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Introduction

Pathogens have evolved sophisticated mechanisms to manipulate host cell cy-
toskeletal dynamics, a critical process for cellular functions, to facilitate their own
survival and proliferation. This intricate interplay often centers on the actin cy-
toskeleton, a dynamic network essential for cell shape, motility, and internal or-
ganization. Pathogens exploit this system to gain entry into host cells, navigate
intracellular environments, and establish successful infections.

Microbial effectors are key players in this molecular battleground, initiating com-
plex signaling cascades within the host cell. These effectors interact with a myriad
of host proteins, triggering precise localized polymerization or depolymerization of
actin filaments. Such controlled remodeling is paramount for pathogen success,
and understanding these host-pathogen interactions is a vital step towards devel-
oping effective therapeutic strategies against a wide range of infectious diseases
[1].

Bacteria, in particular, have demonstrated remarkable adeptness at hijacking the
host actin cytoskeleton for intracellular motility. Pathogenic species like Listeria
monocytogenes and Shigella flexneri utilize host actin polymerization machinery
to propel themselves within host cells. This is often achieved through bacterial
surface proteins or secreted effectors that activate host actin dynamics, leading
to the formation of pseudopods for engulfment or enabling actin-based propulsion
[2].

Viruses also exhibit a profound reliance on the host cell’s cytoskeletal architecture
throughout their life cycle. From initial entry and transport of viral genetic material
to the nucleus, to the final stages of assembly and egress, cytoskeletal elements
are indispensable. For instance, influenza viruses utilize microtubules and actin
filaments to move viral components to replication sites and facilitate budding from
the host cell [3].

The intricate regulation of host actin dynamics by pathogens is often mediated
through interactions with host Rho GTPases. These small GTP-binding proteins
serve as master regulators of the actin cytoskeleton. Pathogens frequently secrete
effectors that directly target these Rho proteins, either activating, inhibiting, or
otherwise disrupting their normal function. This manipulation allows pathogens to
exert control over actin polymerization and associated signaling pathways to their
advantage [4].

Beyond bacteria and viruses, parasitic protozoa also actively engage with and re-
model the host cell actin cytoskeleton. For example, the invasion of red blood cells
by Plasmodium falciparum, the parasite responsible for malaria, relies heavily on
host actin dynamics. These dynamics are crucial for mediating the interaction be-
tween the parasite and the host cell membrane, ultimately facilitating the parasite’s

entry into the erythrocyte [5].

While actin is a primary target, pathogens also manipulate other cytoskeletal com-
ponents, notably microtubules. The dynamic remodeling of microtubules is critical
for intracellular trafficking and for evading host immune responses. Some bacte-
ria, for instance, can disrupt microtubule organization to prevent the formation of
phagolysosomes, thereby avoiding degradation by the host cell’s immune machin-
ery [6].

Pathogen effectors can also directly target host actin-binding proteins, leading to
significant alterations in cytoskeletal structure and function. Proteins like cofilin
and profilin, which play crucial roles in regulating actin filament dynamics, can be
modulated by bacterial toxins. This can result in uncontrolled actin polymerization
or fragmentation, contributing to cellular damage and facilitating pathogen spread
[7].

The pathogen-induced re-organization of the actin cytoskeleton has profound im-
plications for the suppression of host immune responses. By altering the shape
and motility of infected cells, pathogens can evade immune surveillance. Further-
more, these cytoskeletal modifications can interfere with the proper recruitment
and function of immune cells at the site of infection, hindering the host’s ability to
mount an effective defense [8].

Fungal pathogens, such as Candida albicans, also demonstrate a remarkable abil-
ity to remodel the host actin cytoskeleton to promote invasion. They can induce
host cell processes like macropinocytosis or form invasive hyphae that breach cel-
lular integrity. These diverse strategies underscore the central role of manipulating
host actin dynamics in achieving tissue penetration and establishing fungal infec-
tions [9].

Description

The manipulation of host cell cytoskeletal dynamics by pathogens represents a
fundamental aspect of infectious disease pathogenesis, impacting multiple stages
of the host-pathogen interaction. Among the cytoskeletal components, the actin
network is a frequent target due to its dynamic nature and central role in cellular
processes. Pathogens have evolved a diverse arsenal of effectors and strategies
to hijack actin polymerization and depolymerization, enabling them to overcome
host defenses and establish infections.

Specifically, microbial effectors are potent molecular tools that initiate signaling
pathways within host cells, leading to the localized reorganization of actin. These
effectors interact with host proteins, thereby controlling the assembly and disas-
sembly of actin filaments. A thorough understanding of these molecular interac-
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tions is crucial for the development of targeted therapeutic interventions aimed at
combating infectious diseases [1].

Bacteria like Listeria monocytogenes and Shigella flexneri have long been recog-
nized for their ability to exploit the host actin cytoskeleton to achieve intracellular
motility. These pathogens employ bacterial surface proteins or secreted effectors
to activate the host’s actin polymerization machinery. This activation leads to the
formation of actin-rich structures, such as pseudopods for uptake or actin tails for
directed movement within the host cell, showcasing sophisticated strategies for
exploiting cellular processes [2].

The life cycles of viruses are also intricately linked to the host cell cytoskeleton.
Viral entry, intracellular transport of genetic material, and the release of progeny
virions often depend on the dynamic rearrangements of cytoskeletal elements. For
instance, influenza viruses utilize both microtubules and actin filaments to facili-
tate the movement of viral components within the cell and to promote the budding
process, highlighting the critical role of the cytoskeleton in viral propagation [3].

A significant aspect of pathogen-induced cytoskeletal remodeling involves the
modulation of host Rho GTPases. These regulatory proteins are central to control-
ling actin dynamics. Pathogens can secrete effector proteins that directly influence
the activity of RhoA, Rac1, and Cdc42, thereby subverting host signaling pathways
and dictating actin polymerization and cellular architecture to their benefit [4].

Parasitic protozoa also engage in similar strategies of cytoskeletal manipulation.
Plasmodium falciparum, the causative agent of malaria, relies on the dynamic re-
modeling of the host erythrocyte’s actin cytoskeleton during its invasion process.
This actin dynamics is essential for the interaction between the parasite and the
host cell membrane, facilitating entry into the host cell [5].

While actin is a major focus, pathogens also interfere with other cytoskeletal
elements, such as microtubules. The dynamic remodeling of microtubules by
pathogens is crucial for intracellular trafficking and for evading host immune re-
sponses. For example, some bacteria can disrupt microtubule organization to pre-
vent the formation of phagolysosomes, a mechanism that allows them to escape
intracellular degradation [6].

Furthermore, pathogen effectors can directly target host actin-binding proteins,
such as cofilin and profilin. By modulating the activity of these proteins, pathogens
can induce abnormal actin structures, leading to cellular damage and promoting
their dissemination. This targeted modulation of actin-binding proteins is a con-
served strategy employed by various pathogens [7].

The pathogen-induced reorganization of the actin cytoskeleton also plays a crit-
ical role in immune evasion. By altering the morphology and motility of infected
cells, pathogens can avoid detection by the immune system. Additionally, these
cytoskeletal changes can disrupt the normal recruitment and function of immune
cells at the site of infection, thereby compromising the host’s immune response [8].

Fungal pathogens, exemplified by Candida albicans, actively remodel the host
actin cytoskeleton during invasion. They can induce host cell processes like
macropinocytosis or form invasive hyphae that disrupt cellular integrity. These
diverse strategies emphasize the reliance on manipulating host actin dynamics
for successful tissue penetration [9].

Conclusion

Pathogens extensively manipulate host cell cytoskeletal dynamics, particularly
actin, to facilitate entry, intracellular movement, and replication. Microbial effec-
tors initiate complex signaling pathways, interacting with host proteins to induce
localized actin polymerization or depolymerization. This manipulation is crucial for
bacteria like Listeria and Shigella to achieve intracellular motility, and for viruses to

navigate their life cycles. Rho GTPases are key regulators targeted by pathogens
to control actin dynamics. Parasitic protozoa also induce cytoskeletal changes for
invasion, and fungal pathogens like Candida albicans remodel host actin for tissue
penetration. Pathogens also interfere with microtubules for trafficking and immune
evasion, and directly target actin-binding proteins. Cytoskeletal disruption aids in
immune evasion by altering cell shape and motility, hindering immune cell func-
tion. Understanding these interactions is vital for developing targeted therapeutic
strategies.
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