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Table 1 Microscopy techniques and research on clathrin plaques
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Fig. 1 The structure of clathrin plaques
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Fig.2 The functional diversity of clathrin plaques
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Abstract Clathrin-mediated endocytosis (CME) is a critical process by which cells internalize macromolecular
substances and initiate vesicle trafficking, serving as the foundation for many cellular activities. Central to this
process are clathrin-coated structures (CCSs), which consist of clathrin-coated pits (CCPs) and clathrin plaques.
While clathrin-coated pits are well-established in the study of endocytosis, clathrin plaques represent a more
recently discovered but equally important component of this system. These plaques are large, flat, and extended
clathrin-coated assemblies found on the cytoplasmic membrane. They are distinct from the more typical clathrin-
coated pits in terms of their morphology, larger surface area, and longer lifespan. Recent research has revealed
that clathrin plaques play roles that go far beyond endocytosis, contributing to diverse cellular processes such as
cellular adhesion, mechanosensing, migration, and pathogen invasion. Unlike traditional clathrin-coated pits,
which are transient and dynamic structures involved primarily in the internalization of molecules, clathrin plaques

are more stable and extensive, often persisting for extended periods. Their extended lifespan suggests that they
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serve functions beyond the typical endocytic role, making them integral to various cellular processes. For
instance, clathrin plaques are involved in the regulation of intercellular adhesion, allowing cells to better adhere to
one another or to the extracellular matrix, which is crucial for tissue formation and maintenance. Furthermore,
clathrin plaques act as mechanosensitive hubs, enabling the cell to sense and respond to mechanical stress, a
feature that is essential for processes like migration, tissue remodeling, and even cancer progression. Recent
discoveries have also highlighted the role of clathrin plaques in cellular signaling. These plaques can serve as
scaffolds for signaling molecules, orchestrating the activation of various pathways that govern cellular behavior.
For example, the recruitment of actin-binding proteins such as F-actin and vinculin to clathrin plaques can
influence cytoskeletal dynamics, helping cells adapt to mechanical changes in their environment. This recruitment
also plays a pivotal role in regulating cellular migration, which is crucial for developmental processes.
Additionally, clathrin plaques influence receptor-mediated signal transduction by acting as platforms for the
assembly of signaling complexes, thereby affecting processes such as growth factor signaling and cellular
responses to extracellular stimuli. Despite the growing body of evidence that supports the involvement of clathrin
plaques in a wide array of cellular functions, much remains unknown about the precise molecular mechanisms
that govern their formation, maintenance, and turnover. For example, the factors that regulate the recruitment of
clathrin and other coat proteins to form plaques, as well as the signaling molecules that coordinate plaque
dynamics, remain areas of active research. Furthermore, the complex interplay between clathrin plaques and other
cellular systems, such as the actin cytoskeleton and integrin-based adhesion complexes, needs further exploration.
Studies have shown that clathrin plaques can respond to mechanical forces, with recent findings indicating that
they act as mechanosensitive structures that help the cell adapt to changing mechanical environments. This ability
underscores the multifunctional nature of clathrin plaques, which, in addition to their role in endocytosis, are
involved in cellular processes such as mechanotransduction and adhesion signaling. In summary, clathrin plaques
represent a dynamic and versatile component of clathrin-mediated endocytosis. They play an integral role not only
in the internalization of macromolecular cargo but also in regulating cellular adhesion, migration, and signal
transduction. While much has been learned about their structural and functional properties, significant questions
remain regarding the molecular mechanisms that regulate their formation and their broader role in cellular
physiology. This review highlights the evolving understanding of clathrin plaques, emphasizing their importance
in both endocytosis and a wide range of other cellular functions. Future research is needed to fully elucidate the
mechanisms by which clathrin plaques contribute to cellular processes and to better understand their implications
for diseases, including cancer and tissue remodeling. Ultimately, clathrin plaques are emerging as crucial hubs that
integrate mechanical, biochemical, and signaling inputs, providing new insights into cellular function and the

regulation of complex cellular behaviors.

Key words clathrin plaque, endocytosis, cell adhesion, cell signaling, microscopy
DOI: 10.16476/j.pibb.2025.0065 CSTR: 32369.14.pibb.20250065

+ This work was supported by grants from The National Natural Science Foundation of China (32200564), The Natural Science Foundation of Hunan
Province (20251160612, 2024JJ2045, 2022JJ40357), and Teaching Reform Research Project of Hunan Provincial (HNJG-20230607).

## Corresponding author.

Tel: 86-734-8281979,E-mail: zhiming.chen@usc.edu.cn

Received: February 11, 2025 Accepted: May 6, 2025





