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Taking a bite: Amoebic trogocytosis in Entamoeba histolytica 
and beyond

Katherine S. Ralston1

1Department of Microbiology and Molecular Genetics, University of California, Davis

Abstract

Entamoeba histolytica is a diarrheal pathogen with the ability to cause profound host tissue 

damage. This organism possesses contact-dependent cell killing activity, which is likely to be a 

major contributor to tissue damage. E. histolytica trophozoites were recently shown to ingest 

fragments of living human cells. It was demonstrated that this process, termed amoebic 

trogocytosis, contributes to cell killing. Recent advances in ex vivo and 3-D cell culture 

approaches have shed light on mechanisms for tissue destruction by E. histolytica, allowing 

amoebic trogocytosis to be placed in the context of additional host and pathogen mediators of 

tissue damage. In addition to its relevance to pathogenesis of amoebiasis, an appreciation is 

emerging that intercellular nibbling occurs in many organisms, from protozoa to mammals.
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Introduction

Entamoeba histolytica was named for its ability to damage the large intestine and other 

tissues (histo-: tissue; lytic-: dissolving), which is likely driven by its potent cell killing 

activity. It was recently shown that E. histolytica trophozoites kill human cells by biting off 

and ingesting distinct fragments of host cellular material, which was termed amoebic 

trogocytosis (trogo-: nibble). Amoebic trogocytosis occurred when E. histolytica 

trophozoites interacted with ex vivo mouse intestine, suggesting it plays a role in tissue 

damage. In addition to its apparent relevance to pathogenesis of amoebiasis, the discovery of 

trogocytosis in E. histolytica fits with an emerging appreciation that many organisms, from 

protozoa to mammals, undergo intercellular nibbling. This review discusses the mechanism 

and biology of cell nibbling, including its relevance to the tissue-dissolving properties of E. 

histolytica.

Amoebiasis

E. histolytica is the agent of amoebiasis in humans and is responsible for an estimated 

50,000,000 diarrheal infections and 100,000 deaths per year. This infection is remarkably 

common in children in developing nations (1, 2). Following ingestion of the cyst form that 

contaminates water sources, excystation occurs and the motile, actively dividing trophozoite 

form colonizes the large intestine. Trophozoites are extracellular throughout infection, and 

can encyst to produce new cysts that are passed in the feces. Trophozoites can remain 

luminal, resulting in asymptomatic colonization or diarrhea. They can also invade the 

intestine resulting in colitis with profound ulceration. Trophozoites that have invaded the 

intestine can spread to other tissues, most commonly the liver, where they result in 

potentially fatal abscesses.
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Amoebic Trogocytosis in E. histolytica

E. histolytica trophozoites possess potent, contact-dependent cell killing activity (3–5). This 

is likely to be a driver of host tissue damage, but the mechanism for cell killing has been 

unclear (6). It was recently shown that amoebic trophozoites rapidly ingested “bites” of host 

material after host cell contact (Figure 1A) and preceding host cell death (7). The ingestion 

of bites of host cell material was similar to phagocytosis, but portions of host cells were 

ingested, rather than entire cells. This process was termed “amoebic trogocytosis,” in 

recognition of potential similarity to cell nibbling processes that had been described in other 

organisms (see below). Interestingly, “stretching” or “suction” of host cell material into the 

amoeba had been previously described during E. histolytica ingestion (8–10). Host cell 

material can be seen “stretched” into the amoeba during amoebic trogocytosis (e.g., Figure 

1A, top panel and Figure 1B, second panel from left), suggesting that ingested bites may 

potentially fragment off of stretched host cell material.

Bites of host cell material ingested by E. histolytica trophozoites contained host membrane 

and cytoplasm (Figure 1A), and sometimes contained mitochondria (7). Amoebic 

trogocytosis occurred with Jurkat T lymphocytes, Caco-2 intestinal epithelial cells, human 

red blood cells (Figure 1B), and during interaction with ex vivo mouse intestinal tissue 

(Figure 1C) (7). Amoebic trogocytosis was inhibited by incubation on ice, treatment with 

cytochalasin D, anti-Gal/GalNAc lectin blocking antibodies, an EhC2PK dominant negative 

mutant, and treatment with wortmannin (7). Hence, this process requires physiological 

temperature, actin rearrangements, Gal/GalNAc lectin, EhC2PK and PI3K signaling (Figure 

2) (7). In all cases when amoebic trogocytosis was inhibited, host cell killing was also 

quantitatively reduced (7). Host cell calcium intracellular calcium became elevated during 

amoebic trogocytosis and prior to host cell death (Figure 2). Host cells eventually were 

killed, as evidenced by loss of membrane integrity and loss of mitochondrial potential. This 

process was specific to live human cells since trophozoites ceased ingestion once human 

cells had been killed (Figure 2).

Mechanism and Biology of Trogocytosis

It is not yet clear whether the underlying mechanisms are shared, but it has become clear 

that intercellular nibbling occurs in a variety of protozoa as well as multicellular organisms, 

and it plays many biological roles (Figure 3).

Amoebae

Amoebae do not comprise a taxonomic group, thus it is notable that nibbling has thus far 

been observed in amoebae from two distinct eukaryotic supergroups, the Amoebozoa (e.g., 

Entamoeba, Hartmanella and Dictyostelium) and Excavates (e.g., Naegleria) (Figure 3A–

C). There were initially reports of “nibbling, piecemeal” ingestion of red blood cells by 

Naegleria fowleri and Hartmanella (11, 12). These amoebae also ingested nucleated cells in 

a nibbling fashion, but did not ingest the nuclei (11, 12). The term trogocytosis was later 

coined in more detailed studies of the process in N. fowleri (Figure 3B) (13). After co-

incubation with target cells, it was shown that N. fowleri trophozoites contained distinct 

“bites” of target cells, and in ultrastructural studies, target cell mitochondria could be 
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identified within the ingested bites (13). During N. fowleri trogocytosis and prior to target 

cell death, targeted cells appeared morphologically normal and their cell membranes 

remained intact. Treatment with the actin filament polymerization inhibitor cytochalasin B 

inhibited both the nibbling process and the cytopathic effect (13, 14). A process termed 

“nibbling” has also been described in Dictyostelium caveatum during predation of other 

Dictyostelium species (Figure 3C) (15, 16).

Multicellular organisms

In addition to the occurrence of nibbling processes in amoebae, a similar process that is also 

termed trogocytosis occurs in mammals (17). This was first seen at the immunological 

synapse, where lymphocytes obtained fragments from target cells (Figure 3D) (18–21). 

Trogocytosis is now recognized to occur with T cells, B cells, natural killer (NK) cells, and 

antigen-presenting cells (Figure 3E). The ingested material is thought to primarily consist of 

membrane, based on some studies that have been unable to detect transfer of cytosolic dyes 

(e.g., (22)). Transfer can be uni-directional (one cell obtains bites from the other) or bi-

directional (both cells obtain bites from each other) and typically involves specific ligand-

receptor engagement. This leads to the direct transfer of engaged molecules, together with 

the indirect transfer of other molecules in the transferred fragment (22).

Expanding the occurrence of trogocytosis beyond mammalian immune cells to other 

organisms and cell types, retinal pigment epithelium cells appear to extract bites containing 

the outer segment distal tips of rod photoreceptor cells in Xenopus laevis (23). Potentially 

representing trogocytosis, transfer of membrane proteins has been seen in the Drosophila 

melanogaster eye (24), in mouse fibroblasts (25), in HeLa cells (26), and between oocytes 

and fertilizing spermatozoa in mice (27). Transfer of membrane proteins, possibly together 

with cytoplasm, has been detected between Plasmodium falciparum-infected red bloods 

cells and endothelial cells (28). Trogocytosis has also been reported to occur between 

mammalian cell lines and Trypansoma cruzi (29).

Molecular mechanism

The molecular mechanisms underlying trogocytosis are not well understood in any 

organism, and it is not known if the mechanistic underpinnings are shared. It is possible that 

processes that have been termed trogocytosis and/or nibbling are similar in name only. It is 

also not yet clear whether the mechanisms underlying phagocytosis (whole cell ingestion) 

and trogocytosis are distinct. The mechanism for phagocytosis is the best characterized by 

the paradigm of Fc receptor-mediated phagocytosis. In the initiation of Fc receptor-mediated 

phagocytosis, clustering of Fc receptor proteins leads to phosphorylation of the intracellular 

domain of the receptors by the membrane-associated kinase Src. The phosphorylated 

receptor in turn recruits the kinase Syk, which activates many downstream signals, including 

lipid-modifying enzymes (e.g., PI3K and phospholipase C), kinases (e.g., PKC), and small 

GTPases (e.g., Rac and Cdc42), resulting in actin reorganization and pseudopod extension 

(30). Initiation of phagocytosis in E. histolytica has been experimentally demonstrated to 

similarly involve numerous receptors, PI3K, transmembrane kinases and small GTPases, as 

well as an expanded family of calcium-binding proteins (31).
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Trogocytosis has been shown to require actin rearrangements in E. histolytica, N. fowleri, 

and T cells and NK cells (7, 13, 32, 33). In both E. histolytica and T cell trogocytosis, PI3K 

signaling plays a role (7, 32), but it does not appear as critical in NK cell trogocytosis (33). 

The shared requirements for actin and PI3K in both phagocytosis and trogocytosis suggest 

mechanistic overlap between phagocytosis and trogocytosis. E. histolytica trogocytosis also 

involves the amoebic C2-kinase EhC2PK, which initiates phagocytosis in this organism 

(34). In T cell trogocytosis, two small GTPases have been identified that are involved, TC21 

and RhoG (35). RhoG has an established role in phagocytosis, again suggesting overlap with 

phagocytosis (35). Trogocytosis by CD4+ T cells also involves Src and Syk signaling (32, 

35). Trogocytosis by NK cells also involves Src signaling, and is enhanced by drugs that 

increase intracellular calcium or PKC activity (33).

Potentially hinting at differences between phagocytosis and trogocytosis, E. histolytica 

clearly has receptors that bind to live cell targets (e.g., the Gal/GalNAc lectin), and different 

receptors that bind to dead cell targets (e.g., calreticulin and the serine-rich E. histolytica 

protein SREHP) (31). Since ameobic trogocytosis is specific to live cells, and phagocytosis 

occurs with pre-killed cells (7), this suggests that different receptors may activate different 

amoebic trogocytosis and phagocytosis. Given the expanded families of calcium-binding 

proteins with roles in E. histolytica ingestion, and the expanded families of genes involved 

in vesicle trafficking (31), it seems possible that distinct intracellular machinery might be 

engaged for each process.

Biology of trogocytosis

Thus far, reports of trogocytosis by unicellular organisms are tied to killing of other species. 

In contrast, trogocytosis has not yet been tied to cell death in multicellular organisms. The 

reason for this distinction is not yet apparent, but this may be because the described 

examples of trogocytosis in multicellular organisms appear to involve the ingestion of fewer 

bites, and these bites are thought to be primarily fragments of cell membrane. In contrast, 

bites of host cells ingested by E. histolytica and N. fowleri can contain cytoplasm and 

mitochondria in addition to membrane, potentially resulting in greater damage to the host 

cell (7, 13).

Trogocytosis can also impact cell signaling. For example, receptors that are transferred can 

be functional, leading to activation of downstream signaling pathways in the recipient cell 

(36). Conversely, the loss of a receptor protein via trogocytosis may dampen signal 

transduction (35). The acquisition of proteins not normally found in a particular cell type 

may endow it with uncharacteristic phenotypes, or influence its ability to signal to other 

cells (37). In immune cells, trogocytosis in different contexts could potentially stimulate or 

downregulate immune responses. However, the impact of trogocytosis on immune responses 

in whole animals is not yet clear. In microbes, trogocytosis could potentially serve a cell-

signaling role by allowing cells to sense their environment and respond appropriately to a 

particular niche.

Additionally, it is possible that trogocytosis could also serve a nutritional role. Transfer of 

membrane appears to be a common feature of trogocytosis, and it has been suggested that 

acquisition of lipids by the recipient cell could be beneficial since lipids are energetically 
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costly to synthesize (17). However, a nutritional function for trogocytosis has not yet been 

directly demonstrated.

Amoebic Trogocytosis and Tissue Damage in Amoebiasis

Amoebic trogocytosis when E. histolytica trophozoites interacted with ex vivo mouse 

intestine, suggesting relevance to tissue damage. As outlined below, recent approaches 

employing ex vivo tissue and 3-D culture have shed light on mechanisms for tissue 

destruction, allowing amoebic trogocytosis to be placed in the context of additional host and 

pathogen mediators of damage (Figure 4).

Determinants of tissue damage

Tissue damage does not always occur, and what leads trophozoites to invade and damage 

tissue is not fully apparent. Some strains of E. histolytica are associated with invasive 

infection (38). Host genetics play a role, since a polymorphism in the leptin receptor is 

associated with resistance to E. histolytica infection (39). Age and gender are determinants 

of spreading to other tissues, since liver abscesses occur 10 times more often in men than 

women and are uncommon in children (40). By affecting both the host and E. histolytica, it 

is also possible that the intestinal microbiome has an impact (41).

Carbohydrate metabolism

A gene expression study using ex vivo human intestine found that genes involved in 

carbohydrate metabolism were highly expressed in trophozoites incubated with intestinal 

tissue (42). dsRNA silencing of a family of amoebic β–amylase genes led to a decrease in 

mucus degradation and invasion depth. This potentially suggests that degradation of 

carbohydrate side chains could expose intestinal mucins for cleavage by amoebic proteases 

(Figure 4) (42). Fitting with a potential role for carbohydrate metabolism in tissue damage, 

glucose starvation enhances the ability of E. histolytica to attach to and kill host cells in vitro 

(43).

Cysteine proteases

Studies using ex vivo human intestine showed that cysteine proteases are involved in tissue 

invasion and damage. Trophozoites epigenetically silenced for expression of the pore-

forming protein amoebapore A and the major cysteine protease CP-A5 appeared less 

capable of invasion (44). Subsequent studies showed that amoebic cysteine proteases alter 

the host collagen network (45). More recently, it has been suggested that CP-A5 activates 

human matrix metalloproteinases (46). Together these studies point to a role for amoebic 

cysteine proteases in degradation of mucus, and both amoebic and host proteases in 

degradation of extracellular matrix (Figure 4). Amoebic cysteine proteases are also 

implicated in degradation of antimicrobial peptides, complement, and antibodies (47, 48).

Amoebic trogocytosis

In addition to cleavage of extracellular matrix by proteases, direct killing of host cells is 

likely to drive tissue damage. Killing of intestinal epithelial cells may allow trophozoites to 

breach the barrier of the intestine. Consistent with this idea, amoebic trogocytosis can be 
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detected during invasion of ex vivo mouse intestine and pharmacological inhibition of 

amoebic trogocytosis reduced invasion depth (7). Once trophozoites have breached the 

barrier of the intestine, cell killing via amoebic trogocytosis is likely to directly promote 

tissue damage and ulcer formation. Additionally, since amoebic trophozoites do not ingest 

cells that they have killed (7), discarded dead cell corpses could exacerbate inflammation. 

Thus amoebic trogocytosis appears to contribute to initial invasion of tissue, and is likely to 

both directly and indirectly drive tissue damage once invasion has occurred.

Liver models

Less is known about factors that drive spreading of amoebic trophozoites to other tissues, 

and what drives abscess formation in these sites. Slices of hamster liver have been used to 

model interactions occurring in liver abscess (49, 50). A 3-D culture approach was also 

recently developed, consisting of liver sinusoidal endothelial cells (LSEC), hepatocytes, and 

layers of collagen (51). These studies identified a role for the host immune regulators 

galectin-1 and galectin-3 in trophozoite adhesion to LSEC and in stimulating cytokine 

release (51). Trophozoites invaded the LSEC layer, and fragments of LSEC were seen inside 

of trophozoites, potentially reflecting the occurrence of amoebic trogocytosis (51). This 

suggests that amoebic trogocytosis may also contribute to invasion and damage of the liver.

Inflammatory response

Given that after amoebic trogocytosis, trophozoites do not ingest cells that they have killed 

(7), discarded dead cell corpses could potentially promote inflammation. Recent studies on 

the host response point to the importance of neutrophil recruitment in the lamina propria (41, 

52) (Figure 4). However, virulent E. histolytica trophozoites are capable of killing 

neutrophils (53), and neutrophils are recognized to contribute to tissue damage in other 

diseases by releasing proteases and toxic metabolites (54). Thus, neutrophils, and potentially 

other pro-inflammatory responses could play a role in tissue damage. Consistent with this 

idea, in a mouse model of liver abscess, kupffer cells and Ly6C(high) monocytes drive the 

formation of larger abscesses, (55).

Recent studies have also revealed that contact with amoebic trophozoites directly activates 

inflammation. In intestinal epithelial cells, CP-A5 was shown to trigger an inflammatory 

response by binding αvβ3 integrin (56). In macrophages, the NLRP3 inflammasome is 

activated in a mechanism that requires attachment mediated by the Gal/GalNAc lectin and 

the activity of CP-A5, leading to the recruitment of α5β1 integrin and NLRP3 to the 

macrophage-amoeba junction (57, 58). Activation of the NLRP3 inflammasome results in 

the activation and release of the pro-inflammatory cytokine 1L-1β (58). Thus, CP-A5 

directly promotes inflammation by engaging with host integrins, in addition to its roles in 

degradation of host substrates.

Conclusions

Trogocytosis is now developing as a theme in a variety of cytotoxic amoebae. In 

multicellular organisms, the list of cell types that undergo trogocytosis continues to grow. 

Intercellular nibbling is likely to be more common than presently appreciated. One challenge 
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will be to better understand the underlying mechanism(s). Presently it is not clear if cell 

nibbling in amoebae and in multicellular organisms is similar in name only, or whether the 

hints of similarities reflect commonalities. An additional important challenge is to ascribe in 

vivo relevance to this form of intercellular exchange. In immune cell trogocytosis, it has not 

always been clear whether the in vitro occurrence of trogocytosis translates to the immune 

response in vivo.

In E. histolytica, the detection of amoebic trogocytosis during interactions with intestinal 

tissue explants suggests that it contributes to pathogenesis. While a complete picture of 

mediators of tissue damage in amoebiasis is still emerging, the recent development of ex 

vivo and 3-D culture approaches nicely complements available whole animal models, and 

will likely lead to a more holistic view of the host and pathogen factors that initiate and 

exacerbate tissue destruction. Further studies of amoebic trogocytosis may both improve 

understanding of the tissue-dissolving properties of this organism, and uncover shared 

mechanisms for intercellular exchange.
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Highlights

• E. histolytica trophozoites ingest bites of host cell material

• This contributes to host cell killing and likely contributes to tissue damage

• Advances in ex vivo approaches have improved understanding of other aspects 

of tissue damage

• Shared features of cell nibbling in other organisms are discussed
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Figure 1. Amoebic trogocytosis occurs with cells and tissues relevant to invasive amoebiasis
a, Live confocal microscopy demonstrating amoebic trogocytosis of human T cell material. 

Human Jurkat T cells were pre-labeled with DiD (pink) and CMFDA (green). H, human 

cell; A, amoeba. Arrows, ingested “bites.” Time is indicated in minutes:seconds. Bar, 10 

μm. b, Live 4-D confocal microscopy (shown as a surface-rendered 3-D reconstruction) 

demonstrating amoebic trogocytosis of a human red blood cell. Human red blood cells were 

pre-labeled with DiD (pink) and amoebae were pre-labeled with CMFDA (green). 

Internalization of a bite (arrow) of the red blood cell can be seen over the time course, and a 

fragment of the red blood cell that remains extracellular and not internalized is also seen 

(arrow at T= 3:25). c, Live 4-D multiphoton microscopy demonstrating amoebic 
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trogocytosis of mouse intestinal cells. ex vivo mouse cecal tissue was from a mouse 

expressing membrane-targeted enhanced green fluorescent protein (EGFP) (yellow false 

color) and amoebae were pre-labeled with calcein violet (blue). Shown are X-Y and Y–Z 

planes from a 3-D reconstruction with arrows indicating internalized enterocyte bites. All 

panels are reprinted with permission from (7).
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Figure 2. Model for host cell killing via amoebic trogocytosis
Attachment to host glycoproteins containing D-galactose (Gal) or N-acetyl-D-galactosamine 

(GalNAc) is mediated by the amoeba surface (Gal/GalNAc)-specific lectin. Following 

attachment, amoebic trogocytosis is initiated. Signal transduction in the initiation of amoebic 

trogocytosis includes PI3K and EhC2PK, both of which influence actin polymerization. 

Host cell intracellular calcium becomes elevated through the activation of calcium channels. 

Tehe ingestion of fragments of host cell material eventually leads to host cell death. Host 

cell death can be assessed by the loss of membrane integrity and mitochondrial potential. 

Following cell killing, amoebae dissociate from the killed cells
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Figure 3. Trogocytosis in amoebae and multicellular organisms
a, Amoebic trogocytosis between E. histolytica and mammalian cells. Live confocal 

microscopy with human Jurkat cells pre-labeled with DiD (pink) and amoebae pre-labeled 

with CMFDA (green); arrowheads indicate internalized bites. b, Trogocytosis between N. 

fowleri and mammalian cells. Transmission electron micrograph demonstrating ingestion of 

a bite (arrowhead) of a mouse embryo cell by an N. fowleri trophozoite. Reprinted with 

permission from (13). c, Trogocytosis between Dictyostelium species. Transmission electron 

micrograph demonstrating ingestion of a bite (arrowhead) of a D. discoideum cell by a D. 

caveatum cell. Reprinted with permission from (16). d, Trogocytosis between B cells and 

antigen presenting cells. Live fluorescence microscopy demonstrating acquisition of 

fragments (arrowheads) by a HEL-specific B cell interacting with an mHEL-GFP (yellow 

false color) target cell. Reprinted with permission from (18). e, Trogocytosis between 

dendritic cells. Live microscopy with dendritic cells pre-labeled with DiI (red) or CMFDA 

(green). Ingestion of fragments (arrowheads) can be seen. Reprinted with permission from 

(59).
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Figure 4. Model for tissue destruction in amoebiasis
Model for host and pathogen factors contributing to intestinal damage. Amoebic 

trophozoites can attach to intestinal mucus via the Gal/GalNAc lectin. Host IgA directed to 

the carbohydrate recognition domain of the Gal/GalNAc lectin is associated with protection, 

and is likely to directly interfere with amoebic attachment to host substrates. Trophozoites 

can remain in the intestinal lumen and can undergo phagocytosis of bacteria. Infection can 

become invasive for unknown reasons. Whether an infection becomes invasive or not is 

likely to be impacted by such factors as host leptin levels, carbohydrate availability, the 

composition of the gut microbiome, and the E. histolytica genotype. Amoebic carbohydrate 

metabolism may play a role in removal of mucin side chains. Amoebic cysteine proteases, 

including CP-A5, contribute to invasion, most likely by acting on mucins and extracellular 

matrix proteins. Trophozoites invade via the intestinal crypts, which may involve 

chemotaxis. Amoebic trogocytosis occurs during this time. Once in the submucosa, 

trophozoites are likely to continue to undergo amoebic trogocytosis, which may drive tissue 

damage. Cysteine proteases acting on collagen and other ECM components may further 

disrupt tissue, and also activate host matrix metalloproteinases. Host responses, particularly 

involving neutrophils, are critical for protection from E. histolytica. Differential 

polymorphonuclear neutrophil (PMN) recruitment to the lamina propria may underlie 

differential susceptibility to amoebiasis associated with leptin receptor polymorphisms. 

PMN recruitment is also associated with protection from E. histolytica in segmented 
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filamentous bacteria (SFB)-colonized mice. SFB colonize the small intestine of mice but 

appear to have systemic effects. Hence, infiltrating PMN are correlated with protection. 

However, it is possible that in some cases, PMN and associated inflammatory reactions 

could exacerbate tissue damage.
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