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Introduction

Enteropathogenic Escherichia coli (EPEC) is a significant cause of diarrheal dis-
ease worldwide, particularly in developing countries, necessitating a deep under-
standing of its pathogenic mechanisms [1]. These bacteria possess a remark-
able ability to adhere to and colonize the intestinal epithelium, employing a com-
plex array of virulence factors to establish infection [1]. A central feature of EPEC
pathogenesis is the formation of characteristic attaching and effacing (A/E) lesions,
which are crucial for disease development[1]. The type Il secretion system (T3SS)
plays a pivotal role in this process, acting as a molecular syringe to deliver bacte-
rial effector proteins directly into host cells [1, 3]. These effectors are instrumental
in subverting host cell functions, including signal transduction and cytoskeletal or-
ganization, ultimately leading to the disruption of intestinal epithelial integrity [1,
3]. The intimate attachment of EPEC to host cells is mediated by the outer mem-
brane protein Intimin and its translocated receptor, Tir, which is injected into the
host cell via the T3SS [2]. Upon insertion into the host plasma membrane, Tir
serves as a docking site for Intimin, initiating a cascade of events that reorga-
nizes the host actin cytoskeleton [2]. This cytoskeletal rearrangement culminates
in the formation of actin pedestals beneath the adherent bacteria, a hallmark of
AJE lesions [2]. Beyond intimate attachment, EPEC effector proteins are essential
for modulating a wide range of host cell processes [4]. Proteins like Tir and Map
(Myo5B-associated protein) are directly involved in pedestal formation by interact-
ing with host cell cytoskeleton and signaling molecules [4]. The Esp proteins, such
as EspA, EspB, and EspD, further contribute by forming pore-like structures in the
host cell membrane, facilitating effector translocation and potentially causing cel-
lular damage [4]. While AJE lesion formation is the predominant mechanism of
pathogenesis, some EPEC strains also exhibit the capacity for invasion into in-
testinal epithelial cells [5]. This invasion can lead to deeper tissue colonization
and potentially systemic spread, though it is generally less common than A/E le-
sion formation [5]. The mechanisms underlying EPEC invasion are often distinct
from those driving A/E lesion formation, involving different bacterial factors and
host cell signaling pathways [5]. The disruption of the host actin cytoskeleton is
a pivotal event in EPEC pathogenesis, orchestrated by the bacterial effector pro-
teins [6]. These effectors interact with host proteins that regulate actin dynamics,
promoting its polymerization and bundling beneath the bacteria, thereby forming
the characteristic actin pedestals [6]. This intricate manipulation not only secures
bacterial attachment but also severely impairs the normal function of intestinal ep-
ithelial cells, contributing to the profuse diarrhea associated with EPEC infections
[6]. The EPEC pathogenicity island (PAl) encodes a cluster of genes responsible
for critical virulence factors, including bundle-forming pili (BFP) and other effector
proteins [7]. While BFP are primarily involved in initial bacterial aggregation and
colonization, they also contribute to facilitating the subsequent intimate attach-
ment mediated by the Intimin/Tir system [7]. The interaction between EPEC and
the host immune system is a complex and dynamic interplay [8]. EPEC actively

manipulates host cell signaling pathways to evade immune detection and to create
an environment conducive to its survival and replication [8]. Effector proteins can
effectively interfere with inflammatory signaling pathways and host defense mech-
anisms, thereby promoting persistent infections [8]. Emerging research highlights
the role of outer membrane vesicles (OMVs) in EPEC pathogenesis, positioning
them as potential carriers of virulence factors like effector proteins and adhesins
[9]. These OMVs can contribute to bacterial communication, modulate host cell in-
teractions, facilitate immune evasion, and promote the dissemination of virulence
determinants within the host [9]. Ultimately, the development of effective thera-
peutic interventions against EPEC infections is contingent upon a comprehensive
understanding of its adhesion and invasion mechanisms [10]. Targeting key viru-
lence factors, such as the T3SS or the Intimin/Tir interaction, presents promising
strategies for disrupting bacterial colonization and preventing disease develop-
ment [10]. Furthermore, research into host-directed therapies that interfere with
host cell susceptibility to infection offers an additional avenue for therapeutic de-
velopment [10].

Description

Enteropathogenic Escherichia coli (EPEC) initiates its pathogenic process by ad-
hering to and colonizing the host intestine, a critical step facilitated by sophisti-
cated adhesion and invasion mechanisms [1]. Central to this colonization is the
type Ill secretion system (T3SS), a highly conserved molecular machine that de-
livers a repertoire of bacterial effector proteins directly into host intestinal cells
[1, 3]. These effectors are the primary agents responsible for subverting host cell
functions, including the intricate pathways of signal transduction and the dynamic
organization of the host actin cytoskeleton [1, 3]. This manipulation is essential
for the development of attaching and effacing (A/E) lesions, the hallmark of EPEC
infection [1]. The intimate attachment of EPEC to enterocytes is largely mediated
by a well-characterized interaction between the outer membrane protein Intimin
and its translocated receptor, Tir [2]. The T3SS injects Tir into the host cell, where
it inserts into the plasma membrane and serves as a high-affinity binding site for
Intimin expressed on the bacterial surface [2]. This specific molecular recognition
event triggers downstream signaling cascades within the host cell, leading to a pro-
found reorganization of the actin cytoskeleton and the formation of actin pedestals
beneath the adherent bacteria [2]. EPEC effector proteins are diverse and play
multifaceted roles in modulating host cell biology and pathogenesis [4]. Tir, as
previously noted, is indispensable for intimate adhesion and pedestal formation
[2, 4]. Another significant effector, Map (Myo5B-associated protein), interacts with
components of the host cell cytoskeleton and various signaling molecules to pro-
mote and stabilize pedestal formation [4]. The Esp proteins, specifically EspA,
EspB, and EspD, are also critical, forming a translocon complex that creates a
pore-like structure in the host cell membrane, which facilitates the translocation of
other effector proteins into the host cell and contributes to cellular injury [4]. While
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the formation of A/E lesions is the defining characteristic of EPEC pathogenesis,
certain strains possess additional adhesins and effector mechanisms that enable
them to invade intestinal epithelial cells [5]. This capacity for invasion can result
in more profound tissue colonization and potentially facilitate systemic dissemi-
nation of the bacteria [5]. Notably, the molecular mechanisms underlying EPEC
invasion often differ from those involved in A/E lesion formation, engaging distinct
bacterial factors and host cell signaling pathways [5]. The profound disruption of
the host actin cytoskeleton is a central event orchestrated by EPEC to establish
infection [6]. Bacterial effector proteins interact with host proteins that regulate
actin polymerization and dynamics, driving the assembly of actin filaments and
their organization into distinct structures beneath the adherent bacterium, forming
the characteristic pedestal [6]. This intricate cytoskeletal rearrangement not only
enhances bacterial adhesion but also critically impairs the normal physiological
functions of the intestinal epithelial cells, ultimately leading to the watery diarrhea
characteristic of EPEC infections [6]. The EPEC pathogenicity island (PAI) is a ge-
nomic element that harbors genes encoding a suite of essential virulence factors,
including the bundle-forming pili (BFP) and other key effector proteins [7]. Although
BFP are primarily recognized for their role in promoting bacterial aggregation and
initial colonization of the intestinal surface, they also contribute indirectly by fa-
cilitating the subsequent intimate attachment mediated by the Intimin-Tir interac-
tion [7]. EPEC has evolved sophisticated mechanisms to navigate and manipu-
late the host immune system [8]. It actively subverts host cell signaling pathways
to evade immune recognition, thereby creating a more permissive environment
for its survival and replication within the host [8]. The effector proteins secreted
by EPEC can interfere with crucial inflammatory signaling pathways and various
host defense mechanisms, contributing to the establishment and maintenance of
persistent infections [8]. The role of outer membrane vesicles (OMVs) in EPEC
pathogenesis is an increasingly recognized area of research, suggesting they act
as delivery vehicles for virulence factors [9]. These vesicles can encapsulate and
transport effector proteins, adhesins, and other factors that contribute to bacterial
communication and interaction with host cells [9]. OMVs may play a significant role
in immune evasion and in the efficient dissemination of virulence determinants
throughout the host, thus enhancing the overall pathogenic potential of EPEC [9].
The development of effective therapeutic strategies against EPEC infections relies
heavily on a comprehensive understanding of its intricate adhesion and invasion
mechanisms [10]. Targeting specific virulence factors, such as components of the
T3SS or the critical Intimin/Tir interaction, offers promising avenues for developing
novel anti-infective agents that can disrupt bacterial colonization and prevent dis-
ease manifestation [10]. Furthermore, the exploration of host-directed therapies,
aimed at modulating host cell susceptibility and response to infection, represents
another promising direction for therapeutic innovation [10].

Conclusion

Enteropathogenic Escherichia coli (EPEC) causes diarrheal disease through a
combination of adhesion, invasion, and disruption of host cell functions. Key viru-
lence factors include the type Il secretion system (T3SS) and its secreted effector
proteins. The T3SS injects effectors like Tir into host cells, which, along with In-
timin, mediate intimate attachment and the formation of actin pedestals, the hall-
mark attaching and effacing (A/E) lesions. Other effectors further manipulate the
host cytoskeleton and signaling pathways. While A/E lesion formation is primary,
some strains can invade host cells. EPEC also evades the host immune system
and utilizes outer membrane vesicles for virulence factor delivery. Understanding
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these mechanisms is crucial for developing therapeutic strategies targeting viru-
lence factors or host susceptibility.
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