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Abstract
Background: Accurate assessment of the tumour immune microenvironment helps develop individualised
immunotherapy regimens and screen dominant populations suitable for immunotherapy. Therefore,
potential molecular markers were investigated to make an overall assessment of the immune
microenvironment status of liver hepatocellular carcinoma (LIHC).

Methods: Differentially expressed genes (DEGs) in LIHC were extracted from the International Cancer
Genome Consortium and The Cancer Genome Atlas databases. Gene set enrichment analysis was
employed to assess the function of DEGs. Hub genes were identi�ed using the STRING tool. The
prognostic value of the hub genes was evaluated through Kaplan–Meier analysis and Cox regression.
The correlation between genes and immunity was analysed using the TIMER tool. Further, tissue samples
from 42 LIHC patients were collected for immunohistochemistry. HuH7 and SKP1 cells were analysed via
western blotting, Cell Counting kit-8 assay, and Transwell assay.

Results: A total of 121 DEGs were identi�ed, and DEGs were enriched in the epithelial-mesenchymal
transition, hypoxia, myogenesis, and p53 pathways. A total of 20 hub genes were selected and a strong
correlation was identi�ed between these hub genes and prognosis. The expression of budding
uninhibited by benzimidazoles 1 (BUB1), which is known to play a role in cancer progression, was found
to be upregulated in LIHC (compared to normal tissues). Furthermore, BUB1 expression was strongly
related to immune cells and immune checkpoint molecule expression. Immunohistochemistry indicated
that BUB1 expression was higher in LIHC tissues than in normal liver tissues. Western blotting showed
that BUB1 expression was the highest in HuH7 and SKP1 cells. BUB1 knockdown resulted in reduced
proliferation and vertical migration ability of LIHC cells, and reduced the expression of phospho-SMAD
family member 2 and phospho-SMAD family member 3 proteins. Immunohistochemistry showed that
BUB1 expression was accompanied by immune cell in�ltration into LIHC tissues.

Conclusions: These results suggest that BUB1 may serve as a potential prognostic biomarker for LIHC
and as an indicator of its immune status.

Introduction
Liver hepatocellular carcinoma (LIHC) is the seventh most common malignancy and ranks second in
terms of global cancer-associated mortality (Sung et al., 2021). Thus, it poses a signi�cant threat to
human health on a global scale (Siegel et al., 2018). Approximately 780,000 individuals are diagnosed
with LIHC every year, and a substantial proportion of these individuals are diagnosed with late-stage
tumours (Torrecilla and Llovet, 2015). Despite signi�cant progression in the treatment of LIHC recently,
the survival probability of these patients is still below 20%, and their prognosis is unsatisfactory (Lou et
al., 2018). This prognosis status of patients is partly dependent on the surrounding microenvironment
during tumour occurrence and development. The surrounding immune microenvironment can enable
LIHC to escape immune recognition and attack by the body (Shlomai et al., 2014). The activation of
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inhibitory receptors and ligands, challenges associated with antigen presentation, and accumulation of
immunosuppressive cell populations constitute the immunosuppressive microenvironment, thus
promoting LIHC progression (Hato et al., 2014; Zhang et al., 2010). Therefore, research on genes related
to tumour immune in�ltration may aid the assessment of the immune microenvironment of LIHC, thereby
facilitating patient strati�cation for immunotherapy and the development of personalised treatment
approaches.

Budding uninhibited by benzimidazoles 1 (BUB1) is a kinase ensuring segregational �delity in daughter
cells during chromosomal segregation (Yu and Tang, 2005). It is encoded by the BUB1 gene in humans.
BUB1 can be broadly segregated into three regions, i.e., a catalytic threonine or serine kinase domain, a
scaffold for protein recruitment, and a tetratricopeptide repeat part (Kang et al., 2008). It is recognized as
a tumour promoter in gastric cancer (Stahl et al., 2019). BUB1 was reported to be linked to forkhead box
O3 in pancreatic cancer, which promotes pancreatic cancer development (Morris et al., 2015). The
unfavourable prognostic effect of BUB1 expression in LIHC—identi�ed by bioinformatic analysis—have
been corroborated (Zhang et al., 2018). Though BUB1 activity has been explored, the mechanisms by
which BUB1 affects the prognosis and immune microenvironment in LIHC remain unclear. In this study,
we �rst identi�ed differentially expressed genes (DEGs) from the International Cancer Genome
Consortium (ICGC) and The Cancer Genome Atlas (TCGA) databases and then identi�ed the hub genes to
further screen the immune-related gene BUB1. We observed that BUB1 was associated with prognostic
and immune roles in LIHC, thereby highlighting its relevance as a marker for LIHC immunotherapy.

Materials And Methods
Datasets

We downloaded datasets corresponding to 50 normal liver and 374 LIHC tissue samples from The Cancer
Genome Atlas Program (TCGA; https://cancergenome.nih.gov/). We also downloaded the Liver Cancer-
FRANCE (LICA-FR) LIHC dataset from the International Cancer Genome Consortium database (ICGC;
https://icgc.org); this dataset contains data pertaining to 150 LIHC tissue samples and 11 paracancerous
samples.

Data pre-processing and DEGs identi�cation

The Affy package in R (Gautier et al., 2004) was used to analyse original data. After correcting for the
inter-batch difference, original data were subjected to perform background correction, quality control and
standardisation processing. The limma package in R (Ritchie et al., 2015) was applied to �lter DEGs from
the data set. The interception criteria for DEGs in the above database were |log fold change (FC)| ≥1 and
p < 0.05 after adjustment. The results were visualised as a Venn diagram.

Gene Ontology (GO) analysis, Kyoto Encyclopaedia of Genes and Genomes (KEGG) analysis, and Gene
Set Enrichment Analysis (GSEA) of DEGs
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GO is one of the most frequently used tools for gene annotation, often employed for large-scale gene
annotation. KEGG was used to identify pathways associated with DEGs. The distribution trends of genes
and phenotypes were evaluated using GSEA. GO analysis, KEGG analysis, and GSEA were conducted
using the clusterPro�ler package in R (Yu et al., 2012).

Construction of protein-protein interaction (PPI) network and hub gene identi�cation

The interaction between proteins encoded by the DEGs was evaluated by STRING tool (Szklarczyk et al.,
2015). Then Cytoscape software (v3.7.1) (Smoot et al., 2011) was a platform for visualizing the PPI
information. The top 20 genes were selected as hub genes using the cytoHubba plug-in (Chin et al.,
2014).

Prognostic validation of the hub genes 

Hub genes strongly correlated with prognosis were screened out by univariate and LASSO Cox regression
analysis. The Survminer package (https://github.com/kassambara/survminer) and the survival package
in R (https://github.com/therneau/surviva) were then used for mapping analysis. The association
between genes and clinicopathological characteristics was analysed by logistic regression and receiver
operating characteristic curve analyses. The selection criterion was P<0.05.

Expression andveri�cation of hub genes

The Gene Expression Pro�ling Interactive Analysis database (Tang et al., 2017) was used to analyse hub
gene expression and related transforming growth factor β (TGFβ) signalling. The online tool TIMER (Li et
al., 2017) was used to explore the correlation between hub genes and tumour-in�ltrating immune cells. 

Tissue specimens

A total of 42 para�n-embedded and formalin-�xed LIHC tissue samples were collected from Lanzhou
University Second Hospital. All patients had undergone curative resection surgeries. The study protocol
was approved by the Institutional Ethics Committee of Lanzhou University Second Hospital. Written
informed consent was obtained from all patients. Disease-free survival (DFS) was the period between the
day of surgery and the date of recurrence.

Immunohistochemistry (IHC) 

Tissues were serially sectioned into 4 μm‒thick sections, heated in an oven at 67 ºC for 20 min, and then
dewaxed in alcohol and xylene. After antigen retrieval, the samples were treated with 3% H2O2.
Subsequently, the primary antibodies (BUB1, 1:50, Abcam, United States; CD3, CD4, CD8, CD20, CD56,
CD68, CD163, ready-to-use, Maixin, Fujian) along with goat globulin (3 mg/mL, Sigma, Aldrich) were used
to incubate the sections at 4 ºC overnight. Sections were then probed with anti-mouse/rabbit antibodies
(1:100, Solarbio, Beijing) at 37 ºC for 30 min. Finally, 3, 3′-diaminobenzidine (Solarbio, Beijing) was used
to stain the sections.
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Wherein a score of 0 indicated < 5% positive cells; a score of 1 indicated 6–20% positive cells; a score of
2 indicated 21–50% positive cells; and a score of 3 indicated > 50% positive cells.

Western blotting (WB)

Radioimmunoprecipitation assay buffer supplemented with phenyl methane sulfonyl �uoride was used
to lyse tumour cells. After the lysate was centrifuged, the supernatant was collected for further analysis.
After the protein concentration was measured, equal amounts of protein were loaded onto 10% SDS-
PAGE gels and transferred onto polyvinylidene �uoride membranes. Then, the membranes were blocked
using 5% skimmed milk at 37 ºC for 2 h and were incubated with the primary antibodies (anti-
SMAD2/SMAD3, anti-BUB1, anti-PSMAD2/PSMAD3, 1:1,000, Abcam; anti-PDL1, 1:1,000, eBioscience,
California; anti-GAPDH, 1:1,000, Proteintech, Chicago) at 4 ºC overnight. Then, the anti-mouse/rabbit
antibodies (1:3,000, Beyotime, Shanghai) were used to incubate the membranes at 37 ºC for 1h. The
protein bands were detected by the chemiluminescence kit (Thermo Fisher, Shanghai).

Transfection

To silence the expression of endogenous BUB1 in human LIHC cell lines, 2.5 µg short hairpin RNA
(shRNA) plasmids (Genechem, Shanghai) and 5 μL Lipofectamine 6000 (Beyotime) were mixed in 500 μL
DMEM (Gibco, United States) medium for 5 min. After incubation for 5 min, the mixture was added to
cells that had reached a con�uence of 60 to 70% of 6-well plate. The cells were used for further
experiment after transfection for 24 h. shRNA sequences were as follows: shBUB1, forward 5'-CCGG
CCTGGGTCAGAGTATAGATATCTCGAGATATCTATACTCTGACCCAGGTTTTTG-3'; reverse, 5'-
AATTCAAAAACCTGGGTCAGAGTATAGATATCTCGAGATATCTATACTCTGACCCAGG-3'.

Cell Counting Kit-8 (CCK-8) assay

For the cell counting assay, 1,000 cells (HuH7 and SKP1 cells)/well were cultured in �ve replicate wells of
a 96-well plate. The CCK-8 solution was sequentially added to every well and incubated for 2 h before
detected. Absorbance450 was detected by an instrument (TECAN, In�nite M200 Pro, Shanghai) at 12 h, 24 
h, 48 h, and 72 h.

Migration assays

For migration assays, 1 × 105 HuH7 and SKP1 cells were independently resuspended in the medium (1%
foetal bovine serum) and seeded in the upper chamber of a Transwell chamber (Corning, Shanghai)
placed in 24-well culture plates. Five hundred microlitres of medium (10% foetal bovine serum) was
added to the bottom chamber. After incubation at 37 ºC for 24 h, a cotton swab was used to remove the
non-migrating cells on the membrane located at interface of the upper and lower chambers, and the
migrated cells were �xed, stained, counted, and imaged. Six areas from each membrane were imaged
from three independent wells.

Statistical analysis
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The clusterPro�ler package in R (Yu et al., 2012) and GraphPad Prism 8 (GraphPad Software Inc.,
Santiago) were used for data analysis. Student’s t-tests were used to compare data between groups. 
Results are expressed as the mean ± standard deviation. Signi�cance was de�ned as p < 0.05.

Statement in the methods

All methods were performed in accordance with the relevant guidelines and regulations.

Results
Identi�cation and functional enrichment analysis of DEGs in LIHC

A total of 2,207 and 926 DEGs were screened from TCGA and ICGC, respectively. Of these, 121 DEGs
overlapped, and the results are presented as a Venn diagram (Fig. 1).

DEGs were associated with chromosome segregation, nuclear division, and organelle �ssion by GO
analysis (Fig. 2A). DEGs were associated with progesterone-mediated oocyte maturation, cell cycle, and
oocyte meiosis by KEGG analysis (Fig. 2B). GSEA revealed that the DEGs were associated with the
epithelial-mesenchymal transition (EMT), hypoxia (Fig. 2C), myogenesis, and p53 pathways (Fig. 2D).
Collagen type I alpha 1 (COL1A1), COL3A1, COL5A1, COL6A3, v-Jun avian sarcoma virus 17 oncogene
homolog (JUN), and insulin-like growth factor-binding protein-1 (IGFBP1) play prominent roles in EMT
and hypoxia (Fig. 2C). Cathepsin D (CTSD), JUN, tumour protein p53 (TP53), COL1A1, COL3A1, and
COL6A3 play prominent roles in myogenesis as well as the p53 signalling pathway (Fig. 2D).

Selection and survival analysis of hub genes

The PPI network showed interactions between proteins encoded by DEGs (Fig. 3A). Twenty hub genes
were identi�ed (Fig. 3B), including ASPM, BIRC5, BUB1, BUB1B, CCNA2, CCNB1, CDK1, CENPF, DLGAP5,
KIF20A, KIF23, MELK, NCAPG, NCAPH, NUSAP1, OIP5, PRC1, TOP2A, TPX2, and ZWINT (Table 1).
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Table 1
The 20 hub genes and their full names.

Gene Full name

ASPM Abnormal spindle microtubule assembly

BIRC5 Baculoviral IAP repeat containing 5

BUB1 BUB1 mitotic checkpoint serine/threonine kinase

BUB1B BUB1 mitotic checkpoint serine/threonine kinase B

CCNA2 Cyclin A2

CCNB1 Cyclin B1

CDK1 Cyclin-dependent kinase 1

CENPF Centromere protein F

DLGAP5 DLG associated protein 5

KIF20A Kinesin family member 20A

KIF23 Kinesin family member 23

MELK Maternal embryonic leucine zipper kinase

NCAPG Non-SMC condensin I complex subunit G

NCAPH Non-SMC condensin I complex subunit H

NUSAP1 Nucleolar and spindle associated protein 1

OIP5 Opa interacting protein 5

PRC1 Protein regulator of cytokinesis 1

TOP2A DNA topoisomerase II alpha

TPX2 TPX2 microtubule nucleation factor

ZWINT ZW10 interacting kinetochore protein

The correlation between these 20 hub genes and the poor prognosis of LIHC patients was analysed via
Kaplan–Meier analysis (p < 0.05) (Fig. 4). The 20 hub genes were then subjected to LASSO-Cox
regression analysis to calculate the correlation coe�cients. After cross-validation (Fig. 5A), hub genes
strongly related to survival were �nally identi�ed that contained BUB1, CENPF, and PRC1 (Fig. 5B).

Expression of BUB1, CENPF, and PRC1 in LIHC
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The median expression of BUB1, CENPF and PRC1 in tumour and normal liver samples is shown in Figure
6. The expression of BUB1 (Fig. 6A), CENPF (Fig. 6B), and PRC1 (Fig. 6C) was found to be upregulated in
LIHC as well as in other cancer types when compared to that in control samples. BUB1 (Fig. 6A), CENPF
(Fig. 6B), and PRC1 (Fig. 6C) were upregulated in stage I–III of LIHC and downregulated in stage IV (Fig.
6). Multivariate and univariate Cox analyses suggested that BUB1 expression was an independent
prognostic factor of the overall survival of LIHC patients (Table 2, p < 0.05).

 
Table 2

Univariate and multivariate Cox regression analysis to identify a correlation between
clinicopathological characteristics and BUB1 expression.

Variables Univariate analyses Multivariate analyses

HR (95% CI) p-value HR (95% CI) p-value

Age 1.010 (0.997–1.024) 0.139 1.013 (0.998–1.029) 0.097

Sex 0.816 (0.573–1.163) 0.260 1.001 (0.671–1.493) 0.997

Stage 2.676 (1.754–4.083) <0.001* 2.267 (1.458–3.526) <0.001*

Metastasis 2.479 (1.695–3.897) 0.005 4.347 (2.738–6.535) 0.002

BUB1 1.429 (1.225–1.668) <0.001* 1.389 (1.166–1.655) <0.001*

* Signi�cant �ndings.

Correlation of BUB1 with immunity and TGFβ signalling

The expression of BUB1 (Fig. 7A), CENPF (Fig. 7B), and PRC1 (Fig. 7C) was correlated with the counts of
CD4+/CD8+ T cells, B cells, dendritic cells, macrophages, and neutrophils (p < 0.05) (Fig. 7). Furthermore,
BUB1 expression was associated with all immune checkpoints in LIHC, and was strongly associated with
CD274 expression (programmed cell death 1 ligand 1, PD-L1) (p < 0.05) (Fig. 7D).

Previous reports have provided evidence regarding the role of BUB1 in mediating TGFβ-dependent
signalling, in addition to its established function in chromosome cohesion and cell cycle regulation (Nyati
et al., 2015; Nyati et al., 2020). In LIHC, BUB1 expression was correlated with TGF-β1, TGFβ2, TGFβ3,
TGFβ receptor (TGFβR) 1, SMAD2, SMAD3, and SMAD4 (p < 0.05) (Fig. 8).

Validation of the role of BUB1 in LIHC

IHC indicated that BUB1 was upregulated in LIHC tissues (compared to paracancerous tissues) (Fig. 9A).
BUB1 expression was associated with poor DFS (p < 0.05) (Fig. 9B). BUB1 levels were higher in HuH7 and
SKP1 cells than in other LIHC cell lines (Fig. 9C).



Page 9/22

Functional enrichment analysis suggested that BUB1 may promote LIHC progression. MTT and Transwell
migration assays were performed in HuH7 and SKP1 cells to validate the functional signi�cance of BUB1.
Our results revealed that BUB1 knockdown signi�cantly reduced the proliferation (Fig. 10A) and vertical
migration ability of LIHC cells (p < 0.05) (Fig. 10B).

To evaluate the role of BUB1 in TGFβ signalling, the levels of TGFβ signalling‒related proteins were
evaluated via WB. BUB1 knockdown downregulated the expression of phospho-SMAD (p-SMAD) 2 and p-
SMAD3 expression (p < 0.05) (Fig. 10C). BUB1 knockdown did not result in a decrease in PD-L1
expression. IHC for BUB1 and immune cell markers (CD3, CD4, CD8, CD20, CD56, CD68, and CD163) in
the serial section of LIHC tissues is shown in Figure 11A. BUB1 expression was correlated with CD4, CD8,
CD56 (NCAM1), CD68, and CD163 (p < 0.05) (Fig. 11B) in LIHC. These results veri�ed the association of
BUB1 expression with immune cell in�ltration in LIHC.

Discussion
There is clear evidence that the immunosuppressive microenvironment of LIHC facilitates immune
escape and tolerance through a variety of mechanisms; this feature makes LIHC a challenging candidate
for immunotherapy (Fu et al., 2019). Emerging evidence suggests that counteracting these
immunosuppressive mechanisms may signi�cantly alter the clinical outcomes of LIHC, and will aid in
conducting in-depth investigations on the correlation between the occurrence and prognosis of LIHC and
immune genes (Khemlina et al., 2017). Currently—aided by bioinformatic analysis—cancer
immunotherapy (Floudas et al., 2019) is ushering in a new epoch of anti-cancer therapies. In the present
study, the gene expression pro�les in LIHC and associated pathological mechanisms were investigated
using bioinformatic tools. We identi�ed BUB1 as being closely related to tumour cell proliferation,
metastasis, and immunity in LIHC. We found that research on its mechanism of action in LIHC is
currently scarce; therefore, we performed a comprehensive analysis of its expression, clinical relevance,
potential prognostic and immunologic value in LIHC.

BUB1 is veri�ed as a key protein in mitosis, and it has been recognised as an oncogene in gastric and
breast cancer (Stahl et al., 2019; Han et al., 2015). In the current study, BUB1 expression was found to be
upregulated in LIHC tissue samples. Further, BUB1 was signi�cantly associated with the clinical stage of
LIHC. Survival analyses indicated that BUB1 was associated with reduced overall survival. Further, BUB1
knockdown resulted in reduced proliferation and vertical migration of LIHC cells. Therefore, we
speculated that BUB1 may act as an oncogene, thereby promoting LIHC progression.

Common pathways that are deregulated in LIHC include the cell cycle, immune response, DNA replication,
DNA repair, p53 and TGFβ signalling. TGFβ signalling is known to have a vital in�uence on the
progression of LIHC (Lin et al., 2015) through the regulation of immune cell survival, development,
proliferation, and differentiation (Li and Flavell, 2008; Chen and Ten Dijke, 2016). TGFβ signalling reduces
CD4+/CD8+ T cell, natural killer cell, and macrophage counts. It also promotes the generation of
regulatory T cells by upregulating FoxP3 via the SMAD2/SMAD3 pathway (Achyut and Yang, 2011).
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Recently, combinatorial therapy with anti-PD-L1 immune checkpoint inhibitors (ICIs) and systemic
TGFβR1 inhibitors (e.g., galunisertib) or anti-TGFβ antibodies was shown to promote the in�ltration of T
cells into the tumour core, thereby inducing tumour regression and anti-tumour immunity (Mariathasan et
al., 2018). BUB1, as a kinase, is reported to have a vital impact on TGFβ-dependent signalling (Nyati et al.,
2015). BUB1 is the engine of TGFβ signalling (Moustakas, 2015). Because of the immunosuppressive
effect of TGFβ-dependent signalling in LIHC and the role of BUB1 in TGFβ signalling, we speculated that
BUB1 might be a key molecule in the TGFβ-based immune regulation in LIHC. Our results veri�ed the
hypothesis that BUB1 expression was related to immune cell counts and immune checkpoint molecule
expression in LIHC. A previous study also suggested BUB1 as a new indicator of the ICI response in lung
cancer (Pabla et al., 2019). Thus, we predicted that BUB1 might also be an important gene for ICIs
therapy and might provide insights that enable us to identify novel targets for immune therapies for LIHC.
We con�rmed that BUB1 was associated with immune cell in�ltration in LIHC, highlighting its in�uence
on LIHC immune status. In a subsequent study, we will verify the involvement of BUB1 in immune
regulation in vivo.

In summary, BUB1 expression may predict poor prognosis and immune status of LIHC. The current study
provides a theoretical basis for further exploring the speci�c regulatory mechanisms associated with
BUB1 in LIHC.
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Identi�cation of DEGs in the LIHC datasets. A total of 2,086 DEGs were screened from TCGA dataset, and
805 DEGs were screened from the ICGC dataset. The Venn diagram revealed a total of 121 DEGs
overlapping between TCGA and ICGC data.

Figure 2

Functional enrichment analysis of DEGs. (A-B) Upset plots showed the number of genes that overlapped
between different combinations of function pathways. GO analysis (A) indicated that DEGs were mainly
enriched in terms related to chromosome segregation, nuclear division, organelle �ssion, mitotic nuclear
division, nuclear chromosome segregation, and sister chromatid segregation. KEGG pathway analysis (B)
indicated that DEGs were mainly enriched in terms associated with the cell cycle, progesterone-mediated
oocyte maturation, and oocyte meiosis pathways. (C–D) GSEA revealed that the enriched pathways
mainly included the EMT, hypoxia, myogenesis, and p53 pathways. COL1A1, COL3A1, COL5A1, COL6A3,
COL6A3, JUN, and IGFBP1 play prominent roles in EMT and hypoxia. CTSD, JUN, TP53, COL1A1, COL3A1,
and COL6A3 play prominent roles in myogenesis and p53 signalling pathways.
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Figure 3

PPI analysis of DEG-encoded proteins and mapping of the hub gene module. (A) The PPI network showed
the interaction between the proteins encoded by DEGs. (B) The 20 hub genes associated with LIHC are
shown. The hub genes included ASPM, BIRC5, BUB1, BUB1B, CCNA2, CCNB1, CDK1, CENPF, DLGAP5,
KIF20A, KIF23, MELK, NCAPG, NCAPH, NUSAP1, OIP5, PRC1, TOP2A, TPX2, and ZWINT.
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Figure 4

Kaplan–Meier survival curves for the TCGA cohort based on the hub genes. LIHC patients with high
expression of hub genes had a poorer prognosis than those with the low expression of these genes (all p
< 0.05).
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Figure 5

Lasso Cox survival analysis of the 20 hub genes associated with LIHC. (A) Cross-validation was used to
select the tuning parameter λ value. (B) Regression coe�cient map of the 20 hub genes in the LASSO
model was constructed based on the optimal λ. The hub genes strongly related to survival were identi�ed;
these included BUB1, CENPF, and PRC1.
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Figure 6

The expression of BUB1 (A), CENPF (B), and PRC1 (C) in LIHC. The expression of BUB1, CENPF and PRC1
was upregulated in LIHC compared to that in the control group. The expression of BUB1, CENPF, and
PRC1 increased in stage I–III of LIHC and decreased in stage IV.
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Figure 7

Correlation between BUB1, CENPF, and PRC1 expression and immune in�ltration in LIHC tissues. BUB1
(A), CENPF (B), and PRC1 (C) expression were correlated with tumour purity as well as with the counts of
CD4+/CD8+ T cells, B cells, macrophages, neutrophils, and dendritic cells (p < 0.05). (D) BUB1 expression
was also associated with that of all immune checkpoint molecules in LIHC (p < 0.05).
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Figure 8

Correlation between BUB1 and TGFβ signalling in LIHC. BUB1 expression was correlated with that of
TGFβ1, TGFβ2, TGFβ3, TGFβR1, SMAD2, SMAD3, and SMAD4 (p < 0.05).

Figure 9

Expression of BUB1 in LIHC. (A) IHC indicated that BUB1 expression was higher in cancer tissues than
that in normal liver tissues (original magni�cation 100×). (B) Kaplan–Meier analysis revealed that LIHC
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patients with high BUB1 expression had poor DFS (p < 0.05). (C) WB revealed that BUB1 expression was
higher in HuH7 and SKP1 cells than that in other LIHC cell lines.

Figure 10

The role of BUB1 in HuH7 and SKP1 cells. (A) CCK-8 assay revealed a reduced proliferation ability of cells
with BUB1 knockdown compared with that in control cells at 24 h, 48 h, and 72 h. (B) Transwell migration
assays revealed a reduced vertical migration ability of cells with BUB1 knockdown compared with that in
control group. (C) WB revealed that BUB1 knockdown signi�cantly downregulated the expression of p-
SMAD2 and p-SMAD3.
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Figure 11

The role of BUB1 in LIHC immune in�ltration. (A) IHC of BUB1, CD3, CD4, CD8, CD20, CD56, CD68, and
CD163 in serial section of LIHC tissues (original magni�cation ×100). (B) BUB1 expression was correlated
with that of CD4, CD8, CD56 (NCAM1), CD68, and CD163 in LIHC tissues (p < 0.05).


