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Introduction

Cancer progression is determined not only by the malignant behavior of tumors but also by the immune microenvironment. The tumor immune microenvironment also plays a pivotal role in determining the clinical response of non-small-cell lung cancer (NSCLC) to immunotherapies. To understand the possible mechanisms and explore new targets in lung cancer immunotherapy, we characterized the immune profiles in NSCLC patients.



Methods

Seventy-one NSCLC patients who underwent radical resection were selected. The immune cell composition in paired tumor and adjacent normal lung tissues was tested by flow cytometry. The associations of tumor immune microenvironment characteristics with clinicopathological factors and overall survival were analyzed. Kaplan–Meier curves and Cox proportional hazards models were used to determine differences in survival.



Results

Compared with adjacent normal lung tissues, an increased proportion of CD45+ hematopoietic-derived cells, CD4+ T cell subtypes, Tregs and B cells was observed in tumor samples with a reduced frequency of myeloid cell populations. There was no significant increase in total CD8+ T cells, but both PD1+ and CD38+ CD8+ T cells were significantly enriched in tumor samples and statistically significantly associated with tumor size. In addition, positive CD38 expression was highly correlated with PD1 positivity. A high proportion of CD8+ T cells and a low percentage of PD1+ CD8+ T cells were statistically significantly associated with better survival in stage II and III patients, whereas a low frequency of CD38+ CD8+ T cells was statistically significantly associated with better survival in all patients and identified as an independent prognostic factor (p=0.049).



Conclusion

We profiled the immune cells in the tumor tissues of NSCLC patients using flow cytometry. The results revealed significant enrichment of infiltrating immune cells. A strong correlation was identified between CD38 and PD-1 expression on CD8+ T cells in tumors. CD8+ T cells and their subtypes play a critical role in the prediction of prognosis.
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Introduction

Lung cancer remains the leading cause of cancer-related mortality worldwide (1). With the success of immune checkpoint blockade in the treatment of non-small-cell lung cancer (NSCLC) patients, many combinational immunotherapy strategies are currently being explored in clinical trials (2). However, the response rate remains unsatisfactory (3). In the treatment of lung cancer patients, immunotherapies mainly aim to restore T cell mediated anti-tumor immunity or suppress the pro-tumor activities in the tumor microenvironment (TME).

The TME contains abundant tumor cells and immune cells and is a central regulator of malignant tumor progression (4). Previous studies revealed that the densities of specific tumor-infiltrating lymphocytes (TILs), such as CD8+ and CD4+ cells, were associated with cancer prognosis (5, 6). CD8+ T cells are one of the key biomarkers that predict the efficacy of immune checkpoint therapy (7). Moreover, myeloid cells are heterogeneous immune cells that belong to the innate immune system. Among myeloid cells, macrophages and dendritic cells (DCs) are well known for their ability to regulate T cell responses, and they might play an important role in cancer progression. Additionally, other factors affect anti-tumor immunity through the TME, such as CD38 and the exhausted T cell marker programmed death-1 receptor (PD-1) (8). CD38 overexpression was reported to be a potential mechanism of acquired resistance to PD-1/PD-L1 blockade by suppressing CD8+ T cell proliferation and inducing their differentiation into exhaustive CD8+ T cells (9). The immune status of the TME is particularly complex, and its prognostic value has not been fully elucidated.

The cell composition in the TME of NSCLC significantly contributes to cancer progression and the sensitivity of tumors to immune therapies, but the underlying mechanisms remain unclear. Understanding the homeostasis of the immune system, particularly the diversity and roles of TILs in the TME, may help to identify the possible mechanisms. The present work aimed to determine whether the immune microenvironment in NSCLC might influence clinical outcomes. We characterized the immune profiles in NSCLC patients by flow cytometry and analyzed the abundance and prognostic value of different immune subsets in tumors.



Methods


Patient Selection and Specimens

Seventy-one patients with NSCLC who underwent radical resection(R0) at the First Affiliated Hospital of USTC from April to December 2017 were selected. Paired tumor and adjacent normal lung tissues were collected from patients undergoing lung surgery. All protocols were reviewed and approved by the Ethics Committee of the First Affiliated Hospital of USTC.



Sample Collection and Preparation

In this study, both fresh surgically resected lung tumor samples and paired adjacent normal tissues (n = 71) were processed into single-cell suspensions using an enzymatic digestion method. Cells were then stained with fluorescently-labeled antibodies before flow cytometry analysis. Briefly, surgical tissue samples were mechanically dissociated with a gentleMACS Octo Dissociator and Human Tumor Dissociation Kit (Miltenyi Biotec) in accordance with the manufacturer’s instructions. Red blood cells were lysed using Red Blood Cell Lysing Buffer (Sigma-Aldrich). Cell suspensions were washed with RPMI1640 medium containing 10% FBS (GIBCO) and filtered through a 70-μm cell strainer (Falcon). Trypan Blue-stained cells were counted with a hemocytometer.



Antibody Staining for Flow Cytometry

For flow cytometry as described before (10), single cells from tumor tissues and paired adjacent normal tissues were washed and stained with Fixable Viability Stain 780 (BD Biosciences) for cell viability measurements. Then, cells were washed with stain buffer (BD Biosciences) and blocked with human Fc block (BD Biosciences) to block Fc receptors. Cells were then stained with fluorophore-labeled anti-human mAbs. For intracellular staining, cells were treated with the Foxp3/Transcription Factor Staining Buffer Set (eBioscience) and then incubated with mAbs against the corresponding intracellular proteins. Stained samples were washed, fixed with 4% paraformaldehyde (Affymetrix) and subsequently analyzed on a Flow Cytometer (BD Biosciences). Flow cytometry gating strategy was showed in Figure S1. Frequency of immune subsets based on the following phenotypical markers, CD4 T cells (CD3+CD4+), CD8 T cells (CD3+CD8+), B cells (CD19+), NK cells (CD56+), Macrophages/DCs (CD11b+CD11chighHLA-DR+), MDSCs/Granulocytes (CD11b+CD11clowHLA-DR-), M-MDSC (CD11b+CD11clowHLA-DR-CD14+CD15-), Bregs (CD19+CD38+CD24+), and Tregs (CD3+CD4+CD25+CD127low).



Follow-Up and Data Collection

The clinicopathological and postoperative follow-up data of all patients were collected retrospectively from medical databases. The pathological staging was based on the criteria of the AJCC pTNM classification (eighth edition). The postoperative follow-up procedure included radiological examination on chest every 3 months for the first 2 years and then every 6 months for the next 3 years, and whole body examination emphasizing on head, bone and adrenal gland for each year. Follow-up data collection was performed by trained investigators during inpatient visits, outpatient visits or telephone calls. Overall survival (OS) was defined as the time from the surgery date to death or the last follow-up date.



Statistical Analyses

Statistical analyses were performed using SPSS version 20.0 (Statistical Package for the Social Sciences, Chicago, IL). Normally distributed data are shown as the mean ± standard deviation. Independent sample t-tests and one-way analysis of variance (ANOVA) were used to compare the means between groups, and Pearson’s correlation was used to analyze the relationship between CD38 and PD-1 expression on CD8+ T cell subsets. The Kaplan–Meier method was used to estimate survival. Differences between survival curves were analyzed using the log-rank test. A multivariate analysis of prognostic factors was performed using a Cox proportional hazards model and stepwise procedure. Hazard ratios (HRs) and 95% confidence intervals (CIs) were generated. All statistical tests conducted were two-sided, and p<0.05 was considered statistically significant.




Results


Immune Profiles in the Tumor Microenvironment of Non-Small-Cell Lung Cancer

To characterize the tumor immune microenvironment of NSCLC patients, freshly resected tumors and paired adjacent normal lung tissues were collected (Figure 1A). Seventy-one paired samples were analyzed by flow cytometry. Clinical information, including gender, age, pathological type and stage, was collected and summarized in Figure 1B. A quality control standard for sample preparation was used, and only processed samples with ≥70% viability were stained. For flow cytometry analysis, at least 5×104 events (LOQ, limitation of quantification) were required to calculate the MFI values of each immune cell population.




Figure 1 | Immune profiling of NSCLC tumor microenvironment. (A) Overview of the study design. Fresh surgical resections of adjacent normal lung and tumor tissues were collected from patients. Tissue samples were digested into single cell suspensions for the following staining. The data was analyzed either by flow cytometry. (B) Demographic information of the patients was shown. In total, 71 paired samples were collected. (C) The percentage of CD45+ cells were compared between adjacent normal lung and tumor tissue samples, ***p < 0.001 by paired t-test. Dot plots show Mean ± SD. (D–G) Frequency of immune subsets based on the following phenotypical markers, CD4 T cells (CD3+CD4+), CD8 T cells (CD3+CD8+), B cells (CD19+), NK cells (CD56+), Macrophages/DCs (CD11b+CD11chighHLA-DR+), MDSCs/Granulocytes (CD11b+CD11clowHLA-DR-), M-MDSC (CD11b+CD11clowHLA-DR-CD14+CD15-), Bregs (CD19+CD38+CD24+), Tregs (CD3+CD4+CD25+CD127low), ns p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001 by paired t-test. Dot plots show Mean ± SD.



We designed three staining panels to distinguish between tumor cells, myeloid cells and T cells. Compared with adjacent normal lung tissues, an increased proportion of CD45+ hematopoietic-derived cells was observed in tumor samples, and CD4+ T cells were found to be the largest cell population in the TILs (Figures 1C, D). In adjacent normal lung samples, a higher frequency (40%) of myeloid cell populations (MDSCs/granulocytes, macrophages/DCs) was identified compared with tumor samples (Figure 1D). Our data indicated that at least 18% of CD45+ cells were CD19+ B cells, which was similar to the amount of CD8+ T cells in tumors.

Because M-MDSCs and Bregs are well-known regulatory cells that secrete suppressive cytokines, such as TGF-β and IL-10, the changes in these immune populations were evaluated (Figures 1E, F). Bregs were found to be significantly enriched in the TME. In contrast, fewer M-MDSCs were present in tumors. Furthermore, Tregs were found to be highly enriched in tumors (Figure 1G). which may be the major suppressive cells to protect tumor cells from being attacked by the immune system. Based on the abundance of these suppressive cells in the lung TME, targeting Tregs or Bregs may potentially restore anti-tumor immunity.



Association Between the Tumor Immune Microenvironment and Clinicopathological Variables

Tumor specimens from 71 patients were analyzed by flow cytometry. The proportion of total immune cells (CD45+) and each subtype was compared according to the clinicopathological characteristics of patients, including gender, age, pathological type, tumor size, stage of involved lymph nodes and pathological stage. Overall, no consistent association between the percentage of TIL subtypes and major clinicopathological variables was found. However, in the subgroup analysis, increased PD1+ and CD38+ CD8+ T cells were statistically significantly associated with tumor size (p = 0.004 and p = 0.036, respectively) (Table 1).


Table 1 | Association between the tumor immune microenvironment and clinicopathological variables.





Characterization of CD8 T Cell Subtypes

CD8+ T cells are one of the key biomarkers that predict the efficacy of immune checkpoint therapy, and they play an important role in anti-tumor immunity. However, in this study, there was no significant increase in the number of total CD8+ T cells in tumors. To investigate the characteristics of CD8+ T cell subtypes, we analyzed the expression of T cell exhaustion markers, such as PD-1, and the results showed that 50% of CD8+ T cells in tumors were PD1+ in almost half of the patients (Figure 2A). CD38 is also an immune molecule expressed on the surface of several immune cells, and CD38+ CD8+ T cells were reported to have strong immunosuppressive capabilities. Our data demonstrated that over 55% of CD8+ T cells in the TME were CD38+ in at least half of the NSCLC patients (Figure 2B). Compared with normal lung samples, both PD-1+ and CD38+ CD8+ T cells were significantly enriched in tumor samples. Furthermore, we found that the positivity of CD38 was highly correlated with PD-1 positivity (Figure 2C), suggesting CD38 as an additional marker of exhausted tumor-infiltrating T cells.




Figure 2 | The expression and correlation of PD-1 and CD38 on CD8+ T cells. (A) Percentage of PD-1+ CD8+ T cells was compared between adjacent normal and tumor tissues. (B) Percentage of CD38+ CD8+ T cells was compared between adjacent normal and tumor tissues. (C) The correlation between CD38 and PD-1 on CD8+ T cells from tumor samples. Pearson r was shown as R, ***p < 0.001 by paired t-test. Dot plots show Mean ± SD.





Prognostic Significance of Immune Cells in Tumor Microenvironment

The median follow-up duration was 32.5 months (range, 9.0–42.0 months) for all patients, and the follow-up rate was 94%. The proportion of immune cells was categorized as high and low according to the mean value. Variables of the immune microenvironment and clinicopathological features were used to evaluate the prognosis by Kaplan–Meier survival analysis. Univariate analysis revealed that the tumor size (p=0.042), status of involved lymph nodes (p<0.001), pathological stage (p<0.001) and the proportion of CD38+ CD8+ T cells (p=0.004) were statistically significantly associated with the 3-year survival rate, whereas the other variables were not related to the 3-year overall survival rate (p for all > 0.05) (Table 2). An increased proportion of macrophages/DCs or Tregs was associated with poor survival, although this result was not statistically significant (p=0.082 and p=0.076, respectively).


Table 2 | Univariate survival analyses of patients with NSCLC.



As mentioned above, 46% of patients were stage I, and there was only 1 death during the follow-up period. The survival rates stratified by pathological stage were assessed. A high proportion of CD8+ T cells and a low frequency PD1+ CD8+ T cells were statistically significantly associated with better survival in stage II and III patients, but no significant differences in survival were found among all patients (Figures 3A–D). A low proportion of CD38+ CD8+ T cells was statistically significantly associated with better survival in all patients and stage II and III subgroups (Figures 3E, F).




Figure 3 | Association between CD8+ T cells and their subsets with survival in NSCLC. Kaplan-Meier estimates of overall survival (OS) stratified by pathological stage according to CD8+ T cells (A, B), PD-1+ CD8+ T cells (C, D), and CD38+ CD8+ T cells (E, F). (A, C, E) for all stage patients (including stages I, II, and III); (B, D, F) for middle and advanced stage patients (including stages II and III).



In the multivariate analysis, a Cox proportional hazards model was used to identify the independent predictors of OS, which were adjusted for all immune microenvironment and clinicopathological factors. Details of the results were presented in Table 3. The analyses revealed that the status of involved lymph nodes (p<0.001), pathological stage (p<0.001) and proportion of CD38+ CD8+T cells (p=0.049) were independent prognostic factors and significantly correlated with OS.


Table 3 | Multivariate survival analyses of patients with NSCLC.






Discussion

Cancer progression is determined not only by the malignant behavior of tumors but also by the immune microenvironment. The tumor immune microenvironment also plays a pivotal role in determining the clinical response of NSCLC patients to immunotherapies. To understand the possible mechanisms and explore new targets for lung cancer immunotherapy, we characterized the immune profiles in NSCLC patients by flow cytometry and determined the abundance of different immune cells in the TME. Compared with adjacent normal lung tissues, more CD45+ hematopoietic-derived cells were observed in tumor samples, and CD4+ T cells were the largest cell population in TILs, suggesting that TILs play an important role in tumor progression. These data are consistent with previous findings (11) and confirm that the microenvironment of NSCLC tumors is enriched with immune cells. However, there were no differences among clinicopathological subgroups, and no prognostic value was identified. This finding is likely attributed to the complexity of the TME. Different immune cell populations have various biological roles in tumor regulation (12).

Although there were no differences in CD8+ T cells between tumor and normal tissues, we found that CD8+ T cells were associated with better prognosis in advanced stage NSCLC patients, which was consistent with previous studies (5, 13). CD8+ T lymphocytes are a well-established group of effector T cells with potent cytotoxic effects in cancer. And exhausted CD8+ T cells are a distinct cell lineage that have decreased effector function and proliferative capacity, partly caused by overexpression of inhibitory receptors such as PD-1 (14). In lung cancer animal models, the anti-PD-L1 treatment group showed an increase in exhausted CD8+ T cells (14). High variability in the abundance of PD-1+ CD8+ T cells was observed, and these cells were increased in tumors larger than 3 cm. An increased proportion of PD-1+ CD8+ T cells was correlated with poor survival in stages II and III patients, which strongly suggested the effect of CD8+ T cell exhaustion on anti-tumor immunity. Although the relationship between PD-1 expression and prognosis remains controversial, which may be associated with its essential modulation for effector T cells and their direct role in overcoming the immunosuppressive TME (15).

Extensive evidence suggests that tumor-infiltrating CD8+ T cells positively contribute to anti-tumor immunity; however, the role of tumor-infiltrating B cells remains controversial. Studies have reported a positive prognostic effect, generally similar to that of CD8+ T cells (16, 17). We also identified that B cells were enriched in the TME at a level about 4.5-fold higher than previously reported (18). This large difference in B cell proportions may be due to differences in tumor tissue sample collection because B cells are mainly present at the tumor periphery. The function of these B cells is still unknown, which has resulted in different opinions on whether immunotherapies should be designed to enhance or inhibit these cells. Bregs enriched in tumors are defined by their production of cytokines, such as IL-10, IL-35, and TGF-β, and are known to suppress inflammation and T-cell immunity (19). A lack of phenotypical markers for Bregs and the plasticity of B cells in response to the tumor milieu has limited the research progress on targeting B cells in cancer immunotherapy (20).

In NSCLC tumors, fewer macrophages and DCs were present in the TME compared with adjacent normal lung tissues which was consistent with previous research (10), indicating chronic inflammation or disrupted tumor homeostasis in these NSCLC patients. MDSCs are divided into polymorphonuclear (PMN) and monocytic (M) MDSCs (21). Although specific phenotypical markers for MDSCs in lung tumors are debatable, the most important criterion defining MDSCs is their ability to suppress T cells, and M-MDSCs have a more extensive suppressive ability compared with PMN-MDSCs (22). However, due to the particularly rare presence of MDSCs in the tumors of NSCLC patients, the depletion of MDSCs using an antibody may not be sufficient to reverse the immune-suppression status of the TME and restore an anti-tumor one.

CD38 is a type II transmembrane glycoprotein and multifunctional ectoenzyme involved in calcium mobilization, cell adhesion and signaling pathways (23).In this study, more than 55% of the tumor-infiltrating CD8+ T cells in NSCLC patients were CD38+, which was significantly higher than the proportion in normal lung tissues. It was surprising that increased CD38+ CD8+ T cells but not Tregs in the TME were associated with poor prognosis in NSCLC as Tregs may be the main suppressive cells to protect tumor cells from being attacked by the immune system (24). Multivariate analysis confirmed the critical role of CD38+ CD8+ T cells in the prediction of prognosis, which may help to evaluate prognosis more accurately when combining this information with the pathological stages. However, the potential functions of CD38 on other immune cells have not yet been fully elucidated and require further study.

A recent study indicates that the overexpression of CD38 on T cells after PD-1/PD-L1 blockade may contribute to acquired resistance by suppressing CD8+ T cell proliferation and inducing their differentiation into exhaustive CD8+ T cells, and the combination of CD38 and PD-L1 blockade substantially reduces primary tumor burden and metastasis compared with PD-L1 blockade alone in vivo. The inhibitory mechanism of CD38 on CD8+ T cells was found to be mediated by the adenosine receptor signaling pathway (9). Another study revealed that PD-1 blockade in unprimed or suboptimally primed CD8 cells induces resistance through the induction of PD-1+ CD38+ CD8+ cells that is reversed by optimal priming. PD-1+ CD38+ CD8+ cells serve as a predictive and therapeutic biomarker for anti-PD-1 treatment (25). These findings, together with the strong correlation between CD38 positivity and PD1 positivity on CD8+ T cells found in our study, suggests that CD38 is likely an important player in the regulation of T cell suppression in lung cancer patients.

This study investigated frequency of immune cells based on a large number of specimens comparing malignant and adjacent normal tissues. As we discussed, the composition and characteristics of the tumor immune microenvironment are important in determining the anti-tumor immune response and may affect tumor therapy for NSCLC. However, when patients received radical resection, there is no tumor immune microenvironment. Anti-tumor immune response in this situation has not been fully elucidated. And the association between immune characteristics of tumor and adjuvant therapy are not clear.

This study has several limitations. First, the sample size was small. Except for squamous carcinoma and adenocarcinoma, only 4 patients had other pathological types, including 3 cases adenosquamous carcinoma and 1 cases large cell lung cancer. Immune profile data and scatter plot showed no obvious abnormal deviation but without statistical verification. In further study we should collected more cases of rare pathological type to draw the whole immune map of NSCLC. Second, there were too many early-stage patients, and the longest follow-up was 42 months, which may result in the overlooking of valuable prognostic factors, such as Tregs. Third, correlation between molecular diagnosis and immune microenvironment characteristics have not been evaluated, because of incomplete molecular information such as EGFR mutation, ALK fusion. Forth, although our preliminary findings suggested a potential prognostic role of CD8+ T cells and their subtypes and more studies focused on PD-1, the potential functions of CD38 on other immune cells has not been fully elaborated which should be identified in further studies.



Conclusion

We profiled the immune cells in the tumor tissues of NSCLC patients using flow cytometry. The results revealed significant enrichment of infiltrating immune cells. A strong correlation was identified between CD38 and PD-1 expression on CD8+ T cells in tumors. CD8+ T cells and their subtypes play a critical role in the prediction of prognosis.



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 author.



Ethics Statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the First Affiliated Hospital of University of Science and Technology of China. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

All authors contributed to the article and approved the submitted version. DS, MX, and XW contributed to the study design. YM and XW were responsible for the interpretation of the results. GW, RX, and XS contributed to the statistical analysis. DS and XW wrote the manuscript.



Funding

This work was supported by Anhui Provincial Natural Science Foundation (1808085QH270; 2008085QH428) and the Fundamental Research Funds for the Central Universities (WK9110000121).



Acknowledgments

We thank Melissa Crawford, PhD, from Liwen Bianji, Edanz Editing China (www.liwenbianji.cn/ac), for editing the English text of a draft of this manuscript.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.634059/full#supplementary-material

Supplementary Figure 1 | Gating strategy of Tumor infiltrating cells by flow cytometry. The representative graph to show how to gate different immune subsets based on the phenotypical markers. And isotype and FMO controls samples were also used to validate the baseline of negative populations.



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. Yang, K, Li, J, Bai, C, Sun, Z, and Zhao, L. Efficacy of Immune Checkpoint Inhibitors in Non-small-cell Lung Cancer Patients With Different Metastatic Sites: A Systematic Review and Meta-Analysis. Front Oncol (2020) 10:1098. doi: 10.3389/fonc.2020.01098

3. Mostafa, AA, and Morris, DG. Immunotherapy for Lung Cancer: Has it Finally Arrived? Front Oncol (2014) 4:288. doi: 10.3389/fonc.2014.00288

4. Anderson, AR, Weaver, AM, Cummings, PT, and Quaranta, V. Tumor morphology and phenotypic evolution driven by selective pressure from the microenvironment. Cell (2006) 127(5):905–15. doi: 10.1016/j.cell.2006.09.042

5. Kim, SH, Go, SI, Song, DH, Park, SW, Kim, HR, Jang, I, et al. Prognostic impact of CD8 and programmed death-ligand 1 expression in patients with resectable non-small cell lung cancer. Br J Cancer (2019) 120(5):547–54. doi: 10.1038/s41416-019-0398-5

6. Kuwahara, T, Hazama, S, Suzuki, N, Yoshida, S, Tomochika, S, Nakagami, Y, et al. Intratumoural-infiltrating CD4 + and FOXP3 + T cells as strong positive predictive markers for the prognosis of resectable colorectal cancer. Br J Cancer (2019) 121(8):659–65. doi: 10.1038/s41416-019-0559-6

7. Durgeau, A, Virk, Y, Corgnac, S, and Mami-Chouaib, F. Recent Advances in Targeting CD8 T-Cell Immunity for More Effective Cancer Immunotherapy. Front Immunol (2018) 9:14. doi: 10.3389/fimmu.2018.00014

8. Ando, M, Ito, M, Srirat, T, Kondo, T, and Yoshimura, A. Memory T cell, exhaustion, and tumor immunity. Immunol Med (2020) 43(1):1–9. doi: 10.1080/25785826.2019.1698261

9. Chen, L, Diao, L, Yang, Y, Yi, X, Rodriguez, BL, Li, Y, et al. CD38-Mediated Immunosuppression as a Mechanism of Tumor Cell Escape from PD-1/PD-L1 Blockade. Cancer Discov (2018) 8(9):1156–75. doi: 10.1158/2159-8290.CD-17-1033

10. Young, S, Griego-Fullbright, C, Wagner, A, Chargin, A, Patterson, BK, and Chabot-Richards, D. Concordance of PD-L1 Expression Detection in Non-Small Cell Lung Cancer (NSCLC) Tissue Biopsy Specimens Between OncoTect iO Lung Assay and Immunohistochemistry (IHC). Am J Clin Pathol (2018) 150(4):346–52. doi: 10.1093/ajcp/aqy063

11. Stankovic, B, Bjorhovde, H, Skarshaug, R, Aamodt, H, Frafjord, A, Muller, E, et al. Immune Cell Composition in Human Non-small Cell Lung Cancer. Front Immunol (2018) 9:3101. doi: 10.3389/fimmu.2018.03101

12. Ngwa, VM, Edwards, DN, Philip, M, and Chen, J. Microenvironmental Metabolism Regulates Antitumor Immunity. Cancer Res (2019) 79(16):4003–8. doi: 10.1158/0008-5472.CAN-19-0617

13. Yang, H, Shi, J, Lin, D, Li, X, Zhao, C, Wang, Q, et al. Prognostic value of PD-L1 expression in combination with CD8(+) TILs density in patients with surgically resected non-small cell lung cancer. Cancer Med (2018) 7(1):32–45. doi: 10.1002/cam4.1243

14. Im, SJ, Hashimoto, M, Gerner, MY, Lee, J, Kissick, HT, Burger, MC, et al. Defining CD8+ T cells that provide the proliferative burst after PD-1 therapy. Nature (2016) 537(7620):417–21. doi: 10.1038/nature19330

15. Pulko, V, Harris, KJ, Liu, X, Gibbons, RM, Harrington, SM, Krco, CJ, et al. B7-h1 expressed by activated CD8 T cells is essential for their survival. J Immunol (2011) 187(11):5606–14. doi: 10.4049/jimmunol.1003976

16. Wouters, M, and Nelson, BH. Prognostic Significance of Tumor-Infiltrating B Cells and Plasma Cells in Human Cancer. Clin Cancer Res (2018) 24(24):6125–35. doi: 10.1158/1078-0432.CCR-18-1481

17. Germain, C, Gnjatic, S, Tamzalit, F, Knockaert, S, Remark, R, Goc, J, et al. Presence of B cells in tertiary lymphoid structures is associated with a protective immunity in patients with lung cancer. Am J Respir Crit Care Med (2014) 189(7):832–44. doi: 10.1164/rccm.201309-1611OC

18. Dieu-Nosjean, MC, Antoine, M, Danel, C, Heudes, D, Wislez, M, Poulot, V, et al. Long-term survival for patients with non-small-cell lung cancer with intratumoral lymphoid structures. J Clin Oncol (2008) 26(27):4410–7. doi: 10.1200/JCO.2007.15.0284

19. Sarvaria, A, Madrigal, JA, and Saudemont, A. B cell regulation in cancer and anti-tumor immunity. Cell Mol Immunol (2017) 14(8):662–74. doi: 10.1038/cmi.2017.35

20. Wang, SS, Liu, W, Ly, D, Xu, H, Qu, L, and Zhang, L. Tumor-infiltrating B cells: their role and application in anti-tumor immunity in lung cancer. Cell Mol Immunol (2019) 16(1):6–18. doi: 10.1038/s41423-018-0027-x

21. Awad, RM, De Vlaeminck, Y, Maebe, J, Goyvaerts, C, and Breckpot, K. Turn Back the TIMe: Targeting Tumor Infiltrating Myeloid Cells to Revert Cancer Progression. Front Immunol (2018) 9:1977. doi: 10.3389/fimmu.2018.01977

22. Stromnes, IM, Greenberg, PD, and Hingorani, SR. Molecular pathways: myeloid complicity in cancer. Clin Cancer Res (2014) 20(20):5157–70. doi: 10.1158/1078-0432.CCR-13-0866

23. Malavasi, F, Deaglio, S, Funaro, A, Ferrero, E, Horenstein, AL, Ortolan, E, et al. Evolution and function of the ADP ribosyl cyclase/CD38 gene family in physiology and pathology. Physiol Rev (2008) 88(3):841–86. doi: 10.1152/physrev.00035.2007

24. Guo, X, Zhang, Y, Zheng, L, Zheng, C, Song, J, Zhang, Q, et al. Global characterization of T cells in non-small-cell lung cancer by single-cell sequencing. Nat Med (2018) 24(7):978–85. doi: 10.1038/s41591-018-0045-3

25. Verma, V, Shrimali, RK, Ahmad, S, Dai, W, Wang, H, Lu, S, et al. PD-1 blockade in subprimed CD8 cells induces dysfunctional PD-1+ CD38hi cells and anti-PD-1 resistance. Nat Immunol (2019) 20(9):1231–43. doi: 10.1038/s41590-019-0441-y



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.

Copyright © 2021 Su, Wu, Xiong, Sun, Xu, Mei and Wu. 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-11-634059-g001.jpg





OEBPS/Images/fonc-11-634059-g002.jpg
* Adjacent Nommal o
o Mcertioma S D8 TealsTumor)

WL o oo pceon,
., o »

. i

P 0 EE g

i AL

g wiggh 3 @

# fo 4 ’ "

» k3 # 3%
¥ 0

Tore T Erm I TR

POt





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Tumor Immune Microenvironment Characteristics and Their Prognostic Value in Non-Small-Cell Lung Cancer

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patient Selection and Specimens

          



          		

            Sample Collection and Preparation

          



          		

            Antibody Staining for Flow Cytometry

          



          		

            Follow-Up and Data Collection

          



          		

            Statistical Analyses

          



        



        



        		

          Results

        

          		

            Immune Profiles in the Tumor Microenvironment of Non-Small-Cell Lung Cancer

          



          		

            Association Between the Tumor Immune Microenvironment and Clinicopathological Variables

          



          		

            Characterization of CD8 T Cell Subtypes

          



          		

            Prognostic Significance of Immune Cells in Tumor Microenvironment

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variables Cases Modiansuival  dyearcancer-  p.
timo (monthe)  spectc surhal  valuo

tsvicy o ()
Geocer
o 0 sssmiwms w8 osts
= 2 wzeiswms 60
o
w0 15 wsessan B3 oson
>0 % uemews o2
pamocgeat e
Sqamascsl 28 $37088588) oe s
dwccxcooms 41 91627-394) s
Orer 4
T 20
“om s sarEia0 w2 oow
>3om % wseero &1
Sutin of e
ymoh nocs.
o s womswz 21 ooc0
w 18 %00p3i8e 23
e 5 2108232 w3
panccgal g0
" s ozpesan %3 oow
' 7 ssogosain 740
" 2 ami@o0w2 e
coss”cas
o ® ws@esarn &9 0w
o ® 385017003 w7
o4 Tests
o s ss3prss s o
o s ssee0mo 65
o ccks
o % assmes 7 om
o % waprrsss &5
o
o w0 sm2msses w8 osu
o @ wierewa &3
cropnagesD0s
o s sssmsss w2 oo
o ® 9010570 aa
oSG
o s uspeso o1 osos
o 1 eeris 07
NOSCE
o s ss@esmy &7 oss:
o »  sseessen o
orog
o @ wseme0 e o
o 2 weerris st
oy
o s ssoms0n ws oo
o % woprsdss 04
coe Tests
o s ws@eswrs s oo
o 2 ssiios0 721
o1 o8 T
s
o 3 wsE23%00 s o
o % wagsoss e
o3 co8"T
o 8 wepison o0
non B 201254349






OEBPS/Images/table3.jpg
Variablos. RR (95%CI) P value

Status of involved ymph nodes 2662 (1.080-6.560) <0001
Pathoogical stage 4.198 (2.179-8.088) <0001
OD 36 C0B" T cells 2,449 (1.004-5.971) 0049





OEBPS/Images/fonc-11-634059-g003.jpg
Cumulative Survival Cumulative Survival

Cumulative Survival

3o
H
H
oroup e Ry
iz rcare $7 aroup s
Eafweteied | s
LS et
"
Time(months) R Time(monits)
3o
Sl group teeim
ER R e
5| T
oo
Time(months) v Timetmonihs)
o
3 orow mnm
§ | o ooraerans
LI et
R

Time(months)

Time(months)





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/table1.jpg





OEBPS/Images/fonc.2021.634059_cover.jpg
’ frontiers
in Oncology

Tumor Immune Microenvironment
Characteristics and Their Prognostic
Value in Non-Small-Cell Lung Cancer





