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CD73+CD8+ T cells define a 
subset with anti-tumor potential 
in DLBCL patients
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Introduction: CD73, a recently discovered immune checkpoint, catalyzes the 
conversion of AMP to adenosine, thereby suppressing anti-tumor immune 
responses.CD8+ T cells play a critical role in the immune response against cancer, 
yet their functionality can be modulated by various factors within the tumor 
microenvironment. In this study, we focus on identifying and characterizing 
CD73+CD8+ T cells in the peripheral blood of patients with diffuse large B-cell 
lymphoma (DLBCL), aiming to elucidate their functional and phenotypic roles 
in tumor immunity.

Methods: Using flow cytometry, we analyzed the expression of inhibitory 
receptors (e.g., PD-1, TIM-3) and activating markers (e.g., CD25, CD69) on 
CD73+CD8+ T cells compared to CD73−CD8+ T cells. In vitro functional assays 
were conducted to assess their cytotoxic activity against tumor cells, including 
cytokine production and tumor cell killing capacity.

Results: CD73+CD8+ T cells exhibited a distinct immunophenotypic profile, 
characterized by reduced expression of inhibitory receptors and enhanced 
cytotoxic activity compared to their CD73− counterparts. These cells 
demonstrated higher levels of effector molecules (e.g., IFN-γ, TNF-α) and lower 
exhausted markers. The findings suggest that CD73+CD8+ T cells may retain 
stronger anti-tumor potential.

Discussion: This study highlights CD73+CD8+ T cells as a unique functional 
subset with potential therapeutic relevance in DLBCL. Their reduced 
exhaustion and heightened cytotoxicity position them as promising targets for 
immunotherapy strategies. However, the dual role of CD73 in adenosine-mediated 
immunosuppression warrants further investigation to reconcile its pro-tumorigenic 
effects with the observed anti-tumor activity of CD73+CD8+ T cells. Our findings 
deepen the understanding of CD8+ T cell heterogeneity in DLBCL and emphasize 
the need for mechanistic studies to explore CD73’s context-dependent functions.
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1 Introduction

Diffuse large B-cell lymphoma (DLBCL) constitutes the most prevalent subtype of 
non-Hodgkin’s lymphoma (NHL), representing 30–40% of lymphoid malignancies (1). The 
current standard first-line treatment regimen, R-CHOP (rituximab, cyclophosphamide, 
adriamycin, vincristine, and prednisone), demonstrates efficacy in over 60% of patients (2, 3). 
However, approximately 30% of patients experience relapse with a poor prognosis, and a 
substantial number succumb to refractory lymphoma (3, 4).

Anti-tumor immune cells in peripheral blood predominantly consist of T cells, NK cells, 
DC cells, macrophages, and B cells, with CD8+ T cells being the primary drivers of the 
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anti-tumor immune response (5). CD8+ T cells are typically viewed as 
a homogeneous population, recognized for producing substantial 
amounts of IFN-γ, TNF-α, and the protease granzyme B (6). However, 
within the tumor microenvironment (TME), CD8+ T cells are subjected 
to chronic antigen exposure and persistent T-cell receptor (TCR) 
stimulation (7–9). These CD8+ T cells become exhausted, characterized 
by the expression of inhibitory molecules such as PD-1, TIM-3, and 
TOX, resulting in the loss of cytotoxic effector functions (10–12).

CD73, also known as ecto-5′-nucleotidase, is the rate-limiting 
enzyme responsible for catalyzing the conversion of extracellular AMP 
into adenosine (13). CD73 is extensively expressed in malignant cells 
and facilitates adenosine production, which accumulates in the tumor 
microenvironment (14, 15), impeding immune cell infiltration and 
suppressing their function (16). Adenosine typically inhibits T-cell 
activation and proliferation by binding to the A2A receptor on effector 
T cells (17–19). The blockade of CD73 had no impact on primary 
tumor growth in T-cell-deficient mice, suggesting that CD73 promotes 
tumor growth in a T-cell-dependent manner, without influencing NK 
cells (20, 21). Moreover, overexpression of CD73 in mouse PDAC cells 
has been associated with enhanced tumor progression and immune 
evasion. In contrast, the CD73 inhibitor AB860 has been shown to 
reduce tumor burden and extend survival when administered, with its 
effects reliant on CD8+ T cells to elicit anti-tumor responses (22). Thus, 
CD73 has been proposed as a suppressor receptor for CD8+ T cells (23). 
However, the functional characteristics of CD73+CD8+ T cells across 
different contexts remain unclear.

In this study, we  sought to characterize the functional 
characteristics and therapeutic potential of CD73+CD8+ T cells within 
the peripheral blood compartment of patients with DLBCL. We found 
that CD73 expression was higher in CD8+ T cells from healthy donors 
(HDs) than from DLBCL patients. CD73 was more expressed in naïve 
T cells and least expressed in terminally differentiated effector cells. 
We then examined inhibitory and activating receptors on the surface 
of CD8+ T cells and found that CD73+CD8+ T cells expressed fewer 
inhibitory receptors and more activation indicators compared to 
CD73−CD8+ T cells. Next, we stimulated CD8+ T cells with anti-CD3/
CD28 and found that the CD73+CD8+ T cell subset was more capable 
of secreting cytokines than the CD73−CD8 + T cell subset. Finally, 
we co-cultured CD73+CD8+ T cells or CD73−CD8+ T cells with DLBCL 
cell lines (SU-DHL-6, OCI-Ly3) in vitro and found more apoptosis in 
DLBCL cell lines co-cultured with CD73+CD8+ T cells. These data 
demonstrate that CD73+CD8+ T cells have stronger cytotoxicity 
compared with their CD73− counterparts, and might be a superior 
choice for CD8+ T cells cell-mediated immunotherapy.

2 Materials and methods

2.1 Patients

Peripheral blood samples of 20 HDs and 26 patients with DLBCL 
were from the Fuyang Hospital of Anhui Medical University. None of 
DLBCL patients selected for this study had received R-CHOP or 
chemotherapy. The study protocol was approved by the Medical Ethics 
Committee of the Fuyang Hospital of Anhui Medical University 
(Anhui, China) and was carried out in accordance with the 
Declaration of Helsinki 1964 and its later amendments. Written 
informed consent was obtained from all study participants.

2.2 Isolation of peripheral blood 
mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated from 
peripheral blood by gradient centrifugation with Ficoll (Solarbio, Beijing, 
China). Briefly, fresh peripheral blood was diluted with 1 × phosphate-
buffered saline (PBS), transferred gently to Ficoll, and then centrifuged 
at 500 × g for 30 min at room temperature. After centrifugation, the 
intermediate layer was collected and washed with 1 × PBS. Lastly, 
PBMCs were counted in a cell counter (RWD, Shenzhen, China).

2.3 CD73+CD8+ T cell and CD73−CD8+ 
T cell isolation

CD8+ T cells were isolated with CD8+ T cell isolation kit 
(Biolegend, 480,011, San Diego, CA, United States) from PBMCs. 
Using the LS magnetizing column, usually 90% pure populations of 
CD8+ T cells are obtained. Subsequently, we used anti-PE MicroBeads 
(MACS™, 130–048-801, Bergisch Gladbach, Germany) to isolate 
CD73+CD8+ T cells and CD73−CD8+ T cells. The MS magnetization 
column was populated with CD73+CD8+ T cells, while the droplets 
contained CD73−CD8+ T cells.

2.4 Cell culture and stimulation of PBMCs

The DLBCL cell lines SU-DHL-6 and OCI-Ly3 were sourced from 
the American Type Culture Collection. All cells were kept in an incubator 
at 37°C with 5% CO2. SU-DHL-6 and OCI-Ly3 were cultured in RPMI-
1640 (Gibco, Thornton, Australia) supplemented with 10% fetal bovine 
serum (Gibco) and 1% penicillin and streptomycin (Gibco) at 37°C and 
5% CO2. CD8+ T cells were cultured in RPMI-1640 medium 
supplemented with 10% fetal calf serum (FCS), L-glutamine, penicillin/
streptomycin, non-essential amino acids, sodium pyruvate, HEPES, β-2-
mercaptoethanol at 37°C in a 5% CO2 atmosphere. To assess intracellular 
cytokine production, PBMCs were stimulated with anti-CD3 (2 μg/ mL) 
and anti-CD28 (1 μg/mL) (Biolegend) for 48 h. Brefeldin A (5 μg/mL) 
was added 4 h before collecting cells.

In order to assess the effector function of CD8+ T cells, inoculate 
logarithmic growth SU-DHL-6 or OCI-Ly3 cells into a 96-well 
U-bottom plate, with 1 × 105 cells per well. CellTrace Violet (Thermo 
Fisher Scientific, Waltham, MA, United States) was added at a final 
concentration of 5 μM and the unbound dye was washed away after 
30 min of incubation away from light. After that, the CD73+CD8+ T 
cells and CD73−CD8+ T cells obtained by MACS were added to 
96-well plate with 1 × 105 cells per well. The final volume of each well 
was adjusted to 200 μL. All wells were mixed thoroughly and cultured 
in a CO2 incubator at 37°C for approximately 72 h. After incubation, 
7-AAD (BioLegend) was added and the samples were analyzed 
directly by flow cytometry.

2.5 Flow cytometry

Single-cell suspensions of PBMCs were stained with the 
fluorescently-labeled antibodies (all agents were from Biolegend), 
including APC/Cy7 anti-human CD3 (clone OKT3); PE/ Cy7 
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anti-human CD8 (clone RPA-T8); APC anti-human CD14 (clone 
HCD14); PE anti-human CD11c (clone Bu15); Brilliant Violet 421™ 
anti-human CD56 (clone HCD56); Brilliant Violet 605™ anti-human 
HLA-DR (clone QA19A44); Brilliant Violet 605™ anti-human 
CD366 (Tim-3) (clone F38-2E2); Brilliant Violet 421™ anti-human 
CD279 (PD-1) (clone EH12.2H7); FITC anti-human CD244 (2B4) 
(clone 2–69); PerCP/Cyanine5.5 anti-human TIGIT (clone 
A15153G); APC anti-human CD39 (clone A1); Brilliant Violet 421™ 
anti-human CD197 (CCR7) (clone G043H7); PerCP/Cyanine5.5 
anti-human CD45RA (clone HI100); FITC anti-human CD69 (clone 
FN50); APC anti-human CD25 (clone BC96). Then, cells underwent 
intracellular staining with APC anti-human tumor necrosis factor 
(TNF)-α (clone MAb11); PE/Cy7 anti-human-IFN-γ (clone B27); 
Brilliant Violet 421™ anti-human/mouse Granzyme B Recombinant 
(clone QA18A28) using an intracellular fixation and permeabilization 
buffer set according to manufacturer (eBioscience, San Diego, CA, 
United  States) instructions. Data were acquired using a flow 
cytometer (Beckman Coulter; Brea, CA, United States) and analyzed 
using FlowJo 10.8.1 (Tree Star, Ashland, OR, United States).

2.6 Cytotoxicity assay

The cytotoxicity of CD73−CD8+ T cells and CD73+CD8+ T cells was 
evaluated using CCK-8 assay in SU-DHL-6 cells or OCI-Ly3 cells. 
Effector cells (1 × 105) were placed in a 96-well U-bottom plate and then 
mixed with various numbers of target cells (1:1, 1:2, and 1:4 effector-to-
target (E: T) ratios). The plates were centrifuged at 1,500 rpm for 3 min 
and then incubated for 72 h at 37°C in a 5% CO2 incubator. After that, 
10 μL of CCK-8 (Biosharp, Hefei, China) solution was added to each well 
and incubated for 2 h. The absorbance of effector cells wells (Ae), sample 
wells (As) and target cells wells (At) were measured with a microplate 
reader at a test wavelength of 450 nm and a reference wavelength of 
690 nm. Percentage specific killing was determined using the formula: 
1-(As-Ae)/At × 100%. All experiments were repeated in triplicate.

2.7 Statistical analyses

Statistical analyses were undertaken using Prism 9.5.0 (GraphPad, 
San Diego, CA, United States). A paired or unpaired Student’s t-test 
was used to determine significance. Data are the mean ± standard 
deviation from at least five independent experiments. p < 0.05 was 
considered significant.

3 Results

3.1 CD8+ T cells in the peripheral blood of 
patients with DLBCL exhibit reduced 
expression of CD73

CD73 is generally considered an unfavorable prognostic marker 
in tumors. To determine which cells predominantly express CD73 in 
the peripheral blood of DLBCL patients, we utilized flow cytometry 
to analyze all events (live cells), T cells (CD4+ T cells, CD8+ T cells), 
natural killer cells (NK), and myeloid cells (monocytes and dendritic 
cells) in peripheral blood (Supplementary Figure S1). CD73 averages 

about 10% of peripheral blood in all events. And CD73 expression 
was the highest in CD8+ T cells, at approximately 25%, followed by 
CD4+ T cells and NK cells, each around 10% (Figures 1A,B). The 
lowest expression levels were observed in DCs and monocytes, at 
about 5% (Figures 1A,B). The results revealed that CD73 expression 
is reduced in CD8+ cells in the peripheral blood of DLBCL patients 
(Figure 1C). This data indicates that CD8+ T cells show the highest 
CD73 expression among immune cells, with this expression 
decreasing during DLBCL progression.

3.2 CD73 is less expressed on terminally 
differentiated effector cells (TEMRA)

Next, we  examined the phenotypic characteristics of CD73-
expressing CD8+ T cells. Based on the expression of CD45RA and 
CCR7, T cells are categorized into four subsets: naïve T cells (TN; 
CCR7+CD45RA+), central memory T cells (TCM; CCR7+CD45RA−), 
effector memory T cells (TEM; CCR7−CD45RA−), and terminally 
differentiated effector cells (TEMRA; CCR7−CD45RA+). We  assessed 
CD73 expression across these subsets and found that it was significantly 
higher on TN cells compared to TCM, TEM, and TEMRA cells, indicating 
that CD73 is downregulated in CD8+ cells following antigenic 
stimulation, a pattern observed in both DLBCL patients and healthy 
individuals (Figures 2A,B). While no difference in CD73 expression on 
CD8+ TEM and TEMRA cells was noted between healthy controls and 
DLBCL patients, the CD8+ TN subset in DLBCL patients showed lower 
CD73 expression than in healthy controls (Figure 2B). Notably, CD73 
expression was lowest on TEMRA cells, which are generally regarded as 
high cytotoxic T cells in the tumor microenvironment, exhibiting high 
cytotoxicity and pro-inflammatory capacity. Our data demonstrate that 
in DLBCL patients, CD73 is highly expressed on TN cells and minimally 
expressed on TEMRA CD8+ T cells, suggesting that the downregulation 
of CD73 is associated with the activation of an anti-tumor immune 
response by T cells.

3.3 CD73+CD8+ T cells express fewer 
inhibitory receptors and more activating 
markers

To further investigate whether the low expression of CD73 on 
CD8+ T cells in DLBCL patients is associated with status of 
exhaustion, we compared the expression of inhibitory receptors on 
CD73− and CD73+ CD8+ T cells. We found that the expression of 
PD-1, TIM-3, TIGIT, and 2B4 was significantly higher on 
CD73−CD8+ T cells compared to CD73+CD8+ T cells (Figures 3A–D). 
Additionally, we examined CD39 and observed that its expression on 
CD73−CD8+ T cells was markedly greater than on CD73+CD8+ T 
cells, with minimal co-expression of CD39 and CD73 on CD8+ T cells 
(Figures 3E–G). The observation that CD73−CD8+ T cells express 
higher levels of inhibitory receptors could indicate that they are 
exhausted or dysfunctional, which might also contribute to anti-
tumor immunity under certain conditions.

Given that CD73+CD8+ T cells exhibited fewer inhibitory 
receptors than CD73−CD8+ T cells, we  proceeded to assess the 
activation status of CD73+CD8+ T cells by measuring CD69 and 
CD25. The proportion of CD69+ and CD25+ cells was higher in 
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CD73+CD8+ T cells than in CD73−CD8+ T cells, indicating that 
CD73+CD8+ T cells are more activated compared to their 
CD73−CD8+ T cells counterparts (Figures 3H,I). Collectively, our 
findings suggest that CD73+CD8+ T cells express elevated levels of 
activating markers and reduced levels of inhibitory receptors, 
positioning them as highly activated and low exhausted T cells in 
DLBCL patients.

3.4 CD73+CD8+ T cells are high cytotoxic T 
cells

To assess CD73+CD8+ T cells’ function, we conducted in vitro 
assays stimulating CD8+ T cells with anti-CD3/CD28 to evaluate 
intracellular cytokine production in two CD8+ T cell subsets. In 
peripheral blood from healthy donors, the CD73+CD8+ T cell subset 

displayed higher proportions of IFN-γ+ and TNF-α+ cells compared 
to the CD73−CD8+ T cell subset, while Granzyme B+ (GzmB) cell 
proportions were comparable between both subsets (Figures 4A–C). 
Similarly, in DLBCL patients’ peripheral blood, CD73+CD8+ T cells 
expressed higher levels of IFN-γ, TNF-α, and GzmB than 
CD73−CD8+ T cells following anti-CD3/CD28 stimulation 
(Figures  4D–F). These findings indicate that CD73+CD8+ T cells 
possess enhanced functional capabilities, consistent with high 
cytotoxic T cells.

3.5 CD73+CD8+ T cells performing better 
anti-tumour effects

CD73+CD8+ T cells and CD73−CD8+ T cells from DLBCL patients 
were co-cultured with SU-DHL6 or OCI-LY3 cells to assess apoptosis. 

FIGURE 1

CD73 is downregulated on CD8+ T cells in patients with DLBCL compared with HDs. (A,B) The expression of CD73 on all events, T cells (CD4+ T cells, 
CD8+ T cells), natural killer cells (NK), and myeloid cells (monocytes and dendritic cells) was assessed by flow cytometry. Representative flow data 
(A) and summary plot (B) of CD73. Data are shown as means ± standard deviation (SD). p values were obtained by the unpaired t test or Mann–Whitney 
test. *p < 0.05, ***p < 0.001. (C) Proportion of CD73+CD8+ T cells in total CD8+ T cells in HDs (n = 20) or patients with DLBCL (n = 20), each dot 
indicates one patient. Data are shown as means ± SD. p values were obtained by two-tailed unpaired t test. *p < 0.05, ***p < 0.001.
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First, we performed CCK-8 assays to evaluate cytotoxicity after 72 h 
of co-culture at different effector-to-target (E: T = 1:1, 1:2, and 1:4) 
ratios (Figures 5A,B). Subsequently, flow cytometry was employed to 
assess SU-DHL6 (Figure 5C) or OCI-LY3 (Figure 5D) cells apoptosis 
at E: T = 1:1 after 72 h. The results revealed that CD73+CD8+ T cells 
significantly increased the overall apoptosis rate of SU-DHL-6 or 
OCI-LY3 cells. These findings suggest that CD73+CD8+ T cells in 
DLBCL patients exhibit enhanced anti-tumor effects compared to 
CD73−CD8+ T cells.

In conclusion, our findings suggested that in patients with DLBCL, 
CD73−CD8+ T cells expressed high levels of inhibitory receptors, were 
dysfunctional, consistent with exhaustion. And CD73+CD8+ T cells 
have higher potential anti-tumor activity compared to CD73−CD8+ 
T cells.

4 Discussion

CD8+ T cells play a crucial role in defending against various 
types of cancers and infections. They are heterogeneous and can 

be  categorized into different subpopulations based on their 
phenotypic and functional properties. In this study, we report that 
CD73+CD8+ T cells, a subpopulation found in the peripheral 
blood of DLBCL patients, exhibit enhanced effector functions, 
characterized by lower expression of inhibitory receptors (PD-1, 
TIM-3, TIGIT, 2B4) and higher levels of activating markers 
(CD69, CD25). Furthermore, CD73+CD8+ T cells have been 
identified as high anti-tumor potential T cells. In contrast, the 
phenotype of CD73−CD8+ T cells resemble that of exhausted T 
cells as described in previous studies (11, 12, 23). Therefore, 
CD73+CD8+ T cells could be new choices for CD8+ T cell-based 
immunotherapy in DLBCL patients.

Several studies have confirmed that tumor cells can also 
express CD73, with its expression and activity closely linked to 
tumor invasion and metastasis (24, 25). Moreover, extracellular 
adenosine produced by CD73  in tumor cells is sufficient to 
mediate immune escape and promote tumor growth and 
metastasis. In contrast, other research has reported opposing 
findings, observing a correlation between high CD73 expression 
and favorable clinical outcomes (26–28). This discrepancy may 

FIGURE 2

CD73 is less expressed on TEMRA. Expression of CD73 among each subset (TN, TCM, TEM, and TEMRA) of CD8 T cells was analyzed. Representative flow data 
(A) and plots (B) of percentage of CD73 expression among each subset of CD8+ T cells from HDs (n = 10) or DLBCL patients (n = 10) are shown. Data 
are shown as means ± SD. p values were obtained by Kruskal-Wallis test followed by Dunn’s multiple comparisons test, *p < 0.05; **p < 0.001; 
***p < 0.001.
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arise from the former studies focusing on tumor and stromal 
cells, while the latter primarily examined CD73 expression on 
T cells.

Systemic therapy using blocking antibodies against CD73 has 
become a key approach in investigational trials targeting the 
CD73-adenosine pathway for cancer control. Previous studies 
have shown that CD73 inhibitors, when combined with 
immune checkpoint blockade (ICIs), effectively inhibit the 
progression of pancreatic (22), non-small cell lung cancer 
(NSCLC) (29), and breast cancers (30) in mouse models. However, 
we observed that CD73−CD8+ T cells expressed higher frequencies 
of negative receptors such as PD-1, TIM-3, and TIGIT, suggesting 
that the blockade of CD73 may upregulate inhibitory pathways in 
CD8+ T cells. Therefore, understanding the specific distribution 
pattern of CD73 across different tumor types is essential for 
optimizing the design of clinical studies targeting CD73 for 
cancer treatment.

Our findings align with those of Kong et al. (31) and Tóth 
et  al. (32), indicating that CD73+CD8+ T cells exhibit reduced 

PD-1 expression, contrasting with the exhausted T cell phenotype. 
However, it has also been reported that CD73+CD8+ T cells are 
paracrine T cells lacking tumor antigen specificity within the 
tumor microenvironment of head and neck cancer patients (33). 
Unfortunately, a notable limitation of this study lies in its 
restriction to peripheral blood samples from DLBCL patients. 
While our flow cytometry-based phenotypic and functional 
characterization of CD73+CD8+ T cells provides initial insights, 
this methodological scope precludes comprehensive mechanistic 
interrogation of tumor-specific immune responses. Future 
investigations will require integrated multi-omics approaches 
(e.g., transcriptomics, proteomics, metabolomics) coupled with 
tumor-infiltrating lymphocyte profiling to establish 
microenvironmental congruence between circulating and 
intertumoral T cell populations.

In conclusion, our findings reveal the existence of a 
population of CD73+CD8+ T cells demonstrating enhanced 
effector functions coupled with reduced expression of 
exhaustion phenotypes, indicative of heightened anti-tumor 

FIGURE 3

CD73+CD8+ T cells express fewer inhibitory and more activating receptors. (A–E) Proportion of PD-1+ (A), TIM-3+ (B), TIGIT+ (C),2B4+ (D) and CD39+ 
(E) cells in CD73+CD8+ T cells and CD73−CD8+ T cells (n = 12). (F) Representative flow data of CD8+ T cells highly expressing CD39. (G) Representative 
flow data of CD8+ T cells highly expressing CD73. (H–I) Proportion of CD69+ (H), and CD25+ (I) cells in CD73+CD8+ T cells and CD73−CD8+ T cells 
(n = 10). Data are the mean ± SD. A two-tailed paired t-test was used for statistical analyses, **p < 0.01, ***p < 0.001.
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FIGURE 4

CD73+CD8+ T cells have higher effector functions. (A–C) Proportion of IFN-γ+ (A), TNF-α+ (B) and GzmB+ (C) cells in CD73+CD8+ T cells and 
CD73−CD8+ T cells in HDs after stimulation with anti-CD3 (2 μg/ mL) and anti-CD28 (1 μg/mL) for 48 h (n = 10). (D–F) Proportion of IFN-γ+ (D), 
TNF-α+ (E) and GzmB+ (F) cells in CD73+CD8+ T cells and CD73−CD8+ T cells in DLBCL after stimulation with anti-CD3 (2 μg/ mL) and anti-CD28 
(1 μg/mL) for 48 h (n = 10). Data are the mean ± SD. A two-tailed paired t-test was used for statistical analyses, ns = non-significant, **p < 0.01, 
***p < 0.001.

FIGURE 5

CD73+CD8+ T cells performing better anti-tumour effects. (A,B) Proportion of cytotoxicity after 72-h co-culture of CD73+CD8+ T cells or CD73−CD8+ T 
cells with SU-DHL-6 (A) (n = 4) or OCI-Ly3 (B) (n = 4) cells at different effector-to-target (E: T = 1:1, 1:2, and 1:4) ratios. Data are shown as mean ± 
standard error of the mean (SEM). p values were obtained by two-tailed unpaired t test was used for statistical analyses, ns = non-significant, *p < 0.05; 
**p < 0.001; ***p < 0.001. (C,D) Representative flow data and plots of percentage of apoptosis after 72-h co-culture of CD73+CD8+ T cells or 
CD73−CD8+ T cells with SU-DHL-6 (C) (n = 6) or OCI-Ly3 (D) (n = 6) cells. Data are the mean ± SD. p values were obtained by two-tailed paired t-test 
was used for statistical analyses, **p < 0.001; ***p < 0.001.

https://doi.org/10.3389/fmed.2025.1526772
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Zhang et al. 10.3389/fmed.2025.1526772

Frontiers in Medicine 08 frontiersin.org

potential. These findings may deepen our understanding of 
human CD8+ T cell heterogeneity, and improve CD8+ T cell-
based immunotherapy.
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