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ABSTRACT
Backgrounds: TBC1D family members (TBC1Ds) are a group of proteins that
contain the Tre2-Bub2-Cdc16 (TBC) domain. Recent studies have shown that
TBC1Ds are involved in tumor growth, but no analysis has been done of expression
patterns and prognostic values of TBC1Ds in hepatocellular carcinoma (HCC).
Methods: The expression levels of TBC1Ds were evaluated in HCC using the
TIMER, UALCN and Protein Atlas databases. The correlation between the mRNA
levels of TBC1Ds and the prognosis of patients with HCC in the GEPIA database was
then analyzed. An enrichment analysis then revealed genes that potentially interact
with TBC1Ds. The correlation between levels of TBC1Ds and tumor-infiltrating
immune cells (TIICs) in HCC were studied using the TIMER 2.0 database. Finally, a
series of in vitro assays verified the role of TBC1Ds in HCC progression.
Results: This study revealed the upregulated expression of TBC1Ds in HCC and the
strong positive correlation between the mRNA levels of TBC1Ds and poor prognosis
of patients with HCC. The functions of TBC1Ds were mainly related to autophagy
and the AMPK pathway. There was also a significant correlation between level of
TBC1Ds and tumor-infiltrating immune cells (TIICs) in HCC. The promoting role of
TBC1Ds in HCC progression was verified in vitro assays.
Conclusion: The results of this analysis indicate that TBC1Ds may serve as new
biomarkers for early diagnosis and treatment of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) remains the fourth most common cancer worldwide
(Siegel, Miller & Jemal, 2019). Although numerous advanced achievements have been
made in chemical therapies in recent years, surgery is still the first-line treatment for HCC.
Owing to the heterogeneity and complexities of HCC, it is difficult to diagnose early, so the
survival rate for patients with HCC is only 40% because of intrahepatic metastasis and a
high postoperative recurrence rate (Papatheodoridis et al., 2020). Therefore, it is important
to discover the specific molecular mechanisms underlying the occurrence and progression
of HCC.

TBC1D family members (TBC1Ds) are a group of proteins that contain the Tre2-Bub2-
Cdc16 (TBC) domain. TBC1Ds are unique in that they use a dual finger mechanism to
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inactivate their targets (Duan et al., 2021). In recent years, autophagy and glucose
metabolism have been shown to have vital roles in the pathogenesis and metastasis of
HCC. In the early cancer stages, especially during the tumor pathogenesis process, the
disturbance of autophagy can often be a partial carcinogenic factor. However, autophagy
can also promote the survival and chemo-resistance of cancer cells in the development
process (Amaravadi, Kimmelman & Debnath, 2019). In most types of cancers, the
metabolism shift of relying on lactic acid fermentation even in oxygen rich conditions,
termed aerobic glycolysis, is the hallmark of carcinogenesis (Reinfeld et al., 2022). Many
studies have shown the close association between autophagy and glucose metabolism
(Zhang et al., 2021). Glucose deprivation can induce autophagy, primarily through AMPK
activation; in return, autophagy helps improve the glucose metabolism of cancer cells
(Yang & Klionsky, 2021).

This study focused on several TBC1Ds, which have been shown to participate in the
processes of autophagy and glucose metabolism. TBC1D1 participates in the process of
glucose transport and can influence the outcome of nonalcoholic fatty liver disease (De
Wendt et al., 2021; Chen et al., 2022). TBC1D7 is the third functional subunit of the TSC1-
TSC2 complex upstream of MTORC1, which plays an important role in autophagy. Loss of
TBC1D7 function can lead to increased activation of MTORC1 signaling, delayed
induction of autophagy and upregulated cell growth under poor growth conditions (Dibble
et al., 2012). TBC1D8 interacts with PKM2 via its Rab-GAP TBC domain to promote
aerobic glycolysis in ovarian cancer (Chen et al., 2019). Previous studies have also found
that TBC1D9B can colocalize with LC3 in autophagosomes and interact with several
mammalian ATG8 homologs. When TBC1D9B is inhibited, cellular autophagy activity is
reduced, suggesting TBC1D9B is involved in autophagic flux (Liao et al., 2018; Gallo et al.,
2014). TBC1D14 has also been reported to colocalize and interact with ULK1, which is
involved in the early formation of autophagosomes. When overexpressed, TBC1D14
causes tubulation of ULK1-positive endosomes and inhibits autophagosome formation.
TBC1D14 relocates to the Golgi complex when cells are in amino acid starvation (Longatti
et al., 2012). TBC1D25 can be recruited to the outer membrane of phagophores and
autophagosomes by interacting with ATG8 family proteins (Itoh et al., 2008). Since the
pathogenesis and diagnosis of HCC are complex, this study attempted to reveal a new
perspective of HCC and explore the possibility of TBC1Ds serving as new molecular
markers for HCC.

MATERIALS AND METHODS
TIMER database analysis
The Tumor Immune Estimation Resource (TIMER) is a comprehensive database that
provides systematic analysis of gene expression and immune cells infiltrates in 32 different
types of cancers (https://cistrome.shinyapps.io/timer/) from The Cancer Genome Atlas
(TCGA). TBC1Ds were input into the TIMER database and the expression difference of
TBC1Ds were observed between tumor and adjacent normal tissues for the different
tumors or specific tumor subtypes in the TCGA. The “Immune-Gene” module of the
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TIMER database was used to verify the association between TBC1D expression and
tumor-infiltrating immune cells, including B cells, CD4+ T cells, CD8+ T cells,
neutrophils, macrophages and dendritic cells (DCs), in HCC.

UALCAN database analysis
UALCAN (http://ualcan.path.uab.edu/) is an interactive web resource, based on TCGA,
for analyzing the relative gene expression in tumor tissues and normal tissues. In this
study, UALCAN was used to analyze the relative mRNA expression of TBC1Ds across
tumor grades. The promoter methylation levels of TBC1Ds in HCC were also analyzed
with this tool.

GEPIA database analysis
Gene Expression Profiling Interactive Analysis (GEPIA; http://gepia.cancer-pku.cn/) is a
newly developed interactive database for gene expression analysis of tissue samples from
the TGCA and GTEx projects. This study used GEPIA to analyze the relative gene
expression of TBC1Ds in HCC tumor tissues and paratumor tissues. The correlation
between TBC1Ds and survival in patients with HCC was also explored using GEPIA.
The correlation analysis of TBC1Ds and AFP, PDL1 and CTLA4 were also performed with
the GEPIA database.

cBioPortal database analysis
The cBioPortal database (http://www.cbioportal.org/) is an open-access web tool for
analyzing multidimensional cancer genomics datasets. In this study, the multidimensional
analysis included mutation, copy number variation (CNV), and association of TBC1D
mutations with clinical features in HCC.

STRING and metascape database analysis
The STRING (search tool for the retrieval of interacting genes/proteins) is a database of
interactions between genes or proteins (https://cn.string-db.org/). In this study, STRING
was used to predict possible protein-protein interaction networks between TBC1Ds and
associated genes. The Metascape database (https://metascape.org/gp/index.html#/main/
step1) is a web-based tool that combines gene, interactome, and functional enrichment
analyses. This study used the Metascape database to perform enrichment analyses of the
functional roles of TBC1Ds and their predicted associated genes.

Human protein atlas database analysis
The Human Protein Atlas is a Swedish-based program that maps all the human proteins in
cells, tissues and organs using an integration of various omics technologies, including
antibody-based imaging, mass spectrometry-based proteomics, transcriptomics and
systems biology (https://www.proteinatlas.org/). This study used the Human Protein Atlas
to explore the protein levels of TBC1Ds in tumor and paratumor tissues of patients with
HCC.
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Kaplan–Meier plotter database analysis
The Kaplan–Meier plotter database (http://kmplot.com/analysis/) provides data analysis
of 10,461 clinical samples of patients, including gastric cancer, breast cancer and HCC
samples. In this study, the Kaplan–Meier plotter database was used to examine the
association between TBC1Ds and the relapse free survival (RFS) of patients with HCC.

Immunohistochemistry
The HCC sections were dewaxed at 60 �C for an hour, then soaked through with a
dimethylbenzene and ethanol solution. Sections were then incubated with rabbit
polyclonal antibody against TBC1D14 (all from Abclonal) at 1/200 dilution overnight at
4 �C and antibody conjugated with peroxidase (HRP; 1:500 dilution) at room temperature
for 2 h, then covered by 3,3-diaminobenzidine (DAB). HCC histologic sections stained for
TBC1D14 were purchased from Servicebio.

Western blotting
Proteins were extracted from cells with western blotting kit according to manufacturer’s
instructions (Beyotime, Shanghai, China). Then the protein solutions were separated on
10% SDS-PAGE gels, and transferred to a PVDF membrane (Millipore). After that, the
membranes were blocked for 2 h at room temperature and incubated with TBC1D8 (#sc-
376637, 1:1,000; Santa Cruz Biotechnology, Dallas, TX, USA) or TBC1D14 (#ab235544,
1:1,000; Abcam, Cambridge, UK) antibodies overnight at 4 �C. The membranes were
visualized with an ECL detection system after incubation with secondary antibody at room
temperature for 2 h.

Cell culture and transfection
Human HCC cell line (Hep3B) was purchased from the Shanghai Institute of Biochemistry
and Cell Biology and cultured in Dulbecco’s modified Eagle’s medium (DMEM) with 10%
fetal bovine serum (FBS) and 1% penicillin-streptomycin (WISENT, Shanghai, China).
Before the cells were harvested, they were cultured at 37 �C with 5% CO2. The Cas9
expression construct pLV1-CMV-Cas9-Puro-U6-sgRNA was used for the expression of
sgRNAs in Hep3B cells; sgRNA targeting TBC1D8 was 5′-
AAATGGAGCGACCCGTGCAT-3′, and sgRNA targeting TBC1D14 was 5′-
GGAATCCCTCCAAGTGTGAG-3′. Empty pLV1-CMV-Cas9-Puro-U6-sgRNA plasmid
was used as a control (sgNC). Puromycin (1 mg/ml, Merck, 540,411) was added 24 h after
transfection. Cells were collected 72 h after transfection for subsequent experiments.

Cell proliferation and migration assays
The EdU Assay Kit (Beyotime, Shanghai, China) and CCK8 Kit (Vazyme, Nanjing, China)
were used to examine the growth ability of HCC cells. For the EdU assay, Hep3B cells were
seeded into six-well plates at a 4 � 105 cells/well density and incubated with EdU according
to the manufacturer’s instructions. For the CCK8 assay, Hep3B cells were seeded into 96-
well plates at a density of 1,000 cells/well, and five multiple wells were designed for each
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group. After incubation for 24, 48 and 72 h, the CCK8 solution was added and the cell
viability were measured according to manufacturer’s instructions.

For the wound healing assay, Hep3B cells were seeded into six-well plates at a density of
4 � 105 cells/well with serum-free medium. Then, the cells were scratched with 200 µl
pipette tips. Cell migration was observed by photography in an Olympus CKX41 inverted
microscope at 0 and 48 h.

RESULTS
Transcriptional level of TBC1Ds in patients with HCC
Six TBC1D factors were found to have vital functions in autophagy. The TIMER 2.0
database was used to investigate the transcriptional levels of TBC1Ds in cancers.
Compared with the mRNA of TBC1Ds in normal samples, the mRNA of TBC1Ds were
strongly upregulated in a variety of cancers including colon cancer, cholangiocarcinoma
and pancreatic cancer. The most important finding was that the mRNA levels of all six
TBC1D members–TBC1D1, TBC1D7, TBC1D8, TBC1D9b, TBC1D14 and TBC1D25—
were significantly upregulated in HCC tissues and cholangio carcinoma (CHOL) tissues
(Fig. 1A and Fig. S1). The Gene Expression Omnibus (GSE102079) database also
confirmed the upregulated mRNA levels of TBC1Ds in HCC tissues compared to
paratumor tissues (Fig. S2). To further verify the results, the mRNA levels of TBC1Ds were
also explored in the UALCN dataset and the expression levels of TBC1D1, TBC1D7,
TBC1D8, TBC1D9b, TBC1D14 and TBC1D25 were significantly higher in HCC than in
normal liver tissues (Fig. 1B). These results all indicated that TBC1Ds are abnormally
upregulated in HCC.

Verified protein levels of TBC1Ds in human HCC tissues
The Human Protein Atlas database and immunohistochemistry technology were
employed to demonstrate the protein levels of TBC1Ds in HCC. As shown in the graph,
TBC1D1, TBC1D8, TBC1D9b, TBC1D14 and TBC1D25 were highly expressed in HCC
tissues but moderately expressed in normal liver tissues. However, there were no
significant differences in TBC1D7 expression between HCC and normal tissues (Fig. 2).
The IHC value was also analyzed and the results are shown in Fig. S3. These results further
verified the abnormal upregulation of TBC1Ds in HCC.

Relationship between the expression of TBC1Ds and the clin-
icopathological parameters of patients with HCC
Using the GEPIA dataset, the mRNA levels of TBC1Ds were also analyzed at different
cancer stages of HCC. The results showed that the mRNA levels of TBC1D1, TBC1D7,
TBC1D8 and TBC1D14 significantly varied between different cancer stages, whereas the
mRNA levels of TBC1D9b and TBC1D25 did not (Fig. 3A). The mRNA transcription
levels of TBC1Ds were also found to be significantly upregulated as the tumor grades
increased (Fig. 3B). These results indicated that TBC1Ds are highly expressed in HCC and
may serve as vital biomarkers for HCC diagnosis.
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The alpha fetoprotein (AFP) is one of the most widely used biomarkers for the clinical
diagnosis of HCC, and levels of serum AFP are closely correlated with tumor development
(Heimbach et al., 2018; Wong, Ahmed & Gish, 2015; Li et al., 2009). The mRNA levels of

Figure 1 Transcript level of TBC1Ds in tumor and paratumor tissues. (A) Expression of TBC1Ds in
different tumor types from the TCGA database in TIMER. (ACC, BLCA, CESC, CHOL, COAD, DLBC,
ESCA, GBM, HNSC, KICH, KIRC, KIRP, LAML, LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD, PCPG,
PRAD, READ, SARC, SKCM, SKCM, TGCT, HCA, THYM, UCEC, UCS, UVM). (B) The box plot show
the mRNA expression of TBC1Ds in tumor tissues and adjacent healthy tissues, according to the t-test in
UALCN. (�P < 0.05, ��P < 0.01, ���P < 0.001). Full-size DOI: 10.7717/peerj.17362/fig-1
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TBC1D1, TBC1D7 and TBC1D9b were significantly positively correlated with the mRNA
level of AFP (Fig. 3C) in the GEPIA database. However, the association between TBC1Ds
and AFP still needs to be validated in future experiments.

TBC1D expression was positively correlated with patient outcome
This study also explored the critical efficiency of TBC1Ds in the survival of patients with
HCC. The GEPIA tool showed that high expressions of TBC1D1, TBC1D7 and TBC1D9B
were significantly correlated with poor overall survival (OS) of patients with HCC. A
disease-free survival analysis data (DFS) showed a significant correlation between high
TBC1D8 and TBC1D14 expression and poor prognosis of patients with HCC (Fig. 4).
However, only the high transcriptional level of TBC1D8 was significantly correlated with
the relapse free survival (RFS) of patients with HCC (Fig. S4). These results suggested the
prognostic significance of TBC1D expression and its close relationship with the clinical
characteristics of HCC.

Genomic alterations of TBC1Ds in HCC
To investigate the mutations of TBC1D genes in HCC, the cBioPortal database was used to
analyze the DNA sequencing data from patients with HCC. The TBC1Ds were altered in
305 (88%) samples of the 348 total HCC patient samples (Fig. 5A). Notably, single
mutations of both TBC1D1 and TBC1D7 were found in almost half of the patients with
HCC (Fig. 5B). The alterations involved mRNA missense mutation, splice mutation,
truncating mutation, amplification, deep deletion, high mRNA and low mRNA. The most
common alteration of TBC1D1, TBC1D8, TBC1D14 and TBC1D25 was shallow deletion,

Figure 2 The protein expressions of TBC1Ds in HCC. Representative immunohistochemistry analysis
of TBC1D1, TBC1D7, TBC1D8, TBC1D9b and TBC1D25 from the human protein atlas database.
And we performed immunohistochemistry experiment to verify TBC1D14 protein expression in HCC.

Full-size DOI: 10.7717/peerj.17362/fig-2
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Figure 3 Correlation between TBC1Ds expression and HCC clinical features. (A) The mRNA levels of
TBC1Ds in healthy individuals and in patients with stages 1, 2, 3, or 4 HCC (GEPIA). (B) The mRNA
expressions of TBC1Ds in healthy individuals and in subgroups of patients with HCC, stratified based on
tumor grades (UALCN). (C) The correlation between the mRNA levels of TBC1Ds and AFP were
performed in GEPIA database. (�P < 0.05, ��P < 0.01, ���P < 0.001).

Full-size DOI: 10.7717/peerj.17362/fig-3
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and the Gain was the most common alteration of TBC1D7 and TBC1D9b (Fig. 5C).
Moreover, the frequency distribution of TBC1D CNV in HCC patients at different cancer
stages suggested that TBC1D CNV alteration was an early event with a high frequency of

Figure 4 Survival cure analysis of the prognostic significance of TBC1Ds expressions based on the GEPIA database. (A) Patients with higher
TBC1D1, TBC1D7 and TBC1D9b expressions showed worse OS in HCC cohorts. (B) Patients with higher TBC1D8 and TBC1D14 expressions
showed worse DFS in HCC cohorts. Full-size DOI: 10.7717/peerj.17362/fig-4
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occurrence in HCC (Fig. 5D). The methylation levels of TBC1D promotors were then
examined because the hypermethylation of promoters may contribute to upregulated
mRNA levels of oncogenes. The results showed that only the promoter methylation level of
TBC1D1 was significantly upregulated in HCC tissues (Fig. S5).

Functions and pathways of TBC1Ds and interacting genes in HCC
To further investigate the underlying molecular mechanism of the TBC1D genes in HCC
progression, the STRING tool was used to construct the network for TBC1Ds and the 48
most frequently interacting neighbor genes. The results showed that autophagy-related
genes, including TSC1, TSC2, ATG3 and ATG7, were predicted to closely interact with
TBC1Ds (Fig. 6A). The functions and networks of TBC1Ds and significantly associated
genes were predicted using Gene Ontology (GO) and the Kyoto Encyclopedia of Genes
and Genomes (KEGG) in the Metascape database. A gene set enrichment analysis (GESA)
predicted the functional roles of the genes based on their molecular functions and
biological processes. The results showed that GO:0051020 (GTpase binding), GO:0019901
(protein kinase binding), GO:0008047 (enzyme activator activity), GO:0010506
(regulation of autophagy), GO:0006914 (autophagy), GO:0031669 (cellular response to
nutrient levels) and GO:0032006 (regulation of TOR signaling) were significantly regulated
by the alterations of TBC1Ds in HCC (Figs. 6B and 6C). A KEGG analysis defined the
pathways related to the functions of TBC1D alterations and the frequently altered
neighbor genes. A total of seven pathways related to the functions of TBC1Ds in HCC were
found through the KEGG analysis (Fig. 6D). Among these pathways, has04140:
(Autophagy-animal), hsa04152: (AMPK signaling pathway), hsa04150: (mTOR signaling
pathway) and hsa04137: (mitophagy-animal) have been thoroughly studied in the
tumorigenesis and pathogenesis of HCC (Chao et al., 2022; Bi et al., 2021).

Relevance between TBC1D expression and immune infiltration in HCC
The tumor microenvironment (TME) has been well established as an important
mechanism influencing tumor initiation, progression and metastasis. Tumor-infiltrating
immune cells (TIICs) are a significant component of the TME. To determine the effects of
TBC1Ds on TIICs, the TIMER2.0 database was used to analyze the relationship between
TBC1Ds and immune cell markers in HCC. A series of analyses showed that TBC1Ds,
including TBC1D1, TBC1D7, TBC1D8, TBC1D9b, TBC1D14 and TBC1D25, were
significantly correlated with the immune infiltration of B cells, CD4+ T cells, macrophages,
neutrophils and dendritic cells. However, only TBC1D1, TBC1D8 and TBC1D25 were
significantly correlated with the immune infiltration of CD8+ T cells (Fig. 7). Copy
number alterations of TBC1D7 and TBC1D25, which may include arm-level gain and high
amplification, were significantly correlated with the infiltrating levels of B cells, CD4+ T
cells, CD8+ T cells, macrophages, neutrophils and dendritic cells. High amplification of
TBC1D14 also showed a significant correlation with the infiltrating levels of macrophages
(Fig. 8). To further explore the role of TBC1Ds in the tumor immune microenvironment of
HCC, the correlation between the mRNA levels of TBC1Ds and the immune checkpoint
receptors of PDL1 and CTLA4 was examined. The results showed that the mRNA levels of
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TBC1D1, TBC1D14 and TBC1D25 were significantly correlated with PDL1 expression
and the mRNA levels of TBC1D1, TBC1D8, TBC1D14 and TBC1D25 were significantly
correlated with CTLA4 expression (Fig. S6). All these results indicated that TBC1Ds may

Figure 5 The gene alterations of TBC1Ds in HCC as identified in cBioPortal. (A) The overall gene expressions and mutation analysis of TBC1Ds
in HCC. (B) OncoPrint provides an overview of the genomic alterations of each gene of TBC1Ds in HCC based on the TGCA database. (C) TBC1Ds
expressions in different TBC1Ds CNV groups. (D) Distributions of TBC1Ds CNV frequency in different stage and grade and subgroups.

Full-size DOI: 10.7717/peerj.17362/fig-5
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Figure 6 TBC1Ds and related genes enrichment analysis. (A) Predicted protein-interacted network of
TBC1Ds and associated genes using the STRING tool. (B–D) The functions of and TBC1Ds and genes
significantly associated with TBC1Ds were predicted by the analysis of Gene Ontology (GO), including
molecular function and biological process, and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway. Full-size DOI: 10.7717/peerj.17362/fig-6
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Figure 7 The correlations between transcript levels of TBC1Ds and the immune infiltration in HCC. Significant correlations between TBC1Ds
mRNA expressions and infiltrating B cells, CD4+ T cells, CD8+ T cells, macrophages, neutrophils and dendritic cells in Hcc.

Full-size DOI: 10.7717/peerj.17362/fig-7

Zhang et al. (2024), PeerJ, DOI 10.7717/peerj.17362 13/21

http://dx.doi.org/10.7717/peerj.17362/fig-7
http://dx.doi.org/10.7717/peerj.17362
https://peerj.com/


participate widely in HCC immune cell infiltration and play a vital role in the occurrence
and progression of HCC.

Knockout of TBC1D8 and TBC1D14 significantly suppressed the
malignant feature of HCC cells in vitro
The above results indicated that TBC1Ds may be an independent factor for predicting the
prognosis of patients with HCC. To further investigate the role of TBC1Ds on the
malignant feature of HCC, we knockout the expression of TBC1D8 and TBC1D14 in
Hep3B cells as these two genes play vital function in other types of cancers (Chen et al.,
2019; Lu et al., 2022) and showed relative tighter relationship to the prognosis of patients
with HCC. In the present study, Western blot analysis examined knockout efficiency
(Fig. 9A) and CCK8 results showed that knockout of TBC1D8 and TBC1D14 both
significantly suppressed the proliferation rate of Hep3B cells (Fig. 9B). Wound healing and
EdU assays also revealed that knockout of TBC1D8 and TBC1D14 both significantly
downregulated the proliferation and migration abilities of HCC cells (Figs. 9C and 9D).
These experiments further verified the fact that TBC1Ds promote HCC progression in
vitro.

Figure 8 The effect of TBC1D CNVs on the infiltrating levels of B cells, CD4+ T cells, CD8+ T cells, macrophages, neutrophils and dendritic
cells in HCC. (�P < 0.05, ��P < 0.01, ���P < 0.001). Full-size DOI: 10.7717/peerj.17362/fig-8
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DISCUSSION
The progression of HCC is swift and violent and the 5-year survival rate of patients with
HCC is below 10%, so research on the pathogenesis of HCC and potential therapies for
HCC is needed (Villanueva, 2019). Although dysregulation of TBC1D family members has
been studied in many cancers, the roles that TBC1Ds played in the process and prognosis
of HCC have not been confirmed. This study is the first to explore the mRNA expression
and prognostic values of different TBC1Ds in HCC. The findings of this study add to the
knowledge of the pathogenesis of HCC and prognosis of HCC patients.

Figure 9 Knockout of TBC1D8 and TBC1D14 suppressed the proliferation and metastasis of HCC
cells in vitro. (A) Western blotting analysis of protein levels of TBC1D8, TBC1D14 and β-actin upon
knockout of TBC1D8 or TBC1D14 in Hep3B cells. (B) CCK8 assay of Hep3B cells after knockout of
TBC1D8 or TBC1D14 compared to controls. (C and D) Representative images of the wound healing and
EdU assays that were performed with Hep3B cells after knockout of TBC1D8 or TBC1D14 compared to
controls. The width of the wound and the percentage of EdU positive cells were calculated and are shown
in the right bar graph. (�P < 0.05, ��P < 0.01). Full-size DOI: 10.7717/peerj.17362/fig-9
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Many previous studies have shown that the AMPK-TBC1D1 signal nexus regulates
glucose uptake and TBC1D1 modulates the expression of GLUT1 and GLUT4 on the cell
surface (Kjobsted et al., 2019; Henriques et al., 2020; Benninghoff et al., 2020). Although
there are not many studies on TBC1D1 in cancer, the present study identified the potential
of TBC1D1 as a biomarker of HCC. The TIMER and GEPIA datasets revealed that the
expression of TBC1D1 was higher in HCC than in normal tissues, and the UALCN dataset
showed that TBC1D1 expression was also correlated with the clinical characteristics of
patients with HCC. The Human Protein Atlas Database was then used to verify that the
protein level of TBC1D1 was higher in HCC than in normal tissues. High TBC1D1
expression was significantly associated with poor OS in all of the patients with HCC.
Previous studies have demonstrated the relationship between tumor occurrence and the
uncontrolled immune regulation of tumors (Chen & Mellman, 2017). In this study, the
analysis of the TIME database showed that TBC1D1 level was significantly associated with
the infiltrating levels of TIICs and tumor immune invasion.

TBC1D7 has been shown to be a vital part of the TSC1-TSC2 complex and
dysregulation of TBC1D7 leads to delayed induction of autophagy (Dibble et al., 2012).
TBC1D7 has also been shown to promote melanoma cell invasion and melanoma
metastasis (Qi et al., 2020). In the present study, the expression of TBC1D7 in HCC tissues
was higher than in normal tissues, and TBC1D7 expression was significantly correlated
with cancer stage and tumor grade. High TBC1D7 expression was significantly correlated
with poor OS in HCC patients. TBC1D7 expression was also significantly correlated with
the infiltrating levels of B cells, CD4+ T cells, macrophages, neutrophils and dendritic cells
in HCC.

The function of TBC1D8 has been studied in ovarian cancer, where it was found to be
significantly upregulated. By binding to PKM2, TBC1D8 hinders PKM2 tetramerization to
decrease pyruvate kinase activity and promote aerobic glycolysis, leading to ovarian cancer
tumorigenesis and metabolic reprogramming (Chen et al., 2019). The present study found
that the expression of TBC1D8 was higher in HCC tissues than in normal liver tissues and
its expression was significantly correlated with cancer stage and tumor grade. High
TBC1D8 expression was significantly correlated with poor DFS in all of the patients with
HCC. The expression of TBC1D8 was also significantly correlated with the infiltrating
levels of B cells, CD4+ T cells, CD8+ T cells, macrophages, neutrophils and dendritic cells
in HCC.

The functions of TBC1D9b, TBC1D14 and TBC1D25 in cancer have not been well
studied but are known to be closely related to autophagy. TBC1D9b has been found to
interact with LC3B and other mammalian ATG8 homologues, and the interacting domain
of TBC1D9b with LC3 is unique and different from previously known LC3-interacting
regions defined in other interactions. TBC1D9b could inactivate RAB11A through GTPase
activity and facilitate proper autophagic flux (Liao et al., 2018). TBC1D14 localizes at the
Golgi complex during amino acid starvation and interacts with ULK1 and RAB11. When
overexpressed, TBC1D14 causes the tubulation of ULK1-positive endosomes and inhibits
autophagy (Longatti et al., 2012). TBC1D25 interacts with the ATG8 family proteins via a
LIR/LRS-like sequence and regulates the interaction of the autophagosome with
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lysosomes. When overexpressed, TBC1D25 inhibits the maturation of the autophagosome
(Itoh et al., 2008; Hirano et al., 2016). In the present study, TBC1D9b, TBC1D14 and
TBC1D25 were significantly overexpressed in HCC, and the expression levels of
TBC1D9b, TBC1D14 and TBC1D25 were significantly correlated with HCC tumor grade.
Moreover, the expression level of TBC1D14 was significantly correlated with HCC cancer
stage. High TBC1D9b expression was significantly correlated with poor OS in HCC
patients, and high TBC1D14 expression was significantly correlated with poor DFS in all of
the patients with HCC. The TIMER database showed that the expressions of TBC1D9b,
TBC1D14 and TBC1D25 were significantly correlated with the immune infiltration of B
cells, CD4+ T cells, macrophages, neutrophils and dendritic cells, and the copy number
alteration of TBC1D25 was significantly correlated with the infiltrating levels of B cells,
CD4+ T cells, CD8+ T cells, macrophages, neutrophils and dendritic cells.

This study used the STRING and Metascape databases to analyze the predicted network
of TBC1Ds and frequently interacting neighbor genes. GSEA and KEGG analysis showed
that TBC1Ds and their interacting genes were mainly responsible for the regulation of
autophagy, AMPK and the mTOR signaling pathway. AFP is a vital gene signature for the
clinical diagnosis of HCC and the levels of serum AFP are closely correlated with the
progressive grade of HCC (Heimbach et al., 2018; Wong, Ahmed & Gish, 2015; Li et al.,
2009). Recent studies have shown that AFP can interact with a list of proteins to promote
the progression of HCC (Li et al., 2009; Zhang et al., 2015) and can inhibit autophagy by
regulating the mTOR pathway in HCC cells (Wang et al., 2018). Autophagy can degrade
AFP aggregates in HCC cells (Zhao et al., 2017), and previous studies have shown that
TBC1Ds participate in the process of autophagy, so it is worth analyzing the correlation
between TBC1Ds and AFP in human HCC. In this study, the mRNA levels of TBC1D1,
TBC1D7 and TBC1D9b had strong positive correlations with the mRNA level of AFP.
Based on the results of the present study, the correlation between serum level of AFP and
TBC1D protein levels in HCC tissues will be explored in future studies.

To further verify the promoting role of TBC1Ds in HCC progression, two TBC1D
family members were knocked out in HCC cells. Previous studies have revealed the roles of
TBC1D8 and TBC1D14 in other types of cancers, so these two TBC1Ds were knocked out
in Hep3B cells in this study. The protein expressions of TBC1D8 and TBC1D14 were
significantly upregulated and significantly correlated with the prognosis of patients with
HCC. A series of in vitro experiments demonstrated that knockout of TBC1D8 or
TBC1D14 significantly inhibited the proliferation and migration abilities of HCC cells.

This study systematically analyzed the expression and prognostic value of TBC1Ds in
HCC and further verified the promoting role of TBC1D8 and TBC1D14 in HCC
progression in vitro. The results of this study suggest that TBC1Ds may be promising
biomarkers for the early diagnosis of HCC.

CONCLUSION
The results of this study revealed that TBC1D1, TBC1D7, TBC1D8, TBC1D9b, TBC1D14
and TBC1D25 are overexpressed in HCC and closely associated with the prognosis of
patients with HCC. A gene enrichment analysis of interacting genes showed that TBC1Ds
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play a vital role in regulating autophagy in HCC. A series of in vitro studies further
demonstrated that TBC1D8 and TBC1D14 promote the proliferation and metastasis of
HCC cells. All these results suggest that TBC1Ds may serve as new therapy targets for
HCC.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Research Foundation of jiangsu provincial commission of
health and family planning (BJ15024), the Science and Technology Development Fund of
Nanjing Medical University (NMUB20210170), and the Jiangsu Provincial Elderly Health
Research Project (No. LK2021011). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Research Foundation of Jiangsu Provincial Commission of Health and Family Planning:
BJ15024.
Science and Technology Development Fund of Nanjing Medical University:
NMUB20210170.
Jiangsu Provincial Elderly Health Research Project: LK2021011.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Pei Zhang performed the experiments, prepared figures and/or tables, and approved the
final draft.

� Lei Zhu analyzed the data, prepared figures and/or tables, and approved the final draft.
� Xiaodong Pan conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental File.
The third-party raw data are available at:
- TIMER, https://cistrome.shinyapps.io/timer
- UALCAN, http://ualcan.path.uab.edu
- GEPIA, http://gepia.cancer-pku.cn
- cBioPortal, http://www.cbioportal.org
- STRING, https://cn.string-db.org
- The Metascape database, https://metascape.org/gp/index.html#/main/step1
- The Human Protein Atlas, https://www.proteinatlas.org.

Zhang et al. (2024), PeerJ, DOI 10.7717/peerj.17362 18/21

http://dx.doi.org/10.7717/peerj.17362#supplemental-information
https://cistrome.shinyapps.io/timer
http://ualcan.path.uab.edu
http://gepia.cancer-pku.cn
http://www.cbioportal.org
https://cn.string-db.org
https://metascape.org/gp/index.html#/main/step1
https://www.proteinatlas.org
http://dx.doi.org/10.7717/peerj.17362
https://peerj.com/


Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.17362#supplemental-information.

REFERENCES
Amaravadi RK, Kimmelman AC, Debnath J. 2019. Targeting autophagy in cancer: recent

advances and future directions. Cancer Discovery 9(9):1167–1181
DOI 10.1158/2159-8290.CD-19-0292.

Benninghoff T, Espelage L, Eickelschulte S, Zeinert I, Sinowenka I, Müller F, Schöndeling C,
Batchelor H, Cames S, Zhou Z, Kotzka J, Chadt A, Al-Hasani H. 2020. The RabGAPs
TBC1D1 and TBC1D4 control uptake of long-chain fatty acids into skeletal muscle via fatty acid
transporter SLC27A4/FATP4. Diabetes 69(11):2281–2293 DOI 10.2337/db20-0180.

Bi L, Ren Y, Feng M, Meng P, Wang Q, Chen W, Jiao Q, Wang Y, Du L, Zhou F, Jiang Y,
Chen F, Wang C, Tang B, Wang Y. 2021. HDAC11 regulates glycolysis through the LKB1/
AMPK signaling pathway to maintain hepatocellular carcinoma stemness. Cancer Research
81(8):2015–2028 DOI 10.1158/0008-5472.CAN-20-3044.

Chao X, Wang S, Fulte S, Ma X, Ahamed F, Cui W, Liu Z, Rülicke T, Zatloukal K, Zong W,
Liu W, Ni H, Ding W-X. 2022. Hepatocytic p62 suppresses ductular reaction and
tumorigenesis in mouse livers with mTORC1 activation and defective autophagy. Journal of
Hepatology 76(3):639–651 DOI 10.1016/j.jhep.2021.10.014.

Chen DS, Mellman I. 2017. Elements of cancer immunity and the cancer-immune set point.
Nature 541(7637):321–330 DOI 10.1038/nature21349.

Chen M, Sheng X, Qin Y, Zhu S, Wu Q, Jia L, Meng N, He Y, Yan G. 2019. TBC1D8
amplification drives tumorigenesis through metabolism reprogramming in ovarian cancer.
Theranostics 9(3):676–690 DOI 10.7150/thno.30224.

Chen Z, Sun Y, Wang Z, Hong J, Xu M, Zhang F, Zhou X, Rong P, Wang Q, Wang H, Wang H,
Chen S, Chen L. 2022. Rab2A regulates the progression of nonalcoholic fatty liver disease
downstream of AMPK-TBC1D1 axis by stabilizing PPARγ. PLOS Biology 20(1):e3001522
DOI 10.1371/journal.pbio.3001522.

De Wendt C, Espelage L, Eickelschulte S, Springer C, Toska L, Scheel A, Bedou A,
Benninghoff T, Cames S, Stermann T, Chadt A, Al-Hasani H. 2021. Contraction-mediated
glucose transport in skeletal muscle is regulated by a framework of AMPK, TBC1D1/4, and
Rac1. Diabetes 70(12):2796–2809 DOI 10.2337/db21-0587.

Dibble CC, Elis W, Menon S, Qin W, Klekota J, Asara JM, Finan PM, Kwiatkowski DJ,
Murphy LO, Manning BD. 2012. TBC1D7 is a third subunit of the TSC1-TSC2 complex
upstream of mTORC1. Molecular Cell 47(4):535–546 DOI 10.1016/j.molcel.2012.06.009.

Duan X, Xu L, Li Y, Jia L, Liu W, Shao W, Bayat V, Shang W, Wang L, Liu JP, Tong C. 2021.
Regulation of lipid homeostasis by the TBC protein dTBC1D22 via modulation of the small
GTPase Rab40 to facilitate lipophagy. Cell Reports 36(9):109541
DOI 10.1016/j.celrep.2021.109541.

Gallo LI, Liao Y, Ruiz WG, Clayton DR, Li M, Liu YJ, Jiang Y, Fukuda M, Apodaca G, Yin XM.
2014. TBC1D9B functions as a GTPase-activating protein for Rab11a in polarized MDCK cells.
Molecular Biology of the Cell 25(23):3779–3797 DOI 10.1091/mbc.e13-10-0604.

Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM, Roberts LR, Zhu AX, Murad MH,
Marrero JA. 2018. AASLD guidelines for the treatment of hepatocellular carcinoma.Hepatology
67(1):358–380 DOI 10.1002/hep.29086.

Zhang et al. (2024), PeerJ, DOI 10.7717/peerj.17362 19/21

http://dx.doi.org/10.7717/peerj.17362#supplemental-information
http://dx.doi.org/10.7717/peerj.17362#supplemental-information
http://dx.doi.org/10.1158/2159-8290.CD-19-0292
http://dx.doi.org/10.2337/db20-0180
http://dx.doi.org/10.1158/0008-5472.CAN-20-3044
http://dx.doi.org/10.1016/j.jhep.2021.10.014
http://dx.doi.org/10.1038/nature21349
http://dx.doi.org/10.7150/thno.30224
http://dx.doi.org/10.1371/journal.pbio.3001522
http://dx.doi.org/10.2337/db21-0587
http://dx.doi.org/10.1016/j.molcel.2012.06.009
http://dx.doi.org/10.1016/j.celrep.2021.109541
http://dx.doi.org/10.1091/mbc.e13-10-0604
http://dx.doi.org/10.1002/hep.29086
http://dx.doi.org/10.7717/peerj.17362
https://peerj.com/


Henriques AFA, Matos P, Carvalho AS, Azkargorta M, Elortza F, Matthiesen R, Jordan P. 2020.
WNK1 phosphorylation sites in TBC1D1 and TBC1D4 modulate cell surface expression of
GLUT1. Archives of Biochemistry and Biophysics 679:108223 DOI 10.1016/j.abb.2019.108223.

Hirano S, Uemura T, Annoh H, Fujita N, Waguri S, Itoh T, Fukuda M. 2016. Differing
susceptibility to autophagic degradation of two LC3-binding proteins: SQSTM1/p62 and
TBC1D25/OATL1. Autophagy 12(2):312–326 DOI 10.1080/15548627.2015.1124223.

Itoh T, Fujita N, Kanno E, Yamamoto A, Yoshimori T, Fukuda M. 2008. Golgi-resident small
GTPase Rab33B interacts with Atg16L and modulates autophagosome formation. Molecular
Biology of the Cell 19(7):2916–2925 DOI 10.1091/mbc.e07-12-1231.

Kjobsted R, Roll JLW, Jorgensen NO, Birk JB, Foretz M, Viollet B, Chadt A, Al-Hasani H,
Wojtaszewski JFP. 2019. AMPK and TBC1D1 regulate muscle glucose uptake after, but not
during, exercise and contraction. Diabetes 68(7):1427–1440 DOI 10.2337/db19-0050.

Li M, Li H, Li C, Guo L, Liu H, Zhou S, Liu X, Chen Z, Shi S, Wei J, Mcnutt MA, Li G. 2009.
Cytoplasmic alpha-fetoprotein functions as a co-repressor in RA-RAR signaling to promote the
growth of human hepatoma Bel 7402 cells. Cancer Letters 285(2):190–199
DOI 10.1016/j.canlet.2009.05.014.

Liao Y, Li M, Chen X, Jiang Y, Yin XM. 2018. Interaction of TBC1D9B with mammalian ATG8
homologues regulates autophagic flux. Scientific Reports 8:13496
DOI 10.1038/s41598-018-32003-2.

Longatti A, Lamb CA, Razi M, Yoshimura S, Barr FA, Tooze SA. 2012. TBC1D14 regulates
autophagosome formation via Rab11- and ULK1-positive recycling endosomes. Journal of Cell
Biology 197(5):659–675 DOI 10.1083/jcb.201111079.

Lu T, Li Y, Pan M, Yu D, Wang Z, Liu C, Hu G. 2022. TBC1D14 inhibits autophagy to suppress
lymph node metastasis in head and neck squamous cell carcinoma by downregulating
macrophage erythroblast attacher. International Journal of Biological Sciences 18(5):1795–1812
DOI 10.7150/ijbs.68992.

Papatheodoridis G, Sypsa V, Dalekos G, Yurdaydin C, Van Boemmel F, Buti M, Calleja J,
Chi H, Goulis J, Manolakopoulos S, Loglio A, Voulgaris T, Gatselis N, Keskin O, Veelken R,
Lopez-Gomez M, Hansen B, Savvidou S, Kourikou A, Vlachogiannakos J, Galanis K,
Idilman R, Esteban R, Janssen H, Berg T, Lampertico P. 2020. Hepatocellular carcinoma
prediction beyond year 5 of oral therapy in a large cohort of Caucasian patients with chronic
hepatitis B. Journal of Hepatology 72(6):1088–1096 DOI 10.1016/j.jhep.2020.01.007.

Qi T, Guo L, Huang M, Li L, Miao W, Wang Y. 2020. Discovery of TBC1D7 as a potential driver
for melanoma cell invasion. Proteomics 20(14):e1900347 DOI 10.1002/pmic.201900347.

Reinfeld B, Rathmell W, Kim T, Rathmell JC. 2022. The therapeutic implications of
immunosuppressive tumor aerobic glycolysis. Cellular & Molecular Immunology 19(1):46–58
DOI 10.1038/s41423-021-00727-3.

Siegel R, Miller K, Jemal A. 2019. Cancer statistics, 2019. CA: A Cancer Journal for Clinicians
69(1):7–34 DOI 10.3322/caac.21551.

Villanueva A. 2019. Hepatocellular carcinoma. The New England Journal of Medicine
380(15):1450–1462 DOI 10.1056/NEJMra1713263.

Wang S, Zhu M, Wang Q, Hou Y, Li L, Weng H, Zhao Y, Chen D, Ding H, Guo J, Li M. 2018.
Alpha-fetoprotein inhibits autophagy to promote malignant behaviour in hepatocellular
carcinoma cells by activating PI3K/AKT/mTOR signalling. Cell Death & Disease 9(10):1027
DOI 10.1038/s41419-018-1036-5.

Zhang et al. (2024), PeerJ, DOI 10.7717/peerj.17362 20/21

http://dx.doi.org/10.1016/j.abb.2019.108223
http://dx.doi.org/10.1080/15548627.2015.1124223
http://dx.doi.org/10.1091/mbc.e07-12-1231
http://dx.doi.org/10.2337/db19-0050
http://dx.doi.org/10.1016/j.canlet.2009.05.014
http://dx.doi.org/10.1038/s41598-018-32003-2
http://dx.doi.org/10.1083/jcb.201111079
http://dx.doi.org/10.7150/ijbs.68992
http://dx.doi.org/10.1016/j.jhep.2020.01.007
http://dx.doi.org/10.1002/pmic.201900347
http://dx.doi.org/10.1038/s41423-021-00727-3
http://dx.doi.org/10.3322/caac.21551
http://dx.doi.org/10.1056/NEJMra1713263
http://dx.doi.org/10.1038/s41419-018-1036-5
http://dx.doi.org/10.7717/peerj.17362
https://peerj.com/


Wong RJ, Ahmed A, Gish RG. 2015. Elevated alpha-fetoprotein: differential diagnosis -
hepatocellular carcinoma and other disorders. Clinics in Liver Disease 19(2):309–323
DOI 10.1016/j.cld.2015.01.005.

Yang Y, Klionsky DJ. 2021. An AMPK-ULK1-PIKFYVE signaling axis for PtdIns5P-dependent
autophagy regulation upon glucose starvation. Autophagy 17(10):2663–2664
DOI 10.1080/15548627.2021.1959240.

Zhang C, Chen X, Liu H, Li H, JiangW, HouW,Mcnutt MA, Lu F, Li G. 2015.Alpha fetoprotein
mediates HBx induced carcinogenesis in the hepatocyte cytoplasm. International Journal of
Cancer 137(8):1818–1829 DOI 10.1002/ijc.29548.

Zhang T, Liu Q, Gao W, Sehgal S, Wu H. 2021. The multifaceted regulation of mitophagy by
endogenous metabolites. Autophagy 18(6):1216–1239 DOI 10.1080/15548627.2021.1975914.

Zhao L, Liu S, Xu J, Li W, Duan G, Wang H, Yang H, Yang Z, Zhou R. 2017. A new molecular
mechanism underlying the EGCG-mediated autophagic modulation of AFP in HepG2 cells. Cell
Death & Disease 8(11):e3160 DOI 10.1038/cddis.2017.563.

Zhang et al. (2024), PeerJ, DOI 10.7717/peerj.17362 21/21

http://dx.doi.org/10.1016/j.cld.2015.01.005
http://dx.doi.org/10.1080/15548627.2021.1959240
http://dx.doi.org/10.1002/ijc.29548
http://dx.doi.org/10.1080/15548627.2021.1975914
http://dx.doi.org/10.1038/cddis.2017.563
http://dx.doi.org/10.7717/peerj.17362
https://peerj.com/

	A comprehensive analysis of the oncogenic and prognostic role of TBC1Ds in human hepatocellular carcinoma
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


