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Background: BTBD10 serves as an activator of Akt family members through decreasing
the protein phosphatase 2A-mediated dephosphorylation. The present study attempted
to investigate the prognostic value of BTBD10 in hepatocellular carcinoma (HCC),
specially, its relationship with tumor-infiltrating lymphocytes (TILs).

Methods: BTBD10 expression was evaluated in HCC using The Cancer Genome Atlas
(TCGA) and Xijing Hospital database, and verified in HCC cell lines. Cox analyses were
performed to analyze independent prognostic risk factors for HCC. The optimal cut-off
value of BTBD10 was calculated, by which all patients were divided into two groups to
compare the overall survival (OS). The signaling pathways were predicted, by which
BTBD10may affect the progression of HCC. To investigate the impact of BTBD10 on HCC
immunotherapy, correlations between BTBD10 and TILs, immune checkpoints, m6A
methylation-related genes and ferroptosis-related genes were assessed. The distribution
of half-maximal inhibitory concentration (IC50) of diverse targeted drugs was observed
based on the differential expression of BTBD10.

Results: BTBD10 expression was higher in HCC tissues and cell lines than that of normal
liver tissues and cells. The patients with high expression of BTBD10 showed a worse OS,
as compared to that of BTBD10 low-expressing group. Cox analyses indicated that
BTBD10 was an independent prognostic risk factor for HCC. Several molecular pathways
of immune responses were activated in HCC patients with high-expressing of BTBD10.
Furthermore, BTBD10 expression was demonstrated to be positively correlated with
tumor-infiltrating B cells, T cells, macrophages, neutrophils and dendritic cells. Meanwhile,
the expression of BTBD10 was synchronized with that of several m6A methylation-related
genes, ferroptosis-related genes and immune checkpoints. The IC50 scores of Sorafenib,
Navitoclax, Veliparib, Luminespib, and Imatinib were found to be lower in BTBD10 high-
expressing HCC group.

Conclusion: BTBD10 negatively regulates tumor immunity in HCC and exhibits adverse
effect on the prognosis of HCC, which could be a potential target for immunotherapy.
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INTRODUCTION

The high mortality and recurrence of hepatocellular carcinoma
(HCC) made it the second leading cause of cancer-related death
in the world (Chen et al., 2016; Sung et al., 2021). Although
current treatments for HCC, including interventional or
radiofrequency ablation (Pérez-Romasanta et al., 2021),
chemotherapy or targeted therapy (Cheon et al., 2021),
surgical resection (Gunasekaran et al., 2021), and liver
transplantation (Hughes and Humar, 2021), etc., exhibit
respective therapeutic effect, the overall survival (OS) of HCC
is still unsatisfied (D’Avola et al., 2021). Therefore, there is an
urgent need to explore new effective biomarkers and/or potential
molecular targets for anti-tumor therapy to improve the
treatment strategy of HCC patients with different pathological
stages.

BTB/POZ domain-containing protein 10 (BTBD10) is
located on human chromosome 11p15.2 and consists of
nine exons spanning a 1,428 bp open reading frame (ORF)
that encodes a 475-amino acid protein (Chen et al., 2004).
BTBD10 plays a major role as an activator of AKT family
members by inhibiting PPP2A-mediated dephosphorylation,
thereby keeping AKTs activated (Nawa et al., 2008). For
example, BTBD10 overexpression inhibited protein
phosphatase 2A-mediated Akt dephosphorylation and
G93A-superoxide dismutase 1-induced motor neuron death
(Nawa et al., 2012). BTBD10 regulated pancreatic beta cell
proliferation and apoptosis via activation of Akt signaling
pathway (Wang et al., 2011). Specially, BTBD10 has been
found to be associated with tumor progression. The
BTBD10 subunit (KCTD20) enhanced the proliferation and
invasion of non-small cell lung (NSCLC) cancer by increasing
the phosphorylation level of Akt (Zhang et al., 2017a).
However, the possible biological function of BTBD10 in
HCC and its prognostic value have not been investigated yet.

In this study, we explored the expression of BTBD10 in HCC
and analyzed the relationship of BTBD10 expression with the
prognosis of HCC patients. Furthermore, we unraveled the
potential molecular mechanisms, by which BTBD10 exhibited
an obvious impact on the targeting and/or immunotherapy
of HCC.

PATIENTS AND METHODS

HCC Sample Collection and Follow-Up
Study
Sixty patients with HCC who underwent surgical excision at
Xijing Hospital in 2017 were randomly selected for this study.
Three patients with missing data were excluded, leaving 57
patients for analysis. None of the patients had received
preoperative radiotherapy or chemotherapy. The pathological
results of all patients were HCC. Data from Xijing Hospital
included 57 tumor samples and 20 normal tissue samples.
This study was approved by the Xijing Hospital Ethics
Committee (KY20172013-1) in accordance with the criteria of
the Helsinki Declaration.

RNA Extraction and Gene Expression
Measurement
RNA was extracted from all tissue samples, normal human liver
cell lines (MIHA) and the human hepatocellular carcinoma cell
lines (HepG2, Hep3B, HUH7, LM3, MHCC97H, SNU-368 and
SNU-739), according to the instructions of the kit. Real-time
quantitative fluorescence PCR (qRT-PCR) assay to detect the
expression levels of BTBD10, PD-1, PD-L1, PD-L2, CTLA4 and
GAPDH. Using GAPDH as an internal control, the 2−ΔΔCt

method was used to calculate the relative expression levels of
each gene in the samples. All cell lines were purchased from the
National Collection of Authenticated Cell Cultures (Shanghai,
China). Primer sequences used for amplification are shown in
Table 1.

Downloading and Screening Data
UALCAN (http://ualcan.path.uab.edu/index.html) was used
to predict the expression difference of BTBD10, the
relationship between BTBD10 and tumor stage, grade, TP53
mutation and DNA methylation. The sequencing data and
corresponding clinical data of HCC patients were downloaded
from TCGA database. Patients with a survival time less than
30 days and those missing clinicopathological parameters were
excluded, leaving 343 tumor patients and 50 normal patients
for analysis.

Survival Analysis
The optimal cut-off value of BTBD10 was calculated according
to the Youden index [(sensitivity + specificity) −1], and the
HCC samples were divided into two groups: high expression
and low expression of BTBD10. Kaplan-Meier (K-M) method
was used to compare the survival differences between the two
groups and determined by log-rank test. p < 0.05 was
considered significant.

Enrichment Analysis
In order to understand the carcinogenic mechanism of BTBD10,
we used GSEA software (4.1.0 version) to performGene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis to explore the role of BTBD10 in the progression of HCC
(p < 0.05).

TABLE 1 | Primer sequences of quantitative real-time polymerase chain reaction
(qRT-PCR).

Genes Primer sequences (59-39)

BTBD10 F GGACGGCCTCATCCCTATGAT
R CTTTAGCAATACGCGAGGAAGTA

PD-L1 F TGGCATTTGCTGAACGCATTT
R TGCAGCCAGGTCTAATTGTTTT

PD-1 F CCAGCCCCTGAAGGAGGA
R GCCCATTCCGCTAGGAAAGA

PD-L2 F ACCCTGGAATGCAACTTTGAC
R AAGTGGCTCTTTCACGGTGTG

CTLA4 F GCCCTGCACTCTCCTGTTTTT
R GGTTGCCGCACAGACTTCA

GAPDH F AGAAGGCTGGGGCTCATTTG
R AGGGGCCATCCACAGTCTC
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Immunoassay
To determine the association between BTBD10 and TILs, we
used the Tumor IMmune Estimation Resource (TIMER,
https://cistrome.shinyapps.io/timer/) and TCGA data to
analyze the relationship between BTBD10 expression and
TILs. The relationship between BTBD10 and immune
checkpoints in different groups was evaluated to further
analyze the effect of BTBD10 on TILs. Potential ICIs
response was predicted with Tumor Immune Dysfunction
and Exclusion (TIDE) algorithm. The Wilcoxon test was
used to explore the relationship between BTBD10
expression with m6A methylation-related genes and
ferroptosis-related genes to guide clinical immunotherapy.

IC50 Scores
The half-maximal inhibitory concentration (IC50) is an
important indicator for evaluating the efficacy of a drug or the
response of a sample to treatment. Using the largest publicly
available pharmacogenomics database, Genomics of Drug
Sensitivity in Cancer (GDSC), the sample-based transcriptome
predicts the response of each sample to the targeting and/or
immunotherapy of HCC.

Statistical Analysis
Unpaired t test was performed for the expression differences of
BTBD10 using GraphPad Prism 6 software. Cox analysis was
used to determine the independent prognostic risk factors of
HCC patients. Survival differences were expressed by K-M curve
and determined by log-rank test. Spearman correlation analysis
was used for correlation analysis. Related R packages included
“forestplot”, “rms”, “pheatmap”, “ timeROC ”, “GSEABase ”,
“ggstatsplot” and “ggplot2”. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

Identification of BTBD10 Expression in HCC
Tissues and Cell Lines
According to the prediction of TIMER data, the expression of
BTBD10 mRNA in 11 types of tumor tissues (including HCC
tissues) was significantly higher than that in normal tissues
(Figure 1). Meanwhile, we confirmed the higher expression of
BTBD10 mRNA in HCC tissues with the data from UALCAN
and TCGA database (Figures 2A,B). Furthermore, qRT-PCR was
performed to verify the expression of BTBD10 mRNA in HCC
tissue and cell lines. The result demonstrated the higher
expression of BTBD10 mRNA in HCC tissues obtained from
Xijing Hospital (Figure 2C) and HCC cell lines (HepG2, Hep3B,
HUH7, LM3, MHCC97H, SNU-368 and SNU-739) (Figure 2D).
Immunohistochemical results of Human Protein Atlas (HPA)
also indicated the higher expression of BTBD10 protein in HCC
tissues than that in normal liver tissues (Figures 2E,F).

BTBD10 Expression Affects the Prognosis
of HCC Patients
The area under ROC curve (AUC) of BTBD10 expression based
on TCGA data and Xijing Hospital data were 0.689 and 0.683,
respectively, suggesting that BTBD10 has a strong predictive
ability for the survival of HCC patients (Figures 3A,B). In the
distribution of survival status of HCC patients, we observed that
with the increase of BTBD10 expression, the number of patients
dying increased (Figures 3C,D). K-M curve confirmed that
BTBD10 expression was positively correlated with poor
prognosis of HCC patients (Figures 3E,F). Univariate and
multivariate Cox analysis showed that BTBD10 was an
independent prognostic risk factor for HCC patients, with

FIGURE 1 | BTBD10 expression levels in various cancer tissues determined using the TIMER analysis. p < 0.001 � ***, p < 0.01 � **, and p < 0.05 � *.
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hazard ratios (HR, the high expression divided by the low
expression) of 1.750 and 5.088, respectively (Table 2, 3). The
expression level of BTBD10, an independent prognostic risk
factor, provides a quantitative method for clinicians to predict
the likelihood of progression-free survival at 1, 3, and 5 years for
HCC patients (Figures 4A,B).

In addition, we investigated the correlation between BTBD10
expression and TNM stage and/or grade, TP53 mutation and
DNA methylation in HCC to elucidate the potential causes of
adverse impact of BTBD10 on the prognosis of HCC patients.
The expression of BTBD10 in HCC tissues were associated with
different TNM stages and grades of HCC patients
(Supplementary Figure S1A). The level of BTBD10 was found
to be increased along with the increase of clinical stage and
pathological grade of HCC patients (Figures 5A,B). Surprisingly,
TP53 mutant group exhibited higher expression of BTBD10 than
that of non-mutant group (Figure 5C). Previous studies have
shown that gene bodies hypermethylation and gene promoter
hypomethylation can lead to the occurrence of tumors, and gene
promoter methylation level is negatively correlated with gene
expression (Keller et al., 2016; Sun et al., 2018). Our results
showed that the expression of BTBD10 promoter methylation in
tumor tissues was lower than that in normal tissues, and the level
of BTBD10 promoter methylation gradually decreased with the
increase of tumor grade (Figures 5D,E). However, the
methylation level of BTBD10 promoter did not change with

tumor stage and TP53 mutation (Figures 5F,G). These results
reversely proved that high expression of BTBD10 can promote
the progression of HCC.

Enrichment Analysis
Exploration of the mechanism by which BTBD10 affects HCC
progression will help guide clinical treatment. GO and KEGG
analysis of TCGA data showed that BTBD10 affected the
progression of HCC by regulating cell cycle, transcription,
translation and immune response, and the BTBD10 high
expression group mainly regulated immune-related pathways
(Supplementary Figure S1B).

Relationship Between TILs and BTBD10
TIMER and TCGA analysis revealed that BTBD10 expression
was positively correlated with intratumoral B cells, CD4+ T cells,
CD8+ T cells, macrophages, neutrophils and dendritic cells (DCs)
(Figures 6A,B). In order to provide a more accurate target for
immunotherapy of HCC, the correlation between BTBD10 and
TIL surface markers was further studied (Figures 6C,D).
Statistical analysis results are shown in additional file1.

Immunotherapy
Immunotherapy has gradually replaced surgical resection in the
treatment of advanced HCC patients. In the TCGA and Xijing
Hospital data, expression levels of PD-1, PD-L1, CTLA4 and

FIGURE 2 | Differences in expression of BTBD10: (A) UALCAN data; (B) TCGA data; (C) Xijing Hospital data; (D) cell lines. Representative images of
immunohistochemical staining for BTBD10 in normal liver tissues and HCC tissues from the Human Protein Atlas: (E) normal tissues; (F) tumor tissues.
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PD-L2 in the high BTBD10 expression group were significantly
higher than those in the low BTBD10 expression group and the
normal group (Figures 7A,B). Subsequently, the Tumor Immune
Dysfunction and Exclusion (TIDE) algorithm revealed that the
response to ICIs was poorer in the high BTBD10 expression
group than in the low BTBD10 expression group (high TIDE
score, worse response to ICIs, and short survival after ICIs
treatment) (Jiang et al., 2018a) (Figure 7C).

Correlation Analysis of Between BTBD10
and m6A Methylation
In recent years, m6A methylation has become increasingly
prominent in anti-tumor immunotherapy. We found that
BTBD10 was positively proportional to m6A methylation
related genes, including methylation transferases (METTL3,

METTL14 and WTAP, etc.), Demethylase (FTO and
ALKBH5) and methylated reading proteins (YTHDC1,
YThDF1-YTHDF3, IGF2BP1-IGF2BP3, etc.) (Figure 8A). This
correlation provides a new perspective for improving the
response rate of targeted drugs.

Correlation Analysis of Between BTBD10
and Ferroptosis
Increased ferroptosis in tumor cells can accelerate cell death and
increase the efficacy of immunotherapy. Our results demonstrate
that BTBD10 is positively correlated with NFE2L2, NCOA4,
LPCAT3, CS, ATL1, FDFT1, CDKN1A, ALOX15, HSPA5,
ACSL4, FANCD2, TFRC, SLC1A5, CARS1, EMC2 and
SLC7A11, while SAT1 was negatively correlated with BTBD10
(Figure 8B). Patients with high expression of CARS1, FANCD2,

FIGURE 3 | The predictive ability of the BTBD10 for 1, 2, and 3 years: (A)ROC curves drawn using TCGA data; (B) ROC curves drawn using Xijing Hospital data. In
the TCGA data, the expression of BTBD10 was related to the survival time and survival status of patients: (C) risk curves; (D)survival status distribution map.
Kaplan-Meier curve in patients with hepatocellular carcinoma: (E) TCGA data; (F) Xijing Hospital data.

TABLE 2 | TCGA data: Univariate and multivariate cox regression analyses of risk factors associated with overall survival.

Variables Univariate analysis Multivariate analysis

HR (95% CI) P Value HR (95% CI) P Value

Sex (male vs. female) 0.830 (0.572–1.203) 0.325 2.767 (1.920–3.986) <0.0001
Age (>70 vs. ≤70) 1.365 (0.909–2.049) 0.133
Grade (Ⅰ+Ⅱ vs. Ⅲ+Ⅳ) 0.934 (0.638–1.368) 0.726
TNM (Ⅲ+Ⅳ vs. Ⅰ+Ⅱ) 2.473 (1.709–3.579) <0.0001
T (Ⅲ+Ⅳ vs. Ⅰ+Ⅱ) 2.850 (1.980–4.104) <0.0001
BTBD10 (>3.26 vs. ≤3.26) 1.836 (1.281–2.632) 0.001 1.750 (1.220–2.512) 0.002

Bold value indecates P < 0.05 was statistically significant.
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SLC1A5, SLC7A11 and TFRC had worse prognosis than those
with low expression, prognosis of patients in the SAT1 high
expression group was better than that in the low expression group
(Supplementary Figure S2). Therefore, low BTBD10 expression
group is more suitable for immunization combined with
ferroptosis-related treatment.

IC50 Score
IC50 is an important indicator to evaluate patients’ response
to targeted drug therapy. We used GDSC data to predict
differences in IC50 scores of chemotherapy agents between
BTBD10 expression groups. The IC50 of Sorafenib,

Navitoclax, Veliparib, Luminespib and Imatinib was lower
in the BTBD10 high-expression group, while the IC50 of
Saracatinib was higher (Figure 9). Therefore, these results
confirm that the distribution of IC50 of targeted agents in
different BTBD10 expression groups is statistically
significant.

DISCUSSION

The KCTD family includes tetramerization (T1) domain
containing proteins with diverse biological effects. BTBD10 is

TABLE 3 | Xijing hospital data: Univariate and multivariate cox regression analyses of risk factors associated with overall survival.

Variables Univariate analysis Multivariate analysis

HR (95% CI) P Value HR (95% CI) P Value

Sex (male vs. female) 0.592 (0.195–1.798) 0.355 4.875 (1.808–13.144) 0.002
Age (>53 vs. ≤53) 0.575 (0.223–1.485) 0.253
ALT, µ/L (>38 vs.≤38) 0.420 (0.138–1.276) 0.126
AST, µ/L (>34 vs.≤34) 3.644 (1.297–10.241) 0.014
HBsAg (positive vs negative) 26.717 (0.124–5749.860) 0.231
TBil, µmol/L, (>14.3 vs.≤14.3) 1.446 (0.543–3.854) 0.461
AFP, ng/ml (>7.79 vs. ≤7.79) 8.868 (1.179–66.696) 0.034
Liver cirrhosis 0.959 (0.378–2.430) 0.929
Tumor number (single vs multiple) 0.448 (0.060–3.369) 0.436
Tumor diameter, cm (>7.1 vs. ≤7. 1) 4.540 (1.752–11.763) 0.002
Tumor capsule 4.302 (1.600–11.563) 0.004 5.622 (1.938–16.307) 0.001
Cell differentiation (poor/moderate vs. well) 0.974 (0.282–3.367) 0.967
Microvascular invasion 1.866 (0.665–5.238) 0.236
TNM (Ⅲ+Ⅳ vs. Ⅰ+Ⅱ) 2.406 (0.857–6.753) 0.095
BCLC (0 + A VS B + C) 1.523 (0.572–4.060) 0.400
BTBD10 (>3.40 vs. ≤3.40) 5.095 (1.170–22.187) 0.003 5.088 (1.146–22.590) 0.032

Bold value indecates P < 0.05 was statistically significant.

FIGURE 4 | (A)Nomogram to predict the 1-year, 3-years and 5-years progression-free survival (PFS) of HCC patients; (B)Calibration curve for the PFS nomogram
model with dashed diagonal line represents the ideal nomogram.
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FIGURE 5 | Association between expression of BTBD10 mRNA and clinical characteristics in HCC from the UALCAN database. (A) tumor grades; (B) tumor
stages; (C) TP53 mutation. (D) Promoter methylation level of BTBD10 in HCC. Association between expression of Promoter methylation level of BTBD10 mRNA and
clinical characteristics in HCC from the UALCAN database. (E) tumor grades; (F) tumor stages; (G) TP53 mutation.

FIGURE 6 | Correlation analysis between BTBD10 expression and levels of infiltrating immune cells in HCC. (A) From the TIMER website; (B) TCGA data from
ACLBI website; (C,D) A Heatmap of the correlation between BTBD10 and surface molecules of tumor-infiltrating lymphocytes (in the diagram, red represents positive
correlation, blue represents negative correlation).
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FIGURE 7 | Expression distribution of immune checkpoint genes in different BTBD10 expression groups (A)TCGA data; (B)Xijing Hospital data; (C) TIDE algorithm
was used to obtain the statistical table of immune response and the distribution of immune response scores in different groups.

FIGURE 8 | (A) Heatmaps of m6A methylation-related genes expression in different BTBD10 expression groups using TCGA data (B) Heatmaps of
ferroptosis-related genes expression in different BTBD10 expression groups using TCGA data.
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a novel member of the KCTD family, which has been found to be
an Akt activator, activating Akt by decreasing the protein
phosphatase 2A-mediated dephosphorylation (Nawa and
Matsuoka, 2013). Studies suggested that BTBD10 inhibited
apoptosis of neuronal and islet beta cells via the Akt pathway
(Wang et al., 2013). The diseases associated with BTBD10 also
includes progressive myoclonus epilepsy 1A and progressive
myoclonus epilepsy 3. An important paralog of this gene is
KCTD20 (Nawa and Matsuoka, 2013). Recently, scientists
found that KCTD20) enhanced the proliferation and invasion
of NSCLC via increasing the phosphorylation level of Akt (Zhang
et al., 2017b), indicating a potential role of BTBD10 in tumor
diseases. Our study unraveled that BTBD10 was high expressed in
HCC tumor and showed an adverse impact on the prognosis of
patients with HCC. we confirmed that BTBD10 was associated
with tumor clinical stage and pathological grade and can serve as
an independent prognostic risk factor for HCC patients.

As TILs in tumor microenvironment (TME) is increasingly
regarded as an effective tumor immunotherapy target, revealing
its mechanism of action is the premise of individualized precision
therapy at present (Wan et al., 2021). Our data suggested that

high expression of BTBD10 significantly affected immune
response-related pathways, which could reveal the mechanism
by which tumor cells evade immune response (Sturm et al., 2019).
Analyses of data obtained from TIMER and TCGA data showed
that BTBD10 was positively correlated with B cells, CD4+ T cells,
CD8+ T cells, macrophages, DCs and neutrophils in the tumor.
BTBD10 interferes with TME homeostasis by affecting the
composition ratio of TILs, and this “two-way communication”
information exchange promotes tumor progression and
metastasis (Postow et al., 2018). TAMs play a mainstay role in
the TME and increase tumor invasiveness, which is mainly
related to the polarization of M1 and M2 macrophages (Wu
et al., 2021). Interferon-γ and other factors trigger the production
of inflammatory and immune-stimulating factors by stimulating
the polarization of M1 macrophages (Wu et al., 2021). M1
macrophage secretion promotes the epithelial-mesenchymal
transition (EMT) of HCC via the IL-35 activation of STAT3
(He et al., 2021). IL-35 can also stimulate the polarization of M2
macrophages to induce a mesenchymal-epithelial transition
(MET) in HCC cells (He et al., 2021). However, IL-1β secreted
by M1 macrophages can increase the expression of PD-L1 in

FIGURE 9 | Distribution of IC50 scores of targeted drugs in different BTBD10 expression groups via ACLBI website. (A) Sorafenib (B) Navitoclax (C) Veliparib (D)
Luminespib (E) Imatinib (F) Saracatinib.
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HCC cells, promote tumor progression, and affect the prognosis
of tumor patients (Zong et al., 2019). Increasing evidence shows
that inflammation is necessary for the initiation and progression
of HCC, and when neutrophils are elevated in the TME, HCC is
more aggressive and patients have a worse prognosis (Gong et al.,
2016). This finding may be related to neutrophil activation of
Toll-like receptor 4/9 signaling to increase HCCmetastasis in vivo
(Yang et al., 2020). Furthermore, the C-X-C motif chemokine
ligand (CXCL)-2, CXCL8 and CCL25 released by HCC cells can
in turn increase the neutrophil ratio in the TME, forming an
immunosuppressive microenvironment and leading to tumor
progression (Zhu et al., 2020; Xu et al., 2021). In addition, our
prediction concluded that BTBD10 may significantly affect the
expression of Tregs (FOXP3, CCR8, STAT5B, TGFβ) and T cell
exhaustion (PD-1, CTLA4, LAG3, TIM-3) in HCC. These results
suggest that BTBD10 may inhibit the recognition of tumor cells
by the immune system and help the immune escape of HCC cells.
In conclusion, BTBD10 can cause an imbalance in the TME by
regulating the ratio of TILs and increase the expression of PD-1/
PD-L1 to cause the metastasis and invasion of HCC.

Although many prognostic markers for HCC have been
identified, treatment for HCC is not ideal because drug
response is usually a complex feature, often influenced by
many genomic and environmental factors (Lu et al., 2019).
Our results showed that the expression levels of PD-1 and
PD-L1 in the high expression group of BTBD10 were
significantly higher than those in the low expression group,
and patients in the high expression group of BTBD10 had
better ORR of targeted drugs than those in the low expression
group. However, TIDE score of patients with high expression of
BTBD10 was higher than that of patients with low expression of
BTBD10 (the higher the TIDE score, the worse the efficacy of
ICIs) (Jiang et al., 2018b), which may be because the increased
binding between PD-1 and PD-L1 on T cells in TME reduces the
immune capacity of T cells and accelerates the depletion of T cells
(Abd El Aziz et al., 2020). PD-L1 and CTLA-4 are highly
expressed in DCs and B cells in HCC and downregulate the
T-cell-mediated immune response through the function of
immunosuppression (Zhou et al., 2017). In addition, high PD-
L1 expression can increase AFP and TIL levels in patients,
providing a new perspective for the regulation of the PD-L1/
PD-1 pathway in HCC immunotherapy (Liu et al., 2019).
Although targeted drugs have been the treatment standard for
patients with advanced HCC, greatly improving the tumor
resection rate and survival rate of patients with cancer, but the
effective rate of single drugs is only 12–20%, thus limiting their
clinical application (Kudo et al., 2018; Abd El Aziz et al., 2020;
Pinter et al., 2021).

Therefore, it is urgent to predict and evaluate the efficacy of
immunotherapy more accurately in clinical practice to improve
the efficacy of precise individualized therapy. Studies have shown
that dual immune checkpoint blockade can enhance anti-tumor
immunity to HCC(Du et al., 2021). For example, Imatinib
reversed Sorafenib induced autophagy, and the combination of
Imatinib and Sorafenib had a synergistic effect on HCC cells
compared to monotherapy (Xiao et al., 2021). Meanwhile, m6A
methyltransferase METTL3 also enhanced Sorafenib’s ability to

inhibit HCC by decreasing the autophagy pathway (Lin et al.,
2020). However, the demethylase FTO can reduce the expression
of METTL3 by demethylating the m6A modified base, and the
up-regulation of methyltransferase METTL4 and down-
regulation of demethylase FTO can increase the ferroptosis of
cells (Shen et al., 2021). Ferroptosis refers to the metabolic
disorder of lipid oxides in cells, producing toxic lipids that
induce cell death, but this mode of death can be blocked by
iron-chelating agents, presenting iron dependence (Li et al.,
2021). Sorafenib, as a promoter of ferroptosis, can cause the
accumulation of ROS by inhibiting system XC-, leading to the
depletion of intracellular glutathione (GSH), thus causing
ferroptosis and increasing the response rate of patients to
sorafenib (Li et al., 2021). Previous studies have shown that
SAT1 participates in the regulation of p53-mediated ROS
response and ferroptosis, and enhances the role of p53 in
promoting tumor cell apoptosis (Ou et al., 2016). Our study
showed that the expression of SAT1 in the high expression group
of BTBD10 was lower than that in the low expression group, and
TIDE results suggested that the high expression group had a
lower ORR to ICIs. Therefore, patients with low BTBD10
expression are more suitable for targeted drugs combined with
ferroptosis-related therapy, while patients with high BTBD10
expression are more suitable for multiple targeted drugs
combination or combined m6A-related therapy, which may
bring hope for the treatment of HCC patients. In summary,
BTBD10 showed an advantage over other prognostic markers.
However, there are still many unknown factors that limit the
clinical application of ICIs, so we need to collect more data in the
future to screen out more sensitive ICIs and increase the survival
time of HCC patients.

CONCLUSION

We demonstrate that BTBD10 is associated with TILs and
immune checkpoints, and we illustrate the molecular
mechanism by which BTBD10 acts as an independent risk
factor in disease progression in HCC patients. Our results
suggest that BTBD10 may serve as a prognostic biomarker
for HCC.
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