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Introduction

γδ T cells recognize and exert cytotoxicity against tumor cells. They are also considered potential immune cells for immunotherapy. Our previous study revealed that the altered expression of immune checkpoint T-cell immunoreceptor with immunoglobulin and ITIM domain (TIGIT) on γδ T cells may result in immunosuppression and is possibly associated with a poor overall survival in acute myeloid leukemia (AML). However, whether γδ T-cell memory subsets are predominantly involved and whether they have a relationship with clinical outcomes in patients with AML under the age of 65 remain unclear.





Methods

In this study, we developed a multicolor flow cytometry-based assay to monitor the frequency and distribution of γδ T-cell subsets, including central memory γδ T cells (TCM γδ), effector memory γδ T cells (TEM γδ), and TEM expressing CD45RA (TEMRA γδ), in peripheral blood from 30 young (≤65 years old) patients with newly diagnosed non-acute promyelocytic leukemia (also known as M3) AML (AMLy-DN), 14 young patients with AML in complete remission (AMLy-CR), and 30 healthy individuals (HIs).





Results

Compared with HIs, patients with AMLy-DN exhibited a significantly higher differentiation of γδ T cells, which was characterized by decreased TCM γδ cells and increased TEMRA γδ cells. A generally higher TIGIT expression was observed in γδ T cells and relative subsets in patients with AMLy-DN, which was partially recovered in patients with AMLy-CR. Furthermore, 17 paired bone marrow from patients with AMLy-DN contained higher percentages of γδ and TIGIT+ γδ T cells and a lower percentage of TCM γδ T cells. Multivariate logistic regression analyses revealed the association of high percentage of TIGIT+ TCM γδ T cells with an increased risk of poor induction chemotherapy response.





Conclusions

In this study, we investigated the distribution of γδ T cells and their memory subsets in patients with non-M3 AML and suggested TIGIT+ TCM γδ T cells as potential predictive markers of induction chemotherapy response.
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1 Introduction

Acute myeloid leukemia (AML) is a prevalent form of leukemia in adults, which is characterized by the disruption of the normal hematopoiesis process. This results in the accumulation of immature myeloid cells in both the bone marrow (BM) and peripheral blood (PB) (1). Among them, the recurrence rate of acute myeloblastic leukemia with maturation (M2) and acute monocytic leukemia (M5) types is high (2). In general, acute promyelocytic leukemia (APL, also known as M3) is a unique subtype of AML, which is a highly curable cancer with long-term survival exceeding 90% (3). Excluding M3 AML, the complete remission (CR) of AML following chemotherapy induction is estimated to be approximately 70%–80%. However, long-term overall survival (OS) and disease-free survival rates can be discouragingly low (4). Furthermore, advanced age represents a crucial adverse prognostic factor of AML (5). Given their poor outcomes, considerable attention has been focused on elderly patients (over 65 years of age); however, research specifically targeting younger adults (less than 65 years) with non-M3 AML is relatively sparse (6).

Immune escape is also a crucial factor contributing to disease progression and poor clinical outcomes of AML (7). Immune escape is primarily attributed to the downregulation of immune cell function and exhaustion. It includes the upregulation of immune checkpoint (IC) receptors and a high expression of IC ligands on tumor cells (8). Our previous work demonstrated that T-cell immune inhibitory receptors, such as program death-1 (PD-1), T-cell immunoreceptor with immunoglobulin and ITIM domain (TIGIT), T-cell immunoglobulin mucin 3 (Tim-3), and T lymphocyte activation gene-3 (LAG-3), show increased expression in T cells from patients with newly diagnosed AML (AMLy-DN) and those with relapsed AML. In addition, increased IC expression has been associated with clinical outcomes, which suggests that the dysregulation of these immune inhibitory receptors may contribute to immune escape and poor prognosis of AML (9, 10). TIGIT is predominantly expressed on memory T cells, regulatory T cells (Tregs), and natural killer (NK) cells in humans. Studies have shown that the increased expression of TIGIT on immune cells is associated with functional exhaustion (11). The upregulation of TIGIT on immune cells, particularly T cells, has been implicated in immune escape mechanisms and can contribute to poor clinical outcomes of various diseases, including AML (10, 12). In addition, T cells within the BM immunosuppressive tumor microenvironment (TME) in AML often exhibit functional exhaustion and a deregulated innate and adaptive immune response (13).

As a minor subset of lymphocytes, human γδ T cells account for approximately 2%–10% of CD3+ T cells in PB and exhibit non-major histocompatibility complex (non-MHC)-restricted recognition of tumor antigens (14, 15). Upon activation in the periphery, γδ T cells exhibit remarkably diverse effector functions associated with immune response and a potent cytotoxic activity via elevated levels of CD107a expression and interferon (IFN)-γ cytokine production, granzyme B, and perforin secretion (16, 17). Previously, we highlighted γδ T-cell-based immunotherapy as a highly promising strategy in cancer immunotherapy (18). However, accumulating evidence indicates the diverse structural and functional heterogeneity among γδ T cells, which is associated with their distinct roles in cancer immunity (19). Importantly, our previous data have demonstrated a potential correlation between the expression profile of coinhibitory and costimulatory receptors on γδ T cells and distinct clinical outcomes in patients with AML (20, 21). Similar to αβ T cells, γδ T cells comprise various subtypes based on their diverse functions (22). Effector γδ T cells exert an antitumor effect through various pathways, and regulatory or inhibitory γδ T cells play a pivotal role in immune homeostasis and stable immune tolerance (14). In contrast, γδ T cells in adult PB exhibit various phenotypic markers commonly associated with memory cells; these cells display heterogeneity, which enables the identification of various distinct cell subsets based on their functional markers (23). Circulating γδ T cells are classified as naïve type (TN γδ, antigen inexperienced) and memory γδ T cells (antigen experienced). Differential coexpressions of CD45RA and CD27 can be utilized to identify distinct subsets of memory γδ T cells, including central memory T cells (TCM γδ), effector memory T cells (TEM γδ), and TEM expressing CD45RA (TEMRA γδ), which represent various stages of differentiation. Following antigen stimulation, TCM γδ gain the ability to maintain long-term immune memory and rapidly mediate immune response (24). The TEM and TEMRA γδ subsets predominantly exist at inflammatory sites and exert immediate effects via the secretion of cytokines and cytotoxicity (25). Our laboratory data indicate the dramatic effect of aging on T-cell subsets (26). Xu et al. in our laboratory observed a considerable decrease in the frequency of TCM γδ in CD8+ T cells with an increase in differentiated TEM γδ, particularly in younger patients with AML. This condition may be associated with suppressed T-cell immunity and diminished antileukemia capacity (27).

Several ongoing clinical trials are currently investigating the potential of γδ T cells in the adoptive therapy of AML and other hematologic malignancies (28, 29). However, γδ T-cell approaches exhibit limitations in terms of expansion and lifespan in vivo. Under unfavorable conditions, their relative plasticity can lead to phenotypes that are detrimental to the host. Our previous study demonstrated a correlation between the high frequencies of TIGIT+Foxp3+ and TIGIT+CD226− γδ T subsets and poor survival outcomes in patients with AML (30). Nevertheless, no discussion has been conducted on future perspectives regarding the phenotypic and functional characteristics of memory γδ T cells, particularly those observed in younger patients with AML. For the achievement of this goal, we aimed to define the distinct features of γδ T-cell memory phenotype in PB and BM from patients with non-M3 AML under 65 years old (referred to as AMLy-DN cells in this study) while exploring associations between the immunosuppression status and clinical outcomes among different patients. This comprehensive study will facilitate the cautious application of γδ T cells for patients with AML in the future.




2 Materials and methods



2.1 Samples

PB was collected from 37 patients with AMLy-DN, including 23 male and 14 female patients, with a median age of 50 years (range: 21–65 years). There were 30 patients with AMLy-DN for FACS analysis and 9 patients for cytokine secretion detection (only two of them were used for both FACS and cytokine secretion). In addition, PB samples were obtained from 14 patients with AML in CR (AMLy-CR), which consisted of 5 male and 9 female patients with a median age of 36 years (range: 24–62 years), 5 of whom are paired to the samples of AMLy-DN. Furthermore, BM samples were collected from 16 patients with AMLy-DN, namely, 12 male and 4 female patients with a median age 49 years (range: 23–65 years). We included 30 healthy individuals (HIs), which comprised 18 male and 12 female patients with a median age of 45 years (range: 19–65 years), as controls. All specimens were collected between October 2020 and March 2022. Three patients voluntarily withdrew from the hospital, two of whom refused therapies, and the other one was transferred to another hospital due to COVID-19. Consequently, prognosis analysis was performed on 27 patients with AMLy-DN. Table 1 presents the corresponding clinical details. All participants provided informed consent. The experimental protocol for all studies was approved by the Ethics Committee of the First Affiliated Hospital of Jinan University. All procedures accorded with the guidelines set forth by the Medical Ethics Committees of the Health Bureau of Guangdong Province in China.


Table 1 | Clinical characteristics of patients with AML.






2.2 Flow cytometry

The following monoclonal antibodies were used for cell-surface staining in accordance with the manufacturer’s instructions: CD3-APC/Cy7, TCR γδ-PE, CD27-PE/Cyanine 7, CD45RA-BV510, and TIGIT-BV421. In brief, 300 µL of PB from each patient was collected in a tube, and 5 µL per antibody was added to each tube for 20 min at room temperature in the dark. RBC Lysis Buffer was used to lyse erythrocytes for 10 min in the dark. The cells were completely washed afterward with phosphate buffer saline (GenXion, China).

For intracellular cytokine expression, cells were stimulated with phorbol myristate acetate (PMA, 0.05 μg/mL, Sigma-Aldrich, Germany) and brefeldin A (BFA, 10 μg/mL, BD Biosciences, USA) at 37°C for 5 h. Cells were stained with CD3 APC/Cy7 (clone SK7, BioLegend, USA), TCR γ/δ Percp-Cyanine 5.5 (clone B1, BioLegend, USA), and CD107a PE (clone SK7, BD Biosciences, USA), then fixed and permeabilized, followed by intracellular staining with IFN-γ-PE-Cy7 (clone 4S.B3, BioLegend, USA), perforin-Alexa-Fluor-647 (clone dG9, BioLegend, USA), and GZMB-Pacific blue (clone GB11, BioLegend, USA). Cells were acquired on a BD FACS VERSE flow cytometer (BD Biosciences, USA) and analyzed by FlowJo 10.5.3 software.




2.3 Statistical analysis

After the Shapiro–Wilk test revealed that the data were not normally distributed, the Mann–Whitney U-test was conducted to analyze statistical differences between the two groups. Paired samples were assessed via Wilcoxon matched-pair signed-rank test statistics. Pearson correlation analysis was performed to determine the correlation between the frequencies of TIGIT+ γδ T and γδ T memory cell subsets in each group. Binary logistic regression analysis was employed to investigate associations between the expression proportions of γδ T-cell subsets and clinical outcomes of patients with AML, and univariate analysis was used to select significant variables included in a multivariate analysis model. SPSS 25.0 and GraphPad Prism 8.4 were used in statistical analyses, with p ≤ 0.05 considered statistically significant.




2.4 Manuscript writing

The entire paper, including the Introduction and Materials and Methods sections, was polished and grammatically corrected by ShineWrite.com.





3 Results



3.1 γδ T cells shift toward effector memory and TEMRA phenotype in PB from patients with AML

In this study, we assessed the distribution of γδ T cells and their subsets in PB from patients with AMLy-DN (n = 30), those with AMLy-CR (n = 14), and HIs (n = 30) via multicolor flow cytometry. The γδ T cells were further categorized into four subgroups based on the expression patterns of CD27 and CD45RA: TN γδ cells (CD27+CD45RA+), TCM γδ cells (CD27+CD45RA−), TEM γδ cells (CD27−CD45RA−), and TEMRA γδ cells (CD27−CD45RA+) (24). Figures 1A, B illustrate the gating strategy for the identification of these subsets. Heatmap analysis revealed significant differences in the frequencies of TIGIT expression and memory subset distribution among different groups (Figure 1C). Our findings demonstrated the decreased proportion of total γδ T cells in PB from the AMLy-DN (p = 0.001) and AMLy-CR groups (p = 0.011) compared with that in HIs (Figure 1D; Table 2). Moreover, the percentage of TCM γδ cells showed a significant reduction within PB samples from patients with AMLy-DN compared with HIs (p = 0.024). Conversely, the TEMRA γδ subset proportions exhibited a marked increase (p = 0.010) (Figure 1E; Table 2). However, no significant difference was detected between HIs and patients with AMLy-DN regarding TEM γδ (p = 0.077) and TN γδ (p = 0.515) cells. In contrast to HIs, where the central memory subset predominated over other subsets (TCM γδ > TEM γδ > TEMRA γδ; Table 2), our results indicate that patients with AMLy-DN exhibited an altered pattern characterized by increased proportions of the TEMRA γδ subset relative to the TEM γδ population (TCM γδ > TEMRA γδ > TEM γδ; Table 2). Thus, changes in the γδ T-cell subsets primarily involved memory subsets. Following chemotherapy of patients with AMLy-CR, we observed a significant increase in the percentage of TCM γδ cells (p = 0.008), accompanied with a corresponding decrease in TEMRA γδ cells (p = 0.008), compared with the AMLy-DN group (Figure 1E). No significant difference was observed between HIs and AMLy-CR groups, and AMLy-CR showed the following pattern: TCM γδ > TEM γδ > TEMRA γδ (Table 2). These findings suggest that the shift from TCM γδ to an elevated proportion of differentiated TEMRA γδ cells may be attributed to dysfunctional γδ T cells in patients with AMLy-DN.




Figure 1 | Significant reduction of γδ TCM cells accompanied by an enrichment of γδ TEMRA cells in patients with AMLy-DN. (A) Plots from AMLy-DN and AMLy-CR representative patients and a representative HI. γδ T cells were gated within the CD3 high population against the expression of γδ TCR. Then, within such γδ T+ population, CD45RA and CD27 T subsets were identified (red arrows). γδ T cells were differentiated into four memory subsets based on the expression of CD27 and CD45RA: TN γδ T cells (CD27+CD45RA+), TCM γδ T cells (CD27+CD45RA−), TEM γδ T cells (CD27−CD45RA−), and TEMRA γδ T cells (CD27−CD45RA+). (B) Summary of the distribution of four subpopulations in γδ T cells in patients with AMLy and HIs, as percentages from the averages of each group in pie charts. (C) Heatmap shows the frequency (low to high, respectively, from green to red shades) of TIGIT and memory cell subpopulations of γδ T cells in patients with AMLy-DN and HIs. (D) The distribution of γδ T cells in patients with AMLy and HIs (AMLy-DN: n = 30, AMLy-CR: n = 14, HI: n = 30). (E) Frequency of the TN, TCM, TEM, and TEMRA γδ T-cell subsets in patients with AMLy and HIs (AMLy-DN: n = 30, AMLy-CR: n = 14, HI: n = 30). *p < 0.05, **p < 0.01, and ***p < 0.001.




Table 2 | Comparison of percentages (with IQR) of γδ T cell and its memory subsets in patients with AMLy-DN and HIs.






3.2 High TIGIT expression in γδ T-cell subsets in patients with AML

The intracellular cytokine secretion by γδ T cells from PB was also examined in patients with AMLy-DN (n = 9) and HIs (n = 15). Flow cytometry analysis revealed significant decreases in the proportions of CD107a, IFN-γ, and perforin on γδ T cells in patients with non-M3 AMLy-DN compared with HIs [CD107a: 59.50% (HIs) versus 32.60% (AMLy-DN), p = 0.008; IFN-γ: 27.30% (HIs) versus 10.90% (AMLy-DN), p = 0.025; perforin: 20.70% (HIs) versus 2.26% (AMLy-DN), p < 0.001]. However, the proportion of granzyme B on γδ T cells from patients with AMLy-DN was similar to that observed in HIs [54.50% (HIs) versus 35.90% (AMLy-DN), p = 0.108] (Figures 2A, B). Our findings reveal the impaired cytotoxic cytokine production and dysfunctional characteristics of γδ T cells derived from patients with AML.




Figure 2 | Decreased cytokine responses and high TIGIT expression in γδ T cells from patients with AMLy-DN. (A) Flow cytometric analysis shows the ability of γδ T cells to secrete cytokines. FACS plots display a representative AMLy-DN patient compared to an HI. (B) Statistical analysis of CD107a and cytokine responses of γδ T cells derived from multiple patients with AMLy-DN and HIs (AMLy-DN: n = 9, HI: n = 12). (C) The flow-cytometry analysis detected an increase in the frequency of TIGIT-expressing γδ T cells in the AMLy-DN compared with AMLy-CR and HIs. Data from representative AMLy-DN (red) and AMLy-CR (blue) patients, and HI (green), in comparison to the isotype control (HI was stained with isotype control antibody; gray). The distribution of TIGIT+ γδ T cells in patients with AMLy and HIs (AMLy-DN: n = 30, AMLy-CR: n = 14, HI: n = 30). (D) Frequency of TIGIT in the TCM, TEM, and TEMRA γδ T-cell populations in patients with AMLy and HIs (AMLy-DN: n = 30, AMLy-CR: n = 14, HI: n = 30). *p < 0.05, **p < 0.01, and ***p < 0.001.



We further aimed to investigate whether the increased proportion of TIGIT expression on γδ T-cell subsets contributed to the observed dysfunction in patients with AML. Our results demonstrate a significantly increased percentage of TIGIT+ γδ T cells in patients with AMLy-DN compared with those in HIs (p < 0.001) and AMLy-CR (p = 0.014) (Figure 2C; Table 3). Furthermore, TIGIT showed an elevated expression on all γδ T-cell memory subsets in patients with AMLy-DN compared with HIs (TIGIT+ TCM γδ: p < 0.001; TIGIT+ TEM γδ: p = 0.029; TIGIT+ TEMRA γδ: p = 0.034) (Figure 2D; Table 3). In patients with AMLy-CR, the expression of TIGIT within TCM γδ cell was significantly lower than that in patients with AMLy-DN (p = 0.013). However, no statistically significant difference was detected in the percentages of TEM γδ (p = 0.420) and TEMRA γδ cell subsets (p = 0.078) between patients with AMLy-DN and those with AMLy-CR (Figure 2D and Table 3). Notably, only the expression of TIGIT+ TCM was higher in patients with AMLy-CR compared with the HI group (p = 0.045), whereas other memory subsets from CR patients showed similar percentages (TIGIT+ TEM γδ: p = 0.115; TIGIT+ TEMRA γδ: p = 0.930).


Table 3 | Comparison of percentages (with IQR) of positivity of TIGIT on γδ T cells in patients with AMLy-DN and HIs.



AML is a heterogeneous disease, and its prognosis varies significantly among different subtypes and genetic alterations (31). Therefore, we assessed and compared the distribution of γδ T cells and their memory subsets between the AML-M2 (n = 9) and AML-M5 (n = 10) subtypes. The frequency of γδ T cells tended to be higher in AML-M2 more than AML-M5 (p = 0.666) (Supplementary Figure 1A). Moreover, the AML-M2 group showed a lower frequency of TIGIT+ γδ subsets compared with the M5 group (p = 0.031) (Supplementary Figure 1B and Supplementary Table 1). Most notably, the response rate to induction therapy and CR rate reached 77.78% (7/9) in the M2 group and 40% (4/10) in the M5 group (Supplementary Figure 1C). Thus, our data reveal distinct distribution patterns of TIGIT on γδ T cells, correlating with favorable prognosis subtypes AML-M2 and AML-M5.




3.3 High TIGIT+ γδ and TIGIT+ γδ TCM γδ cells in the BM of patients with AMLy-DN

The immunosuppressive TME shields malignant hematopoietic stem cells from immune surveillance and potentially contributes to leukemia relapse. To investigate the effect of TME on γδ T-cell subset distribution in patients with AMLy-DN, we collected 16 pairs of PB and BM samples at diagnosis and compared the distributions of memory γδ T-cell subsets (Figures 3A–H and Supplementary Table 2). We observed higher proportions of total γδ T cells (p = 0.002; Figure 3A) and TIGIT+ γδ T cells (p = 0.004; Figure 3E) in BM than in PB, which suggests that inhibitory receptor expression may affect the function of these cells in various compartments. In terms of memory subsets, a significantly low percentage of TCM γδ cells was discovered in BM (p = 0.023; Figure 3B). However, other subsets showed no significant changes compared with the corresponding PB samples (TEM γδ: p = 0.438; TEMRA γδ: p = 0.255; respectively, Figures 3C, D). Interestingly, wide variations in the expression levels of inhibitory receptors were observed among different subsets. The results show significantly increased TIGIT+ TCM γδ (p = 0.007; Figure 3F) and TIGIT+ TEM γδ T cells (p = 0.003; Figure 3G) in the BM of patients with AMLy-DN compared with PB. However, no significant difference was observed for TIGIT+ TEMRA γδ (p = 0.140; Figure 3H). Heatmap analysis suggests that the influence of TME on memory T-cell populations may be more pronounced for the TCM subsets (Figure 3I; note the transition from mainly green to yellow and darker orange/red shadows when comparing PB to BM for TIGIT+ γδ total T cells and TIGIT+ γδ TCM, as examples).




Figure 3 | Significantly higher TIGIT expression in γδ T cells from the bone marrow of patients with AMLy-DN, relative to matched peripheral blood samples. (A–D) Pairwise comparisons of memory γδ cell subsets between PB and BM in AMLy-DN. (PB: n = 16, BM: n = 16). (E–H) Paired statistical analysis of TIGIT expression in γδ T cells and relative memory subsets between PB (red) and BM (violet) derived from AMLy-DN. (I) Heatmap shows the frequency of TIGIT and memory cell subpopulations of γδ T cells in the PB and BM of patients with AMLy-DN. *p < 0.05, **p < 0.01.






3.4 Increased frequencies of TIGIT+ TCM γδ T cells are associated with poor response to chemotherapy

We collected clinical data from 30 patients with AMLy-DN to investigate the potential correlation between the phenotypes of γδ T-cell subsets and clinical response in patients with AML. After the exclusion of 3 patients who declined therapy and left the hospital voluntarily, we analyzed data from 27 patients who underwent chemotherapy following diagnosis. Based on follow-up after induction chemotherapy, patients with AMLy-DN were categorized into two groups: those who achieved CR (17 cases) and those who were non-CR (NCR) (10 cases). Univariate and multivariate logistic regression analyses were conducted to assess the proportions of γδ T and its subsets and other factors, such as gender, age, white blood cells, and BM blast cells in patients with AMLy-DN. The results of univariate logistic regression analysis reveal that those high frequencies of TIGIT+ γδ cells [hazard ratio (HR) = 1.044, 95% confidence interval (CI): 1.001,1.089, p = 0.043], TIGIT+ TCM γδ cells (HR = 1.081, 95% CI: 1.016,1.150, p = 0.014), and TIGIT+ TEMRA γδ cells (HR = 1.079, 95% CI: 1.006,1.159, p = 0.033) were independent risk factors against the attainment of CR in patients with AMLy-DN with non-M3 subtype disease. Notably, multivariate logistic regression analysis demonstrated TIGIT+ TCM γδ cells (HR = 1.081, 95% CI: 1.016,1.151, p = 0.014) as an independent risk factor for worse prognosis in patients with non-M3 subtype AMLy-DN, and it can potentially serve as a biomarker for risk stratification (Table 4). We further sought to validate the influence of TIGIT expression on γδ T-cell subsets by comparing pre- and postinduction chemotherapy percentages among five selected participants in our study. The findings indicate decreases in TIGIT+ TCM γδ and TIGIT+ TEM in patients with AMLy who achieved CR status after the first cycle of chemotherapy (TIGIT+ TCM γδ: p = 0.043; TIGIT+ TEM: p = 0.043, respectively) (Supplementary Figure 1D), suggesting a potential correlation with blast elimination. Whether TIGIT expression on memory subsets can be used to predict the survival of patients with AMLy needs to be confirmed in future studies.


Table 4 | Univariate and multivariate regression analysis of γδ T-cell subsets in AMLy-DN.







4 Discussion

The in-depth understanding of pathogenesis of M3 heralded the introduction of highly effective therapies targeting the mutant protein PML-RARα that drives the disease, which led to the chemotherapy-free approach in the treatment of almost all patients (32). Despite the improved genetic understanding of AML, excluding the M3 subtype, some of these studies have overlooked the effect of patient age. Younger patients with non-M3 AML represent a distinct group with specific needs and minimal survival improvement (33). Therefore, our present research primarily focused on discussing non-M3 AML in younger patients.

T-cell immunotherapy has been increasingly investigated in AML (16). Nevertheless, the redirection of pan CD3+ T cells to target leukemia blasts has demonstrated limited efficacy in clinical trials and is often accompanied with severe toxicity in patients with AML due to T-cell immune dysfunction (17, 34). In vitro and mouse model studies have shown the cytotoxic effects of γδ T cells on AML cells (35). Our previous study demonstrated a correlation between reduced levels of circulating γδ T cells and poor survival outcomes (36). In this study, the proportions of total γδ T cells from PB decreased in patients with AMLy-DN and AMLy-CR relative to HIs. Apart from the effect on proportions, some γδ T cells that are cytotoxic against tumor cells may be susceptible to immunosuppressive mechanisms. Multiple ICs are commonly expressed on T cells in hematologic malignancies. Consequently, researchers studying the applications of γδ T cells have shown interest in improving their antitumor potential while addressing the challenges posed by IC expression and its contribution to leukemia development and progression (37, 38). Our previous study revealed a correlation between the decreased frequency of γδ T cells and increased expression of PD-1+Foxp3+ γδ T-cell subsets, and this finding was associated with a poor OS (20). Consistent with these findings, our current study demonstrated the significantly high expression of TIGIT on γδ T cells and low production of CD107a, IFN-γ, and perforin by γδ T cells in patients with AMLy-DN, which suggests a diminished antileukemia effect. This result is in line with the observations of Song et al., who reported the upregulated expression of TIGIT on blood T cells from elderly HIs (39). Furthermore, the downregulation of TIGIT can potentially restore T-cell function and improve IFN-γ production in hematological malignancies (40). Gournay et al. reported the association of the elevated expression of TIGIT on various subsets of T cells with subsequent AML relapse (41). As a follow-up to this finding, we assessed the significantly increased expressions of TIGIT+CD226− and TIGIT+Foxp3+ γδ T-cell subsets in de novo patients with AML, which indicated the exhaustion and heterogeneity of T cells (30). Despite the considerable efficacy of blocking TIGIT in preclinical research and clinical trials for hematological malignancies, the distribution characteristics of TIGIT in γδ T cells from AML have not been comprehensively investigated (42, 43). Importantly, our results further suggest the need to explore the characterization of TIGIT+ γδ T cells, which may respond to immune checkpoint inhibitor (ICI) treatment, and identify subpopulations with a stronger response. Therefore, studies should consider checkpoint inhibitor-based immunotherapy aimed at reinvigorating the antitumor activity of T cells and successful treatment strategies involving γδ T cells to mitigate the aberrant activation of specific γδ T-cell subsets.

In addition, T-cell immune surveillance is a crucial host defense mechanism in the suppression of carcinogenesis (44). Notably, the establishment of T-cell memory serves as a pivotal process for the long-term protection against tumor elimination by the host’s immune system (45). Less-differentiated subsets of TCM cells exhibit enhanced antitumor efficacy compared with the more-differentiated TEM and TEMRA cells (46, 47). Our previous study proposed several models for the phenotypic classification of human CD8+ T cells; hence, the classification of human γδ T cells in terms of CD27 and CD45RA markers is valuable for the identification of naïve and memory cells (26). Subsets of memory γδ T cells possess similar developmental potential and can be categorized into TCM, TEM, and TEMRA γδ cells based on phenotypic markers and functional attributes (24). In this study, changes in the subsets of memory γδ T cells primarily involved a decrease in TCM γδ cells and an increase in TEMRA γδ cells from patients with AMLy-DN compared with those from HIs. Upon CR after induction chemotherapy, restored TCM γδ cell frequency and decreased TEMRA γδ cell frequency were observed in PB. This finding suggests that the capacity for T-cell immune surveillance may depend on the response to chemotherapy (48). We previously reported that the frequencies of stem cell memory T (TSCM) and TCM on CD8+ T cells dramatically decreased together with increases in TEM and terminal effector T cells in the AMLy-DN; however, these alterations persisted in patients who achieved CR after chemotherapy (27). A previous study has positioned CD8+ memory T cells and the TCM cell subset in an intermediate position between naïve and effector cells (24). TSCM and TCM subsets demonstrate superior performance in adoptive cell immunotherapy despite the improved cytotoxic and cytokine-releasing potential of effector T-cell subsets (49). A research revealed the positive correlation between the infiltration of TCM and TEM with a favorable prognosis in Ewing sarcoma (50). Our results indicate TCM cells as a representative of a predominant population that exhibits superior capabilities as mediators of recall responses to antigen challenges given their prolonged persistence, rapid activation, and migration. Importantly, the classical TCM cell compartment is an ideal source of T cells for immunotherapy against malignancy, which occurs in the form of long-term control effectors and central memory pools.

TIGIT, an inhibitory receptor expressed on lymphocytes, is a crucial IC that can impede every step of cancer immunity (51). This study revealed the significantly higher expression of TIGIT on memory γδ T-cell subset distributed in the AMLy-DN cohort than in younger HIs, which indicates the preferential expression of TIGIT on memory γδ T cells and its similar distribution pattern with that detected in older AML groups. Although TIGIT+ γδ T cells did not differ in frequency between AMLy-CR and HIs, the percentage of TIGIT+ TCM γδ were intermediate in between the levels found in healthy donors and patients with AMLy-DN. Patients with AMLy-CR and HIs exhibited significant differences in terms of the frequency of γδ TCM cells and TIGIT expression on the γδ TCM, which suggests that etiology may affect the generation or treatment response of memory γδ T cells and thereby influence their immunity and clinical outcome. These findings suggest that TIGIT+ TCM γδ cells may play a role in AMLy surveillance against tumor cells and can be targeted for ICI treatment. Given the unresolved question regarding the mechanisms involved in γδ T-cell differentiation, we aimed to gain insights into the processes underlying the complexity of differentiated T-cell populations. Our results show that the younger patients with AML with a high frequency of TIGIT+ TCM γδ T cells had a low likelihood of remaining in remission. The frequency of TIGIT+ TCM γδ and TIGIT+ TEM γδ predominantly decreased after CR, and changes in other memory γδ T-cell subsets varied relatively. Therefore, evaluation of the frequency of TIGIT+ TCM γδ T cells before and after treatment can provide important information on their efficacy. The capability of anti-TIGIT reagents to reverse the suppression of TIGIT+ TCM γδ T cells can be used as potential control measures that can enhance the activity of transferred γδ T cells. Importantly, TCM γδ cells in PB exhibit a long-term maintenance property, which results in their sustained and durable responses to ICI (52) treatment, and the enhanced response by TCM is associated with the complete eradication of leukemia cells (53). The efficient physiological responses from TCM γδ cells may confer advantages to their adoptively transferred effector cell progeny.

Our previous studies primarily focused on γδ T cells in the PB. However, increasing evidence suggests that an immunosuppressive microenvironment promotes the emergence of phenotypically and functionally impaired γδ T cells, which leads to immune evasion by leukemia cells. Recognizing the importance of BM as another immunological environment, we compared the distributions of γδ T cells and their subsets in PB and BM samples from patients with AMLy-DN to investigate the influence of TME. Significant variations were observed in each subset between PB and BM, with a notable abundance of γδ T cells and TIGIT+ γδ T-cell subsets in the BM of most patients with AMLy-DN. In addition, the BM contained a lower percentage of TCM γδ T cells along with a higher percentage of TIGIT+ TCM and TIGIT+ TEM compared with PB. Our results demonstrate the possibly different effects of the AML BM microenvironment on TCM γδ T-cell homing and their contribution to global γδ T-cell dysfunction. Our previous study also revealed the enrichment of CD8+ T cells expressing PD-1 and TIM-3 receptors in the BM of patients with AML compared with PB (9). The high expression of TIGIT is an essential indicator of the effectiveness of ICI treatment, with an adequate presence of tumor-infiltrating T cells in the TME serving as a prerequisite (54). T cells in normal BM predominantly exhibit a memory phenotype, particularly CD8+ TCM cells, which suggests the varying effects of alterations in the leukemic BM niche on TCM homing among different individuals with AML (55). These dysregulated features of γδ T cells resemble those observed in elderly individuals with human immunodeficiency, and thus, they potentially represent premature immunologic aging. Therefore, further gaining insights into the phenotype and function of disrupted γδ T cells in patients with AML can facilitate the development of novel immunotherapeutic strategies. However, our analysis was only based on limited clinical samples, and further investigation is needed to collect and track more samples to confirm the findings.

Recent publications of our team and others have reported the association of a high proportion of γδ T cells with improved OS (36). However, further investigation is needed to evaluate the predictive value of OS in the follow-up period. Moreover, cytogenetic abnormalities are a critical prognostic factor for AML. Nevertheless, given the presence of FMS-like tyrosine kinase 3 mutation in nine cases, statistical analysis becomes challenging. Our findings support the notion that γδ T cells may serve as suitable targets for therapeutic intervention or cell therapy. Given these issues, further research on the expansion of long-lived memory γδ T cells must be conducted.




5 Conclusions

We initially characterized the distribution of γδ memory T-cell subsets in patients with non-M3 AML and used it to validate the relationship between AML prognosis and subsequent identification of a robust TIGIT+ TCM γδ cell signature, which is significantly associated with AML prognosis (Figure 4). The findings have potential implications for guiding the selection and generation of optimal antileukemic T cells for adoptive immunotherapy, wherein the generated cells should acquire a TCM phenotype with a low expression of TIGIT prior to transfer.




Figure 4 | Overview of TIGIT changes in the γδ T-cell memory subsets in patients with AML. (Left) The high expression of TIGIT in γδ T cell in BM from patients with AMLy-DN may lead to immunosuppression of TME. (Right) The dendrogram shows the different distribution of γδ T-cell subsets from AMLy-DN, AMLy-CR, and HIs, and the high expression of TIGIT+ TCM γδ T cell in patients with AMLy-DN may be related to poor outcome.
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DN, patients with newly diagnosed AML under 65 years; CR, patients with AML with complete remission; Hls, healthy individuals.





OEBPS/Images/table4.jpg
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Variables
HR (95% ClI) HR (95% Cl) p-value

Gender

Female Reference

Male 0.381 (0.073,1.992) 0.253
Age, years 1.025 (0.969,1.084) 0.387
Subtype

M1 [ Reference 0.563

M2 0.400 (0.026,6.176) 0.512

M4 0.229 (0.029,1.774) 0.158

M5 - 0.999
WBC,10%/L 1.005 (0.995,1.014) 0.354
BM blast cell, % 1.012 (0.977,1.049) 0.504
FLT3

Normal Reference 0.596

FLT3_Mut = 0.999

Others 0.286 (0.026,3.196) 0.309
CD3% 0.986 (0.951,1.021) 0.422
8% 0.896 (0.715,1.123) 0.343
Tn 1% 1.018 (0.916,1.132) 0.738
Tem 0% 0.960 (0.915,1.008) 0.099
Tem 10% 1.002 (0.951,1.056) 0.933
Temra Y0% 1.025 (0.987,1.065) 0.199
TIGIT+ ¥8% 1.044 (1.001,1.089) 0.043
TIGIT+ Teym 0% 1.081 (1.016,1.150) 0.014 1.081 (1.016,1.150) 0.014
TIGIT+ Tey 1% 1.028 (0.988,1.069) 0.173
TIGIT+ Tempa ¥0% 1.080 (1.006,1.159) 0.033

HR, hazard ratio; CI, confidence interval; WBC, white blood cell;

M, bone marrow.
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CR vs. His

TIGIT+ 18 17.85 (7.92, 26.98) 3530 (23.58, 57.38) 17.60 (12.05, 34.83) <0.001 0014 0614
TIGIT+ Tey 18 526 (2.94, 12.65) 2555 (15.65, 36.28) 10.65 (6.64, 23.58) <0.001 0013 0045
TIGIT+ Ty 8 6.04 (2.82, 11.18) 16.10 (467, 22.63) 12.55 (6,91, 16.70) 0029 0.420 0.115
TIGIT+ Teyma 18 48.85 (29.18, 76.40) 77.20 (55.15, 90.90) 57.00 (34.95, 66.28) 0034 0078 0930

DN, patients with newly diagnosed AML under 65 years; CR, patients with AML with complete remission; HIs, healthy individuals.
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Variables Patients (total n = 37)

Age, mean * SD, years 44 + 15

Gender, n (%)

Female 14 (37.8)

Male 23 (62.2)
WBC (x10%/L), (median; range) 10.1 (1-318.4)
BM blast cells (%), (median; range) 66 (20.5-97.5)

Risk stratification, n (%)

Low 3 (8.1)
Intermediate 9 (24.3)
High 17 (45.9)
Unknown 8 (21.6)

Genotype abnormality, n (%)

No 3(8.1)
Yes 26 (70.3)
Unknown 8 (21.6)

FLT3 mutation, n (%)

No 20 (54.1)
Yes 9 (24.3)
Unknown 8 (21.6)

Subtype, n (%)

M1 3(8.1)
M2 12 (324)
M4 5 (13.5)
M5 10 (27.0)
Unclassified 7 (18.9)

Cytogenetic abnormality, n (%)

Normal 8 (21.6)
Abnormal 11 (29.7)
Unknown 18 (48.6)

Allo-HSCT, n (%)

Yes 8 (21.6)

No 22 (59.5)

Unknown 7 (18.9)
Follow-up, median (range), days 565 (83,952)
Status

Alive 36 (97.3)

Dead 1(2.7)

AML, acute myeloid leukemia patients under 65 years; SD, standard deviation; WBC, white
blood cell; BM, blast cells, bone marrow blast cells; allo-HSCT, allogeneic hematopoietic stem
cell transplantation.
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Higher TIGIT+ yd TCM cells may predict
poor prognosis in younger adult patients
with non-acute promyelocytic AML





