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Background & aims

The immune checkpoint recently provides a new strategy for the immunotherapy of malignant tumors. However, the role in the immune microenvironment of DLBCL is not completely clear.



Methods

We detected the expression of PD-1, LAG-3, TIM-3, and TIGIT on TILs and on tumor cells among 174 DLBCL patients by IHC.



Results

In TILs, the positive rates of PD-1, LAG-3, TIM-3 and TIGIT were 79.3%, 78.8%, 62.7% and 69.5%, respectively.TIM-3 and TIGIT were expressed in 44.8% and 45.4% of tumor cells. The expression of TIM-3 in TILs was significantly correlated with the Ann-Arbor stage (P=0.039). There was a positive correlation Between PD-1 and LAG-3 or TIM-3 and TIGIT.In addition, LAG-3 expression in TILs was associated with inferior prognosis.Multivariate analysis showed that PS score and R-CHOP therapy were independent risk factors for OS and PFS in patients with DLBCL (P=0.000).



Conclusions

The expression level of TIM-3 is closely related to the Ann-Arbor stage, which may be expected to be a new index to evaluate the invasiveness of DLBCL. PD-1 was correlated with the expression of LAG-3, and the high expression of LAG-3 and LAG-3/PD-1 predicted the poor prognosis of DLBCL. Therefore, LAG-3 may become a new target of immunotherapy, or be used in combination with PD-1 inhibitors to improve the drug resistance of current patients with DLBCL.
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Introduction

In recent years, suppressive therapies targeting immune checkpoints in solid tumors have made great progress. The expression of the immune checkpoint on tumor-infiltrating lymphocytes (TILs) can exhaust CD4+ and CD8+T cells and lose their original immune killing function, thus promoting the occurrence and development of tumors.Programmed cell death 1 (PD-1) inhibitors have significantly improved patient outcomes in relapsed and refractory Hodgkin lymphoma (1, 2).The mechanisms of the PD-1/PD-L1 pathway affecting immune escape of tumor cells mainly include chromosome 9P24.1 gain and enhanced Janus Kinase(JAK)-signal transducer and activator of transcription(STAT) signal, called interferon-responsive factors (IRFs). They drive the expression of PD-L1/PD-L2, which then bind to PD-1 on the surface of anti-T cells, reducing immune cell function.In Diffuse Large B-cell lymphoma (DLBCL), R-CHOP is still the predominant treatment regimen, with a response rate of 80%, but some patients do not benefit due to clinical resistance. Even though PD-1 is widely expressed in TILs and is associated with poor survival outcomes (3). PD-1 immunosuppressive therapy does not respond well in DLBCL patients (4). Therefore, we need to seek new immune checkpoints and achieve the desired therapeutic effect through combined blockade therapy.

In the immunotherapy of malignant tumors, new potential targets include Lymphocyte-activation-gene-3(LAG-3), T cell immunoglobulin and mucin-containing molecule 3 (TIM-3), and T cell immune receptor with Ig and ITIM domains(TIGIT), their clinical significance in DLBCL is unclear.LAG-3 is a type I transmembrane protein encoded by the LAG-3 gene. It has a higher affinity with major histocompatibility complex II and is mainly expressed in activated T cells, NK cells, and Treg cells, which negatively regulates T cell proliferation and activation and mediates T cell exhaustion. Fibrinogen like protein 1(FGL-1) is an important ligand of LAG-3 and induces a significantly reduced antitumor response (5).Therefore, high expression of LAG-3(LAG-3high) is often associated with poor survival (6). LAG-3 is often expressed in conjunction with other immune checkpoints and plays a role in the immune escape, the most common of which is PD-1. In addition, LAG-3 expression in TILs was also demonstrated in follicular lymphoma (FL) and Hodgkin’s lymphoma(HL) (6, 7) and also showed good response to dual blockade PD-1/LAG-3 treatment (8).

TIM-3 belongs to the TIM gene family. The TIM family includes TIM-1, TIM-3, and TIM-4, located on chromosome 5q33.2.TIM-3 inhibits tumor immunity by stopping the helper T(Th) cell immune response primarily by recognizing the ligand Galectin- 9 (9).TIM-3 expression can be detected in some solid tumors and can be used as a therapeutic target or prognostic indicator (10).In hematological tumors, TIM-3 overexpression was found in Regulatory T cell (Treg) in peripheral blood of Chronic Lymphocytic Leukemia(CLL) patients, which promoted the binding with galectin-resulting in Treg/Th17 imbalance and decreased immune function (11). TIM-3 is not only expressed in TILs, but also detected at certain levels in tumor cells, but the exact mechanism is still indefinite (12).

TIGIT is a co-inhibitory receptor in the Ig superfamily and expresses by activated T cells, Treg, and NK cells. Negative regulation of T cells can be achieved by blocking the activation of costimulatory receptors and affecting the function of Treg cells. Under normal circumstances, the expression of TIGIT is considered to properly regulate the autoimmune response. However, under long-term antigen (such as malignant tumor) stimulation, the continuous expression of TIGIT leads to the exhaustion of T cell function, resulting in the deficiency of immune function. TIGIT overexpression has been detected in T cells of CLL, Sezary syndrome, and Acute Myelocytic Leukemia(AML) (13–15). TIGIT is often co-expressed with PD-1 and other immune checkpoints on CD8+TILs.Dual PD-1/TIGIT blockers have achieved higher clinical efficacy in melanoma compared with single immune checkpoint inhibition confirming the potential possibility of TIGIT as an immunotherapy target (16, 17).



Materials and methods


Study population and materials

This retrospective study enrolled the clinicopathological information of 174 DLBCL patients at the Department of Pathology, First Affiliated Hospital of Xinjiang Medical University between 2012 and 2017. All patients were diagnosed and classified by two senior Pathologists according to the 2016 version of the World Health Organization Pathology and Genetics of Hematopoietic and Lymphoid Tissue Neoplasms (18). The clinicopathological characteristics of patients, including age, sex, tumor site, subtype, Ann-Arbor stage, IPI, performance status (PS), symptom B (unexplained fever >38°C, night sweats, and weight loss >10% within 6 months), bone marrow involvement, serum lactate dehydrogenase (LDH) level, treatment and follow-up results, etc. The longest follow-up period was 96 months. This study was approved by the Medical Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University.

Corresponding sections and formalin fixation and paraffin embedding (FFPE) tissue of included patients were collected from the medical record database of the Department of Pathology, The First Affiliated Hospital of Xinjiang Medical University. All HE sections were selected from two representative areas by two senior pathologists and labeled at the same location of the corresponding wax block. The labeled tissues were perforated from the wax block with sampling needles and vertically implanted into the prepared recipient wax block. The tissue were sequentially sliced with a thickness of 4 microns and attached to the slides for subsequent immunohistochemical experiments.



Immunohistochemistry staining

Immunohistochemistry staining was used to detect the expression of PD-1, LAG-3, TIM-3, and TIGIT proteins in tissue microarray. First, the slides were placed on a baking apparatus at 70°C for 1h, then dewaxed by xylene (for 10 min, twice), dehydrated by ethanol gradient, and then cleaned with distilled water for 5min. Subsequently, the slides were incubated with H2O2 for 10min at room temperature to eliminate endogenous peroxidase activity. EDTA repair buffer (pH 8.0) was repaired in boiling water for 20min. Cool to room temperature and incubate in goat serum (Beijing Zhongshan Golden Bridge Biological Technology) and incubated at 37˚C for 20 min. Primary anti-PD-1 (18106-1-AP,Proteintech,1:1000),LAG-3(16616-1-AP,Proteintech,1:1200),TIM-3 (clone 4C4G3,60355-1-Ig,Proteintech,1:800),TIGIT(clone BLR047F,ab243903,Abcam,1:300) were added,overnight at 4˚C. The tissue chips were washed with PBS for 5min and incubated with a secondary antibody that was added dropwise (PK 10006 universal kit, Proteintech) for 30min at 37˚C. The sections were stained for the 40s with hematoxylin (Beijing Zhongshan Golden Bridge Biological Technology), terminated with tap water, differentiated with hydrochloric acid ethanol for 5s, blue back with PBS for 5min, and washed with tap water for 1min. Gradient ethanol for rapid dehydration, using xylene transparent, neutral resin closed slides. IHC staining was scored blindly by two independent pathologists according to the proportion of PD-1, LAG-3, TIM-3, TIGIT positive cells, and staining intensity. Tumor infiltrating lymphocytes (TILs) or tumor cells that were positive for immune checkpoint were enumerated by recording the average number of positive lymphocytes in 2-3 regions with the highest 40-fold density. Staining intensity was scored as follows: i) 0, negative; ii) 1, weak; iii) 2, moderate; iv) 3, intense. The extent of staining was scored as follows: i) 0, 0% of tumor area stained; ii) 1, <20%; iii) 2, 20-50%; iv) 3, >50%. The case with the final score of 0 is regarded as negative, and the other scores are regarded as positive. In addition, scores of 0-3 and 4-9 are defined as low expression and high expression, respectively. The scoring system is similar to previous studies (19, 20). (Figure 1).




Figure 1 | Representative images of immunohistochemistry in DLBCL. (A) Low PD-1 expression in TILs. (B) High PD-1 expression in TILs. (C) Low LAG-3 expression in TILs. (D) High LAG-3 expression in TILs. (E) Low TIM-3 expression in TILs. (F) High TIM-3 expression in TILs. (G) Low TIGIT expression in TILs. (H) High TIGIT expression in TILs. (I) TIM-3 expression in tumor cells. (J) TIGIT expression in tumor cells.





Statistical analysis

The statistical analysis was performed using SPSS 22.0. The clinical relevance of PD-1, LAG-3, TIM-3, TIGIT, and other clinicopathologic data were evaluated using the Chi-square test and rank sum test. Spearman correlation between the two factors analysis.Kaplan–Meier curves with the log-rank test were employed to analyze the survival data. The Cox regression model was applied to multivariate analysis. P ≤ 0.05 was considered significant.




Results


Clinicopathological characteristics of DLBCL patients

A total of 174 DLBCL patients were included in this study, including 95 males (54.6%) and 79 females (45.4%)(male: female ratio,1.2:1). Patients ranged in age from 5 to 87 years, with a median age of 59 years.25.3% patients had type B symptoms. The LDH was normal (109-250IU/L) in 83 cases (47.7%), higher than normal (>250IU/L) in 56 cases (32.2%). According to Ann-Arbor staging criteria, 39 cases (22.4%) were stage I and II, and 112 (64.4%) were stage III and IV.The international prognostic index (IPI) score was 0-1 in 55 cases (31.6%), 2-3 in 96 cases (55.2%),4-5 in 9 cases (5.2%), and bone marrow involvement in 24 cases (13.8%).There were 128 patients (73.6%) with tumor diameter ≤5cm, and 40 patients (23.0%) with tumor diameter > 5cm.107 (61.5%) and 60 (34.5%) patients had extra-and intra-nodal lymphoma, respectively.42 patients (24.1%) were diagnosed with germinal center B-cell-like lymphoma(GCB) lymphoma and 127 patients (73.0%) were diagnosed with Non-GCB lymphoma (Table 1). 71 patients survived, 45 died, and 58 were lost to follow-up. The 174 patients had a median overall survival of 32 months and a median progression-free survival of 31 months.


Table 1 | Clinical relevance of PD-1, LAG-3 , TIM-3 and TIGIT expressions on TILs.





The expression of PD-1,LAG-3,TIM-3,TIGIT on DLBCL tissues

PD-1, LAG-3, TIM-3, TIGIT are widely expressed in the lymphocytes of TILs. This study did not use multiple staining protocol because large lymphoma cells and lymphocytes have its own morphology characteristics so they can be easily distinguished.PD-1 showed positive staining on TILs in 79.3% of DLBCL cases and LAG-3 showed positive staining on TILs in 78.8% of DLBCL cases.Both TIM-3 and TIGIT were positive on TILs in DLBCL cases (62.7% and 69.5%, respectively), but were also expressed on tumor cells(44.8% and 45.4%, respectively). Only a small amount of PD-1 and LAG-3 were expressed in tumor cells, with positive rates of 4.0% and 2.9%, respectively(Figure 1, Table 2).


Table 2 | IHC analysis of DLBCL cases.





The association between PD-1, LAG-3, TIM-3, TIGIT expression and clinicopathology in DLBCL

The expression of PD-1 and LAG-3 in TILs was significantly correlated with bone marrow involvement (P=0.006, P=0.050), and the expression of LAG-3 in TILs was also correlated with LDH content (P=0.080).The expression of TIM-3 in TILs was significantly correlated with Ann-Arbor stage (P=0.039). The expression of TIM-3 on tumor cells was significantly correlated with the occurrence of symptom B (P=0.019).There was no correlation between other immune checkpoints and pathological features (P>0.05) (Tables 1, 3).


Table 3 | Clinical relevance of TIM-3 and TIGIT expressions on tumor cells.



PD-1 TILs and LAG-3 TILs were correlated (r=0.204, P=0.008), TIM-3 TILs and TIGIT TILs were correlated (r=0.158,P=0.050), and TIM-3 tumor and TIGIT tumor were correlated (r=0.198, P=0.017).However, no correlation was found between the expression of the same immune checkpoint in TILs and tumor cells (Table 4).


Table 4 | Spearman correlation analysis of PD-1, LAG-3, TIM-3, TIGIT expression.





Survival analysis of pathological features and immune checkpoint expression

Progression-free survival (PFS) was defined as the time from randomization to tumor progression (any aspect) or death (from any cause). Overall Survival (OS) was defined as the time from randomization to death from any cause (last follow-up for patients lost to follow-up; end-of-follow-up day for patients still alive at the end of the study). Among the pathological features,Age>60 (P= 0.039), higher IPI (P=0.007), Performance State >2 points (P=0.000), LDH> 250U/L (P=0.026) showed shorter OS, while R-CHOP treatment was associated with longer OS(P=0.002).Non-GCB showed a worse prognosis than GCB (P=0.013) (Figure 2). Higher IPI (P=0.006), Performance State >2 points (P=0.000), LDH> 250U/L (P=0.030) showed shorter PFS, while R-CHOP treatment was associated with longer PFS (P=0.002) (Figure 3).




Figure 2 | Overall survival curves. (A) The overall COX survival curves of these 174 patients with DLBCL. (B) Survival curves of patients according to Age. (C) Survival curves of patients according to PS score. (D) Survival curves of patients according to IPI index. (E) Survival curves of patients according to LDH. (F) Survival curves of patients according to R-CHOP treatment. (G) Survival curves of patients according to subtypes. (H) Survival curves of patients according to LAG-3 expression on TILs. (I) Survival curves of patients according to PD-1 expression on TILs. (J) Survival curves of patients according to TIM-3 expression onTILs. (K) Survival curves of patients according to TIGIT expression on TILs. (L) Survival curves of patients according to TIM-3 expression on tumor cells. (M) Survival curves of patients according to TIGIT expression on tumor cells.






Figure 3 | Progression free survival curves. (A)The progression free survival COX survival curves of these 174 patients with DLBCL. (B) Survival curves of patients according to IPI index. (C) Survival curves of patients according to LDH. (D) Survival curves of patients according to PS score. (E) Survival curves of patients according to R-CHOP treatment. (F) Survival curves of patients according to LAG-3 expression on TILs.(G) Survival curves of patients according to PD-1 expression on TILs. (H) Survival curves of patients according to TIM-3 expression onTILs. (I) Survival curves of patients according to TIGIT expression on TILs. (J) Survival curves of patients according to TIM-3 expression on tumor cells. (K) Survival curves of patients according to TIGIT expression on tumor cells.



The 5-year OS and PFS of high and low expression of LAG-3 TILs were 46.5% vs 69.1%(OS, P=0.011) and 40.0% vs 63.0%(PFS, P=0.006), respectively, with statistically significant differences. In TILs, LAG-3LowPD-1Low had a longer survival time than LAG-3High PD-1High (P=0.044) (Figure 4). There was no significant difference in the expression and prognosis of PD-1 TILs, TIM-3 TILs, and TIGIT TILs (P>0.05).In addition, the expression of TIM-3 and TIGIT in tumor cells and prognosis were not statistically significant(P>0.05). In multivariate analysis, Performance State score and R-CHOP treatment were independent risk factors affecting OS and PFS in DLBCL patients(P=0.000) (Tables 5, 6).




Figure 4 | Overall survival curves was stratified by PD-1 and LAG-3 co-expression on TILs.




Table 5 | Univariate and multivariate analyses of clinicopathological factors associated with overall survival in DLBCL patients.




Table 6 | Univariate and multivariate analyses of clinicopathological factors associated with progression free survival in DLBCL patients.






Discussion

DLBCL is the most common type of Non-Hodgkin’s lymphoma(NHL) and is highly invasive and heterogeneous in clinical presentation and prognosis.The therapeutic effect of PD-1/PD-L1 inhibitors in DLBCL is not significant.Compared with reactive hyperplasia lymph nodes, PD1+CD8+T cells were often increased in DLBCL.These CD8+T cells are almost universally activated and functional in DLBCL, even in the presence of the expression of negative regulatory molecules such as PD-1 and TIM-3, but lack the main feature of depletion, which PD-1 inhibitors require in order to function (21).In addition, it has also been observed that PD-1 shows high expression on Treg, and anti-PD-1 antibodies may lead to increased activity of Treg, leading to suppression of immune response (22).These findings may explain the current failure of immune checkpoint therapy.Therefore, we urgently need to find new immune checkpoint inhibitors to improve the treatment status of DLBCL.

After detecting the expression of PD-1 and LAG-3 in DLBCL tissues in 174 patients,we found that PD-1 and LAG-3 were widely expressed in TILs (Figure 1) and were correlated with bone marrow involvement.The expression of LAG-3 was also different at high and low LDH levels (Table 1). Studies have indicated that the expression level of LAG-3 in relapsed DLBCL patients is up-regulated compared with that of newly diagnosed DLBCL patients, and it is related to PS score (23), suggesting that the high expression of PD-1 and LAG-3 immune checkpoints may be related to the aggressiveness of DLBCL.In addition, we found a correlation between the expression level of PD-1 and LAG-3 protein (Table 4), indicating that there are some cascades between PD-1 and LAG-3 in the co-inhibitory receptor pathway, which jointly maintain immune microenvironment homeostasis.At the same time, under the long-term stimulation of tumor cells, PD-1+LAG-3+T cells further exhaust, and their ability to produce cytokines and cytotoxic particles is greatly reduced (24). Most importantly, we found that high expression of LAG-3 in TILs was associated with lower survival in DLBCL patients (Figures 2, 3). The 5-year PFS and OS were also longer for LAG-3Low PD-1Low than for LAG-3High PD-1High (Figure 4). This was similar to the results of Keane, who showed that DLBCL patients had high LAG-3 expression in TILs, along with enrichment of PD-1 and TIM-3, and that high LAG-3 gene expression was associated with low survival in the cohort (25). For HL, combined blocking of LAG-3 and PD-1 has stronger anti-tumor immunity mediated by CD4+T cells than single treatment (8). Although there was no significant correlation between PD-1 and prognosis in this study, which may be related to different experimental standards or insufficient sample size, LAG-3 or PD-1/LAG-3 combination is still promising as a new immunosuppressive target.

Unlike the first two immune checkpoints, TIM-3 was expressed in tumor cells at a rate of 44.8% and was associated with the occurrence of symptom B (Figure 1, Table 3). We speculated that the expression of TIM-3 in tumor cells also affected the tumor microenvironment of DLBCL, which was manifested as the aggravation of clinical symptoms.In addition, TIM-3 in TILs is associated with Ann-Arbor stage (Table 1), which is derived from a patient’s actual tumor invasion and is commonly used to assess the malignancy of the disease.Benjamin et al. examined the expression of TIM-3 protein on tumor cells and TILs in 123 patients with DLBCL.39% of DLBCL patients showed positive TIM-3 in tumor cells, and patients with high expression of TIM-3 in TILs had a poor prognosis (12). Liu’s research shows that patients with PD-1 and TIM-3 co-expression have poor PFS stage (26). A multiplex immunofluorescence analysis showed that patients with exhausted TIM-3+CD8+T cells in DLBCL showed poor survival rate (27). The high abundance of TIM-3+Foxp3+Treg (TFT) cells in TME indicates the poor prognosis of DLBCL, and TFT cells promote the development of DLBCL by secreting IL-10 in TME (28). TIM-3 can also activate NF- κ B phosphorylation, which in turn stimulate IL-6 secretion and STAT3 phosphorylation, resulting in a decrease in the ability of immune cells to monitor and kill tumors (29). All the above results show that TIM-3 plays a negative regulatory role in DLBCL.Therefore, we think that TIM-3 may be a new index to evaluate malignant degree of DLBCL patients.

TIGIT and TIM-3 seem to have similar biological characteristics, the expression of TIGIT in tumor cells is also high, accounting for 45.4%, and the expression of TIGIT and TIM-3 proteins in TILs and tumor cells display correlated(Figure 1, Table 4). Single cell RNA sequencing analysis showed that the co-suppressed signal mediated by TIM-3 or TIGIT in DLBCL seemed to be the main driving force of T cell failure.These data suggest that TIGIT, as an inhibitory receptor, may affect the tumor microenvironment of DLBCL and negatively regulate the function of T cells together with TIM3.In NHL, it has been confirmed that TIGIT is widely expressed in T cells, and most of them have high co-expression of PD-1 to stimulate the release of inhibitory cytokines (30). We haven’t found the clue that TIGIT can be used as a new immunotherapy target yet, and further research is needed to explore its biological significance.

In summary, the expression level of TIM-3 is closely related to Ann-Arbor stage, which may be expected to be a new indicator to evaluate the aggressiveness of DLBCL.PD-1 was correlated with the expression of LAG-3, and both the high expression of LAG-3 and LAG-3/PD-1 predicted the poor prognosis of DLBCL.Therefore, LAG-3 may be a new target for immunotherapy, and it can also be combined with PD-1 inhibitors to improve the drug resistance of current DLBCL patients, thus extending the survival of patients.
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