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Abstract

Background
The up-regulation of KIF3A possibly predicts the dismal prognostic outcome of hepatocellular carcinoma
(HCC). The present work is focused on investigating KIF3A’s function in the growth and migration of HCC
cells.

Methods
KIF3A expression and its role in predicting HCC prognosis were assessed using the TCGA and Genotype-
Tissue Expression (GTEx) databases. KIF3A detection conditions in HCC patients were studied using an
immunohistochemical panel. siKIF3A was created and then transfected into HepG2 HCC cells. Cell
proliferation was examined with the use of the EDU and CCK8. Using the scratch wound healing assays,
cell migration was assessed. RT-PCR and Western-blot (WB) assays were adopted for evaluating the
expression of genes and proteins.

Results
KIF3A expression increased in HCC tissues as compared to matched non-carcinoma samples, and it was
tightly associated with poor survival and risk factors (Ps < 0.05). KIF3A knockdown hindered the
proliferation and migration of HCC cells (Ps < 0.05). KIF3A silencing reduced RelA (NF-κBp65) expression,
thus, affecting the activity of HCC cells (Ps < 0.05).

Conclusion
In this study, the oncogene of hepatocellular carcinoma is KIF3A. Silencing KIF3A inhibited HCC cell
growth and migration by suppressing the NF-κB signal pathway. KIF3A was identi�ed as a potential new
anti-HCC therapeutic target.

1. Introduction
Liver cancer (LC) refers to the third most normal factor leading to cancer-associated death globally and is
characterized by a high mortality rate and aggressiveness [1]. Hepatocellular carcinoma (HCC) is a
common histological subtype of LC, which originates from hepatocytes and has a high level of
aggressiveness [2]. Chronic hepatitis B/C virus (HBV/HCV) infection and excessive drinking are the two
main reason for HCC [3]. Furthermore, nonalcoholic fatty liver disease (NAFLD), which manifests as a
metabolic syndrome, may increase the risk of LC. Cirrhosis can be caused by chronic liver disease, which
promotes various epigenetic/genetic changes in HCC development [4]. Although early cases of LC may
bene�t from candidate treatments like surgery and liver transplantation[5], about 80% of cases are
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already advanced when they are diagnosed [6]. Consequently, more researches are required with the aim
of understanding the pathogenic mechanism of HCC and detecting novel candidate therapeutic targets
for improving the prognosis of HCC.

A primary cilium is a rod-shaped organelle present on the surface of most mammalian cells, including
embryonic cells, stem cells, and some tumor cells [7]. The primary cilium was discovered as early as the
1990s and was given that name by Sergei Sorokin in 1968[8]. The primary cilium has traditionally been
considered to be evolved from the degradation of �agella without any signi�cant function [9]. However,
recent studies have identi�ed the underlying function of primary cilia in controlling cell division and
signal transduction [10]. Primary cilia, as signal receptors, can regulate and control the entire process of
signal transduction in cells and have received a lot of attention in recent years. The correlation between
primary cilia and cancer depends on tumor type, as well as differences within the same tumor and
between tumor subtypes [11].

The characteristics of tumors include impaired apoptosis and the inability of cells to divide in�nitely. The
changes to normal intracellular or intercellular signaling pathways will also disrupt primary cilia-mediated
signaling pathways, which will induce tumor genesis and progression[12]. Primary cilia disintegration
must occur prior to mitosis and is critical in human diseases, particularly tumors. Therefore, primary cilia
are yet another novel target that cannot be overlooked in tumor therapy. IFT proteins are essential for the
transport of materials into and out of primary cilia, and changes in these components can result in hair
loss and human diseases. KIF3A is required for intra-�agellar transport (IFT) as well as the assembly and
maintenance of mammalian cilia, which has a signi�cant impact on the generation of primary cilia [13].

As of now, an increasing number of studies indicate that KIF3A expression in various malignant tumors is
strongly correlated with tumor genesis, its progression, and patient prognostic outcome[14]. Wang
discovered that KIF3A interference by shRNA could inhibit G1/S phase transformation and metastasis of
triple-negative breast cancer (TNBC) through inhibiting the Rb-E2F pathway. This �nding may be due to
the association of the Rb-E2F pathway with epithelial-mesenchymal transition[15]. Moreover, triple-
negative breast cancer (TNBC) cells can become resistant to doxorubicin but not to cisplatin due to the
high expression of KIF3A. According to Kim’s study, the knockdown of KIF3A in non-small cell lung cancer
(NSCLC) induced a variety of malignant phenotypes and suppressed stem cell-like characteristics[16]. In
addition to interacting with β-arrestin to form a complex in NSCLC, KIF3A can inhibit β-arrestin
interactions with axin and Dishevelled Segment Polarity Protein2 (DVL2), promoting J3catenin generation
and thus breaking down the complex. The Wnt/β-catenin pathway activation was hindered because of
the inability of β-catenin to enter the nucleus for activation and transcription activation of downstream
signaling molecules [17].

The current study evaluated KIF3A levels in various tumor types from The Cancer Genome Atlas (TCGA)
and their relationship to patient prognosis. In addition, the correlation between KIF3A levels and
molecular pathways in HCC was analyzed[18]. Finally, this work investigated the impacts of KIF3A
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silencing on HCC cell migration and proliferation. Moreover, the �ndings of the current work offer novel
insights into KIF3A’s role in HCC.

2. Materials And Methods

2.1. Bioinformatics analysis
KIF3A levels were determined using Genotype-tissue Expression (GTEx) pan-cancer data and TCGA data.
Furthermore, the relationship between KIF3A levels and patient survival was investigated based on TCGA
data on clinical survival. Following that, the R package cluster Pro�ler was added to KIF3A. The University
of California, Santa Cruz (UCSC) Xena database (https://xenabrowser.net/datapages/) was used to
collect KIF3A expression pro�ling data as well as clinical pan-cancer data from TCGA and GTEx. KIF3A
levels were determined using TCGA-derived tumor samples, while healthy samples were acquired from
the TCGA and GTEx databases. Person correlation and enrichment analyses were carried out on the
TCGA-STAD dataset to explore the relationships between KIF3A mRNA and other mRNAs in HCC.
Furthermore, 300 genes with a strong positive correlation to KIF3A were chosen for further enrichment
analysis to determine KIF3A activity. Furthermore, in this study, R software cluster Pro�ler was used to
conduct Gene ontology (GO) functional annotation for enriched GO terms using the following parameters:
ont = all, q-value Cutoff = 0.05, and p-value Cutoff = 0.05. In addition, gene set enrichment analysis (GSEA)
with the gsePathway and gseKEGG functions was performed in this study using the following
parameters: nPerm = 1,000, maxGSSize = 1,000, minGSSize = 10, and p-value Cutoff = 0.05.

2.2. Immunohistochemical analysis
Ten cases of HCC in the Department of Pathology of the Second A�liated Hospital of Chongqing Medical
University from 2021 to now were collected and recorded by two senior pathologists. To obtain section
samples, the lesion tissue samples were �rst �xed, dehydrated, transparent, wax immersed, embedded,
and sectioned. KIF3A identi�cation: The sections were created using an immunohistochemical method
(EnVision two-step method). The samples were roasted, dewaxed, and treated with ethanol in a gradient
from high to low. Soak for 5 min in 3%H2O2 solution; 3 times in phosphate buffer (PBS). Repair with citric
acid buffer (pH = 6) at high temperature and pressure for 2 min after the pressure cooker is vented, then
adjust to medium heat for 2 min before turning off the heat and stewing for 10 min. They were immersed
in warm water (37°C) and cooled to 37°C, then rinsed three times with PBS buffer, later supplemented
KIF3A primary antibody (rabbit anti-human monoclonal antibody), and stored at 4°C for 24 h. After
removal, it was rinsed with PBS buffer 3 times. A secondary antibody (PV6000 universal antibody) was
added and stored for 10 min. Then it was washed with PBS buffer for 3 times. DAB color development,
PBS buffer cleaning to stop staining, ethanol concentration from low to high step-by-step dehydrating to
dimethylbenzene, sealing, and processing.

2.3. Cell culture and transfection
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The HepG2 HCC cells applied in the current work were offered by the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China) and cultured in RPMI1640 medium including 1% penicillin-streptomycin
(PS) together with 10% fetal bovine serum (FBS) under 37°C and 5% CO2 conditions. Cells were housed at
our facility. siRNA was transfected into HepG2 cells to silence KIF3A in accordance with predetermined
protocols for in-vitro research. Short hairpin RNA (Target sequence: GGGUUGACUUGUUGGCCAATT,
UUGGCCAACAAGUCAACCCTT, GCAACUUCGCAGAGAACUUTT, and AAGUUCUCUGCGAAGUUGCTT) was
acquired from Gemma Gene to manipulate the gene functions at the miRNA, RNAi, miRNA sponges, and
CRISPR/Genomic Research Center, Suzhou, Jiangsu. Later, cell transfection using Lipofectamine 3000
reagent (Invitrogen) was performed in line with speci�c instructions. Brie�y stated, cells were inoculated
into a 6-well (Corning) plate and on reaching 30% density, were subjected to 48-h transfection and
cultured at 37°C before being collected for qRT-PCR or subsequent analysis.

2.4. RT-PCR
In this study, the extraction of total cellular RNA was performed with the TRIzol® reagent (Invitrogen;
Thermo Fisher Scienti�c, Inc.) following the established protocols. Fast Reverse Transcriptase (Vazyme
Biotech Co., China) was used to prepare cDNA from extracted total RNA after measuring RNA content
with ultraviolet analysis. The qRT-PCR assay was done by adopting TB Green Premix Ex TaqTMII (With
ROX) (TaKaRa biotech, China). In order to assess the heterogeneities of CT values between control and
target RNA, the comparative threshold cycle (Ct) approach was applied while analyzing the results of real-
time PCR. The following primers were adopted: (KIF3A, F, 5′-ATGCTTTGCTGCGTCAGTTC-3′, R, 5′-
ACTACTGCTGCTGCTACTGC-3′; GAPDH, F, 5′-GAGTCAACGGATTTGGTCGT-3′, R, 5′-
TTGATTTTGGAGGGATCTCG-3′).

2.5. Western-blot (WB) assay
Cells were lysed using RIPA lysis buffer. By adopting the BCA Protein Assay kit (Beijing Solarbio Science &
Technology Co., Ltd.), the protein contents were measured. Subsequently, SDS-PAGE gels were used to
isolate 15–30 µg of denatured proteins, which were transferred onto a wet PVDF membrane. Later, the
membranes were blocked for 15 min at 37°C with QuickBlock™ Blocking Buffer (Shanghai Beyotime
Biotechnology Co., LTD), followed by overnight incubation with primary antibodies (1:1,000, Cell Signaling
Technology, USA), including KIF3A (# 8507S) and mouse anti-βactin ( # 3700S). This was followed by
rinsing the membranes with TBST and incubation using HRP-labeled goat anti-mouse or anti-rabbit IgG
antibody (1:2,000, Abcam, cat. no. ab181662) for 1 h under ambient temperature. Finally, the enhanced
chemiluminescence detection kit (Thermo Fisher Scienti�c, Inc.) was applied with the aim of visualizing
the blots.

2.6. CCK8 assay
HepG2 cells (4000/well) were inoculated and cultivated in the 96-well plates. CCK8(Cell Counting Kit-8)
assay was then conducted to measure cell proliferation. The 96-well plate was inoculated with cell
suspension (100 µL/well) for 24 h in an incubator for pre-culture. For a speci�c time period, different drug
concentrations were added to the culture plate. Following that, CCK-8 solution (10 µL) was supplemented
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to each well (while avoiding bubbles) and incubated for another 1–4 h. To measure the absorbance (OD)
at 450 nm, a microplate reader was used .

2.7. Cell wound scratch assay
The amount of liquid required for 4 × 105 cells/well was inoculated into the 6-well plate and serum culture
was then added to ensure that each well contained 2 mL of the system. The bottom of the 6-well plate
was covered with cells after 24 h in the cell incubator. The triangle ruler was removed, and the cross
direction was marked on an overspread 6-well plate with a 100 µL medium tip. After three rounds of
washing, serum-free culture was added. Photographs were then taken at the cross point under a
microscope. The photographs were taken at 0, 24, and 48 h after recording.

2.8. EDU Assay
The appropriate number of cells was cultured in 6-well plates (with cover slides if necessary). 2X EdU
working solution(Shanghai Beyotime Biotechnology Co., LTD) was prepared. EdU was diluted to 1X within
the 6-well plate using 20 µm 2X EdU solution that had been preheated below 37°C, and cells were
incubated for another 2 h. Following EdU labeling, 1 mL of �xative was supplemented after removing the
culture medium, and the cells were �xed for 15-min at ambient temperature. Then, cells were rinsed three
times with 1 mL washing solution for 3–5 min per well after �xation solution was removed. After
removing the washing solution, 1 mL of permeable solution was supplemented to each well and
incubated at room temperature for 10–15 min. After the removal of permeable �uid, the cells in each well
were rinsed 1–2 times with 1 mL washing solution for 3–5 min each time. Fluorescence detection was
carried out after staining the cells.

2.9. Statistical analysis
R (version 4.0.3) was adopted for all statistical analyses. The Wilcoxon rank-sum test and the paired
sample t-test were applied with the purpose of determining the statistical signi�cance of KIF3A
expression in non-paired and paired tissues, separately. To examine the relationships between clinical
features and KIF3A expression, the Wilcoxon rank-sum test and logistic regression were employed. In
addition, all tests were two-sided, and p-values less than 0.05 were thought to be of statistical
signi�cance.

3. Results

3.1. KIF3A Expression in HCC
First, the TCGA and GTEx databases were used to analyze KIF3A levels. The �ndings demonstrated that
KIF3A was up-regulated in 24 tumors as compared to related healthy samples, such as ACC, BRCA, BLCA,
COAD, CHOL, CESC, ESCA, GBM, HNSC, KIRP, LIHC, LGG, LUSC, LUAD, OV, READ, PRAD, PAAD, STAD,
SCKM, THCA, TGCT, UCS, and UCEC (Fig. 1A). KIF3A expression in HCC samples was notably higher when
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compared with that in normal liver tissues (p < 0.001). (Fig. 1B). Furthermore, KIF3A was found to be
highly expressed in HCC tissues (p < 0.001). (Fig. 1C). Moreover, the ROC curve showed that KIF3A
expression had good predictive power, with an AUC of 0.760 (95% con�dence interval [CI] = 0.716–0.804)
to distinguish HCC tissues from normal tissues (Fig. 1D, Fig. 2C).

3.2 Correlations Between KIF3A Expression and
Clinicopathologic Variables
According to Table 1 and Fig. 3, high KIF3A expression was related to pathologic stage (stage IV vs. stage
I, p = 0.013) and overall survival (p = 0.03). Meanwhile, the univariate logistic regression analyses revealed
that there existed some clinicopathological differences between the groups with high and low KIF3A
expression, such as T stage (odds ratio [OR] = 1.480 p = 0.061) and pathologic stage (Stage III & Stage IV
vs. Stage I & Stage II) (odds ratio [OR] = 1.880, p = 0.012). (Table 2).
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Table 1
Clinicopathological differences between groups with high and low KIF3A expression.

Characteristic Low expression of KIF3A High expression of KIF3A p

n 185 186  

Age, n (%)     0.250

<=60 82 (22.2%) 95 (25.7%)  

> 60 102 (27.6%) 91 (24.6%)  

T stage, n (%)     0.124

T1 99 (26.9%) 82 (22.3%)  

T2 46 (12.5%) 48 (13%)  

T3 31 (8.4%) 49 (13.3%)  

T4 7 (1.9%) 6 (1.6%)  

N stage, n (%)     0.623

N0 123 (48%) 129 (50.4%)  

N1 1 (0.4%) 3 (1.2%)  

M stage, n (%)     0.623

M0 135 (50%) 131 (48.5%)  

M1 3 (1.1%) 1 (0.4%)  

Pathologic stage, n (%)     0.013

Stage I 92 (26.5%) 79 (22.8%)  

Stage II 45 (13%) 41 (11.8%)  

Stage III 30 (8.6%) 55 (15.9%)  

Stage IV 4 (1.2%) 1 (0.3%)  

Race, n (%)     0.110

Asian 87 (24.2%) 71 (19.8%)  

Black or African American 6 (1.7%) 11 (3.1%)  

White 84 (23.4%) 100 (27.9%)  

Histologic grade, n (%)     0.207

G1 33 (9%) 22 (6%)  

G2 92 (25.1%) 85 (23.2%)  
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Characteristic Low expression of KIF3A High expression of KIF3A p

G3 53 (14.5%) 69 (18.9%)  

G4 6 (1.6%) 6 (1.6%)  

OS event, n (%)     0.111

Alive 128 (34.5%) 113 (30.5%)  

Dead 57 (15.4%) 73 (19.7%)  

DSS event, n (%)     0.080

Alive 149 (41%) 135 (37.2%)  

Dead 32 (8.8%) 47 (12.9%)  

Tumor status, n (%)     0.039

Tumor free 110 (31.2%) 91 (25.9%)  

With tumor 65 (18.5%) 86 (24.4%)  

Vascular invasion, n (%)     0.233

No 118 (37.5%) 88 (27.9%)  

Yes 54 (17.1%) 55 (17.5%)  

Age, median (IQR) 62.5 (51.75, 69) 60 (51.25, 68) 0.334

 
Table 2

Correlations of KIF3A expression with the clinicopathological features of patients (n = 370).
Characteristics Total(N) Odds Ratio(OR) P

value

T stage (T2&T3&T4 vs. T1) 368 1.480 (0.983–2.236) 0.061

N stage (N1 vs. N0) 256 2.860 (0.361–
58.253)

0.366

M stage (M1 vs. M0) 270 0.344 (0.017–2.721) 0.357

Pathologic stage (Stage III&Stage IV vs. Stage I&Stage
II)

347 1.880 (1.156–3.096) 0.012

Age (> 60 vs. <=60) 370 0.770 (0.511–1.158) 0.210

Race (White vs. Asian&Black or African American) 359 1.350 (0.892–2.048) 0.156

Residual tumor (R2 vs. R0&R1) 342 0.000 (NA-Inf) 0.996

Histologic grade (G3&G4 vs. G1&G2) 366 1.485 (0.969–2.283) 0.070
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3.3. Correlations between KIF3A level and prognosis of HCC
cases
Additionally, the association between KIF3A expression and overall survival (OS) was examined using
data from the TCGA database to determine whether the KIF3A level had prognostic value. Therefore,
KIF3A up-regulation predicted a poor prognosis for HCC (P = 0.005) (Fig. 4,5,6), indicating that KIF3A
might play an oncogenic role in HCC.

3.4. Correlation Analysis and Enrichment
Correlation analysis was employed for investigating the relationship between KIF3A and other mRNAs in
the TCGA-HCC dataset in order to investigate KIF3A functions and pathways. The R software cluster
Pro�ler was then used in this study to examine possible pathways enriched by those 300 signi�cant
genes. According to GO analysis, KIF3A is primarily correlated with cell proliferation-related pathways
including cell cycle checkpoints and DNA replication (Fig. 7). According to the �ndings, KIF3A activation
was linked to the hyperactivation of several cancer-related pathways within HCC, particularly those
regulating cell proliferation.

3.5. Special staining, immunohistochemistry, and genetic
testing
Yellow or brownish yellow staining of cytoplasm or cell membrane indicates positive expression of KIF3A.
The proportion of positive cells is used as the basis for intensity expression: Positive cells rate < 10% were
negative (-), 10% or less positive cells rate 30% or less for weakly positive (+), 31% or less positive cell rate
of 60% or less is positive (+ +), the positive cell rate of 61% or higher for strong positive (+ + +)( Fig. 8).

3.6. KIF3A Silencing Suppressed Malignant Phenotypes and
Pathways in Hepatocellular carcinoma Cells
KIF3A expression was silenced within HepG2 cells using two KIF3A siRNA to investigate KIF3A's
biological signi�cance in Hepatocellular carcinoma cell proliferation. KIF3A expression was signi�cantly
reduced following siRNA transfection, according to RT-PCR and WB assays (Fig. 9). After that, the CCK8
assay was used to assess cell proliferation. As a result of KIF3A silencing, HepG2 cell proliferation was
remarkably suppressed. Moreover, the EDU assay revealed that KIF3A knockdown remarkably suppressed
the proliferation of Hepatocellular carcinoma cells (Fig. 10). KIF3A expression analyzed through qRT-PCR
following si-KIF3A transfection in HepG2 cells. Suppression of HCC cell growth and invasion by KIF3A
silencing (Fig. 11). KIF3A silencing reduced RelA (NF-κBp65) expression, thus, affecting the activity of
HCC cells(Fig. 12).

4. Discussion
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HCC accounts for a large proportion of primary LC cases, and the 5-year survival rate is < 20%. Since there
is no speci�c targeted drug available, LC is still refractory. The effective �rst-line treatments for HCC are
still lenvatinib and sorafenib, which inhibit several kinases[19]. The median survival time for lenvatinib
and sorafenib, respectively, is only 13.6 and 12.3 months, indicating that these therapeutic agents are
only marginally effective in treating HCC cases[20]. Therefore, novel therapeutic approaches are urgently
required. Further research into the pathways of HCC tumorigenesis may lead to the development of novel
therapeutics. HCC has a high recurrence and heterogeneity rate. KIF3A has recently been discovered to
exert the vital function in the regulation of various disorders, including cancer [21]. For instance, increased
KIF3A expression in NSCLC indicates a dismal patient outcome [22]. KIF3A knockdown suppresses
growth, migration, and invasion of NSCLC cells [23]. According to metabolomic research, inhibition of
KIF3A restrains breast cancer (BC) cell proliferation by increasing levels of anti-tumor lipids[24], including
ceramides, as well as some PPARa ligands. Therefore, KIF3A is the metabolic oncogene in BC [25].
Likewise, selective small-molecular inhibitors of KIF3A can suppress neuroblastoma cell proliferation,
suggesting that KIF3A might develop into an oncoprotein[26]. However, neither the prognostic
signi�cance nor the extent of KIF3A expression in different tumors has been identi�ed. This study used
TCGA-based data mining to show that KIF3A expression increased in 24 tumors compared to non-
carcinoma samples, highlighting KIF3A's role as a novel oncogene in these tumors. So, using TCGA and
GTEx datasets from the UCSC Xena database, this study examined KIF3A expression as well as its
prognostic signi�cance. In contrast to healthy control samples, KIF3A expression increased in ACC, BRCA,
BLCA, CHOL, COAD, CESC, ESCA, GBM, HNSC, KIRP, LIHC, LGG, LUSC, LUAD, OV, READ, PRAD, PAAD, STAD,
SCKM, THCA, TGCT, UCS and UCEC samples, while it decreased in the LAML samples. TCGA database
analysis suggested that KIF3A showed overexpression within LC samples compared to healthy non-
carcinoma samples. The poor prognostic outcome of ACC, LUAD, LIHC, MESO, SKCM and SARC was
correlated with KIF3A up-regulation, indicating that KIF3A was the biomarker used to predict tumor
prognosis. According to our enrichment analysis, KIF3A is correlated with cell proliferation-related
pathways such as DNA replication, cycle checkpoints, and the cell cycle. A subsequent study discovered
that silencing KIF3A inhibited HepG2 LC cell proliferation. Stroma cells in the tumor microenvironment
(TME), particularly immune cells, exert a vital function in modulating cancer cell malignant behavior [27–
29]. They have been argued to be signi�cant for predicting prognosis and treating cancer cases [30, 31].
The proliferation of epithelial LC is observed to be aided by tumor-associated macrophages and CD8-
positive T cells [32–34]. Our �ndings showed that LC samples with KIF3A up-regulation had signi�cantly
higher levels of M1 macrophage and CD8-positive T-cell in�ltration. Furthermore, KIF3A expression was
discovered to show positive relationship to M1 macrophage and CD8-positive T cell in�ltration levels,
suggesting that KIF3A plays a role in tumor immunology. KIF3A may collectively have a pathogenic effect
on the development of LC, which is mediated by TIICs or tumor cells. The associated mechanisms should
be further explored for better diagnosis and treatment of HCC.

NF-κB exerts a vital role in regulating cell death and in�ammation, which are further related to the
development of liver cell injury, �brosis, or even HCC. NF-κB has been identi�ed as an HCC marker.
Studies have shown that the nuclear transcription factor NF-κB plays a vital role and is often found in an
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inactive form within the cytoplasm of almost all cells. Once activated, NF- κB can only move from the
cytoplasm to the nucleus to play an important role. Additionally, the activation of NF- κB has been linked
to tumor genesis and development, anti-apoptosis, and an increase in tumor cell proliferation. Advanced
lung adenocarcinoma patients are more likely to develop distant metastasis, which most commonly
occurs in the thoracolumbar, pelvic, and long bone diaphysis of the limbs. Adenocarcinoma foci are
typically found near the lung tissue, making it easier for them to directly invade and involve the ribs and
thoracic vertebrae. This may be one of the main causes of metastasis. RelA (p65), an essential NF-κB
family member, can bind to p50 to form an NF-κB heterodimer for regulating gene transcription[35]. RelA
possesses C-terminal transactivation domains, which can be a potential activator for the transcription of
genes containing the κB sites [36]. RelA is, therefore, an important molecule that promotes HCC growth
and development. The role of post-translational RelA/p65 modi�cation in the regulation of the NF-κB
pathway has gradually become clear in recent years. They regulate the NF-κB pathway in a precise and
intricate manner by regulating the protein interaction, stability, and degradation of RelA [37] and have a
signi�cant effect on disease genesis and progression. The majority of research on post-translational
modi�cation of RelA focuses on the phosphorylation of RelA and associated kinases. In addition,
acetylation, methylation, and other modi�cation forms are also popular topics of discussion in this �eld.
RelA post-translational modi�cation is associated with whole pathway transmission, and its
dysregulation is closely related to several malignant diseases, making it an important reference strategy
for clinical diagnosis and treatment. p27 is a potent inhibitor of cyclin-dependent kinase that drives G1's
transition to S.Since regulation of p27 has been found in many malignancies and is associated with poor
prognosis, elucidation of the molecular basis of regulation of p27 expression is of great signi�cance, not
only to gain insight into the biology of p27, but also to develop new cancer treatment
strategies.According to our �ndings, silencing KIF3A signi�cantly reduced RelA expression and promoted
p27 expression, implying that KIF3A and RelA may be potential preventative and therapeutic targets in the
development of LC. Therefore, silencing KIF3A or activating the KIF3A-RelA axis may have inhibited
cancer cell growth and migration. This may provide another treatment for cases of advanced HCC and
enhance their prognosis. Additional pre-clinical investigations are required to identify and assay KIF3A
inhibitors.

The aforementioned �ndings suggest that KIF3A is a potential prognostic factor with a signi�cant impact
on cancer development. Collectively, this study revealed KIF3A's impact on HCC. Although further research
is essential to explore and con�rm the mechanisms underlying the occurrence and development of HCC,
it is speculated that KIF3A is the marker used to diagnose and treat HCC.
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Figures

Figure 1

Levels of KIF3A in various kinds of tumors and HCC. A) Pan-cancer data from TCGA and GTEx databases
showing KIF3A levels in tumor samples and corresponding non-carcinoma samples. (B) KIF3A levels in
tumor samples and non-carcinoma samples from the TCGA-STAD. (C) KIF3A levels in tumor samples and
matched normal tissues within TCGA-STAD. (D) ROC curves for categorizing HCC versus normal liver
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tissues in the TCGA database. Moreover, the �ndings are shown to be mean±SD. *p<0.05, **p<0.01,
***p<0.001, ****p<0.0001.

Figure 2

The gene expression, survival time, as well as survival status of the TCGA dataset. (A)The top scatterplot
depicts gene expression levels ranging from low to high. Different colors represent various groups.
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Besides, the scatter plot distribution depicts the gene expression of various samples in relation to survival
time and survival status. The heatmap of gene expression is shown as the bottom penal. (B) Kaplan-
Meier survival analysis of the gene signature from the TCGA dataset, with log-rank tests adopted for
comparing different groups. The hazard ratio of the low-expression sample in comparison with the high-
expression sample is indicated by HR(High exp). HR> 1 suggests that the gene is a risk factor, while HR<
1 suggests that the gene serves as a protective factor. With the use of the HR(95%Cl), the median survival
time (LT50) for each group was calculated. (C) The ROC curve of the gene. Higher AUC values are
consistent with greater predictive power.

Figure 3

Correlations between KIF3A expression and clinicopathological features. In addition, data are represented
for (A) pathological stage; (B)M stage; (C) T stage; (D) N stage; (E) age; (F) OS event.
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Figure 4

Prognostic values of KIF3A expression in patients undergoing HCC assessed using the Kaplan-Meier
method. Overall survival (A) and disease-speci�c survival (B) in HCC patients having high vs. low KIF3A
levels. (C) Forest map on the basis of multivariate Cox analysis for overall survival.
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Figure 5

Prognostic values of KIF3A expression in patients suffering from HCC assessed using the Kaplan-Meier
method in various subgroups. (A-F) OS survival curves of T1 and T2, N0 and N1, M0 and M1, Pathologic
stage I and II, age >60 years, Vascular invasion subgroups between high and low KIF3A patients
undergoing HCC.
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Figure 6

A nomogram and calibration curves for predicting one-, three-, and �ve-year overall survival rates of
patients suffering from HCC. (A) A nomogram for predicting one-, three-, and �ve-year overall survival
rates in HCC patients. (B-D) Nomogram calibration curves for one-, three-, as well as �ve-year overall
survival rates in HCC patients.
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Figure 7

Spearman’s correlations were used to examine the relationships between individual genes and pathway
scores. Besides, the abscissa stands for gene expression distribution, and the ordinate stands for
pathway score distribution. The density curve on the right indicates the distribution trend of pathway
immune score, while the upper-density curve stands for the distribution trend of gene expression. In
addition, the value at the top stands for the correlation p value, correlation coe�cient, as well as the
method of calculation for correlation.
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Figure 8

Semi-quantitative analysis of KIF3A expression and staining in HCC(Cancer and adjacent tissues)

Figure 9

Suppression of HCC cell growth and invasion by KIF3A silencing. KIF3A expression within HCC cells
analyzed through qRT-PCR (A) and WB assays (B)
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Figure 10

HepG2 cell proliferation analyzed by CCK-8(A) and EDU assays(B). Results are indicated as mean±SD.
***p<0.001.
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Figure 11

HepG2 cell migration assessed using scratch assay. Results are shown to be mean±SD. ***p<0.001.

Figure 12

RELA expression analyzed through qRT-PCR following si-KIF3A transfection in HepG2 cells. Results are
indicated to be mean±SD. ***p<0.001.
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