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Commentary 

Proteomics identify nuclear export as a targetable pathway in 
neuroblastoma: Comment on “XPO1 inhibition with selinexor synergizes 
with proteasome inhibition in neuroblastoma by targeting nuclear export 
of IκB” 
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A B S T R A C T   

Neuroblastoma (NBL) is an embryonal malignancy of childhood with poor outcomes for patient with high-risk 
disease. Multimodal treatment approaches have improved outcomes but at the cost of significant toxicity, and 
there is no durable therapeutic approach for relapsed disease. As NBL has no singular oncogenic driver, targeted 
therapeutic options have been limited. Galinski et al report the results of a proteomic screen of neuroblastomas 
and identify the nuclear export protein XPO1 as a protein that is preferentially expressed and located in neu
roblast nuclei. XPO1 overexpression is associated with nuclear export of IκB and increased NF-κB activity, both of 
which can be abrogated in NBL cell lines with the XPO1 inhibitor Selinexor with or without the proteasome 
inhibitor bortezomib. This work highlights new strategies for therapeutic target identification and the novel 
identification of nuclear export as a targetable oncogenic pathway across malignancies.   

Neuroblastoma (NBL) is an embryonal tumor arising from sym
pathoadrenal precursors, most commonly in children under 5 years of 
age [1]. While primary tumors develop most often from the sympathetic 
chain or adrenal glands, clinical presentation can be diverse, from 
low-grade tumors that can spontaneously involute in infants to aggres
sive, widely metastatic disease in children over 18 months of age [1]. 
Despite numerous clinical advances in multimodal treatment for these 
patients over the last 25 years, refractory or recurrent disease remains a 
major problem; while neuroblastoma cases represent 8% of childhood 
cancers in the US, they represent 14% of childhood cancer-related 
deaths. Among survivors, toxic treatment approaches leave patients 
with high-risk disease with significant morbidities, including endocrine 
dysfunction, growth and developmental delays, and risk of metabolic 
syndrome [2]. For all these reasons, novel therapeutic approaches must 
still be developed to improve outcomes without worsening toxicities. 

Neuroblastomas generally lack a clear oncogenic driver. While some 
genetic events are recurrently identified in these tumors, most 
commonly MYCN amplification [3] and mutations or amplification of 
ALK [4], these are either poor therapeutic targets (MYCN) or not suffi
cient to eradicate disease (ALK) [5]. As such, novel therapeutic ap
proaches must be explored that target other biological pathways upon 

which the tumor is reliant for viability, while sparing normal tissues. 
Researchers have taken many different approaches to identify such 

key biological pathways. These have included drug screens, relying on 
serendipity to identify an existing drug with antineoplastic efficacy or a 
defined phenotypic effect, from which biological effects can then be 
delineated. Others have used genetic perturbations, most commonly 
CRISPR-Cas9-mediated screens using established cancer cell lines, to 
identify genes whose gain or loss of expression affect viability, which 
can then be further validated. This methods relies on significant work 
effort, the expectation that the biology of the cell lines sufficiently 
models human disease biology in vivo, that the genes identified will be 
tractacble therapeutic targets, and that RNA expression correlates suf
ficiently with biological role (in contrast to protein expression or 
modification). These approaches certainly have benefits but also rely on 
models of neuroblastoma as the primary screening material. 

In the work by Galinski et al. [6], the researchers have taken a 
different approach to identify relevant targets in neuroblastoma. They 
have evaluated the proteomes of primary neuroblastoma tumors from 
patients with high-risk disease, specifically comparing those with du
rable cures against those who died of disease with rapid progression. 
This very directly answers the question, “What is different about the 
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neuroblastomas from survivors versus nonsurvivors?” While there are 
inherently limitations to any research approach, including proteomic 
analyses, this method does mitigate concerns regarding the use of 
models of human disease or effects of gene expression versus presence of 
protein products. Of the differentially expressed proteins, the re
searchers identified XPO1 as particularly highly expressed in the tumors 
of those patients for whom current therapies are ineffective. While they 
later identify that XPO1 is expressed across neuroblastomas of different 
clinical risk groups, there is still evidence of consistent expression 
among high-risk tumors, as validated by assessment of RNA expression 
datasets. 

XPO1, also known as Exportin-1 or CRM1, functions in the cell nu
cleus. It is the receptor for proteins with leucine-rich nuclear export 
signal domains [7]; these include ribosomal subunits, RNAs exported 
from the nucleus as bound by RNA-binding adapters, and hundreds of 
other proteins. These include a host of tumor suppressors, most notably 
p53 [8]. In multiple tumors, including multiple myeloma [9] and neu
roblastoma [10, 11], overexpression of XPO1 is associated with cell 
viability through avoidance of apoptosis and chemotherapy resistance. 
While its role in p53 and surviving biology had been previously studied 
in neuroblastoma [11], XPO1 had not itself been studied as an oncogenic 
driver until this report. 

XPO1 is attractive as a therapeutic target because of the development 
of Selinexor, a covalent inhibitor of XPO1 through binding in the nuclear 
export signal groove [12]. Galinski et al confirm the efficacy of Selinexor 
against neuroblastoma in vitro against a panel of neuroblastoma cell 
lines. They identify that this inhibition leads to increased nuclear 
localization of IκB proteins, inhibiting the function of NF-κB and 
decreasing viability. This activity is synergistically potentiated when 
Selinexor is used in combination with the proteasome inhibitor borte
zomib. The efficacy of this treatment combination appears to have some 
in vitro dependency on the IκB proteins, an association not yet reported 
in other malignancies. It will be interesting to see if the XPO1-IκB axis is 
identified in other malignancies, and conversely which other tumor 
suppressor pathways are potentiated by XPO1 inhibition in 
neuroblastoma. 

The bedrock of antineoplastic therapy against childhood cancers has 
been the use of combination treatment regimens for optimal efficacy. 
Many pediatric cancers lack singular oncogenic drivers that can be 
attacked directly, likely in part due to the greater role of epigenetic 
aberrations in oncogenesis. As such, combination chemotherapy regi
mens lead to the first successes against cancers in children. To this day, 
even with the advent of more targeted regimens, multimodal therapies 
are used to attack the numerous “hallmarks of cancer,” extending from 
the traditional attacks on DNA replication and cytokinesis, to immune 
targeting and modulation through monoclonal antibodies, antibody- 
drug conjugates and cell therapies, inhibition of angiogenesis via tyro
sine kinase inhibitors and antibodies, and metabolic inhibition. Inhibi
tion of nuclear export, with or without proteasome inhibition, may yet 
serve as another arrow in the quiver against childhood cancers, pro
moting and augmenting apoptosis induced via other treatment 

modalities. This may be supported by the recent report by Malone et al, 
demonstrating that NXT1 and NXT2 [13], which promote RNA nuclear 
export through a parallel mechanism to XPO1, function oncogenically in 
neuroblastoma and perhaps across cancers. As these studies progress, 
careful organization of combination therapies may allow for reduced 
toxicities across the course of treatment with superior outcomes. 
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