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The aims of this study were to investigate the activation of T lymphocytes in peripheral blood from children with Hodgkin's lymphoma (HL) and explore their roles for prognosis in HL. A cohort of 52 newly diagnosed children with HL during the past 10 years was enrolled for analysis in this study. Peripheral blood samples of the patients were acquired before treatment in our hospital, and T-cell subsets were detected by a four-color flow cytometer. CD4+ T cells and CD4+/CD8+ T-cell ratio decreased significantly in patients with HL vs. healthy controls. CD8+ T cells, CD3+CD4+HLA-DR+ T cells, and CD3+CD8+HLA-DR+ T cells increased markedly in patients with HL vs. healthy controls. Receiver-operating characteristic (ROC) curve analysis showed that CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells each distinguished the high-risk group from the low- and intermediate-risk group. The area under the ROC curve for predicting high-risk patients was 0.795 for CD3+CD4+HLA-DR+ T cell and 0.784 for CD3+CD8+HLA-DR+ T cell. A comparison of peripheral blood T-cell subsets that responded differently to therapy showed significantly higher percentages of CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells in patients who achieved complete remission compared to those who did not achieve complete remission. In addition, high percentages of both CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells were associated with inferior event-free survival. Peripheral immune status may be related to disease severity in HL. CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells may be a novel indicator for risk stratification of HL and may be an independent risk factor for inferior outcome in childhood HL.
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Introduction

Hodgkin's lymphoma (HL) is one of the common cancers worldwide, affecting approximately 6,900 new cases every year in China (1, 2). The survival rate of children with HL has been rising gradually during the past three decades and currently exceeds 90% after standard-of-care therapy (2–4). Therefore, HL management has been focused on maintaining cure rate and minimizing late effects according to risk stratifications (5, 6). The Ann Arbor classification of HL was the standard for staging; however, this classification was insufficient for risk stratification before treatment owing to the presence of B symptoms, involved lymph nodes, and extranodal disease. It was important to perform risk-adapted interventions based on a gradual management regime (4, 7, 8). A risk-adapted response-based model for imaging surveillance was developed on the grounds of pretreatment risk stratification and the initial response to therapy (9).

The etiology of HL is unknown, but risk factors that have been identified include previous infection with Epstein–Barr virus (EBV), immune system disorders, and exposure to air pollution (10–14). Rare malignant Hodgkin and Reed–Sternberg (HRS) cells in pathological tissue of HL are encircled by an abundant but ineffective inflammatory cell infiltrate. This unusual feature suggests malignant HRS cells can escape immunosurveillance and be related to B7-1 (CD80), B7-2 (CD86), and PD-1 ligands (15–17). Recent studies of the tumor microenvironment in HL may play an important role and HLA-DR+/CD38 T cells may be related to relapse and refractoriness in pediatric HL (18). Similarly, CD25, the interleukin-2 receptor α-subunit, was expressed on Reed–Stemberg cells and lymphocytes in the tumor environment in HL (19). One study showed that CD69+ cells increased in the tumor cell area in CD4+ or CD8+ T cells (20). However, whether the function of the immune microenvironment in peripheral blood, especially T cells, promoted or restrained HL growth remains to be determined.

This study aims to investigate T-lymphocyte subsets (CD4+, CD8+) and T-lymphocyte activation (CD69+, CD25+, and HLA-DR+) in peripheral blood from children with HL to identify the potential prognostic factors for event-free survival (EFS). We also conducted a pilot investigation about their roles in risk stratification of HL.



Methods


Participants

Newly diagnosed children with HL from May 2009 to May 2019 at the Children's Hospital of Zhejiang University School of Medicine were included in this retrospective analysis. The study was approved by the ethics committee of the Children's Hospital of Zhejiang University School of Medicine, and the guardians of all children signed informed consent.

The diagnosis of HL in children was reviewed and confirmed by morphological features and immunohistochemical stains of biopsy samples according to the WHO Classification (21). According to Cotswolds staging classification and risk factors before treatment (22, 23), these patients were divided into two groups, namely, (1) low- and intermediate-risk group (L-I-risk group) (early-stage favorable or unfavorable): patients in stagesIand IIA without or with ≥1 adverse risk factors and stage III without systemic B symptoms or unfavorable features; (2) high-risk group (H-risk group) (advanced stage): patients in stages IIIB and IV or with systemic B symptoms or unfavorable features, including bulky mediastinal masses, extranodal disease, large nodal mass, or more than three nodal sites. Two experienced pathologists and physicians doubly confirmed the diagnosis and grouping. Clinical data of all patients with HL were obtained from our hospital's electronic medical records. Chemotherapy was administered according to the guidelines for treatment of childhood HL (24, 25). Evaluation after chemotherapy was based on the following Lugano-2014 evaluation standard (26): (1) complete remission (CR) was defined as that target lymph node masses must regress < 1.5 cm, no extralymphatic sites of disease, and no new lesions and (2) non-complete remission (NCR), including partial remission, disease stable, and disease progression.

We screened a total of 65 newly diagnosed children with HL during 10 years at the Children's Hospital of Zhejiang University School of Medicine, of which 13 cases were excluded owing to deficiency of medical records (four cases) or no T-cell subset/activation analysis (nine cases). A total of 52 children with HL were finally included in the study for risk assessment. Patients consisted of 44 boys and 8 girls, ranging in age from 2.58 to 15.92 years (median, 8.54 years). Healthy children from our medical center for routine physical examination were included as normal controls. The median age of 30 healthy controls was 9.12 years, ranging from 3.42 to 14.75 years, and 27 cases were boys. There were no significant differences in age and gender between patients with HL and healthy controls.

Because this was a retrospective study, 10 cases declined the prescription of chemotherapy and went to other hospital seeking treatment; thus, 42 patients completed the chemotherapy course. Of these patients, 29 cases reached CR and 13 cases did not achieve CR (11 cases reached partial remission and two cases presented progressive disease). Finally, 32 patients participated in the follow-up after chemotherapy since 10 patients refused to follow-up. The primary end point was EFS, which was defined as relapse, second cancer, progressive disease, or death from any cause, and the date of last follow-up for children who did not undergo any event. The median follow-up period was 36 months (Figure 1).
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FIGURE 1
 Flowchart screening cases.




Measurement of T-cell subsets and cytokines

Peripheral blood samples of patients were acquired before treatment in our hospital. A tube of whole blood, which was collected into the EDTA anticoagulation tube, was sent to the laboratory for testing T-cell subsets immediately or within 12 h (the sample was stored at room temperature). Another tube of blood sample was collected into a serum separating tube and centrifuged at 1,000g for 20 min at room temperature after clotting. The serum was harvested carefully for testing cytokines immediately or the test was performed within 12 h if the situation was not so urgent.

The T-cell subsets were detected with a four-color flow cytometer (FACSCalibur™; Becton Dickinson, San Jose, CA). The main reagents used in the study were from BD Biosciences, including CD3-FITC, CD4-APC, CD8-PerCP, CD25-PE, CD69-PE, HLA-DR-PE, PE-Mouse IgG1 Isotype Control, and Lysing Buffer Solution. Briefly, 100 μl peripheral blood was mixed with antibodies (20 μl per antibody) and incubated at 4°C for 30 min in dark, and isotype control was performed at the same time. After incubation, each sample was dissolved with lysing solution and then washed twice with phosphate-buffered saline. Then, each sample was fixed with 1% paraformaldehyde and detected by flow cytometry. 10,000 events were acquired using the CellQuest (version 3.2) software on a FACSCalibur flow cytometer. Gating strategies for the identification of T-cell activation markers were as follows: CD3-positive cells were first gated in the cytogram (R1 gate), then CD4- or CD8-positive cells were gated (R2 gate, refers to R1). Later, CD25-, CD69-, and HLA-DR-positive populations in CD4 or CD8 cells were calculated, respectively (Supplementary Figures S1, S2).

The concentrations of interleukin (IL)-6, IL-10, IL-2, IL-4, tumor necrosis factor alpha (TNF-α), and interferon gamma (IFN-γ) were detected using a CBA kit (BD CBA Human 1/2 Cytokine Kit II; BD Biosciences, San Jose, CA, USA). In short, six bead populations with distinct fluorescence intensities based on CBA technology had been coated with capture antibodies against IL-6, IL-10, IL-2, IL-4, TNF-α, and IFN-γ proteins. Cytokine capture beads were mixed with phycoerythrin-binding detection antibodies, and then incubated with recombinant standards or test samples to form sandwich complexes, which were detected with a flow cytometer (FACSCalibur™; Becton Dickinson, San Jose, CA).



Statistical analysis

The descriptive data are represented by median and range for continuous variables and percentages for categorical variables. The positive rate is expressed as a percentage (positive cases/total cases tested). The comparison of variables for three groups was performed by Kruskal–Wallis tests, and comparisons between two groups were performed by Mann–Whitney U-tests. Comparisons of categorical variables between the two groups were performed by chi-square test. A receiver-operating characteristic (ROC) curve was used to assess whether activated T cells discriminated the H-risk group from the L-I-risk group in HL. Univariate logistic regression analysis was used to estimate odds ratios and 95% confidence interval (CI) for identifying the indicators associated with CR. EFS was estimated by means of the Kaplan–Meier method, and differences in EFS were tested using the log-rank method. A p < 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS Statistics for Windows, version 26.0 (IBM corp., Armonk, NY, USA). The figures were generated using GraphPad Prism (version 9.0, La Jolla, CA, USA).




Results


Basic characteristics of children with HL

Basic characteristics of patients with HL, including initial symptoms, stage, organ involvement, and pathological type, are shown in Table 1. According to Cotswolds staging classification and risk stratification criterion, patients were divided into two groups, namely, L-I-risk group (27 cases, 51.9%) and H-risk group (25 cases, 48.1%), respectively. A total of 52 cases met classic HL type based on morphology and immunophenotype of the neoplastic cells and on the background cellular infiltrate, consisting of 18 cases of NS subtype (34.6%), 25 cases of MC subtype (40.1%), and nine cases of LRC subtype (17.3%). In the H-risk group, predominant patients presented NS subtype (64.0%, 16/25). However, MC subtype prevailed in the L-I-risk group (70.4%, 19/27).


TABLE 1 Clinical characteristics of children with HL.
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A study of EBV infection in patients showed that the 25 cases among 52 patients who received immunohistochemical staining for Epstein–Barr encoded RNA (EBER) or EBV-latent membrane protein (LMP) in biopsy specimens included 12 positive cases (48.0%) and 13 negative cases (52.0%). A total of 27 patients had EBV-DNA examined in blood or bone marrow, and included 16 cases (59.3%) with high EBV viral load. Statistical analysis showed significantly higher EBV-DNA-positive rate in the H-risk group than in the L-I-risk group (Table 1).



Peripheral blood T-cell subsets and serum cytokines in patients with HL

The percentage of CD4+ T cells (median, 28.82%, range, 10.55–56.07%, Z = −3.912, p = 0.001) and CD4+/CD8+ ratio (median, 1.01, range, 0.17–2.90, Z = −4.846, p < 0.001) decreased significantly in patients with HL compared to healthy controls. The percentage of CD8+T cells (median, 26.90%, range, 15.89–63.31%, Z = 2.983, p = 0.003) increased markedly in patients with vs. healthy controls. However, there was no statistically significant difference in the percentage of T cell subsets, including CD3+CD4+ T cell, CD3+CD8+ T cell, and CD3+CD4+/CD3+CD8+ T cell ratio in two risk classification groups (Figure 2; Supplementary Table 1).
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FIGURE 2
 Changes in percentages of T-cell subset markers in patients with HL and health controls. (A) CD4+ T cells, (B) CD8+ T cells, (C) CD4+/CD8+ ratio, (D) CD3+CD4+CD25+ T cells, (E) CD3+CD4+CD69+ T cells, (F) CD3+CD4+HLA-DR+ T cells, (G) CD3+CD8+CD25+ T cells, (H) CD3+CD8+CD69+ T cells, and (I) CD3+CD8+HLA-DR+ T cells. ns, not significant, p > 0.05; *p < 0.05, **p < 0.01; ***p < 0.001.


We further identified T-cell activation as a critical part of pathogenesis of patients with HL. In peripheral blood, the percentage of CD3+CD4+HLA-DR+ T cells increased significantly in patients with HL (median, 13.40%, range, 2.90–60.71%) vs. healthy controls (median, 6.25%, range, 4.56–7.45%, Z = 6.065, p < 0.001), and the percentage of CD3+CD8+HLA-DR+ T cells elevated markedly in patients with HL (median, 42.26%, range, 2.60–93.98%) vs. healthy controls (median, 9.08%, range, 4.76–16.20%, Z = 7.211, p < 0.001). In contrast, no statistically significant difference was found in the percentage of CD3+CD4+CD25+ T cells, CD3+CD4+CD69+ T cells, CD3+CD8+CD25+ T cells, or CD3+CD8+CD69+ T cells between HL and healthy controls. This result indicated that children with HL had higher expressions of CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells than those in healthy controls. Interestingly, a comparison of the percentage of HLA-DR+ T cells in the peripheral blood of different risk patients showed a significantly higher percentage of CD3+CD4+HLA-DR+ T cells (Z = −3.645, p < 0.001) and CD3+CD8+HLA-DR+ T cells (Z = −3.507, p < 0.001) in the H-risk group compared to those in the L-I-risk group.

Because activated T cells can secrete a mass of cytokines that play a crucial part in antitumor immune response, we analyzed cytokine levels (IL-2, IL-4, IL-6, IL-10, TNF-α, and IFN-γ in children with HL). The levels of IL-6 (Z = 3.900, p < 0.001) and IL-10 (Z = 5.661, p < 0.001) in patients with HL were significantly increased compared to the control group. There were no significant differences in the levels of IL-2, IL-4, TNF-α, or IFN-γ between patients with HL and normal controls. Additionally, the levels of IL-2 (Z = 2.081, p = 0.037), IL-6 (Z = 3.719, p < 0.001), IL-10 (Z = 3.132, p = 0.002), and IFN-γ (Z = 2.134, p = 0.033) of patients in the H-risk group were significantly higher than those in the L-I-risk group (Figure 2; Supplementary Table 1).



The value of activated T cells and serum cytokines in risk classification of HL

To further assess the role of T-cell activation in disease severity of HL, we analyzed CD3+CD4+HLA-DR+ and CD3+CD8+HLA-DR+ T cells in two risk classification groups. Compared to the L-I-risk group, laboratory indices were found to differ significantly in the H-risk group, including CD3+CD4+HLA-DR+ T cells, CD3+CD8+HLA-DR+ T cells, IL-2, IL-6, IL-10, and IFN-γ. Therefore, these laboratory indices could be used for risk classification in HL. We analyzed ROC for CD3+CD4+HLA-DR+ T cells, CD3+CD8+HLA-DR+ T cells, HB, IL-2, IL-6, IL-10, and IFN-γ, which were used to distinguish the H-risk group from the L-I-risk group. The area under the ROC curve (AUC) for predicting H-risk patients was 0.795 for CD3+CD4+HLA-DR+ T cell, 0.784 for CD3+CD8+HLA-DR+ T cell, 0.801 for IL-6, 0.753 for IL-10, 0.673 for IFN-γ, and 0.668 for IL-2. The maximum efficiency was determined with a cutoff value of 14.78% based on CD3+CD4+HLA-DR+ T-cell percentage, offering a sensitivity of 72.0% and specificity of 77.8%. The maximum efficiency was determined with a cutoff value of 43.15% based on CD3+CD8+HLA-DR+ T-cell percentage, offering a sensitivity of 72.0% and specificity of 81.5% (Figure 3).
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FIGURE 3
 ROC curve analysis of laboratory indices with patients with HL in the H-risk group. (A) CD3+CD4+HLA-DR+ T cells, (B) CD3+CD4+HLA-DR+ T cells, (C) IL-10, (D) IL-6, (E), IL-10, and (F) IFN-γ. AUC, area under the ROC curve.




Comparisons of laboratory indices between CR and NCR after chemotherapy

In 42 patients who completed chemotherapy course, 29 reached CR and 13 did not achieve CR (11 cases reached partial remission and two cases presented with progressive disease). A comparison of peripheral blood T-cell subsets and serum cytokines in patients who responded differently to therapy showed significantly higher values of CD3+CD4+HLA-DR+ T cells (Z = 4.149, p < 0.001), CD3+CD8+HLA-DR+ T cells (Z = 4.666, p < 0.001) and IL-6 (Z = 2.354, p = 0.019) in patients who achieved CR compared to those who did not achieve CR. To further investigate the significance of HLA-DR+ T cells and IL-6 in patients who achieved CR, univariate analyses were performed to identify prognostic factors. These parameters, including CD3+CD4+HLA-DR+ T cells (odds ratio [OR] =1.190, 95% CI 1.067–1.328, p = 0.002) and CD3+CD8+HLA-DR+ T cells (OR = 1.235, 95% CI 1.071–1.426, p = 0.004), were associated with NCR in HL (Tables 2, 3).


TABLE 2 Comparisons of indicators between CR and non-CR group.
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TABLE 3 Logistic regression analysis for identifying independent indicator associated with complete remission in HL.
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Relationship between T-cell activation and event-free survival

In the follow-up, 32 patients finally participated in this study after chemotherapy (owing to 10 patients refusing to follow-up). The primary end point was EFS, which was defined as relapse, second cancer, progressive disease, or death from any cause, and the date of last follow-up for children who did not undergo any event. The median follow-up period was 36 months. Kaplan–Meier analysis showed a significant difference between patients with low CD3+CD4+HLA-DR+ T cell (percentage ≤ 14.78%) and high CD3+CD4+HLA-DR+ T cell (percentage > 14.78%). Kaplan–Meier analysis also showed a significant difference between patients with low CD3+CD8+HLA-DR+ T cell (percentage ≤ 43.15%) and high CD3+CD8+HLA-DR+ T cell (percentage > 43.15%). High percentages of CD3+CD4+HLA-DR+ T cell (p = 0.008, log-rank test) and CD3+CD8+HLA-DR+ T cell (p = 0.034, log-rank test) were associated with the inferior EFS (Figure 4).
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FIGURE 4
 Event-free survival according to different percentage of activated T cells. (A) Low CD3+CD4+HLA-DR+ T cell (percentage ≤ 14.78%), purple line and high CD3+CD4+HLA-DR+ T cell (percentage >14.78%), blue line. (B) Low CD3+CD8+HLA-DR+ T cell (percentage ≤ 43.15%), purple line; high CD3+CD8+HLA-DR+ T cell (percentage >43.15%), blue line.


Many studies demonstrated that EBV present in HRS cells in 40–50% of HL cases and may be involved in the pathogenic mechanism of tumorigenesis. This study found that EBER or LMP positive in biopsy specimens was detected in 48.0% (12/25) of patients and that EBV-DNA positive in blood or bone marrow was detected in 59.3% (16/27) of patients. However, there was no significant difference in the percentage of CD4+, CD8+, CD3+CD4+HLA-DR+ T cells, or CD3+CD8+HLA-DR+ T cells in peripheral blood between EBER- or LMP-positive patients and EBER- or LMP-negative patients in biopsy specimens. The percentage of CD3+CD4+HLA-DR+ T cell in peripheral blood was significantly higher in EBV-DNA–positive patients compared to EBV-DNA-negative patients (Z = 2.122, p = 0.034). There was no significant difference in the percentage of CD4+, CD8+ and CD3+CD8+HLA-DR+ T cells in peripheral blood between EBV-DNA-positive patients and EBV-DNA–negative patients (Figure 5).
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FIGURE 5
 The relationship between the percentage of T-cell subsets and EBV infections. (A) EBV-EBER- or LMP-1-positive patients (purple) and EBV-EBER- or LMP-1-negative patients (blue) in biopsy specimens. (B) EBV-DNA-positive patients (purple) and EBV-DNA-negative patients (blue) in serum. ns, not significant, p > 0.05; *p < 0.05.


The levels of cytokines were not significantly different in EBER- or LMP–positive and -negative patients with HL. There was also no significant difference in the levels of cytokines, including IL-2, IL-4, IL-6, TNF-α, or IFN-γ between EBV-DNA-positive and EBV-DNA–negative patients. Nevertheless, higher level of IL-10 in peripheral blood was detected in EBV-DNA-positive patients with HL compared to those in EBV-DNA-negative patients with HL (Z = 2.690, p = 0.006) (Figure 6).
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FIGURE 6
 The relationship between cytokines and EBV infections. (A) A total of 25 patients with HL were grouped according to the expression of EBER or LMP by HRS cells and (B) 27 patients with HL were grouped according to EBV-DNA in blood or bone marrow. ns, not significant, p > 0.05; **p < 0.01.





Discussion

Diagnosis of HL depends on the discovery of neoplastic Hodgkin's cells and Reed–Sternberg cells in lots of inflammatory background. The neoplastic cells are derived mainly from germinal center B cells that are infected by EBV. Many studies demonstrated that EBV infection was associated with a number of lymphomas. The molecular pathogenesis of HL, which shows a balance of proliferative and apoptotic effects, involves TRAFs, NF-kB, STAT and cytokine pathways, and overexpression of PD-1 with inhibition of caspase activities (27). Expression of EBV markers, including EBV-LMP or EBER, was a valuable finding in classic patients with HL, where EBV expression is characteristically shown in the HRS cells (10, 28). In agreement with those results, our results found that 48.0% cases of HL presented LMP or EBER positivity in biopsy specimens. High EBV-DNA viral load was detected in 44.4% of the H-risk group in our study. In addition, EBV infection may be involved in pathogenic mechanism of tumorigenesis. Lin et al. (10) reported that LMP1 in HL cells can lead a moderate increase in autophagy signals by increasing expression of the autophagy marker LC3, including reduced autophagic stress and alleviated autophagy inhibition-induced cell death. Marshall et al. (29) suggested that EBV-LMP1 epitopes could induce HL-infiltrating lymphocyte Treg cells. However, this study showed that there were no significant differences in the percentage of CD3+CD4+HLA-DR+ T cells, CD3+CD8+HLA-DR+ T cells, CD4+ T cells, and CD8+ T cells between LMP- or EBER-positive patients and LMP- or EBER–negative patients. This result may suggest that T-cell activation in HL was induced by HRS cell, rather than stimulated by EBV infection. The role of activated T cell in the immune microenvironment, whether to promote or to fight against HRS cell growth, remained controversial. HRS cells were embraced by the amount of reactive leucocytes (30). The features suggested that HL tumor cells escaped from immunosurveillance for their survival and growth, including CTLA-4, PD-1, and LAG-3-associated immune evasion (31, 32).

In this study, we hypothesized that CD4+ T cells and CD8+ T cells were involved in the progression of HL. In a previous study, MHC class II on HRS cells was a predictive marker for CR and prolonged progression-free survival in patients with HL after PD-1 blockade, suggesting the importance of CD4+ T cells in the tumor environment of CHL (33). They also found that LAG-3 was highly expressed via tumor-infiltrating CD4+ lymphocytes in MHC-II-expressing tumors. In lymph node biopsied of HL, a mass cytometry discovered a CD4+ regulatory T-cell rich and exhausted T effector tumor microenvironment (34). Similarly, Sara et al. demonstrated high CD4+ and low CD8+ T cells in diagnostic biopsies by flow cytometry associated with poor prognosis in patients with HL (35). However, our finding showed lower CD4+ T cells and CD4+/CD8+ ratio, but higher percentage of CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells in peripheral blood of patients with HL vs. healthy controls. Thus, the pathogenesis of HL was related to the immune environment, especially the activated T lymphocytes.

Furthermore, we also studied the percentage of activated T cells in risk classification of HL. Pathological staging had little value in the choice of treatment scheme, and risk grading before treatment was more important. Clinical risk stage remained the most important prognostic factor in HL (28). An in vitro study about immune mechanism of CD8+HLA-DR+ T cells showed that a higher expression of PD-1 and TIGIT ligand CD155 was evaluated on day 4 after CD8+HLA-DR+ T-cell activation than those in their CD8+HLA-DR- counterpart (36). They found further that PD-1/PD-L1 pathway suppressed activity on CD4+ T cells or CD8+ T cells, but PD-1 neutralization eliminates the suppression ability on CD8+ cells, with little action on CD4+ T cells. However, CTLA-4 on CD4+ and CD8+ T cells also may be involved in their suppressor (32, 37). We found that peripheral blood percentages of CD3+CD4+HLA-DR+ and CD3+CD8+HLA-DR+ T cells were higher in patients at H-risk group vs. L-I-risk group, and that CD3+CD4+HLA-DR+ and CD3+CD8+HLA-DR+ T cells could distinguish the H-risk group from the L-I-risk group. Our data also revealed an association of low percentages of CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells with CR in HL, which implied that HLA-DR+ T-cell activation may help tumor cells to escape immune surveillance.

Next, we found that high percentages of CD3+CD4+HLA-DR+ T cell and CD3+CD8+HLA-DR+ T cell were associated with the inferior EFS. Consistent with our finding, a review summarized the immune microenvironment in HL regarding T cells and immune checkpoints explicated activated T cells cannot exert antitumor immunity due to chronic ineffectual antigen stimulation by upregulation of PD-1 and inability of T cells to recognize HRS cells (38). Owing to mutations, for instance, in the β-2M and CIITA genes (39) and by epigenetic mechanisms, HRS cells lack expression of MHC-I and MHC-II molecule, inducing CD4+ T cells and CD8+ T cells unable to receive antigen recognition (31). A multivariate analysis previously showed high proportions of both PD-1+ and PD-L1+ leukocytes of the tumor microenvironment were associated with poor EFS and poor overall survival in CHL (40). A previous study found the high ratio of CD3+/HLA-DR+ T cells, both on CD4+ helper and CD8+ cytotoxic T cells after chemotherapy, may predict the danger of relapse in patients with non-Hodgkin's lymphoma (41).

Meanwhile, the levels of IL-6, IL-10, and IFN-γ were significantly increased in the H-risk group vs. the L-I-risk group. Activation of T lymphocytes stimulated generation of a mass of cytokine storm that included downstream effector molecules. A previous study suggested that IL-6/STAT3 signaling of human DCs would downregulate the surface expression of HLA class II molecules (42). IL-10, a kind of immunosuppressive cytokines, was produced at high levels in tumor-bearing states to restrain the function of antitumor effector T cells (43). IFN-γ production was important in cell-mediated immune responses through p38 mitogen-activated protein kinase pathway (44), and IFN-γ can be secreted by HRS cells to induce expression of PD-L1 (45). Concurrently, we analyzed the levels of cytokines, such as IL-2, IL-4, IL-6, IL-10, TNF-α, and IFN-γ, and there were no significant differences in EBV-EBER- or LMP-1-positive and -negative patients with HL. Therefore, these cytokine expressions may not be yet associated with EBV-EBER- or LMP-1-positive cells in biopsy specimens. There were also no significant differences in the levels of cytokines, including IL-2, IL-4, IL-6, TNF-α, or IFN-γ between EBV-DNA-positive and EBV-DNA-negative patients in peripheral blood or bone marrow. Nevertheless, higher IL-10 levels in peripheral blood were detected in EBV-DNA-positive patients with HL compared to those in EBV-DNA-negative patients with HL. IL-10 secretion in HL can suppresses Th1 responses that could promote the antitumor response and high IL-10 receptor in tumor cells was seen in EBV lymphomagenesis (46, 47). The changes of cytokines may contribute to antitumor immunity evasion.

Nevertheless, there are a few limitations to this study. First, this was a retrospective analysis, so the samples were not detected by the same batch. We controlled the batch difference through daily indoor quality control. Second, the treatment of patients with CHL was guided by risk category. All the patients were divided into three groups, namely, low-risk HL, intermediate-risk HL, and high-risk HL, according to current standards. However, we found that there was no difference in the percentage of T-cell subsets between low- and intermediate-risk HL through pre-analysis. So, we mainly analyzed the differences of T-cell subsets between the H-risk group and L-I-risk group. Third, this study did not analyze T-cell exhaustion marker (PD-1, TIM-3, etc.) before treatment, so the mechanism between T-cell activation and exhaustion cannot be well elaborated. In the future, we will study changes of T cells before and after chemotherapy and explore the relationship between T cell and immune checkpoints.

In conclusion, peripheral immune status may be related to disease severity in HL. CD3+CD4+HLA-DR+ T cells and CD3+CD8+HLA-DR+ T cells may be a novel indicator for risk stratification of HL and may be an independent risk factor for inferior outcome in childhood HL.
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