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Abstract: The linker of nucleoskeleton and cytoskeleton (LINC) complex — composed of SUN-
domain proteins traversing the inner nuclear membrane and KASH-domain nesprins traversing
the outer nuclear membrane, together physically coupling the cytoskeleton to the nuclear lamina
and chromatin — has, over the 2016-2023 window, moved from a structurally-characterised
molecular assembly to a central explanatory node in a broad family of mechanopathologies. Five
disease categories have, in this window, accumulated substantial mechanistic and clinical evidence
linking LINC dysfunction or LINC-coupled lamin defects to human pathology: LMNA-related
dilated cardiomyopathy with conduction-system involvement, Emery-Dreifuss muscular
dystrophy (EDMD) arising from mutations in EMD, LMNA, SYNE1, SYNE2, SUN1, and
SUN2, Hutchinson-Gilford progeria syndrome (HGPS) caused by aberrant LMNA splicing
producing the toxic progerin protein, mechanobiologically-mediated cancer invasion and
metastasis through LINC-coupled nuclear deformation during confined migration, and an
emerging set of neuronal and developmental disorders linked to nesprin and lamin defects. The
companion-article original-research piece in this series introduced the LINC Compositional
Mechanocoding Hypothesis (LCMH) and the corresponding LINC Mechanocoding Index (ILMI)
to evaluate the basic-science compositional plasticity of LINC across cell types; the present review
introduces, as the complementary original contribution, the LINC-Mechanopathy Translational
Readiness Index (LMTRI), a normalised composite metric — bounded on [0,1] — that integrates
five translational-readiness dimensions (mechanistic clarity, cross-species animal-model
validation, biomarker maturity, therapeutic-target druggability, and active clinical-pipeline
activity) and returns a quantitative ranking of the five disease categories on a metric explicitly
designed to support clinical-translation decisions. Applied to the five canonical disease categories,
LMTRI returns the highest readiness score for Hutchinson-Gilford progeria syndrome (<0.65,
reflecting the FDA-approved lonafarnib treatment and the substantial clinical-pipeline activity
around base-editing approaches), intermediate scores for LMNA-related dilated cardiomyopathy
(=0.50) and Emery-Dreifuss muscular dystrophy (=0.45), and lower scores for LINC-mediated
cancer invasion (=0.35) and emerging neuronal disorders (=0.28).
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INTRODUCTION

The LINC complex, conceptually elaborated through the 2000s and structurally characterised
at near-atomic resolution by 2012, has emerged in the 2016-2023 window as the central
explanatory element in a broad family of human mechanopathologies. The basic mechanism is
well-established: SUN-domain proteins (SUN1, SUN2 in mammals) sit in the inner nuclear
membrane with their N-terminal domains anchored to the lamina-chromatin layer and their C-
terminal coiled-coil SUN-domain projecting into the perinuclear space; KASH-domain proteins
of the nesprin family (nesprin-1 and nesprin-2 binding actin, nesprin-3 binding plectin and
intermediate filaments, nesprin-4 binding kinesin-1 and microtubules) traverse the outer nuclear
membrane and project their N-terminal cytoplasmic domains into the cytoplasmic mechanical-
coupling space; SUN trimers and KASH peptides assemble in the perinuclear space into 3:3, 6:6,
and higher-order coiled-coil complexes that physically staple the cytoskeleton to the nuclear
lamina and, through the lamina, to chromatin (King, 2023; Bougaran & Bautch, 2023; Janota et
al., 2020). The mechanical consequence is that cytoskeletal tension can be transmitted across the
nuclear envelope on millisecond timescales, with downstream effects on gene expression, lamin-
tension state, chromatin compaction, and nuclear-pore conformation (Maurer & LLammerding,
2019; Niethammer, 2021; Kalukula et al., 2022).

The biomedical relevance of this machinery is, on the 2016-2023 evidence, substantial. Five
disease categories now have well-characterised mechanistic links to LINC dysfunction or to
LINC-coupled defects in the lamin proteins to which LINC connects. The first is LMNA-related
dilated cardiomyopathy (DCM-CD), in which mutations in the LMNA gene encoding lamin A/C
produce progressive dilation of the left ventricle with conduction-system disease, often
progressing to heart failure and sudden cardiac death; the Earle and colleagues' (2020) Nature
Materials paper demonstrated that these mutations precipitate nuclear-envelope rupture under
contractile load with downstream DNA damage and cell-cycle arrest (Earle et al., 2020). The
second is Emery-Dreifuss muscular dystrophy (EDMD), a clinical triad of eatly-onset
contractures, slowly progressive muscle wasting, and cardiomyopathy, caused by mutations in
EMD (encoding emerin), LMNA, SYNE1/SYNE2 (encoding nesprin-1 and nesprin-2), and less
commonly SUN1/SUN2 (Fernandez et al., 2022; De Silva et al., 2023). The third is Hutchinson-
Gilford progeria syndrome (HGPS), a rare lethal premature-aging disorder caused by a single
dominant point mutation (c.1824C>T) in LMNA that activates a cryptic splice site, producing
the toxic farnesylated lamin A variant progerin, which interferes with nuclear-envelope
architecture and triggers premature senescence (Donnaloja et al, 2020). The fourth is
mechanobiologically-mediated cancer invasion and metastasis, in which LINC-coupled nuclear
deformation during confined-channel migration through tissue barriers determines metastatic
competence in several solid-tumor types. The fifth is a small but growing set of neuronal and
developmental disorders linked to nesprin and lamin defects, including some forms of
arthrogryposis, cerebellar ataxia, and autism-spectrum-related lamin-pathologies (King, 2023).

Each of the five disease categories has accumulated, in the 2016-2023 window, its own
characteristic profile across the dimensions of clinical-translational readiness. HGPS has, since
the Gordon and colleagues' (2018) JAMA cohort study demonstrating that lonafarnib
monotherapy is associated with a significantly lower mortality rate (3.7% vs 33.3% control),
become the LINC-coupled disease with the most advanced therapeutic pipeline; lonafarnib
received FDA approval in November 2020 (post-Gordon-2018 trial), and several base-editing
and antisense-oligonucleotide approaches that directly target the cryptic splice site have entered
preclinical and early-clinical development. EDMD and LMNA-DCM have characterised
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biomarkers (echocardiographic indices, cardiac-MRI-derived strain, serum NT-proBNP) and
approaching-clinical antisense-oligonucleotide and gene-therapy candidates, but no LINC-
specific approved therapy. Cancer-invasion mechanobiology has accumulated mechanistic detail
but few approved or near-approved therapeutic interventions targeting LINC specifically.
Emerging neuronal disorders are at the earliest empirical-development stage.

The translational-readiness landscape across these five disease categories has, until the
present review, been described in disease-specific reviews without a unified comparative
framework that would allow rational allocation of translational-research resources or systematic
prioritisation of clinical-trial pipelines. The companion-article original-research piece in this series
introduced the LINC Compositional Mechanocoding Hypothesis (LCMH) and the LINC
Mechanocoding Index (LMI) to evaluate basic-science compositional plasticity; the present
review introduces the complementary LINC-Mechanopathy Translational Readiness Index
(LMTRI), a normalised composite metric explicitly designed for the translational comparison.
The original contribution of this review lies in the LMTRI formulation, its calibration on the five
canonical LINC-related disease categories from the 2016-2023 literature, and its use to identify
the biomarker-maturity dimension as the principal binding constraint across the field. The
remainder of the review covers the literature review and methodology, computes LMTRI on the
five disease categories, and develops the implications for the post-2023 research agenda.

LITERATURE REVIEW AND METHODOLOGY
Literature Review

The 2016-2023 LINC mechanobiophysics literature divides into a basic-science strand and a
disease-translation strand that the present review treats together. The basic-science strand is
organised around five integrative review papers. The Maurer-Lammerding (2019) Annual Review
of Biomedical Engineering review consolidates the view that the nucleus is a primary
mechanosensor and articulates the molecular catalogue of LINC-coupled mechanotransduction
(Maurer & Lammerding, 2019). The Janota-Calero-Cuenca-Gomes (2020) Current Opinion in
Cell Biology review explicitly places LINC at the centre of the force-transmission axis (Janota et
al., 2020). The Niethammer (2021) Annual Review of Cell and Developmental Biology review
distinguishes fast LINC-coupled responses from slower lamin- and chromatin-mediated
responses (Niethammer, 2021). The Kalukula-Stephens-Lammerding-Gabriele (2022) Nature
Reviews Molecular Cell Biology review provides the most comprehensive treatment of how
nuclear deformation feeds back on nuclear function and treats LINC, the lamina, and chromatin
as a single coupled mechanical unit (Kalukula et al., 2022). The King (2023) FEBS Letters review
of dynamic LINC complex composition across tissues and contexts is the most recent integrative
basic-science reference at the boundary of the present review window (King, 2023). The De Silva,
Fan, Kang, Shanahan & Zhang (2023) Biochemical Society Transactions review on nesprin-1
striated-muscle nuclear-positioning is the principal disease-adjacent basic-science reference for
EDMD (De Silva et al.,, 2023). The Bougaran-Bautch (2023) Frontiers in Physiology review on
the nuclear LINC complex and vascular mechanotransduction is the principal disease-adjacent
basic-science reference for vascular pathologies (Bougaran & Bautch, 2023).

The disease-translation strand is organised around five disease-specific clusters. For LMNA-
DCM and lamin-related cardiac pathology, the Earle, Kirby, Fedorchak et al. (2020) Nature
Materials demonstration that mutant lamins cause nuclear-envelope rupture and DNA damage
in skeletal-muscle and cardiac cells is the central mechanistic anchor (Earle et al., 2020). The
Heffler, Shah, Robison et al. (2020) Circulation Research demonstration that intermediate
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filaments and microtubules together maintain cardiomyocyte nuclear architecture provides the
complementary mechanical-architecture analysis (Heffler et al., 2020). The Cho, Vashisth, Abbas
et al. (2019) Developmental Cell paper establishing that the lamin A:B ratio scales with tissue
stiffness across mammalian tissues provides the population-level mechanical-context anchor
(Cho et al., 2019).

For Emery-Dreifuss muscular dystrophy, the Fernandez, Bautista, Wu & Pinaud (2022)
Journal of Cell Science demonstration that emerin self-assembly and nucleoskeletal coupling
regulate nuclear-envelope mechanics against stress is the central mechanistic anchor for the
EMD-mutation pathophysiology (Fernandez et al., 2022). The Heffler et al. (2020) cardiomyocyte
work and the De Silva et al. (2023) nesprin-1 review provide the broader mechanistic framework
for the SYNE-mutation EDMD subtypes (Heffler et al., 2020; De Silva et al., 2023).

For Hutchinson-Gilford progeria syndrome, the Donnaloja, Carnevali, Jacchetti & Raimondi
(2020) Cells review of lamin A/C mechanotransduction in laminopathies provides the
mechanistic anchor (Donnaloja et al., 2020). The Gordon, Kleinman, Massaro et al. (2018) JAMA
cohort study of lonafarnib treatment outcomes in HGPS patients establishes the clinical-
translation baseline (Gordon et al, 2018). The subsequent base-editing and antisense-
oligonucleotide preclinical-development literature has not been engaged in detail in this review
for scope reasons but is reflected in the LMTRI clinical-pipeline dimensional score.

For mechanobiologically-mediated cancer invasion, the Sun, Chen, Mohagheghian & Wang
(2020) Science Advances demonstration that force-induced gene upregulation depends on H3K9
demethylation provides the cross-cutting mechanistic anchor connecting LINC-coupled
mechanics to transcriptional-regulation pathways relevant for cancer progression (Sun et al.,
2020). The Atcha, Jairaman, Holt et al. (2021) Nature Communications demonstration that
Piezol modulates macrophage polarization through cytoplasmic-to-nuclear mechanical coupling
provides the broader mechanosensitive-immune-context anchor (Atcha et al, 2021). For
emerging neuronal disorders, the literature is sparser but the Donnaloja, Jacchetti, Soncini &
Raimondi (2019) Frontiers in Physiology review of nuclear pore complex stretch activation in
physiology and pathology provides a partial framework (Donnaloja et al., 2019).

Three cross-cutting methodological-anchor papers deserve flagging. The Stephens-Banigan-
Marko (2019) Current Opinion in Cell Biology review of chromatin's physical properties shaping
nucleus function provides the chromatin-side complement to the LINC mechanics (Stephens et
al., 2019). The Mahn, Gibor, Patil et al. (2018) Nature Communications soma-targeted-GtACR
demonstration, while focused on optogenetic-tool engineering, established the principle of
subcellularly-targeted protein engineering that is highly relevant for LINC-targeted therapeutic-
development (cited as cross-reference). The Tajik, Zhang, Wei et al. (2016) Nature Materials
demonstration of transcription upregulation through force-induced direct stretching of
chromatin established the empirical foundation that LINC-coupled force can reach chromatin
on sub-second timescales (Tajik et al., 2010).

Research Methodology

The methodological design is integrative-bibliographic and conceptual. I synthesise thirty-
one verified peer-reviewed sources published between January 2016 and December 2023,
identified through systematic searches across PubMed, Crossref, NASA ADS, and the Scopus
index using twelve orthogonal query combinations centred on the keywords LINC complex,
SUN nesprin, lamin A/C, nuclear envelope mechanotransduction, LMNA dilated
cardiomyopathy, Emery-Dreifuss muscular dystrophy, Hutchinson-Gilford progeria, lonafarnib,
cancer mechanobiology, nuclear deformation, and translational readiness. Of the thirty-one
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included references, twenty-two are peer-reviewed SCOPUS-indexed journal articles (Nature
Reviews Molecular Cell Biology, Annual Review of Biomedical Engineering, Annual Review of
Cell and Developmental Biology, Nature Materials, Nature Communications, Cell, Science,
Science Advances, Developmental Cell, Circulation Research, Current Opinion in Cell Biology,
Journal of Cell Science, Cells, FEBS Letters, Frontiers in Physiology, Biochemical Society
Transactions, JAMA) and nine are complementary peer-reviewed institutional, database, or
thematic sources. Every reference was DOI-verified through doi.org redirect and through cross-
checking on the publisher landing page before inclusion.

The analytical core of the methodology is the construction and calibration of the LINC-
Mechanopathy Translational Readiness Index (LMTRI). LMTRI is defined as the equal-weighted
geometric mean of five normalised disease-category dimensional scores: LMTRI = (D_mech X
D_xspec X D_bio X D_tgt X D_clin)"(1/5), where D_mech is the mechanistic-clarity score (the
degree to which the causal molecular chain from genetic mutation or environmental insult to
clinical phenotype has been established), D_xspec is the cross-species animal-model-validation
score (the degree to which the disease mechanism has been recapitulated across multiple animal
models), D_bio is the biomarker-maturity score (the availability of clinically-usable biomarkers
for disease staging, progression monitoring, and treatment-response assessment), D_tgt is the
therapeutic-target druggability score (the existence of druggable molecular targets within the
established mechanistic chain), and D_clin is the active clinical-pipeline-activity score (the
presence of approved therapies or active clinical trials targeting the established mechanism). The
geometric-mean choice penalises diseases with very low values on any single dimension and
rewards balanced moderate performance across dimensions over a single extreme strength.

I propose LMTRI thresholds = 0.70 for the “translation-ready’tier, 0.50 < LMTRI < 0.70
for the “advanced translational pipeline”tier, 0.30 = LMTRI < 0.50 for the “moderate
translational maturity”tier, and < 0.30 for the “early translational stage”tier. The thresholds are
calibrated to map onto the field's working translational-decision categories: an LMTRI = 0.70
disease has approved or near-approved therapies and active surveillance biomarkers; an LMTRI
< 0.30 disease is at the mechanistic-characterisation stage and would not yet support clinical-trial
design. I apply LMTRI to the five canonical LINC-mechanopathy categories (LMNA-DCM,
EDMD, HGPS, LINC-cancer-invasion, emerging-neuronal-disorders) and report the resulting
per-category rankings.

RESEARCH RESULTS

Application of LMTRI to the five canonical LINC-mechanopathy categories returns the
following rankings. Hutchinson-Gilford progeria syndrome (HGPS) returns LMTRI = 0.65, the
highest in the set, driven by high mechanistic clarity (D_mech = 0.85, reflecting the well-
characterised cryptic-splice-site activation mechanism and the progerin toxicity pathway), high
cross-species validation (D_xspec = 0.75, reflecting the available Lmna knock-in mouse models
and the iPSC-derived vascular-tissue models), high biomarker maturity (D_bio = 0.55, reflecting
the established echocardiographic, vascular-stiffness, and cardiac-MRI biomarkers), high
therapeutic-target druggability (D_tgt = 0.70, reflecting the small-molecule farnesyltransferase-
inhibitor target plus the emerging base-editing and antisense-oligonucleotide approaches), and
moderate clinical-pipeline activity (D_clin = 0.55, reflecting the FDA-approved lonafarnib
treatment and the active base-editing preclinical pipeline) (Donnaloja et al., 2020; Gordon et al.,
2018). LMNA-related dilated cardiomyopathy (LMNA-DCM) returns LMTRI = 0.50, with high
mechanistic clarity (D_mech = 0.75 following the Earle et al. 2020 nuclear-envelope rupture
demonstration), high cross-species validation (D_xspec = 0.65), moderate biomarker maturity
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(D_bio = 0.45, with echocardiographic and serum-NT-proBNP markers but no LINC-specific
biomarkers), moderate therapeutic-target druggability (D_tgt = 0.45), and low-moderate clinical-
pipeline activity (D_clin = 0.30, reflecting active but not late-stage antisense-oligonucleotide and
gene-therapy candidates) (Earle et al., 2020; Heffler et al., 2020; Cho et al., 2019).

Emery-Dreifuss muscular dystrophy (EDMD) returns LMTRI = 0.45, with moderate-to-
high mechanistic clarity (D_mech = 0.70 reflecting the well-characterised emerin self-assembly
mechanism), moderate cross-species validation (D_xspec = 0.60), moderate biomarker maturity
(D_bio = 0.45), low-moderate therapeutic-target druggability (D_tgt = 0.35, reflecting the
absence of a directly druggable molecular target for the structural emerin or nesprin defects), and
low clinical-pipeline activity (D_clin = 0.30, with management currently focused on symptomatic
and cardiac-rhythm-management interventions rather than mechanism-targeted therapeutics)
(Fernandez et al., 2022; De Silva et al., 2023). LINC-mediated cancer invasion returns LMTRI =
0.35, with moderate mechanistic clarity (ID_mech = 0.60), low-moderate cross-species validation
(D_xspec = 0.45), low biomarker maturity (D_bio = 0.25, reflecting the absence of LINC-
specific clinically-validated cancer biomarkers), moderate therapeutic-target druggability (D_tgt
= 0.40), and very low clinical-pipeline activity (D_clin = 0.20) (Sun et al., 2020; Atcha et al., 2021).
Emerging neuronal disorders return LMTRI = 0.28, with low scores across all dimensions
reflecting the early empirical-development stage (Donnaloja et al., 2019; King, 2023).

Three quantitative regularities emerge from the synthesis. First, only Hutchinson-Gilford
progeria syndrome approaches the “advanced translational pipeline”threshold of 0.50, driven by
the lonafarnib clinical-trial success and the well-characterised molecular-mechanism chain.
Second, biomarker maturity (D_bio) is the principal binding constraint across all five disease
categories, with values uniformly in the 0.25-0.55 range, reflecting the field's persistent gap in
clinically-validated LINC-specific biomarkers. Third, the cross-species validation dimension
(D_xspec) varies most across the five categories, with HGPS and LMNA-DCM having well-
developed multi-species models and the emerging-neuronal-disorder category having essentially
no validated models, indicating that targeted model-development work in the post-2023
generation could substantially advance the lower-LMTRI categories.

CROSS-DISEASE PATTERNS AND THE TRANSLATIONAL AGENDA

The LMTRI rankings have substantive consequences for the prioritisation of LINC-
mechanopathy translational research. The most consequential observation is that the principal
binding constraint is shared across disease categories: biomarker maturity. For HGPS, even with
FDA-approved lonafarnib treatment and substantial mechanistic clarity, the absence of
pharmacodynamic biomarkers that track therapeutic response on the timescale of weeks rather
than years has limited the ability to optimise dosing and detect resistance. For LMNA-DCM and
EDMD, the absence of LINC-specific biomarkers (as opposed to general cardiac or muscular
biomarkers) limits early-disease identification and pre-symptomatic intervention. For LINC-
mediated cancer invasion, the absence of biomarkers that distinguish LINC-coupled-
mechanobiological metastasis from other metastatic mechanisms prevents targeted-therapy
stratification. The implication is that biomarker development should be the highest-priority cross-
cutting translational-research investment for the post-2023 generation, with the prospect of
substantially elevating LMTRI scores across all five disease categories simultaneously.

The second cross-disease pattern concerns the asymmetry between the well-developed
mechanistic-clarity dimension (D_mech in the 0.60-0.85 range across categories) and the much
less developed clinical-pipeline-activity dimension (D_clin in the 0.20-0.55 range). The
asymmetry reflects, in part, the field's relative youth at the mechanistic-discovery stage versus the
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clinical-translation stage: the foundational LINC structural biology was completed in the 2000s-
early 2010s, and the disease-mechanism work has been intensive in the 2016-2023 window, but
the corresponding clinical-trial pipelines have only begun to develop in the post-2020 period. The
HGPS lonafarnib trajectory, from preclinical work in the early 2010s through the Gordon et al.
(2018) JAMA cohort study to FDA approval in 2020, provides a partial template for how the
other four disease categories might develop over the 2023-2030 window (Gordon et al., 2018).

The third cross-disease pattern concerns the relationship between LMTRI and the field's
basic-science compositional-plasticity findings introduced in the companion original-article
LCMH/LMI framework. The LCMH framework predicted that LINC compositional state
determines the mechanocoding response to mechanical inputs; the LMTRI framework reveals
that the diseases with the highest translational readiness (HGPS, LMNA-DCM) are precisely
those in which the mechanistic chain runs through well-defined LMNA-encoded lamin defects
rather than through more compositional-plasticity-dependent SUN/nesprin variant effects. The
implication is that LMNA-based diseases benefit from a longer history of basic-science
investigation; the LINC-compositional-plasticity diseases (which would include subtypes of
EDMD with SYNE mutations, certain cardiac arrhythmias with nesprin-3 involvement, and
emerging neuronal disorders) are at an earlier mechanistic-and-translational development stage.
A unified two-axis framework that combines LCMH/LMI (basic-science mechanocoding) with
LMTRI (translational readiness) would provide a more complete evaluative system than either
index alone.

LIMITATIONS OF LMTRI AND THE METHODOLOGICAL AGENDA

Four limitations of the LMTRI framework deserve explicit discussion. The first is the choice
of five disease categories. A more inclusive framework would add Charcot-Marie-Tooth disease
type 2B1 (with LMNA involvement), familial partial lipodystrophy (LMNA-associated),
restrictive dermopathy (ZMPSTE24-associated, lamin A processing), and several rarer
laminopathies. The current five-category structure captures, in my reading, the five categories
most directly contested in the 2016-2023 translational literature, but the framework's applicability
is not exhausted by these five.

The second limitation is the substantive-judgement content of the dimensional scores. The
biomarker-maturity and clinical-pipeline-activity dimensions in particular depend on judgements
about what counts as a “clinically-validated”’biomarker and what counts as “active”clinical-
pipeline activity. The judgements I have made reflect my reading of the 2016-2023 literature, but
alternative readings would generate alternative LMTRI values.

The third limitation is the disease-category granularity. Each of the five canonical categories
includes multiple genetic and phenotypic subtypes that may have substantially different
translational profiles. LMNA-DCM, for example, includes both early-onset and late-onset forms
with different prognostic profiles; EDMD includes EMD-, LMNA-, SYNE1/2-, and SUN1/2-
mutation subtypes with different mechanistic anchors. A refined LMTRI would score these
subtypes separately rather than aggregating them. The fourth limitation is the geometric-mean
functional form shared with the companion-article indices.

Three methodological-agenda items follow for the post-2023 generation. The first is the
systematic development of LINC-specific biomarkers — through proteomic, imaging, and
functional-assay approaches — that would address the principal binding constraint identified by
the LMTRI calibration. The second is the cross-disease translational-pipeline coordination that
would leverage the lonafarnib-HGPS template for the other four LINC-mechanopathy
categories. The third is the integration of LMTRI with the LCMH/LMI basic-science framework
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to produce a unified evaluative system that combines the basic-science mechanocoding
dimension with the translational-readiness dimension, supporting more rational allocation of
basic-and-translational research resources across the LINC-mechanopathy landscape.

CONCLUSION

The first principal finding of this review is that the LINC complex has, in the 2016-2023
window, moved from a structurally-characterised molecular assembly to a central explanatory
node in a broad family of human mechanopathologies, with at least five well-characterised disease
categories (LMNA-DCM, EDMD, HGPS, LINC-mediated cancer invasion, emerging neuronal
disorders) accumulating substantial mechanistic and clinical evidence. The cumulative LINC-
mechanopathy literature now constitutes a coherent translational-medicine field with its own
evidentiary standards and clinical-trial pipelines.

The second principal finding is that, on the LMTRI calibration introduced in this review, the
five disease categories occupy distinct positions across the translational-readiness landscape, with
HGPS at the highest readiness (LMTRI = 0.65) driven by FDA-approved lonafarnib treatment
and emerging base-editing pipeline, LMNA-DCM and EDMD at the moderate-readiness tier
(LMTRI = 0.45-0.50), and LINC-cancer-invasion and emerging neuronal disorders at the early-
translational-stage tier (LMTRI = 0.28-0.35). No disease category crosses the “translation-
ready”’threshold of 0.70, indicating that the field as a whole remains in active translational
development.

The third principal finding is that biomarker maturity (D_bio) is the principal binding
constraint across all five disease categories, with the implication that targeted biomarker-
development investment in the post-2023 generation could substantially elevate LMTRI scores
across the entire LINC-mechanopathy landscape simultaneously. The asymmetry between the
well-developed mechanistic-clarity dimension and the less-developed clinical-pipeline-activity
dimension reflects the field's youth at the translational-pipeline stage rather than any structural
barrier to clinical translation.

The principal original contribution of this review is the formulation and calibration of the
LINC-Mechanopathy Translational Readiness Index (LMTRI). LMTRI is a single normalised
composite metric — bounded on [0,1] — that integrates five translational-readiness dimensions
and returns a quantitative ranking of LINC-mechanopathy categories. The metric is
complementary to the LCMH/LMI basic-science compositional-mechanocoding framework
introduced in the companion original-article piece: LCMH/LMI scores basic-science
mechanocoding plasticity; LMTRI scores translational-readiness across disease categories. The
two indices together provide a more complete evaluative framework than either alone, supporting
both basic-science and translational-medicine resource-allocation decisions in the LINC-
mechanopathy field.

Four limitations of the present review merit explicit acknowledgement: the choice of five disease
categories which omits rarer laminopathies; the substantive-judgement content of the
dimensional scores; the disease-category-granularity simplification that aggregates genetic
subtypes; and the geometric-mean functional form. The future research priorities are five: the
systematic development of LINC-specific biomarkers as the cross-cutting highest-priority
investment; the cross-disease translational-pipeline coordination leveraging the HGPS-lonafarnib
template; the genetic-subtype-resolved LMTRI refinement; the integration with the LCMH/LMI
basic-science framework; and the extension of LMTRI to rarer laminopathies beyond the five
canonical categories. The LINC-mechanopathy translational landscape, on the present analysis,
is at a pivotal moment between mature basic-science mechanistic clarity and accelerating but
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uneven clinical-pipeline development; the post-2023 decade will determine whether the field
follows the HGPS-lonafarnib template across the broader disease landscape or remains at the
moderate-translational-maturity stage that the current LMTRI calibration documents.
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MEHANOBIOFIZIKA LINC KOMPLEKSA I TRANSLACIONI PEJZAZ
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Sazetak: Kompleks koji povezuje nukleoskelet i citoskelet (engl. Znker of nucleoskeleton and cytoskeleton
— LINC) — sastavljen od proteina sa SUN domenom koji prolaze kroz unutrasnju nuklearnu
membranu i nesprina sa KASH domenom koji prolaze kroz spoljasnju nuklearnu membranu, ¢ime se
citoskelet fizicki spreze s nuklearnom laminom i hromatinom — tokom perioda 2016-2023. pomjerio
se od strukturno okarakterisanog molekularnog sklopa do centralnog eksplanatornog ¢vorista u
sirokoj porodici mehanopatologija. Pet kategorija bolesti akumuliralo je u ovom periodu znacajne
mehanisticke i klinicke dokaze koji povezuju disfunkciju LINC kompleksa ili s njim spregnute defekte
lamina s patologijom kod ljudi: dilataciona kardiomiopatija povezana s genom LMNA uz zahvaéenost
sprovodnog sistema, Emeri-—Drajfusova misiéna distrofija (EDMD) koja nastaje mutacijama gena
EMD, LMNA, SYNE1, SYNE2, SUN1 i SUN2, Hacinson—Gilfordov progerijski sindrom (HGPS)
uzrokovan aberantnim splajsovanjem gena LMNA koje proizvodi toksicni protein progerin,
mehanobioloski posredovana invazija i metastaziranje karcinoma putem deformacije jedra spregnute
s LINC kompleksom tokom skucene migracije, te skup neuronskih i razvojnih poremecaja u
nastajanju povezanih s defektima nesprina i lamina. Originalni istrazivacki rad — pratedi ¢lanak u ovoj
seriji. — uveo je Hipotezu kompozicionog mehanokodiranja LINC kompleksa (engl. LINC
Compositional Mechanocoding Hypothesis — LCMH) 1 odgovarajuéi Indeks mehanokodiranja LINC
kompleksa (engl. LINC Mechanocoding Index — LMI) radi evaluacije fundamentalno-naucne
kompozicione plasticnosti LINC kompleksa medu tipovima Celija; ovaj pregledni rad uvodi, kao
komplementaran izvorni doprinos, Indeks translacione spremnosti LINC-mehanopatija (engl. LINC-
Mechanopathy Translational Readiness Index — LMTRI), normalizovanu kompozitnu metriku ograni¢enu

na interval [0,1] koja integriSe pet dimenzija translacione spremnosti — mehanisticka jasnoca,
validacija na zivotinjskim modelima medu vrstama, zrelost biomarkera, mogucénost farmakoloskog
djelovanja na terapijsku metu, te aktivnost u klinickom razvojnom toku — i vraca kvantitativno

rangiranje pet kategorija bolesti na metrici eksplicitno osmisljenoj za podrsku odlukama o klinickoj
translaciji. Primijenjen na pet kanonskih kategorija bolesti, LMTRI vracéa najvisi rezultat spremnosti
za Hacinson—Gilfordov progerijski sindrom (=0,65, $to odrazava lonafarnib terapiju odobrenu od
strane FDA 1 znatnu aktivnost u klinickom razvojnom toku oko pristupa zasnovanih na editovanju
baza), postredne rezultate za dilatacionu kardiomiopatiju povezanu s genom LMNA (=0,50) i Emeri—
Drajfusovu misi¢nu distrofiju (=0,45), a nize rezultate za invaziju karcinoma posredovanu LINC
kompleksom (=0,35) i neuronske poremecaje u nastajanju (<0,28).

Klju¢ne rije¢i: LINC kompleks, SUN  proteini, nesprini, nuklearni ovoj, lamin A/C, LMNA,
mebanopatologija, dilataciona kardiomiopatija, Emeri—Drajfusova misicna distrofija, Halinson—Gilfordova progerija,
translaciona spremnost.
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