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Effects of platelets on characteristics of lymphocytes cultured in vitro and optimization of adoptive immunotherapy
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Abstract: Background: T lymphocytes, the main participants of cellular immunity, can express a variety of surface molecules and form different lymphocyte subsets under the induction of different factors to play the functions of immune regulation and immune killing. Studies have shown that platelets play a crucial role in maintaining the stable differentiation of lymphocytes and the balance in immunomodulation. Therefore, it is necessary to study the effect of platelets on lymphocytes in vitro to better understand the role of platelets in the immune system and broaden the application of adoptive immunotherapy. Methods: Cell counting and microscopic observation were used to detect the effect of activated platelets on lymphocyte proliferation in vitro; Flow cytometry was used to detect whether changes in platelet activity affect the proportion of lymphocyte subpopulations in vitro, and to detect differences in the expression of granzyme B; lactate dehydrogenase assay (LDH) was used to determine the difference in lymphocyte killing activity caused by platelet activity in vitro. Results: This was the first to promote lymphocyte proliferation through the expression or release of certain molecules in vitro, demonstrating that platelet activation is one of the key factors. Secondly, activated platelets or inactivated platelets promoted lymphocyte subset differentiation by enhancing the proportion of CD3+CD8+ T lymphocytes (CTL cells) but had a slight effect on the proportion of CD3+CD4+ T (Th cells) and CD4+CD25+ T lymphocytes (Treg cells). Then, it was found that either activated platelets or inactivated platelets down-regulated the proportion of natural killer (NK)T lymphocytes, while activated platelets significantly enhance the proportion of NK lymphocytes. Therefore, by further detecting the killing activity of PBMCs treated with platelets, it was found that activated platelets promoted the extensive anti-tumor activity of lymphocytes and significantly increased the expression of granzyme B. Conclusion: Our results suggest that activated platelets promote lymphocyte proliferation, optimize lymphocyte subpopulation ratio, and promote cytotoxic effect of lymphocytes in vitro, which may provide a new strategy for optimizing the adoptive immunotherapy culture system and improving its efficacy.
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Introduction

Platelets or thrombocytes, the smallest cellular component of the hematopoietic system, are important bioactive nuclear in the megakaryocytes series (Yan et al., 2023). Platelets express several adhesion and aggregation cell surface receptors (Sang et al., 2021; Maouia et al., 2020; Yamashita and Asada, 2023), such as the glycoprotein (GP) Ib-IX-V complex, as well as other activation receptors, including thromboxane receptors. Thromboxane affects the activation and proliferation of T cells and supports its cytotoxic effects (El Filaly et al., 2023). Platelets also contain cytoplasmic granules that express a variety of molecules, such as platelet factor 4 (PF4), regulated upon activation, normal T cell expressed and secreted (RANTES), transforming growth factor-β (TGF-β), and serotonin (Manne et al., 2017; Aslan, 2021; Mandel et al., 2022). The release of these factors impacts immune cell function in various ways. PF4, for instance, promotes monocyte survival and differentiation into macrophages (El Filaly et al., 2023; Mandel et al., 2022). RANTES, regulated upon activation of normal T-cell expressed and secreted, may function as a system mediating the attraction of monocytes, natural killer (NK) cells, and T cells (El Filaly et al., 2023; Mandel et al., 2022).

Platelets in the blood were discovered over a hundred years ago, and their hemostatic and coagulation functions have been confirmed (Sang et al., 2021). Subsequently, other physiological regulatory functions, such as angiogenesis, wound healing, immune regulation, and so on, have been gradually explored (van der Meijden and Heemskerk, 2019; Yeung et al., 2018; Li et al., 2023). Due to their immunomodulatory effect, platelets were first found to play an important role in innate immunity and immune inflammation (Claushuis et al., 2019). In acquired immunity, however, the role of platelets has been constantly reported in recent years, including the influence of antigen presentation, immune cell activation, and immune cell subsets differentiation (Nurden, 2018).

The “Janus Face” of platelets in cancer (Catani et al., 2020) was recently reported by researchers. Platelets release molecules acting on tumor cells, such as platelet-derived growth factor (PDGF) and lysophosphatidic acid (LPA), which promote tumor cell proliferation, survival, and invasion. Platelets, on the other hand, secrete other substances, such as serotonin, that can interfere with cancer development and metastasis. The stimulatory and inhibitory effects of serotonin on carcinogenesis and progression are supported by a wide body of experimental evidences (Balakrishna et al., 2021; Karmakar and Lal, 2021). In patients with cancer, thrombocytosis may lead to poor prognosis (Wang et al., 2018). A recent study revealed that inhibition of platelet-related molecules in melanoma mice could enhance the activity of T lymphocytes and slow down the growth of melanoma (Rachidi et al., 2017). This study also confirmed that joint antiplatelet drugs can enhance the effect of the adoptive immunotherapy T lymphocytes, providing a new method for tumor treatment (Rachidi et al., 2017). These findings indicate that platelets may affect tumor progression and prognosis by modulating antitumor immunity, particularly T cell-mediated immunity.

Based on the dual role of platelets in tumors, further study on the effect of platelets on T cells cultured in vitro can provide a new strategy for adoptive immunotherapy and broaden its application in tumors. Here, we report a discovery that activated platelets promote T lymphocyte proliferation in vitro, optimize the proportion of lymphocyte subsets, and enhance lymphocyte cytotoxicity. Our research suggests that activated platelets can be used as activators of adoptive immunotherapy, which provides a new strategy for optimizing the culture system of adoptive immunotherapy and improving its efficacy.

Materials and Methods

Materials and reagents

The study was conducted in accordance with the 2013 Declaration of Helsinki. Informed consent was obtained from all the volunteers. Peripheral blood samples were collected from 10 healthy volunteers. There were 4 males and 6 females, ranging in age from 23 to 55 years (median age of 29.7 years). The human lymphocyte separation solution was purchased from (Tianjin Haoyang Biotechnology, Tianjin, China). CD3 monoclonal antibody OKT3 was purchased from (CytoCares, Shanghai, China). Interleukin-2 (IL-2) and interferon-gamma (IFN-γ) were purchased from (Beijing Tongli Biotechnology, Beijing, China). Solid CaCl2 were purchased from (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China). Fixation membrane buffer was purchased from (BD Biosciences, New Jersey, USA). The antibodies used in flow cytometry were purchased from (BD Biosciences, New Jersey, USA), including anti-human CD3-FITC, CD4-APC, CD8-PE, CD25-PE, CD16-APC, CD56-PE, and granzyme B-FITC. CytoTox 96 Non-radioactive Cytotoxicity Assay was purchased from Promega, Madison, USA.

Cell culture

Human non-small cell lung cancer cell A549 and human chronic myelocytic leukemia cell K562 were preserved in the Department of Immunology, Sichuan University. The human pancreatic cancer cell line PANC-1 was purchased from Procell Life Science& Technology, Wuhan, China. The cells were maintained in Dulbecco’s Modified Eagle’s medium or Roswell Park Memorial Institute 1640 medium (Hyclone, Utah, USA) supplemented with 10% fetal bovine serum (MHBio, Gansu, China) and cultured at 37°C in a humidified atmosphere containing 5% CO2.

Isolation of human peripheral blood mononuclear cells (PBMCs)

Peripheral blood (20 mL) was taken from volunteers, added into an anticoagulant tube, mixed evenly, and centrifuged at 500 g for 10 min. The upper plasma, after centrifugation, was collected and centrifuged at 1800 g for 15 min. After centrifugation, a portion of the plasma was collected as a nutritional component for cell culture. The lower blood cell precipitates were slowly added into ficoll paque and centrifuged at 650 g for 20 min. After centrifugation, the middle layer of lymphocytes was taken into the tube and washed thrice with saline. To the in vitro culture medium of T lymphocytes, a certain concentration of 300 U/mL interleukin-2, 50 ng/mL anti-CD3, and 1,000 U/mL human rIFN-γ was added to prepare the final “Conditioned medium”. The isolated PBMC was divided for subsequent experiments.

Separation and activation of platelets

The collected upper plasma was centrifuged at 1800 g for 15 min, and a portion of it was collected as a nutritional component for cell culture, while the remaining was divided into two parts after mixing the liquid. One part of the remaining plasma was treated with 10% CaCl2, diluted at 1:10, and incubated at 37°C for 30 min, and called “activated platelets”, and the other part was called “inactive platelets”. The activated platelets were then centrifuged at 10000 rpm for 10 min. The collected supernatant was named “platelets supernatant”, and the precipitate was named “platelets precipitate”.

Cell growth assay

The isolated PBMC (as in “Isolation of human peripheral blood mononuclear cells (PBMCs)”) was divided into five parts, treated with 1/3 or 2/3 inactive platelets, 1/3 or 2/3 activated platelets or without platelets (as in “Separation and activation of platelets”), respectively, then cultured with “Conditioned medium”. Then, PBMC-treated cells were plated in 6-well plates. Over the subsequent 1 to 10 days, the number of the cells was counted in triplicate wells, and cell growth curves were plotted over time.

The isolated PBMC was divided into three parts, treated with activated platelet precipitation, platelet supernatant or without platelets, respectively, and cultured with a “Conditioned medium”. After 10 days of induction in vitro, the number of the cells was counted in triplicate wells.

Flow cytometry analysis

The isolated PBMC (as in “Isolation of human peripheral blood mononuclear cells (PBMCs)”) was divided into three parts: treated with platelets-free, inactive platelets, and activated platelets (as in “Separation and activation of platelets”), respectively, then cultured in the conditioned medium for 10 days.

Cells were prepared and washed with phosphate buffered saline, then stained with anti-human CD3-FITC, CD4-APC, CD8-PE, CD25-PE, CD16-APC, or CD56-PE at 4°C for 30 min, and analyzed using FACS Celesta flow cytometry (BD Biosciences, New Jersey, USA). For granzyme B-FITC staining, the cells were treated with fixation membrane buffer at 4°C for 20 min before staining and analyzed by flow cytometry. The results analyzed using FlowJo V10 statistical software (BD Biosciences, New Jersey, USA).

Lactate dehydrogenase assay (LDH)

The isolated PBMC (as mentioned in the previous section) was divided into three parts: treated with platelets-free, inactive platelets, and activated platelets (as mentioned in the previous section) respectively, then cultured in the conditioned medium for 10 days. Then, the cells treated with equal volume or the same quantity of PBMC-treated cells were taken as effector cells, and tumor cells A549, PANC-1, and K562 were taken as target cells.

Target cells and effector cells were prepared in a 1:10 ratio according to the manufacturer, and then added to a 96-well plate. Cell death was detected after co-incubation for 12 h. First, 50 μL of supernatant was transferred from all wells to a fresh 96-well plate, and then 50 μL of CytoTox 96 reagent was added. The plate was covered with foil to protect it from light and incubated at room temperature for 30 min. Finally, 50 μL of stop solution was added to each well. Any large bubble was popped using a syringe needle, and the absorbance was recorded at 490 or 492 nm within 1 h after adding Stop Solution. Results were calculated as: % Cytotoxicity = (Experimental–Effector Spontaneous–Target Spontaneous)/(Target Maximum – Target Spontaneous) × 100.

Statistical analysis

The data in this study were expressed as mean ± SD. Graph-Pad Prism 7 statistical software (GraphPad Software Inc., San Diego, CA, USA) was used for single-factor t-test analysis. p ≤ 0.05 was considered statistically significant.

Results

Activated platelets promote the proliferation of T lymphocytes

To determine whether platelets affect the proliferation of in vitro cultured T lymphocytes, PBMCs were prepared and treated with inactive platelets, activated platelets or remained platelets-free. As depicted in Figs. 1A and 1B, the quantity of PBMCs in the non-activated platelet group differed marginally compared with the group without platelet treatment, while the amount of PBMCs significantly increased in the activated platelet group. Moreover, the cell growth curves of the group treated with activated platelets in dose-dependent response showed that the effect of promoting proliferation of PBMCs was more obvious with an increase in activated platelets, suggesting that the proportion of activated platelets may play an important role in regulating immunity (Figs. 1A and 1B).
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Figure 1: Activated platelets promote T lymphocyte proliferation. (A) Representative pictures of peripheral blood mononuclear cells (PBMCs) in the presence of platelets-free, inactive platelets or activated platelets for 10 days (40×), as indicated (1. Platelets-free, 2. 1/3 non-activated platelets, 3. 2/3 non-activated platelets, 4. 1/3 activated platelets, 5. 2/3 activated platelets). (B) Representative growth curves of PBMCs in the presence of platelets-free, inactive platelets or activated platelets. Cells were counted in triplicate wells at each time point, n = 3. *p < 0.05. (C) Representative pictures of PBMCs treated with platelets precipitate or supernatant released from activated platelets for 10 days (40×), as indicated (1. Platelets-free, 2. Platelets supernatant, 3. Platelets precipitate). (D) Cell quantity of PBMCs treated with platelets precipitate or supernatant released from activated platelets for 10 days, as indicated (1. Platelets-free, 2. Platelets supernatant, 3. Platelets precipitate). Cells were counted in triplicate wells, n = 3. ***p < 0.001.

To further elucidate some bioactive substances expressed or released from activated platelets that play a key role in promoting T lymphocyte proliferation, we prepared PBMC treated with activated platelet precipitation (platelet lysate), activated platelet release supernatant (platelets supernatant) or treated without platelet treatment (platelets-free). After 10 days of induction in vitro, PBMCs co-cultured with either activated platelet precipitates or activated platelet supernatants exhibited considerably higher proliferation, as demonstrated by larger cell aggregates visible under a microscope, compared to those not treated with platelet treatment. Among them, cells co-cultured with platelet precipitate showed a more prominent effect (Fig. 1C). Our results support that some substances generated in platelet precipitate or supernatant after platelet activation are favorable to PBMC proliferation. The promoting effect of either platelet precipitate or supernatant on T lymphocyte proliferation was further confirmed by counting the cell number under a microscope. As expected, the number of PBMCs treated with either precipitation or supernatant of activated platelet had significantly increased as compared with that in the untreated group (Fig. 1D). Collectively, these findings support that platelets have a pro-proliferative effect on PBMCs in vitro, since some bioactive factors may be released by activated platelets that substantially boost PBMCs proliferation. To further investigate the effect of platelets on PBMCs cultured in vitro, fully activated platelets were used in subsequent experiments without distinguishing between supernatant and precipitate.

Activated platelets affect the differentiation of T lymphocyte subsets

To investigate the effect of platelets on T-lymphocyte subsets, we measured the proportion of CD3+CD4+, CD3+CD8+, and CD3+CD4+CD25+ T cells in three groups treated with platelets-free, inactivated and activated platelets. As depicted in Figs. 2A and 2B, the proportion of CD3+ T cells cultured in a T-lymphocyte culture system for 10 days reached more than 90%, indicating that T-lymphocytes were the main subgroup in PBMCs after induction in vitro. Moreover, the expression of CD3+CD8+ on the surface of T lymphocytes significantly increased in both the activated platelets-treated group and the inactivated platelets-treated group. However, the proportion of CD3+CD4+ T and CD3+CD4+CD25+ T lymphocytes changed slightly across the three groups (Figs. 2C and 2D), indicating that platelets are essential for CD3+CD8+ T lymphocytes (CTL cells) differentiation, whereas there was no effect on CD3+CD4+ T lymphocytes (Th cells) and suppressor regulatory T-lymphocyte (Treg cells; CD3+CD4+CD25+ T), which may promote the killing activity of adoptive immunity.
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Figure 2: Activated platelets affect the differentiation of T lymphocyte subsets. (A) Representative pictures of peripheral blood mononuclear cells (PBMCs) stained with immune cell subset markers: CD3, CD4, CD8 for T lymphocyte, and positive percent was detected by flow-cytometric analysis; (B) The proportion of CD3+, CD3+CD4+, and CD3+CD8+ lymphocytes in PBMCs treated with platelets-free, inactive platelets and activated platelets, respectively (1. Platelets-free, 2. Non-activated platelets, 3. Activated platelets). *p < 0.05, **p < 0.01. The column represents the results of three experiments, n = 3; bar means ± SD; (C) Representative pictures of PBMCs stained with immune cell subset markers: CD3, CD4, CD25 for T lymphocyte, and positive percent was detected by flow-cytometric analysis; (D) The proportion of CD3+, CD3+CD4+ and CD3+CD4+CD25+ lymphocytes in PBMCs treated with platelets-free, inactive platelets and activated platelets, respectively (1. Platelets-free, 2. Non-activated platelets, 3. Activated platelets). The column represents the results of three experiments, n = 3, bar means ± SD.

Activated platelets affect the differentiation of natural killer lymphocytes

To further determine whether activated platelets contribute to the differentiation of different T lymphocyte subsets, we detected the proportion of CD3+CD16+CD56+ T cells (NKT cells) in the three groups treated with platelets-free, inactive platelets and activated platelets, respectively. The results showed that activated platelets or non-activated platelets could downregulate the proportion of NKT lymphocytes (Figs. 3A and 3B). Surprisingly, activated platelets could significantly enhance the proportion of CD3-CD16+CD56+ lymphocytes (Figs. 3A and 3B), indicating an increased proportion of NK cells after activated platelets treatment. So, we questioned whether the killing effect of PBMCs treated with activated platelets can be enhanced in vitro.
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Figure 3: Activated platelets affect the differentiation of natural killer (NK) T lymphocytes (including NKT). (A) Representative pictures of PBMC stained with immune cell subset markers: CD3, CD16, CD56, and positive percent were detected by flow-cytometry. (B) The proportion of CD3+, CD3+CD16+CD56+, and CD3-CD16+CD56+ lymphocytes in PBMCs treated with platelets-free, inactive platelets, and activated platelets, respectively (1. Platelets-free, 2. Non-activated platelets, 3. Activated platelets). *p < 0.05, **p < 0.01. The column represents the results of three experiments, n = 3; bar means ± SD.

Activated platelets enhance the cytotoxicity of lymphocytes cultured in vitro

To gain insight into whether platelet activation affects the cytotoxicity of lymphocytes cultured in vitro, we investigated the cell death of human non-small lung cancer cells A549, human pancreatic cancer cells PANC-1, and human chronic myelocytic leukemia cells K562 treated with platelets-free, inactive platelets or activated PBMCs. The results in Figs. 4A and 4B show that activated platelets significantly increased the killing rate of PBMCs. Taking an equal volume of lymphocytes cultured under different conditions (the activated platelet group contained more cells than the other groups), we found that the activated platelet group promoted the cell death of lymphocytes against the three tumor cells (Fig. 4A). Surprisingly, the tumor-killing rate of the activated platelet group was slightly higher than the other two groups when the same number of T lymphocytes were removed from the three groups (Fig. 4B). Notably, we found a remarkable increase in the expression of the cytotoxic marker granzyme B in immune cells in the activated platelet-treated group (Figs. 4C and 4D). Thus, the mechanism of platelet activation affecting the killing ability of peripheral blood lymphocytes may be related to increasing the proportion of NK cells releasing granzyme B. Our results also show that activated platelets can enhance the killing activity of lymphocytes cultured in vitro by promoting cell proliferation and cell differentiation.
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Figure 4: Activated platelets promote tumor toxicity of lymphocytes cultured in vitro. (A) Cell death of tumor cells (A549, PANC-1, and K562) co-incubated with an equal volume of PBMC treated with platelets-free, inactive platelets or activated platelets for 10 days and cell death was detected by lactate dehydrogenase (LDH) release assay (1. Platelets-free, 2. Non-activated platelets, 3. Activated platelets). **p < 0.01, ***p < 0.001, ****p < 0.0001. The column represents the results of three experiments, n = 3; bar means ± SD; (B) Cell death of tumor cells (A549, PANC-1, and K562) co-incubated with the same quantity of PBMC treated with platelets-free, inactive platelets or activated platelets for 10 days and cell death was detected by LDH release assay (1. Platelets-free, 2. Non-activated platelets, 3. Activated platelets). *p < 0.05, **p < 0.01, ***p < 0.001. The column represents the results of three experiments, n = 3; bar means ± SD; (C) Representative pictures of granzyme B expression in the three treated groups by flow-cytometric analysis (orange: platelets-free, blue: non-activated platelets, red: activated platelets); (D) The proportion of granzyme B expression in three groups treated with platelets-free, inactive platelets and activated platelets, respectively (1. Platelets-free, 2. Non-activated platelets, 3. Activated platelets). ***p < 0.001. The column represents the results of three experiments, n = 3, bar means ± SD.

Taken together, our results demonstrated that activated platelets may provide a new strategy for optimizing the culture system for adoptive immunotherapy and improving the efficacy of adoptive immunotherapy, especially NK lymphocytes adoptive immunotherapy.

Discussion

Adoptive immunity, a kind of tumor biotherapy, works by introducing activated and proliferated lymphocytes into tumor patients in vitro, reducing tumor size and preventing tumor metastasis (Wang and Cao, 2020). Transportable cells include cytokine-activated killer (NK) cells, tumor-infiltrating lymphocyte, and cytotoxic T cells (CTLs). Adoptive immunity requires a large number of lymphocytes to be effective. Therefore, obtaining lymphocytes with more proliferation and stronger killing activity during in vitro culture is an indispensable means to improve adoptive immunity.

Platelets are an important component of the immune system that stores and releases many biologically active substances, including cytokines, chemokines, and surface receptors (Mandel et al., 2022). Platelets not only interact with various cells in the immune system and affect the migration, adhesion, activation, differentiation, killing, and other processes of immune cells, but also directly remove pathogenic microorganisms (Mandel et al., 2022). The imbalance of platelets and T lymphocytes is an important feature of some immune diseases. For example, in idiopathic thrombocytopenic purpura (ITP), characterized by thrombocytopenia and cutaneous mucosal bleeding, there is an imbalance in immune function, including an imbalance in the ratio of lymphocyte and changes in various cytokines and chemokines (Onisâi et al., 2019). However, there is no literature on the effect of platelets on lymphocytes in vitro.

In this study, we identified, for the first time, that platelet activation plays an important role in promoting lymphocyte proliferation and activation in vitro. First, to optimize the culture system of PBMCs, we explored the effect of some parameters of platelets on PBMC proliferation, including different states of platelets, activated or inactivated, and the number of activated platelets. By analyzing the growth curve of PBMCs at different amounts of activated platelets, we found that lymphocyte proliferation requires Ca2+ to activate platelets (Davlouros et al., 2016), and is dose-dependent with activated platelets. We also noticed that the results of lymphocyte status and number showed that both platelet precipitation and Ca2+-activated supernatant significantly promoted the proliferation of lymphocytes. Activated platelets are well known to not only release a variety of substances such as TGF-β, PDGF, PF4, and serotonin, but also express P-selectin, CD40L, and TLR on the cell membrane (Anka Idrissi et al., 2021). The significant difference between the effects of activated and inactivated platelets suggests that platelet activation affects the proliferation of lymphocytes through releasing certain factors or expressing some membrane molecules, which lays the foundation for further study on the mechanism of platelet action in immunomodulation.

Culturing lymphocytes in vitro, in addition to the importance of cell quantity, is more important to improve the killing activity, which involves the role of platelets in lymphocyte differentiation. In vivo, CD4+ T lymphocytes can be classified into two different subsets: Th cells and Treg cells. Th cells, also known as helper T cells, can secrete a variety of cytokines that aid in immune response. Treg cells, or CD4+CD25+ suppressor T cells, can prevent T lymphocytes from being activated and proliferating. CD8+ T lymphocytes, also known as Tc cells, can directly kill virus-infected or tumor-bearing cells (Kumar et al., 2018). To explore the differentiation of Th, Treg, and killer T-lymphocytes (Tc cells) within the T-lymphocyte culture system in vitro, especially the effect of platelets on T lymphocyte subsets, we detected the proportion of CD4+CD25− (Th), CD4+CD25+ (Treg) and CD8+ (Tc) cells in CD3+ cells (≥90%). The amount of Tc cells in the culture system containing activated platelets or inactivated platelets increased significantly when compared to the group in the presence of platelet-free, whereas the amount of Th cells and Treg cells remained unchanged (Fig. 2). Because of in vitro CD8+ T lymphocytes limited by major histocompatibility complex (MHC), they cannot directly kill tumor cells. NK cells (including NKT) are NK lymphocytes with characteristics not limited by MHC, which can directly kill target cells through a variety of mechanisms (Pyaram and Yadav, 2018). By detecting the proportion of NK cells with more broad-spectrum killing activity, we surprisingly found that activated platelets can significantly enhance the proportion of CD3-CD16+CD56+ lymphocytes but downregulate the proportion of NKT lymphocytes (Figs. 3A and 3B). Obviously, whether it is CD8+ T lymphocytes or NK lymphocytes, the increase in their number is undoubtedly beneficial for adoptive immunotherapy (Buck et al., 2015).

We further explored the effect of activated platelets on the cytotoxicity of NK cells in a T lymphocyte culture system; we used tumor cells A549, PANC-1, and K562 as target cells to detect the change in the killing rate of PBMCs under different conditions. Unexpectedly, we found that PBMCs containing activated platelets exhibited greater cytotoxicity to the three cells compared than platelets-free or non-activated platelets treated group, even though all three different treatment groups had the same number of PBMCs (Fig. 4). We clearly concluded that activated platelets promote the cytotoxicity of PBMCs in vitro as well as the natural killer capabilities of the culture system, which is favorable for adoptive immunotherapy. In the culture system, lymphocytes can exert cytotoxic effects in a variety of ways, including the release of perforin, granzyme, interferon-γ and the expression of Fas ligand, all of which have anti-tumor properties (Bae et al., 2019). Therefore, we discovered that in the culture system including activated platelets, the expression of granzyme B, a cytotoxic substance, was significantly elevated (Figs. 4C and 4D). Both CD8+ T lymphocytes and NK cells can kill target cells in vivo by releasing granzyme B (Turner et al., 2019). As a result, the rise in granzyme B suggests that activated platelets can greatly enhance the total lymphocyte-killing ability after reinfusion, which is of great significance for tumor patients.

Therefore, our research innovatively found that platelets can promote lymphocyte proliferation, optimize lymphocyte subpopulations, and, more importantly, enhance anti-tumor activity in vitro, which is advantageous for cell immunotherapy, especially NK cell immunotherapy. However, the general thought about platelets in the field of cancer is that antiplatelet therapy can indeed improve the prognosis of some forms of cancers because platelets can promote tumorigenesis and metastasis, especially as they are a major source for TGF-β which is immunosuppressive in nature (Balakrishna et al., 2021; Li et al., 2023; Catani et al., 2020). However, it is undeniable that platelets can release many factors, which have completely different effects (Catani et al., 2020), that may have important effects on lymphocytes cultured in vitro. This study is simply a preliminary exploration of the immunomodulation of platelets in vitro. The mechanism of platelets in immunomodulation and the mechanism of platelets in vivo require further investigation, but our research has laid a foundation for further elucidating the mechanism of platelets in vivo and in vitro, even for elucidating the complicated pathophysiological mechanism of immunological diseases.

In summary, our study pleasantly revealed that activated platelets can promote the proliferation of PBMCs, increase the proportion of CD8+ T cells and NK cells, and even promote the killing activity of PBMCs in vitro. Undoubtedly, our research will provide a new strategy for adoptive immunotherapy, especially for adoptive immunity of NK lymphocytes.
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