
 

Study identifies distinct roles for nuclear
lamin isoforms
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Illustration of the nuclear envelope in mammalian cells. The interplay between A-
type (LA/LC) and B-type (LB1/LB2) lamins and LINC complexes at the nuclear
envelope has been proposed to facilitate coupling of the nucleus to the
cytoskeletal systems in the cytoplasm. Lamins further interact with peripheral
heterochromatin to regulate chromatin organization within the cell nucleus
(INM, inner nuclear membrane; NPC, nuclear pore complex; ONM, outer
nuclear membrane). Credit: Northwestern University
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A Northwestern Medicine study has uncovered distinct roles for major
nuclear lamin isoforms in maintaining intracellular interactions and
cellular mechanics, according to findings published in the Proceedings of
the National Academy of Sciences.

"Our findings uncover potential mechanisms for cellular defects in
human laminopathies such as progeria (a premature aging disease),
dilated cardiomyopathy, numerous types of muscular dystrophies and in
many cancers associated either with mutations or modifications in lamin
isoforms," said Robert Goldman, Ph.D., professor of Cell and
Developmental Biology, of Medicine in the Division of Pulmonary Care
and senior author of the study.

The proper functioning of mammalian cells relies on their ability to
regulate their mechanical properties, especially in response to external
factors. This involves interactions between the cell nucleus and the
cytoskeleton, a process regulated by the LINC complex, which mediates
the molecular cross talk between the nuclear lamina—located on the
inner surface of the nuclear membrane—and cytoskeletal complexes.
The nuclear lamin isoforms comprising nuclear lamina connect to
different components of the LINC complex which, in turn, connect to
cytoskeletal vimentin intermediate filaments and filamentous actin.

Nuclear lamin isoforms are filament proteins in the cell nucleus, playing
a crucial role in regulating the cell's nuclear architecture, organizing its
genome, and maintaining nuclear shape and the micromechanical
properties of the nucleus.

There are four major types of nuclear lamins in mammalian cells: two A-
type lamins and two B-type lamins. However, the precise role nuclear
lamins play in nucleocytoskeletal connectivity and cell mechanics have
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remained unknown up until now.

In the current study, using coordinated quantitative microscopy
combined with micromechanical techniques and molecular biology to
study mouse embryonic fibroblasts (MEFs), Goldman's team discovered
that A-type and B-type lamins interact with LINC complexes differently:
A-type lamins engage with both filamentous actin and vimentin
intermediate filaments through LINC complexes to modulate cortical
and cytoplasmic stiffness and cellular contractility, while B-type lamins
interact with just vimentin intermediate filaments through LINC
complexes to regulate cytoplasmic stiffness and contractility.

"We are now extending our studies by delving more into the structure
and function of the lamins, determining their interactions with other
nuclear and cytoplasmic pathways and, more specifically, determining
their roles in nuclear mechanics," Goldman said.

  More information: Amir Vahabikashi et al, Nuclear lamin isoforms
differentially contribute to LINC complex-dependent nucleocytoskeletal
coupling and whole-cell mechanics, Proceedings of the National
Academy of Sciences (2022). DOI: 10.1073/pnas.2121816119
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