Trogocytosis: Revealing New Insights into Parasite-Host Interactions
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Abstract
[bookmark: _Hlk195545045][bookmark: OLE_LINK9]Trogocytosis, an active process where one cell physically nibbles and ingests membrane fragments from adjacent cells, plays a critical role in host-parasite interactions by modulating parasite survival and host immune responses. This review examines trogocytosis across diverse parasitic species, highlighting its dual roles: parasites utilize it for nutrient acquisition and immune evasion, often enhancing pathogenesis; while hosts employ it for pathogen clearance. We explore the molecular mechanisms underlying trogocytosis, its impact on infection outcomes and its parallels in tumor biology or transplant rejection. By synthesizing recent advances, we assess its therapeutic potential for parasitic diseases and immune-related disorders. Furthermore, we outline key challenges and future research directions to unravel the complex dynamics of trogocytosis in host-parasite systems, ultimately advancing precision medicine and innovative therapeutic strategies.
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[bookmark: OLE_LINK2]Trogocytosis: An Emerging Theme in Parasite-Host Interactions 
[bookmark: OLE_LINK5]Trogocytosis (see Glossary), a conserved cellular process in eukaryotes, enables a “receiving” cell to acquire membrane fragments from a live “donor” cell, facilitating intercellular communication and diverse functional outcomes [1,2]. Unlike phagocytosis, trogocytosis involves partial ingestion rather than the engulfment of an entire cell [3,4], and it is sometimes described as partial phagocytosis, cell nibbling or cannibalization [2,5,6]. This process has been documented since the 1970s, initially observed in the immune system where it mediates the transfer of membrane proteins from B cells to T cells [7,8]. Over time, trogocytosis has been identified in a broader range of biological contexts, including in protozoan parasites, which exploit this mechanism to extract host cell components, often leading to host cell death and tissue damage [9,10]. Beyond its destructive roles, trogocytosis has also been recognized for its regulatory functions in adaptive immunity [11,12] and its involvement in non-immune cells, such as those in the nervous and embryonic systems, indicating its broader role in cellular remodeling and developmental processes [5,13]. Recent advances have expanded our understanding of trogocytosis, revealing its roles in tumor targeting, pathogen defense, immune evasion, and other physiological processes [14-22]. These findings highlight its multifaceted nature across species and its implications for both health and disease.
[bookmark: OLE_LINK120][bookmark: OLE_LINK119][bookmark: OLE_LINK122][bookmark: OLE_LINK118]Parasitic infections, or parasitoses, have long been a significant threat to human health and economic development, representing a persistent global public health challenge [23-26]. The interactions between parasites and their hosts represent a complex and dynamic area of study within parasitology, immunology and ecology. Current studies have revealed that these interactions are characterized by a range of mechanisms, including antigenic variation, molecular mimicry, immune suppression, inhibition of antibody function, intracellular survival, induction of tolerance, evasion of phagocytosis and manipulation of immune signaling pathways. These mechanisms highlight the complex and co-evolved strategies employed by both parasites and hosts in their ongoing biological arms race. Such interactions not only drive the evolutionary trajectories of parasites and their hosts but also profoundly influence disease manifestations, transmission patterns and host immune responses [23,25]. A deeper understanding of these complex relationships is essential for developing more effective therapeutic approaches, preventive strategies, and for gaining insights into the co-evolutionary dynamics between parasites and their hosts.
[bookmark: OLE_LINK123][bookmark: OLE_LINK28][bookmark: OLE_LINK27][bookmark: OLE_LINK26][bookmark: OLE_LINK124]Recent research has increasingly emphasized the role of trogocytosis in parasite-host interactions, a phenomenon observed in a wide range of organisms, including intracellular parasites such as Trichomonas [14,18,19,27,28], Plasmodium [29-31], Toxoplasma [32,33], and multicellular helminths such as Schistosoma [34] (Table 1). Table 1 summarizes the occurrence of trogocytosis in various parasitic species. Studies demonstrate that this process enables parasites to evade host immune defenses, facilitate invasion, and induce host cell destruction [15,21,35,36], while simultaneously providing hosts with mechanisms to counteract and eliminate pathogens [18,34]. Trogocytosis thus plays a dual role in parasite-host interactions, potentially enhancing host immunity and resistance or promoting pathogen survival and disease progression. This review aims to consolidate current knowledge on the biological diversity and molecular mechanisms of trogocytosis whilst exploring its impact on both parasites and hosts. By exploring the dual roles of trogocytosis in both parasites and hosts, we aim to deepen our understanding of their interactions and co-evolutionary dynamics. The insights gained intend to improve strategies for managing parasitic diseases and provide applicable knowledge to other immune-related conditions such as tumors and organ transplants. 
[bookmark: OLE_LINK1]
Mechanistic Insights into Trogocytosis 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In recent years, the mechanisms of trogocytosis have been extensively studied across a wide range of immune cells, including T and B lymphocytes [12,50-52], natural killer (NK) cells [53,54], macrophages and monocytes [34,55], dendritic cells (DCs) [56,57], neutrophils [17,58], basophils [57], and innate lymphoid cells (ILCs) [59]. Additionally, significant research has also focused on trogocytosis in parasites, such as Entamoeba histolytica [1,35,36,39,40,42]. 
The biological processes of trogocytosis are typically divided into the following steps (Figure 1): 
[bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK186][bookmark: OLE_LINK188][bookmark: OLE_LINK46][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK113]1. Cell Recognition and Contact: Trogocytosis begins with specific recognition and adhesion between two living cells. This process is driven by a diverse array of receptors and ligands on the cell surface, which facilitate the formation of a stable cell-cell interface. Key receptors involved include the T-cell receptor (TCR), B-cell receptor (BCR), Fc gamma receptor (FcγR), Killer-cell immunoglobulin-like receptors (KIR), integrins like LFA-1, Ly49A receptor, complement receptor 3 (CR3) and ephrin receptors (EphA2, EphB). These receptors interact with corresponding ligands such as major histocompatibility complex (MHC) proteins, antigens, adhesion molecules, chemokines, antibodies and complement proteins [20,28,34,50,57,58,60-71]. For example, in the immune system, TCRs and BCRs recognize MHC molecules on antigen-presenting cells (APCs), forming an immunological synapse that is critical for immune activation [67-69]. Other interactions include FcγR on immune cells binding to antibody-coated target cells [70-73] and galactose (Gal) and N-acetyl-D-galactosamine (GalNAc) lectin in E. histolytica binding to glycoproteins on host cells [40,41,74]. 
[bookmark: OLE_LINK134][bookmark: OLE_LINK21][bookmark: OLE_LINK125][bookmark: OLE_LINK121][bookmark: OLE_LINK144][bookmark: OLE_LINK4]2. Trogocytic Endocytosis: Following cell recognition, the receiving cell internalizes membrane fragments and associated proteins from the donor cell. Actin cytoskeleton remodeling is essential for the formation of the trogocytic cup and the internalization of the target cell’s membrane [55,69,75,76]. It is reported that cytoskeleton components, such as actin filaments, Arp2/3 complex and formins (Dia1), drive structural changes [76-78]. Meanwhile, related signaling proteins, including phosphoinositide 3-kinase (PI3K), Src kinase, spleen tyrosine kinase (Syk), TC21, Rho/Rac GTPases (RhoA, Rac, Cdc42) and protein kinase C (PKC), mediate intracellular signaling [20,35,61,69,75]. Small GTPases (TC21 and RhoG), Src kinase and PI3K are involved in TCR-mediated trogocytosis [20,61]. TCR-mediated trogocytosis is dependent on both actin polymerization and the TCR signaling pathway, including Src kinase and PI3K [20, 60, 61.86]. Upon formation of an immunological synapse, Small GTPases (TC21 and RhoG) are internalized together with TCR [20]. Since TC21 is reported to activate the PI3K pathway, one may assume that the immunological synapse induces TC21 activation that, in turn, activates RhoG down-stream of PI3K, leading to the trogocytosis of pMHC complexes [20]. 
[bookmark: OLE_LINK145][bookmark: OLE_LINK35]FcγR-medicated trogocytosis between cancer cells and neutrophils is activated by the participation of Syk, PI3K and, also, actin [17]. However, the role of Src kinase and PI3K in FcγR-mediated trogocytosis remains controversial, with conflicting results being obtained depending on the experimental conditions [72,79]. 
In E. histolytica, PI3K and EhC2PK (amoebic C2-kinase) are involved in trogocytosis [35,83]. The product of PI3K, phosphatidylinositol 3,4,5-trisphosphate (PIP3), is localized to the trogocytic cup as well as to the trogocytic tunnel [76]. PIP3 recruits AGC family kinase 1 (EhAGCK1) to the trogocytic cup. EhAGCK1 participates in regulating the formation of cytoskeletal structures that support the trogocytic tunnel [76]. Another product of PI3K, phosphatidylinositol 3-phosphate (PI3P), accumulates at the distal end of the trogocytic cup [76]. There, PI3P was shown to recruit the sorting nexins (EhSNX1 and EhSNX2) to trogocytic structures, EhSNX1 specifically binds to Arp2/3 on the trogocytic tunnel to induce actin polymerization [76]. PI3P recruits the EhSNX1 and EhSNX2 to trogocytic structures, which specifically binds to Arp2/3 on the trogocytic tunnel to induce actin polymerization. Lipid transfer protein 1 (EhLTP1) is associated at the ligand attachment site at the initiation of trogocytosis, followed by the recruitment of EhLTP3 onto the trogocytic tunnel at the intermediate stage of trogocytosis before the closure of the trogosome [42]. Phosphatase and tensin homologue (EhPTEN1) play an important role in cell internalization in the process of amoebic trogocytosis (Reference:PMID: 35500038). Live imaging of GFP-EhPTEN1 expressing amebic trophozoites demonstrated the dynamic movement of EhPTEN1 during the progression of trogocytosis. Time-lapse imaging of trogocytosis of CHO cells by the amoebae revealed that GFP-EhPTEN1 was accumulated in the cytosol with a higher concentration at pseudopods and the extending edge of the trogocytic cups. Upon completion of closure of the trogosome, GFP-EhPTEN1 appeared to be dissociated from the region around the trogosome and the tunnel-like structure (Reference: PMID: 35500038). Also, live confocal microscopy demonstrated that host cell material can be seen 'stretched' into the amoeba during amoebic trogocytosis, bites of host cell material ingested by E. histolytica trophozoites contained host membrane and cytoplasm [74].	Comment by Geoff Hide: This reference is needed.
In addition, studies showed that molecules that induce actin and dynamin formation when activated (CED-10/Rac1, DYN-1/dynamin, and LST-4/SNX), are needed in endodermal cells for lobe scission, implying that scission occurs by a mechanism resembling trogocytosis [5].
[bookmark: OLE_LINK40][bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK146][bookmark: OLE_LINK166][bookmark: OLE_LINK39]3. Membrane Transfer: The transfer of membranes and associated proteins from the donor cell to the recipient is a hallmark of trogocytosis. This process is significant as it alters the composition of the recipient's membrane. The transferred membrane proteins involved MHC proteins [53,68,69,85], immunoglobulins [7,8], adhesion molecules (Intercellular Adhesion Molecule 1 (ICAM-1), integrins) [86], chemokine receptors (e.g., CXCR4, C-X-C chemokine receptor type 4 (CXCR4), C-C chemokine receptor type 7 (CCR7)) [87,88], GPI-anchored proteins (e.g., cellular prion protein (PrP(C)) [89] and antigenic peptides [61]. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK172][bookmark: OLE_LINK45][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK51][bookmark: OLE_LINK50]4. Functional Consequences of Trogocytosis: Upon acquiring membrane fragments from the donor, the recipient cell gains new functions, while the donor cell may experience functional reductions due to the loss of cell surface molecules [20,86] or cause damage [17]. For instance, immune cells can gain the ability to present antigens after acquiring MHC molecules from APCs, leading to the modulation of immune responses [92-94]. Studies using CD20-specific antibodies have shown that FcγR-mediated transfer of targeted receptors from tumor cells to effector cells via trogocytosis enables tumor cells to escape from antibody therapy [72,73,79,95]. In the nervous system, trogocytosis is involved in synaptic pruning and remodeling, which are essential for neuronal development and function [13]. Pathogens like E. histolytica use trogocytosis to evade the immune system by acquiring host cell membrane proteins, thereby resisting complement-mediated lysis [15]. It is reported that calcium signaling, ATP-mediated activation of effector proteins, and downstream signaling cascades regulate acquired functionality [75,96]. 
[bookmark: OLE_LINK52]In summary, trogocytosis is a complex and multifaceted process involving a variety of molecules that enable cell-to-cell communication and material exchange. The process is regulated by a complex interplay of receptors, signaling molecules, cytoskeletal elements, and membrane trafficking proteins, which together facilitate the transfer of membrane components and subsequent functional changes in the participating cells. Understanding the molecular mechanisms of trogocytosis is crucial for deciphering the complex interactions between cells and their roles in health and disease.
[bookmark: OLE_LINK10]
[bookmark: OLE_LINK53][bookmark: _Hlk180962495]Trogocytosis: A Gateway to Evasion and Manipulation in Parasite-Host Interactions
[bookmark: OLE_LINK54]Trogocytosis represents a highly dynamic and complex interaction at the interface of parasite and host biology. This process enables both parasites and host cells to acquire molecules from one another, profoundly influencing the outcomes of parasitic infections. 
We propose that trogocytosis in host-parasite interactions can be conceptualized through three distinct but interconnected categories that exist along a mechanistic continuum (Box1): Nibbling trogocytosis, Molecular transfer trogocytosis (Cross-Dressing) and Trogocytosis-like processes. These processes exist along a functional continuum rather than as discrete categories, with many parasites employing multiple strategies simultaneously. Throughout this review, we will specify which form is being discussed in each biological context to provide clarity on the underlying mechanisms.
From an evolutionary perspective, we hypothesize that trogocytosis represents a fundamental cellular interaction that predates the evolution of multicellularity, potentially arising from primitive feeding behaviors in early eukaryotes. The repurposing of this ancient mechanism for immune functions in vertebrates exemplifies evolutionary cooption, where existing cellular machinery is adapted for new purposes. This evolutionary perspective helps explain the striking parallels observed between parasite and host trogocytosis mechanisms despite their divergent purposes.

[bookmark: OLE_LINK18]Trogocytosis in Parasites
[bookmark: OLE_LINK69]Trogocytosis and trogocytosis-like processes have been documented across diverse parasitic organisms, including protozoa and helminths (Table 1 and Figure 2). Rather than providing an exhaustive description of each parasite, we will analyze key functional roles of trogocytosis in parasite biology and highlight representative examples that illustrate the molecular mechanisms and evolutionary adaptations involved.

Nutrient Acquisition and Feeding    
Parasites employ trogocytosis as a vital nutrient acquisition strategy that offers significant advantages over complete phagocytosis [10, 32,33,74]. By taking “bites” rather than engulfing entire cells, parasites can extract nutrients from cells too large to phagocytose, preserve the host cell for continued nutrient extraction and reduce exposure to potentially harmful intracellular defense mechanisms. Key examples are as follows:
E. histolytica utilizes Gal/GalNAc lectin and actin-dependent cytoskeletal rearrangements to facilitate trogocytosis of host cell membrane proteins and cytosolic contents. This process provides critical nutrients to fuel its metabolic needs while simultaneously contributing to pathogenesis through gradual host cell destruction [35,74]. As discussed later in Immune Evasion, these nutrient acquisition mechanisms overlap with immune modulation.
Toxoplasma gondii employs a specialized trogocytosis-like pathway to engulf host Rab small GTPase-marked Golgi or Golgi-associated vesicles, acquiring essential sphingolipids for intracellular parasitism [32,33]. This remarkable selectivity suggests evolved molecular mechanisms for recognizing specific host organelles, representing a highly adapted form of parasitism.
We hypothesize that trogocytosis evolved initially as a feeding strategy in free-living amoeboid ancestors of modern parasites. The transition to parasitism likely selected for refinements in target recognition and efficiency of nutrient extraction, explaining the sophisticated molecular machinery observed in extant parasites. This evolutionary history provides a framework for understanding both the conserved and divergent aspects of trogocytosis across parasite lineages.

Immune Evasion    
Trogocytosis provides parasites with a powerful mechanism to evade host immunity by acquiring protective host molecules. This strategy represents a sophisticated form of molecular mimicry that goes beyond genetic encoding of host-like proteins. Key examples are as follows:
[bookmark: OLE_LINK77]E. histolytica uses trogocytosis to acquire complement resistance by scavenging the complement-regulatory proteins including CD59, CD55, and CD46 from human cells. This acquisition reduces complement C3b deposition and protects against complement-mediated lysis [15,16]. 
[bookmark: _Hlk195607100][bookmark: OLE_LINK60][bookmark: _Hlk195611421]Trichomonas vaginalis engages in a trogocytosis-like process during host cell interactions, exhibiting characteristics of both nibbling-type trogocytosis and molecular transfer [37,38]. This process may serve dual functions: (1) nutritional acquisition through consumption of host cell material, and (2) incidental acquisition of host surface proteins like CD59 that may provide transient complement resistance [14,18]. While the internalized CD59 can temporarily protect the parasite from membrane attack complex (MAC)-mediated lysis (“cross-dressing”), the primary survival advantage appears to stem from the parasite’s ability to kill and utilize host cells as a food source [37,38]. Although direct mechanistic evidence linking CD59 acquisition to trogocytosis remains incomplete, the observed cell adherence patterns [37,38] and functional parallels with E. histolytica suggest a potential trogocytosis-mediated pathway for immune evasion. Future studies should employ high-resolution imaging and genetic tools to determine whether T. vaginalis utilizes true trogocytosis or has evolved distinct mechanisms for host protein acquisition.
We propose that the acquisition of host immune molecules through trogocytosis represents an evolutionarily advantageous alternative to genetic encoding. By directly acquiring host proteins, parasites can 1) adapt to different host environments without genetic changes, 2) acquire perfect molecular mimics that are indistinguishable from host molecules and 3) rapidly adjust their surface composition in response to changing immune pressures. This strategy likely complements genetically-encoded evasion mechanisms, creating multiple layers of protection against host immunity. Future research should investigate whether the repertoire of acquired host molecules varies based on the host species or immune status, potentially revealing additional layers of adaptive sophistication.
[bookmark: OLE_LINK132][bookmark: OLE_LINK14]
Invasion and Pathogenesis
Trogocytosis directly contributes to tissue invasion, destruction, and host cell killing during parasitic infections. The cytopathic effects described here often synergize with immune evasion mechanisms (see above) to promote infection. Key examples are as follows:
E. histolytica employs trogocytosis to kill host cells by ingesting fragments of living cells, triggering intracellular calcium elevation, mitochondrial damage, and cell death [35]. This process disrupts the epithelial barrier, facilitating deeper invasion into intestinal tissues-a hallmark of invasive amoebiasis [35,41]. Inhibition of trogocytosis significantly reduces intestinal tissue invasion and depth [35]. 
[bookmark: OLE_LINK178][bookmark: OLE_LINK16]T. vaginalis utilizes trogocytosis to damage genitourinary epithelial cells, contributing to the characteristic inflammation and “strawberry cervix” observed clinically [38]. This process appears to involve both mechanical disruption and biochemical signaling.
Trypanosoma cruzi has been shown to exchange membranes and proteins with host cells during invasion, facilitating both cellular entry and subsequent intracellular survival [21,44]. However, the absence of documented nibbling morphology or evidence for functional incorporation suggests this process may differ fundamentally from classical trogocytosis. We therefore propose classifying these observations as “trogocytosis-like” until further mechanistic characterization is available. 
[bookmark: OLE_LINK17]We hypothesize that trogocytosis represents an evolutionarily conserved mechanism that has been independently adapted for invasive purposes across multiple parasite lineages. The dual functionality of trogocytosis—providing nutrients while simultaneously facilitating invasion—may explain its prevalence among pathogenic parasites. This perspective suggests that targeting the molecular machinery of trogocytosis could simultaneously impair parasite nutrition and invasive capacity, potentially offering more effective therapeutic approaches.

Behavioral Modulation   
Trogocytosis is associated with altered parasite behavior, though whether internalization of host material directly drives these changes requires further investigation. Key examples are as follows:
E. histolytica exhibits a “primed” state after performing trogocytosis, leading to increased host cell killing and phagocytic activity [35]. However, this behavioral enhancement could arise from receptor-mediated signaling (e.g., Gal/GalNAc lectin engagement) or downstream effects of ingested host components (e.g., mitochondrial fragments), rather than trogocytosis itself.
We propose that the behavioral changes induced by trogocytosis represent an adaptive sensing mechanism that allows parasites to respond to their local environment. By integrating information from host interactions via trogocytosis, parasites can potentially: (1) assess host cell type and immune status, (2) modulate virulence based on local conditions and (3) coordinate population-level behaviors through shared environmental sensing.
This hypothesis suggests that trogocytosis serves as a sophisticated form of environmental communication in addition to its nutritional and invasive functions. Future research should investigate the signaling pathways activated by trogocytosis and their role in regulating parasite behavior.
[bookmark: OLE_LINK11]
Trogocytosis in Hosts
While parasites exploit trogocytosis, hosts have evolved counterstrategies as a defense mechanism against parasitic infections (Figure 3). This represents an intriguing case of convergent evolution, where similar cellular processes have been adapted for opposing purposes in hosts and parasites.

[bookmark: OLE_LINK130][bookmark: OLE_LINK131]A Mechanism for Immune Cells to Clear Pathogens
Immune cells employ trogocytosis as an effective strategy for parasite elimination, particularly against pathogens that are too large for complete phagocytosis. Key examples are as follows:
Neutrophil-mediated clearance of Trichomonads: Human neutrophils rapidly kill T. vaginalis through trogocytosis, taking sequential “bites” of the parasite surface in a serine protease-dependent manner. This process is distinct from both phagocytosis and NETosis, representing a specialized killing mechanism for large extracellular parasites [19,49]. 
Macrophage-mediated killing of Schistosomes: Our research has demonstrated that macrophages from the non-permissive host Microtus fortis (the “reed vole”) utilize trogocytosis to destroy the tegument of schistosomula, effectively killing both S. japonicum and S. mansoni (Figure 4) [34]. This mechanism disrupts the parasite's protective barrier, exposing underlying muscle layer and halting development. CR3 was identified as essential for trogocytosis through its role in mediating macrophage adhesion to C3b-opsonized schistosomes, while the nuclear factor of activated T-cells (NFAT) was characterized as a key regulator via its Ca²⁺-dependent activation pathway that initiates the trogocytic killing process. Notably, mouse macrophages exhibit minimal trogocytic activity against schistosomes [34]. Our comparative analysis of M. fortis and mouse macrophages has revealed striking differences that explain their differential ability to kill schistosomes (Table 2).
Based on our findings, we propose a mechanistic model for macrophage-mediated trogocytosis of schistosomes: 1) Initial recognition depends on complement C3 deposition on the parasite surface; 2) High-affinity binding via CR3 establishes stable parasite-macrophage contact; 3) This engagement triggers Ca²⁺ influx and NFAT nuclear translocation; 4) NFAT activation initiates cytoskeletal remodeling necessary for trogocytosis; 5) Sustained contact allows progressive tegument destruction via sequential “bites”.
This model explains why mouse macrophages—due to inefficient C3-CR3 binding and impaired Ca²⁺/NFAT signaling activation—fail to effectively kill schistosomes via trogocytosis. In contrast, M. fortis macrophages exhibit robust trogocytic activity, which we hypothesize reflects an evolutionary adaptation to resist schistosome infection, likely driven by selective pressure in endemic regions. Key mechanistic differences may include: 1) CR3 affinity divergence: M. fortis CR3 receptors may have evolved higher binding affinity for C3 through natural selection; 2) Signaling threshold modulation: The activation threshold of the Ca²⁺/NFAT pathway might be lower in resistant species, enabling more robust immune responses. This comparative analysis provides new insights into host specificity, highlighting how divergent molecular adaptations in conserved immune pathways determine infection outcomes.
The discovery of trogocytosis as an immune defense mechanism expands our understanding of host-parasite interactions. Beyond immediate parasite killing, we postulate that trogocytosis may influence adaptive immunity through acquisition and presentation of parasite antigens, though this requires further investigation.

A Driver of Disease Pathogenesis
While trogocytosis serves as a defense mechanism, it can paradoxically contribute to disease pathogenesis under certain circumstances. Key examples are as follows:
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]Endothelial activation in cerebral malaria: During P. falciparum infection, endothelial cells acquire parasite proteins and nucleic acids through trogocytosis-like processes from adhered infected red blood cells [30,31]. This transfer activates inflammatory pathways including NF-κB, triggering cytokine release and tissue factor upregulation. The resultant endothelial dysfunction and coagulopathy contribute significantly to cerebral malaria pathogenesis [30,31]. 
We propose that trogocytosis represents a “double-edged sword” in host defense, where the same mechanism that facilitates parasite clearance can, under certain circumstances, exacerbate pathology. This duality likely reflects the evolutionary trade-offs inherent in immune responses, where aggressive defense mechanisms carry risks of collateral damage. Understanding this balance may inform therapeutic approaches that preserve protective functions while minimizing pathological consequences.

Crosstalk Between Parasites and Hosts via Trogocytosis
Trogocytosis serves as a medium for parasites and hosts to communicate in a competitive environment. By facilitating the transfer of molecules and the exchange of immunological signals, this process significantly influences the outcomes of parasitic infections. As a fascinating mechanism of interaction, trogocytosis enables both parasites and host immune cells to manipulate one another, fundamentally altering the trajectory of infection.
On one hand, parasites have evolved to exploit trogocytosis as a survival strategy, leveraging it to evade immune responses and reprogram host cell behavior in ways that favor their replication and persistence. This manipulation can lead to persistent infections and chronic disease, as seen in various parasitic species that utilize this mechanism to subvert host defenses. 
On the other hand, host immune cells, such as neutrophils and macrophages, utilize trogocytosis as a potent defense mechanism to attack and eliminate parasites, contributing to parasite clearance. This dual role of trogocytosis underscores the dynamic interplay in host-parasite interactions, where both parties engage in a continuous exchange that can result in either host protection or parasite persistence.
[bookmark: OLE_LINK110]
The Bidirectional Nature of Trogocytosis: A Dynamic Balance
One of the most fascinating aspects of trogocytosis lies in its bidirectional nature, where both parasites and hosts actively exploit this process to gain a competitive edge. This interplay creates a dynamic and often contentious interaction, raising a key question: Which side dominates and under what circumstances? The balance of power in this interaction is influenced by multiple factors, including parasite virulence, the host’s immune status, and the broader environmental context.
Highly adapted parasites have evolved sophisticated mechanisms to hijack trogocytosis, using it to evade or subvert host immune defenses, as seen in T. cruzi and T. gondii [21,32,33]. Conversely, less virulent parasites may be more susceptible to host-mediated destruction through trogocytosis. The host’s immune status plays a pivotal role in tipping the balance: a robust immune system can enhance parasite clearance, while immunocompromised hosts—such as those with HIV or undergoing immunosuppressive therapy—may provide an environment where parasites thrive. 
Environmental factors further influence the efficiency of trogocytosis. For example, inflammatory conditions may amplify the host’s trogocytic activity, enhancing immune surveillance and parasite elimination. In contrast, nutrient scarcity or co-infections may weaken the host's defenses, creating opportunities for parasites to exploit host resources more effectively. These variables create a finely tuned equilibrium, where the outcome of the host-parasite interaction hinges on the relative strengths and strategies of both parties. Understanding this delicate balance not only illuminates the evolutionary arms race between hosts and parasites but also highlights potential therapeutic avenues to disrupt parasitic exploitation or bolster host defenses.
[bookmark: _Hlk188821096]
Inter-Species Variability in Trogocytic Abilities
A critical and open question in trogocytosis research is why different animal species exhibit marked variability in their ability to perform trogocytosis against the same parasite, leading to divergent infection outcomes. For instance, M. fortis demonstrates highly efficient macrophage-mediated trogocytosis against S. japonicum, enabling rapid parasite clearance [34]. In contrast, mice show minimal trogocytic activity, allowing the parasite to evade immune destruction, mature, and establish chronic infections [34]. 
This inter-species variability likely arises from differences in immune system evolution, genetic factors and the molecular pathways governing trogocytosis. Key molecular components, such as complement C3, its receptor CR3 and calcium/NFAT signaling pathways, are thought to play significant roles in determining the efficiency of trogocytosis. Variations in the expression, structure, or functionality of these molecules across species may underlie the observed differences in host susceptibility or resistance to parasitic infections. 
It is important to note that these molecular mechanisms may differ substantially between mammalian hosts and parasites. Parasites have evolved unique trogocytosis machinery that often bears little homology to mammalian systems, reflecting their distinct evolutionary trajectories. For example, E. histolytica employs parasite-specific molecules like AGCK1 that have no direct mammalian counterparts, while sharing some broadly conserved cytoskeletal components involved in membrane dynamics [40,83].
Moreover, evolutionary pressures exerted by parasites on their hosts may have driven species-specific adaptations that influence trogocytic capabilities. For example, M. fortis, which inhabits peri-aquatic environments, is likely to experience frequent challenges from schistosome cercariae. This ecological niche may have subjected the species to intense evolutionary pressure, favoring the development of robust anti-parasite defenses, including enhanced trogocytic activity.
Understanding these species-specific adaptations not only sheds light on the evolutionary arms race between hosts and parasites but also provides insights into the molecular and ecological factors that govern immune responses. Such knowledge could inform the development of novel strategies to enhance host resistance or disrupt parasitic evasion mechanisms.

Therapeutic Potential of Trogocytosis
Our understanding of trogocytosis in parasite-host interactions opens new avenues for therapeutic intervention, though significant challenges remain. 

Targeting Parasite Trogocytosis
The critical role of trogocytosis in parasite survival and pathogenesis makes it an attractive therapeutic target, though its molecular overlap with other fundamental cellular processes presents significant challenges for selective inhibition.
Current pharmacological approaches fall into four categories (Table 3): cytoskeletal inhibitors (e.g., cytochalasin D, latrunculin A) targeting actin polymerization, signaling pathway inhibitors (e.g., wortmannin, PP2) blocking key kinases, protease inhibitors (e.g., E-64D) preventing membrane protein cleavage, and immune molecule blockers (e.g., anti-CR3 antibodies) disrupting receptor-ligand interactions. However, most compounds lack specificity, simultaneously affecting endocytosis, phagocytosis, and other essential pathways. This necessitates innovative targeting strategies:
Combination therapies using sub-inhibitory concentrations of multiple agents may achieve synergistic trogocytosis blockade while minimizing off-target effects. Parasite-specific targets like E. histolytica’s AGCK1 kinase offer greater selectivity, with small molecule inhibitors showing promising specificity in preclinical studies [40,83]. Temporal targeting could exploit the transient nature of membrane exchange, while host-directed approaches may circumvent parasite resistance mechanisms.

Enhancing Host Trogocytosis
In S. japonicum infections, M. fortis macrophage exhibit natural resistance via CR3-dependent trogocytosis, suggesting engineering host trogocytosis capacity as an immunotherapeutic strategy in permissive hosts (e.g., humans, rodents). Key intervention points include: 1) CR3 receptor modulation for improved parasite recognition; 2) Targeted stimulation of Ca²⁺/NFAT pathway may boost trogocytic efficiency; 3) Selective cytoskeletal modifiers for targeted membrane remodeling. 
Enhancing host trogocytosis represents a novel immunotherapeutic approach that complements conventional antiparasitic drugs. By leveraging innate defense mechanisms, this strategy may reduce resistance risks. However, immune activation must be carefully calibrated to avoid immunopathology. 

Insights into Tumor Biology and Transplant Rejection Through Parasite-Host Trogocytosis
Parasites, much like tumors and grafts, are recognized as foreign entities by the host immune system, triggering similar pathways of recognition and elimination. Investigations into the mechanisms of parasite-host interactions have revealed regulatory pathways that may be applicable across multiple disease contexts.
Trogocytosis plays a significant role in tumor biology, exhibiting dual effects. On the one hand, the trogocytosis-mediated transfer of tumor antigens to immune cells can amplify anti-tumor immunity, enhancing the immune system’s ability to target and destroy cancer cells [66,103]. On the other hand, tumor cells can exploit trogocytosis as a means of immune evasion, promoting their progression and survival [104-107]. 
In the context of organ transplantation, trogocytosis contributes to graft rejection through neutrophil- and macrophage-adhesion-mediated trogocytosis regulated by NFATc3 [108]. Complement C3 and its receptor CR3 facilitate immune cell adhesion to foreign tissues, initiating damage to skin grafts or non-revascularized cardiac muscle [108]. During graft rejection, immune cells internalize alloantigens from donor cells via trogocytosis, potentially amplifying the immune response.
The regulatory mechanisms of trogocytosis in these disease states provide valuable insights that may be applicable to parasite-host interactions. For instance, the calcium/NFAT signaling pathway that regulates trogocytosis in transplant rejection also appears to modulate macrophage-mediated trogocytosis against S. japonicum, suggesting conserved molecular mechanisms across different biological contexts.

Future Directions and Challenges
Despite the growing recognition of trogocytosis in host-parasite interactions, the underlying mechanisms that govern this process remain poorly understood. For example, trogocytosis plays a crucial role in the interactions between T. vaginalis and its host, mediating both the acquisition of host proteins and the subsequent attack on parasites by host immune cells. However, the mechanisms that trigger these processes remain unclear. Why does host trogocytosis initiate attacks on and kill parasites in some cases, while in other instances, parasite-induced trogocytosis leads to the nibbling and destruction of host cells? What are the key factors that determine this differential response?
A major challenge in advancing trogocytosis research is the lack of specific molecular markers and inhibitors that can distinguish trogocytosis from other cellular processes. Current approaches often rely on non-specific inhibitors of cytoskeletal dynamics or membrane trafficking, which affect multiple cellular functions beyond trogocytosis. Developing more specific tools to monitor and manipulate trogocytosis will be essential for unraveling its unique contributions to host-parasite interactions.
Another critical area for future investigation is the lineage-specific mechanisms of trogocytosis across different organisms. Parasites and mammalian hosts have evolved distinct molecular machinery for trogocytosis, reflecting their different evolutionary trajectories and functional requirements. Understanding these lineage-specific adaptations will be crucial for identifying potential therapeutic targets that can selectively modulate trogocytosis in parasites without disrupting essential host processes.
Future research should aim to answer these questions, providing a deeper understanding of how trogocytosis drives host-parasite interactions. These insights are critical for shaping our understanding of parasite infections and their associated pathogenesis. Investigating how cells decide when to initiate specific trogocytosis mechanisms in different immune environments, and how cells differentiate between exchanging information and triggering cell death, is crucial. Additionally, understanding the pathways that lead to cell death after trogocytosis or the mechanisms that preserve cellular integrity in nibbled cells will be essential for unraveling the broader biological implications of this process.
Despite these challenges, the current understanding of trogocytosis is beginning to reveal new possibilities for modulating host-parasite interactions and influencing disease outcomes. The complexity of this biological process in various contexts suggests that further research is needed to fully appreciate its roles in host specificity, parasite evolution, and the broader implications for immune responses. 

Concluding remarks
Trogocytosis, once an obscure phenomenon, has emerged as a critical biological process in host-parasite interactions, with profound implications for immune defense, disease progression, and therapeutic innovation. Its dual roles—bolstering host immunity while enabling parasite immune evasion—underscore its complexity and biological significance. As research uncovers new examples of trogocytosis across diverse organisms, it is evident that this process is central to understanding host-parasite dynamics and co-evolutionary strategies.
The future of trogocytosis research extends beyond parasitology, offering transformative potential in multiple fields. However, key questions remain unanswered (see Outstanding Questions), such as the molecular mechanisms governing trogocytosis across species, the factors driving its bidirectional outcomes, and the long-term effects of its manipulation on host immunity. Addressing these questions will be critical to unlocking its full therapeutic potential. 
To advance the field, future studies should focus on: 1) developing specific molecular markers and inhibitors of trogocytosis, 2) elucidating the lineage-specific mechanisms of trogocytosis in parasites versus hosts, 3) understanding the molecular basis of species-specific variability in trogocytic abilities and 4) exploring approaches to modulate trogocytosis for therapeutic benefit. 
By integrating insights from parasitology, immunology, and cell biology, researchers can harness trogocytosis to pioneer precision medicine approaches, ultimately improving outcomes for infectious diseases, cancer, and transplantation.
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Glossary
Antigen-presenting cell (APC): APCs display peptides in association with MHC molecules.
C3: a protein of the complement system that plays a crucial role in immune defense by promoting pathogen opsonization, inflammation and cell lysis.
Cross-dressing: Cross-dressing involves the transfer of preformed functional peptide-MHC complexes from the surface of donor cells to recipient cells. 
Immune Evasion: Immune Evasion is the set of biological strategies or mechanisms employed by pathogens (such as viruses, bacteria, parasites) or cancer cells to avoid detection and elimination by the host's immune system.
Fc gamma receptor (FcγR): FcγR is crucial in the immune system; it mediates a plethora of biological functions as diverse as antigen presentation, phagocytosis, trogocytosis, cytotoxicity, induction of inflammatory cascades and modulation of immune responses.
Gal/GalNac lectin: The Gal/GalNAc lectin is a carbohydrate-binding protein found in certain parasites that allows them to adhere to host cells by recognizing specific sugar molecules on the surface of the host.
Invasion: Invasion refers to the process by which an organism, such as a microorganism, pathogen, or cancerous cell, enters and spreads within a host organism. 
Macrophages: Macrophages are professional antigen-presenting cells essential for phagocytosis of pathogens, tumor cells, and dead tissue clearance.
Major histocompatibility complex (MHC): MHC molecules are found on the surface of nearly all cells in the body, and they play a critical role in the immune system's ability to distinguish between "self" (the body"s own cells) and "non-self" (invading pathogens, like bacteria, viruses, or cancer cells). 
NETosis (neutrophil extracellular trap): the process by which neutrophils expel their nuclear DNA to form extracellular webs of nucleic acid that can ensnare and lead to the death of pathogens.
Neutrophils: The most abundant immune cells in mammals and usually the first to arrive at the site of infection. Neutrophils have multiple mechanisms to kill pathogens.
Phagocytosis: The process by which one cell engulfs another cell whole. Neutrophils can phagocytose and subsequently degrade many pathogens.
Trogocytosis: (trogo = to nibble); a biological process in which one cell "nibbles" or acquires small portions of membrane and associated proteins from an adjacent cell without fully engulfing it. This phenomenon is particularly important in immune cell interactions and host-pathogen dynamics, playing a role in immune modulation, pathogen evasion, and enhancing immune responses.
Trogocytosis-like:Trogocytosis-like refers to a process similar to trogocytosis, often observed in host-parasite interactions. For example, some parasites like T. gondii or T. vaginalis might engage in these trogocytosis-like processes to scavenge host molecules. 



Box 1. Types of Trogocytosis in Host-Parasite Interactions
	Type
	Definition
	Key  Features
	Examples in Parasites
	Functional Implications
	Evidence Level

	[bookmark: _Hlk195568084]Nibbling Trogocytosis
	Active physical biting and ingestion of membrane fragments from target cells
	• Requires direct cell-cell contact
• Causes visible membrane damage
• Often leads to target cell death
	• Entamoeba histolytica (ingests host cell fragments causing cell death)
• Naegleria fowleri (bites mammalian cells during feeding)
	• Nutrient acquisition
• Host cell killing
• Tissue invasion
	Strong (TEM imaging, functional assays)

	[bookmark: _Hlk195568100]Molecular Transfer Trogocytosis (Cross-Dressing)
	Acquisition and functional incorporation of specific surface molecules from target cells
	• Bidirectional molecular transfer
• No visible membrane damage
• Acquired molecules remain functional
	• Trichomonas vaginalis (acquires host CD59 for complement evasion)
• Plasmodium falciparum (transfers PfEMP1 to RBCs)
	• Immune evasion
• Host mimicry
• Signal modulation
	Strong (flow cytometry, functional studies)

	Trogocytosis-like Processes
	Partial overlap with trogocytosis but lacks definitive evidence of nibbling
	• Observed cell contact 
• Functional consequences similar to true trogocytosis
	• Trypanosoma cruzi (membrane exchange during invasion)
• Toxoplasma gondii (host lipid acquisition)
	• Potential immune evasion
• Possible intracellular survival support
	Moderate (imaging studies, needs mechanistic validation)



[bookmark: _Hlk195568246]Nibbling trogocytosis requires visible membrane disruption and is contact-dependent; 
Molecular transfer trogocytosis (Cross-Dressing) focuses on functional acquisition of specific molecules without membrane damage;
Trogocytosis-like processes may represent distinct mechanisms that mimic aspects of true trogocytosis.


Table 1. Summary of observed effects of trogocytosis in reported parasites.
	Attacker (receptor)
	Targets (donor)
	Receptors Involved
	Mechanisms
	Effects/Outcome
	References

	T. vaginalis
	Genitourinary epithelial cells; human cervical epithelium cells
	/
	Acquire host CD59 to evade complement-medicated lysis; ingest necrotic cells, cell debris, and organelles such as the nucleus and microvillus
	Killing of host cells; pathogenetic action; achieving immune escape; 
	[14,18,37,38] 

	T. gallinae
	Chicken Liver Hepatocellular Carcinoma cell line
	
	Ingest fragments of the host cells; PI3K and cysteine proteases are involved in the process
	Killing of host cells; pathogenesis of the disease
	[27]

	E. histolytica
	Human Jurkat T cells and red blood cells; live intestinal epithelial cells
	Gal/GalNAc Lectin
	The process starts via interaction with a Gal/GalNAc lectin on the parasite’s surface, requires the participation of the cytoskeleton composed mainly of actin, signalling via PI3K and EhC2PK and the AGC family kinase EhAGK1; EhLTP1 and EhLTP3 are also involved in the process
	Achieving immune escape and killing host cells; ingesting host cell membrane proteins and intracellular contents; behavioral modulation
	[1,15,35,36,39-43]

	N. fowleri
	Mammalian embryo-cells;
Neuron cells
	
	Attack and destroy mouse embryonic and neuron cells by taking (nibbling) little pieces of them
	Killing of host cells; destroying neuron cells; nutrient acquisition
	[10,45-47]

	T. gondii
	Host cell
	
	Engulf host Rab small GTPases-marked Golgi or Golgi-associated vesicles
	Gaining sphingolipids
	[32,33]

	Macrophage of Microtus fortis
	S. japonicum and S. mansoni
	CR3-C3/iC3b
	Ca2+/NFAT signaling initiates the process
	Destroying the tegument of schistosomes; leading to the death of the worm
	[34]

	Neutrophils
	T. vaginalis and T. foetus
	CR3-iC3b 
	Neutrophils surround and take ‘’bites” of the parasite membrane
	Parasite killing
	[18,19,28,48,49]

	Host endothelial cells
	Red blood cells infected with P. falciparum 
	
	
	Transferring parasite antigenic material and membrane lipids
	[29-31]


Abbreviation: C3, complement 3; Ca2+, Calcium ion; CR3, complement receptor 3; PI3K, phosphoinositide 3-kinase; Gal/GalNAc lectin, D-galactose/N-acetyl-D-galactosamine; EhAGCK1, amoebic AGC kinase 1; EhC2PK, amoebic C2 domain protein kinase; EhLTP1, amoebic Lipid transfer proteins 1; EhLTP3, amoebic Lipid transfer proteins 3; iC3b, inactivated complement 3b; NFAT, Nuclear factor of activated T-cells.

[bookmark: _Hlk195654375]Table 2. Comparison of the key differences in trogocytosis-related functions between Microtus fortis and mouse macrophages.
	Characteristic
	M. fortis Macrophages
	Mouse Macrophages
	Functional Significance

	CR3 Expression
	High (dominant over CR1)
	Moderate
	Enhanced parasite binding and recognition.

	Serum Dependency
	Requires M. fortis serum 
	Mouse serum fails to support trogocytosis 
	Host-specific serum factors (e.g., C3) determine macrophage cytotoxicity.

	C3-CR3 Binding
	Efficient C3 deposition on schistosomula; strong CR3-mediated recognition 
	Weak/no binding
	Critical for macrophage-schistosomula synapse formation and trogocytosis initiation.

	Adhesion Strength
	Strong, sustained adhesion
	Weak, transient adhesion
	Sustained adhesion is prerequisite for trogocytosis-mediated killing.

	Ca²⁺ Flux
	Rapid Ca²⁺ elevation post-SWA stimulation.
	No significant Ca²⁺ response.
	Ca²⁺ signals trigger NFAT activation and trogocytosis in M. fortis.

	NFAT Activation
	Strong NFATc2/c3 nuclear translocation; inhibited by cyclosporin A.
	No NFAT activation observed.
	NFAT drives cytoskeletal remodeling for trogocytosis.

	Trogocytosis Capacity
	Active membrane “nibbling”.
	Negligible
	Directly damages schistosomula tegument.

	Killing Efficiency
	High (70–90% schistosomula death)
	Low (<10%)
	Explains M. fortis’s natural resistance vs. murine susceptibility.


SWA: schistosome worm antigens; C3: complement C3; CR3: complement receptor 3(CD11b/CD18); NFATc2/NFATc3: nuclear factor of activated T cells (NFAT) family. All data from rom reference [34].

Table 3. Inhibitors of Trogocytosis
	Category
	Inhibitor
	Molecular Target
	Key Effects on Trogocytosis
	Parasite/Host Specificity
	References

	Cytoskeletal Inhibitors
	Cytochalasin D
	Actin filaments
	Blocks membrane protrusion formation (70-80% inhibition)
	Affects both parasite and host cells
	

	
	Latrunculin A
	Actin monomer sequestration
	Prevents initial nibbling in E. histolytica
	More potent in parasites
	

	Signaling Pathway Inhibitors
	Wortmannin
	PI3K
	Reduces PIP3-dependent vesicle scission
	Cross-reacts with autophagy
	

	
	U73122
	Phospholipase C (PLC)
	Inhibits calcium-mediated nibbling signals
	Broad-spectrum
	

	
	Cyclosporin A
	Calcineurin/NFAT pathway
	Blocks NFAT-dependent gene activation
	Host macrophage-specific
	

	Protease Inhibitors
	E-64D
	Cysteine proteases
	Prevents membrane protein processing
	Effective in trichomonads
	

	
	AEBSF
	Serine proteases
	Impairs surface molecule cleavage
	Neutrophil-mediated trogocytosis
	

	Immune Molecule Blockers
	Anti-CR3 mAb
	CD11b/CD18 integrin
	Disrupts complement receptor-mediated adhesion
	M. fortis macrophages
	

	
	Anti-CD59 antibody
	GPI-anchored proteins
	Prevents "cross-dressing" in T. vaginalis
	Parasite surface-specific
	



[image: ]
[bookmark: OLE_LINK83][bookmark: OLE_LINK140][bookmark: OLE_LINK99]Figure 1. Molecular mechanisms of trogocytosis. The biological processes of trogocytosis are typically divided into the following steps. (1) Trogocytosis begins with specific recognition and adhesion between two living cells. This interaction is mediated by receptors (Gal/GalNAc lectin, TCR, BCR, FcγR, KIR, integrins like LFA-1, CR3 (C3b/iC3b-tagged schistosomula can be recognized by the receptors CR3 on M. fortis macrophage surface), ephrin receptors on the recipient cell surface and ligands (MHC proteins, Glycoproteins containing Gal or GalNac, antigens, adhesion molecules, chemokines, antibodies, complements, etc.) on the donor cell surface, enabling the formation of a tight cell-cell interface. (2) After recognition, an immunological synapse forms and trogocytosis is initiated. Ⅰ. T cell trogocytosis. In the T cell, the small GTPases RRas (TC21 and RhoG), together with phosphatidylinositol 3-kinase (PI3K) and actin, participate in trogocytosis. Ⅱ. In the neutrophil, trogocytosis is activated by the participation of Syk (spleen tyrosine kinase), PI3K, and also actin. Ⅲ. E. histolytica trogocytosis. The kinase EhC2PK plays a role in trogocytosis, together with PI3K and actin. Ⅳ. C. elegans endodermal cell trogocytosis. The small GTPase CED-10/Rac1 plays a role in trogocytosis, along with actin, Lst-4/SNX9, and dynamin-1. Lst-4/SNX9 has a role in membrane bending, and dynamin-1 has a role in membrane scission. (3) After trogocytosis. Upon acquiring membrane fragments from the donor, the recipient cell gains new functions, such as regulating immune responses, antigen presentation, and tissue invasion during parasitic infections. In contrast, the donor cell may experience functional reductions due to the loss of cell surface molecules, leading to damage, cell death, and a reduction in size.  Abbreviations: BCR, B cell receptor; C3, complement 3; Ca2+, Calcium ion; CED-10/Rac1, the small GTPase RAC1 protein in C. elegans; CR3, complement receptor 3; EhAGCK1, amoebic AGC kinase 1; EhC2PK, amoebic C2 domain protein kinase; EhLTP1, amoebic Lipid transfer proteins 1; FcγR, Fc gamma receptors; Gal/GalNAc lectin, D-galactose/N-acetyl-D-galactosamine lectin; iC3b, inactivated complement 3b; KIR, Killer Cell Immunoglobulin-like Receptors; SNXs/Lst-4, sorting nexins; MHC, major histocompatibility complex; PI3K, phosphoinositide 3-kinase; TCR, T cell receptor; Syk, Syk kinase family. Created with BioRender.com.
[image: ]
Figure 2. Trogocytosis in Parasites. In parasites, trogocytosis mediates nutrient acquisition and feeding, evasion of the host immune system, facilitation of parasite invasion and pathogenesis, and behavior modulation. Ⅰ The parasite utilizes trogocytosis (e.g., E. histolytica, and N. fowleri), and trogocytosis-like (e.g., T. gondii) processes to scavenge host cell components, which serve as a critical nutrient source; Ⅱ E. histolytica uses trogocytosis, while T. vaginalis uses a trogocytosis-like process to acquire complement resistance for immune evasion; Ⅲ In E. histolytica, N. fowleri, T. vaginalis and T. gallinae, trogocytosis is linked to the tissue invasion and pathogenicity; Ⅳ E. histolytica exhibits a 'primed' state after performing trogocytosis, which leads to increased host cell killing and phagocytic activity, and is associated with behavior modulation. Abbreviations: LMH, chicken liver hepatocellular carcinoma cell line; PV, parasitophorous vacuole. Created with BioRender.com.
[image: ]
Figure 3. Trogocytosis in Hosts. Host immune cells employ trogocytosis to defense parasitic infections and paradoxically participate in pathogenesis of the disease. Ⅰ Neutrophils rapidly kill T. vaginalis and T. gallinae through trogocytosis. Macrophages attach and destroy the tegument of schistosomula via trogocytosis; Ⅱ Trogocytosis is served as a driver of disease pathogenesis in P. falciparum. Created with BioRender.com.
[image: ]
Figure 4. The process of macrophage-mediated trogocytosis by M. fortis that kills schistosomes. a. In vivo and in vitro experiments revealed that a large number of M. fortis macrophages (magenta) adhere to the surface of schistosomes (green). b. M. fortis macrophages (magenta) "bite" the schistosomula (green) (indicated by the red arrow), with the yellow arrow indicating the ingested parasitic material. c. M. fortis macrophages (magenta) ingest a significant amount of schistosome material (green). Three-dimensional imaging visualizes the schistosome material (green) ingested by M. fortis macrophages (magenta). d. After the epidermis of the schistosomula is trogocytosed by the cells, the muscle layer (orange) is exposed, leading to developmental stasis and death of the parasite. Reproduced from reference [34].
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Abstract 16 

Trogocytosis, an active process where one cell physically nibbles and ingests 17 

membrane fragments from adjacent cells, plays a critical role in host-parasite 18 

interactions by modulating parasite survival and host immune responses. This review 19 

examines trogocytosis across diverse parasitic species, highlighting its dual roles: 20 

parasites utilize it for nutrient acquisition and immune evasion, often enhancing 21 

pathogenesis; while hosts employ it for pathogen clearance. We explore the molecular 22 

mechanisms underlying trogocytosis, its impact on infection outcomes and its parallels 23 

in tumor biology or transplant rejection. By synthesizing recent advances, we assess its 24 

therapeutic potential for parasitic diseases and immune-related disorders. Furthermore, 25 

we outline key challenges and future research directions to unravel the complex 26 

dynamics of trogocytosis in host-parasite systems, ultimately advancing precision 27 

medicine and innovative therapeutic strategies. 28 
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