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Background: Nucleoporin 188 (NUP188) is a vital component of the nuclear pore
complex that regulates cancer progression, but its role in diagnosis, prognosis,
and immunoregulation in pan-cancer remains unclear.

Methods: A comprehensive exploration of the value of NUP188 was performed
using different platforms and software, including TCGA, HPA, UALCAN, TISIDB,
cBioPortal, STRING, GSCALite, cancerSEA databases, and R software. The expression
of NUP188 in gastric cancer (GC) was detected by immunohistochemistry. The
association between NUP188 and clinicopathologic features was explored, and the
predictive value of NUP188 was determined. The effect of NUP188 knockdown on
the proliferation, migration, and invasion of GC cells was detected in vitro and vivo.
Results: NUP188 was dysregulated in most human cancers compared to normal
tissues with great diagnostic accuracy. The NUP188 expression was associated
with molecular subtype, pathologic stage, prognosis, cancer status, and genomic
heterogeneity in multiple cancer types. NUP188 was also related to the immune
subtype and infiltrating levels of immune cells. The protein level of NUP188 was
both upregulated in GC tissues, and was related to HP infection, depth of
invasion, distant metastasis, TNM stage, and overall survival of GC patients.
NUP188 interference restrained the proliferation, migration, and invasion of GC
cells, and inhibited the GC growth in vivo.

Conclusion: NUP188 plays a potential role in pan-cancer diagnosis and
prognosis and may serve as a nhovel biomarker for tumor immunotherapy.
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1 Introduction

Nuclear pore complexes (NPCs) are the only pores embedded
in the nuclear membrane that control material transport between
the nucleus and the cytoplasm. NPC also regulates biological
functions such as RNA processing, DNA repair, transcriptional
regulation, and cell cycle regulation (1). NPC is essential in
maintaining normal cell signaling and protein localization, closely
related to carcinogenesis (2). The NPC is made up of approximately
30 distinct proteins called nucleoporins. Multiple nucleoporins have
been confirmed to be involved in the occurrence and development
of tumors, such as NUP98, NUP62, and NUP88 (3). Therefore,
nucleoporins are gradually becoming a hot spot in current research.

Nucleoporin 188 (NUP188) is a member of the NUP93
complex, showing a significant impact on NPC formation.
Theerthagiri et al. confirmed that decreased NUP188 accelerated
the translocation of integral membrane proteins by regulating
NPCs’ function (4). Knockdown of NUP188 also hinders
chromosome segregation, resulting in mitotic arrest (5). In
addition, NUP188 mutation might relate to a new developmental
syndrome with a poor prognosis (6). However, little is known about
NUP188s role in cancer progression.

This study systematically explored the NUP188 expression in
pan-cancer, and its prognostic value was analyzed comprehensively.
The connections between NUP188, cancer status, genomic
heterogeneity, and infiltrating lymphocytes were also explored.
Finally, immunohistochemistry detected the NUP188 expression
in gastric cancer tissues. The influence of NUP188 on GC cells was
detected after NUP188 knockdown in vitro. The study aimed to
demonstrate the potential of NUP188 in cancer diagnosis,
prognosis, and immunoregulation, thus affording a new insight
into tumor therapy.

2 Materials and methods
2.1 The NUP188 expression in pan-cancer

The NUP188 expression in 33 tumor tissues and corresponding
non-tumor tissues was downloaded from the TCGA database
(https://portal.gdc.cancer.gov) after sequence alignment had been
completed using the STAR software. Batch effects were corrected
using the “ComBat” function from the “sva” package. TPM
normalization was conducted using the “edgeR” package with
“calcNormPFactors” function (parameter method = “TMM”), and
the data was transformed using the log2(value +1) normalization
method. According to the characteristics of the data format, the
appropriate statistical methods (R package “stats” and “car”)
were selected for statistics, and the “ggplot2” was used to visualize
the data. The NUPI188 protein expression in pan-cancer
was explored in the UALCAN database (https://
ualcan.path.uab.edu/). The representative pictures of NUP188
in different tissues were afforded by the HPA database (https://
www.proteinatlas.org/).
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2.2 The receiver operating characteristic
curve of NUP188 in human cancers

The RNAseq downloaded from the TCGA database was utilized
to perform the ROC analysis through the R package “pROC”, and
the results were visualized by the “ggplot2”. The pROC package
automatically adjusted the order of outcomes for the data by default.

2.3 The prognostic analysis of NUP188 in
pan-cancer

The NUP188 expression in different molecular subtypes was
confirmed by the TISIDB database (http://cis.hku.hk/TISIDB/
index.php). The relationship between NUP188 and the pathologic
stage was explored by the R package “stats” based on the RNAseq
from the TCGA database. Proportional risk hypothesis testing and
Cox regression analysis were performed using the package “survival”,
and forest map visualization was performed using “ggplot2”.

2.4 The gene functions of NUP188 in
different cancers

The UNP188-related genes were calculated with high
confidence (0.700) by the STRING database (https://string-
db.org/), and then enrichment analysis was performed by the
package “clusterProfiler”. The cellular processes activated or
inhibited by NUP188 in 32 cancers was detected by the GSCALite
database (https://guolab.wchscu.cn/GSCA/#/). The relationship
between NUP188 and cancer cell status was explored by the
cancerSEA database (http://biocc.hrbmu.edu.cn/CancerSEA/).

2.5 Genomic heterogeneity analysis of
NUP188 in pan-cancer

NUP188 mutations in human cancers were demonstrated by the
cBioPortal database (https://www.cbioportal.org/). The mutant
landscape of NUP188 in GC was demonstrated by the Sangerbox
platform (http://vip.sangerbox.com/). The correlations between
NUP188 and tumor mutation burden (TMB), microsatellite
instability (MSI), ploidy, mutant-allele tumor heterogeneity (MATH),
neoantigen (Neo), homologous recombination deficiency (HRD) and
loss of heterozygosity (LOH) were also calculated by the Sangerbox
platform with filtering criteria: excluding silent mutations, germline
variants, and variants with VAF <5%.

2.6 The immune analysis of NUP188 in
human cancers

The NUP188 expression in different immune subtypes of
different cancers was detected by the TISIDB database. The
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uniformly standardized pan-cancer dataset TCGA TARGET GTEx
was downloaded from the UCSC database (https://xenabrowser.net/).
The expression data of the NUP188 gene in each sample were then
extracted. Each expression value was further subjected to a log2
(value + 0.001) transformation. Additionally, the gene expression
profiles of each tumor were extracted from this dataset and mapped
to GeneSymbols. Furthermore, the stromal, immune, and
ESTIMATE scores for each patient in each tumor were calculated
using the R package “ESTIMATE” based on the gene expression.
The immune infiltration score was calculated through the R package
“GSVA” according to the markers of immune cells provided in the
literature (7). The correlations between NUP188 and immune cells
were explored through the Pearson methods.

2.7 Tissue samples

A total of 410 patients who underwent biopsy or surgery at
JianHu People’s Hospital between December 2015 and May 2019
participated in the study, providing 410 GC tissues and 98 para-
carcinoma tissues. Patients ranged in age from 32 to 76 years, with
an average age of 53. The Ethics Committee of JianHu People’s
Hospital approved this study (JHYY20200045), and each patient or
the guardian signed the written consents.

2.8 Immunohistochemistry

The THC was conducted according to the instruction of the Broad
Spectrum SP Kit (SP0041, Solarbio, China). The NUP188 in tissues was
detected by Rabbit polyclonal anti-NUP188 (ab204490, Abcam, USA).
Two pathologists evaluated THC results in a double-blind setting. The
staining intensity of NUP188 in cells of GC tissues was rated by a semi-
quantitative score method (8). Based on the survival of GC patients, a
cut-off value of 190 was calculated using X-tile software, and NUP188
expression was divided into high expression and low or no expression.

2.9 Experimental methods

The experimental methods are shown in Supplementary Methods.

3 Results

3.1 The expression of NUP188 in human
cancers

The RNAseq of the TCGA database demonstrated that NUP188
mRNA was unregulated in 14 cancers and only downregulated in
kidney chromophobe (KICH) compared to normal tissues
(Figure 1A). The paired sample t-test further confirmed that
NUP188 mRNA overexpression was found in 15 cancers except
KICH (Figure 1B). Similarly, the UALCAN database confirmed that
NUP188 protein level was overexpressed in colon cancer, clear cell
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renal cell carcinoma (RCC), uterine corpus endometrial carcinoma
(UCEC), lung cancer, head and neck squamous cell carcinoma
(HNSC), glioblastoma, and liver cancer (Figure 1C). As shown in
Figure 1D, NUP188 was localized to the nuclear, and a relatively
strong positive staining was present in some samples of cancer
tissues. Meanwhile, NUP188 showed potential diagnostic accuracy
in 15 cancers, with the area under the ROC curve greater than 0.7
(Figure 2). These results indicated that NUP188 might be a novel
biomarker for cancer diagnosis.

3.2 The association between NUP188 and
prognosis in different cancers

The TISIDB database demonstrated that different molecular
subtypes showed different NUP188 expression in 10 cancer types
(Figure 3A). Furthermore, advanced pathologic stages showed
higher NUP188 levels in adrenocortical carcinoma (ACC), KICH,
and liver hepatocellular carcinoma (LIHC) while presented lower
NUP188 levels in kidney renal papillary cell carcinoma (KIRP) and
testicular germ cell tumors (TGCT) (Figure 3B). Cox regression
analysis was performed to evaluate the prognostic value of NUP188
in human cancers. In overall survival (OS), NUP188 was a risk
factor for patients with ACC, bladder urothelial carcinoma (BLCA),
brain lower grade glioma (LGG), LIHC, mesothelioma (MESO),
and skin cutaneous melanoma (SKCM). It worked as a protective
factor for patients with kidney renal clear cell carcinoma (KIRC)
and thymoma (THYM) (Figure 3C). In disease-specific survival
(DSS), high NUP188 expression might predict poor prognosis in
ACC, LGG, MESO, and SKCM, but indicate good news in KIRC
and UCEC (Figure 3D). In the disease-free interval (DFI), NUP188
played a risk role for patients with ACC, LGG, LIHC, MESO,
sarcoma (SARC), SKCM, and uveal melanoma (UVM), but
benefited the patients with KIRC and UCEC (Figure 3E). These
results suggested that NUP188 regulated the tumor progression and
affected the prognosis in multiple cancer types.

3.3 The gene functions of NUP188 in pan-
cancer

The STRING database identified the 34 NUP188-related proteins
with high confidence (>0.7) (Figure 4A), and the GO/KEGG analysis of
these proteins demonstrated that the functions of NUP188 might be
mainly nucleic acid transport and NPC formation (Figure 4B). The
GSCALite database showed the biological functions and pathways
associated with NUP188 in 32 cancers. The result confirmed that
NUPI188 activated the apoptosis, cell cycle, and DNA damage in
multiple cancer types, but inhibited the signaling pathways like
hormone ER and RTK in some cancers (Figure 4C). Subsequently,
we explore the influence of NUP188 on the functional status of cancer
cell at the single-cell level through the cancerSEA database (Figure 4D).
Specifically, NUP188 was positively associated with inflammation,
metastasis, and differentiation in lung adenocarcinoma (LUAD), with
angiogenesis, differentiation, and inflammation in RB, with DNA

frontiersin.org


https://xenabrowser.net/
https://doi.org/10.3389/fimmu.2025.1586784
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhu et al.

10.3389/fimmu.2025.1586784

>

The expression of NUP188
Log, (TPM+1)

— T —
r  x v Yo L O O & O L L © F N L
TEITFL LI T FTFTEEITT T L L L LTS
[E Normal [E Tumor
ns
3 . .
T 6 A
2= ns  ns
Z3
53 g —
SE
Sk
85 41
a3
3
o
2
£
24
———— T T
2ol 2ol O QO X O R O O ) O xel ) Y © ) X O
& &S FE & S F & & & & & & a*'oé &L &S Xig

© Normal ® Tumor

C Expression of NUP188 across cancers (with tumor and normal samples)
o
ok
ok ="
- aor i
2+ - i T
0 . i
: b :
s ol i .
9 H i H
2 i i é - B
4 i
Breast cancer Colon cancer Ovarian cancer Clear cell RCC UCEC Lung cancer PAAD Head and neck Glioblastoma Liver cancer

FIGURE 1
NUP188 expression in cancer tissues. (A) NUP188 mRNA expression in d

ifferent human cancers and normal tissues based on the TCGA database.

(B) NUP188 mRNA expression in paired human cancers and normal tissues based on the TCGA database. (C) NUP188 protein expression in different
human cancers and normal tissues based on the UALCAN database. (D) The representative pictures of NUP188 protein in cancer tissues and normal

tissues based on the HPA database. *P<0.05, **P<0.01, ***P<0.001.

damage in ALL, with quiescence in OV, with cell cycle in RCC, while
showed negative connection to DNA repair, cell cycle, and DNA
damage in retinoblastoma (RB), to quiescence, hypoxia, inflammation,
metastasis, differentiation, and apoptosis in breast invasive carcinoma
(BRCA), to hypoxia, angiogenesis, differentiation, inflammation,
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quiescence, and metastasis in acute myeloid leukemia (AML), to
DNA repair, DNA damage, and apoptosis in uveal melanoma (UM)
(Figures 4E-L). These results demonstrated that NUP188 might

regulate cancer progression by affecting the biological behaviors of
cancer cells.
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The ROC curves of NUP188 in human cancers. (A) CHOL. (B) COAD. (C) ESAD. (D) GBM. (E) GBMLGG. (F) HNSC. (G) KICH. (H) LIHC. (I) LUSC. (J)
READ. (K) SARC. (L) STAD. (M) TGCA. (N) THCA. (O) UCEC.

3.4 The connection between NUP188 and was the most common mutation site (Figure 5B). Furthermore, the
genomic heterogeneity in pan-cancer mutation landscape of NUP188 identified the mutated genes in

STAD, and the top 5 genes were TTN, TP53, MUC16, SYNEI and
Genomic heterogeneity is an important index in measuring  ARIDIA (Figure 5C).

tumor characteristics, and we first explored the NUP188 alterations Genomic heterogeneity was associated with the prognosis and
in pan-cancer via the cBioPortal database. The mutation was the  therapy efficacy, and then we evaluated the correlations between
main alteration, especially in UCEC, stomach adenocarcinoma  NUP188 and 6 indexes. NUP188 showed a positive relationship
(STAD), SKCM, and bladder urothelial carcinoma (Figure 5A). A with TMB in LUAD, colon adenocarcinoma (COAD), STAD,
total of 255 mutation sites were found in 1749 amino acids, @ UCEC, rectum adenocarcinoma (READ), ACC, and KICH
including 205 missenses, 28 truncating, and 16 splices, and M6581  (Figure 5D). There were positive associations between NUP188
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FIGURE 3

The relationships between NUP188 and clinical significance. (A) The levels of NUP188 in different molecular subtypes of human cancers. (B) The
levels of NUP188 in different pathologic stages of 5 cancers. (C-E) The role of NUP188 in overall survival (C), disease-specific survival (D) and

disease-free interval (E). *P<0.05, **P<0.01, ***P<0.001.

and Neo in glioblastoma multiforme (GBM), COAD, READ,
UCEC, BLCA, and ACC (Figure 5E). For MSI, NUP 188 was a
positively related factor in GBM, CESC, LUAD, COAD, SARC,
STAD, UCEC, LUSC, READ, and UVM, but played a negatively
related role in KIPAN, head and neck squamous cell carcinoma
(HNSC), and lymphoid neoplasm diffuse large B-cell lymphoma
(DLBC) (Figure 5F). NUP188 was positively connected to MATH
in STES and BLCA, and negatively in CESC, KIPAN, UCEC, KIRC
and UCS (Figure 5G). NUP188 presented a positive association
with HRD in GBM, GBMLGG, LGG, LUAD, stomach and
Esophageal carcinoma (STES), SARC, LIHC, BLCA, and ACC. It
showed negative connection in UCEC, THYM and TGCT
(Figure 5H). Finally, NUP188 was positively related to LOH in
glioma (GBMLGG), LGG, LAML, STES, PRAD, LIHC, PCPG, and
BLCA, and negatively in CESC, KIPAN, UCEC, KIRC, THCA, and
TGCT (Figure 5I).
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3.5 The relationship between NUP188 and
infiltrating immune cells

The immune environment is known to play a vital role in
regulating cancer progression and patients’ prognosis. The TISIDB
database confirmed that different immune subtypes showed different
NUP188 levels in 12 cancer types (Figure 6). To further prove the role
of NUP188 in regulating the tumor microenvironment, the
connection between NUP188 and three scores of ESTIMATE
analysis was demonstrated. The result showed that NUP188 was
negatively associated with immune score in 22 cancers and only
positively in 4 cancers (Figure 7A). The results above indicated that
NUP188 might inhibit the infiltrating immune cells in most
cancer types.

Subsequently, we explored the correlations between NUP188
and 24 kinds of immune cells. As shown in Figure 7B, NUP188 was
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negatively associated with B cells in 18 cancers, with cytotoxic cells
in 18 cancers, DC in 18 cancers, pDC 23 cancers, Th17 cells in 17
cancers. In addition, NUP188 showed positive connections to T
helper cells in 25 cancers, to Tcm in 24 cancers, and Th2 cells in 26
cancers (Figure 7B).

3.6 The expression and prognostic value of
NUP188 in GC patients

The Kaplan-Meier Plotter demonstrated that GC patients with a
higher NUP188 level tended to have shorter overall survival, first
progression survival, and recurrent progression survival (Figure 8A).
THC was performed to confirm further the NUP188 expression in
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GC, including 98 paracancerous normal tissues and 410 GC tissues.
As shown in Figure 8B, NUP188 was mainly expressed in the nucleus.
High NUP188 expression was more common in GC tissues (334/410,
81.46%) than that in para-carcinoma tissues (24/98,24.49%) (x2 =
123.381, P<0.001, Figure 8C).

As shown in Table 1, high NUP188 expression was significantly
associated with positive H pylori infection (x> = 3.925, P=0.048),
more profound depth of invasion (x> = 9.189, P=0.002), distant
metastasis (> = 8.544, P=0.003), and poor TNM stage (3 = 31.613,
P<0.001). However, there was no connection between NUP188 and
gender, age, differentiation, or lymph node metastasis (P>0.05). In
univariate analysis, overall survival was significantly correlated to
NUP188 (HR=5.050; 95% CI, 3.292-7.747; P<0.001) (Figure 8D). In
multivariate analysis, NUP188 (HR=4.555; 95% CI, 2.961-7.007;
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The associations between NUP188 and genomic heterogeneity in pan-cancer. (A) Bar chart of NUP188 mutations in human cancers. (B) Mutation
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P<0.001) was an independent prognostic factor for GC patients
(Figure 8D). The clinical data of these 410 GC patients also
confirmed that high NUP188 expression might predict poor
overall survival (Figure E).

3.7 The effect of NUP188 knockdown on
the biological behavior of GC cells

Western Blotting demonstrated that the NUP188 level in GC cell
lines was higher than in normal gastric epithelial cell line GSE-1,
especially FU97 and HGC27 (Figure 9A). To explore the influence of
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NUP188 on GC cell behaviors, the NUP188 expression was interfered
with in FU9 and HGC27 (Figure 9B). CCK-8 assay and clone
formation assay showed that NUP188 interference inhibited the
proliferation of GC cells (Figures 9C-E). Wound healing assay and
Transwell migration assay demonstrated that downregulation of
NUP188 could impair the migration capacity of GC cells
(Figures 9F-I). Transwell invasion assay verified the decreased
invasion capacity after NUP188 knockdown in GC cells (Figures 9]-
K). In vivo experiment demonstrated that NUP188 knockdown
inhibited the tumor growth in subcutaneous xenograft tumor model
(Figures 9L-N). These results suggested that NUP188 knockdown
could inhibit the GC cell proliferation, migration and invasion.
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The relationships between NUP188 and immune subtypes in human cancers. (A) BRCA. (B) ESCA. (C) KIRC. (D) LGG. (E) LUAD. (F) LUSC. (G) PAAD.
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4 Discussion

The abnormal expressions of nucleoporins have been confirmed
in multiple cancers. NUP93 is confirmed to be overexpressed in
hepatocellular carcinoma (9), esophageal cancer (10), cervical
cancer (11), and bladder cancer (12). NUP210 shows a higher
expression in cervical cancer (13), prostate cancer (14), liver cancer
(15), and meningiomas (16) than normal tissues. POMI121 is
upregulated in prostate cancer (17), colorectal cancer (18), gastric
cancer (19), and lung cancer (20). However, the expression level of
NUPI188 in human cancer is little known. In this study, we
compared the NUP188 mRNA and protein in different public
databases, and confirmed that NUP188 was upregulated in most
cancer types, but only downregulated in KICH. In addition,
NUP199 presented good accuracy in distinguishing the tumor
and normal tissues in 15 cancers according to the ROC method.
Therefore, NUP188 might become a novel diagnostic biomarker for
human cancers.

Different molecular subtypes often affect clinical characteristics
and therapy outcomes of cancer patients (21). We explored the
NUP188 expression in various kinds of molecular subtypes of
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human cancers. We found that NUP188 showed significant
differences in different molecular subtypes of 10 cancer types.
Furthermore, patients with different pathologic stages of ACC,
KICH, KIRP, LIHC, and TGCT had different NUP188 levels.
These results indicated that NUP188 might affect the tumor
progression and patient prognosis. Subsequently, NUP188 was
confirmed to be a prognostic factor for OS in 9 cancer types. To
remove the interference of the nontumor factor, the relation
between NUP188 and DSS and DFI was calculated, and the result
demonstrated that NUP188 significantly affects the DSS and DFI in
6 cancers and 9 cancers, respectively. The results above indicated
that NUP188 had the potential to predict the prognosis of
cancer patients.

The gene functions of NUP188 were then explored through
multiple databases. The GO/KEGG analysis of NUP188-related
proteins confirmed that NUP188 was associated with nuclear
pore assemble and nucleocytoplasmic transport, which was
consistent with the common sense. The data from the GSCALite
database demonstrated that NUP188 activated the apoptosis, cell
cycle and DNA damage in a significant percentage of cancer types,
indicating that NUP188 might play a different role in different
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cancers. NUP188 also inhibited the hormone AR/ER signaling
pathways in some cases, meaning that NUP188 might work as a
cancer suppressor in breast and prostate cancer. Receptor tyrosine
kinases (RTKs) include epidermal growth factor receptors (EGFRs),
vascular endothelial growth factor receptors (VEGFRs), platelet-
derived growth factor receptors (PDGFRs), insulin-like growth
factor receptors (IGFRs) which are related to tumor progression
(22). The inhibition influence of NUP188 on the RTK pathway
might elucidate the mechanism of anticancer action in some cancer
types. On the single-cell level of each cancer, NUP188 also has a
dual role in biological behavior regulation. For example, NUP188
was positively associated with inflammation, metastasis, and
differentiation in LUAD, but showed negative relationship with
these processes in BRCA.

Tumorigenesis is always derived from genomic variation, and
molecular testing for genome is becoming an inseparable part of
cancer research. Through the cBioPortal database, we found that
mutation was the most common genomic variation associated with
NUP188, and there were 255 mutation sites in the 1749 amino acids of
NUP188. Take gastric cancer as an example, we confirmed that TTN
and TP53 were the most frequent mutations related to NUP188, and
these two gene mutations are closely linked to the progression and
prognosis of GC (23, 24). Neo refers to a type of antigen that is produced
due to genetic mutations in tumor cells, and the immune system
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recognizes tumor cells primarily by recognizing Neo on the surface of
tumor cells, which are produced by genetic mutations in tumor cells.
TMB refers to the number of somatic mutations contained in every
million base pairs of the tumor cell genome. High TMB means that
tumor cells have more genetic mutations, which is likely to produce
more Neo, and tumor patients may be more likely to benefit from
immunotherapy (25). MSI is mainly caused by dysfunction of the DNA
mismatch repair system, manifesting as abnormal changes in the length
of microsatellite sequences in the genome. Cancer cells with high MSI
can also generate a large number of Neo, and a combination of TMB
and MSI can more accurately predict the response rate of tumor
immunotherapy (26). This study explored the relationship between
NUP188 and TMB, Neo and MSI, and demonstrated that NUP188
showed positive connections to all these three indexes in COAD and
UCEC, which meant that high NUP188 expression might be an
immunotherapeutic indication for COAD or UCEC patients. MATH
is an indicator used to quantify tumor heterogeneity, mainly assessing
the diversity of tumor cell clones by analyzing the distribution
characteristics of the frequency of mutant alleles in tumor samples
(27). LOH refers to a state in which one of the two alleles at a specific
genetic locus in a cell undergoes deletion or functional loss, resulting in
the locus retaining only one functional allele (28). HRD refers to a state
in which cells, due to functional abnormalities in the homologous
recombination repair pathway, are unable to accurately repair DNA
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The association between NUP188 expression and GC prognosis. (A) The survival curves of GC patients with different NUP188 expression in Kaplan-
Meier Plotter platform. (B) IHC staining for NUP188 expression in gastric samples. Left, normal gastric tissue with low NUP188 expression. Right, GC
tissue with high NUP188 expression. (C) Statistical diagram for NUP188 protein in gastric samples. (D) Univariate and multivariate analysis of the
prognostic factors for GC patients. (E) The relationship between NUP188 and overall survival of GC patients. *P<0.05.

double-strand breaks, thereby inducing genomic instability (29).
Furthermore, MATH, HRD and LOH are important indexes for
genomic heterogeneity, and are associated with tumor prognosis and
immunotherapy (27-29). This study demonstrated that NUP188 was
also significantly connected to MATH, HRD and LOH in multiple
cancers. These results suggested that NUP188 might regulate the tumor
microenvironment (TME) by influencing genomic stability, thereby
modulating the immunotherapy response.

TME is a complex and dynamic ecosystem about tumor growth
and survival (30-32). This research found that different immune
subtypes of 12 cancers presented different NUP188 expressions,
indicating that NUP188 may participate in TME regulation. The
ESTIMATE algorithm is a novel method to evaluate tumor purity
through the analysis of stromal and immune cells in TME (33). Low
scores of these criteria always mean poor survival of cancer patients
(34). Our results demonstrated that NUP188 was negatively associated
with three ESTIMATE scores in most cancer types. We then calculated
the correlations between NUP188 expression and the infiltrating level
of immune cells. B cells usually play a positive immunomodulatory role
by producing antibodies, participating in antigen presentation, and
promoting the activation and proliferation of T cells (35). Dendritic
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cells (DCs) play an antitumor role through the tumor-associated
antigen presentation and the activation of T cell immune response
(36). CD56bright NK cells is a subgroup of NK cells with a strong
cytokine production capacity, and present potent antitumor responses
(37). Our results demonstrated that NUP188 was negatively associated
with infiltrations of B cells, cytotoxic cells, DCs, immature DC (iDC),
plasmacytoid DC (pDC), and CD56bright NK cells in most cancer
types. Th2 cells and Th17 cells are different subgroups of T helper cells,
and all play dual roles in cancer progression (38, 39). NUP188 showed
positive association with T helper cells and Th2 cells, and presented
negative correlation to Th17 in most cancer types. Therefore, the role of
T helper cells in NUP188-mediated immune TME deserved
experimental validation. In addition, NUP188 also exhibited positive
connection to central memory T cells (Tcm) which could recognize
and kill tumor cells (40). However, the antitumor influence of
upregulated Tcm might be weakened in tumors with high NUP188
expression due to the lack of assistance of DCs and NK cells.

As a malignant tumor in the digestive system, GC ranks fourth in
cancer mortality, with more than one million new cases yearly (41).
The 5-year survival rate of GC patients with early stage is more than
60%, while that falls to less than 5% in patients with distant metastases
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TABLE 1 The association between NUP188 expression and clinicopathological characteristics of GC patients.

Characteristics

NUP188 expression (%)

Low or no High
Total 410 76 (18.54) 334 (81.46)
Gender ‘ 0.886 0.347
Female 122 26 (21.31) 96 (78.69)
Male 288 50 (17.36) 238 (82.64)
Age ‘ 0.001 0.990
<60 140 26 (18.57) 114 (81.43)
260 270 50 (18.52) 220 (81.48)
HP infection ‘ BIO2S 0.048*
Positive 241 37 (15.35) 204 (84.65)
Negative 169 39 (23.08) 130 (76.92)
Differentiation ‘ 0.788 0.674
Well 117 23 (19.66) 94 (80.34)
Moderate 164 27 (16.46) 137 (83.54)
Poor 129 26 (20.16) 103 (79.84)
Depth of invasion ‘ 9.189 0.002*
Tis+ T1+T2 66 21 (31.82) 45 (68.18)
T3+ T4 344 55 (15.99) 289 (84.01)
Lymph 0.071 0.790
node metastasis
NO 80 14 (17.50) 66 (82.50)
N1+N2+N3 330 62 (18.79) 268 (81.21)
Distant metastasis ‘ 8.544 0.003*
Mo 328 70 (21.34) 258 (78.66)
M1 82 6 (7.32) 76 (92.68)
TNM stage ‘ 31.613 <0.001*
I 26 15 (57.69) 11 (42.31)
11 133 23 (17.29) 110 (82.71)
111 129 25 (19.38) 104 (80.62)
v 122 13 (10.66) 109 (89.34)

*P<0.05.

(42). However, most GC patients have reached the middle and late
stage at first diagnosis due to early nonspecific symptoms, and many
patients have lost the opportunity for surgery. Therefore, it’s necessary
to investigate novel biomarkers for early diagnosis and prognosis of GC
patients. Existing literature has suggested that NUP188 may play an
important role in gastric cancer (43). The bioinformatics analysis
confirmed that NUP188 was upregulated in GC tissues and had a
good accuracy for GC diagnosis. Furthermore, NUP188 expression was
also closely associated with the prognosis of GC patients. This study
detected the NUP188 protein in 98 pericarcinomatous normal tissues
and 410 GC tissues. The results of IHC confirmed the overexpression
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of NUP188 in GC tissues. Furthermore, NUP188 expression was
significantly associated with H. pylori infection, depth of invasion,
distant metastasis, and TNM stage, indicating that NUP188 might
promote the proliferation and invasiveness of GC cells. The GC
patients with high NUP188 levels were also confirmed to have
poorer overall survival than other patients. These results suggested
that NUP188 had the potential to serve as a novel biomarker for GC
diagnosis and prognosis.

With the deepening of the research on the molecular mechanism of
GC pathogenesis, molecular targeted therapy, as a new and targeted
therapeutic means, occupies an important position in the field of gastric
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cancer treatment. Molecular targets approved for clinical GC treatment
include HER2, VEGF and VEGEFR (44, 45). CLDN18.2 and FGFR2b
are also promising and burgeoning candidates for GC therapy (46-48).
However, molecular targeted therapy alone has limited efficacy in GC
treatment, and it’s necessary to find more biological targets. We
inhibited the NUP188 expression in GC cells, and found that
NUP188 knockdown in GC cells significantly impaired the tumor
lethality, including cell proliferation, migration and invasion. These
results indicated that NUP188 might be a potential biomarker for GC
targeted therapy.

In conclusion, NUP188 was overexpressed in multiple cancers,
and may play a vital role in tumor diagnosis and prognosis.
NUP188 might participate in regulating biological behaviors and
genomic heterogeneity, and was connected to infiltrating immune
cells and immunomodulation. This study about the role of NUP188
in pan-cancer provided the reference basis for the clinical
application of NUP188-based therapy.
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