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ARTICLE INFO ABSTRACT

Keywords: Coiled-coil domain-containing (CCDC)family proteins play an important role in tumour progression, however,
Bioinformatics the role of CCDC167 in hepatocellular carcinoma remains unclear. To investigate the role of coiled-coil structural
CCDC167

domain 167 (CCDC167) in hepatocellular carcinoma progression, we downloaded three hepatocellular carci-
noma datasets (TCGA-LIHC, ICGC-LIRI and GSE76427) and analysed the mechanisms by which CCDC167 reg-
ulates hepatocellular carcinoma progression using MetaScape, CPTAC, HPA, TISCH and TISIDB.“ pRRophetic”
package predicted the chemotherapeutic agents associated with CCDC167. The results showed that CCDC167
was highly expressed in hepatocellular carcinoma tissues and was associated with poor prognosis in patients with
hepatocellular carcinoma. Knockdown of CCDC167 inhibits the proliferative capacity of hepatocellular carci-
noma cells. CCDC167 was involved in the regulation of cell cycle, DNA replication and oxidative phosphory-
lation. Hepatocellular carcinoma samples with high expression of CCDC167 showed higher immune scores and
C4 (lymphocyte depleted) subtypes. CCDC167 was associated with a variety of immune molecules (CD274, IL6R,
and KDR), not only that, but CCDC167 was positively correlated with Treg infiltration and negatively correlated
with T cells CD4 memory resting. High expression of CCDC167 increased immune escape in hepatocellular
carcinoma patients. CCDC167 was associated with sensitivity to cisplatin in hepatocellular carcinoma patients.
CCDC167 promoted the proliferative capacity of hepatocellular carcinoma cells. Our study suggests that
CCDC167 is a novel and potentially valuable prognostic marker for hepatocellular carcinoma, and that CCDC167
iCCDC167 not only promotes hepatocellular carcinoma cell proliferation but is also associated with immune
function in hepatocellular carcinoma patients.

Immune infiltration
Drug sensitivity
Cell proliferation

1. Introduction artery chemoembolization, liver transplantation, and targeted therapy,

their therapeutic efficacy is limited due to the high recurrence and

Hepatocellular carcinoma (HCC) is a significant cause of cancer-
related deaths and is one of the most common cancers worldwide. The
incidence of liver cancer is increasing, making it a serious threat to
human health (Chakraborty and Sarkar, 2022). Various risk factors are
associated with the pathogenesis of HCC, such as alcohol consumption,
NAFLD, chronic HBV and HCV infections, aflatoxin B1 intake, and
infection (Sun et al., 2020). Although there are multiple treatment op-
tions for HCC, including immunotherapy, partial hepatectomy, hepatic
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metastasis rate characteristics of liver cancer (Bruix et al., 2017; Chang
et al., 2016; Fan et al., 2022; Kokudo et al., 2016).

The CCDC family of proteins with coiled-coil structures has a wide
range of physiological functions(Li et al., 2017; Modjtahedi et al., 2016),
such as regulation of gene expression, cell division, delivery of drugs,
and membrane fusion(Occhionorelli et al., 2011; Radulovich et al.,
2015; Rai et al., 2019). Some members of the CCDC family have been
found to regulate cancer progression, and CCDC67, CCDC6, and
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CCDC34 have been associated with apoptosis and invasion of thyroid,
lung, and gastric cancer cells (Cheng et al., 2022; Gong et al., 2015; Park
et al., 2012). Additionally, CCDC137 and CCDC134 have been linked to
the tumor immune microenvironment (Guo et al., 2021; Huang et al.,
2022). However, the role of CCDC167 in hepatocellular carcinoma re-
mains unclear.

In our experimental study, we found that CCDC167 was highly
expressed in hepatocellular carcinoma tissues, and its high expression
was associated with poor prognosis and worse clinical stage in hepato-
cellular carcinoma patients. Further analysis showed that CCDC167 is
associated with immune function and chemotherapy sensitivity in he-
patocellular carcinoma patients. Our cellular-level experiments also
revealed that CCDC167 can affect the proliferation of hepatocellular
carcinoma cells. In conclusion, our study provides insights into the po-
tential mechanism of action of CCDC167 in hepatocellular carcinoma
and offers direction for further exploration of new drug targets to
improve the prognosis of hepatocellular carcinoma patients.

2. Methods and materials
2.1. Data acquisition

RNA sequencing data and corresponding clinical information for
TCGA-LIHC were downloaded from the TCGA database (https://portal.
gdc.cancer.gov/) and GSE76427 (based on the GPL10588 platform)
from GEO (https://www.ncbi.nlm.nih.gov/geo); RNA expression data
and corresponding clinical information for ICGC-LIRI in Japan were
downloaded from ICGC (https://dcc.icgc.org/).From CPTAC (https
://gdc.cancer.gov/about-gdc/contributed-genomic-data-cancer-res
earch/clinical-proteomic-tumor-analysis-consortium-cptac), proteomic
data of HCC were obtained.

2.2. Biological function analysis

GO and KEGG: 500 genes associated with CCDC167 were obtained
from TISCH (https://tisch.comp-genomics.org/search-gene/) and
MetaScape (https://metascape.org/gp/index.html) was wused for
enrichment analysis. ssGSEA analysis was performed using CAOMIP
(https://www.camoip.net/) and GSEA was performed using “Cluster-
Profiler” package.

2.3. Analysis of immune function and chemotherapy sensitivity

The relationship between the expression of CCDC167 and the level of
immune cells and immune molecules in patients with hepatocellular
carcinoma was analysed using “cibersort” package. The “estimate”
package was used for the immune infiltration analysis. The TIDE
(https://tide.dfci.harvard.edu/) was used to calculate TIDE scores for
HCC samples. TISIDB (https://cis.hku.hk/TISIDB/) was used to analyse
the correlation between CCDC167 and immune molecules.

2.4. Cell culture and cell transfection

Hep3B and Huh7 hepatocellular carcinoma cells were obtained from
the Cell Collection Committee of Chinese Academy of Sciences
(Shanghai, China), and MHCC97H hepatocellular carcinoma cells were
obtained from Pronox Life Sciences (Wuhan, China). All cells were
cultured using complete medium (90 % DMEM and 10 % FBS) in an
incubator at 37 °C with 5 % COs, and all experiments were carried out
when cell fusion reached 60 %-80 %. Cell transfection: Experiments
were performed using siRNA (Table S1) and plasmids synthesized by
Gene Pharma Co. Lip3000 dissolved in 100 pL. DMEM, 3 pL of siRNA
reagent dissolved in 100 pL. DMEM, both mixed and incubated at room
temperature for 10 min-15 min, to which 800 uL. DMEM was added and
incubated at 37 °C for 24 h-48 h for other experiments. Plasmid trans-
fection: P3000 reagent should be added at the same time when the
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plasmid and DMEM are mixed. Other operation steps are the same as
those for siRNA transfection.

2.5. Detection of cell proliferation ability

CCK-8: Cells were spread into 96-well plates and 100 pL of cell sus-
pension containing 5000 cells was added to each well and incubated at
37°C. 10 pL of CCK-8 reagent (Apex BIO, Houston, USA) was added to
each well at 0 h, 24 h, 48 h, and 72 h, and incubated for 2 to 4 h. The
absorbance values were measured at 450 nm using an enzyme marker
(Thermo, American). EAU assay: The Edu kit (Apex BIO, USA) method
was used to detect the cells by After operating according to the reagent
instructions, images were taken by fluorescence microscope (OLYMPUS,
Japan) and image J was used for analysis. Colony formation: Inoculate
1000 cells per well in a six-well plate, incubate in an incubator for 14
days, fix with formaldehyde, and then add crystalline violet dye for
observation.

2.6. Cell cycle

The experiments were performed using cell Cycle Staining Kit
(MULTI SCIENCES, Guangzhou, China). 1 x 10° cells washed with PBS
were collected, 10 pL of membrane breaker and 1 mL of DNA staining
solusion were added to each sample, shaken, vortexed for 10 s, and
incubated at room temperature and protected from light. The cells were
incubated for half an hour and then subjected to cell cycle assay
(NovoCyte, California, USA).

2.7. IC50

The “pRRophetic” package (Geeleher et al., 2014) was used to assess
the IC50 of chemotherapeutic agents in liver cancer samples from TCGA-
LIHC by classifying liver cancer samples into high and low expression
groups based on the median value of CCDC167 expression, and the
“ggpplot2” package was used for visualization. PubChem (https://p
ubchem.ncbi.nlm.nih.gov/) was used for 2D visualisation of chemo-
therapeutic drugs.

Sorafenib was purchased from APExio, and Cisplatin was purchased
from MCE. Cells were spread into 96-well plates in advance, drug con-
centration gradient was set (fold dilution), and cells were wall-adhered
with drug and placed in the incubator at 37 °C for 24 h. The absorbance
of the cells was detected using an enzyme marker at 450 nm for 2 h after
the addition of CCK-8 reagent (10 ul per well, Biosharp).

2.8. RT-PCR

Total RNA was extracted using Total RNA Kit I (OMEGA bio-Tek,
USA) and complementary DNA (cDNA) was synthesized using a
reverse transcription kit (Thermo Fisher Scientific, Waltham, Massa-
chusetts, EUA). Afterwards, cDNA samples were subjected to quantita-
tive real-time PCR on a CFX96 system (Bio-Rad). primers for
quantitative real-time PCR (GenePharma Co. Ltd., Shanghai, China)
were as follows: B-Actin: For: 5- AAGCTCATTTCCTGGTATGACA -3,
Rev: 5- GGAGATGCTCAGTGTTGGGG —3'; CCDC167 For: 5- AGAT-
GACCCTTTCTCATGCTGC-3/, Rev: 5'- CTCTCCAGGAGTGAACACGG-3.

2.9. Western blot

Equal amounts of protein extracts were separated by SDS-PAGE gel
and transferred to PVDF membrane, and incubated with the internal
reference antibody and the target antibody as follows: Tubulin (A01857-
1, rabbit monoclonal antibody, 1:1000, BOSTER); CCDC167 (ab126337,
rabbit monoclonal antibody, 1:1000, Abcam); using an automated
exposure machine (Clinx ChemiScope, China) for exposure.
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2.10. Statistical analysis 3. Results

Statistical analyses were performed using GraphPad Prism (8.0.2) 3.1. 1. CCDC167 is highly expressed in hepatocellular carcinoma and
and R software (4.2.0). *P < 0.05, ** P < 0.01, *** P < 0.001, **** P < associated with worse clinical grade
0.0001.
Paired sample analysis from GSE76427 (Fig. 1A) and TCGA-LIHC
(Fig. 1B) showed higher expression of CCDC167 in hepatocellular car-
cinoma than in paired normal tissues. Analysis of the ICGC-LIRI dataset
(Japanese hepatocellular carcinoma) (Fig. 1C) also revealed that higher
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Fig. 1. Expression of CCDC167 and its relationship with clinical features of hepatocellular carcinoma. (A) CCDC167 expression in paired normal and hepatocellular
carcinoma tissues (GSE76427). (B) Expression of CCDC167 in paired normal and liver cancer tissues (TCGA-LIHC). (C) Expression of CCDC167 in the ICGC-LIRI liver
cancer dataset. (D) CCDC167 expression in multiple cancers from TIMER 2.0. (E-H) Relationship between CCDC167 in ICGC-LIRI and TCGA-LIHC and clinical grade
and stage of patients with hepatocellular carcinoma. ***P < 0.001, **P < 0.01, *P < 0.05.
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expression of CCDC167 in tumor. Furthermore, analysis of pan-cancer
using TIMER 2.0 indicated that CCDC167 was differentially expressed
in various cancers, including hepatocellular carcinoma, stomach
adenocarcinoma, and lung adenocarcinoma (Fig. 1D). To analyze the
relationship between CCDC167 and hepatocellular carcinoma progres-
sion, we utilized TCGA-LIHC and ICGC-LIRI databases with clinical data
for univariate cox and multivariate cox analyses (Table S2, Table S3).
Our analysis suggests that CCDC167 expression may be an independent
prognostic factor in patients with hepatocellular carcinoma. Addition-
ally, CCDC167 expression correlated with worse clinical grade and stage
of hepatocellular carcinoma patients (Fig. 1 E-H).

We also analysed the expression of CCDC167 at the protein level,
HPA (immunohistochemistry database) analysis showed that the
expression of CCDC167 protein was higher in hepatocellular carcinoma
tissues than in normal tissues (Fig. 2A), however, CPTAC (protein
sequencing database) analysis concluded that the expression of
CCDC167 protein was lower in hepatocellular carcinoma tissues than in
paired normal tissues ( Fig. 2B ), further OS and RFS survival analyses
indicated that hepatocellular carcinoma patients with high expression of
CCDC167 protein possessed worse survival outcomes (Fig. 2C-D).

3.2. Biological function of CCDC167

The 500 genes co-expressed with CCDC167 in the single cell dataset
of hepatocellular carcinoma (GSE140228) were obtained from the
TISCH database (Table S4), and MetaScape analysis revealed that
CCDC167 is mainly involved in cell cycle, DNA repair and RNA meta-
bolism (Fig. 3A).TRRUST database suggests that CCDC167 may be
transcriptionally regulated by multiple oncogenes including TP53, YY1
(Kelley et al., 2016; Yang et al., 2019) (Fig. 3B). The hepatocellular
carcinoma samples were divided into two groups of high and low
expression according to the expression of CCDC167 in TCGA-LIHC, and
GSEA analysis was performed, which showed that CCDC167 was
involved in cell cycle, DNA replication, oxidative phosphorylation and
other pathways related to tumor progression (Fig. 3C). ssGSEA analysis
showed that cell cycle activation was greater in hepatocellular carci-
noma samples with high CCDC167 expression than in hepatocellular
carcinoma samples with low CCDC167 low expression (Fig. 3D), and
correlation analysis from GEPIA also showed that CCDC167 was
significantly correlated with key genes of cell cycle (CCNB1, CCNB2)
(Fig. 3E).

3.3. CCDC167 is associated with immune function in hepatocellular
carcinoma patients

Recent studies have highlighted the importance of CCDC137, a
member of the same protein family, in the regulation of tumour immune
function (Bai et al., 2022). so we also analysed the possible relationship
between CCDC167 and immune function. Analysis at the single cell level
(GSE140228) showed that CCDC167 was expressed mainly on Tprolif,
Treg and mast cells (Fig. SIA-C). We observed that hepatocellular car-
cinoma samples with high expression of CCDC167 exhibited higher
immune scores, whereas hepatocellular carcinoma samples with low
expression of CCDC167 exhibited higher stromal scores and estimation
scores (Fig. 4A), meanwhile, hepatocellular carcinoma samples with
high expression of CCDC167 exhibited more C4 (lymphocyte-poor)
subtypes, which are usually associated with a poorer prognosis of the
tumour and an immune-suppressed closely associated with poorer
tumour prognosis and immunosuppression(Thorsson et al., 2018), while
hepatocellular carcinoma samples with low expression of CCDC167
showed more C3 (inflammatory) subtype (Fig. 4B). In addition, we
analysed the correlation between CCDC167 and immune molecules
(immunosuppressive and immune-enhancing molecules) using TISIDB,
and found that CCDC167 was associated with a variety of immune
molecules (CD274, IL6R and KDR) (Fig. 4C-D). In additional, CIBESORT
was used to estimate the content of 28 immune cells in liver cancer
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samples, and the results showed that the expression of CCDC167 was
strongly correlated with the content of various immune cells (P < 0.05)
(Fig. 4E), and the scatterplot demonstrated the relationship between
CCDC167 and two immune cells(Treg and T cells CD4 memory resting)
that were closely correlated (|R|>0.2, P < 0.05)(Fig. 4F).In addition, the
CCDC167 high expression group had higher TIDE and MDSC scores
(Fig. S2A), implying that patients with hepatocellular carcinoma with
high CCDC167 expression may respond less well to immunotherapy, and
the (immunotherapy cohort) survival curves also demonstrated that
patients with high CCDC167 expression did not do well when faced with
immunotherapy (Fig. S2B-E).

3.4. CCDC167 correlates with the sensitivity of several hepatocellular
carcinoma chemotherapeutic agents

Chemotherapy is a widely used treatment modality for hepatocel-
lular carcinoma (HCC) and can greatly improve patient prognosis. We
investigated the potential role of CCDC167 in modulating the sensitivity
of HCC to commonly used chemotherapeutic agents and Multi-kinase
inhibitors (Carr, 2006; Ding et al., 2015; He et al., 2021). Our results
demonstrated significant differences in sensitivity to Sorafenib (P <
0.01) and Cisplatin (P < 0.01) between the high- and low-risk groups
(Fig. 5A, D). To facilitate clinical dosing, we obtained 2D structures of
the three chemotherapeutic drugs from PubChem (Fig. 5B, E).Further
experiments showed that CCDC167 knockdown hepatocellular carci-
noma cells had elevated IC50 to cisplatin, which was consistent with the
predicted results, however, the drug sensitivity experiments of sorafenib
did not yield the desired results, and the above mentioned Bioinfor-
matics predicts results and experimental results could further deepen
our understanding of the underlying mechanisms of the differences in
drug sensitivities between the high-risk and the low-risk CCDC167-
expressing groups.

3.5. CCDC167 promotes proliferation of hepatocellular carcinoma cells

The CCDC family is thought to be involved in regulating various
aspects of tumour development, including cell proliferation, metastasis
and migration. To explore the potential role of CCDC167 in hepatocel-
lular carcinoma (HCC), we selected two high expressing CCDC167 cell
lines (Huh7 and Hep3B) and one low expressing CCDC167 cell line
(MHCC97H) for knockdown or overexpression assays (Fig. S3A-D).
Using CCK-8 proliferation, EAU and cell colonization assays, we
observed that knockdown of CCDC167 significantly reduced the prolif-
eration of the Huh7 and Hep3B cell lines (Fig. 6A, C, E), indicating its
potential role in promoting HCC cell growth, and conversely, over-
expression of CCDC167 promoted the proliferation of hepatoma cells
(Fig. 6B, D, F). Surprisingly, however, neither knockdown nor over-
expression of CCDC167 affected the migration and invasive ability of
HCC cells (Fig. S4A-F). Given the critical involvement of cell cycle
regulators in cancer development, we further investigated whether
CCDC167 plays a role in cell cycle regulation (Otto and Sicinski, 2017).
Our cell cycle assay showed that knockdown of CCDC167 increased the
number of HCC cells in GO/G1 phase and decreased the number of cells
in G2/M phase (Fig. 6G-H), consistent with the results of bioinformatic
analysis. Conversely, overexpression of CCDC167 decreased the number
of HCC cells in GO/G1 phase and increased the number of cells in G2/M
phase (Fig. 61), further supporting the involvement of CCDC167 in cell
cycle regulation and HCC cell proliferation.

4. Discussion

Aberrant expression of various proteins in the curly helix family has
been associated with the progression of a number of cancer types,
including lung, bladder, thyroid and pancreatic cancers (Wang et al.,
2020).However, the role of CCDC167 in hepatocellular carcinoma
(HCC) has not been fully investigated. Our analysis showed that the
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expression level of CCDC167 was significantly associated with the
prognosis of HCC patients and acted as an independent prognostic factor
for HCC patients.

Biological functional analysis has revealed that the CCDC167 protein
plays a crucial role in several important pathways, including DNA
replication, cell cycle regulation, and oxidative phosphorylation. Inter-
estingly, our experimental results also indicate that manipulating the
expression of CCDC167 does not appear to have any significant impact
on the migratory or invasive properties of hepatocellular carcinoma
cells. However, we have observed that changes in CCDC167 expression
levels do significantly affect the proliferative capacity of these cells.

Exciting new findings from single-cell analyses have revealed that
CCDC167 exhibits high levels of expression in both regulatory T cells

(Treg) and cell proliferating T cells. Given the crucial role that Tregs play
in suppressing anti-tumor immunity (Chakraborty and Zappasodi,
2021), these results suggest that targeting CCDC167 may represent a
promising avenue for modulating Treg status in patients with hepato-
cellular carcinoma. By disrupting the expression or function of
CCDC167, it may be possible to shift the balance of immune cell pop-
ulations within the tumor microenvironment in favor of cytotoxic T
cells, thus enhancing the efficacy of immunotherapeutic interventions
against this deadly disease.

There is mounting evidence to suggest that the tumor immune
microenvironment (TME) plays a critical role in the development and
progression of hepatocellular carcinoma (HCC) (Guizhen et al., 2023),
and can significantly impact the efficacy of therapeutic interventions.
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Recent immunoassays have revealed strong correlations between
CCDC167 expression levels and various immune cell types, including
Tregs, M2 macrophages, and CD8 T cells, as well as key immune mol-
ecules like CD274, CD8A, and CD276. Moreover, In terms of immuno-
subtyping, HCC samples with high CCDC167 expression showed more
C4 immunosubtyping. Interestingly, drug sensitivity analyses indicate
that patients with HCC who have high levels of CCDC167 expression
may be more responsive to standard chemotherapy agents such as sor-
afenib, cisplatin, and gemcitabine. These findings could have major
implications for the development of personalized treatment strategies
that account for the complex interplay between tumor cells and the
immune system in patients with HCC.

To summarize, our study has uncovered several important insights
into the role of CCDC167 in hepatocellular carcinoma. Specifically, we
have demonstrated that high levels of CCDC167 expression in HCC tis-
sues are strongly associated with poor prognosis and more advanced
clinical stage. Furthermore, we have shown that CCDC167 promotes the
proliferative capacity of HCC cells, providing a potential target for
therapeutic intervention. Importantly, our findings also indicate that
CCDC167 expression is closely linked to immune function and chemo-
therapy sensitivity in HCC patients, opening up exciting new possibil-
ities for personalized treatment strategies. Taken together, these results
highlight the critical importance of CCDC167 in the pathogenesis of
HCC, and underscore its potential as a biomarker and therapeutic target
in this deadly disease.

Despite the progress we have made in elucidating the role of
CCDC167 in hepatocellular carcinoma, our study is not without its
limitations. Firstly, the precise mechanisms underlying CCDC167 func-
tion require further exploration using animal models to better under-
stand their implications for human disease. Secondly, while our findings

suggest a correlation between CCDC167 and immune function in HCC
patients, additional experiments are needed to validate these results in
larger cohorts and across different populations. Lastly, although our
drug sensitivity analyses indicate that CCDC167 may be a useful pre-
dictive biomarker for chemotherapy response, further experimental
validation is required to fully establish its clinical utility. Moving for-
ward, we plan to address these shortcomings in future studies, with the
ultimate goal of developing more effective treatments for HCC and
improving outcomes for patients suffering from this devastating disease.

5. Conclusion

Taken together, our findings suggest that CCDC167 represents a
promising new prognostic marker for liver cancer, with potential ap-
plications in predicting both immune status and chemotherapy sensi-
tivity. Moreover, our cellular experiments provide compelling evidence
linking CCDC167 expression to increased proliferative capacity in liver
cancer cells, raising the possibility of CCDC167 as a novel therapeutic
target. These results have important implications for the development of
personalized treatment strategies that take into account the complex
interplay between tumors and the immune system in liver cancer pa-
tients, underscoring the need for further research to fully elucidate the
role of CCDC167 in this disease.

Ethical approval

This article does not contain any studies with human participants
performed by any of the authors.
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