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The PD1/PDL1 status of tumor-infiltrating lymphocytes (TILs) in diffuse large B-cell lymphoma (DLBCL) reflects immune function. However, the previously reported methods for evaluating this status are complex and may not be widely used in clinical practice. In addition, these studies did not introduce healthy controls to designate the cut-off when evaluating the prognostic value of the status. In this study, we retrospectively evaluated the PD1/PDL1 status in TILs of 24 DLBCL tissue samples and normal immune cells in 61 demographically matched healthy controls (tissue samples from patients with reactive hyperplasia [RH]) by flow cytometry. We investigated the prognostic value of the PD1/PDL1 status in TILs by precisely determining the cut-off value and assessing the reliability of flow cytometry. The mean fluorescence intensity (MFI) of PD1 in TIL-T-cells (TIL-Ts; median, 110) and CD8+TIL-Ts (median, 64) was significantly higher than that of CD3+T-cells (median, 64) and CD8+ T-cells (median, 34) in RH. The cut-off values of PD1/PDL1 status for analyzing prognostic values were defined considering the PD1/PDL1 status of samples from both patients with DLBCL and healthy controls. High MFI of PD1 in TIL-Ts (MFI >108, P = 0.022), high proportion of PD1+CD4+TIL-Ts (>1.1% of CD4+TIL-Ts, P = 0.049), high proportion of PD1+CD8+TIL-Ts (>2% of CD8+TIL-Ts, P = 0.025), and high MFI of PDL1 in TIL-Ts (MFI >83, P = 0.023) were risk factors for inferior prognosis of DLBCL. Our results indicate that flow cytometry is a reliable and convenient method for evaluating the immune-checkpoint status of TILs, which probably holds major implications in clinical practice.
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Introduction

The composition and proportion of tumor-infiltrating lymphocytes (TILs) reflect the immune function of the tumor microenvironment (TME) (1). The correlation between TILs and overall survival (OS) has been demonstrated in many solid tumors and hematopoietic malignancies (2, 3). However, the prognostic value of TILs differs across tumor types, even in cohorts of the same tumor (4–6). It also has been recognized that TILs participate in the development, progression, and prognosis of diffuse large B-cell lymphoma (DLBCL) (7). In a previous study on de novo DLBCL, we found that patients with high tumor-infiltrating T-cells (TIL-Ts), especially high CD8+TIL-Ts, had prolonged OS (2). However, recent studies have reported that the expression of PD1 in TIL-Ts of lymphoma possibly counteracts this positive effect on OS by dampening immune surveillance (3). Additionally, PDL1, which was previously thought to be expressed on tumor cells and macrophages, has been proved to be expressed on TILs in many tumor types, including bladder carcinoma, head and neck carcinoma, breast carcinoma, and DLBCL (4, 8). Therefore, determining the PD1/PDL1 status of TILs can prove helpful when assessing the risk of patients and developing therapeutic strategies for DLBCL. However, methods used in previous studies for evaluating PD1/PDL1 status, such as multiplex fluorescent or multiplex immunohistochemistry, are complex [4], and may not be widely used in clinical practice. In addition, these reports did not introduce the baseline PD1/PDL1 status of healthy controls when making the cut-off value. Flow cytometry, which exhibits high consistency, good repeatability, and convenient operation, is especially suitable for assessing the PD1/PDL1 status of TILs. In this study, we sought to determine the mean fluorescence intensity (MFI) and categorize proportion of PD1/PDL1-positive TILs in a small cohort of patients with DLBCL using flow cytometry. In addition, we aimed to compare the results to those of healthy controls to define the cut-off value when analyzing the prognostic value of the PD1/PDL1 status.



Methods

The study included tissue samples from 24 patients with histologically confirmed DLBCL and 61 patients with reactive hyperplasia (RH) from January 2017 to December 2018 at West China Hospital, Sichuan University. Samples from patients with RH with matched demographic baseline characteristics to those of DLBCL were considered as healthy controls (Supplementary Material, Table S1). Relevant clinical information was obtained from electronic medical records, and follow-up information was collected from telephone interviews and/or electronic medical records in March 2020. Survival time was calculated from the date of diagnosis to the date of death or the last follow-up. All biopsied specimens were subjected to flow cytometry. The methods for sample preparation, staining and acquisition, data analysis, and identification of TILs have been previously described (9, 10). Flow cytometry data were obtained using BD FACSCanto II equipped with two lasers (blue and red), and analyzed with FACSDiva software. The fluorescent-labeled antibodies were obtained from BD, and detailed information regarding the antibodies is listed in Table S2 (Supplementary Material).

Statistical analysis was performed using SPSS software (version 24.0; SPSS Corp., Chicago, IL, USA). Continuous variables were analyzed using the Mann–Whitney test or independent sample t-test depending upon the data distribution type; categorical variables were compared using Fisher’s exact test. The cut-off scores for analyzing prognostic values were defined considering the PD1/PDL1 status of both patients with DLBCL and healthy controls (Supplementary Material). Survival data were calculated using the Kaplan–Meier estimator. Log-rank test was used to compare different survival functions; Cox’s proportional hazard regression model to estimate the hazard rates of the prognostic factors. Tests were considered significant at two-sided probability values less than 0.05 (P <0.05).



Results

The baseline information of the patients with DLBCL is shown in Table 1. The median age was 55 years (range, 19–80 years), and the male to female ratio was 1.4:1. Non-germinal center B-cell (non-GCB) type was identified in 17 samples (71%), whereas early stage (stage I/II) in 14 cases (64%). Fifteen cases (68%) presented extranodal lesion, and only one case (5%) was categorized “very good” according to the revised International Prognostic Index. All patients underwent R-CHOP or R-CHOP-like chemotherapy.


Table 1 | The baseline characteristics of patients with diffuse large B-cell lymphoma (DLBCL).



The method of evaluating the PD1/PDL1 status of each TIL and its counterpart cell in RH is shown in Figure 1. Regarding PD1 status, no significant difference was observed among the proportions of PD1+TIL-Ts (PD1+TIL-Ts/TIL-Ts), PD1+ CD4+TIL-Ts (PD1+CD4+TIL-Ts/CD4+TIL-Ts), PD1+ CD8+TIL-Ts (PD1+CD8+TIL-Ts/CD8+TIL-Ts), and PD1+TIL-B-cells (TIL-Bs, PD1+TIL-Bs/TIL-Bs) in DLBCL cells and their counterpart cells in RH. Nevertheless, the MFI of PD1 in TIL-Ts (median, 110) and CD8+TIL-Ts (median, 64) was significantly higher than that of CD3+T-cells (median, 64) and CD8+T-cells (median, 34) in RH (Table 2 and Figure 2A).




Figure 1 | Flow cytometry analysis of PD1/PDL1 status in TILs and normal immune cells.




Table 2 | Univariate and multivariate survival analyses of PD1/PDL1 expression in tumor-infiltrating lymphocytes (TILs) of diffuse large B-cell lymphoma (DLBCL) evaluated by flow cytometry within each cell type.






Figure 2 | PD1/PDL1 status in tumor-infiltrating lymphocytes (TILs) in diffuse large B-cell lymphoma (DLBCL). (A) Scatter plots depicting PD1/PDL1 status in reactive hyperplasia (RH) and diffuse large B-cell lymphoma (DLBCL). *P < 0.05; **P < 0.005; ****P < 0.0001. (B) Prognostic value of PD1/PDL1 status of TILs in DLBCL. ns, no significant.



For PDL1 status, the proportion of PDL1+TIL-Ts (PDL1+TIL-Ts/TIL-Ts; median, 1.7%) and MFI of PDL1 in TIL-Ts (median, 101) in DLBCL were significantly higher than those of the counterpart cells in RH. Similar trends were observed on comparing TIL-Bs (MFI and proportion: PDL1+TIL-Bs/TIL-Bs) in DLBCL and normal B-cells in RH (Table 2 and Figure 2A).

The cut-off scores and prognostic values of each risk factor are shown in Table 2 and Figure 2B. Univariate analysis revealed that among the measured candidate risk factors, high MFI of PD1 in TIL-Ts (MFI >108, P = 0.022), high proportion of PD1+CD4+TIL-Ts (>1.1% of CD4+TIL-Ts, P = 0.049), high proportion of PD1+CD8+TIL-Ts (>2% of CD8+TIL-Ts, P = 0.025), and high MFI of PDL1 in TIL-Ts (MFI >83, P = 0.023) were risk factors for inferior prognosis of DLBCL. A high proportion of PD1+TIL-Ts (>2.2% of TIL-Ts) and high MFI of PD1 in CD8+TIL-Ts (MFI >49) were marginally associated with a shorter OS (P = 0.059 and 0.095, respectively). All factors selected by univariate analysis were included in the multivariate analysis. However, no independent risk factors were found to be associated with OS.

Patients with high MFI of PD1 in TIL-Ts showed a significantly higher prevalence of non-GCB type (P = 0.028) and a lower rate of presenting fever (P = 0.009) than those with low MFI. No significant differences in baseline levels were detected between the other pairs of corresponding groups (Table 1).



Discussion

Evaluating the immune-checkpoint status of the TME is urgently needed in cancer clinical practice (11). Previously, in situ detection using multiplex immunofluorescent or multiplex immunohistochemistry methods to simultaneously quantify immune-checkpoint molecules on individual cells within the TME has been reported. These methods have shown both high consistency and repeatability to indicate the OS; however, they involve complex and time-consuming processes such as multiround staining, image acquisition to dye inactivation, and digital image analysis (4, 8). Flow cytometry not only overcomes these limitations, but is also convenient (12). To the best of our knowledge, the current study is the first to evaluate the PD1/PDL1 status of TILs in tumor and normal tissue samples using flow cytometry. Our results are consistent with those of the abovementioned studies, suggesting that flow cytometry is indeed a reliable method for evaluating the immune-checkpoint status of TILs, which can be extensively used in clinical practice in the future.

In the present study, the baseline level of PD1/PDL1 status in healthy controls corresponded to normal immune function, thereby increasing the evidence of tumorigenesis. In addition, the baseline level can help to precisely define immune function of the TME and may facilitate defining the cut-off value when implementing PD1/PDL1 blockade immunotherapy. However, previous studies did not consider the corresponding normal tissue when investigating the TME of DLBCL cells. Therefore, we introduced RH tissue samples as “healthy” controls to evaluate PD1/PDL1 status in normal immune cells. Similar to the investigations based on the peripheral blood of healthy donors, all detected types of host immune cells express PD1 and PDL1 to various extents, whereas the main type of immune cell expressing PD1/PDL1 is T-cell (13). Compared with DLBCL tissue samples, the differences were mainly in the MFI of PD1/PDL1 rather than the proportion of PD1/PDL1+ host immune cells. Therefore, it is speculated that tumor cells may upregulate PD1/PDL1 expression in individual TILs rather than recruit more PD1/PDL1-expressing immune cells to enhance tumorigenesis.

The current study indicated that an increased proportion of PD1/PDL1 + TIL-Ts and high MFI of PD1/PDL1 in TIL-Ts is linked to adverse prognostic effects in patients with DLBCL. Corroborating our results, dysfunction of immune surveillance by PD1/PDL1 expression in TILs has been previously reported indispensable for tumor survival (8).

Although our study has several strengths, there are a few limitations associated as well. One major shortcoming is the small cohort size, which was dictated by sample availability. Since fresh tissues rather than paraffin-embedded samples are required for flow cytometry analysis, a retrospective study with a large number of tissue samples could not be performed. Additionally, we did not evaluate the subsets of TIL-Ts in detail. Some host T-cells in the TME, especially helper T-cells, naturally express PD1, which could influence the results.

In conclusion, we could evaluate the PD1/PDL1 status in the TME of DLBCL using a clinically accessible method. This study provides valuable insights for further flow cytometry-based investigations of the immune function of TILs in DLBCL. Future research should validate these findings in larger sized cohorts to measure the risk of patients and thereby guide immunotherapy by comprehensively evaluating the immune status of the TME in DLBCL.
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