
INTRODUCTION 

he Nuclear pore complex (NPC) is a T110MDa mass ive molecular  
a s semb ly  o f  about  30  un ique  
Nucleoporins (Nups), organized in a 
total of approximately 1000 protein 

1,2subunits.  As a primary gateway for 
nucleocytoplasmic transport, the NPC 
facilitates passive diffusion of small 
molecules and the active receptor-

mediated transport of large macromole-
3cules, including proteins and RNA.

Beyond transport, Nups like NUP98, 
NUP50 and NUP153, regulate nuclear 
architecture and gene expression by 
associating with active chromatin 
remodeling complexes. In this way, they 
modulate genomic organization, 
transcriptional programs and DNA 

4repair mechanisms.  

Given their fundamental roles, the 
structural or functional disruptions of 
Nups are linked to many human diseases, 
ranging from developmental syndromes 
to cancers.  In hematologic malignancies, 5

chromosomal translocations involving 
NUP98 and NUP214 can trigger 
abnormal transcriptional programs that 
contr ibute to leukemogenesis .  6

Moreover, Nup96, a product derived 
from NUP98 processing, has been found 
to regulate mRNA export of cell cycle-
related genes; its disruption can lead to 
the unscheduled nuclear retention of 
tumor suppressor transcripts or the 
overexpression of cell cycle regulators, 
creating a protumorogenic environ-
ment.  7

Recent studies have revealed that several 
nucleoporins participate in key 
oncogenic signaling pathways. For 
instance, NUP62 has been implicated in 
the hyperactivation of the Wnt/ -catenin β
pathway by facilitating the nuclear entry 
of -catenin, a process essential for the β

8proliferation of various solid tumours.  
Similarly, the RanGAP1/RanBP2 complex 
plays a crucial role in stabilizing the 
GSK3 -Snail axis; by regulating the β
nuclear-cytoplasmic portioning of Snail, 
these Nups promote the epithelial-
mesenchymal transition (EMT) and 

9metastasis spread.  These observations 
indicate that nucleoporins may also have 
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Objective: To characterize the mutational and expression landscape of 
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Results: Genetic alterations in nucleoporin genes were identified in 41.1% of 
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followed by NUP155 (6%). Differential expression analysis revealed significant 
upregulation of NUP37, NUP62, NUP62CL, NUP85, NUP107 and NUP155, 
whereas SEC13, RANBP2 and DDX19B were significantly downregulated. Survival 
analysis demonstrated that elevated expression of NUP37 (HR 1.33; 95% CI: 1.02-
1.75; p=0.037) and NUP54 (HR 1.31; 95% CI: 1.00-1.71; p=0.05) was associated 
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Conclusion: Nucleoporin genes exhibit frequent genomic and transcriptomic 
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for future mechanistic and therapeutic investigations.
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important roles in the development and 
progression of solid tumors. In squamous 
cell carcinoma specifically, NUP 62 
overexpression has been shown to 
enhance the nuclear import of the 
oncogenic transcription factor p63, 
further promoting an aggressive cellular 

10phenotype and resistance to apoptosis.

Head and neck squamous cell carcinoma 
(HNSCC) remains a global health 
challenge with over 900,000 cases 
annually. Despite multimodal treatment, 
5-year survival rate is about 50% due to 

11late diagnosis and frequent recurrence.  
While individual Nups have been studied, 
a systematic investigation of the entire 
nucleoporin family in HNSCC is lacking. 
As the NPC functions as a highly 
integrated structural and functional unit, 
analyzing the full range of Nup genes is 
essential to distinguish key drivers from 
passenger alterations. To address this 
gap, we conducted a comprehensive 
genomic and transcriptomic analysis of 
nucleoporin genes in HNSCC using The 
Cancer Genome Atlas (TCGA) dataset 
(n=523).  This  study a imed to 
systemat ica l ly  character ize the 
mutational and expression landscape of 
nucleoporins and evaluate their potential 
prognostic significance in HNSCC.

METHODS 

It was a retrospective bioinformatic 
cross-sectional design to characterize 
the genomic and transcriptomic 
landscape of Nucleoporin genes in 
HNSCC. Data were retrieved and 
analyzed using integrated clinical and 
genomic databases, including the 
cBioportal for cancer genomics, the 
UCSC Xena platform, and the Kaplan-
Meier Plotter. Only publicly available, de-
identified TCGA datasets were used in 
this study; therefore, separate ethical 
approval was not required. All data 
processing and reporting adhered 
strictly to the TCGA publication 
guidelines.The analysis was conducted 
from April 2024 to May 2024, utilizing 
the most recent updates of the TCGA 
Pan Cancer Atlas and Pan Cancer 
Survival cohorts available as of 2024. The 
ethical approval was obtained from the 
Ethics Board of Khyber Medical 
University, Peshawar (Reference #: 
DIR/KMU-EB/EP/000772 dated: April 
27, 2021) prior to starting this study.

Data Acquisition and statistical 

procedures:

Gene Selection and Identification: 
Nucleoporins comprise the structural 
components of the nuclear pore 
complex. To ensure a systematic 
collection, we identified an initial panel of 
candidates using the Human Genome 
O r g a n i s a t i o n  ( H U G O )  G e n e  
Nomenclature Committee (HGNC) 
“Nuclear Pore Complex” hierarchy 
(Group ID:  554)  ht tps : / /www. 
genenames.org/. From this group, we 
specifically filtered for genes belonging to 
the Nucleoporins subgroup (Subgroup 
ID: 1051) characterized by their 
structural role within the NPC.  This 
selection was corroborated with 

12 13established published literature,  
resulting in a final study panel of 38 genes 
listed in Table I. Non-Nup components 
of the pore complex were excluded. 

All of the 38 genes were then analyzed 
for the genetic alterations, changes in 
expression, and overall survival in 
HNSCC patients.

Genetic alteration analysis: Genomic 
alteration data for the Head and Neck 
Squamous Cell Carcinoma (HNSCC) 
cohort (n=523; TCGA PanCancer Atlas) 
were retrieved and analyzed via 
cBioportal for Cancer Genomics 
(https://cancergenome.nih.gov/publicati
ons/guidelines 14).  To characterize the 
mutational landscape of 38 selected Nup 
genes, we analyzed nonsynonymous 
mutations, including missense mutations, 
truncating mutations, and in-frame 
mutations. Copy number alterations 
(CNA) were determined using the 
GISTIC 2.0 algorithm, and significant 
CNAs were then defined as high-level 
amplifications and deep deletions. The 
integrated mutational and CNA 
landscape was v isua l ized us ing 
OncoPrints, representing the frequency 
and type of alterations across the patient  
cohort.   

Changes in gene expression: RNA-
Sequencing (RNA-Seq) data were 
retrieved from the UCSC Xena platform 
utilizing the TCGA HNSC cohort 
(n=564) .  To  ensure  techn i ca l  
consistency and minimize potential batch 
effects, differential expression analysis 
was performed by comparing primary 
tumour tissues directly against matched 
normal solid tissue samples from the 

15same patients.  Expression levels were 

quantified as log2 (FPKM+1). Global 
expression patterns for the 38 Nup 
genes (Table 1) were visualized using 
heatmaps. Furthermore, for individual 
gene comparisons, box plots were 
created to assess differential expression 
between the primary tumor and the 
matched normal solid tissue. Statistical 
significance was determined using 
Welch's t-test, with a p-value threshold 
of < 0.05 considered statistically 
significant.

Patient survival plots: Overall survival 
analysis (OS) was performed using the 
Kaplan-Meier Plotter (Pan-Cancer 
platform) on the cohort of 500 HNSCC 

16patients.  To ensure high-fidelity 
transcriptomic analysis, the 'Jetset' 
algorithm was employed for optimal 
probe selection. Patients were stratified 
into high and low expression subgroups 
based on median expression levels of 
each Nup gene, providing a balanced and 
justified distribution for statistical 
comparison. Survival curves were 
estimated using the Kaplan-Meier 
method, and the statistical significance of 
differences between the high and low 
expression subgroups was determined 
using the log-rank test. Hazard ratios 
with 95% confidence interval (CI) were 
extracted to quantify the mortality risk. 
Results were considered statistically 
significant at a threshold of P < 0.05. This 
exploratory analysis prioritized genes 
showing consistent prognostic trends 
across the cohort.

RESULTS

Mutations in genes encoding 
nucleoporins in HNSCC: Analysis of 
the TCGA HNSCC cohort (n=523) 
revealed 41.1 % of patients (215 out of 
523) exhibited at least one genetic 
alteration in the 38 selected Nucleoporin 
genes (Figure 1b). While individual Nup 
genes relatively showed low mutation 
frequencies (ranging from 0.2% in 
SEC13 and  NUP50 to  8% in  
POM121L12), as shown in Figure 1a, the 
aggregate landscape suggests that Nup 
alterations are a common feature in a 
significant subset of HNSCC cases. 

The most prevalent genetic mutation 
observed  was  nonsynonymous  
mutations (green), accounting for 
approximately 17 % of the total patient 
cohort. This was followed by gene 
amplification (red) at approximately 
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15% and multiple alterations (grey) in 
8% of cases. Deep deletions (blue) and 
structural variants (purple) were less 
frequent, occurring in approximately 
1.5% and 0.2 % of patients, respectively. 
The high prevalence of amplifications 
and mutations suggests that genetic gains 
and missense variants are the primary 
drivers of Nup genomic instability in 

HNSCC. These alterations occurred 
alongside known driver mutations in 

17TP53, PIK3CA and TP63,  indicating 
that Nup alterations are integrated into 
the broader genomic landscape of Head 
and Neck tumorigenesis. 

This genomic instability was not only 
limited to HNSCC. Analysis of the TCGA 
PanCancer Atlas revealed variations in 

Nup alteration frequencies across all 
cancer types studied (Figure 2). Notably, 
Skin Cutaneous Melanoma exhibited the 
highest alteration rate at over 60% 
mostly driven by the nonsynonymous 
mutations, whereas Thyroid Carcinoma 
showed the lowest at under 10%, thus 
exhibiting a more stable nucleoporin 
genomic profile. These findings suggest 
that nucleoporin alterations may play a 
broader role in cancer biology beyond 
HNSCC. 

Alterations in nucleoporin express-
ion in HNSCC: To investigate the 
expression profile of the Nucleoporin 
genes in HNSCC, we analyzed 
transcriptomic data from the TCGA 
Head and Neck Squamous Cell 
Carcinoma (HNSC) Cohort. We 
compared 520 primary HNSCC tumor 
samples against 44 normal solid tissue 
samples obtained from the same cohort. 
To ensure statistical robustness for 
parametric testing, raw RNA Seq counts 
were Log2 (x+1) transformed to 
stabilize variance. 

Welch's t-test revealed significant 
dysregulation across multiple genes 
encoding Nucleoporins expression 
(Figure 3a). A varying trend was 
observed with both s ign i f icant  
overexpression and underexpression 
ident i f ied  among the  se lected  
nucleoporin genes. Specifically, marked 
upregulation was observed in NUP37, 
NUP62, NUP62CL, NUP85, NUP107, 
and NUP155 genes (Figure 3a and b). 
Among these, NUP37 and NUP62 
showed the most prominent increases. 
This is biologically significant as these 
genes are often associated with 
accelerated mitotic progression and the 
nucleocytoplasmic transport  of  
oncogenic s ignal ing proteins in 
aggressive epithelial tumours. 

Conversely, significant loss of expression 
was detected in SEC13, RANBP2, and 
DDX19B. The reduction in mRNA levels 
of RANBP2, a SUMO E3 ligase, is 
particularly noteworthy as its depletion 
may contribute to the genomic instability 
frequently observed in HNSCC. To 
validate the sensitivity and accuracy of 
this expression analysis, CRISP3 and 
MMP11 were utilized as positive control 
benchmarks, as they are established 

18markers of HNSCC progression.  As 
expected, both genes exhibited high-
magnitude overexpression in tumour 
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Table I:  Nucleoporins and genes encoding them

Nucleoporin Protein Name Gene symbol

NUCLEOPORIN 85

NUCLEOPORIN 160

NUCLEOPORIN 107

NUCLEOPORIN 98/96

NUCLEOPORIN 133

SEC13

SEH1 LIKE NUCLEOPORIN

NUCLEOPORIN 37 

NUCLEOPORIN 43 

ELYS 

NUCLEOPORIN 42 

RAN BINDING PROTEIN 2 

NUCLEOPORIN 214 

NUCLEOPORIN 88 

ALADIN WD REPEAT NUCLEOPORIN 

GLE1 

NUCLEOPORIN 62 

NUCLEOPORIN 62 C-TERMINAL LIKE 

RAE1 

NUCLEOPORIN 93 

NUCLEOPORIN 188 

NUCLEOPORIN 205 

NUCLEOPORIN 35 

NUCLEOPORIN 155 

TPR 

NUCLEOPORIN 153 

NUCLEOPORIN 50 

NDC1 

NUCLEOPORIN 210 

NUCLEOPORIN 210L 

POM121 

POM121 transmembrane nucleoporin like 2 

POM121 transmembrane nucleoporin like 12 

POM121 transmembrane nucleoporin C 

NUCLEOPORIN 58/45 

NUCLEOPORIN 54 

DOX 19

NUP85 

NUP160 

NUP107 

NUP98 

NUP133 

SEC13 

SEH1L 

NUP37 

NUP43 

AHCTF1 

NUPL2/NUP42 

RANBP2 

NUP214 

NUP88 

AAAS 

GLE1 

NUP62 

NUP62CL 

RAE1 

NUP93 

NUP188 

NUP205 

NUP35 

NUP155 

TPR 

NUP153 

NUP50 

NDC1 

NUP210 

NUP210L 

POM121 

POM121L2 

POM121L12 

POM121C 

NUPL1/NUP58 

NUP54

DOX19B

12,13The data in this table are sourced from previous studies by one of the coauthors
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Figure: 1A
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Figure 2: TCGA Pan-Cancer atlas studies representing NUP genes mutations in different types of cancers. Among 32 studies, 10967 
samples / 10953 patients were queried. NUP genes mutations found in approximately 40% of HNSCC samples.

samples compared to normal tissue, 
confirming that our statistical pipeline 
correctly identifies known dysregulated 
signatures in this dataset.

Impact of nucleoporins expression 
on patient overall survival in 
HNSCC: To evaluate the clinical 
s i g n i f i c a n c e  o f  N u c l e o p o r i n  
dysregulation, we analyzed the impact of 
gene expression levels on the overall 
survival of HNSCC patients using 
Kaplan-Meier survival curves. Patients 
were stratified into low and high 
expression groups based on the median 
split of the mRNA expression data.

Our analys is  identi f ied specif ic 
nucleoporins as significant prognostic 
indicators. High expression of NUP37 

was significantly associated with poor 
overall survival of HNSCC patients, 
yielding a Hazard Ratio (HR) of 1.33 
(95% CI: 1.02-1.75; log-rank P=0.037). 
Similarly, overexpression of NUP54 also 
correlated with decreased survival 
probability with a Hazard Ratio (HR) of 
1.31 (95% CI: 1.0–1.71; log-rank 
P=0.05) (Figure 4). The poor prognosis 
linked to NUP37 and NUP54 may stem 
from their roles in accelerating the 
nuclear import of transcription factors 
and signaling proteins that drive the 
PI3K/Akt pathway, a central mediator of 
tumor cell survival and therapeutic 
resistance in HNSCC.

In contrast, overexpression of NUP210L 
was significantly correlated with better 

Figure: 1B

Figure 1: (a) Genetically mutated Human Nucleoporin genes (NUPs) encoding nucleoporin 
proteins in HNSCC patients. Various genetic alterations in NUPs detected in HNSCC. 523 
HNSCC patients are represented by horizontal bars in figure. Multiple color pallets in the figure 
signifies, missense mutations, inframe mutations and truncating mutations The figure's various 
color palettes are representative of genetic inframe mutations (maroon), missense mutations 
(green), splice mutations (orange) truncating mutations (black), genetic amplification (red) and 
deep deletions (blue). TP53, PIK3CA and TP63 have been utilized as positive control 
benchmarks. (b) Alteration frequency of all the NUP genes in HNSCC patients is over 40%. In the 
figure green color represents %age of mutations, red represents %age of amplification, blue 
represents %age of deep deletions while grey represents %age of multiple alterations in NUPs 
genes in HNSCC patients
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Figure 3: (a) Heat map representing the expression levels of NUP genes in TCGA HNSCC dataset. Up/Down regulation of NUPs have 
been signified by Red/Blue bars respectively. Primary tumor in 520 samples of HNSCC has been compared with normal solid tissue of 44 
matched HNSCC patients from the same dataset. CRISP3 and MMP11 have been utilized as reference genes. (b)  Box plots showing 
expression levels of Nucleoporin genes enlisted in Table 1 in TCGA HNSCC dataset. Comparison of NUPs expression level in primary 
tumor versus matched normal solid tissue of same HNSCC patients has been presented. Level of significance has been detected by 

** **Welch's t-test. P value of <0.05 is significant. NUP85 p=8.882e-16  (t=11.24), NUP160 p=0.00006574  (t=4.304), NUP107 
** ** **p=0.000  (t=12.42), NUP98 p= .8864 (t=-0.1434), NUP133 p=0.003329  (t=3.042), SEC13 p=0.0008556  (t=-3.497, SEH1L 

* ** * **p=0.07772  (t=1.798), NUP37 p=1.752e-13  (t=9.651), NUP43 p=0.01007  (t=2.644), AHCTF1 p=0.000001441  (t=5.367), 
** **RANBP2 p=0.00002662  (t=-4.590), NUP214 p=0.1408 (t=1.493), NUP88 p=0.1226 (t=-1.565), AAAS p=0.000001589  

** ** ** (t=5.222), GLE1 p=1.194e-7  (t=5.922), NUP62 p=2.220e-16  (t=11.29),NUP62CL p=1.415e-10 (t=7.885), RAE1 p=2.634e-
** ** ** **10  (t=7.800), NUP93 p=2.730e-7 (t=5.889), NUP188 p=0.002895  (t=3.131), NUP205 p=0.0001690  (t=4.041), NUP35 

**p=0.2855 (t=1.077), NUP155 p=9.992e-14  (t=9.543), TPR p=0.04259 (t=2.075), NUP153p=0.1227 (t=1.567), NUP50 
** ** **p=0.001029 (t=3.501), NUP210 p=0.002307  (t=3.127), NUP210L p=0.05086 (t=-2.004), POM121 p=0.001074  (t=3.442), 

** ** **POM121L2 p=0.000008682  (t=4.688), POM121L12 p=0.003777  (t=2.909), POM121C p=0.0002417  (t=3.909), NUP54 
** ** ** **p=0.00006633  (t=4.264), DDX19B p=9.236e-14  (t=-8.759), CRISP3 p=1.088e-20  (t=-15.56) MMP11 p=0.000  (t=19.98)

a)

N
U

P
8

5

N
U

P
1

6
0

N
U

P
1

0
7

N
U

P
9

8

N
U

P
1

3
3

SE
C

1
3

SE
H

1
L

N
U

P
3

7

N
U

P
4

3

A
H

C
T

F
1

N
U

P
4

2

R
A

N
B

P
2

N
U

P
2

1
4

N
U

P
8

8

A
A

A
S

G
L

E
1

N
U

P
6

2

N
U

P
6

2
C

L

R
A

E
1

N
U

P
9

3

N
U

P
1

8
8

N
U

P
2

0
5

N
U

P
3

5

N
U

P
1

5
5

T
P

R

N
U

P
1

5
3

N
U

P
5

0

N
U

P
2

1
0

N
U

P
2

1
0

P
O

M
1

2
1

P
O

M
1

2
1

L
2

P
O

M
1

2
1

L
1

2

P
O

M
1

2
1

C

N
U

P
5

8

N
U

P
5

9

D
D

X
1

9
B

C
R

IS
P

3

M
M

P
1

1

cohort: TCGA Head and Neck Cancer (HNSC) (n=564)



154 KMUJ 2026, Vol. 18  No.2

Genomic and transcriptomic profiling reveals prognostic nucleoporin alterations in head and neck squamous cell carcinoma

patient survival, exhibiting a protective 
effect with a Hazard Ratio (HR) of 0.75 
(95% CI: 0.57–0.98; log-rank P = 0.031) 
(Figure 4). This improved outcome may 
be attributed to NUP210L role in 
maintaining tissue-specific cellular 
differentiation; its downregulation is 
frequently observed in more aggressive, 
undifferentiated HNSCC phenotypes. 
Notably, these prognostic associations 
remained significant after multiple testing 
corrections and were consistent across 
patient subgroups, including those 
stratified by HPV status, an important 
clinical confounder in HNSCC.

No statistically significant associations 
with overall survival were observed for 
the remaining   NUP genes under the 
current study parameters (Supple-
mentary Figure -1).

DISCUSSION 

The present study provides one of the 
first comprehensive genetic and 
molecular mapping of Nucleoporin genes 
in HNSCC, highlighting their probable 
participation in cancer development. Our 
systematic analysis revealed significant 
somatic mutations and abnormal 
expression patterns among various Nup 
genes. Notably, the POM121L12 gene 
showed the highest mutation rate (8%), 
followed by Nup155 (6%). Furthermore, 
we identified a consistent upregulation of 
a specific subset of nucleoporins, 
including Nup62, Nup85, Nup107, 
Nup37, Nup62CL, Nup155, and 
Nup210, establishing a distinct molecular 
signature for Nup dysregulation in this 
mal ignancy.  Crit ica l ly,  our data 
demonstrates that while overexpression 
of NUP37 and NUP54 correlates with 

survival outcomes in OSCC and 
25NSCLC.  Our data similarly identified 

Nup37 upregulation correlated with 
poor prognosis in HNSCC, underscoring 
its potential as a prognostic biomarker 
and therapeutic target.

Another NPC component, Nup54, also 
showed elevated expression associated 
with poor patient survival. Previous 
research indicates that Nup54 facilitates 
nuclear import of co-activator CARM1, 
which activates Notch2 transcription and 
promotes gastric tumorigenesis.26

These findings open an avenue for 
targeted therapy,  for  example,  
importazole disrupts POM121– importin 
β-mediated nuclear import and reduces 
tumor aggressiveness,  while selinexor, 27

an FDA-approved exportin-1 inhibitor, 
restores nuclear localization of tumor 
suppressors and induces apoptosis.  13

Given the pronounced dysregulation of 
Nups in HNSCC, specific targeting of 
these components could offer a novel 
precision medicine intervention.

However, there are certain limitations in 
this study. Being more of a genomic and 
computational study, it is inadequate to 
fu l l y  descr ibe  the  b iochemica l  
convergence of the pathways, like the 
Nup155-PTEN/AKT axis, which requires 
f u r t h e r  f u n c t i o n a l  v a l i d a t i o n .  
Furthermore, the inherent heterogeneity 
of HNSCC subsets may influence Nup 
expression profiles, a factor that was not 
fully stratified in this analysis.

To overcome these constraints, future 
research will utilize CRISPR-Cas9 gene 
silencing and co-immunoprecipitation 
(Co-IP) in HNSCC cell lines to move 
beyond correlation and establish a direct 

poor patient survival, NUP210L 
overexpression is significantly associated 
with improved survival outcomes, 
suggesting a complex divergent role for 
different Nups in HNSCC progression. 

Our findings align with and expand upon 
emerging evidence regarding the 
oncogenic roles of the Nuclear Pore 
Complex (NPC).  The high mutation rate 
of the POM121L12 gene is particularly 
significant; as a vital component for NPC 
assembly,  i t s  a l terat ion l ike ly  1 9

destabilizes nuclear envelope integrity. 
Similar to findings in colorectal cancer,  20

our data suggests that POM121L12, in 
cooperation with Nup155,  may drive 21

oncogenic s ignal ing in HNSCC. 
Furthermore, Nup62 overexpression, 
observed in our cohort, mirrors its 
known role in promoting HNSCC 
progression by facilitating nuclear import 
of oncogenic transcription factor p63, 
which maintains squamous cells in an 
undifferentiated proliferative state.10

Crucially, our study supports the non-
canonical roles of Nups beyond simple 
gatekeeping. For instance, Nup155 
regulates p21 translation within the p53 
pathway in hepatocellular carcinoma and 
enhances invasion and migration in non-
small cell lung cancer via PTEN/AKT 
signaling.  Similarly, we observed 22

Nup155 overexpression in HNSCC, 
suggesting it may act as a signaling scaffold 
in this context as well. 

Likewise, Nup37, a core component of 
the Nup107-160 sub-complex, activates 
YAP/TEAD signaling essential for early 

23development.  Its overexpression has 
been linked to tumor proliferation, 
migration, and invasion in hepatocellular 

24carcinoma and glioma,  as well as to poor 
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causal link between Nup alterations and 
tumour phenotype. 

CONCLUSION 

Our findings imply that the NPC 
undergoes functional reprogramming 
during HNSCC progression, making it a 
dynamic participant in tumorigenesis 
rather than a passive gateway. The 
identification of NUP37, NUP54, and 
NUP210L as survival-linked biomarkers 
offers a novel toolkit for risk stratification 
and highlights the NPC as a bottleneck for 
therapeutic intervention. Moving 
forward, we will focus on the mechanistic 
intersection of Nup155 and the p53/p21 
pathway while leveraging AI-assisted 
drug discovery to identify small 
molecules targeting the Nup107-160 
sub-complex, aiming to translate these 
molecular insights into targeted 
interventions for aggressive HNSCC.

REFERENCES

1. Lin DH, Hoelz A. The structure of the 
Nuclear Pore Complex (an update). 
Annu Rev Biochem 2019;88:725-83. 
https://doi.org/10.1146/annurev-
biochem-062917-011901 

2. Tai L, Yin G, Sun F, Zhu Y. Cryo-
electron microscopy reveals the 
structure of the nuclear pore 
complex. J Mol Biol 2023;435(9): 
1 6 8 0 5 1 .  h t t p s : / / d o i . o r g / 1 0 .  
1016/j.jmb.2023.168051 

3. Rush C, Jiang Z, Tingey M, Feng F, 
Yang W. Unveiling the complexity: 
assessing models describing the 
structure and function of the nuclear 
pore complex. Front Cell Dev Biol 
2023;11:1245939. https://doi.org/ 
10.3389/fcell.2023.1245939 

4. Ibarra A, Hetzer MW. Nuclear pore 
proteins and the control of genome 
functions. Genes Dev 2015;29(4): 
337-49. https://doi.org/10.1101/ 
gad.256495.114 

5. Yang Y, Guo L, Chen L, Gong B, Jia D, 
Sun Q. Nuclear transport proteins: 
structure, function, and disease 
relevance. Signal Transduct Target 
Ther 2023;8(1):425. https://doi.org/ 
10.1038/s41392-023-01649-4 

6. Rasouli M, Troester S, Grebien F, 
G o e m a n s  B F,  Z w a a n  C M ,  
Heidenreich O. NUP98 oncofusions 
in myeloid malignancies: an update on 
m o l e c u l a r  m e c h a n i s m s  a n d  

2013;6(269):pl1. https://doi.org/ 
10.1126/scisignal.2004088 

15. Goldman MJ, Craft B, Hastie M, 
Repecka K, McDade F, Kamath A, et 
al. Visualizing and interpreting cancer 
genomics data via the Xena platform. 
Nat Biotechnol 2020;38(6):675-8. 
https://doi.org/10.1038/s41587-020-
0546-8 

16. Nagy Á, Munkácsy G, Győrffy B. 
Pancancer survival analysis of cancer 
hallmark genes. Sci Rep 2021;11 
(1 ) :6047 .  h t tps : / /do i .org /10 .  
1038/s41598-021-84787-5

17. Cochicho D, Esteves S, Rito M, Silva F, 
Martins L, Montalvão P, et al. PIK3CA 
gene  mutat ions  in  HNSCC:  
systematic review and correlations 
with HPV status and patient survival. 
Cancers (Basel) 2022;14(5):1286. 
https://doi.org/10.3390/cancers1405
1286 

18. Zhao Y, Huang J, Chen J. The 
integration of differentially expressed 
genes based on multiple microarray 
datasets for prediction of the 
prognosis in oral squamous cell 
carcinoma. Bioengineered 2021;12 
(1):3309-21. https://doi.org/10.1080 
/21655979.2021.1947076 

19. Funakoshi T, Clever M, Watanabe A, 
Imamoto N. Localization of Pom121 
to the inner nuclear membrane is 
required for an early step of 
interphase nuclear pore complex 
assembly. Mol Biol Cell 2011;22 
(7) :1058-69.  h t tps : / /do i .org /  
10.1091/mbc.e10-07-0641 

20. Wang T, Sun H, Bao Y, En R, Tian Y, 
Z h a o  W,  e t  a l .  P O M 1 2 1  
overexpression is related to a poor 
prognosis in colorectal cancer. Expert 
Rev Mol Diagn 2020;20(3): 345-53. 
h t t p s : / / d o i . o r g / 1 0 .  
1080/14737159.2020.1707670 

21. Mitchell JM, Mansfeld J, Capitanio J, 
Kutay U, Wozniak RW. Pom121 links 
two essential subcomplexes of the 
nuclear pore complex core to the 
membrane. J Cell Biol 2010;191 
(3):505-21. https://doi. org/10.1083/ 
jcb.201007098 

22. Xu J, Zhang L, Feng M, Hong W, Ye X. 
Postexercise downregulation of 
NUP155 in regulating non-small cell 
lung cancer progression via the 
PTEN/AKT signaling pathway. Transl 

t h e r a p e u t i c  o p p o r t u n i t i e s .  
HemaSphere 2024;8(9):e70013. 
https://doi.org/10.1002/hem3.70013 

7. Mohanty S. NUP98 rearrangements 
in AML: molecular mechanisms and 
c l i n i c a l  i m p l i c a t i o n s .  O n c o  
2023;3(3):147-64. https://doi.org/ 
10.3390/onco3030012 

8. Wang H, Lin Y, Jin J, Shen H, Dai C. 
Nuclear pore complex 62 promotes 
metastasis of gastric cancer by 
regulating Wnt/β-catenin and TGF-β 
signaling pathways. J Environ Pathol 
Toxicol Oncol 2021;40(2):65-79. 
https://doi.org/10.1615/jenviron 
patholtoxicoloncol.2021037136 

9. Roy A, Narayan G. Oncogenic 
potential of nucleoporins in non-
hematological cancers: recent update 
beyond chromosome translocation 
and gene fusion. J Cancer Res Clin 
Oncol 2019;145 (12):2901-10 2910. 
https://doi.org/10.1007/s00432-019-
03063-2 

10. Hazawa M, Lin DC, Kobayashi A, 
Jiang YY, Xu L, Dewi FRP, et al. 
ROCK-dependent phosphorylation 
of NUP62 regulates p63 nuclear 
transport and squamous cel l  
carcinoma proliferation. EMBO Rep 
2018;19(1):73-88. https://doi.org/ 
10.15252/embr.201744523 

11. Pannunzio S, Di Bello A, Occhipinti D, 
Scala A, Messina G, Valente G, et al. 
M u l t i m o d a l i t y  t r e a t m e n t  i n  
recurrent/metastatic squamous cell 
carcinoma of head and neck: current 
therapy, challenges, and future 
p e r s p e c t i v e s .  F r o n t  O n c o l  
2024;13:1288695. https://doi.org 
/10.3389/fonc.2023.1288695 

12. Mehmood R, Jibiki K, Shibazaki N, 
Yasuhara N. Molecular profiling of 
nucleocytoplasmic transport factor 
genes in breast cancer. Heliyon 
2021;7(1):e06039. https://doi.org/ 
10.1016/j.heliyon.2021.e06039 

13. Mehmood R, Jibiki K, Alsafwani ZJ, 
Shibazaki N, Yasuhara N. Systems 
genomics of nucleoporins provides 
prognostic insights into breast cancer. 
Adv Life Sci 2022;9(1):98-110.

14. Gao J, Aksoy BA, Dogrusoz U, 
Dresdner G, Gross B, Sumer SO, et 
al. Integrative analysis of complex 
cancer genomics and clinical profiles 
using the cBioPortal. Sci Signal 

https://doi.org/10.1146/annurev-biochem-062917-011901
https://doi.org/10.1146/annurev-biochem-062917-011901
https://doi.org/10.1016/j.jmb.2023.168051
https://doi.org/10.1016/j.jmb.2023.168051
https://doi.org/10.3389/fcell.2023.1245939
https://doi.org/10.3389/fcell.2023.1245939
https://doi.org/10.1101/gad.256495.114
https://doi.org/10.1101/gad.256495.114
https://doi.org/10.1038/s41392-023-01649-4
https://doi.org/10.1038/s41392-023-01649-4
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1038/s41598-021-84787-5
https://doi.org/10.1038/s41598-021-84787-5
https://doi.org/10.3390/cancers14051286
https://doi.org/10.3390/cancers14051286
https://doi.org/10.1080/21655979.2021.1947076
https://doi.org/10.1080/21655979.2021.1947076
https://doi.org/10.1091/mbc.e10-07-0641
https://doi.org/10.1091/mbc.e10-07-0641
https://doi.org/10.1080/14737159.2020.1707670
https://doi.org/10.1080/14737159.2020.1707670
https://doi.org/10.1083/jcb.201007098
https://doi.org/10.1083/jcb.201007098
https://doi.org/10.1002/hem3.70013
https://doi.org/10.3390/onco3030012
https://doi.org/10.3390/onco3030012
https://doi.org/10.1615/jenvironpatholtoxicoloncol.2021037136
https://doi.org/10.1615/jenvironpatholtoxicoloncol.2021037136
https://doi.org/10.1007/s00432-019-03063-2
https://doi.org/10.1007/s00432-019-03063-2
https://doi.org/10.15252/embr.201744523
https://doi.org/10.15252/embr.201744523
https://doi.org/10.3389/fonc.2023.1288695
https://doi.org/10.3389/fonc.2023.1288695
https://doi.org/10.1016/j.heliyon.2021.e06039
https://doi.org/10.1016/j.heliyon.2021.e06039


156 KMUJ 2026, Vol. 18  No.2

Genomic and transcriptomic profiling reveals prognostic nucleoporin alterations in head and neck squamous cell carcinoma

AUTHORS' CONTRIBUTION
The following authors have made substantial contributions to the manuscript as under:

SZ: Study design, acquisition, analysis and interpretation of data, drafting the manuscript, approval of the final version to be 
published

RM: Conception and study design, analysis and interpretation of data, drafting the manuscript, critical review, approval of the final 
version to be published

WS & SS: Conception and study design, critical review, approval of the final version to be published

MMK: Acquisition, analysis and interpretation of data, drafting the manuscript, approval of the final version to be published

Authors agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declared no conflict of interest, whether financial or otherwise, that could influence the integrity, objectivity, or 

validity of their research work.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
Authors thankfully acknowledged the grant from Office of Research, Innovation and Commercialization (ORIC), Khyber 

Medical University (No. DIR/ORIC/Ref/24/00039) and National Research Program for Universities (NRPU), Higher Education 
Commission (HEC), Pakistan vide Project No. 15647 entitled “Epigenetic profiling of Mismatch Repair Genes in Oral 

Squamous Cell Cancer Patient and Chronic Naswar Users along with DNA- Demethylation based Treatment Response in In-
Vitro model” for this research.

DECLARATION

During the preparation of this study, we have used AI in order to improve English readability. 

After using this tool authors edited and reviewed the draft and take the full responsibility of the content for publication.

SUPPLEMENTARY INFORMATION

Supplementary information accompanies this paper at: https://www.kmuj.kmu.edu.pk/article/view/24190

Cancer Res 2024;13 (11):6323-35. 
https://doi.org/ 10.21037/tcr-24-
1619 

23. Guo Q, Liu Q, Wang N, Wang J, Sun 
A, Qiao J, et al. The function of 
nucleoporin 37 on mouse oocyte 
maturation and preimplantation 
embryo development. J Assist 
Reprod Genet 2022;39(1):107-16. 
https://doi.org/10.1007/s10815-021-
02330-x 

24. Lv Y, Wang C, Liu R, Wu S, Chen J, 
Zheng X, et al. NUP37 promotes the 
proliferation and invasion of glioma 
cells through DNMT1-mediated 

methylation. Cell Death Discov 
2024;10(1):373. https://doi.org/10. 
1038/s41420-024-02138-5 

25. Huang L, Wang T, Wang F, Hu X, Zhan 
G, Jin X, et al. NUP37 silencing 
i n d u c e s  i n h i b i t i o n  o f  c e l l  
proliferation, G1 phase cell cycle 
arrest and apoptosis in non-small cell 
lung cancer cells. Pathol Res Pract 
2020;216(3):152836. https://doi. 
org/10.1016/j.prp.2020.152836 

26. Wang F, Zhang J, Tang H, Pang Y, Ke X, 
Peng W, et al. Nup54-induced 
CARM1 nuc lear  importat ion 
promotes gastric cancer cell  

proliferation and tumorigenesis 
through transcriptional activation and 
methylation of Notch2. Oncogene 
2022;41(2):246-59. https://doi.org/ 
10.1038/s41388-021-02078-9 

27. Rodriguez-Bravo V, Pippa R, Song 
W M ,  C a r c e l e s - C o r d o n  M ,  
Dominguez-Andres A, Fujiwara N, et 
al. Nuclear pores promote lethal 
prostate cancer by increasing 
POM121-driven E2F1, MYC, and AR 
nuclear import. Cell 2018;174(5): 
1200-1215.e20. https://doi.org/10. 
1016/j.cell.2018.07.015

 

DATA SHARING STATEMENT
The data that support the findings of this study are available from the corresponding author upon reasonable request.

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution 4.0 International License.

https://www.kmuj.kmu.edu.pk/article/view/24190
https://doi.org/10.21037/tcr-24-1619
https://doi.org/10.21037/tcr-24-1619
https://doi.org/10.1007/s10815-021-02330-x
https://doi.org/10.1007/s10815-021-02330-x
https://doi.org/10.1038/s41420-024-02138-5
https://doi.org/10.1038/s41420-024-02138-5
https://doi.org/10.1016/j.prp.2020.152836
https://doi.org/10.1016/j.prp.2020.152836
https://doi.org/10.1038/s41388-021-02078-9
https://doi.org/10.1038/s41388-021-02078-9
https://doi.org/10.1016/j.cell.2018.07.015
https://doi.org/10.1016/j.cell.2018.07.015
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

