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Background: Hepatocellular carcinoma (HCC) is one of the most common carcinomas all over the world, 
with high mortality and low survival rate. Notably, many studies have showed that a variety of molecules play 
vital roles in the progression of HCC. Therefore, it is urgent to find reliable biomarkers to diagnose HCC 
and developing novel strategies are required for the effective treatment of patients with HCC.
Methods: This study obtained an HCC cohort from The Cancer Genome Atlas (TCGA). For prognostic 
analysis, the TCGA cohort was grouped according to different median boundaries. The key module 
associated with HCC was adopted by Weighted Gene Co-expression Network analysis (WGCNA). We also 
analyzed the survival ability, functional enrichment, and potential binding proteins of key lncRNAs. The 
expression of hub lncRNAs in HCC tissues and cell lines was detected by reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). Cell Counting Kit-8 (CCK-8) and flow cytometry were applied to 
detect the cell proliferation, apoptosis, and cell cycle. The interaction between NIFK-AS1 and SRSF1 was 
examined using an RNA pull-down assay.
Results: The green module is the key module in HCC. NIFK-AS1 was highly expressed in HCC 
tissues and correlated with a poor prognosis in HCC patients (P=0.008). NIFK-AS1 was also significantly 
associated with cell mitosis, the cell cycle, and other biological processes. NIFK-AS1 deletion prevented cell 
proliferation, induced apoptosis, caused G2/M arrest, and affected cell cycle progression. RNA pull-down 
validated the NIFK-AS1/SRSF10 interaction. The overexpression of NIFK-AS1 was sufficient to rescue the 
growth of SRSF10 knockdown HepG2 cells.
Conclusions: This study suggested that NIFK-AS1 promotes HCC cell cycle progression through 
interaction with SRSF10 and its findings provide new insights into therapeutic targets for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the most common 
primary malignant tumor of the liver, accounting for 
80–90% of primary liver cancers (1), and most patients 
are already in an advanced stage at first diagnosis. Surgical 
resection, liver transplantation, chemotherapy, radiotherapy, 
and tumor ablation are potential treatment methods (2-4). 
Currently, ultrasonography (US) tests are recommended 
by all guidelines with or without serum alpha-fetoprotein 
(AFP) assessments for early HCC detection. Cross-
sectional imaging techniques are further recommended 
for liver nodules ≥1 cm. Despite the significant progress in 
tumor diagnosis and treatment, the 5-year survival of most 
patients remains very low (5). Additionally, particularly in 
the early stages of the disease, the sensitivity and specificity 
of the clinical tests employed for HCC diagnosis remain 
inadequate. Therefore, further study regarding the potential 
mechanism of the biological process of liver cancer 
progression is urgently needed.

Long non-coding RNA (lncRNA) are RNA molecules 
larger than 200 nucleotides in length that cannot encode 
proteins (6). An increasing number of studies have shown 
that lncRNAs are related to tumor generation, progression, 
metastasis, and prognosis (7,8). Numerous lncRNAs 
are key molecules regulating the biological processes 
in cancer, such as the individual cell cycle as well as cell 
growth, proliferation, migration, invasion, and apoptosis 
(9-11). Some lncRNAs may potentially be utilized as 
diagnostic biomarkers and therapeutic bio-targets for HCC  
treatment (12), and are influential in colorectal cancer (13), 
pancreatic ductal adenocarcinoma (14), breast cancer (15), 
and the occurrence of prostate cancer (16).

A previous study reported that NIFK antisense RNA 1 
(NIFK-AS1) inhibits the polarization of M2 macrophages 
by inhibiting microRNA-146a (miR-146a). As a result, the 
proliferation, migration, and invasion of cells of endometrial 
cancer are reduced (17). Also, Zhang et al. found that NIFK-
AS1 can be considered a diagnostic biomarker and target for 
different types of breast cancer (18). However, the clinical 
significance of NIFK-AS1 in HCC remains unclear.

Our study aims to determine the underlying clinical 
importance of  NIFK-AS1  in  pat ients  with ear ly-
stage HCC, including its diagnostic value, functional 
underlying mechanism, as well as the binding proteins 
for targeted therapy. We present the following article 
in accordance with the TRIPOD and MDAR reporting 
checklists (available at https://jgo.amegroups.com/article/

view/10.21037/jgo-22-705/rc).

Methods

Data collection

The clinical characteristics and RNA Sequencing (RNA-seq) 
expression data of HCC patients and healthy individuals 
were obtained from The Cancer Genome Atlas (TCGA, 
https://portal.gdc.cancer.gov/), which includes clinically-
relevant information such as age, gender, pathology M, 
pathology N, pathology T, histological grade, mutation 
count, and genomic changes. In addition, we searched the 
Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.
gov/geo/) for eligible HCC datasets. All datasets adopted in 
this study were downloaded and manipulated in accordance 
with the guidelines issued by relevant publication agencies.

Patient and tissue samples

All primary HCC tissues and adjacent healthy tissues were 
collected from clinically-treated patients who underwent 
vascular burn surgical procedures performed at the Third 
Affiliated Hospital of Qiqihar Medical University from 
January 2019 to May 2021. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013) and was approved by the institutional ethics board of 
the Third Affiliated Hospital of Qiqihar Medical University 
(No. 2018LL-21). Informed consent was obtained from the 
included patients.

TCGA data was used to perform weighted gene co-expression 
network analysis (WGCNA) 

TCGA data with detailed clinical information is crucial 
for WGCNA, which would allow us to link the apparent 
and hidden modular characteristic genes with the clinical 
information obtained from HCC patients. Using TCGA 
data, we established a data matrix of gene expression and 
applied the “WGCNA” function in the R/Bioconductor 
software (https://www.bioconductor.org/) to select 
differentially-expressed lncRNA (DEL) as the computer 
input set of information adopted for the subsequent 
construction of the WGCNA network. Before choosing 
the most optimal soft threshold power to implement the 
network with scale-free quality, we adopted the hierarchical 
clustering method of sample processing to identify and 
oversee abnormal and contaminated samples. 

https://jgo.amegroups.com/article/view/10.21037/jgo-22-705/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-705/rc
https://portal.gdc.cancer.gov/
http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
https://www.bioconductor.org/
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Next, we utilized an adjacent matrix, topological overlap 
matrix (TOM) and 1-TOM, as our analyzing scheme. We 
completed the whole-gene tree diagram and the process 
of module identification through dynamic tree cutting, 
and then set the minimum size of our calculated module 
to 100. Finally, the module eigengenes method was 
employed; we merged genes with characteristic attributes 
and highly similar modules with a different degree of <0.25. 
We discovered the interconnection between genes with 
characteristic attributes from our module and the clinically 
demonstrated phenotype that belongs to HCC through 
dynamic tree cutting to identify modules that are related to 
the clinical manifestations of HCC.

Survival analysis of HCC DELs and hub genes

We utilized univariate Cox regression analysis (UCRA) 
to investigate the potential correlation between patients’ 
HCC expression levels and DELs. We selected the gene 
with the lowest P value as the central lncRNA for further 
analysis and then distinguished the high expression level 
group from the low expression level group using the median 
value expression demonstrated by the hub lncRNA. Next, 
we adopted the Kaplan-Meier (KM) and Log-Rank (LR) 
tests to clarify the differences in prognostic results between 
groups with different expressions of hub lncRNA. The 
time-dependent receiver operating characteristic (ROC) 
curve was utilized to further evaluate the expression of the 
hub lncRNA for the prediction of HCC prognosis. This 
step was carried out using the R software “survival” package. 

In addition, we also established a clinically applicable 
survival prediction method for HCC patients using a 
renounced multivariate Cox proportional hazard regression 
(MCPHR) model. A nomogram was utilized to evaluate 
the key lncRNA expression level and clinical parameters 
for HCC prognosis. The above steps were performed 
using the “rms” package in the R software. A final chart 
of the calibrated result was utilized to visually display the 
nomogram and its performance.

Functional and optimal enrichment of jointly-expressed 
genes from the hub lncRNA

It is well known that in the post-transcriptional phase, the 
main function of lncRNA is mainly achieved by regulating 
the expression levels of PCGs. Thus, there exists a strong 
potential connection between a designated lncRNA and a 
lncRNA-regulated PCG. In this study, we utilized “r”, the 

Pearson correlation coefficient, to identify and distinguish 
PCGs that are generally connected to the key lncRNA, 
and those with P<0.05 and |r|>0.45 were considered to be 
associated with lncRNA. 

To better anticipate the potential biological regulatory 
function of the key lncRNA and identify the significantly-
enriched Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) terms, we used functional 
enrichment analysis (FEA) on the lncRNA-related PCGs 
that demonstrated co-expression abilities.

Cell culture and transfection

The cell lines (HCC-9204, A549, Hep3B, HepG2, PLC, 
LM3, Huh7, and human normal hepatocyte LO2) were all 
acquired from the Shanghai Institute of Life Sciences. We 
cultivated all of the aforementioned cell lines according 
to ATCC’s protocols. The cell lines were supplemented 
with 10% fetal bovine serum (FBS) containing penicillin 
(100 μg/mL) and streptomycin (100 mg/mL), and then 
cultured in humid air at a temperature of 37 ℃ and 5% 
CO2 humidity. We also introduced HepG2 cells into a six-
well plate with a container density of 1 by 105 cells per well 
and then introduced short-hairpin RNAs with lentivirus-
expressing capability directly against the purchased 
human NIFK-AS1—short hairpin(sh)-NIFK-AS1 and sh-
negative control (NC). The abovementioned items were all 
purchased from GenePharma (Shanghai). The lentivirus 
that directly expresses human SRSF10 (sh-SRSF10) was 
also purchased from the same manufacturer. The full-
length complementary DNA (cDNA) of human NIFK-
AS1 was also prepared by GenePharma Shanghai Branch 
Company and cloned into a pCDNA3.1 expression vector. 
We also utilized Lipofectamine 2000 (Invitrogen, USA) 
for the transfection of pcDNA-NIFK-AS1, sh-NIFK-AS1, 
and the negative control according to the manufacturer’s 
instructions. After 24 hours of transfection, we collected the 
cells and performed the following experiments.

Western blot RNA extraction analysis and quantitative 
PCR in real time

We used TRIzol reagent (Life Technologies, USA) 
to extract the total RNA from cell and tissue samples. 
Briefly, we followed the manufacturer’s instructions and 
protocol, and then utilized a cDNA First-Strand synthesis 
kit (Tiangen Biotechnology, Beijing Branch) to reverse 
transcribe a total of 1 μg RNA into cDNA. Relative 
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quantification of the NIFK-AS1 expression level was carried 
out using the ABI 7500 real-time PCR system (Applied 
Biosystems, Carlsbad, CA, USA). Next, we performed 2−ΔΔCt 
calculation using the MiRcute miRNA qPCR detection kit 
(Tiangen Biotech). For better experimental results, we used 
glyceraldehyde-3phosphate dehydrogenase (GAPDH) as a 
control.

Cell proliferation, apoptosis, and cell cycle measurement

After 24 hours of transfection, we collected the cells and 
seeded them in 96-well plates at 5*103 cells/well. All cells 
were incubated overnight. After 48, 72, and 96 hours of 
transfection, we measured the cell proliferation using Cell 
Counting Kit-8 (CCK-8, Roche Applied Science, USA). To 
determine the distribution of cell cycles by flow cytometry, 
we seeded the cells in six-well plates at a density of  
5×105/well. The experimental and control groups were 
assigned three wells each. Following incubation overnight, 
we transfected the experimental and control groups of HCC 
cells with sh-NC and sh-NIFK-AS1, respectively. After 
48 hours of transfection, we stained the cells in the dark 
with a 0.025 mg/mL propidium iodide (PI) and 0.1% (v/v) 
Triton X-100 staining solution for DNA processing over a 
period of 30 minutes. Thereafter, we used an Attune™ flow 
cytometer (Thermo Fisher Scientific, USA) to analyze the 
cell cycle distribution. 

To determine the apoptotic rate by flow cytometry, 
we collected the cells 48 hours after transfection. 
Next, we washed those cells with phosphate buffer 
saline (PBS) twice. Finally, we double-labeled these 
experimental cell groups with eBioscience-PI and Annexin 
V-FluoresceinIsothiocyanate (FITC) as described by the 
manufacturer. The experimental cell groups were then 
analyzed using the Attune™ flow cytometer.

Bioinformatics prediction

The  b ind ing  t endency  o f  the  hub  lncRNA and 
potential binding protein pairs were estimated using 
the algorithm provided by catRAPID and the lncRNA-
protein interaction prediction results. Subsequently, 
we utilized the catRAPID omics, feature, and fragment 
modules in catRAPID to better predict the RNA target 
protein binding region and the correlation between the 
experimental central lncRNA and the target protein. The 
computer-generated result and the predicted relationship 
between the target protein and the central lncRNA were 

utilized to calculate the predictive result.

Pull-down assay of experimental RNA

We adopted the Pierce Magnetic RNA-Protein Pull-Down 
Kit (Thermo Fisher) to examine the interaction between 
NIFK-AS1 and SRSF10 through RNA pull-down, according 
to the manufacturer’s instructions. Briefly, the examined 
HepG2 experimental cells were then washed for 30 minutes 
with cold PBS and lysed. This procedure was performed 
in radioimmunoprecipitation buffer at 4 ℃. Subsequently, 
the protein extract of HepG2 cells was mixed with 50 pmol  
of biotinylated NIFK-AS1. The protein extract was 
then incubated with magnetic beads (Life Technologies) 
containing 50 μL streptavidin Sepharose for 1 hour, and 
the temperature was controlled constantly at 4 ℃. After 
eluting the relevant complex of RNA and protein, which 
contains biotin elution buffer, we boiled it in a buffer with 
Sodium dodecyl sulfate (SDS) for 10 minutes. Next, the 
protein level of SRSF10 retrieved by western blotting was 
detected. Subsequently, the membrane was blocked with 5% 
skim milk, and the primary antibodies blot was incubated 
against SRSF10 (ab161147, Abcam, Cambridge, UK) and 
GAPDH (ab8245, Abcam, Cambridge, UK), respectively. 
The blot was then incubated with the appropriate secondary 
antibody. We then used the Pierce ECL Western Blotting 
Substrate (Santa Cruz Biotechnology, USA) to observe and 
analyze the immune response bands. Finally, we normalized 
the experimental results to GAPDH for internal reference.

Statistical analysis

We utilized R (version 3.6.3) (https://cran.r-project.org/
bin/windows/base/old/), GraphPad Prism 8 (graphpad-
prism.cn), and SPSS 23 (https://www.onlinedown.net/
soft/1225981.htm) software to analyze the data and draw 
graphs. We performed a two-tailed student’s t-test to better 
identify the statistical differences between the control and 
experimental groups. The Pearson correlation test was 
adopted to assess the strength of the association between 
continuous variables. We then utilized univariate and 
multivariate Cox (UMC) regression to identify various 
independent risk factors. To better evaluate the sensitivity 
and specificity of the hub lncRNA in diagnosing HCC, 
we performed an experimental ROC curve analysis using 
“medcalc” software (MedCalc Software Ltd., Ostend, 
Belgium). All P values were double-sided, and P<0.05 was 
considered to indicate statistical significance.

https://cran.r-project.org/bin/windows/base/old/
https://cran.r-project.org/bin/windows/base/old/
https://www.onlinedown.net/soft/1225981.htm
https://www.onlinedown.net/soft/1225981.htm
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Figure 1 WGCNA construction and DEL recognition. (A) HCC processing of samples from TCGA data. The clinical features of some 
genomic changes are shown at the bottom (Age, Gender, Pathological_M, Pathological_N, Pathological_T, Histological grade, Fraction 
genome altered, Mutation count, Overall survival time, Status). (B) The module-partial genome relationship changes were analyzed 
using the (r) - PCC, and the P value is shown in the parentheses. (C) GS/MM scatter plot, where the genome of the HCC patient has 
been changed. ME, module eigengene; WGCNA, weighted gene co-expression network analysis; DEL, differentially expressed lncRNA; 
HCD, hierarchical clustering dendrogram; TCGA, The Cancer Genome Atlas; PCC, Pearson Correlation Coefficient; GS/MM, Gene 
Significance/Module Membership; HCC, hepatocellular carcinoma.

Results

Weighted gene co-expression network analysis (WGCNA) 
lncRNA scanning

This study included 369 HCC patients and 50 healthy 
samples. Among the HCC patients, we were enrolled a 
total of 365 samples, containing survival data in WGCNA 
(Figure 1A). Pathological diagnostic criteria of HCC was 
that the specimen obtained during surgery or the liver 
puncture specimen was identified as HCC after pathological 

examination. The case group with negative diagnosis of 
pathological section and the control group with positive 
diagnosis. We set scale-free R2=0.900 and β=4 as the soft 
threshold for the scale-free network (Figure S1A-S1D). 
After excluding the gray modules, we adopted the merged 
dynamic tree cut to identify five gene co-expression modules  
(Figure S1E). The heat map plotted the TOM among 
400 selected genes in the analysis, which revealed that 
every module was an independent validation to each other  
(Figure S1F). 

https://cdn.amegroups.cn/static/public/JGO-22-705-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-705-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-705-Supplementary.pdf
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We drew scatter plots of Gene Significance (GS) vs. 
Module Membership (MM) in the green module with 
altered genome fractions of HCC patients (correlation 
=0.52, P=1.3e-22), elaborating that 40 lncRNAs were the 
genes under the condition of MM >0.60 and GS <0.20 
(Figure 1B,1C).

Identification of NIFK-AS1 as a prognostic factor for HCC

We performed a UCRA to study the correlation and 
interconnection between HCC patient survival and the 
expression levels of the 40 lncRNAs in the green module. 
NIFK-AS1 is considered to be the key gene, with the lowest 
P and highest hazard rate (HR) values (Table 1). In addition, 
survival analysis of the different NIFK-AS1 expression 
groups was also performed. Through our experiments, 
we found that high NIFK-AS1 expression significantly 
increased the risk of cancer-related death (Figure 2A,2B). 
The high expression of NIFK-AS1 is somehow connected 
to the poor prognostic results of HCC patients (P=6e-04, 
Figure 2C). 

The clinical information of HCC patients was analyzed 
by univariate Cox analysis, and the results showed that the 
survival rate of patients was significantly correlated with 
Pathological_M (P=0.01) and Pathological_T (P=5.0E-07) 
(Table 2). 

Next, we combined these factors with NIFK-AS1 
expression for multivariate Cox analysis (Figure 2D). The 
nomogram indicated that the expression level of NIFK-
AS1 significantly impacted the progress and diagnosis of 

HCC patients, which were second only to pathological 
T (Figure 2E). Survival analysis of the combined effect 
showed that combining NIFK-AS1 with clinical parameters 
could increase the accuracy and possibility of a successful 
prognostic prediction. The calibration chart showed that 
the resulting nomogram performed well (Figure 2F-2H).

NIFK-AS1 is a biomarker for HCC diagnosis

We also explored the potential significance of NIFK-
AS1 in the detection of HCC and determined the NIFK-
AS1 expression level. We decided to examine the NIFK-
AS1 expression level in adjacent non-tumor tissues and 20 
pairs of HCC tissues using the RT-qPCR method and then 
compared these results with healthy, adjacent, non-tumor 
tissues. The experimental results showed that the NIFK-
AS1 expression level in HCC tissues was significantly higher 
than that in healthy tissues (P<0.05, Figure 3A). 

We then sequentially tested the NIFK-AS1 expression 
indicator in LO2, a normal human hepatocyte, and seven 
HCC cell lines (HCC-9204, A549, Hep3B, HepG2, PLC, 
LM3, Huh7). As shown in Figure 3B, compared with the 
normal human liver cell lines, NIFK-AS1 was up-regulated 
and the indexes were higher in HCC cell lines. In summary, 
our experimental data demonstrated that the level of NIFK-
AS1 is up-regulated in HCC.

Next, we performed a ROC curve analysis to calculate 
and assess the sensitivity and specificity of NIFK-AS1 in the 
diagnosis of HCC. NIFK-AS1 is a favorable indicator for 
diagnosing HCC in TCGA data, and its AUC value is 0.885 
(Figure 3C). To verify the diagnostic significance of NIFK-
AS1, we selected the GSE41804 dataset, which included 
20 HCC patients and 20 healthy individuals (Figure 3C). 
Subsequently, we modeled the logistic regression to further 
evaluate the diagnostic effectiveness of NIFK-AS1 for HCC 
(Figure 3D). After constructing the confusion matrix, the 
average values of accuracy, accuracy, recall, F measurement, 
and AUC were 0.886, 0.901, 0.978, 0.938, and 0.885, 
respectively (Figure 3E). These results indicate that NIFK-
AS1 exhibits good performance and can distinguish HCC 
samples from normal controls.

Exploration of the related molecular mechanisms of  
NIFK-AS1

According to our experimental results and the median 
expression of the performance of NIFK-AS1, we categorized 
PCGs into low and high NIFK-AS1 level groups. We 

Table 1 Top 10 dysregulated lncRNAs

Gene P value Chi HR

NIFK-AS1 0.00060 11.76626 1.84134 

SNHG20 0.00064 11.66536 1.83709 

GIHCG 0.00112 10.61087 1.78278 

Z95115.1 0.00238 9.23009 1.71497 

AL050341.2 0.00427 8.16553 1.66203 

AC010864.1 0.00715 7.23418 1.60575 

STK24-AS1 0.00837 6.95276 1.59472 

AL592435.1 0.01139 6.40277 1.56582 

SNHG21 0.01177 6.34587 1.56239 

AC074117.1 0.01332 6.12643 1.55108 

HR, hazard rate.
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Figure 2 Survival analysis of NIFK-AS1 expression in HCC patients and statistical analysis of NIFK-AS1 and clinical parameters. (A,B) 
Scatter plots and heat maps showing the expression of NIFK-AS1 and the survival time of HCC patients. (C) Survival curve between 
the high and low NIFK-AS1 gene expression groups. (D) Multivariate analysis of NIFK-AS1 and clinical information. (E) NIFK-AS1 
gene nomogram and the practical parameters in TCGA HCC cohort during clinical practice. (F-H) Calibration chart showing the 1-, 2-, 

and 3-year survival. **, P<0.01; ***, P<0.001. NIFK-AS1, NIFK antisense RNA 1; HCC, hepatocellular carcinoma; TCGA, The Cancer 
Genome Atlas.
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Table 2 Univariate Cox analysis of the clinical information of HCC patients

Variables
Events that occurred versus the total 

value (n=226)
Experimental MST in days HR index, 95% CI

Value of Log 
rank, P

Age (years) 0.4

Young (≤50) 35/127 579.0 1

Old (>50) 35/99 578.4 1.24 (0.78–1.99)

Gender 0.4

Male 44/157 577.5 1

Female 26/69 585.3 1.23 (0.75–2.00)

Pathological_M 0.01

M0 67/222 579.0 1

M1 3/4 342.0 4.05 (1.27–12.94)

Pathological_N 0.8

N0 69/223 579.0 1

N1 1/3 689.4 1.28 (0.18–9.22)

Pathological T 5.0E-07

Low 36/163 577.5 1

High 34/63 579.0 3.15 (1.96–5.05)

Histological Grade 1

Low 40/128 578.4 1

High 30/98 585.3 1.00 (0.62–1.61)

Mutation count 0.3

Low 33/114 579.0 1

High 37/112 576.6 1.30 (0.81–2.08)

HCC, hepatocellular carcinoma; MST, median survival time; HR, hazard rate; CI, confidence interval.

selected 850 obtained PCGs, including 196 down-
regulated and 654 up-regulated candidates (Figure 4A,  
Table S1). Pathway evaluation revealed that these PCGs 
were related to the mitotic cell cycle process, organelle 
fission, nuclear division, and chromosome segregation  
(Table S2). Moreover, KEGG analysis showed that these 
PCGs were significantly related to the cell cycle and 
chemical carcinogenesis (Figure 4B,4C).

NIFK-AS1 knockdown inhibited HCC cell proliferation, 
induced apoptosis, and affected the cell cycle in vitro

To comprehensively understand the mechanism of NIFK-
AS1 behavior in HCC at the molecular level, we applied 
the gene set enrichment analysis (GSEA) method with c5 

as the reference set to analyze the complete genome-wide 
t value between different NIFK-AS1 expression levels. 
Our experimental results showed that the processes of 
homologous recombination, spliceosome, DNA replication, 
mismatch repair, nucleotide excision repair, and the cell 
cycle were interconnected with the high NIFK-AS1 
expression HCC group (Figure S2A-S2G). 

To clarify the biochemical effect of NIFK-AS1 on HCC 
in terms of the cell cycle, we selected HepG2 with the 
highest expression of NIFK-AS1 as the model for subsequent 
experiments. Then NIFK-AS1 was knockdown in HepG2 and 
the silencing effect was examined by RT-qPCR. As shown in 
Figure 5A, the messenger RNA (mRNA) expression level of 
NIFK-AS1 was markedly diminished following transfection 
with the specific-sh-NIFK-AS1 (P<0.001). In particular, sh-

https://cdn.amegroups.cn/static/public/JGO-22-705-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-705-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-22-705-Supplementary.pdf
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Figure 3 Up-regulation of the NIFK-AS1 gene in HCC is a biomarker for HCC diagnosis. (A) The NIFK-AS1 gene is highly expressed 
in HCC-derived tissues. RNA was isolated from adjacent healthy tissues for RT-qPCR analysis (total 20 pairs). (B) Up-regulation of the 
NIFK-AS1 gene in HCC cell lines. The three tiers demonstrated represent, ***, P<0.001. (C) The ROC curve was adopted to evaluate the 
sensitivity and specificity of NIFK-AS1 gene expression. To determine whether such expression could be adopted as a diagnostic biomarker 
for the diagnosis of HCC, we acquired data from databases of TCGA and the GSE41804 data. (D) The NIFK-AS1 gene ROC curve 
demonstrating the process and results of five-fold cross-validation and the calculated evaluation index of each fold. (E) The evaluation 
index for each fold. All data mentioned above are expressed as mean ± standard deviation (SD). NIFK-AS1, NIFK antisense RNA 1; HCC, 
hepatocellular carcinoma; RT-qPCR, reverse transcription polymerase chain reaction; TCGA, The Cancer Genome Atlas; ROC, receiver 
operating characteristic; AUC, area under curve.

NIFK-AS1-#1 and -#2 were more significantly reduced and 
were selected for subsequent experiments. 

For the initial assessment of the possibility of NIFK-
AS1 as a target of HCC-related therapy, our research 
analyzed the consequence of NIFK-AS1 knockdown on 

the proliferation of cells in vitro. CCK-8 assays revealed 
a profound decrease in cell proliferation after NIFK-
AS1 knockdown (Figure 5B). Subsequently, we examined 
whether the inhibitory effects of NIFK-AS1 knockdown 
may be at least in part attributable to the elevated cell death. 
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Our research first examined the different changes occurring 
in the proportion of apoptotic cells. We then employed flow 
cytometry, and a greater number of apoptosis cells were 
detected upon sh-NIFK-AS1 transfections in the HepG2 
cell line (Figure 5C,5D). 

We also examined the effect of NIFK-AS1 knockdown 
on the cell cycle by flow cytometry. By determining the 
cell cycle distribution at a defined time point (48 h) after 
both sh-NIFK-AS1 transfections, only around 40% of the 

cells had progressed to the G2/M phase, while 60% of the 
cells were still in the G0/G1 phase. For those transfected 
with the negative control (sh-NC), almost 73% of the 
cell population was found to be in the G0/G1 phase, with 
around 25% remaining in the G2/M phase (Figure 5E). This 
was true for both NIFK-AS1-specific shRNAs in HepG2 
cells; reduced cell cycle progression in the G2/M phase was 
only observed following transfection with the more potent 
sh-NIFK-AS1-#2 (Figure 5F).
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Figure 5 The results and consequences of NIFK-AS1 gene knockdown on cell proliferation, apoptosis, and the cell cycle. (A) NIFK-AS1 
mRNA level following transfection of HepG2 cells with sh-NC or three sh-NIFK-AS1. (B) CCK-8 determination at the designated time 
point. (C) Flow cytometry was used to detect the results and consequences of NIFK-AS1 gene knockdown on HepG2 apoptosis of cells. (D) 
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NIFK-AS1 mediates cell growth through interaction with 
SRSF10

We further evaluated the possible interaction between 
NIFK-AS1 and SRSF10 using bioinformatics methods. 

The catRAPIDomics module predicted that 120 proteins 
may interact with NIFK-AS1 (Table S3) and predicted 
the interaction between SRSF10 and NIFK-AS1. The 
catRAPID signature result of an algorithm module in 
the catRAPID server showed that the overall score of 

https://cdn.amegroups.cn/static/public/JGO-22-705-Supplementary.pdf
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the NIFK-AS1/SRSF10 interaction was 0.78 (Figure 6A).  
Subsequently, the catRAPID fragment was adopted 
through a different algorithm derived from the tendency 
of individual peptide interactions and nucleotide sequence 
fragments. This method demonstrated that 117-168 and 

126-177 nucleotide positions on the NIFK-AS1 sequence 
had a high tendency and possibility to connect and merge 
with the amino acid residues 176-227 of the high-propensity 
SRSF10 protein (Figure 6B,6C).

To confirm the NIFK-AS1/SRSF10 interaction from a 
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biochemical perspective, we performed RNA pull-down 
to detect the interaction between NIFK-AS1 and SRSF10. 
As shown in Figure 6D, compared with the antisense RNA 
probe set, we observed a higher protein level of biotin-
labeled SRSF10 in the NIFK-AS1 pull-down particles. 
These results indicated that NIFK-AS1 interacts with 
SRSF10 in HCC cells. To further clarify and confirm the 
epigenetic rescue consequences of SRSF10 on NIFK-AS1 
expression, we examined whether the overexpression of 
NIFK-AS1 is sufficient to rescue the growth of SRSF10 
knockdown HepG2 cells. The results showed that treatment 
of SRSF10 knockdown cells with NIFK-AS1 overexpression 
partially rescued the growth of HepG2 cells (Figure 6E).

Discussion

NIFK-AS1 is an emerging cancer-related biomarker, 
although its relationship with tumors has been rarely 
reported. A previous study has confirmed that NIFK-AS1 
expression is significantly down-regulated in tamoxifen 
(TAM) isolated from endometrial carcinoma (EC) (17). 
Thus, the expression of NIFK-AS1 is related to the 
development of EC. Also, in vitro experiments have shown 
that NIFK-AS1 inhibits the migration, proliferation, and 
invasion of EC cells. The above actions and consequences 
are generally induced by an element known as estradiol 
17β, which acts to limit the biochemical polarization of 
macrophages that looks similar to M2. In addition, the 
NIFK-AS1 gene could also regulate the expression level 
and attributes of Notch1 by down-regulating the behavior 
of miR-146a. Such observations and experiments indicate 
that the NIFK-AS1 gene is crucial for the regulation and 
adjustment of the polarization level and functional behavior 
of TAM in EC (17). In addition, NIFK-AS1 has previously 
been shown to be an effective prognostic and diagnostic 
biomarker and a potential therapeutic target for breast 
cancer (18).

In our recent study, we reported that the NIFK-AS1 
gene was significantly up-regulated in HCC tissues and cell 
lines. We also found that the overall survival of patients 
with high NIFK-AS1 expression within HCC tumor tissues 
was markedly shorter than that obtained from the patients 
with lower NIFK-AS1 expression levels. In other words, 
HCC patients that exhibited a high level of NIFK-AS1 gene 
expression in their HCC-derived tumor tissues had poorer 
prognosis results compared to patients that did not. Also, 
the nomogram showed that the NIFK-AS1 expression level 
could potentially exert a greater impact on the prognostic 

and diagnostic results of HCC patients, second only to 
pathological T. Through in vitro experiments, we found 
out that silencing of NIFK-AS1 gene expression in HCC-
derived cell lines could decrease cell proliferation and 
induce the apoptosis of cells, while at the same reducing the 
progression of cell cycles. These data indicate that NIFK-
AS1 may be an oncogene of HCC and may contribute 
to the progression of HCC, and thus, could become a 
prognostic biomarker. Our experimental findings are 
consistent with previous research results.

Through the overall genome co-expression analysis 
results, we observed that the NIFK-AS1 gene could 
potentially act as a medium in the spliceosome, homologous 
recombination, cell cycle, RNA transport, and DNA 
replication. To our knowledge, cell cycle-related molecules 
and related biological processes are crucial for tumor cell 
proliferation (19). The biological processes related to RNA 
transport and DNA replication are closely connected to 
the basic state of cells and are also closely linked with the 
occurrence and development of various tumors (20). We 
found that these differentially expressed genes (DEGs) are 
involved in the mitotic cell cycle process, organelle division, 
nuclear division, and chromosome segregation through the 
functional population of DEGs in patients diagnosed with 
HCC cancer that exhibit different levels of NIFK-AS1 gene 
expression. A previous study has demonstrated that the 
cell cycle could potentially be treated as a targeted therapy 
solution for HCC, and cell cycle inhibitor scanning can be 
adopted as a novel therapy for advanced HCC (21). 

In our study, the cell cycle distribution was determined 
following transfection of sh-NIFK-AS1 into the HepG2 
cell line. Compared with the sh-NC, knockdown of NIFK-
AS1 has the ability to inhibit the cell cycle in the G2/M 
phase and affects cell cycle progression. Consistent with 
previous studies, our results illustrate that NIFK-AS1 is a 
lncRNA that promotes cancer progression. We confirmed 
the lncRNA NIFK-AS1/SRSF10 interaction through the 
catRAPIDomics module and RNA pull-down analysis and 
found that the overexpression of NIFK-AS1 is sufficient to 
save the growth of HepG2 cells knocked down by SRSF10. 
These results indicate that the treatment of SRSF10 
knockdown cells with NIFK-AS1 overexpression partially 
rescued the growth of HepG2 cells.

Our study showed for the first time that the NIFK-
AS1 gene can potentially be adopted as a useful biomarker 
for the prognosis and diagnosis of HCC. Meanwhile, 
we managed to combine the effect survival analysis 
(ESA) method and nomogram analysis to determine the 
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practical application and importance of the NIFK-AS1 
gene for the prognosis and diagnosis of HCC patients. In 
addition, TCGA analysis was also adopted in our research 
to sequence the genome-wide RNA dataset. This study 
sought to identify and categorize the functional enrichment 
capability of the NIFK-AS1 gene in HCC-derived 
tissues. The aforementioned experiment is based on the 
joint expression of DEGs. We adopted the functional 
annotations of GO and KEGG and found that lncRNAs 
are closely related to the cell cycle. A series of previous 
studies have reported that some lncRNAs were present 
in the occurrence of liver tumors and cancers through 
the cell cycle. For example, Wang et al. reported that cell 
adhesion molecule 1 AS1 (CADM1-AS1) inhibits HCC 
proliferation by inhibiting the AKT/glycogen synthase 
kinase (GSK)-3β signaling pathway, thereby up-regulating 
the p15, p21, and p27 expression levels, down-regulating 
cyclinD/E and cyclin dependent kinase 2/4/6 (CDK24/6) 
expression levels, and inhibiting G0/G1 to S phase 
transition in vitro and in vivo (21). Following knockout 
of lincDUSP (a potential candidate oncogene) in a colon 
tumor cell line derived from a patient, cell proliferation 
was significantly reduced, susceptibility to apoptosis 
increased, and early S-phase cells also increased (22).  
Long et al. found that the down-regulation of Lysyl 
Oxidase Like Protein 1-AS1 (LOXL1-AS1) can reduce and 
somewhat limit the proliferation of prostate cancer cells 
and cell cycle progression via Recombinant Cyclin D1 
(CCND1) and miR-541-3p (23). Chen et al. reported that 
MINCR can limit and to some degree reduce the arrest of 
cell cycle arrest and non-small cell lung cancer (NSCLC) 
cell apoptosis. These methods of inhibition generally refer 
to c-Myc activation and consecutive effectors following 
activation (24).

Our research has some limitations that should be noted. 
Firstly, all patient data adopted in this study are from the 
same TCGA cohort, which represents only a small sample 
size. Thus, larger sample size studies are needed to confirm 
the conclusions of the study. Secondly, all of the data in 
this study comes from TCGA database and some patients' 
clinical data are missing, which may lead to inaccurate 
results. Thirdly, the molecular mechanism studies in this 
article are all based on bioinformatics methods such as 
enrichment analysis, which have only been verified in vitro. 
Therefore, the conclusions still need to be verified by in 
vivo experiments.

Despite these limitations, this study adopted the genome-
wide RNA sequencing dataset and analyzed the clinical and 

practical importance of NIFK-AS1 as well as its potential 
biochemical mechanisms in a comprehensive manner 
through a variety of bioinformatics analytical methods. 
The findings of this study could be treated as a platform 
that provides a theoretical basis from which the clinical 
applications of the NIFK-AS1 gene in HCC can progress to 
a better stage.
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Figure S1 Weighted co-expression network construction and identification.
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Figure S2 Gene set enrichment analysis results enriched in phenotype of high NIFK-AS1 expression group.


