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Purpose: Granzyme A (GZMA) is a potential prognostic target for various cancer types. However, its therapeutic significance in 
breast cancer with immune infiltration remains controversial. We analyzed GZMA expression and its prognostic value in breast cancer 
with immune cell infiltration.
Patients and methods: Data was obtained from patients with breast cancer registered at The Cancer Genome Atlas. A correlation 
was performed between GZMA expression and patient’s clinicopathological features such as age, pathologic stage, metastasis stage, 
overall survival (OS), disease-specific survival (DSS), and progress free interval (PFI). Kaplan-Meier analyses and Cox proportional 
hazard regression model were used to examine the predictive significance of GZMA expression for breast cancer. The co-expression 
pattern of GZMA was assessed by the LinkedOmics web portal. The relationship between GZMA expression and immune cells was 
analyzed using the TIMER database. The correlation between GZMA and lymphocytes and immunomodulators was established with 
the TISIDB database.
Results: There was a lower GZMA expression in breast cancer tissue than in normal tissue. Interestingly, GZMA expression was 
associated with age, pathologic stage, and the Tumour, Node, and Metastasis stage. Overexpression of GZMA was also associated with 
better OS, DSS, and PFI. Based on the Cox regression analysis, GZMA was identified as an independent favorable prognostic factor for 
breast cancer. Our findings demonstrated a strong association between GZMA and T-cell checkpoints (PD-1, PD-L1, and cytotoxic 
T lymphocyte-associated antigen (CTLA-4)) in breast cancer. Moreover, we evaluated the interactions between GZMA expression and 
markers of dendritic and CD8+ T cells using quantitative immunofluorescence. We discovered that increased infiltration of dendritic 
and CD8+ T cells was associated with GZMA expression in breast cancer.
Conclusion: GZMA expression is associated with a favorable prognosis in breast cancer and is significantly correlated with immune 
cell infiltration. GZMA may be considered a promising therapeutic target for patients with breast cancer.
Keywords: GZMA, expression, prognostic factor, immune infiltration, breast cancer

Introduction
Breast cancer is considered one of the most prevalent malignant tumors.1,2 It has surpassed lung cancer as the most 
prevalent cancer type worldwide in 2020, with an estimated 2.26 million new cases. Despite advances in research and 
treatment methods, the incidence of breast cancer continues to rise.3,4 As a result, finding new prognostic and diagnostic 
biomarkers for breast cancer is critical.

Breast cancer immunotherapy has made significant progress in recent years. Despite the fact that monoclonal antibodies 
against programmed cell death protein 1 (PD-1) and programmed cell death-ligand 1 (PD-L1) had achieved a breakthrough in 
immunotherapy, only 20% of patients benefited from the treatment.5 It is known that carcinogenesis is significantly influenced by 
the degree of immune cell infiltration in the tumor microenvironment (TME).6–8 Consistently, a significant predictive factor for 
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patient survival in breast cancer is the number of tumor-infiltrating lymphocytes (TILs).9–11 T-lymphocytes constitute 75% of 
TME immune cells.12 CD8+ T cells are the main cell group with specific killing function, and their number determines the 
prognosis of patients with cancer. Activated CD8+ T cells can rapidly release high concentrations of cytokines such as interferon- 
gamma (IFN-γ) and interleukin (IL)-2, which play an essential function in anti-tumor immunity.13,14 Thus far, no effective 
markers have been found for breast cancer that can effectively stimulate antigen-specific CD8+ T-cell responses and be used in 
combination with PD-1/PD-L1 immunotherapy.15 Hence, there is a pressing need to find markers that can induce CD8+ T-cell 
response to stimulate an autoimmune response.

Granzyme A (GZMA) is a member of the granzyme family of serine proteases, and is exclusively present in the 
granules of cytotoxic T lymphocytes (CTL) and natural killer (NK) cells.16 Recent studies have shown that GZMA acts as 
a key effector molecule of regulatory T-cell function in cancer. It is also an important molecular target for inhibiting 
tumor growth, inducing apoptosis and antigen-specific cytotoxic CD8+ T-lymphocytes, and protecting mice from tumor 
challenges.17 Santiago L. reported that GZMA promoted colorectal cancer by enhancing intestinal inflammation.18 

Recently, a study identified that GZMA protein derived from cytotoxic lymphocytes can specifically activate 
a gasdermin-B protein in the process of killing target cells by cytotoxic lymphocytes. This molecular mechanism 
promotes an anti-tumor immune response.19 Therefore, GZMA performs an essential position in the anti-tumor immune 
method and affords a new goal for most cancer immunotherapy.

This study aimed to analyze the expression of GZMA and further study its prognostic value in breast cancer with immune 
cell infiltration. We evaluated whether GZMA can be used as a therapeutic target for breast cancer prognosis assessment, and 
explored the possibility of using GZMA as a target to trigger anti-tumor immunity in patients with breast cancer.

Materials and Methods
GZMA Expression Level and Its Correlation with Clinicopathological Features
Data from 1222 patients from The Cancer Genome Atlas (TCGA; https://portal.gdc.cancer.gov/) were downloaded for 
the clinical trial and the RNA-seq study. Correlations between GZMA expression levels and various classification 
parameters were assessed. The parameters included age (≤60; >60), pathologic stage (stages I, II, III, and IV), radiation 
therapy, tumor, node, metastasis (TNM) stage (T: T1, 2, 3, 4; N: N0, 1, 2, 3; M: M0, 1), overall survival (OS), disease- 
specific survival (DSS), and progress free interval (PFI) of patients with breast cancer who were investigated. A value of 
p < 0.05 was considered statistically significant.

Kaplan–Meier Survival Curve Analysis
We assessed the prognostic significance of GZMA mRNA expression in breast cancer using the Kaplan-Meier survival 
curve. Using this data, we calculated hazard ratios (HR), 95% confidence intervals (CI), and log-rank p values. Analyses 
of univariate and multivariate Cox regression identified independent prognostic factors.

Linked Omics Database Analysis
The LinkedOmics database (http://www.linkedomics.org/login.php) is an online website for exploring the gene expres
sion profile.20 We identified the differentially expressed genes related to GZMA through the LinkFinder module. Next, the 
Gene Ontology biological process (GO_BP) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway were 
evaluated using the gene set enrichment analysis.

GZMA and Immune Cell Infiltration
The Tumour Immune Estimation Resource (TIMER) database (https://cistrome.shinyapps.io/timer/) is a comprehensive 
resource for the systematic analysis of immune infiltrates across diverse cancer types.21 First, the correlation between 
GZMA expression and the level of different immune cells was evaluated by the Spearman correlation test. Next, the 
association between GZMA and lymphocytes, immunomodulators, and chemokines was assessed using the Tumour and 
Immune System Interaction Database (TISIDB) (http://cis.hku.hk/TISIDB).22
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Immunohistochemistry and Multiplex Quantitative Immunofluorescence
The immunohistochemical assay was conducted on human breast cancer tissue and adjacent tissue. Tissue samples were 
collected from Shenzhen Second People’s Hospital, China. Ethics Committee approval of the study was obtained from 
Shenzhen Second People’s Hospital. All the above tissue samples were cryopreserved and routinely processed into frozen 
sections. Briefly, after deparaffinization and rehydration, Antigens were extracted from sections by heating them at 95°C 
for 15 min in 10 mM citrate buffer (pH 6.0). After treatment with 3% H2O2 for 10 min. The samples were incubated 
overnight at 4°C with primary antibodies targeting GZMA at a 1:250 dilution, followed by a horseradish peroxidase- 
conjugated goat anti-rabbit immunoglobulin G at room temperature for 30 minutes. Next, diaminobenzidine (DAB) 
(Sigma, USA) was used to stain the slides for 10 min to label GZMA proteins. The slides were then counterstained with 
hematoxylin to label nuclei. Using visual grading, the intensity of staining was used to score GZMA expression levels. 
The 10 tissue samples of patients with breast cancer were dyed using a protein multiplex immunohistochemistry test kit, 
and the images were obtained by Vectra 3 pathological imaging system microscope (Perkin Elmer). Antibodies used in 
this study were anti-GZMA (1:100, Affinity Biosciences), anti-CD8A (1:100, Affinity Biosciences), and HLA-DPB1 
(1:100, Affinity Biosciences). Nuclear counterstaining was performed with DAPI (4, “prime”, 6,6-diamidino- 
2-phenylindole).

Statistical Analysis
Most analyses were conducted by using R statistical software. Clinical characteristics and GZMA expression were 
analyzed with the Wilcoxon rank sum test. For assessing the association between GZMA and clinicopathological 
variables, both univariate and multivariate Cox regression analyses were performed. A p-value of <0.05 was considered 
statistically significant.

Results
GZMA and Clinical Parameters in patients with Breast Cancer
GZMA protein expression was analyzed between the tumor and adjacent normal tissue using immunohistochemistry. 
Compared to adjacent normal breast tissue, we observed lower expression of GZMA in breast cancer tissue (Figure 1). To 

Figure 1 Analysis of GZMA protein expression in tumor and adjacent normal tissue using immunohistochemistry.
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further evaluate the function of GZMA in breast cancer, a correlation was performed between GZMA expression and 
clinicopathological features such as age, pathologic stage, radiation therapy, TNM stage, OS, DSS, and PFI (Figure 2). 
For age, patients younger than 60 years displayed upregulation of GZMA expression compared with older than 60 years. 
Specifically, GZMA showed a higher expression in stages II and III than in normal breast tissues (p < 0.05). In addition, 
the expression of GZMA in the radiation therapy group was higher than in normal breast tissues (p < 0.001). The 
expression of GZMA in tumor classified as T2, N0, N2, and M0 was higher than in normal tissue (p < 0.05). Interestingly, 
it was observed that deceased patients who had breast cancer had lower GZMA expression than living patients (OS: p < 
0.01; DSS: p < 0.05; DFI: p < 0.01). Moreover, the correlation between GZMA expression and clinicopathological 
characteristics was established with logistical analysis (Table 1). We found a strong correlation between GZMA 
expression and both estrogen receptor (ER) status and OS.

Figure 2 Box plots evaluating GZMA expression among different groups of patients based on clinicopathologic parameters. (A) Age (≤ 60; > 60); (B) Pathologic stage (stage 
I, stage II, stage III, and stage IV); (C) Radiation therapy (Yes; No); (D–F) Tumor, node, metastasis (TNM) stage (T: T1, T2, T3, T4; N: N0, N1, N2, N3; M: M0, M1); (G) 
Overall survival (OS); (H) Disease-specific survival (DSS); and (I) Progress free interval (PFI). *p < 0.05; **p < 0.01; ***p < 0.001. 
Abbreviation: ns, no significance.
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Prognostic Potential of GZMA in patients with Breast Cancer
Next, we used Kaplan-Meier analyses to examine the predictive significance of GZMA expression in breast cancer. High 
expression of GZMA exhibited good OS (HR= 0.61, p=0.003), DSS (HR= 0.62, p = 0.033), and PFI (HR=0.69, p=0.026) 
(Figure 3A–C). The link between GZMA expression and clinicopathological characteristics was also examined using the 
Cox proportional hazard regression model. In patients with breast cancer, we discovered a strong correlation between 

Table 1 Clinicopathological Characteristics of Breast Cancer Patients with Differential GZMA 
Expression

Characteristic Low Expression of GZMA High Expression of GZMA p

n 541 542

Age, n (%) 0.234

<=60 290 (48.3%) 311 (51.7%)
>60 251 (52.1%) 231 (47.9%)

Pathologic stage, n (%) 0.283

Stage I 97 (53.6%) 84 (46.4%)
Stage II 310 (50.1%) 309 (49.9%)

Stage III 110 (45.5%) 132 (54.5%)
Stage IV 11 (61.1%) 7 (38.9%)

T stage, n (%) 0.249

T1 141 (50.9%) 136 (49.1%)
T2 305 (48.5%) 324 (51.5%)

T3 69 (49.6%) 70 (50.4%)

T4 23 (65.7%) 12 (34.3%)
N stage, n (%) 0.079

N0 268 (52.1%) 246 (47.9%)

N1 178 (49.7%) 180 (50.3%)
N2 48 (41.4%) 68 (58.6%)

N3 31 (40.8%) 45 (59.2%)

M stage, n (%) 0.510
M0 451 (50.0%) 451 (50.0%)

M1 12 (60.0%) 8 (40.0%)

ER status, n (%) 0.003
Negative 99 (41.3%) 141 (58.7%)

Positive 411 (51.8%) 382 (48.2%)

PR status, n (%) 0.095
Negative 155 (45.3%) 187 (54.7%)

Positive 355 (51.6%) 333 (48.4%)

ERBB2 status, n (%) 0.961
Negative 259 (46.4%) 299 (53.6%)

Positive 72 (45.9%) 85 (54.1%)

Radiation_therapy, n (%) 0.054
No 231 (53.2%) 203 (46.8%)

Yes 259 (46.8%) 294 (53.2%)

OS event, n (%) 0.018
Alive 451 (48.4%) 480 (51.6%)

Dead 90 (59.2%) 62 (40.8%)

DSS event, n (%) 0.103
Alive 479 (49.0%) 499 (51.0%)

Dead 50 (58.8%) 35 (41.2%)

PFI event, n (%) 0.074
Alive 457 (48.8%) 479 (51.2%)

Dead 84 (57.1%) 63 (42.9%)
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high GZMA expression and the following factors: age (p < 0.001), N1, N2 stage (p < 0.001), M1 stage (p < 0.001), 
pathologic stage III and IV (p < 0.001), and radiation therapy (p = 0.004) (Figure 3D). To further assess the GZMA’s 
ability to predict clinical outcomes, we also ran a multivariate Cox regression analysis. GZMA expression in age, M1, 
stage III, and radiation therapy was independently associated with OS in patients with breast cancer (all p<0.05). As 
presented in Figure 3E, we show a correlation between GZMA expression and clinicopathological parameters with DSS 
in these patients. We found a strong correlation between high GZMA expression and T2&T3&T4 (p = 0.038), 
N1&N2&N3 (p < 0.001), M1 stage (p < 0.001), and pathologic stage II & stage III& stage IV (p = 0.004). 
A multivariate Cox regression analysis showed GZMA was a reliable prognostic factor for DSS (p = 0.046). Next, the 

Figure 3 Correlation between GZMA expression and prognosis in breast cancer. (A) Overall survival (OS). (B) Disease-specific survival (DSS). (C) Progress free interval 
(PFI). Forest plot of univariate and multivariate Cox regression analysis for OS (D), DSS (E), and PFI (F).
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analysis of univariate and multivariate Cox regression was performed to determine whether GZMA expression was an 
independent predictor for PFI (Figure 3F). The clinical N and M stages exhibited predictive advantages for clinical 
outcomes. GZMA was a significant good prognostic factor for DFI (p = 0.037).

The calibration curve constructed the prognosis nomogram using these important prognostic parameters (Figure 4). 
The nomogram to predict OS, with a C-index of 0.731, includes age, M stage, pathologic stage, radiation_therapy as well 

Figure 4 Construction and validation of nomograms based on GZMA expression. (A) Overall survival (OS). (B) Disease-specific survival (DSS). (C) Progress free interval (PFI).
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as GZMA. A nomogram was created to predict DSS (C-index = 0.683) and PFI (C-index = 0.598) using the clinical N and 
M stages, and GZMA expression. The three nomograms of 1, 3, and 5-year clinical findings were all perfectly predicted 
by the calibration curves. However, OS was slightly overestimated in the one-year prognosis. The above results suggest 
the prognostic potential of GZMA for patients with breast cancer.

Analysis of Genes Co-Expressed with GZMA in Breast Cancer
To investigate the functions of GZMA, the co-expression pattern of GZMA was assessed with the LinkedOmics web 
portal. The top 50 genes related to GZMA, both positively and negatively, were examined (Figure 5). Six genes 
significantly correlated with GZMA, including the zeta chain of T-cell receptor-associated protein kinase 70 (ZAP70) 
(r = 0.728, p = 8.895e-18), myosin IG (MYO1G) (r = 0.718, p = 4.04e-17), apolipoprotein B mRNA editing enzyme, 
catalytic subunit 3G (APOBEC3G) (r =0.717, p = 4.63e-17), septin 1 (SEPT1) (r = 0.716, p = 5.87e-17), dedicator of 
cytokinesis 2 (DOCK2) (r = 0.712, p = 9.97e-17), and pleckstrin (PLEK) (r = 0.712, p =1.07e-16). The genes co- 
expressed with GZMA, including ZAP70, MYO1G, APOBEC3G, SEPT1, DOCK2, and PLEK had markedly better OS in 
patients with breast cancer (Supplementary Figure 1). Therefore, we speculate that GZMA and its co-expressed genes 
contribute to the higher OS in patients with breast cancer.

The annotation of GO_BP terms revealed that the co-expressed genes of GZMA had primary roles in phagocytosis, 
response to interferon-gamma, adaptive immune response, immune response-regulating signaling pathways, leukocyte 
cell-cell adhesion, positive regulation of cell activation, leukocyte proliferation, T cell activation, lymphocyte-mediated 
immunity, and cell killing (Figure 6A). Analysis of KEGG pathway revealed enrichment in NK cell-mediated cytotoxi
city, Fc gamma R-mediated phagocytosis, chemokine signaling pathway, tuberculosis, antigen processing and presenta
tion, leishmaniasis, staphylococcus aureus infection, osteoclast differentiation, B-cell receptor signaling pathway, and 
Epstein-Barr virus infection (Figure 6B).

Correlation Between GZMA Expression and Infiltrating Immune Cells
Using the TIMER database, we analyzed the relationship between GZMA expression and immune cells. Figure 7A 
demonstrates a positive correlation between GZMA expression and B-cell levels (r = 0.492, p = 7.99e-61), CD4+ T cells 
(r = 0.593, p = 2.59e-92), and neutrophils (r = 0.591, p = 1.56e-90). Significantly positive correlations between GZMA 
expression and dendritic cells (r = 0.675, p = 3.17e-127) and CD8+ T cells (r = 0.634, p = 5.55e-111) were found. GZMA 
was positively correlated with dendritic cell markers (HLA-DPB1: r = 0.780, p <0.001); HLA-DQB1 (r = 0.680, p < 
0.001) and CD8+ T-cell markers (CD8B: r =0.830, p < 0.001; CD8A: r = 0.910, p < 0.001). More specifically, our 
findings demonstrated a strong association between GZMA and T-cell checkpoints (PD-1, PD-L1, and cytotoxic 

Figure 5 Analysis of genes co-expressed with GZMA in breast cancer. (A) Co-expression genes with GZMA in breast cancer. Top 50 genes positively and negatively 
associated with GZMA in breast cancer are shown. (B) The six most significant genes correlated with GZMA.
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Figure 6 The Gene Ontology biological process (GO_BP) annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway of GZMA in breast cancer. (A) The 
annotation of GO_BP terms revealed the co-expressed genes of GZMA. (B) Analysis of KEGG pathway of GZMA in breast cancer.

Figure 7 Correlation of GZMA expression and immune infiltration levels in breast cancer. (A) Correlation analysis of GZMA expression and infiltration levels of immune cells 
(B-cell abundance, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells) using the TIMER database. (B) GZMA expression was significantly correlated 
with dendritic and CD8+ T cells using TCGA data. (C) The expression of GZMA was positively correlated with dendritic cells markers (HLA-DPB1 and HLA-DQB1) and 
CD8+ T-cell markers (CD8A and CD8B). PDL1 (CD274); PD1(PDCD1).
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T lymphocyte-associated antigen (CTLA-4)) in breast cancer (Figure 7B and C). Further, we assessed the association 
between genes co-expressed with GZMA and infiltrating immune cells. Significant correlations between immune cells 
and the GZMA-related genes ZAP70, MYO1G, APOBEC3G, SEPT1, DOCK2, and PLEK have been found 
(Supplementary Figure 2). ZAP70 expression was positively correlated with dendritic cells (r = 0.596, p = 1.78e-92), 
CD4+ T cells (r =0.692, p = 3.30e-138), and neutrophils (r = 0.504, p = 2.30e-62). MYO1G expression was associated 
with dendritic cells (r = 0.621, p = 1.37e-102), CD4+ T cells (r = 0.562, p = 3.33e-81), and neutrophils (r = 0.535, 
p =1.22e-71). APOBEC3G expression were substantially correlated with dendritic cells (r = 0.618, p = 2.60e-101), 
neutrophils (r = 0.598 p =2.22e-93), CD8+ T cells (r =0.56, p = 9.88e-82). SEPT1 expression showed a strong correlation 
with CD4+ T cells (r =0.337, p = 5.24e-27). Furthermore, DOCK2 was associated with dendritic cells (r = 0.872, p = 
1.02e-296), neutrophils (r = 0.838, p=1.63e-251), CD4+ T cells (r = 0.717, p = 1.46e-152), and CD8+ T cells (r = 0.602, 
p = 1.89e-97). Also, we observed that PLEK was positively correlated with dendritic cells (r = 0.887, p =6.32e-321), 
neutrophils (r = 0.856, p = 2.94e-274), CD4+ T cells (r = 0.669, p = 4.47e-126), and CD8+ T cells (r = 0.617, 
p =2.74e-103).

Correlation Between GZMA and Immune Molecules
The correlation between GZMA and lymphocytes and immunomodulators was established with the TISIDB database. The 
strongest associations were found between GZMA expression and Act_CD8 (r = 0.865, p<2.2e-16), Tem_CD8 (r = 0.825, 
p<2.2e-16), Act_B (r = 0.797, p<2.2e-16), and Imm_B (r = 0.796, p<2.2e-16) (Figure 8A). Immunomodulators included immune 
inhibitors, immune stimulators, and major histocompatibility complex (MHC) molecules.23 As shown in Figure 8B, among these 
immune inhibitors, we found that GZMA was positively associated with CD96 (r = 0.904, p<2.2e-16), T-cell immunoreceptor 
with Ig and ITIM domains (TIGIT) (r =0.863, p<2.2e-16), PDCD1 (r = 0.853, p<2.2e-16), and B- and T-lymphocyte attenuator 
(BTLA) (r = 0.844, p<2.2e-16). The immune stimulators displaying the greatest correlation included killer cell lectin-like 
receptor K1 (KLRK1) (r =0.904, p<2.2e-16), CD48 (r =0.894, p<2.2e-16), CD27 (r =0.878, p<2.2e-16), and CD40 ligand 
(CD40LG) (r =0.839, p<2.2e-16) (Figure 8C). In addition, MHC molecules and GZMA expression were discovered to be 

Figure 8 Correlation of GZMA expression and lymphocytes, immunomodulators and chemokines in breast cancer. (A) Correlation between abundance of TILs and GZMA 
(plus the four TILs with the highest correlation, respectively). (B) Correlation between the level of immune inhibitors and GZMA expression (plus the four immune inhibitors 
with the highest correlation, respectively). (C) Association between immune stimulators and GZMA expression (plus the four immune stimulators with the highest 
correlation, respectively). (D) Correlation between the abundance of major histocompatibility complex (MHC) molecules and GZMA expression (plus the four MHC 
molecules with the highest correlation, respectively).
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positively linked. (Figure 8D), including HLA-DRA (r =0.775, p<2.2e-16), HLA-DPB1 (r = 0.768, p<2.2e-16), HLA-DPA1 (r 
=0.754, p<2.2e-16), and HLA-DMB (r = 0.752, p<2.2e-16).

Immune Infiltration Levels of Dendritic and CD8+ T Cells in Breast Cancer
Based on the aforementioned findings, we made the assumption that GZMA expression was positively correlated with the 
level of infiltration of dendritic and CD8+ T cells. To test this hypothesis, we evaluated the interactions between GZMA 
expression and markers of dendritic and CD8+ T cells using quantitative immunofluorescence. We discovered that breast 
cancer tissue with high GZMA expression had a high level of dendritic and CD8+T cells (Figure 9A). Among breast cancer 
tissue expressing relatively little GZMA, there are few dendritic and CD8+T cells (Figure 9B).

Discussion
The goal of this study was to use the TCGA and a comprehensive bioinformatics data mining technique to assess the 
predictive significance of the degree of immune infiltration of GZMA in breast cancer. The present investigation is the 
first to fully elucidate the prognostic significance and expose the relationship between GZMA and immune infiltration in 
breast cancer.

GZMA is produced by a variety of cytotoxic lymphocytes, such as NK cells,24 CD8 cytotoxic T-lymphocytes,16 and 
CD4 CTL.25 Circulating GZMA protein levels are elevated in various infectious diseases.26,27 It has been demonstrated 
that only GZMA with its proteolytic activity is sufficient to induce inflammation.28 To verify the role of GZMA in cells, 
the NK cell-killing experimental system and a CTL cell-killing experimental system were used. Knocking down GZMA 
through siRNA revealed the important role of the GZMA-GSDMB pathway in the killing of target cells by cytotoxic 
lymphocytes.19

This study focused on the expression and clinical characteristics of GZMA to determine its potential prognostic value 
in breast cancer. We observed a marked association of GZMA expression with patients’ age, pathologic stage, radiation 
therapy, TNM stage, OS, DSS, and PFI. Interestingly, the expression of GZMA was higher in younger patients and 

Figure 9 Detection of immune infiltration levels of dendritic and CD8+ T cells in breast cancer using multiplex quantitative immunofluorescence. (A) Relatively high GZMA 
expression in breast cancer tissue. (B) Relatively low GZMA expression in breast cancer tissue. Representative fluorescence images showing the detection of immune cell 
samples by simultaneous staining of DAPI, GZMA (red channel), CD8A (pink channel), and HLA-DPB1 (green channel) in breast cancer. CD8+ T-cell marker: CD8A; 
Dendritic cells marker: HLA-DPB1.
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significantly more associated with the early stage of TNM. By comparing patients with breast cancer who survived and 
died, we found that GZMA was expressed at a higher level in living patients with breast cancer than in deceased ones. To 
determine the predictive value of GZMA, we used Kaplan-Meier analysis and discovered that increased GZMA expres
sion was related to a better prognosis in terms of OS, DSS, and PFI. According to univariate and multivariate Cox 
regression analysis, GZMA may be an independent prognostic marker for patients with breast cancer. Taken together with 
the results from the study, GZMA was strongly confirmed as a predictive biomarker in breast cancer.

We also investigated GZMA co-expression patterns utilizing the LinkedOmics online platform. The results indicated 
that GZMA was strongly correlated with ZAP70, MYO1G, APOBEC3G, SEPT1, DOCK2, and PLEK. ZAP70 is necessary 
for T-cell activation.29 Deletion of MYO1G leads to a reduction in cell rigidity and affects cell adhesion, diffusion, 
phagocytosis, and endocytosis of B-lymphocytes.30 Studies have shown that APOBEC3G regulates signal transducer and 
activator of transcription 3 (STAT3) and nuclear factor kappa B (NF-κB), chemokine ligand 5 (CCL5), IL-6, IL-4, IFN-γ, 
the intrinsic ability of IL-10, and IL-17 genes. APOBEC3G can also induce T-cell plasticity and regulate the immune 
response.31 Consistently our analysis further pointed out that these proteins were primarily engaged in immune response 
or tumorigenesis. GO and KEGG pathway analysis were conducted to determine the protein functions. Interestingly, we 
found that GZMA is primarily expressed in phagocytosis, response to IFN-γ, adaptive immune response, and immune 
response-regulating signaling pathways. Therefore, GZMA promotes breast cancer development by triggering an immune 
response.

An earlier investigation showed that TME immune infiltration is related to survival in many patients with cancer.
9,32,33 Additionally, the degree of immune infiltration was directly associated with the prognosis of breast cancer.34,35 

According to our research, there is a strong correlation between the level of immune infiltration and GZMA expression 
in breast cancer. Dendritic and CD8+ T cells were positively associated with GZMA expression and in turn with 
improved patient prognosis. Moreover, GZMA expression was also substantially correlated with T-cell checkpoints 
(PD-1, PD-L1, and CTLA-4) in breast cancer. Furthermore, the relationship between GZMA expression and immune 
inhibitors, immune stimulators, and MHC molecules was assessed. Notably, GZMA expression was discovered to be 
tightly connected to lymphocytes (such as Act_CD8, Tem_CD8, Act_B, and Imm_B), immune inhibitors (such as 
CD96, TIGIT, PDCD1, and BTLA), immune stimulators (such as KLRK1, CD48, CD27, and CD40LG), and MHC 
molecules (such as HLA-DRA, HLA-DPB1, HLA-DPA1, and HLA-DMB). TIGIT is an inhibitory receptor expressed 
on lymphocytes.36 Recently, TIGIT has drawn interest as a significant new target for cancer immunotherapy. 
According to earlier research, CD27 is a member of the tumor necrosis factor receptor superfamily and is essential 
for the activation of T cells via costimulatory signals.37 A prospective therapeutic target for invasive breast cancer is 
the PD-1/PD-L1 axis.38 Furthermore, significant positive relevance between GZMA expression and T-cell exhaustion 
marker (PDCD1) was discovered in breast cancer. On the other hand, we demonstrated GZMA had the strongest 
correlation with levels of CD8+ T cells (marker: CD8A) and dendritic cells (marker: HLA-DPB1) infiltration. The 
findings support our hypothesis, which reveal the role of GZMA in regulating tumor immunology. However, the 
connection between GZMA and immune infiltration in breast cancer has yet to be confirmed by additional research and 
clinical studies.

Since the results on bioinformatic analyses are limited and and require a large number of samples to reliably 
interpret the data, we aim to further verify the estimated results in cell and animal experiments to confirm the 
prognostic potential of GZMA for patients with breast cancer, together with the relationship between GZMA in breast 
cancer and immune cell infiltration.

Conclusions
In summary, this study shows that higher GZMA expression is independently associated with a better prognosis for breast 
cancer and correlates with it. Moreover, the underlying evidence indicates that GZMA is closely associated with immune 
cells. Our research indicates that GZMA may be crucial for immune cell infiltration and may function as a potential 
prognostic indicator for breast cancer.
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