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Background

Although immunotherapy has been used in the treatment of metastatic triple negative breast cancer (TNBC), its therapeutic influence on human epidermal growth factor receptor 2 (HER2)-positive subtype remains controversial. It is therefore imperative to find biomarkers that can predict the immune response in HER2+ BC.



Methods

ESTIMATE was utilized to compute the ImmuneScore and StromalScore from data obtained from TCGA database, and differentially expressed genes (DEGs) were identified. In addition, univariate Cox regression was used to assess candidate genes such as AMPD1, CD33, and CCR5. Gene set enrichment analysis (GSEA) was used to further understand AMPD1-associated pathways. Moreover, immunohistochemical analyses were performed to further reveal the relationship among AMPD1, CD4 and CD8 genes.



Results

The expression of AMPD1 was markedly associated with disease outcome and tumor-infiltrating immune cells (TICs). In addition, AMPD1 was associated with lymph node status, age and the expression of PD-L1 and PD-L2. High AMPD1 expression was linked to longer overall survival (OS). Upregulated expression of AMPD1 correlated with the enrichment of immune-related signaling pathways. In addition, immunohistochemical analyses demonstrated a co-expression profile among AMPD1, CD4 and CD8 genes.



Conclusions

Taken together, our data demonstrated that AMPD1 might serve as a novel biomarker for predicting the immune response and disease outcome in HER2+ BC.
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Introduction

Breast cancer (BC) is the most frequently occurring cancer and the primary cause of cancer-associated mortality in women (1, 2). BC is clinically classified into four subclasses: luminal A, luminal B, HER2+ and triple-negative breast cancer (TNBC). Tumor-infiltrating immune cells (TICs) are associated with the tumor response to neoadjuvant chemotherapy; these cells are more frequently detected in the HER2+ BC and TNBC subtypes, and have been found to mediate immunotherapy (3–5). Furthermore, programmed death ligand-1 (PD-L1), a biomarker for immunotherapy response, is more frequently expressed in HER2+ BC and TNBC than in the other two subtypes (6, 7). Immunotherapies such as antagonists to immune checkpoint inhibitors (e.g., PD-L1 and PD-1) have demonstrated remarkable clinical effects against several cancers, including BC (8–10). Recently, the U.S. Food and Drug Administration approved chemoimmunotherapy combinations for treating metastatic non–small cell lung cancer and PD-L1 positive metastatic TNBC (11).

Clinical trials have investigated the use of immunotherapy combined with anti-HER2 targeted therapy in HER2+ BC (12). However, the results from these studies remain controversial. For instance, in a clinical phase 1b-2 trial, pembrolizumab (PD-1 antibodies) combined with trastuzumab in women with trastuzumab-resistant, metastatic HER2+ BC has been shown to be safe and effective. Moreover, no dose-limiting toxicity symptoms were observed (13). In contrast, another study has reported that three of eight patients had dose-limiting toxicity symptoms that required dose-reduction after the first dose, and no objective antitumor responses were observed after dose reduction (14). Therefore, identifying novel prognostic and therapeutic biomarkers that might predict the immune response in the HER2+ BC is important.

Infiltration of immune cells in tumor sites and immune responses are the basis for effective immunotherapy (4, 15, 16). However, immunotherapy has poor efficacy in tumors that lack immune infiltration (17). Therefore, evaluation of factors that might be used to assess the immune response in cancers with abundant immune cell infiltration would support the development of immunotherapy. Here, we analyzed the proportion of TICs and the ratio of immune and stromal components in HER2+ BC samples in The Cancer Genome Atlas (TCGA) data resource. We used the ESTIMATE and CIBERSORT algorithms and identified adenosine monophosphate deaminase 1 (AMPD1) as an immune-associated biomarker in HER2+ BC.

Adenosine monophosphate deaminase 1 (AMPD1) is a deaminase that catalyzes the deamination of adenosine monophosphate (AMP) to inosine monophosphate (IMP) in purine nucleotide metabolism and energy metabolism (18, 19). AMPD1 deficiency in humans is closely associated with exercise-induced myopathy and muscle fatigue (20). However, little research has been performed on AMPD1 in tumors, particularly its relationship with the immune response in HER2+ BC. Our findings showed that AMPD1 may serve as a potential biomarker in predicting the immune response and disease outcome in HER2+ BC.



Materials and Methods


Raw Data

We obtained RNA-seq data and the full clinical data from 893 breast cancer cases (non-malignant samples,139 cases; cancer samples, 754 cases) from TCGA database. We then analyzed patients with HER2 expression status (paratumor samples, 23 cases; tumor samples, 176 cases) among the 893 cases in IHC (TCGA: https://cancergenome.nih.gov/). Detailed sample information is given in Supplementary Tables 1, 2.



Calculation of ImmuneScore, StromalScore, and ESTIMATEScore

We used ESTIMATE to calculate the ImmuneScore, StromalScore and ESTIMATEScore, which represent the immune matrix components of each BC or HER2+ BC sample in the TME and predict the immune status: the higher the score, the greater the corresponding component in the TME. Detailed score information is given in Supplementary Tables 1, 2.



Analysis of Scores With Clinical Stages

The clinicopathological data matching the HER2+ BC samples were abstracted from TCGA data resource. Data analyses were implemented in the R software. On the basis of the number of clinical stages being compared, Wilcoxon rank sum or Kruskal–Wallis rank sum test was performed. Detailed clinical information is given in Supplementary Table 2.



DEGs Between The High- and Low-Score Groups According to the ImmuneScore and StromalScore

On the basis of the median ImmuneScore or StromalScore, we divided 171 HER2+ BC malignant samples into high- or low-score groups. The limma package was used to assess differential gene expression, and we obtained DEGs through comparing the expression between the high- and low-score samples. The DEGs exhibiting a fold change greater than 1 after log2 transformation (high-score group/low-score group) and an FDR of < 0.05 were regarded as significant. Heatmaps of the DEGs were generated with the pheatmap R package.



GO, KEGG, and Cox Regression Analysis

The R packages cluster profiler, enrichplot and ggplot2 were used for GO and KEGG analyses. A threshold p-value and q-value was set to 0.05. The R survival package was used to perform univariate Cox regression. The analysis ranked a total of 19 genes. Among 19 candidate genes, the expression differences between the HER2+ BC tumor tissues and paratumor tissues were evaluated with Wilcoxon rank sum test. Details are presented in Supplementary Figure 1.



Gene Set Enrichment Analysis

Hallmark and the Immunologic signature data were abstracted from the Molecular Signatures Data Resource. Afterward, gsea-4.1.0 software was used to perform GSEA. GSEA was conducted on the entire transcriptome data from HER2+ BC malignant samples, with NOM p < 0.05 and FDR q < 0.05 signifying significant DEGs.



TIC Profile

The CIBERSORT data resource was used to determine the TIC richness profile in 176 HER2+ BC tumor samples. Subsequently, quality filtering was performed, in which samples with p < 0.05 were chosen for downstream analyses. Detailed CIBERSORT results are given in Supplementary Table 2.



Immunohistochemistry

The HER2+ BC and TNBC sample tissues were obtained from the First Affiliated Hospital of Chongqing Medical University (CQMU). Immunohistochemistry and IHC scores were analyzed according to a previously described protocol (21). We used anti-AMPD1 (Proteintech, 19780–1-AP), anti-CD4 (Abcam, ab183685) and anti-CD8α (CST, #70306) as primary antibodies against AMPD1, CD4 and CD8 proteins. Serial sections from the human samples were used to perform the IHC assays. Our HER2+ BC samples and clinical information are given in Supplementary Table 3. Representative IHC images of AMPD1 protein expression in two TNBC samples are shown in Supplementary Figure 2.



Ethical Approval

This study was approved by the Institutional Ethics Committees of the First Affiliated Hospital of Chongqing Medical University and was bound by the Declaration of Helsinki. The patients/participants provided written informed consent to participate in this study.




Results


Immune and Stromal Components in the TME Correlate With the Prognosis of HER2+ BC

Using the ESTIMATE algorithm, we determined the ratio of the immune matrix components of each sample in the TME via the ImmuneScore, StromalScore and ESTIMATEScore. To evaluate the relationship between overall survival (OS) and the levels of stromal invasion, as well as the immune cells, we analyzed the ImmuneScore, StromalScore and ESTIMATEScore with the Kaplan–Meier approach. The three scores showed no clear relationship with OS in patients with BC (Figures 1A–C). However, the scores showed a positive relationship with the OS in patients with HER2+ BC (Figures 1D–F). The data demonstrated that the immune and stromal components in the TME indicate prognosis in patients with HER2+ BC.




Figure 1 | Associations of ImmuneScore, StromalScore, and ESTIMATEScore with survival among BC or HER2+ BC patients. Kaplan–Meier survival analyses of breast cancer patients with low and high (A) ImmuneScores (p = 0.210), (B) StromalScores (p = 0.717), and (C) ESTIMATEScores (p = 0.809). Kaplan–Meier survival analyses of HER2+ BC patients with low and high (D) ImmuneScores (p = 0.002), (E) StromalScores (p = 0.012), and (F) ESTIMATEScores (p = 0.006).





Invasion of Immune or Stromal Cells Correlates With the Clinicopathological Staging of Patients With HER2+ BC

The matching clinical data of HER2+ BC were analyzed to elucidate the association of the fraction of immune and stromal constituents with the clinicopathological features from TCGA database. The data showed that the ImmuneScore was markedly associated with T stage (Figure 2B), but not with age, N stage or M stage (Figures 2A, C, D). Furthermore, the StromalScore was markedly associated with T stage and N stage (Figures 2F, G), but not age or M stage (Figures 2E, H). In addition, the ESTIMATEScore was markedly associated with age and T stage (Figures 2I, J), but not N or M stages (Figures 2K, L). Thus, the invasion of immune or stromal cells correlated with tumor development and may serve as a prognostic biomarker in HER2+ BC.




Figure 2 | Associations of ImmuneScore, StromalScore, and ESTIMATEScore with age or TNM staging in HER2+ BC patients. Kruskal–Wallis rank sum tests of the associations of (A–D) TME immune components, (E–H) TME stromal components, and (I–L) TME immune and stromal components with age or TNM staging.





DEGs in the ImmuneScore and StromalScore Were Markedly Enriched in Immune-Associated Genes

Transcriptome HER2+ BC data from TCGA data resource were analyzed to evaluate the relationship between the gene expression and ImmuneScore or StromalScore. A total of 665 differentially expressed genes (DEGs; 658 upregulated and 7 downregulated) were identified between the high and low ImmuneScore groups, and 531 DEGs (505 upregulated and 26 downregulated) were identified between the high and low StromalScore groups (Figures 3A, B). In addition, 127 common DEGs (126 upregulated and 1 downregulated) were found in both analyses (Figures 3C, D); these DEGs might be key factors in the TME.We next predicted the roles of the common DEGs with Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses. The GO data illustrated that most of the DEGs clustered in the immune-linked GO terms, such as T-cell activation and positive modulation of defense response (Figure 3E). The KEGG pathway enrichment analysis demonstrated enrichment of cytokine-cytokine receptor cross-talk and viral protein cross-talk with the cytokine-chemokine signaling cascade (Figure 3F). Consequently, the DEGs might be associated with immune activity; thus, immune factors play an essential role in the TME in individuals with HER2+ BC. Among the 127 DEGs, we determined the significant factors by performing univariate Cox regression for the survival of individuals with HER2+ BC. Consequently, we evaluated 19 factors (p < 0.05) (Figure 3G). Relative mRNA expression levels of the 19 candidate genes in tumor and paratumor samples were analyzed. Most genes did not show any significant changes (Supplementary Figure 1). Therefore, we selected AMPD1 for further study. AMPD1 was observed to be lower in tumor tissues and simultaneously was associated with better prognosis in HER2+ BC patients.




Figure 3 | Heatmaps, Venn diagrams, GO, KEGG enrichment and univariate Cox analyses of differentially expressed genes (DEGs) in HER2+ BC. Heatmaps of significant DEGs (FDR-adjusted p < 0.05, |log FC| > 1) between high and low (A) ImmuneScore and (B) StromalScore groups. Venn diagrams of upregulated and downregulated DEGs shared by the (C) ImmuneScore and (D) StromalScore analyses. (E) GO and (F) KEGG enrichment analyses (p < 0.05 and q < 0.05). (G) Univariate Cox regression analysis 127 DEGs, showing genes with p < 0.05.





Correlation of AMPD1 Expression With Survival and TNM Stage in Patients With HER2+ BC

Our correlation analyses showed downregulation of AMPD1 expression in HER2+ BC tumor tissues, in contrast with the paratumor tissues (p < 0.001) (Figure 4A). In addition, the data demonstrated that higher AMPD1 expression predicted better OS in patients with HER2+ BC (Figure 4B). Furthermore, AMPD1 expression was associated with age (Figure 4C) and lymph node status (Figure 4E), but not with tumor size or distant metastasis (Figures 4D, F). More importantly, AMPD1 expression was positively correlated with mRNA levels of PD-L1 (Pearson r = 0.1743, p = 0.0207) and PD-L2 (Pearson r = 0.3261, p < 0.0001) (Figures 4G, H). To evaluate the expression of AMPD1 protein in clinical biopsy samples, we performed immunohistochemistry, which showed higher expression of AMPD1 in paratumor tissues than in HER2+ BC tissues (Figure 4I).




Figure 4 | AMPD1 expression, survival, and clinicopathological characteristic analyses. (A) AMPD1 was differentially expressed between HER2+ BC tumor tissues and paratumor tissues (Wilcoxon rank sum test p < 0.001). (B) Survival analysis of HER2+ BC patients with low and high AMPD1 expression (based on median expression) in the TCGA database (log-rank test p = 0.029). (C–F) Kruskal-Wallis rank sum tests of the associations between AMPD1 expression and clinicopathological features. (G, H) Correlation analysis of AMPD1 expression and the mRNA levels of PD-L1 (p = 0.0207, rPearson = 0.1743) or PD-L2 (p < 0.0001, rPearson = 0.3261) in the TCGA database. (I) Representative IHC images of AMPD1 protein expression in HER2+ BC tumor and paratumor tissues. **p < 0.01.





AMPD1 Expression Indicates TME Perturbation

HALLMARK and C7 collection were evaluated with GSEA v4.1.0 software. The HALLMARK data illustrated that immune-linked signaling cascades consisting of TNFA signaling, interleukin family signaling and interferon response were abundant in the group with high expression of AMPD1 (Figure 5A). For C7 collection, abundant immune functional gene sets were observed in the group with upregulated AMPD1 expression (Figure 5B). These data indicated that AMPD1 might be an important marker of the TME immune response in HER2+ BC.




Figure 5 | GSEA for HER2+ BC samples with AMPD1 expression. (A) The enriched gene sets in HALLMARK collection by the high AMPD1 expression sample (nominal p < 0.05 and FDR-adjusted q < 0.05). (B) Enriched gene sets in C7 collection, the immunologic gene sets, by samples with high AMPD1 expression (nominal p < 0.05 and FDR-adjusted q < 0.05).





AMPD1 Expression Correlates With the TIC Fraction

We used the CIBERSORT algorithm to evaluate the components of tumor-infiltrating immune cell subsets in each sample of HER2+ BC, which provided the foundation for further correlation analysis of AMPD1 expression with the immune microenvironment (Figure 6). The data showed an association between eight TICs and the mRNA levels of AMPD1 (Figure 7). In addition, six of the 21 TICs were positively associated with AMPD1 expression: plasma cells, CD4 memory activated T cells, CD4 memory resting T cells, CD8 T cells, gamma delta T cells and M1 macrophages. In contrast, M2 macrophages and M0 macrophages were inversely associated with the AMPD1 expression. Furthermore, our immunohistochemical analyses showed co-expression of AMPD1, CD4 and CD8 in HER2+ BC (Figure 8). Thus, we speculated that the expression of AMPD1 might potentially affect the immune response in the TME.




Figure 6 | TIC profile in tumor samples and correlation analysis. (A) Barplot showing the proportion of 21 kinds of TICs in HER2+ BC samples. (B) Heatmap showing the correlation between 21 kinds of TICs and numerals in each small box indicating the p value of correlation between two kinds of cells. The shade of each small color box represents the corresponding correlation value between two cells, and the Pearson coefficient was used for significance testing.






Figure 7 | Differences in proportions of TICs between high and low AMPD1 expression groups and correlations of TICs with AMPD1 expression. (A) Violin plots of the proportions of 21 immune cell types in tumor tissues with low (green) or high (red) AMPD1 expression, compared using the Wilcoxon rank sum test. (B) Scatter plots showing Pearson correlation between the proportions of the 9 TICs and AMPD1 expression. Blue lines denote the best-fit linear models. (C) Venn diagram of intersection between analyses in (A, B) showing that 8 TICs were shared between the analyses.






Figure 8 | AMPD1 expression is positively correlated with CD4 and CD8 in HER2+ BC tissues. (A) Representative images of AMPD1, CD4 and CD8 staining. Case A: High expression of AMPD1, CD4 and CD8; Case B: Low expression of AMPD1, CD4 and CD8. (B) The correlations between AMPD1, CD4 and CD8 expression were analyzed by Pearson correlation tests.






Discussion

Conflicting findings have been reported regarding the therapeutic effect of immunotherapy on HER2+ BC. Herein, we evaluated the TME-associated genes potentially mediating the immune response and predicting survival in patients with HER2+ BC. Using TCGA datasets, we conducted univariate Cox regression and identified 19 genes including CD33, IL7R and CCR5. Previous studies have associated these three genes with the PD-1/PL-L1 signaling pathway and T cell-mediated immune responses (22–24). Among these genes, AMPD1 was significantly expressed and was associated with disease outcome and the TICs that affect the immune response. Interestingly, the data showed that AMPD1 might be involved in immune activities, and positively correlate with the expression of PD-L1 and PD-L2 in HER2+ BC.

The TME consists of tumor cells, stromal cells and immune cells, which are major mediators in the development of malignancy (25, 26). Recent research has illustrated that low immune cell invasion remains a major obstacle for cancer immunotherapy (27, 28). In addition, the ImmuneScore has been shown to be a prognostic tool for quantifying immune cell infiltrates in situ (29). Our results based on TCGA transcriptome data revealed that the ImmuneScore, StromalScore and ESTIMATEScore have a direct relationship with OS in patients with HER2+ BC, thus suggesting that TME-associated factors may potentially be used to estimate prognosis (30, 31).

Therefore, via the ImmuneScore and StromalScore, we selected TME-associated DEGs. GO and KEGG analyses illustrated that most of the selected DEGs participate in immune-linked processes. Further analysis demonstrated that AMPD1 expression was markedly associated with clinic-pathological features and prognosis. Moreover, adenosine plays crucial roles in the establishment of an immunosuppressive TME (32). AMPD1 catalyzes the conversion of adenosine monophosphate to inosine monophosphate (33) and thus might be involved in the regulation of immune responses. In addition, a recent report has demonstrated that AMPD1 expression in the serum of individuals with PTC is downregulated and mediates the development of PTC; these findings may guide diagnosis and the treatment in clinical practice (34). Our data indicated that, compared with the paratumor tissues, HER2+ BC samples showed suppression of AMPD1 expression. High AMPD1 expression was associated with better prognosis, in agreement with findings from a previous bioinformatics analysis study (35). Here, we showed that AMPD1 might participate in the immune response in HER2+ BC, thus providing new ideas for the treatment of HER2+ BC. However, more investigations are needed to define the mechanisms of AMPD1-induced immune activity to better understand the tumor immune microenvironment in HER2+ BC.

The correlation between AMPD1 expression and clinicopathological characteristics showed that AMPD1 might be associated with age and lymph node status. A previous report has shown that the AMPD1 expression in the serum from individuals with PTC is markedly different from the clinicopathological characteristics, such as tumor diameter and TNM stage (34). Interestingly, further analysis indicated that PD-L1 and PD-L2 have a positive relationship with AMPD1 expression. Targeting the PD-1/PD-L1 cascade exhibits remarkable responses to immune checkpoint repression in diverse types of cancers (36–39). Moreover, PD-L2, a relatively less explored ligand of PD-1, is found primarily on activated dendritic cells as well as macrophages, which play an indispensable role in repressing anticancer immune response (40). Therefore, the positive correlation between AMPD1 and PD-L1/PD-L2 expression might provide new ideas for HER2+ BC immune checkpoint therapy.

Furthermore, we performed gene set enrichment analysis (GSEA) and established that immune-linked signaling cascades, consisting of TNFA signaling, interleukin family signaling and interferon response, were markedly enriched in the group with high AMPD1 gene expression. Other studies have demonstrated that the dysregulation of AMPD1 might consequently perturb purine metabolism and guanine and hypoxanthine, thus further affecting the progression of BC (35). The CIBERSORT algorithm was used to identify the fractions of 21 immune cell types in HER2+ BC. AMPD1 expression was positively associated with six cell types (CD4+ memory resting T cells, M1 macrophages, plasma cells, CD4+ memory activated T cells, gamma delta T cells and CD8+ T cells) and inversely associated with two cell types (M0 macrophages and M2 macrophages). Furthermore, previous investigations have shown that elevated invasion of distinct immunocytes consisting of CD8 T cells, M1 macrophages, resting memory CD4 cells and activated memory CD4 cells is associated with better prognosis (41–43). In contrast, higher numbers of M0 macrophages, NK cells and M2 macrophages reflect dismal clinical outcomes (44–46). Our results demonstrate that AMPD1 might participate in the regulation of immune cell development and function. In addition, immunohistochemical analyses showed that the expression of AMPD1 is suppressed in cancerous tissues. Finally, AMPD1 is co-expressed with CD4 and CD8 in HER2+ BC.

Although PD-1/L1 inhibitors have demonstrated remarkable clinical effects against PD-L1 positive TNBC, this strategy is currently relevant only to a minority of patients with breast cancer (47–49). Moreover, clinical trials have investigated the use of immunotherapy combined with anti-HER2 targeted therapy in HER2+ BC. However, controversies in this field remain (12–14). Our data illustrate that upregulating AMPD1 expression in HER2+ BC tissues might affect the immune response according to the correlation of AMPD1 with TIC profiles or PD-L1 or PD-L2. Hence, AMPD1 may serve as an immune-associated biomarker in the management of HER2+ BC.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

This research was approved by the Institutional Ethics Committees of the First Afliated Hospital of Chongqing Medical University (#2017–012) and conformed to the tenets of the Declaration of Helsinki.



Author Contributions

Conceived and designed the experiments: HL, XY, and GR. Performed data collection: LW, XZ, and MW. Analyzed the data: LW, JW and YL. Contributed reagents, materials, or analysis tools: LW, and XZ. Contributed to the writing of the manuscript: LW, MW, and JX. All authors reviewed the manuscript.



Funding

This study was supported by National Natural Science Foundation grants (#81402178, #81372238).



Acknowledgments

We are grateful for free access to TCGA databases.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.749135/full#supplementary-material



References

1. Siegel, RL, Miller, KD, and Jemal, A. Cancer Statistics, 2020. CA Cancer J Clin (2020) 70(1):7–30. doi: 10.3322/caac.21590

2. Miller, KD, Nogueira, L, Mariotto, AB, Rowland, JH, Yabroff, KR, Alfano, CM, et al. Cancer Treatment and Survivorship Statistics, 2019. CA Cancer J Clin (2019) 69(5):363–85. doi: 10.3322/caac.21565

3. Krasniqi, E, Barchiesi, G, Pizzuti, L, Mazzotta, M, Venuti, A, Maugeri-Sacca, M, et al. Immunotherapy in HER2-Positive Breast Cancer: State of the Art and Future Perspectives. J Hematol Oncol (2019) 12(1):111. doi: 10.1186/s13045-019-0798-2

4. Bense, RD, Sotiriou, C, Piccart-Gebhart, MJ, Haanen, J, van Vugt, M, de Vries, EGE, et al. Relevance of Tumor-Infiltrating Immune Cell Composition and Functionality for Disease Outcome in Breast Cancer. J Natl Cancer Inst (2017) 109(1):djw192. doi: 10.1093/jnci/djw192

5. Wagner, J, Rapsomaniki, MA, Chevrier, S, Anzeneder, T, Langwieder, C, Dykgers, A, et al. A Single-Cell Atlas of the Tumor and Immune Ecosystem of Human Breast Cancer. Cell (2019) 177(5):1330–45 e18. doi: 10.1016/j.cell.2019.03.005

6. Cimino-Mathews, A, Thompson, E, Taube, JM, Ye, X, Lu, Y, Meeker, A, et al. PD-L1 (B7-H1) Expression and the Immune Tumor Microenvironment in Primary and Metastatic Breast Carcinomas. Hum Pathol (2016) 47(1):52–63. doi: 10.1016/j.humpath.2015.09.003

7. Li, X, Li, M, Lian, Z, Zhu, H, Kong, L, Wang, P, et al. Prognostic Role of Programmed Death Ligand-1 Expression in Breast Cancer: A Systematic Review and Meta-Analysis. Target Oncol (2016) 11(6):753–61. doi: 10.1007/s11523-016-0451-8

8. Robert, C, Ribas, A, Wolchok, JD, Hodi, FS, Hamid, O, Kefford, R, et al. Anti-Programmed-Death-Receptor-1 Treatment With Pembrolizumab in Ipilimumab-Refractory Advanced Melanoma: A Randomised Dose-Comparison Cohort of a Phase 1 Trial. Lancet (2014) 384(9948):1109–17. doi: 10.1016/S0140-6736(14)60958-2

9. Emens, LA. Breast Cancer Immunotherapy: Facts and Hopes. Clin Cancer Res (2018) 24(3):511–20. doi: 10.1158/1078-0432.CCR-16-3001

10. Rizvi, NA, Hellmann, MD, Snyder, A, Kvistborg, P, Makarov, V, Havel, JJ, et al. Cancer Immunology. Mutational Landscape Determines Sensitivity to PD-1 Blockade in Non-Small Cell Lung Cancer. Science (2015) 348(6230):124–8. doi: 10.1126/science.aaa1348

11. Kruger, S, Ilmer, M, Kobold, S, Cadilha, BL, Endres, S, Ormanns, S, et al. Advances in Cancer Immunotherapy 2019 - Latest Trends. J Exp Clin Cancer Res (2019) 38(1):268. doi: 10.1186/s13046-019-1266-0

12. Arab, A, Yazdian-Robati, R, and Behravan, J. HER2-Positive Breast Cancer Immunotherapy: A Focus on Vaccine Development. Arch Immunol Ther Exp (Warsz) (2020) 68(1):2. doi: 10.1007/s00005-019-00566-1

13. Loi, S, Giobbie-Hurder, A, Gombos, A, Bachelot, T, Hui, R, Curigliano, G, et al. Pembrolizumab Plus Trastuzumab in Trastuzumab-Resistant, Advanced, HER2-Positive Breast Cancer (PANACEA): A Single-Arm, Multicentre, Phase 1b-2 Trial. Lancet Oncol (2019) 20(3):371–82. doi: 10.1016/S1470-2045(18)30812-X

14. Borghaei, H, Alpaugh, RK, Bernardo, P, Palazzo, IE, Dutcher, JP, Venkatraj, U, et al. Induction of Adaptive Anti-HER2/neu Immune Responses in a Phase 1B/2 Trial of 2B1 Bispecific Murine Monoclonal Antibody in Metastatic Breast Cancer (E3194): A Trial Coordinated by the Eastern Cooperative Oncology Group. J Immunother (2007) 30(4):455–67. doi: 10.1097/CJI.0b013e31803bb421

15. Fridman, WH, Pages, F, Sautes-Fridman, C, and Galon, J. The Immune Contexture in Human Tumours: Impact on Clinical Outcome. Nat Rev Cancer (2012) 12(4):298–306. doi: 10.1038/nrc3245

16. Tumeh, PC, Harview, CL, Yearley, JH, Shintaku, IP, Taylor, EJ, Robert, L, et al. PD-1 Blockade Induces Responses by Inhibiting Adaptive Immune Resistance. Nature (2014) 515(7528):568–71. doi: 10.1038/nature13954

17. Haanen, J. Converting Cold Into Hot Tumors by Combining Immunotherapies. Cell (2017) 170(6):1055–6. doi: 10.1016/j.cell.2017.08.031

18. Wang, L, Mo, X, Xu, Y, Zuo, B, Lei, M, Li, F, et al. Molecular Characterization and Expression Patterns of AMP Deaminase1 (AMPD1) in Porcine Skeletal Muscle. Comp Biochem Physiol B Biochem Mol Biol (2008) 151(2):159–66. doi: 10.1016/j.cbpb.2008.06.009

19. Tousoulis, D, Kioufis, S, Siasos, G, Oikonomou, E, Zaromitidou, M, Maniatis, K, et al. The Impact of AMPD1 Gene Polymorphism on Vascular Function and Inflammation in Patients With Coronary Artery Disease. Int J Cardiol (2014) 172(3):e516–8. doi: 10.1016/j.ijcard.2014.01.078

20. Morisaki, T, Gross, M, Morisaki, H, Pongratz, D, Zollner, N, and Holmes, EW. Molecular Basis of AMP Deaminase Deficiency in Skeletal Muscle. Proc Natl Acad Sci USA (1992) 89(14):6457–61. doi: 10.1073/pnas.89.14.6457

21. Li, Y, Huang, J, Zeng, B, Yang, D, Sun, J, Yin, X, et al. PSMD2 Regulates Breast Cancer Cell Proliferation and Cell Cycle Progression by Modulating P21 and P27 Proteasomal Degradation. Cancer Lett (2018) 430:109–22. doi: 10.1016/j.canlet.2018.05.018

22. Krupka, C, Kufer, P, Kischel, R, Zugmaier, G, Lichtenegger, FS, Kohnke, T, et al. Blockade of the PD-1/PD-L1 Axis Augments Lysis of AML Cells by the CD33/CD3 BiTE Antibody Construct AMG 330: Reversing a T-Cell-Induced Immune Escape Mechanism. Leukemia (2016) 30(2):484–91. doi: 10.1038/leu.2015.214

23. Ahmed, A, Adiga, V, Nayak, S, Uday Kumar, JAJ, Dhar, C, Sahoo, PN, et al. Circulating HLA-DR+CD4+ Effector Memory T Cells Resistant to CCR5 and PD-L1 Mediated Suppression Compromise Regulatory T Cell Function in Tuberculosis. PloS Pathog (2018) 14(9):e1007289. doi: 10.1371/journal.ppat.1007289

24. Hou, L, Jie, Z, Liang, Y, Desai, M, Soong, L, and Sun, J. Type 1 Interferon-Induced IL-7 Maintains CD8+ T-Cell Responses and Homeostasis by Suppressing PD-1 Expression in Viral Hepatitis. Cell Mol Immunol (2015) 12(2):213–21. doi: 10.1038/cmi.2014.49

25. Anderson, NM, and Simon, MC. The Tumor Microenvironment. Curr Biol (2020) 30(16):R921–5. doi: 10.1016/j.cub.2020.06.081

26. Karamitopoulou, E. The Tumor Microenvironment of Pancreatic Cancer. Cancers (Basel) (2020) 12(10):3076. doi: 10.3390/cancers12103076

27. Chen, DS, and Mellman, I. Elements of Cancer Immunity and the Cancer-Immune Set Point. Nature (2017) 541(7637):321–30. doi: 10.1038/nature21349

28. Tang, H, Wang, Y, Chlewicki, LK, Zhang, Y, Guo, J, Liang, W, et al. Facilitating T Cell Infiltration in Tumor Microenvironment Overcomes Resistance to PD-L1 Blockade. Cancer Cell (2016) 29(3):285–96. doi: 10.1016/j.ccell.2016.02.004

29. Donnem, T, Kilvaer, TK, Andersen, S, Richardsen, E, Paulsen, EE, Hald, SM, et al. Strategies for Clinical Implementation of TNM-Immunoscore in Resected Nonsmall-Cell Lung Cancer. Ann Oncol (2016) 27(2):225–32. doi: 10.1093/annonc/mdv560

30. Jiang, Y, Zhang, Q, Hu, Y, Li, T, Yu, J, Zhao, L, et al. ImmunoScore Signature: A Prognostic and Predictive Tool in Gastric Cancer. Ann Surg (2018) 267(3):504–13. doi: 10.1097/SLA.0000000000002116

31. Lee, HE, Chae, SW, Lee, YJ, Kim, MA, Lee, HS, Lee, BL, et al. Prognostic Implications of Type and Density of Tumour-Infiltrating Lymphocytes in Gastric Cancer. Br J Cancer (2008) 99(10):1704–11. doi: 10.1038/sj.bjc.6604738

32. Sorrentino, R, Pinto, A, and Morello, S. The Adenosinergic System in Cancer: Key Therapeutic Target. Oncoimmunology (2013) 2(1):e22448. doi: 10.4161/onci.22448

33. Smolenski, RT, Rybakowska, I, Turyn, J, Romaszko, P, Zabielska, M, Taegtmeyer, A, et al. AMP Deaminase 1 Gene Polymorphism and Heart Disease-a Genetic Association That Highlights New Treatment. Cardiovasc Drugs Ther (2014) 28(2):183–9. doi: 10.1007/s10557-013-6506-5

34. Zha, T, and Wu, H. Expression of Serum AMPD1 in Thyroid Carcinoma and Its Clinical Significance. Exp Ther Med (2018) 15(4):3357–61. doi: 10.3892/etm.2018.5859

35. Luo, X, Yu, H, Song, Y, and Sun, T. Integration of Metabolomic and Transcriptomic Data Reveals Metabolic Pathway Alteration in Breast Cancer and Impact of Related Signature on Survival. J Cell Physiol (2019) 234(8):13021–31. doi: 10.1002/jcp.27973

36. McDermott, DF, Sosman, JA, Sznol, M, Massard, C, Gordon, MS, Hamid, O, et al. Atezolizumab, an Anti-Programmed Death-Ligand 1 Antibody, in Metastatic Renal Cell Carcinoma: Long-Term Safety, Clinical Activity, and Immune Correlates From a Phase Ia Study. J Clin Oncol (2016) 34(8):833–42. doi: 10.1200/JCO.2015.63.7421

37. Hodi, FS, O'Day, SJ, McDermott, DF, Weber, RW, Sosman, JA, Haanen, JB, et al. Improved Survival With Ipilimumab in Patients With Metastatic Melanoma. N Engl J Med (2010) 363(8):711–23. doi: 10.1056/NEJMoa1003466

38. Hui, R, Garon, EB, Goldman, JW, Leighl, NB, Hellmann, MD, Patnaik, A, et al. Pembrolizumab as First-Line Therapy for Patients With PD-L1-Positive Advanced Non-Small Cell Lung Cancer: A Phase 1 Trial. Ann Oncol (2017) 28(4):874–81. doi: 10.1093/annonc/mdx008

39. Massard, C, Gordon, MS, Sharma, S, Rafii, S, Wainberg, ZA, Luke, J, et al. Safety and Efficacy of Durvalumab (MEDI4736), an Anti-Programmed Cell Death Ligand-1 Immune Checkpoint Inhibitor, in Patients With Advanced Urothelial Bladder Cancer. J Clin Oncol (2016) 34(26):3119–25. doi: 10.1200/JCO.2016.67.9761

40. Yearley, JH, Gibson, C, Yu, N, Moon, C, Murphy, E, Juco, J, et al. PD-L2 Expression in Human Tumors: Relevance to Anti-PD-1 Therapy in Cancer. Clin Cancer Res (2017) 23(12):3158–67. doi: 10.1158/1078-0432.CCR-16-1761

41. Ruterbusch, M, Pruner, KB, Shehata, L, and Pepper, M. In Vivo CD4(+) T Cell Differentiation and Function: Revisiting the Th1/Th2 Paradigm. Annu Rev Immunol (2020) 38:705–25. doi: 10.1146/annurev-immunol-103019-085803

42. Maimela, NR, Liu, S, and Zhang, Y. Fates of CD8+ T Cells in Tumor Microenvironment. Comput Struct Biotechnol J (2019) 17:1–13. doi: 10.1016/j.csbj.2018.11.004

43. Wang, P, Wang, H, Huang, Q, Peng, C, Yao, L, Chen, H, et al. Exosomes From M1-Polarized Macrophages Enhance Paclitaxel Antitumor Activity by Activating Macrophages-Mediated Inflammation. Theranostics (2019) 9(6):1714–27. doi: 10.7150/thno.30716

44. Komohara, Y, Fujiwara, Y, Ohnishi, K, and Takeya, M. Tumor-Associated Macrophages: Potential Therapeutic Targets for Anti-Cancer Therapy. Adv Drug Deliv Rev (2016) 99(Pt B):180–5. doi: 10.1016/j.addr.2015.11.009

45. Ali, HR, Chlon, L, Pharoah, PD, Markowetz, F, and Caldas, C. Patterns of Immune Infiltration in Breast Cancer and Their Clinical Implications: A Gene-Expression-Based Retrospective Study. PloS Med (2016) 13(12):e1002194. doi: 10.1371/journal.pmed.1002194

46. Musetti, S, and Huang, L. Nanoparticle-Mediated Remodeling of the Tumor Microenvironment to Enhance Immunotherapy. ACS Nano (2018) 12(12):11740–55. doi: 10.1021/acsnano.8b05893

47. Schmid, P, Adams, S, Rugo, HS, Schneeweiss, A, Barrios, CH, Iwata, H, et al. Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer. N Engl J Med (2018) 379(22):2108–21. doi: 10.1056/NEJMoa1809615

48. Cortes, J, Cescon, DW, Rugo, HS, Nowecki, Z, Im, SA, Yusof, MM, et al. Pembrolizumab Plus Chemotherapy Versus Placebo Plus Chemotherapy for Previously Untreated Locally Recurrent Inoperable or Metastatic Triple-Negative Breast Cancer (KEYNOTE-355): A Randomised, Placebo-Controlled, Double-Blind, Phase 3 Clinical Trial. Lancet (2020) 396(10265):1817–28. doi: 10.1016/S0140-6736(20)32531-9

49. Schmid, P, Cortes, J, Pusztai, L, McArthur, H, Kummel, S, Bergh, J, et al. Pembrolizumab for Early Triple-Negative Breast Cancer. N Engl J Med (2020) 382(9):810–21. doi: 10.1056/NEJMoa1910549




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Wang, Zhang, Wang, Li, Xu, Wei, Li, Ren and Yin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-749135-g001.jpg





OEBPS/Images/fonc-11-749135-g006.jpg
I
HHl i

Himn






OEBPS/Images/fonc.2021.749135_cover.jpg
’ frontiers
in Oncology

AMPD1 Is Associated With the
Immune Response and Serves
as a Prognostic Marker in HER2-
Positive Breast Cancer





OEBPS/Images/fonc-11-749135-g004.jpg





OEBPS/Images/fonc-11-749135-g003.jpg
-

BEIEEEEEE






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        AMPD1 Is Associated With the Immune Response and Serves as a Prognostic Marker in HER2-Positive Breast Cancer

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Raw Data

          



          		

            Calculation of ImmuneScore, StromalScore, and ESTIMATEScore

          



          		

            Analysis of Scores With Clinical Stages

          



          		

            DEGs Between The High- and Low-Score Groups According to the ImmuneScore and StromalScore

          



          		

            GO, KEGG, and Cox Regression Analysis

          



          		

            Gene Set Enrichment Analysis

          



          		

            TIC Profile

          



          		

            Immunohistochemistry

          



          		

            Ethical Approval

          



        



        



        		

          Results

        

          		

            Immune and Stromal Components in the TME Correlate With the Prognosis of HER2+ BC

          



          		

            Invasion of Immune or Stromal Cells Correlates With the Clinicopathological Staging of Patients With HER2+ BC

          



          		

            DEGs in the ImmuneScore and StromalScore Were Markedly Enriched in Immune-Associated Genes

          



          		

            Correlation of AMPD1 Expression With Survival and TNM Stage in Patients With HER2+ BC

          



          		

            AMPD1 Expression Indicates TME Perturbation

          



          		

            AMPD1 Expression Correlates With the TIC Fraction

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-749135-g008.jpg
g
{;T*e-‘r"’ ;
X

2 Ww‘






OEBPS/Images/fonc-11-749135-g007.jpg
e Intersection

EZ ill-ll ﬂ “znmd mu'!ee““m -

e






OEBPS/Images/fonc-11-749135-g002.jpg





OEBPS/Images/fonc-11-749135-g005.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





