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Elevated NDC1 expression predicts poor prognosis and correlates 
with immunity in hepatocellular carcinoma
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Background: NDC1 was identified to be a tumor-promoting factor in non-small cell lung cancer and 
cervical cancer. However, no report had clarified the relationship between NDC1 and hepatocellular 
carcinoma (HCC). In this paper, we explored the expression and potential functions of NDC1 in HCC for 
the first time through the rational application of bioinformatics and relevant basic experiments.
Methods: NDC1-related expression profiles and clinical data of HCC patients were collected from The 
Cancer Genome Atlas (TCGA) database, which were verified via quantitative real-time polymerase chain 
reaction (qRT-PCR), immunohistochemistry and the Clinical Proteomic Tumor Analysis Consortium 
(CPTAC) database. Univariate and multivariate Cox regression analyses were used to identify NDC1 as an 
independent factor for HCC prognosis, and NDC1-related signaling pathways were determined by gene set 
enrichment analysis (GSEA). Furthermore, we deeply probed the potential links of NDC1 to immunity and 
immune response. Finally, the bioeffects and underlying mechanisms of ectopic NDC1 overexpression and 
depletion were determined in HepG2 cells by immunoblotting, flow cytometry, Cell-Counting-Kit-8 (CCK-
8), and EDU (5-Ethynyl-2’-deoxyuridine).
Results: Up-regulated expression of NDC1 was detected by means of the TCGA database, which was 
consistent with the results obtained from further qRT-PCR, immunohistochemistry and the CPTAC 
database. Kaplan-Meier (K-M) survival analysis revealed a worse prognosis in HCC patients with high 
NDC1 expression. Besides, NDC1 was certified to be closely linked to tumor histologic grade, clinical stage 
and T stage. Moreover, univariate and multivariate Cox regression analyses defined NDC1 as an independent 
element for HCC prognosis. NDC1-related signaling pathways, utilizing GSEA analysis, were subsequently 
found out. What’s more, NDC1 expression was detected to be enormously associated with microsatellite 
instability (MSI), immune cell infiltration, immune checkpoint molecules and immune cell pathways. As 
for immunotherapy, we discovered that different risk groups tended to have different immune checkpoint 
inhibitor responses, which indicated crucial implication value of NDC1 for HCC immunotherapy. More 
interestingly, we observed that the overexpression of NDC1 could promote the migration and invasion of 
HCC cells.
Conclusions: Our article demonstrated that NDC1 might serve as a valuable predictor in the prognosis 
and immunotherapy of HCC. NDC1 played an oncogenic role in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common abdominal malignancies, accounting for 91.5% of 
primary liver cancers, and ranks sixth in terms of incidence 
and third in terms of mortality among all malignant 
tumors worldwide (1,2). Due to its insidious onset and the 
lack of typical symptoms in the early stage, most HCC 
patients have already developed to the middle or even 
advanced stage at the initial diagnosis. For these patients, 
there is no opportunity for surgical intervention and the 
treatment prospects are slim (3). Therefore, finding reliable 
biomarkers for the early diagnosis of HCC is crucial, so 
that a series of treatment measures such as surgery or 
chemotherapy can be employed in time to prolong the 
survival time of patients (4,5).

NDC1, also known as TMEM48, is the most conserved 
membrane nucleoporin localized to the nuclear pore 
complex (NPC), playing a crucial role in NPC and nuclear 
envelope (NE) assembly (6). The integrity of NE and 
correct nucleocytoplasmic transport are important for 
many cellular processes, including genome stability, DNA 
replication, DNA damage, DNA repair, and cell death (7). 
Notably, abnormal expression of nucleoporin has been 
reported to exert a critical impact on the progression of 
various cancers (8-11). Nonetheless, the expression pattern 
and underlining mechanisms of NDC1 in HCC have been 
rarely known.

Therefore, this study was conducted to explore the 
potential functions of NDC1 in HCC using proper 
bioinformatics and experiments. Firstly, we elucidated a 

remarkably elevated NDC1 expression in HCC and also 
identified a closer relationship with poor prognosis in 
the up-regulated NDC1 group. Moreover, NDC1 was 
confirmed as an independent prognostic factor for HCC 
via univariate and multivariate Cox regression analyses, and 
NDC1-related signaling pathways were simultaneously 
determined through gene set enrichment analysis 
(GSEA) analysis. Furthermore, we evaluated the immune 
correlations of NDC1 expression in HCC and validated 
the relationship between NDC1 and immunotherapy for 
the first time. Finally, we conducted in vitro experiments 
through overexpression and small interfering RNA (siRNA) 
interference, which consistently determined the crucial 
roles of NDC1 in cell proliferation, migration, and invasion 
of HCC cells. Collectively, these facts strongly suggested 
that NDC1 might serve as an essential role in predicting 
HCC prognosis and immunotherapy. We can say that 
NDC1 plays a carcinogenic role in HCC. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-1166/rc).

Methods

Data gathering and processing in The Cancer Genome 
Atlas (TCGA) database

We utilized the TCGA (https://tcga-data.nci.nih.gov/tcga/) 
database to obtain the RNA sequencing results and relevant 
clinical data of 374 cases of HCC and 50 cases of adjacent 
normal tissues. All data were standardized using R software 
(https://www.r-project.org/). In addition, differentially 
expressed genes (DEGs) were determined by using the 
“Limma” R package, with the cutoff criteria of adjusted 
P values (false discovery rate; FDR) <0.05 and |log2 fold 
change (FC)| ≥1 (12-14).

Patients and tissue samples

We collected 8 pairs of HCC tissues and adjacent non-
cancerous tissues from 2021 inpatients in the Department 
of Hepatobiliary Surgery, The Second Affiliated Hospital 
of Nantong University. None of the patients had received 
radiotherapy, chemotherapy, or other adjuvant therapy 
before surgery. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by Ethics Committee of The 
Second Affiliated Hospital of Nantong University (No. 
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2022KT244) and informed consent was taken from all the 
patients. Once isolated, the tissue samples were quickly 
frozen in liquid nitrogen and stored at −80 ℃ for later use.

Cell lines and cell culture

We purchased human HCC cell lines (SMMC-7721, 
Hep3B, SK-Hep1, HepG2) and a human normal hepatocyte 
cell line (QSG-7701) to perform the experiments. We 
used DMEM (Dulbecco’s modified Eagle’s medium) which 
was supplemented with 10% fetal bovine serum (FBS),  
100 μg/mL streptomycin, and 100 units/mL penicillin to 
grow the cells and all cell lines were incubated in a 37 ℃ 
and 5% CO2 incubator.

Quantitative real-time polymerase chain reaction  
(qRT-PCR)

Trizol RNA isolation reagent (Ambion, Austin, TX, USA) 
was used to extract total RNA from the HCC tissues and 
cell lines. Then we took advantage of the first-strand cDNA 
synthesis kit (Vazyme, Nanjing, China) to reverse transcribe 
the RNA into cDNA. QRT-PCR was performed using 
the resulting cDNAs (1 μL) on the ABI QuantStudio5 
Real-Time PCR System (Thermo Fisher Scientific, USA) 
with the measurement of Fast SYBR® Green Master Mix 
(Servicebio, China) and calculated by the 2-ΔΔCt method. 
The following primers were used (synthesized by Sangon, 
based in Shanghai, China): NDC1 (F: 5'-GCTGCTGTCA 
GTGGTAATAA -3'; R: 5'- GCAGGGAACCACAAGAAC 
-3 ' )  and  GAPDH (g lyce ra ldehyde-3-phospha te 
dehydrogenase) (F: 5'- CAGGAGGCATTGCTGATGAT 
-3'; R: 5'- GAAGGCTGGGGCTCATTT -3').

The Human Protein Atlas (HPA) and Clinical Proteomic 
Tumor Analysis Consortium (CPTAC) databases

NDC1 protein expression in HCC via immunohistochemical 
staining was determined by searching the online HPA 
(http://www.proteinatlas.org/) database. Furthermore, the 
statistical differences in NDC1 expression in HCC tissues 
and non-cancerous normal tissues were determined using 
the CPTAC database, and the relationship between NDC1 
and gender in HCC was also explored. 

Univariate and multivariate Cox regression analyses

Univariate and multivariate Cox regression analyses were 

applied to further investigate whether NDC1 and other 
clinical parameters (tumor grade, pathological stage, age, 
gender, race, and T, N, and M stages) were independent 
factors related to the overall survival (OS) of HCC patients.

GSEA analysis of NDC1

To better understand the possible biological functions of 
NDC1 in HCC, we employed GSEA to probe the crucial 
signaling pathways of NDC1 using normalized RNA-
sequencing data obtained from TCGA, with the threshold 
of the normalized enrichment score (NSE) >1.5 and a 
nominal P value <0.05 (15).

Protein-protein interaction (PPI) network and Sangerbox 
website tools

A PPI network was constructed using the STRING (https://
string-db.org/) database to identify the potential NDC1-
related genes (16). Meanwhile, the Sangerbox website tools 
(http://www.sangerbox.com/tool), which is a free online 
platform, were applied to study the relationships between 
NDC1 and tumor neoantigen burden (TNB), tumor 
mutational burden (TMB), microsatellite instability (MSI), 
immune cell infiltration, tumor microenvironment, immune 
checkpoint molecules, and immune cell pathways via the 
Spearman or Pearson methods. This was subsequently 
visualized using the R package, and P<0.01 was set as the 
cutoff threshold (17-20).

Alteration analysis of NDC1

We used the cBioPortal database for cancer genomics 
(http://cbioportal.org) to verify the frequency and mutation 
site of NDC1 in HCC (21).

Prediction of NDC1 expression in response to 
immunotherapy

The response of NDC1 to immunotherapy was predicted 
by utilizing the The Cancer Imaging Archive (TCIA) 
databases. Data processing and graphing were performed 
using the “ggpubr”, “limma”, and “impute” R/Bioconductor 
packages.

Western blotting

Total protein, extracted from tissues or cells, was lysed 

https://string-db.org/
https://string-db.org/
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in RIPA lysis buffer (Radio Immunoprecipitation Assay), 
which was composed of 50 mM NaCl, 0.1% Tween-20, 
150 mM Tris-HCl, 1% NP-40 and a freshly added protease 
inhibitor cocktail (Sigma, USA). Before gel electrophoresis, 
the total protein concentration was determined with a 
Bio-Rad protein assay (BioRad, Hercules, CA, USA). 
An equal amount of protein was separated by 10% SDS-
PAGE (Sodium Dodecyl Sulfate PolyAcrylamide Gel 
Electrophoresis) and transferred onto polyvinylidene 
fluoride (PVDF) membranes (Immobilon, Millipore). 
After blocking for 2 h in 5% dried skim milk in Tris 
Buffer Solution Tween (TBST) at room temperature, the 
membranes were then incubated overnight with primary 
antibodies against NDC1 (1:1,000, Thermo Fisher 
Scientific, USA), Proliferating Cell Nuclear Antigen 
(PCNA) (1:1,000, Proteintech, Wuhan, China), E-cadherin 
(1:1,000, Cell Signaling, USA), vimentin (1:1,000, Cell 
Signaling), and GAPDH (1:5,000, Proteintech, Wuhan, 
China). After incubating with an anti-rabbit/mouse 
immunoglobulin G (IgG) (Thermo Fisher Scientific) and 
a horseradish peroxidase-conjugated secondary antibody, 
the protein was visualized by enhanced chemiluminescence 
(ECL) (Thermo Fisher Scientific).

EDU (5-Ethynyl-2’-deoxyuridine) incorporation assay

The EDU cell proliferation detection kit was purchased 
from RiboBio Biotechnology Co., LTD (Guangzhou, 
China) and the experiment was carried out according to the 
manufacturer’s instructions. Briefly, the HepG2 cells were 
incubated with 50 μM EDU for 2 h. Before the cells were 
stained with EDU and the cell nuclei were counterstained 
with Hoechst 33342, they needed to be fixed in 4% 
paraformaldehyde and permeated in 0.5% Triton X-100. 
EDU-positive nuclei were detected by the fluorescence 
microscope (Leica, Germany). We calculated the cell 
proliferation rate according to the proportion of nucleated 
cells incorporating EDU in five high-power fields per well.

Cell-Counting-Kit-8 (CCK-8) assay

Cell viability was measured using the CCK-8 kit obtained 
from Vazyme. In brief, HepG2 cells were seeded on 96-well 
plates at a concentration of 2×104/well and grew overnight. 
Before detection, 10 μL aliquot of CCK-8 was added into 
each well under different treatments and the cells were 
incubated at 37 ℃ for 2 h. The absorbance was measured at 

450 nm by using the automated microplate reader (Bio-Rad).
Cell cycle analysis

In order to analyze the cell cycle distribution, we performed 
the flow cytometrical analysis. The transfected cells were 
collected and washed with phosphate buffered saline 
(PBS) for three times before being fixed in 70% methanol 
overnight at 4 ℃. The fixed cells were centrifuged, washed 
again with PBS, and incubated with 1 mg/mL RNase 
(Ribonuclease) A at 37 ℃ away from light for 30 min. Next, 
the cells were stained with propidium iodide (PI) (50 μg/mL,  
Becton-Dickinson, USA) in PBS and 1% Triton-X 100. 
Samples were measured using a BD FACSCAN flow 
cytometer (Becton-Dickinson) and the acquired data was 
analyzed through the Cell Quest Acquisition and analysis 
programs (Becton-Dickinson).

Plasmid, siRNA, and transfection

The NDC1 overexpression plasmid was obtained from 
Genechem Biotechnologies Co., Ltd (Shanghai, China), 
and NDC1 siRNA oligos were synthesized by GenePharma 
(Shanghai, China) and inserted into a pLKO.1 plasmid. 
All of the transfection assays were performed using the 
Lipofectamine 2000 transfection reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s 
protocol.

Wound healing assays

HepG2 cells after transfection for 48 hours were spread 
into 6-well plates with 5×105 cells per well. We utilized a 
sterile pipette tip to form straight-line scratch wounds until 
they were completely confluent. The cells were then washed 
with PBS to remove the non-adherent cells, and the serum-
free medium was replaced for further culture. Every 24 h, 
the scratched cells were photographed using an inverted 
Leica phase-contrast microscope (Leica DFC 300 FX).

Migration and invasion assays

As for the migration and matrigel invasion assays, a 24-
well transwell (8-μm pore size; Millipore) was used. We 
prepared the matrigel-coated chamber in advance according 
to the instructions and added 500 μL DMEM with 10% 
FBS into the bottom chamber. For the migration assay, 
the concentration of cells was adjusted to 1.0×105/mL 24 h  
after transfection by DMEM FBS-free medium, and a 
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100 μL cell suspension was loaded into the non-matrigel-
coated top chamber. While in the invasion assay, the 
concentration of cells was adjusted to 2.0×105/mL, and a 
100 μL cell suspension was instead added into the upper 
chamber coating matrigel. The cells were then fixed with 
paraformaldehyde, stained with crystal violet, and counted 
immediately after staining.

Statistical analysis

All statistical data analysis and figures were performed 
using SPSS 24.0 (IBM, Chicago, USA), GraphPad Prism 
9.0 (San Diego, USA), and R 4.1.1 (https://www.r-project.
org/). All data shown represent the results of at least three 
independent experiments, and P<0.05 was considered 
statistically significant.

Results

NDC1 mRNA (messenger RNA) expression levels in HCC 
from TCGA database

As shown in Figure 1A, TCGA database showed 17 different 
kinds of tumors with high NDC1 expression, including 
HCC (P<0.01). We then selected HCC for further 
research. Both the boxplot (N=50, T=374, Figure 1B)  
and also the pairwise boxplot (N=50, T=50, Figure 1C) 
demonstrated higher NDC1 mRNA levels in cancer tissues 
versus non-cancerous normal tissues in TCGA (both 
P<0.01). QRT-PCR experiments were further carried out to 
verify the mRNA expression of NDC1 in HCC and normal 
hepatocyte cells, and the outcome was consistent with those 
mentioned above (Figure 1D). 

Next, the HCC patients were divided into high and low 
expression groups according to the median expression of 
NDC1 and the subsequent Kaplan-Meier (K-M) survival 
analysis displayed an expected result; that is, the high 
NDC1 expression group had a significantly worse prognosis 
than the low NDC1 expression group (P<0.001, Figure 1E).  
To comprehensively assess the diagnostic value of NDC1, 
we constructed receiver operating characteristic (ROC) 
curves, which revealed that the 1-, 3-, and 5-year area 
under the curve (AUC) values were 0.725, 0.682, and 
0.616, respectively (Figure 1F). In summary, NDC1 
was significantly related to HCC and could predict the 
prognosis of HCC patients to a certain extent. Thus, NDC1 
might be a promising new gene for HCC exploration.

Protein expression of NDC1 in HCC

Next, we discussed the expression of NDC1 at the 
protein level from two aspects. On the one hand, 
immunohistochemical staining from the HPA database 
exhibited a low NDC1 expression state in HCC tissues, 
which could not be detected in the adjacent normal tissues 
(Figure 2A,2B). From the CPTAC database, we observed that 
NDC1 expression in HCC tissues was markedly elevated 
compared to that in the normal samples, and differences 
between males and females were also found (Figure 2C,2D, 
both P<0.001). Also, the western blot analyses of the NDC1 
overexpression pattern in HCC tissues and cells showed 
similar results (Figure 2E, all P<0.01).

Associations between NDC1 expression and 
clinicopathological parameters

We observed the mRNA and protein expressions of 
NDC1 in HCC tissues and then sought to determine 
whether there were any correlations between NDC1 and 
clinicopathological parameters. As shown in Figure 3, we 
found that the NDC1 expression was significantly related 
to the tumor grade, pathological stage, and T stage (all 
P<0.01) but not age, gender, race, or M and N stage. In 
other words, these results reflected that HCC patients with 
high NDC1 expression might have a worse clinical stage 
and poorer prognosis, and might also encounter more 
complex and difficult clinical treatment options.

NDC1 could independently predict OS in HCC

Subsequently, univariate and multivariate Cox regression 
analyses were conducted to estimate which of the nine 
clinical parameters, including NDC1, were independent 
prognostic factors associated with OS in HCC (the other 
eight clinical parameters were as follows: age, gender, race, 
tumor grade, pathological stage, and T, N, and M stage). 
Univariate Cox regression analysis showed that NDC1, 
stage, and T stage were significantly correlated with OS 
in HCC, while the multivariate Cox regression analysis 
indicated that NDC1 and M stage could predict OS in HCC 
(all P<0.01, Figure 4 and Table 1). In summary, NDC1 was 
identified as an independent prognostic indicator in HCC.

NDC1-related signaling pathways in HCC

Since up-regulated NDC1 was significantly related to 

https://www.r-project.org/
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Figure 1 The mRNA expression levels of NDC1 in HCC. (A) NDC1 mRNA expression in pan-cancer from TCGA database. (B) Boxplot 
of the NDC1 mRNA expression in HCC from TCGA (N=50, T=374). (C) Pairwise boxplot of the NDC1 mRNA expression in HCC 
from TCGA (N=50, T=50). (D) QRT-PCR results of NDC1 derived from diverse HCC cell lines versus the normal hepatocyte cell line.  
(E) K-M survival curves of NDC1 in HCC from TCGA. (F) ROC curves of NDC1 expression in TCGA HCC database with 1-year 
(0.725), 3- (0.682), and 5-year (0.616). *, P<0.05; **, P<0.01; ***, P<0.001. TPM, transcripts per million; mRNA, messenger RNA; HCC, 
hepatocellular carcinoma; TCGA, The Cancer Genome Atlas; QRT-PCR, quantitative real-time polymerase chain reaction; K-M, Kaplan-
Meier; ROC, receiver operating characteristic; AUC, area under the curve.
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the occurrence and development of HCC, we sought to 
determine the signaling pathways through which NDC1 
promoted HCC progression. So, we utilized GSEA analysis 
to determine the mechanism and signaling pathways 
of NDC1 regulation in HCC, which revealed seven 
enrichment pathways, including the cell cycle, the ERBB 
signaling pathway, the INSULIN signaling pathway, the 
MTOR signaling pathway, the NOTCH signaling pathway, 

the P53 signaling pathway, and the WNT signaling pathway 
(Figure 5).

Associations between NDC1 and the PPI network, MSI, 
TNB, and TMB, and NDC1 alteration analysis in HCC

We utilized the STRING database to analyze the PPI 
in HCC and detected 10 genes that were potentially 

Figure 2 The protein expression levels of NDC1 in HCC. (A) NDC1 protein expression in eight HCC tissues and matched adjacent normal 
tissues. (B) NDC1 protein expression in diverse liver cancer cell lines and one normal liver cell line. (C) Immunohistochemical analyses of 
NDC1 from the HPA database (N: https://www.proteinatlas.org/ENSG00000058804-NDC1/tissue/liver#img; T: https://www.proteinatlas.
org/ENSG00000058804-NDC1/pathology/liver+cancer#img). (D) NDC1 protein expression in normal and HCC tissues from the CPTAC 
database. (E) NDC1 protein expression in normal and HCC tissues of the different genders from the CPTAC database. ***, P<0.001. T, 
tumor; N, normal; HCC, hepatocellular carcinoma; HPA, Human Protein Atlas; CPTAC, Clinical Proteomic Tumor Analysis Consortium.
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associated with NDC1: CCNB1, CCNB2, CDK1, NUP93, 
NUP21, NUP35, NUP205, NUP155, CDCA8, and SEH1L  
(Figure 6A). Next, we further analyzed the relationship 
between NDC1 and MSI, TNB, and TMB. The outcomes 
revealed that NDC1 had a certain correlation with 
MSI (P=0.043) but no links to TNB (P=0.49) and TMB 
(P=0.93) (Figure 6B-6D). Using the cBioPortal database 
(TCGA, Pan-cancer Atlas), we also studied the mutational 
characteristics of NDC1 in HCC. The NDC1 mutation 

frequency results in pan-cancer and the mutation site in 
HCC were illustrated in Figure 6E,6F.

Relationships between NDC1 and immune cell infiltration, 
tumor microenvironment, immune checkpoint molecules, 
and immune cell pathways

Using the Spearman method, we concluded that NDC1 
mRNA expression was significantly linked to six types 

Figure 3 Correlations between NDC1 expression and clinicopathological parameters from TCGA. (A) Age. (B) Gender. (C) Race.  
(D) Tumor grade. (E) Pathological stage. (F) T stage. (G) N stage. (H) M stage. TCGA, The Cancer Genome Atlas.
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of immune cell infiltration (B cells, neutrophils, CD4+ T 
cells, CD8+ T cells, dendritic cells, and macrophages; all 
P<0.01, Figure 7A). Nevertheless, the mRNA expression 
of NDC1 exhibited no obvious associations with the 
ESTIMATEScore (P=0.284), StromalScore (P=0.602), or 
ImmuneScore (P=0.127), as shown in Figure 7B. As for the 
immune checkpoint molecules and immune cell pathways, 
we confirmed that the NDC1 mRNA level was probably 
related to 35 kinds of immune checkpoint molecules using 
the Pearson method, including VTCN1, VSIR, TNFSF9, 

TNFSF4, TNFSF18, TNFSF15, TNFSF8, TIGIT, 
NRP1, LAIR1, KIR3DL1, ICOSLG, ICOS, PDCD1, 
PDCD1LG2 and so on (all P<0.05, Figure 7C). Similarly, 
based on the immune cell pathways, the NDC1 mRNA 
level was strongly correlated to Type 2 T-helper cells, 
neutrophils, natural killer T-cells, monocytes, immature 
dendritic cells, eosinophils, effector memory CD4 T-cells, 
central memory CD4 T-cells, CD56 bright natural killer 
cells, activated CD4 T-cells, activated CD8 T-cell, CD56 
dim natural killer cells, memory B cell, Type 1 T-helper 

Table 1 Relationship of NDC1 with clinicopathologic characteristics and overall survival in TCGA HCC patients by univariate and multivariate 
cox analysis

Characteristics
Univariate analysis Multivariate analysis

HR 95% CI low limit 95% CI high limit P value HR 95% CI low limit 95% CI high limit P value

Age 1.010346 0.995177 1.025747 0.182343 1.013476 0.996941 1.030285 0.110734

Gender 0.795041 0.535683 1.17997 0.254908 0.907348 0.581349 1.416154 0.668599

Race 1.082731 0.88876 1.319036 0.430024 0.844642 0.642698 1.11004 0.225849

Grade 1.101676 0.849479 1.428746 0.465355 1.075294 0.800488 1.444441 0.629733

Stage 1.642365 1.329845 2.028328 4.09E-06 1.029542 0.472782 2.241955 0.94155

T 1.62586 1.329955 1.9876 2.12E-06 1.604844 0.771265 3.339351 0.20578

M 1.207148 0.970571 1.501391 0.090729 1.516158 1.130575 2.033244 0.005442

N 1.053726 0.839219 1.323062 0.652257 0.882648 0.654918 1.189564 0.412293

NDC1 1.177126 1.102923 1.256322 9.16E-07 1.149912 1.071934 1.233563 9.67E-05

HR, hazard ratio; HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.

Figure 4 Univariate and multivariate Cox regression analyses of NDC1 in HCC. (A) Univariate and multivariate Cox regression analyses 
were performed to identify potential links between NDC1 and other clinicopathological variables in HCC from TCGA. (B) Multivariate 
Cox regression analysis was performed to identify potential links between NDC1 and other clinicopathological variables in HCC from 
TCGA. HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.
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Figure 5 GSEA was applied to determine the NDC1-related signaling pathways in HCC from TCGA. (A) Cell cycle signaling pathway. 
(B) ERBB signaling pathway. (C) INSULIN signaling pathway. (D) MTOR signaling pathway. (E) NOTCH signaling pathway. (F) P53 
signaling pathway. (G) WNT signaling pathway. (H) All seven remarkably enriched signaling pathways. HCC, hepatocellular carcinoma; 
GSEA, gene set enrichment analysis; TCGA, The Cancer Genome Atlas.
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Figure 6 Associations between NDC1 and (A) PPI network, (B) MSI, (C) TMB, (D) TNB, and (E,F) mutational characteristics from 
TCGA. PPI, protein-protein interaction; MSI, microsatellite instability; TNB, tumor neoantigen burden; TMB, tumor mutational burden; 
TCGA, The Cancer Genome Atlas.

cells and Type 17 T-helper cells (all P<0.05, Figure 7D).

Prediction of NDC1 expression in response to 
immunotherapy

Ultimately, we attempted to probe the possible responses 
of high and low NDC1 expressions to anti-cytotoxic T 
lymphocyte antigen 4 (CTLA-4) or anti-programmed cell 
death protein 1 (anti-PD-1) using the TCIA database. Our 
outcomes indicated that the low-NDC1 expression group 
tended to be much more sensitive to CTLA-4 or PD-1 
immunotherapy alone (both P<0.001), as opposed to a 
combination of both (P=0.0021, Figure 8A-8C). 

NDC1 promoted the proliferation of HCC cells

NDC1 has been reported to play an important role in 
cell proliferation in cervical cancer and non-small cell 
lung carcinoma (22-24). We speculated that NDC1 had a 
potential effect on HCC cell proliferation. To verify this 
hypothesis, we constructed NDC1 overexpression and small 
interference models using synchronous HCC cells. In this 
study, we selected the HepG2 cell line for further study since 
previous experiments had shown higher NDC1 mRNA and 
protein expression in HepG2. Following the transfection 
of HepG2 cells with the NDC1-overexpressing plasmid 
or siRNA, we observed a dramatic rise or decrease in the 
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Figure 7 Relationships between NDC1 and (A) immune cell infiltration; (B) tumor microenvironment; (C) immune checkpoint molecules, 
and (D) immune cell pathways from TCGA. *, P<0.05; **, P<0.01; ***, P<0.001. TCGA, The Cancer Genome Atlas.
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expressions of NDC1 and PCNA compared to the controls,  
which was associated with cell proliferation (Figure 9A,9B).

Meanwhile, we defined NDC1-siRNA-2 as the most 
interfering site, and used it in the subsequent assays. 
First of all, we performed CCK-8 assays to detect cell 
viability, so as to comprehensively confirm the effects 
of NDC1 on cell proliferation in HCC. We found that 
cell viability was obviously increased in HepG2 cells 
with NDC1 overexpression. Meanwhile, the opposite 
effects on cell viability were also observed with NDC1 
knockdown (Figure 9C). In addition, the percentage of 
cells in the S phase increased markedly in the presence of 
NDC1 overexpression but quickly decreased after NDC1 
expression defects (Figure 9D). The EDU incorporation 
assays also showed similar outcomes (Figure 9E). All of the 

data indicated that NDC1 facilitated the G1-S transition 
of HCC cells. Together, these results demonstrated that 
NDC1 participated in cell cycle regulation and eventually 
resulted in the impaired proliferation of HCC cells.

NDC1 regulated HCC cell migration and invasion

Based on the finding that NDC1 was associated with the 
migration and invasion ability of cervical cancer cells (24), 
we speculated that NDC1 might exert a crucial function 
in the regulation of cell migration and invasion in HCC 
progression. Wound healing and transwell assays (without 
matrigel) showed that NDC1 overexpression could promote 
cell migration ability in HepG2 cells compared to the 
control group, while depletion of NDC1 suppressed this 

Figure 8 Responses of NDC1 expression to diverse immunotherapies. (A) The response to anti-PD1 in the high and low NDC1 expression 
groups. (B) The response to anti-CTLA4 in the high and low NDC1 expression groups. (C) The response to both anti-PD1 and anti-
CTLA4 in the high and low NDC1 expression groups. 
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Figure 9 NDC1 was involved in cell proliferation. (A) NDC1 overexpression in HepG2 cells. Western blot was performed to analyze 
NDC1, PCNA, and GAPDH expression. (B) NDC1 protein expression was detected by western blot 48 h after siRNA transfection of 
HepG2 cells. Western blotting showed that NDC1-siRNA#2 had the highest knockout efficiency. (C) The cell proliferation index was 
measured using a CCK-8 assay. (D) Flow cytometry showed that NDC1 enhanced the cell population in the S phase. (E) Cell proliferation 
was measured by EDU (Apollp448). Magnification: 400×. *, P<0.05. PCNA, Proliferating Cell Nuclear Antigen; OD, optical density; 
siRNA, small interfering RNA; CCK-8, Cell-Counting-Kit-8; EDU, 5-Ethynyl-2’-deoxyuridine.
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Figure 10 NDC1 promoted cell migration and invasion. (A,B) 48 h after transfection in HepG2 cells, wound healing assays were visualized at 
36 h. (C,D) Transwell migration and invasion assays were performed 24 h after 48 h transfection in HepG2 cells (crystal violet staining, 200× 
magnification). (E) The effects of NDC1 on the expression of E-cadherin and Vimentin in HepG2 cells were detected by western blot analysis.
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ability. Moreover, in the transwell assay (with matrigel), 
an enhanced invasive ability was observed in NDC1-
overexpressing HepG2 cells, which declined with NDC1 
knockdown (Figure 10A-10D). Furthermore, we detected 
the expression of E-cadherin and Vimentin by western blot 
analysis. NDC1-overexpressing HepG2 cells had a notable 
decrease in the level of E-cadherin and an increase in the 
level of Vimentin. However, knockdown of NDC1 not only 
decreased the expression of Vimentin, but also obviously 
enhanced the expression of E-cadherin (Figure 10E). These 
results suggested that NDC1 might regulate the migration 
and invasion of HCC cells.

Discussion

HCC is a common malignant tumor with high rates 
of morbidity and mortality both in China and around 
the world (25). Although advances in cancer screening, 
diagnosis, and management have improved the prognosis 
of HCC, the current 5-year survival rate for HCC is 
still unsatisfactory due to its high rates of metastasis and 
recurrence after surgical resection (26,27). Fortunately, an 
increasing number of molecules have been shown to play 
vital roles in the occurrence and development of HCC, 
which is greatly beneficial for enhancing the survival 
of HCC patients (28-31). NDC1, the most conserved 
component of NPCs, is a transmembrane nucleoporin that 
plays vital roles in NPC assembly and nucleocytoplasmic 
transport. A previous study has reported on the requirement 
of SEPT12 (Septin12)-NDC1 complexes for mammalian 
spermiogenesis (32). Yamazumi et al. suggested that the 
NDC1-mediated localization of ALADIN (ALacrima 
Achalasia aDrenal Insufficiency Neurologic disorder) to 
NPCs was essential for selective nuclear protein import, 
and that abrogation of the interaction between ALADIN 
and NDC1 might induce triple-A syndrome (33), both of 
which indicated the indispensable function of NDC1 in 
biological processes. In recent years, studies on NDC1 in 
malignant tumors have gradually increased, mainly in non-
small cell lung cancer and cervical cancer (22-24). However, 
little is currently known about the function of NDC1 in HCC. 
Therefore, we conducted this research to explore the potential 
prognostic and immunological value of NDC1 in HCC.

Firstly, significant upregulation of NDC1 expression was 
established in HCC tissues compared to non-tumor normal 
tissues in TCGA database and was found to be correlated 
with poor OS. Similar results were also obtained through 
qRT-PCR, immunohistochemistry, western blotting, and 

the CPTAC database. In addition, NDC1 expression was 
significantly linked to tumor grade, pathological stage, and 
T stage. More interestingly, NDC1 was identified as an 
independent prognostic factor for HCC via univariate and 
multivariate Cox regression analyses, which was of great 
significance for the clinical application of NDC1. 

To comprehensively investigate the mechanisms through 
which NDC1 was involved in HCC progression, we 
searched the GSEA database and found that NDC1 was 
preferably enriched in the cell cycle, ERBB, INSULIN, 
MTOR, NOTCH, P53, and WNT-related pathways. 
Large early studies had confirmed that an aberrant cell 
cycle could induce the malignant proliferation of various 
tumor cells (34-37). Similarly, ERBB receptors are 
commonly overexpressed or overactivated in numerous 
cancers, especially in breast, ovarian, and non-small cell 
lung cancers, which are strongly correlated with poor 
prognosis, drug resistance, cancer metastasis, and a lower 
survival rate (38-40). Moreover, a growing body of evidence 
indicates that insulin and insulin-like growth factors can 
regulate cell proliferation, differentiation, apoptosis, 
glucose transport, and energy metabolism, and thus, 
play a critical role in tumorigenesis (41). Also, mTOR is 
frequently activated in cancer and could efficiently control 
cell growth and metabolism (42). Emerging data has 
validated that Notch signaling could contribute to increased 
aggressive properties such as invasion, tumor heterogeneity, 
angiogenesis, or tumor cell dormancy within solid cancer 
tissues, especially in epithelial cancers (43). P53, which 
is a key tumor suppressor, is frequently a prerequisite for 
cancer development owing to its function loss (44). As one 
of the most important signaling pathways, Wnt signaling is 
most active during embryogenesis, facilitating new organism 
formation by cell differentiation, polarization, and migration, 
and is commonly activated during the development of several 
tumors (45). Taken together, these findings highlight that 
NDC1-related signaling pathways are definitely involved 
in the key processes of oncogenesis, which lays a good 
foundation for further studies of NDC1 in HCC.

Considering the widespread participation of immune 
cells and related secretory factors in the regulation of 
malignant tumor growth and invasion, we further probed 
the relationship between NDC1 and immunity. Previous 
studies had reported that TMB, TNB, and MSI could be 
used as biomarkers related to pan-cancer immunotherapy 
efficacy and survival prognosis (46-48). Hence, we utilized 
the Pearson method and observed a subtle correlation 
between NDC1 expression and MSI, but not TNB or TMB. 
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In recent decades, studies on immune cell infiltration, the 
tumor microenvironment, immune checkpoint molecules, 
and immune cell pathways have become increasingly 
important for tumorigenesis and development, and a large 
amount of data have verified remarkable links between the 
above elements and tumor prognosis and immunotherapy 
response (49-51). In the present study, we shed light on 
the dramatic crosstalk between NDC1 and immune cell 
infiltration using the Spearman method and fortunately 
determined apparent associations between NDC1 and B 
cells, neutrophils, CD4+ T cells, CD8+ T cells, dendritic 
cells, and macrophages. However, we did not observe any 
relationships between NDC1 and the ESTIMATEScore, 
StromalScore, or ImmuneScore. As for the immune 
checkpoint molecules and immune cell pathways, our results 
demonstrated that NDC1 was significantly associated with 
up to 35 immune checkpoint molecules and 15 immune cell 
pathways. At present, cancer cells are known to possess the 
ability to activate different immune checkpoint pathways 
that harbor immunosuppressive functions. Monoclonal 
antibodies that target immune checkpoint molecules have 
provided an important breakthrough in cancer therapeutics 
(52,53). Many studies have shown that there may be a 
correlation between immune cells and HCC prognosis, 
among which M1 macrophages (54), CD4+ T cells (55), 
CD8+ T cells (56) and B cells (57) are associated with a good 
prognosis of HCC, while M2 macrophages (58), regulatory 
T cells (Tregs) (59) and regulatory B cells (Bregs) (60) may 
be associated with poor prognosis of HCC. In addition, it is 
well known that PD-1 is a molecule that can block immune 
function. Its high expression can mediate tumor immune 
escape and allow tumor growth, proliferation and spread. 
PD-1 and its ligand inhibitors have become a promising 
therapeutic method (61). Interestingly, our prediction not 
only found that NDC1 was closely associated with these 
immune cell infiltrations, but also with PD-1(PCDC1) 
and its ligand PDCDLG2, so could NDC1 regulate 
immune cells and ultimately promote HCC progression by 
influencing the expression of PD-1 or its ligand? This is an 
important question for us to pay attention to and further 
study. Therefore, we have more reasons to believe that 
NDC1 is highly likely to become the next biomarker for 
tumor therapy.

Finally, we determined the potential roles of NDC1 in 
the cell proliferation, migration, and invasion of HCC. 
Through CCK-8, EDU, and flow cytometry analysis, we 
discovered that NDC1 overexpression could significantly 

enhance cell proliferation and depletion of NDC1-
suppressed cell proliferation. EMT is involved in the 
invasion and metastasis of various tumor cells, and plays 
an important role in tumor progression, including HCC. 
We detected the expression of EMT-related proteins, such 
as E-cadherin and Vimentin, in HepG2 cells (62). The 
silencing of NDC1 enhanced E-cadherin protein expression 
but reduced that of Vimentin. NDC1-overexpressing 
HepG2 cells displayed the opposite results. Furthermore, 
through wound healing and transwell assays, we found that 
the overexpression of NDC1 remarkably enhanced the 
HCC cell migration and invasion abilities. 

The key finding of our paper was that it elucidated the 
expression pattern and potential functions of NDC1 in 
HCC for the first time, and also provided new ideas for the 
prognosis and immunotherapy of HCC. However, there 
were still some limitations that should be noted. Firstly, the 
precise mechanism and other possible oncogenic roles of 
NDC1 in HCC progression still need to be investigated. 
In future research, we will aim to study the detailed 
mechanism of NDC1 in HCC through a series of in vitro 
and in vivo experiments, including in cells, tissues, and nude 
mice. We expect that in the near future, NDC1 will become 
a new target for the clinical treatment of HCC and present 
novel approaches for combating HCC. 

Conclusions

In summary, our article demonstrated elevated NDC1 
expression in HCC tissues versus corresponding normal 
tissues at both RNA and protein levels. Furthermore, 
NDC1 was speculated to play an irreplaceable role in HCC 
prognosis prediction and immunotherapy. As well, we 
constructed NDC1 overexpression and small interference 
models to verify its functions in HCC cell proliferation, 
migration, and invasion. Overall, NDC1 served as a key 
tumor promoter during HCC progression.
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