasouna, A.A.; Barros, F.F.; Neal, K.; Reis-Filho, J.S.; Ellis, I.O.;
Rakha, E.A. Prognostic value of proliferation assay in the luminal, HER2-positive, and triple-negative
biologic classes of breast cancer. Breast Cancer Res. 2012, 14, R3. [CrossRef] [PubMed]

7. De Laurentiis, M.; Cianniello, D.; Caputo, R.; Stanzione, B.; Arpino, G.; Cinieri, S.; Lorusso, V.; De Placido, S.
Treatment of triple negative breast cancer (TNBC): Current options and future perspectives. Cancer Treat. Rev.
2010, 36 (Suppl. 3), S80–S86. [CrossRef]

8. Baker, K.; Lachapelle, J.; Zlobec, I.; Bismar, T.A.; Terracciano, L.; Foulkes, W.D. Prognostic significance of
CD8+ T lymphocytes in breast cancer depends upon both oestrogen receptor status and histological grade.
Histopathology 2011, 58, 1107–1116. [CrossRef]

9. Denkert, C.; von Minckwitz, G.; Brase, J.C.; Sinn, B.V.; Gade, S.; Kronenwett, R.; Pfitzner, B.M.; Salat, C.;
Loi, S.; Schmitt, W.D.; et al. Tumor-infiltrating lymphocytes and response to neoadjuvant chemotherapy with
or without carboplatin in human epidermal growth factor receptor 2-positive and triple-negative primary
breast cancers. J. Clin. Oncol. 2015, 33, 983–991. [CrossRef]

10. Ono, M.; Tsuda, H.; Shimizu, C.; Yamamoto, S.; Shibata, T.; Yamamoto, H.; Hirata, T.; Yonemori, K.; Ando, M.;
Tamura, K.; et al. Tumor-infiltrating lymphocytes are correlated with response to neoadjuvant chemotherapy
in triple-negative breast cancer. Breast Cancer Res. Treat. 2012, 132, 793–805. [CrossRef]

11. Bos, R.; Marquardt, K.L.; Cheung, J.; Sherman, L.A. Functional differences between low- and high-affinity
CD8(+) T cells in the tumor environment. Oncoimmunology 2012, 1, 1239–1247. [CrossRef]

12. Bos, R.; Sherman, L.A. CD4+ T-cell help in the tumor milieu is required for recruitment and cytolytic function
of CD8+ T lymphocytes. Cancer Res. 2010, 70, 8368–8377. [CrossRef]

13. Mahmoud, S.M.; Paish, E.C.; Powe, D.G.; Macmillan, R.D.; Grainge, M.J.; Lee, A.H.; Ellis, I.O.;
Green, A.R. Tumor-infiltrating CD8+ lymphocytes predict clinical outcome in breast cancer. J. Clin. Oncol.
2011, 29, 1949–1955. [CrossRef] [PubMed]

http://dx.doi.org/10.1038/onc.2009.416
http://dx.doi.org/10.1007/s13577-020-00380-4
http://www.ncbi.nlm.nih.gov/pubmed/32507979
http://dx.doi.org/10.1080/0284186X.2017.1400180
http://www.ncbi.nlm.nih.gov/pubmed/29168430
http://dx.doi.org/10.1007/s10549-014-3185-2
http://www.ncbi.nlm.nih.gov/pubmed/25361613
http://dx.doi.org/10.1093/annonc/mdu112
http://www.ncbi.nlm.nih.gov/pubmed/24608200
http://dx.doi.org/10.1186/bcr3084
http://www.ncbi.nlm.nih.gov/pubmed/22225836
http://dx.doi.org/10.1016/S0305-7372(10)70025-6
http://dx.doi.org/10.1111/j.1365-2559.2011.03846.x
http://dx.doi.org/10.1200/JCO.2014.58.1967
http://dx.doi.org/10.1007/s10549-011-1554-7
http://dx.doi.org/10.4161/onci.21285
http://dx.doi.org/10.1158/0008-5472.CAN-10-1322
http://dx.doi.org/10.1200/JCO.2010.30.5037
http://www.ncbi.nlm.nih.gov/pubmed/21483002


Int. J. Mol. Sci. 2020, 21, 6968 13 of 16

14. Liu, F.; Lang, R.; Zhao, J.; Zhang, X.; Pringle, G.A.; Fan, Y.; Yin, D.; Gu, F.; Yao, Z.; Fu, L. CD8+ cytotoxic T
cell and FOXP3+ regulatory T cell infiltration in relation to breast cancer survival and molecular subtypes.
Breast Cancer Res. Treat. 2011, 130, 645–655. [CrossRef] [PubMed]

15. Hendry, S.; Salgado, R.; Gevaert, T.; Russell, P.A.; John, T.; Thapa, B.; Christie, M.; van de Vijver, K.;
Estrada, M.V.; Gonzalez-Ericsson, P.I.; et al. Assessing tumor-infiltrating Lymphocytes in solid tumors:
A practical review for pathologists and proposal for a standardized method from the international
immunooncology biomarkers working group: Part 1: Assessing the host immune response, TILs in
invasive breast carcinoma and ductal carcinoma In Situ, metastatic tumor deposits and areas for further
research. Adv. Anat. Pathol. 2017, 24, 235–251. [CrossRef] [PubMed]

16. Hendry, S.; Salgado, R.; Gevaert, T.; Russell, P.A.; John, T.; Thapa, B.; Christie, M.; van de Vijver, K.;
Estrada, M.V.; Gonzalez-Ericsson, P.I.; et al. Assessing tumor-infiltrating lymphocytes in solid tumors:
A practical review for pathologists and proposal for a standardized method from the international
immuno-oncology biomarkers working group: Part 2: TILs in melanoma, gastrointestinal tract carcinomas,
non-small cell lung carcinoma and mesothelioma, endometrial and ovarian carcinomas, squamous cell
carcinoma of the head and neck, genitourinary carcinomas, and primary brain tumors. Adv. Anat. Pathol.
2017, 24, 311–335. [CrossRef] [PubMed]

17. Dieci, M.V.; Radosevic-Robin, N.; Fineberg, S.; van den Eynden, G.; Ternes, N.; Penault-Llorca, F.; Pruneri, G.;
D’Alfonso, T.M.; Demaria, S.; Castaneda, C.; et al. Update on tumor-infiltrating lymphocytes (TILs) in
breast cancer, including recommendations to assess TILs in residual disease after neoadjuvant therapy and
in carcinoma in situ: A report of the international immuno-oncology biomarker working group on breast
cancer. Semin. Cancer Biol. 2018, 52, 16–25. [CrossRef]

18. Denkert, C.; Wienert, S.; Poterie, A.; Loibl, S.; Budczies, J.; Badve, S.; Bago-Horvath, Z.; Bane, A.; Bedri, S.;
Brock, J.; et al. Standardized evaluation of tumor-infiltrating lymphocytes in breast cancer: Results of the ring
studies of the international immuno-oncology biomarker working group. Mod. Pathol. 2016, 29, 1155–1164.
[CrossRef] [PubMed]

19. Salgado, R.; Denkert, C.; Demaria, S.; Sirtaine, N.; Klauschen, F.; Pruneri, G.; Wienert, S.; Van den Eynden, G.;
Baehner, F.L.; Penault-Llorca, F.; et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast
cancer: Recommendations by an International TILs Working Group 2014. Ann. Oncol. 2015, 26, 259–271.
[CrossRef]

20. Adams, S.; Gray, R.J.; Demaria, S.; Goldstein, L.; Perez, E.A.; Shulman, L.N.; Martino, S.; Wang, M.; Jones, V.E.;
Saphner, T.J.; et al. Prognostic value of tumor-infiltrating lymphocytes in triple-negative breast cancers from
two phase III randomized adjuvant breast cancer trials: ECOG 2197 and ECOG 1199. J. Clin. Oncol. 2014, 32,
2959–2966. [CrossRef]

21. Ali, H.R.; Provenzano, E.; Dawson, S.J.; Blows, F.M.; Liu, B.; Shah, M.; Earl, H.M.; Poole, C.J.; Hiller, L.;
Dunn, J.A.; et al. Association between CD8+ T-cell infiltration and breast cancer survival in 12,439 patients.
Ann. Oncol. 2014, 25, 1536–1543. [CrossRef] [PubMed]

22. West, N.R.; Milne, K.; Truong, P.T.; Macpherson, N.; Nelson, B.H.; Watson, P.H. Tumor-infiltrating
lymphocytes predict response to anthracycline-based chemotherapy in estrogen receptor-negative breast
cancer. Breast Cancer Res. 2011, 13, R126. [CrossRef] [PubMed]

23. Gentles, A.J.; Newman, A.M.; Liu, C.L.; Bratman, S.V.; Feng, W.; Kim, D.; Nair, V.S.; Xu, Y.; Khuong, A.;
Hoang, C.D.; et al. The prognostic landscape of genes and infiltrating immune cells across human cancers.
Nat. Med. 2015, 21, 938–945. [CrossRef] [PubMed]

24. Katsuta, E.; Maawy, A.A.; Yan, L.; Takabe, K. High expression of bone morphogenetic protein (BMP) 6 and
BMP7 are associated with higher immune cell infiltration and better survival in estrogen receptor-positive
breast cancer. Oncol. Rep. 2019, 42, 1413–1421. [CrossRef] [PubMed]

25. Okano, M.; Oshi, M.; Butash, A.L.; Katsuta, E.; Tachibana, K.; Saito, K.; Okayama, H.; Peng, X.; Yan, L.;
Kono, K.; et al. Triple-negative breast cancer with high levels of annexin A1 expression is associated with
mast cell infiltration, inflammation, and angiogenesis. Int. J. Mol. Sci. 2019, 20, 4197. [CrossRef]

26. Narayanan, S.; Kawaguchi, T.; Peng, X.; Qi, Q.; Liu, S.; Yan, L.; Takabe, K. Tumor infiltrating lymphocytes
and macrophages improve survival in microsatellite unstable colorectal cancer. Sci. Rep. 2019, 9, 13455.
[CrossRef]

http://dx.doi.org/10.1007/s10549-011-1647-3
http://www.ncbi.nlm.nih.gov/pubmed/21717105
http://dx.doi.org/10.1097/pap.0000000000000162
http://www.ncbi.nlm.nih.gov/pubmed/28777142
http://dx.doi.org/10.1097/pap.0000000000000161
http://www.ncbi.nlm.nih.gov/pubmed/28777143
http://dx.doi.org/10.1016/j.semcancer.2017.10.003
http://dx.doi.org/10.1038/modpathol.2016.109
http://www.ncbi.nlm.nih.gov/pubmed/27363491
http://dx.doi.org/10.1093/annonc/mdu450
http://dx.doi.org/10.1200/JCO.2013.55.0491
http://dx.doi.org/10.1093/annonc/mdu191
http://www.ncbi.nlm.nih.gov/pubmed/24915873
http://dx.doi.org/10.1186/bcr3072
http://www.ncbi.nlm.nih.gov/pubmed/22151962
http://dx.doi.org/10.1038/nm.3909
http://www.ncbi.nlm.nih.gov/pubmed/26193342
http://dx.doi.org/10.3892/or.2019.7275
http://www.ncbi.nlm.nih.gov/pubmed/31524275
http://dx.doi.org/10.3390/ijms20174197
http://dx.doi.org/10.1038/s41598-019-49878-4


Int. J. Mol. Sci. 2020, 21, 6968 14 of 16

27. Asaoka, M.; Ishikawa, T.; Takabe, K.; Patnaik, S.K. APOBEC3-mediated RNA editing in breast cancer
is associated with heightened immune activity and improved survival. Int. J. Mol. Sci. 2019, 20, 5621.
[CrossRef]

28. Asaoka, M.; Patnaik, S.K.; Zhang, F.; Ishikawa, T.; Takabe, K. Lymphovascular invasion in breast cancer
is associated with gene expression signatures of cell proliferation but not lymphangiogenesis or immune
response. Breast Cancer Res. Treat. 2020, 181, 309–322. [CrossRef]

29. Gandhi, S.; Elkhanany, A.; Oshi, M.; Dai, T.; Opyrchal, M.; Mohammadpour, H.; Repasky, E.A.; Takabe, K.
Contribution of immune cells to glucocorticoid receptor expression in breast cancer. Int. J. Mol. Sci.
2020, 21, 4635. [CrossRef]

30. Oshi, M.; Takahashi, H.; Tokumaru, Y.; Yan, L.; Rashid, O.M.; Nagahashi, M.; Matsuyama, R.; Endo, I.;
Takabe, K. The E2F pathway score as a predictive biomarker of response to neoadjuvant therapy in ER+/HER2-
breast cancer. Cells 2020, 9, 1643. [CrossRef]

31. Takahashi, H.; Kawaguchi, T.; Yan, L.; Peng, X.; Qi, Q.; Morris, L.G.T.; Chan, T.A.; Tsung, A.; Otsuji, E.;
Takabe, K. Immune cytolytic activity for comprehensive understanding of immune landscape in hepatocellular
carcinoma. Cancers 2020, 12, 1221. [CrossRef] [PubMed]

32. Aran, D.; Hu, Z.; Butte, A.J. xCell: Digitally portraying the tissue cellular heterogeneity landscape. Genome Biol.
2017, 18, 220. [CrossRef]

33. Li, T.; Fu, J.; Zeng, Z.; Cohen, D.; Li, J.; Chen, Q.; Li, B.; Liu, X.S. TIMER2.0 for analysis of tumor-infiltrating
immune cells. Nucleic Acids Res. 2020, 48, W509–W514. [CrossRef] [PubMed]

34. Miao, Y.R.; Zhang, Q.; Lei, Q.; Luo, M.; Xie, G.Y.; Wang, H.; Guo, A.Y. ImmuCellAI: A unique method for
comprehensive T-Cell subsets abundance prediction and its application in cancer immunotherapy. Adv. Sci.
2020, 7, 1902880. [CrossRef] [PubMed]

35. Katsuta, E.; Rashid, O.M.; Takabe, K. Fibroblasts as a biological marker for curative resection in pancreatic
ductal adenocarcinoma. Int. J. Mol. Sci. 2020, 21, 3890. [CrossRef] [PubMed]

36. Tokumaru, Y.; Oshi, M.; Katsuta, E.; Yan, L.; Huang, J.L.; Nagahashi, M.; Matsuhashi, N.;
Futamura, M.; Yoshida, K.; Takabe, K. Intratumoral adipocyte-high breast cancer enrich for metastatic and
inflammation-related pathways but associated with less cancer cell proliferation. Int. J. Mol. Sci. 2020, 21,
5744. [CrossRef]

37. Thorsson, V.; Gibbs, D.L.; Brown, S.D.; Wolf, D.; Bortone, D.S.; Ou Yang, T.H.; Porta-Pardo, E.; Gao, G.F.;
Plaisier, C.L.; Eddy, J.A.; et al. The immune landscape of cancer. Immunity 2019, 51, 411–412. [CrossRef]

38. Lakhani, S.R.; Jacquemier, J.; Sloane, J.P.; Gusterson, B.A.; Anderson, T.J.; van de Vijver, M.J.; Farid, L.M.;
Venter, D.; Antoniou, A.; Storfer-Isser, A.; et al. Multifactorial analysis of differences between sporadic breast
cancers and cancers involving BRCA1 and BRCA2 mutations. J. Natl. Cancer Inst. 1998, 90, 1138–1145.
[CrossRef] [PubMed]

39. Narayanan, S.; Kawaguchi, T.; Yan, L.; Peng, X.; Qi, Q.; Takabe, K. Cytolytic activity score to assess anticancer
immunity in colorectal cancer. Ann. Surg. Oncol. 2018, 25, 2323–2331. [CrossRef] [PubMed]

40. Katsuta, E.; Qi, Q.; Peng, X.; Hochwald, S.N.; Yan, L.; Takabe, K. Pancreatic adenocarcinomas with mature
blood vessels have better overall survival. Sci. Rep. 2019, 9, 1310. [CrossRef]

41. McDonald, K.A.; Kawaguchi, T.; Qi, Q.; Peng, X.; Asaoka, M.; Young, J.; Opyrchal, M.; Yan, L.; Patnaik, S.;
Otsuji, E.; et al. Tumor heterogeneity correlates with less immune response and worse survival in breast
cancer patients. Ann. Surg. Oncol. 2019, 26, 2191–2199. [CrossRef] [PubMed]

42. Okano, M.; Oshi, M.; Butash, A.L.; Asaoka, M.; Katsuta, E.; Peng, X.; Qi, Q.; Yan, L.; Takabe, K. Estrogen
receptor positive breast cancer with high expression of androgen receptor has less cytolytic activity and
worse response to neoadjuvant chemotherapy but better survival. Int. J. Mol. Sci. 2019, 20, 2655. [CrossRef]
[PubMed]

43. Takeshita, T.; Yan, L.; Asaoka, M.; Rashid, O.; Takabe, K. Late recurrence of breast cancer is associated
with pro-cancerous immune microenvironment in the primary tumor. Sci. Rep. 2019, 9, 16942. [CrossRef]
[PubMed]

44. Takahashi, H.; Asaoka, M.; Yan, L.; Rashid, O.M.; Oshi, M.; Ishikawa, T.; Nagahashi, M.; Takabe, K.
Biologically aggressive phenotype and anti-cancer immunity counterbalance in breast cancer with high
mutation rate. Sci. Rep. 2020, 10, 1852. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/ijms20225621
http://dx.doi.org/10.1007/s10549-020-05630-5
http://dx.doi.org/10.3390/ijms21134635
http://dx.doi.org/10.3390/cells9071643
http://dx.doi.org/10.3390/cancers12051221
http://www.ncbi.nlm.nih.gov/pubmed/32414098
http://dx.doi.org/10.1186/s13059-017-1349-1
http://dx.doi.org/10.1093/nar/gkaa407
http://www.ncbi.nlm.nih.gov/pubmed/32442275
http://dx.doi.org/10.1002/advs.201902880
http://www.ncbi.nlm.nih.gov/pubmed/32274301
http://dx.doi.org/10.3390/ijms21113890
http://www.ncbi.nlm.nih.gov/pubmed/32485981
http://dx.doi.org/10.3390/ijms21165744
http://dx.doi.org/10.1016/j.immuni.2019.08.004
http://dx.doi.org/10.1093/jnci/90.15.1138
http://www.ncbi.nlm.nih.gov/pubmed/9701363
http://dx.doi.org/10.1245/s10434-018-6506-6
http://www.ncbi.nlm.nih.gov/pubmed/29770915
http://dx.doi.org/10.1038/s41598-018-37909-5
http://dx.doi.org/10.1245/s10434-019-07338-3
http://www.ncbi.nlm.nih.gov/pubmed/30963401
http://dx.doi.org/10.3390/ijms20112655
http://www.ncbi.nlm.nih.gov/pubmed/31151151
http://dx.doi.org/10.1038/s41598-019-53482-x
http://www.ncbi.nlm.nih.gov/pubmed/31729458
http://dx.doi.org/10.1038/s41598-020-58995-4
http://www.ncbi.nlm.nih.gov/pubmed/32024876


Int. J. Mol. Sci. 2020, 21, 6968 15 of 16

45. Oshi, M.; Takahashi, H.; Tokumaru, Y.; Yan, L.; Rashid, O.M.; Matsuyama, R.; Endo, I.; Takabe, K. G2M cell
cycle pathway score as a prognostic biomarker of metastasis in estrogen receptor (ER)-positive breast cancer.
Int. J. Mol. Sci. 2020, 21, 2921. [CrossRef]

46. Tokumaru, Y.; Asaoka, M.; Oshi, M.; Katsuta, E.; Yan, L.; Narayanan, S.; Sugito, N.; Matsuhashi, N.;
Futamura, M.; Akao, Y.; et al. High expression of microRNA-143 is associated with favorable tumor immune
microenvironment and better survival in estrogen receptor positive breast cancer. Int. J. Mol. Sci. 2020, 21,
3213. [CrossRef]

47. Bense, R.D.; Sotiriou, C.; Piccart-Gebhart, M.J.; Haanen, J.; van Vugt, M.; de Vries, E.G.E.; Schröder, C.P.;
Fehrmann, R.S.N. Relevance of tumor-infiltrating immune cell composition and functionality for disease
outcome in breast cancer. J. Natl. Cancer Inst. 2017, 109. [CrossRef]

48. Yu, P.; Fu, Y.X. Tumor-infiltrating T lymphocytes: Friends or foes? Lab. Investig. 2006, 86, 231–245. [CrossRef]
49. Toes, R.E.; Ossendorp, F.; Offringa, R.; Melief, C.J. CD4 T cells and their role in antitumor immune responses.

J. Exp. Med. 1999, 189, 753–756. [CrossRef]
50. Chen, D.S.; Mellman, I. Oncology meets immunology: The cancer-immunity cycle. Immunity 2013, 39, 1–10.

[CrossRef]
51. Matsumoto, H.; Thike, A.A.; Li, H.; Yeong, J.; Koo, S.L.; Dent, R.A.; Tan, P.H.; Iqbal, J. Increased CD4

and CD8-positive T cell infiltrate signifies good prognosis in a subset of triple-negative breast cancer.
Breast Cancer Res. Treat. 2016, 156, 237–247. [CrossRef] [PubMed]

52. Thornton, A.M.; Shevach, E.M. CD4+CD25+ immunoregulatory T cells suppress polyclonal T cell activation
in vitro by inhibiting interleukin 2 production. J. Exp. Med. 1998, 188, 287–296. [CrossRef] [PubMed]

53. Suzuki, H.; Chikazawa, N.; Tasaka, T.; Wada, J.; Yamasaki, A.; Kitaura, Y.; Sozaki, M.; Tanaka, M.; Onishi, H.;
Morisaki, T.; et al. Intratumoral CD8(+) T/FOXP3 (+) cell ratio is a predictive marker for survival in patients
with colorectal cancer. Cancer Immunol. Immunother. 2010, 59, 653–661. [CrossRef]

54. Yeong, J.; Lim, J.C.T.; Lee, B.; Li, H.; Chia, N.; Ong, C.C.H.; Lye, W.K.; Putti, T.C.; Dent, R.; Lim, E.; et al.
High densities of tumor-associated plasma cells predict improved prognosis in triple negative breast cancer.
Front. Immunol. 2018, 9, 1209. [CrossRef] [PubMed]

55. Demaria, S.; Volm, M.D.; Shapiro, R.L.; Yee, H.T.; Oratz, R.; Formenti, S.C.; Muggia, F.; Symmans, W.F.
Development of tumor-infiltrating lymphocytes in breast cancer after neoadjuvant paclitaxel chemotherapy.
Clin. Cancer Res. 2001, 7, 3025–3030.

56. Campbell, M.J.; Tonlaar, N.Y.; Garwood, E.R.; Huo, D.; Moore, D.H.; Khramtsov, A.I.; Au, A.; Baehner, F.;
Chen, Y.; Malaka, D.O.; et al. Proliferating macrophages associated with high grade, hormone receptor
negative breast cancer and poor clinical outcome. Breast Cancer Res. Treat. 2011, 128, 703–711. [CrossRef]

57. Chan, T.A.; Yarchoan, M.; Jaffee, E.; Swanton, C.; Quezada, S.A.; Stenzinger, A.; Peters, S.
Development of tumor mutation burden as an immunotherapy biomarker: Utility for the oncology
clinic. Ann. Oncol. 2019, 30, 44–56. [CrossRef]

58. Tokumaru, Y.; Joyce, D.; Takabe, K. Current status and limitations of immunotherapy for breast cancer.
Surgery 2020, 167, 628–630. [CrossRef]

59. Schmid, P.; Cortes, J.; Pusztai, L.; McArthur, H.; Kümmel, S.; Bergh, J.; Denkert, C.; Park, Y.H.; Hui, R.;
Harbeck, N.; et al. Pembrolizumab for early triple-negative breast cancer. N. Engl. J. Med. 2020, 382, 810–821.
[CrossRef]

60. Tokumaru, Y.; Oshi, M.; Katsuta, E.; Yan, L.; Satyananda, V.; Matsuhashi, N.; Futamura, M.; Akao, Y.;
Yoshida, K.; Takabe, K. KRAS signaling enriched triple negative breast cancer is associated with favorable
tumor immune microenvironment and better survival. Am. J. Cancer Res. 2020, 10, 897–907.

61. Liu, J.; Lichtenberg, T.; Hoadley, K.A.; Poisson, L.M.; Lazar, A.J.; Cherniack, A.D.; Kovatich, A.J.; Benz, C.C.;
Levine, D.A.; Lee, A.V.; et al. An integrated TCGA pan-cancer clinical data resource to drive high-quality
survival outcome analytics. Cell 2018, 173, 400–416.e411. [CrossRef] [PubMed]

62. Curtis, C.; Shah, S.P.; Chin, S.F.; Turashvili, G.; Rueda, O.M.; Dunning, M.J.; Speed, D.; Lynch, A.G.;
Samarajiwa, S.; Yuan, Y.; et al. The genomic and transcriptomic architecture of 2000 breast tumours reveals
novel subgroups. Nature 2012, 486, 346–352. [CrossRef] [PubMed]

63. Jacobson, R.S.; Becich, M.J.; Bollag, R.J.; Chavan, G.; Corrigan, J.; Dhir, R.; Feldman, M.D.; Gaudioso, C.;
Legowski, E.; Maihle, N.J.; et al. A federated network for translational cancer research using clinical data
and biospecimens. Cancer Res. 2015, 75, 5194–5201. [CrossRef] [PubMed]

http://dx.doi.org/10.3390/ijms21082921
http://dx.doi.org/10.3390/ijms21093213
http://dx.doi.org/10.1093/jnci/djw192
http://dx.doi.org/10.1038/labinvest.3700389
http://dx.doi.org/10.1084/jem.189.5.753
http://dx.doi.org/10.1016/j.immuni.2013.07.012
http://dx.doi.org/10.1007/s10549-016-3743-x
http://www.ncbi.nlm.nih.gov/pubmed/26960711
http://dx.doi.org/10.1084/jem.188.2.287
http://www.ncbi.nlm.nih.gov/pubmed/9670041
http://dx.doi.org/10.1007/s00262-009-0781-9
http://dx.doi.org/10.3389/fimmu.2018.01209
http://www.ncbi.nlm.nih.gov/pubmed/29899747
http://dx.doi.org/10.1007/s10549-010-1154-y
http://dx.doi.org/10.1093/annonc/mdy495
http://dx.doi.org/10.1016/j.surg.2019.09.018
http://dx.doi.org/10.1056/NEJMoa1910549
http://dx.doi.org/10.1016/j.cell.2018.02.052
http://www.ncbi.nlm.nih.gov/pubmed/29625055
http://dx.doi.org/10.1038/nature10983
http://www.ncbi.nlm.nih.gov/pubmed/22522925
http://dx.doi.org/10.1158/0008-5472.CAN-15-1973
http://www.ncbi.nlm.nih.gov/pubmed/26670560


Int. J. Mol. Sci. 2020, 21, 6968 16 of 16

64. Takahashi, H.; Oshi, M.; Asaoka, M.; Yan, L.; Endo, I.; Takabe, K. Molecular biological features of nottingham
histological grade 3 breast cancers. Ann. Surg. Oncol. 2020. [CrossRef]

65. Oshi, M.; Katsuta, E.; Yan, L.; Ebos, J.M.L.; Rashid, O.M.; Matsuyama, R.; Endo, I.; Takabe, K. A Novel 4-gene
score to predict survival, distant metastasis and response to neoadjuvant therapy in breast cancer. Cancers
2020, 12, 1148. [CrossRef]

66. Tokumaru, Y.; Katsuta, E.; Oshi, M.; Sporn, J.C.; Yan, L.; Le, L.; Matsuhashi, N.; Futamura, M.; Akao, Y.;
Yoshida, K.; et al. High expression of miR-34a associated with less aggressive cancer biology but not with
survival in breast cancer. Int. J. Mol. Sci. 2020, 21, 3045. [CrossRef]

67. Takeshita, T.; Asaoka, M.; Katsuta, E.; Photiadis, S.J.; Narayanan, S.; Yan, L.; Takabe, K. High expression of
polo-like kinase 1 is associated with TP53 inactivation, DNA repair deficiency, and worse prognosis in ER
positive Her2 negative breast cancer. Am. J. Transl. Res. 2019, 11, 6507–6521.

68. Shi, L.; Campbell, G.; Jones, W.D.; Campagne, F.; Wen, Z.; Walker, S.J.; Su, Z.; Chu, T.M.; Goodsaid, F.M.;
Pusztai, L.; et al. The MicroArray Quality Control (MAQC)-II study of common practices for the development
and validation of microarray-based predictive models. Nat. Biotechnol. 2010, 28, 827–838. [CrossRef]

69. Itoh, M.; Iwamoto, T.; Matsuoka, J.; Nogami, T.; Motoki, T.; Shien, T.; Taira, N.; Niikura, N.; Hayashi, N.;
Ohtani, S.; et al. Estrogen receptor (ER) mRNA expression and molecular subtype distribution in
ER-negative/progesterone receptor-positive breast cancers. Breast Cancer Res. Treat. 2014, 143, 403–409.
[CrossRef]

70. Miyake, T.; Nakayama, T.; Naoi, Y.; Yamamoto, N.; Otani, Y.; Kim, S.J.; Shimazu, K.; Shimomura, A.;
Maruyama, N.; Tamaki, Y.; et al. GSTP1 expression predicts poor pathological complete response to
neoadjuvant chemotherapy in ER-negative breast cancer. Cancer Sci. 2012, 103, 913–920. [CrossRef]

71. Subramanian, A.; Tamayo, P.; Mootha, V.K.; Mukherjee, S.; Ebert, B.L.; Gillette, M.A.; Paulovich, A.;
Pomeroy, S.L.; Golub, T.R.; Lander, E.S.; et al. Gene set enrichment analysis: A knowledge-based approach
for interpreting genome-wide expression profiles. Proc. Natl. Acad. Sci. USA 2005, 102, 15545–15550.
[CrossRef] [PubMed]

72. Liberzon, A.; Birger, C.; Thorvaldsdóttir, H.; Ghandi, M.; Mesirov, J.P.; Tamayo, P. The Molecular Signatures
Database (MSigDB) hallmark gene set collection. Cell Syst. 2015, 1, 417–425. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1245/s10434-020-08608-1
http://dx.doi.org/10.3390/cancers12051148
http://dx.doi.org/10.3390/ijms21093045
http://dx.doi.org/10.1038/nbt.1665
http://dx.doi.org/10.1007/s10549-013-2763-z
http://dx.doi.org/10.1111/j.1349-7006.2012.02231.x
http://dx.doi.org/10.1073/pnas.0506580102
http://www.ncbi.nlm.nih.gov/pubmed/16199517
http://dx.doi.org/10.1016/j.cels.2015.12.004
http://www.ncbi.nlm.nih.gov/pubmed/26771021
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	CD8 T Cell Score Is Associated with Clinical Aggressiveness in Breast Cancer 
	CD8 T Cell Score Is Highest in Triple Negative Breast Cancer (TNBC) Subtype, and TNBC Patients with High Score Have Better Survival 
	CD8 T Cell Score Correlates with CD8A and CD8B Gene Expression, but Not Cell Proliferation in TNBC 
	TNBC Tumors with High CD8 T Cell Score Have Elevated Immune Activity 
	CD8 T Cell Score in TNBC Correlates with Infiltration by Anti-Cancer Immune Cells but Not Mutation or Neoantigen Load 
	High CD8 T Cell Score Accompanied by High CD4 Memory T Cell Infiltration Is Associated with Better Survival in TNBC 

	Discussion 
	Materials and Methods 
	Tumor Immune Microenvironment Analysis 
	Clinical and Transcriptomic Data Collection for Breast Cancer Patients 
	Gene Set Enrichment Analysis 
	Other Statistical Analyses 

	Conclusions 
	References

