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Abstract
Breast cancer remains a heterogeneous disease in which prognostic stratification, particularly 
within estrogen receptor (ER)-negative subtypes, remains clinically challenging. While genomic and 
transcriptomic profiling have advanced risk classification, protein-level regulation and subcellular 
localization are rarely incorporated into prognostic frameworks. NEDD8 ultimate buster 1 (NUB1) is a 
proteostasis-associated protein involved in degradation of ubiquitin-like modifiers and regulation of 
cell-cycle progression. Emerging evidence suggests that altered subcellular distribution of NUB1, rather 
than expression alone, associates with aggressive tumor behavior in ER-negative disease. In this editorial, 
we argue that NUB1 serves as a demonstrator protein illustrating how localization-dependent biology 
can refine prognostic stratification. Drawing on tissue-based outcome associations and paired primary–
metastatic observations, we propose that loss of cytoplasmic NUB1 highlights a biologically distinct poor-
outcome subset within ER-negative breast cancer. We further discuss validation priorities and practical 
considerations for incorporating localization-aware biomarkers into pathology workflows.

Introduction: Prognostic Gaps in ER-Negative Breast Cancer

Despite advances in molecular oncology, ER-negative breast cancer continues to pose substantial 
prognostic and therapeutic challenges. Unlike ER-positive disease, which benefits from endocrine 
therapy and established biomarkers, ER-negative and triple-negative tumors remain biologically 
heterogeneous and clinically unpredictable. High-throughput genomic and transcriptomic 
approaches have yielded important insights; however, they incompletely capture post-transcriptional 
regulation, protein stability, and intracellular compartmentalization, all of which critically influence 
tumor behavior.

Proteostasis networks enable cells to adapt to stress and maintain protein homeostasis [1,2] 
and are frequently repurposed by tumors to support survival and therapy resistance [3,4]. Notably, 
not all proteostasis regulators function uniformly as tumor enablers. In selected contexts, loss or 
mislocalization of these proteins may instead mark biological vulnerability or aggressive disease states.

This editorial advance the broader proposition that subcellular localization represents an 
underutilized dimension of prognostic biomarker biology in ER-negative breast cancer. NUB1 is 
discussed not as an isolated candidate, but as a concrete example through which this principle can 
be examined.

Why Localization Matters More Than Expression

NUB1 is an interferon-inducible protein expressed as multiple splice variants, including 
NUB1L, which contains an additional ubiquitin-associated domain [5,6]. Functionally, NUB1 
facilitates proteasomal degradation of NEDD8- and FAT10-conjugated proteins, thereby influencing 
proteostasis, stress responses, and cell-cycle control [7].
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AIPL1, originally characterized in retinal biology, has been 
shown to modulate NUB1 stability and intracellular trafficking 
[8]. Subcellular localization determines substrate accessibility, 
interaction partners, and biological output. For proteins involved 
in degradation and stress signaling, compartmentalization may be 
particularly informative.

In oncology, reliance on transcript abundance as a surrogate for 
protein function is increasingly recognized as insufficient, as mRNA 
levels often fail to predict protein stability, localization, or activity. 
This disconnect is especially relevant in aggressive tumors where 
regulatory pathways are disrupted [9]. Accordingly, localization-
aware assessment may capture prognostic information overlooked by 
expression-centric approaches.

Clinical Signals Supporting Localization-Dependent 
Prognostic Value

Analyses of public transcriptomic datasets suggest context-
dependent associations between NUB1 expression and outcome, 
with adverse prognostic signals emerging primarily in ER-negative 
and triple-negative subsets. These findings imply biological specificity 
but are insufficient to define clinical utility [10,11].

Tissue-based immunohistochemical analyses extend these 
observations. Heterogeneous nuclear and cytoplasmic NUB1 

patterns are observed that do not simply mirror transcript levels. 
Importantly, loss of cytoplasmic NUB1 identifies a subgroup of ER-
negative tumors with significantly poorer outcomes, whereas nuclear 
localization alone lacks equivalent prognostic value.

These findings suggest that disruption of a cytoplasmic 
proteostasis-linked restraint mechanism may characterize a 
particularly aggressive ER-negative phenotype [11]. While the 
precise substrates and pathways remain to be elucidated, the 
localization–outcome association itself is clinically observable and 
reproducible within cohorts [10,11].

ER-Negative Specificity: Biological Plausibility

The apparent restriction of prognostic relevance to ER-negative 
disease warrants consideration. ER-negative tumors are characterized 
by heightened genomic instability, reliance on stress-adaptive 
pathways, and limited therapeutic options [7,12]. In this context, 
loss of cytoplasmic proteostasis regulators such as NUB1 may 
disproportionately impair cellular control mechanisms, conferring a 
selective growth advantage.

By contrast, ER-positive tumors benefit from hormone-driven 
regulatory networks that may buffer or override such effects. This 
distinction offers a plausible biological rationale for the ER-negative 
specificity of localization-dependent prognostic signals.

 

Figure 1. Subcellular localization as an orthogonal dimension of prognostic information in ER-negative breast cancer. Conventional genomic 
and transcriptomic profiling is expression-centric (Panel A), overlooking functional differences arising from protein compartmentalization (Panel 
B). Using NUB1 as a demonstrator protein, preserved cytoplasmic localization is associated with controlled stress responses and better outcomes, 
whereas cytoplasmic loss aligns with proteostasis imbalance and aggressive phenotypes (Panel C). Integration of localization-aware biomarkers 
with existing classifiers may refine ER-negative prognostic stratification (Panel D).
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Integrating Case-Based and Population-Level Evidence

Localization-based biomarkers offer practical advantages. 
Immunohistochemistry is already embedded in diagnostic 
pathology, and compartment-specific scoring is routine for several 
established markers. Incorporating cytoplasmic NUB1 assessment 
would therefore require standardization rather than technological 
innovation.

However, clinical adoption must be contingent on comparative 
validation. Specifically, the prognostic signal attributed to 
cytoplasmic NUB1 should be tested against established ER-negative 
risk classifiers, including tumor grade, stage, proliferative indices, 
and immune markers, to determine whether localization adds 
independent or incremental prognostic value.

Critically, the potential value of cytoplasmic NUB1 does 
not lie in replacing established ER-negative risk classifiers, but in 
complementing them. Conventional prognostic variables such as 
tumor grade, proliferative indices, immune infiltration, and stage 
capture structural or microenvironmental features, whereas NUB1 
localization may reflect intracellular stress handling and proteostasis 
capacity. We hypothesize that localization-aware biomarkers operate 
orthogonally to existing classifiers, identifying biologically aggressive 
tumors that are otherwise indistinguishable by standard pathology 
(Figure 1). Formal comparative modelling will be required to 
determine whether cytoplasmic NUB1 adds independent or 
incremental prognostic value; however, its signal suggests a distinct 
axis of tumor vulnerability that warrants systematic evaluation.

Future Directions

Next steps are clear and achievable, including independent 
validation of cytoplasmic NUB1 as a prognostic marker in larger 
ER-negative and triple-negative cohorts, standardization of 
immunohistochemical scoring thresholds suitable for routine 
pathology practice, and mechanistic interrogation of whether 
altered NUB1 localization modulates stress tolerance, proliferation, 
or treatment response. Importantly, these efforts should position 
NUB1 as a test case for localization-aware biomarker development 
rather than an endpoint.

Conclusion

Taken together, available evidence supports reframing NUB1 
as a demonstrator protein illustrating the prognostic relevance of 
subcellular localization in ER-negative breast cancer. This perspective 
highlights localization as a neglected yet actionable dimension 
of tumor biology. If validated comparatively, localization-aware 
biomarkers may refine prognostic stratification and inform clinical 
decision-making in aggressive breast cancer subtypes where unmet 
need remains high.
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