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Abstract

The ARP2/3 complex, a protein complex composed of seven subunits, regulates critical cellular processes such as cell motility, mor-
phology maintenance, and intracellular trafficking by catalyzing actin nucleation and forming branched actin filament networks.
Some pathogenic microorganisms differentially exploit the ARP2/3 complex-mediated actin polymerization machinery to facili-
tate their dissemination within hosts, leading to infectious diseases. Additionally, emerging evidence links the ARP2/3 complex to
non-infectious disorders, including embryonic developmental abnormalities, fibrosis, and cartilage-related pathologies. This review
synthesizes recent advances in understanding the pleiotropic functions of the ARP2/3 complex, providing a theoretical foundation
for elucidating disease mechanisms and developing targeted therapies.
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Introduction

The ARP2/3 complex was initially discovered in Acanthamoe-
ba and has since been extensively studied in yeast and mammalian
cells [1]. This complex is a flat ellipsoid measuring approximately
15 nm in length, 14 nm in width, and 7 to 10 nm in thickness, com-
posed of seven subunits: Arp2, Arp3, ArpC1, ArpC2, ArpC3, ArpC4,
and ArpC5, with a total molecular weight of around 250 kDa [2].
Functionally, the ArpC1 to ArpC5 subunits correspond to the Arc15,

Arc18, Arc19, Arc35, and Arc40 subunits in yeast. Among these,
Arp2 and Arp3 are actin-related proteins that serve as core sub-
units with actin-like folding structures, although they lack nucleo-
tide-binding capabilities. ArpC1 contains a 3-helical insertion point
comprised of seven blades, which associates with the sides of actin
filaments. ArpC2 and ArpC4 share similar N-terminal o/f-folded re-
gions and are interconnected at the center of the complex through a
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long C-terminal a-helix, forming a “C”-shaped clamp that envelops
the Arp2 and Arp3 subunits and constitutes the core of the com-
plex. ArpC3 and ArpC5 are globular a-helical subunits located at
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the edges of the complex, playing a crucial role in maintaining the

structural integrity of the entire complex [2-4] (Figure 1).

Arp2/3 complex

ArpCS

Inhibitor
Arpin
PICK1

Gadkin
CK-666,CK-869

Figure 1: Two conformations of the ARP2/3 complex and their regulatory factors [2,5].

The left side illustrates the inactive conformation, where Arp2
and Arp3 are spaced far apart. The right side shows the active con-
formation, where the ARP2/3 complex rearranges upon activation,
allowing it to bind to the sides of actin filaments. This conformation
enables the ARP2/3 complex to recruit actin monomers, initiating
the assembly and growth of new actin filaments from the sides of
existing ones. The regulatory factors are indicated above and below

ing filament branching and subsequently regulating cytoskeletal
remodeling, lamellipodia extension, and intracellular transport [7-
9]. The specific functions of each subunit are detailed in Table 1.
When the ARP2/3 complex is in its inactive conformation, Arp2 is
positioned far away from Arp3 within the scaffold structure formed
by ArpC1-5. Upon activation, Arp2 and Arp3 transition from a dis-
tant state to a closely associated state, providing nucleation sites for

the arrows. CK-666 and CK-869 are two small-molecule inhibitors
that activate the ARP2/3 complex [6].

actin and facilitating the polymerization of actin to form filaments.
ArpC2 and ArpC4 can bind to actin filaments, while ArpC1, ArpC3,
and ArpC5 promote actin activation and assembly by coupling with

The pri function of the ARP2/3 lex is to activate acti
e primary function of the /3 complex is to activate actin extracellular signals [10-13] (Table 1).

nucleation in response to extracellular regulatory signals, promot-

Table 1: Functions of ARP2/3 Complex Subunits.

Subunit Name Function References

Together with Arp3, nucleates actin filaments;
critical for proper organization of actin patches
in yeast.

Arp2 [2,14,15]

Necessary for the mobility of actin patches in

Ar ) . g
p3 vivo; acts with Arp2 to nucleate actin filaments.

[2,5,14,15]

Likely anchors the complex to actin filaments’
sides; essential for cellular viability as its dele-
tion leads to cell death.

ArpC1 (p40. Arc40, Sop2) [2,14,15]

Forms a dimer with ARPC4, serving as the core
structural component of the complex; interacts
with Arp3 and is crucial for structural integrity.

ArpC2 (p34.Arc35) [2,15]

Facilitates actin nucleation and may influence
complex activation; its deletion results in defects
in cell growth and viability.

ArpC3 (p21. Arc18) [2,15]

Forms a dimer with ARPC2 as a core part of
the complex; interacts with Arp2, ARPC1, and
ARPCS and contributes to structural integrity of
the complex.

ArpC4 (p20. Arcl9) [2,15]

Plays a role in mediating interactions with other
proteins and may help anchor the complex to
actin filaments or regulate its activity. Its dele-
tion disrupts Arp2p and ArpClp binding to the

complex.

ArpC5(p16. Arcl5) [2,15]
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Research has shown that the ARP2/3 complex influences the
morphological changes, motility, and interactions of tumor cells
with the extracellular matrix through dynamic regulation of the
actin cytoskeleton, thereby participating in the processes of tumor
cell invasion and metastasis. In recent years, an increasing num-
ber of studies have revealed that the role of the ARP2/3 complex
extends beyond the realm of cancer, playing a critical role in the
pathogenesis and progression of various other diseases. Therefore,
to gain a more comprehensive understanding of the functions of
the ARP2/3 complex in disease, this review aims to systematically
summarize its roles in diseases other than cancer. By synthesizing
and integrating these research findings, we hope to provide a more
thorough theoretical basis for the prevention and treatment of re-
lated diseases.

The ARP2/3 Complex Is Hijacked by Patho-
genic Microorganisms to Assist in their Inva-

sion of the Human Body
Fungal

Aspergillus fumigatus is an opportunistic fungal pathogen that
can cause severe infections, with Airway Epithelial Cells (AECs)
playing a critical role in the internalization of conidia during the
early stages of infection. A study by Culibrk, et al, [16] found that
knocking down WIPF2 (an upstream regulator of the ARP2/3 com-
plex) significantly reduced the internalization of conidia into air-
way epithelial cells. Treatment of cells with the ARP2/3 small mol-
ecule inhibitor CK-666 also resulted in a 43% decrease in conidia
internalization, suggesting that the ARP2/3 complex promotes the
invasion of Aspergillus fumigatus into human airway epithelial cells
by regulating actin remodeling.

Similarly, Candida albicans is a common opportunistic fungal
pathogen, and its biofilm formation is one of the key factors con-
tributing to the difficulty of treating infections. Nobile, et al, [17]
utilized functional genomic approaches to identify that the Arc18
gene, which encodes a member of the ARP2/3 compley, is critical
for cellular adhesion. When Arc18 transcription is suppressed, the
function of the ARP2/3 complex is impaired, leading to altered
hydrophobicity of the cell surface and increased exposure of chi-
tin and {-glucan in the cell wall. This disruption damages cell wall
integrity and activates Rhol-mediated cell wall stress responses,
resulting in cell wall remodeling that severely affects the adhesion
capability of Candida albicans to solid surfaces, thereby hindering
biofilm formation. These findings provide new insights into the
mechanisms of human fungal infections and suggest potential di-
rections for therapeutic target research.

Virus

Viral infections pose a significant threat to human health, caus-
ing various diseases and even global pandemics, with profound so-
cietal impacts. Understanding the mechanisms of viral infections is
therefore critical for developing effective prevention and treatment
strategies. In recent years, the ARP2/3 complex has been increas-
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ingly implicated in these processes across multiple studies. Ohkawa,
et al, [18] found that during baculovirus infection, ARP2/3 com-
plex-mediated actin polymerization drives the movement of the
virus within the nucleus and cytoplasm. Additionally, the ARP2/3
complex participates in disrupting nuclear membrane integrity,
facilitating viral egress from the nucleus. In Respiratory Syncytial
Virus (RSV) infection, the ARP2/3 complex drives actin polymer-
ization to induce the formation of filopodia-like structures, pro-
moting viral budding and intercellular spread. This process plays
a crucial role in the dissemination of RSV between cells [19-21].
Komano, et al, [22] demonstrated that the infection efficiency of
numerous viruses is influenced by the ARP2/3 complex. In studies
on primate lentiviruses (HIV-1 and SIV), the expression of ARP2/3
complex inhibitors or knockdown of Arp2 significantly reduced the
efficiency of viral infection in host cells. Similarly, Grikscheit, et al.,
[23] showed that treating cells with the ARP2 /3 inhibitor CK666 or
using siRNA to knock down ARP2/3-related proteins inhibited the
long-distance transport of Nucleocapsid-Like Structures (NCLS)
of the Ebola Virus (EBOV) and reduced actin tail formation. Her-
pes Simplex Virus type 1 (HSV-1) infection induces the formation
of Tunneling Nanotubes (TNTs), which facilitate intercellular viral
spread. The ARP2/3 complex is involved in the formation of TNTs,
and treatment with CK666 reduced the number of TNTs, thereby
weakening HSV-1’s ability to spread between cells [24]. In sum-
mary, the ARP2/3 complex plays an indispensable role in various
stages of viral infections, including intracellular viral movement,
nuclear egress, and intercellular spread. Its involvement in these
critical processes highlights the ARP2/3 complex as an important
potential target for future antiviral research and provides a theo-
retical foundation for the development of novel antiviral strategies.

The ARP2/3 Complex Helps Plants Resist the
Invasion of Fungal Pathogens

Golovinomyces orontii is one of the pathogens responsible for
powdery mildew in tomatoes and can parasitize various plants.
Sun, et al, [25] used Virus-Induced Gene Silencing (VIGS) to knock
down ArpC3, which resulted in increased susceptibility of toma-
toes to the powdery mildew pathogen. This was accompanied by a
reduction in defense responses, such as decreased Hypersensitive
Reaction (HR), reduced accumulation of hydrogen peroxide (H,0,),
and downregulation of salicylic acid signaling pathway-related
gene expression. Conversely, overexpression of ArpC3 in Arabidop-
sis thaliana enhanced resistance to the powdery mildew pathogen.
Qin, et al. [26] employed live-cell imaging techniques and discov-
ered that early infection of Arabidopsis by the powdery mildew
pathogen leads to the formation of actin patches beneath the fungal
invasion sites, mediated by the ARP2/3 complex and its activator,
the WAVE/SCAR-regulated complex (W/SRC). The knockout of W/
SRC-ARP2/3 pathway subunits compromised the ability of Ara-
bidopsis to penetrate non-adapted powdery mildew, affecting the
endocytic recycling and transport of the defense-related t-SNARE
protein PEN1 to cell wall deposits, while also partially disrupting
the formation of actin patches. Additionally, the knockout of Arp3
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and Type 1 proteins homologous to AtFH1 in Arabidopsis severely
impaired actin patch formation and deposition of cell wall materi-
als, facilitating the entry of the powdery mildew pathogen into host
cells.This indicates that the ARP2/3 complex and AtFH1 cooperate
to enhance the penetration resistance of Arabidopsis against fungal
invasion, playing a significant role in plant immune defense.Similar
findings were observed in wheat rust disease caused by Puccinia
triticina, where Qi, et al, [27] used VIGS technology to knock down
ArpC3. They found that wheat resistance to the stripe rust fungus
was diminished, accompanied by disorganization of the actin cy-
toskeleton, decreased accumulation of Reactive Oxygen Species
(ROS), suppression of hypersensitive responses, and enhanced
pathogen growth. These studies reveal that the ARP2/3 complex
participates in plant defense responses against fungal diseases
through various mechanisms, providing an important theoretical
foundation and potential genetic targets for the prevention and
treatment of fungal diseases in plants.

The Functions of the ARP2/3 Complex in Non
- Infectious Diseases

Recent studies have found that the ARP2/3 complex is also
associated with some non-infectious diseases. Sindram, et al., [28]
generated Arpc5 knockout mice and found that homozygous dele-
tion resulted in embryonic lethality. Embryos exhibited develop-
mental defects such as incomplete neural tube closure, abnormal
heart development, and pharyngeal arch malformations at 8.5-9.5
days post-fertilization. This study was the first to report a human
syndrome caused by ARPC5 deficiency and demonstrated its vital
role in embryonic development. Tessier, et al, [29] investigated
the role of the ARP2/3 complex in cartilage tissue and found that
it regulates cartilage health by modulating cell-extracellular ma-
trix interactions and TonEBP-mediated osmoregulation. Impaired
ARP2/3 function reduced the ability of chondrocytes to spread on
the matrix, disrupted cell proliferation and differentiation, and al-
tered extracellular matrix composition. These changes ultimately
led to cartilage degeneration and contributed to the development
of diseases such as intervertebral disc degeneration and osteo-
arthritis. Mergault, et al, [30] found that both in vivo and in vitro
stimulation of fibrosis increased the mRNA expression of ARP2/3
complex subunits. In a mouse model, treatment with the ARP2/3
inhibitor CK666 alleviated bleomycin-induced pulmonary fibrosis
by reducing levels of insoluble collagen and procollagen-1 in the
lungs.

Interestingly, this antifibrotic effect was achieved without af-
fecting lung weight, inflammation, or the activity of collagen me-
tabolism-related enzymes, suggesting that ARP2/3 inhibition pri-
marily reduces collagen synthesis to exert its effects. In addition,
many studies have shown that mutations in the subunits of the
ARP2/3 complex can lead to impaired maintenance of cytotoxic T
lymphocytes and cytolytic activity, as well as severe inflammation
and immunodeficiency [31-38].This underscores the importance of
in-depth research into the mechanisms of the ARP2/3 complex, not
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only to enhance our comprehensive understanding of the patho-
genesis and progression of these diseases but also to provide es-
sential theoretical foundations and potential targets for the future
diagnosis, treatment, and drug development of related diseases.

Discussion

Although there has been considerable progress in understand-
ing the role of the ARP2/3 complex in various diseases, many ar-
eas remain to be explored further. At the molecular level, while it
is known that the ARP2/3 complex is involved in numerous dis-
ease processes, how it precisely responds to upstream signals in
different cellular environments and disease contexts, and how it
coordinates with other intracellular signaling pathways to regulate
disease progression, remain unclear. For example, in the context of
fungal pathogen infections in humans versus plant defenses against
fungal infections, the upstream signals and downstream regulato-
ry targets of the ARP2/3 complex may differ significantly. Studying
and comparing these differences in depth could help us better un-
derstand the complexity of host-pathogen interactions.

In addition, the development of targeted therapies based on the
ARP2/3 complex holds great promise but faces significant challeng-
es. On one hand, it is crucial to enhance the specificity of drugs tar-
geting the ARP2/3 complex, minimizing negative impacts on nor-
mal cellular physiological functions. On the other hand, optimizing
drug delivery systems to ensure efficient and precise targeting of
the ARP2/3 complex in diseased cells is another hurdle that needs
to be addressed. With the rapid advancement of technologies like
single-cell sequencing and gene editing, future research offers the
opportunity to investigate the role of the ARP2/3 complex at the
single-cell level and in an individualized manner. This could pro-
vide a deeper understanding of its functions in various diseases
and support the development of personalized diagnostic and ther-
apeutic strategies. As research continues to progress, the ARP2/3
complex is expected to open new avenues and provide significant
breakthroughs for the treatment of cancer, fungal infections, and
other challenging diseases.
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