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Abstract

The apolipoprotein C (Apoc) family comprises a group of low-molecular-weight proteins that are essential for modu-
lating lipoprotein metabolism, primarily influencing lipid transport and metabolic pathways. Apoc1, a member of the
Apoc family, is consistently overexpressed across various cancers, significantly correlating with poor prognosis. The
multifaceted role of Apoc1 includes promoting cancer progression by activating key signalling pathways such as epithe-
lial-mesenchymal transition (EMT), mitogen-activated protein kinases (MAPK), STAT3 and WNT3 A. Additionally, Apoc1
contributes to the regulatory networks involving IncRNAs and miRNAs, thereby influencing cancer. This comprehensive
review delineates Apoc1’s mechanisms within malignant tumours and assesses its prognostic implications for patients
with cancer. The aim is to shed light on potential novel therapeutic strategies in oncology, potentially revolutionising
patient care and thereby enhancing patient survival rates and quality of life.
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Apoc  Apolipoprotein C

Apoc1 Apolipoprotein C1

EMT Epithelial mesenchymal transition
MAPK  Mitogen-activated protein kinases
LPL Lipoprotein lipase

CETP  Cholesteryl ester transfer protein
VLDL  Very-low-density lipoprotein

HDL High-density lipoprotein

ov Ovarian cancer
BC Breast cancer

cc Cervical cancer
CRC Colorectal cancer

ESCA  Oesophageal cancer
HCC Hepatocellular carcinoma
RCC Renal cell carcinoma
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ccRCC Clear cell renal cell carcinoma

PCa Prostate cancer

PC Pancreatic cancer

GC Gastric cancer

oS Overall survival

DFS Disease-free survival
PFS Progression-free survival

LNM Lymph node metastasis
STAT3  Signal Transducer and Activator of Transcription 3

1 Background

Cancer has emerged as a critical global health concern in recent decades, imposing serious threats to human well-being
as well as considerable financial and social burdens. In 2022, there were approximately 19.98 million new cancer cases
and 9.74 million cancer deaths globally. Among males, lung, prostate, and stomach cancers were most common; among
females, breast, lung, and cervical cancers predominated. Data show that one in five individuals will develop cancer in
their lifetime, with cancer mortality rates at one in nine for males and one in twelve for females. Projections indicate that
by 2050, new cancer cases could exceed 35 million, 77% increase from 2022, while cancer mortality may double [1-3].
These reports highlight the continued necessity for effective cancer prevention, screening, and treatment initiatives.

The progression of cancer involves dysregulated gene expressions that profoundly influence patient prognosis and
disease advancement [4-7]. Apolipoprotein C1 (Apoc1) has been extensively studied as an oncogene in ovarian cancer
(OV), cervical cancer (CC), colorectal cancer (CRC), oesophageal cancer (ESCA), breast cancer (BC), pancreatic cancer (PC),
and other cancers [8-14]. For example, Shi et al., demonstrated that reducing Apoc1 expression in CC promotes cancer
cell apoptosis, inhibits migration and invasion and suppresses tumorigenicity in vivo, highlighting its association with
poor prognosis of cancer patients [11]. Guo et al.,, reported Apoc1 overexpression in ESCA tissues, facilitating cancer
progression. Reduction of Apoc1 levels inhibits cancer cell proliferation, migration and invasion, closely correlating with
various prognostic indicators [13]. Currently, only a limited number of studies have explored the association between
apolipoproteins and cancer [15, 16]. However, there is a significant gap in the field regarding specific and comprehensive
research on the connection between Apoc1 and cancer in real-world settings. Therefore, this review elucidates Apoc1’s
biological roles in cancer progression, explores associated signalling mechanisms and discusses its implications for
patient prognosis, offering promising candidates for clinical applications in cancer treatment.

2 Biological roles of Apoc1

Apoc1 has been reported to play a role in lipid metabolism regulation. It modulates lipid metabolism by inhibiting
lipoprotein lipase (LPL) activity, influences lipoprotein metabolism through suppression of cholesteryl ester transfer
protein (CETP) activity, impacts very-low-density lipoprotein (VLDL) metabolism and promotes high-density lipoprotein
(HDL) maturation. Thus, Apoc1 may indirectly influence inflammatory and immune processes by modulating lipoprotein
metabolism. In diabetic patients, the function of Apoc1 is impaired, particularly its regulatory effect on CETP activity,
which may be associated with the elevated plasma CETP activity observed in these patients. Apoc1 may also influence
cardiovascular diseases, manifesting as either pro-atherogenic or anti-atherogenic effects. However, its direct association
with cardiovascular risk remains uncertain and is subject to debate due to differing metabolic contexts. Additionally,
Apoc1 has been implicated in viral infections, cancer progression, and cognitive function, though the precise mechanisms
underlying these associations warrant further exploration [17, 18].

Cancer development is a multi-stage, complex process incorporating the expression and functions of various mol-
ecules that regulate cell proliferation, apoptosis, tumour migration and invasion, all of which substantially influence
cancer prognosis [19-25]. Apoc1’s critical role in tumour cell growth and migration underscores its oncogenic function
across diverse cancers, thereby promoting cancer initiation and progression (Tables 1 and 2).
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Table 1 Functional characterisation of Apoc1 in various types of cancer growth
Type Functions Methods Role Refs.
ov Proliferation, cell cycle, apoptosis CCK- 8, colony formation, and flow cytometry Oncogene [8]
BC Proliferation Edu, and colony formation Oncogene [9,10]
CcC Proliferation, apoptosis Edu, flow cytometry, and CCK- 8 Oncogene [11]
CRC Proliferation, cell cycle, apoptosis CCK- 8, colony formation, and flow cytometry Oncogene [12,23]
PC Proliferation, apoptosis CCK- 8, and TUNEL Oncogene [14]
GC Proliferation, apoptosis CCK- 8, MTT, flow cytometry, and colony formation Oncogene [22,42]
HCC Proliferation Edu, colony formation, and CCK- 8 Oncogene [24]
Glioma Proliferation CCK- 8, MTT, and Edu Oncogene [25,33]
RCC Proliferation, cell cycle CCK- 8, colony formation, and flow cytometry Oncogene [26]
ccRCC Proliferation CCK- 8, and colony formation Oncogene [28]
PCa Proliferation, cell cycle, apoptosis MTT, colony formation, and flow cytometry Oncogene [29]
Osteosarcoma Proliferation, apoptosis CCK- 8, colony formation, and TUNEL Oncogene [30]

Apoc1 apolipoprotein C1, OV ovarian cancer, BC breast cancer, CC cervical cancer, CRC colorectal cancer, PC pancreatic cancer, GC gastric can-
cer, HCC hepatocellular carcinoma, RCC renal cell carcinoma, ccRCC clear cell renal cell carcinoma, PCa prostate cancer

Table 2 Functional

o . Type Functions Methods Role Refs.

characterisation of Apoc1 in

various cancer metastases ov Invasion, metastasis Transwell Oncogene (8]
BC Invasion, metastasis Transwell, and wound healing Oncogene [9,10]
CcC Invasion, metastasis Transwell, and wound healing Oncogene [11]
CRC Invasion, metastasis Transwell, and wound healing Oncogene [12,23]
PC Invasion Transwell Oncogene [14]
GC Invasion, metastasis Transwell, and wound healing Oncogene [22]
Glioma Invasion, metastasis Transwell, and wound healing Oncogene [25,33]
RCC Invasion, metastasis Transwell Oncogene [26]
ccRCC Invasion, metastasis Transwell, and wound healing Oncogene [28, 43]
Osteosarcoma Invasion, metastasis Transwell, and wound healing Oncogene [30]

Apoc1 apolipoprotein C1, OV ovarian cancer, BC breast cancer, CC cervical cancer, CRC colorectal cancer, PC
pancreatic cancer, GC gastric cancer, RCC renal cell carcinoma, ccRCC clear cell renal cell carcinoma

2.1 Theroles of Apoc1 in cell growth

During tumour growth, Apoc1 plays a crucial role in promoting the proliferation of cancer cells, while suppressing
its expression can inhibit proliferation and induce apoptosis (Table 1). For instance, Yang et al., demonstrated using
CCK- 8 and colony formation assays that reduced Apoc1 expression impedes OV cell growth [8]. Similarly, Zhang et al.,
found high Apoc1 expression in BC cells [9, 10], which corresponded with an increased proliferative and colony-forming
capacity in vitro [9]. Furthermore, Shi et al., reported that upregulated Apoc1 acts as an oncogene in CC, whereas Apoc1
knockdown suppresses cell proliferation in CC cell lines and promotes apoptosis [11]. In CRC, Ren et al., observed that
silencing Apoc1 reduces colony formation after conventional culture for 10-14 days. Additionally, Western blot analysis
indicated that silencing Apoc1 downregulated the protein levels of G1 phase-related cyclin D1 and G2 phase-related
cyclins B1 and Bcl- 2, while caspase- 9 was upregulated, indicating that silencing Apoc1 may induce GO/G1 phase cell
cycle arrest and apoptosis in CRC [12]. Takano et al., showed in PC that inhibiting Apoc1 expression suppresses cell pro-
liferation and induces apoptosis [14]. In hepatocellular carcinoma (HCC), Hao et al., demonstrated that inhibiting Apoc1
reduces tumour volume and weight in nude mice, resulting in reduced tumour proliferation [24]. Guo et al., documented
Apoc1’s overexpression in oesophageal, gastric and glioblastoma cancers, where downregulation inhibits cell growth
and disrupts tumour progression [13, 22, 25]. Furthermore, Jiang et al., reported Apoc1 to be highly expressed in renal
cell carcinoma (RCC) tissues. Moreover, their cytometry analysis indicated that Apoc1 knockdown in RCC cells increased
the proportion of cells in the GO/G1 phase while decreasing those in the S phase, suggesting that Apoc1 downregulation
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can inhibit RCC proliferation by modulating the cell cycle [26]. Gui et al., reported that Apoc1 is highly expressed in clear
cell renal cell carcinoma (ccRCC) and promotes tumour progression as an oncogene [27]. Subsequently, Wang et al.,
further validated through in vitro functional experiments that Apoc1 upregulation in the UT33 A cell line promotes cell
proliferation, whereas downregulation in the 786-0 cell line produced the opposite effect, confirming Apoc1’s role in
promoting ccRCC cell proliferation and colony formation [28]. In prostate cancer (PCa), Su et al., showed that knocking
down Apoc1 induces cell cycle arrest and apoptosis, inhibiting proliferation [29]. Li et al., reported that silencing Apoc1
expression in osteosarcoma cells inhibited the proliferation of osteosarcoma cells and promoting their apoptosis [30].
In addition, Apoc1 can also store tumor formation ability of gastric cancer and ccRCC cells in nude mice [11, 26].

2.2 Therole of Apoc1 in cell metastasis

Tumour migration and invasion are critical stages in cancer progression, where Apoc1 plays a pivotal role in promot-
ing these pathological processes (Table 2). For instance, Yang et al., demonstrated Apoc1’s regulation of migration and
invasion in OV cells in vitro [8]. In CC, Shi et al., showed that Apoc1 knockdown hindered cell migration and invasion,
with in vivo experiments confirming reduced lung metastases upon Apoc1 downregulation, highlighting its role in CC
metastasis. Furthermore, xenograft tumour formation and mouse tumorigenicity experiments demonstrated that the
downregulation of Apoc1 significantly reduced the number and size of lung metastases [11]. Ren et al., reported similar
findings in CRC, where silencing Apoc1 diminished cell migration and invasion capabilities [12], corroborated by Lu
et al,, analysis of Apoc1’s promotion of CRC cell migration and invasion in vitro [31]. In RCC, Jiang et al., established that
Apoc1 promotes in vivo migration and invasion by modulating EMT [26]. Wang et al., further supported Apoc1’s role in
promoting invasion and migration in ccRCC through functional experiments [28]. Takano et al., documented Apoc1’s
contribution to invasiveness across various cancers including pancreatic, gastric, glioblastoma and osteosarcoma, with
the inhibition of Apoc1 expression suppressing tumour cell invasion and migration [14, 22, 25, 30].

3 Mechanisms of Apoc1 in cell growth and migration
3.1 LncRNA-miRNA-Apoc1 signalling pathway

Studies have elucidated the mechanisms by which IncRNAs can modulate the expression of Apoc1 via miRNAs, thereby
exerting a significant impact on cancer progression (Fig. 1). For instance, Lu et al., identified the INncRNA ZEB1-AS1-miR-
335 -5p-Apoc1 competing endogenous RNA (ceRNA) network as pivotal in CRC progression. Overexpression of miR-
335 -5p has been shown to decrease Apoc1 expression levels, while upregulation of INcRNA ZEB1-AS1 competitively
increases Apoc1 expression by sequestering miR- 335 -5p, thus promoting CRC cell invasion and migration [31]. Yang
et al., demonstrated that miR- 378a- 5p functions as a tumor suppressor in ESCA by targeting Apoc1 and CEP55 [32]. In
glioblastoma, Yang et al., showed that Apoc1 promotes malignancy through the TGF32 signalling pathway. Additionally,
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their database analysis and transfection experiments revealed that miR- 660 -3p directly targets the 3'-UTR of APOC1
mRNA, thereby inhibiting Apoc1 expression and consequently suppressing cell proliferation, migration, and invasion [33].
Furthermore, Mireya et al., demonstrated that inhibiting IncRNA SOX9-AS1 expression decreases Apoc1 levels, which in
turn reduces triglyceride synthesis and inhibits migration and invasion in triple-negative breast cancer (BC) [34]. These
findings underscore the role of IncRNA in modulating Apoc1 expression via miRNA regulation, thereby impacting cancer
progression.

3.2 Apoc1-MAPK signalling pathway

The MAPK pathway, a vital cellular signaling cascade, pertains to fundamental biological processes such as cell prolif-
eration, differentiation, apoptosis and pathogenesis. Apoc1 activates the MAPK signalling pathway to regulate cancer
progression (Fig. 2). According to Zhang et al.,, blockage of JNK using SP600125 significantly elevated the APOC1-induced
cell proliferation, indicating that Apoc1 promotes the occurrence and progression of BC by inhibiting the activation of
the JNK/MAPK pathway [9]. Liu et al., demonstrated that in BC, silencing Apoc1 suppresses the transcription of target
genes associated with growth and metastasis in vitro by inhibiting the MAPK/ERK signalling pathway [10]. In CRC, Ren
et al., observed that Apoc1 knockdown decreases phosphorylated MAPK levels, influencing carcinogenesis without
significant changes in phosphorylated forms of phosphorylated-Erk1/2 (p-ERK) and phosphorylated-JNK (p-JNK) [12].
Su et al,, found that in PCa, Apoc1 suppression reduces survival proteins, phosphorylated Rb and p21 levels through
the MAPK pathway, while increasing caspase- 3 expression, suggesting Apoc1’s role in mediating cell survival, cell cycle
distribution and apoptosis in PCa [29].

3.3 Apoc1-EMT signalling pathway

EMT is a critical biological process that endows epithelial-derived tumour cells with migratory and invasive properties,
essential for tumour progression and metastasis [35-41]. The onset of EMT is associated with various transcription factors,
protein molecules, and growth factors, involving complex molecular mechanisms and signalling transduction pathways
[35]. For example, Yang et al., demonstrated Apoc1’s promotion of EMT in OV [8]. In CC, Shi et al., showed that Apoc1
knockdown reduces N-cadherin, vimentin, Twist, Slug, Snail and CD44 expression, while increasing E-cadherin levels,
indicating Apoc1’s promotion of migration and invasion via EMT [11]. Additionally, Zhang et al., found that in BC cells,
ApocT inhibits E-cadherin and stimulates vimentin expression, thereby affecting the EMT process [9]. An et al., highlighted
that ZNF460 combined with Apoc1 promoter to facilitate Apoc1 transcription, which accelerates EMT and gastric cancer
(GCQ) cell promotion [20]. Apco1’s involvement in EMT has been documented across various cancers including RCC, GC,
glioma and ccRCCin the Fig. 3 [22, 25, 26, 28, 29, 35].

3.4 Apocl-related crosstalk signalling pathway

Apoci-related crosstalk signalling pathways were showed in the Fig. 4. Liu et al., reported that silencing APOC1 can further
restrain NF-kB by inhibiting MAPK/ERK [10]. Jiang et al., highlighted the close association between the Wnt3a signaling.
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Transfection of sh-Wnt3a effectively downregulated Wnt3a and 3-catenin in RCC cells and reversed the upregulation
of Wnt3a and B-catenin caused by APOC1 overexpression, which indicated that APOC1 exacerbated the malignant
progression of RCC at least partially by activating Wnt3a signaling [26]. Li et al., demonstrated that silencing Apoc1 in
osteosarcoma cells modulates MTCH2 expression, promoting oxidative phosphorylation (OXPHOS) while inhibiting the
Warburg effect (aerobic glycolysis), thus suppressing tumour progression [30]. Xu et al., found that DLEU1 recruits SMYD2
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to the Apoc1 promoter, enhancing H3 K4 me3 methylation and Apoc1 expression, thereby promoting GC cell proliferation
and glycolysis [42]. Liang et al., showed that the knockdown of Apoc1 leads to a decrease in the activation of phospho-
rylated Signal Transducer and Activator of Transcription 3 (STAT3) in glioma cells. They also found that STAT3 inhibitor
can prevent Apoc1-induced glioma cell migration [25]. Furthermore, Li et al., identified Apoc1 as a novel pre-metastatic
factor in ccRCC cells, activating STAT3 to enhance metastasis [43]. Hu et al., reported that Apoc1 knockdown enhances
sorafenib-induced ferroptosis through GPX4, overcoming sorafenib resistance in ESCA cells both in vitro and in vivo [44].

4 Prognostic implications of Apoc1 overexpression in patients with tumours

Apoc1 is frequently overexpressed in tumours such as cervical cancer, colorectal cancer and oesophageal cancer, with
high levels correlating with poor prognosis (Table 3). In BC, elevated Apoc1 expression correlated with advanced TNM
staging and lymph node metastasis (LNM) [9]. Similarly, in CC tissue, increased Apoc1 expression has been closely linked
to serum SCCA, tumor differentiation and FIGO staging [11]. In CRC tissues, high Apoc1 expression has been correlated
with N stage, M stage, TNM stage, shorter overall survival (OS) and Disease-Free Survival (DFS) [12, 23]. In ESCA, Apoc1
overexpression is significantly linked to LNM, tumor size and grade [13]. Patients with RCC exhibiting increased Apoc1
expression have been found to have advanced histological grading and TNM staging [26]. In ccRCC tissues, elevated
Apoc1 expression was associated with larger tumour size, advanced histological grading, shorter OS and PFS (Progression-
free survival) [27]. Additionally, Liang et al., reported that Apoc1 is highly expressed in tumour tissues such as glioma,
pancreatic cancer and hepatocellular carcinoma [14, 22, 24, 25, 29, 30]. Further investigation is warranted to clarify its
prognostic significance in these cancers. The persistent overexpression of Apoc1 observed in the majority of studies,
coupled with its strong correlation with adverse prognosis, hints at its potential as a novel biomarker for predicting
patient outcomes and guiding therapeutic strategies. Moreover, the expression of Apoc1 across various cancer types
also renders it a promising target for personalized therapy.

5 Conclusions and prospects

Current research highlights Apoc1 as an oncogene in multiple malignancies, exerting proto-oncogenic functions by
regulating cellular metabolism, growth, proliferation, apoptosis, migration and invasion. The involvement of Apoc1
in tumour progression encompasses intricate mechanisms, including modulation of protein expression, promotion
of the EMT process, modulation of the MAPK signalling mechanism, participation in Apoc1-miRNA-IncRNA regulatory
networks and regulation of tumour progression via the STAT3 pathway. Clinically, Apoc1 frequently shows elevated

Table 3 Expression and

clinical significance of Apoc Type Expression Clinical significance Refs.

in various cancers BC High Higher TNM stage and LNM [9]
CC High Tumor differentiation, FIGO staging and serum ~ [11]

SCCA

CRC High TNM stage, worse OS and DFS [12,23]
ESCA High LNM, tumor size and grade [13]
PC High - [14]
GC High - [22]
HCC High - [23]
Glioma High - [25]
RCC High Histological grade and TNM stage [26]
ccRCC High Tumor size, histological grade, and PFS [27]
PCa High - [29]
Osteosarcoma High - [30]

Apoc1 apolipoprotein C1, BC breast cancer, CRC colorectal cancer, CC cervical cancer, ESCA oesophageal
cancer, PC pancreatic cancer, GC gastric cancer, HCC hepatocellular carcinoma, RCC renal cell carcinoma,
¢cRCC clear cell renal cell carcinoma, PCa prostate cancer, OS overall survival, DFS disease-free survival, PFS
progression-free survival, LNM lymph node metastasis
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expression across different cancers, typically correlating with disease severity and poor prognosis. The downregula-
tion of Apoc1 expression holds promise for decelerating tumour progression by inhibiting cancer cell proliferation and
migration, potentially improving patient prognosis, which is crucial for advancing cancer treatment strategies. Studies
have established a link between Apoc1 and lipid metabolism [17]. However, there is a lack of literature investigating the
association between Apoc1 expression and lipid metabolism in cancer. Future research efforts should prioritize explo-
ration of this area. Many current studies are constrained by their dependence on in vitro experiments and the absence
of in vivo validation. Further comprehensive research is required across various tumor cell lines and clinical samples to
elucidate the role and regulatory mechanisms of Apoc1 in tumor progression, supported by robust experimental and
clinical data. Given that the expression patterns of mMRNA and proteins are influenced by various factors, such as post-
transcriptional modifications and translational efficiency, it is crucial to specify whether the expression levels of Apoc1
and their associations with other relevant factors are assessed at the gene, mRNA, or protein level in the future. Apoc1
holds promise as a biomarker for tumor diagnosis, prognosis, tumor microenvironment and treatment response. Such
efforts will lay a solid foundation for future targeted therapies, including antibody-based and RNA-based therapies aimed
at Apoc1. Molecular targeted therapy involving drug interventions targeting Apoc1 is a crucial area of inquiry within
medical oncology. Targeted therapy is significantly constrained by complex factors, including tumor heterogeneity.
Furthermore, the development of targeted drugs is impeded by issues such asimmunogenicity and challenges in drug
delivery. Additionally, the emergence of drug resistance poses a critical challenge. These obstacles may be mitigated
through combination therapies, the development of drugs that target resistance mechanisms, and the implementation
of personalized treatment strategies, which could potentially enhance therapeutic efficacy and tolerability. Investigating
Apocl’s expression patterns, functions, and specific molecular mechanisms within the context of immunotherapy and
CART cell therapy holds significant promise. Utilizing advanced technologies and enhancing access to tissue samples and
clinical information will further our understanding and application of Apoc1 in these innovative treatment modalities.

Acknowledgements Not applicable.

Author contributions Dan Li, Yan Lv and Qiang Guo contributed to the design and conception of this review. Hao-Han Guo reviewed the
literature and drafted the manuscript. Dan Li, Yan Lv, Qiang Guo and Qun-Xian Zhang revised the manuscript. All authors read and approved
the final manuscript.

Funding All authors declare that there was no funding or other support during this review process.

Data availability No datasets were generated or analysed during the current study.

Declarations
Ethics approval and consent to participate Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which
permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You
do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc-nd/4.0/.

References

1. Filho AM, Laversanne M, Ferlay J, Colombet M, Pifieros M, Znaor A, et al. The GLOBOCAN 2022 cancer estimates: data sources, methods,
and a snapshot of the cancer burden worldwide. Int J Cancer. 2025;156(7):1336-46. https://doi.org/10.1002/ijc.35278.

2. BrayF, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram |, et al. Global cancer statistics 2022: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74(3):229-63. https://doi.org/10.3322/caac.21834.

3. Global cancer burden growing, amidst mounting need for services. Saudi Med J. 2024;45(3):326-327.

4. Wu J, Lu AD, Zhang LP, Zuo YX, Jia YP. Study of clinical outcome and prognosis in pediatric core binding factor-acute myeloid leukemia.
Zhonghua Xue Ye Xue Za Zhi. 2019;40(1):52-7. https://doi.org/10.3760/cma.j.issn.0253-2727.2019.01.010.

@ Discover


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1002/ijc.35278
https://doi.org/10.3322/caac.21834
https://doi.org/10.3760/cma.j.issn.0253-2727.2019.01.010

Discover Oncology (2025) 16:722 | https://doi.org/10.1007/512672-025-02313-9

Review

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Yang D, Cheng W, LiuY, Ma L, Sun Y, Wang H, et al. SMC4 serves as a potential marker for the diagnosis and prognosis of colon adenocar-
cinoma. Int J Immunopathol Pharmacol. 2024;38:3946320241286565. https://doi.org/10.1177/03946320241286565.

Zeng F, ChenY, Lin J. Identification of alternative lengthening of telomeres-related genes prognosis model in hepatocellular carcinoma.
BMC Cancer. 2024;24(1):1386. https://doi.org/10.1186/s12885-024-13146-0.

Li F, Zhang X, Feng L, Zhang X. SLC30A2-mediated zinc metabolism modulates gastric cancer progression via the Wnt/p-catenin signaling
pathway. Front Biosci (Landmark Ed). 2024;29(10):351. https://doi.org/10.31083/j.fbl2910351.

Yang S, Du J, Wang W, Zhou D, Xi X. APOC1 is a prognostic biomarker associated with M2 macrophages in ovarian cancer. BMC Cancer.
2024;24(1):364. https://doi.org/10.1186/512885-024-12105-z.

Zhang H, Wang Y, Liu C, Li W, Zhou F, Wang X, et al. The Apolipoprotein C1 is involved in breast cancer progression via EMT and MAPK/
JNK pathway. Pathol Res Pract. 2022;229: 153746. https://doi.org/10.1016/j.prp.2021.153746.

LiuS, Zhang F, Liang Y, Wu G, Liu R, Li X, et al. Nanoparticle (NP)-mediated APOC1 silencing to inhibit MAPK/ERK and NF-kB pathway and
suppress breast cancer growth and metastasis. Sci China Life Sci. 2023;66(11):2451-65. https://doi.org/10.1007/s11427-022-2329-7.

. ShiX,Wang J, Dai S, Qin L, Zhou J, Chen Y. Apolipoprotein C1 (APOC1): a novel diagnostic and prognostic biomarker for cervical cancer.

Onco Targets Ther. 2020;13:12881-91. https://doi.org/10.2147/0TT.5280690.
Ren H, Chen Z,Yang L, Xiong W, Yang H, Xu K, et al. Apolipoprotein C1 (APOC1) promotes tumor progression via MAPK signaling pathways
in colorectal cancer. Cancer Manag Res. 2019;11:4917-30. https://doi.org/10.2147/CMAR.S192529.

. Guo Q, Liu XL, Jiang N, Zhang WJ, Guo SW, Yang H, et al. Decreased APOC1 expression inhibited cancer progression and was associated

with better prognosis and immune microenvironment in esophageal cancer. Am J Cancer Res. 2022;12(11):4904-29.

. Takano S, Yoshitomi H, Togawa A, Sogawa K, Shida T, Kimura F, et al. Apolipoprotein C-1 maintains cell survival by preventing from apop-

tosis in pancreatic cancer cells. Oncogene. 2008;27(20):2810-22. https://doi.org/10.1038/sj.onc.1210951.

Darwish NM, Al-Hail MK, Mohamed Y, Al Saady R, Mohsen S, Zar A, Al-Mansoori L, Pedersen S. The role of apolipoproteins in the common-
est cancers: a review. Cancers (Basel). 2023;15(23):5565. https://doi.org/10.3390/cancers15235565.

He Y, Chen J, Ma Y, Chen H. Apolipoproteins: new players in cancers. Front Pharmacol. 2022;13:1051280. https://doi.org/10.3389/fphar.
2022.1051280.

Fuior EV, Gafencu AV. Apolipoprotein C1: its pleiotropic effects in lipid metabolism and beyond. Int J Mol Sci. 2019;20(23):5939. https://
doi.org/10.3390/ijms20235939.

Rouland A, Masson D, Lagrost L, Vergés B, Gautier T, Bouillet B. Role of apolipoprotein C1 in lipoprotein metabolism, atherosclerosis and
diabetes: a systematic review. Cardiovasc Diabetol. 2022;21:272. https://doi.org/10.1186/s12933-022-01703-5.

. Zhang Z, Shao L, WangY, Luo X. MicroRNA-501-3p restricts prostate cancer growth through regulating cell cycle-related and expression-

elevated protein in tumor/cyclin D1 signaling. Biochem Biophys Res Commun. 2019;509(3):746-52. https://doi.org/10.1016/j.bbrc.2018.
12.176.

Yan H, Li H, Silva MA, Guan Y, Yang L, Zhu L, et al. LncRNA FLVCR1-AS1 mediates miR-513/YAP1 signaling to promote cell progression,
migration, invasion and EMT process in ovarian cancer. J Exp Clin Cancer Res. 2019;38(1):356. https://doi.org/10.1186/s13046-019-1356-z.
Cao R, Yuan L, Ma B, Wang G, Qiu W, Tian Y. An EMT-related gene signature for the prognosis of human bladder cancer. J Cell Mol Med.
2020;24(1):605-17. https://doi.org/10.1111/jcmm.14767.

An L, LiuY. ZNF460 mediates epithelial-mesenchymal transition to promote gastric cancer progression by transactivating APOC1 expres-
sion. Exp Cell Res. 2023;422(2): 113452. https://doi.org/10.1016/j.yexcr.2022.113452.

Tang W, Liu H, Li X, Ooi TC, Rajab NF, Cao H, et al. Upregulation of APOC1 promotes colorectal cancer progression and serves as a potential
therapeutic target based on bioinformatics analysis. J Oncol. 2023;2023:2611105. https://doi.org/10.1155/2023/2611105.

Hao X, Zheng Z, Liu H, Zhang Y, Kang J, Kong X, et al. Inhibition of APOC1 promotes the transformation of M2 into M1 macrophages via
the ferroptosis pathway and enhances anti-PD1 immunotherapy in hepatocellular carcinoma based on single-cell RNA sequencing. Redox
Biol. 2022;56: 102463. https://doi.org/10.1016/j.redox.2022.102463.

Liang R, Zhang G, Xu W, Liu W, Tang Y. ApoC1 promotes glioma metastasis by enhancing epithelial-mesenchymal transition and activat-
ing the STAT3 pathway. Neurol Res. 2023;45(3):268-75. https://doi.org/10.1080/01616412.2022.2132458.

Jiang H, Tang JY, Xue D, Chen YM, Wu TC, Zhuang QF, et al. Apolipoprotein C1 stimulates the malignant process of renal cell carcinoma
via the Wnt3a signaling. Cancer Cell Int. 2021;21(1):41. https://doi.org/10.1186/512935-020-01713-x.

Cui Y, Miao C, Hou C, Wang Z, Liu B. Apolipoprotein C1 (APOC1): a novel diagnostic and prognostic biomarker for clear cell renal cell
carcinoma. Front Oncol. 2020;10:1436. https://doi.org/10.3389/fonc.2020.01436.

Wang HJ, Ma YX, Wang AH, Jiang YS, Jiang XZ. Expression of apolipoprotein C1 in clear cell renal cell carcinoma: An oncogenic gene and
a prognostic marker. Kaohsiung J Med Sci. 2021;37(5):419-26. https://doi.org/10.1002/kjm2.12328.

SuWP, Sun LN, Yang SL, Zhao H, Zeng TY, Wu WZ, et al. Apolipoprotein C1 promotes prostate cancer cell proliferation in vitro. J Biochem
Mol Toxicol. 2018;32(7): €22158. https://doi.org/10.1002/jbt.22158.

Li R, He H, He X. APOC1 promotes the progression of osteosarcoma by binding to MTCH2. Exp Ther Med. 2023;25(4):163. https://doi.org/
10.3892/etm.2023.11862.

Lu G, Luo X, Xing C, Mao Y, Xu Y, Gao W, et al. Construction of a novel mMRNA-miRNA-IncRNA network and identification of potential regula-
tory axis associated with prognosis in colorectal cancer liver metastases. Aging (Albany NY). 2021;13(11):14968-88. https://doi.org/10.
18632/aging.203049.

Yang P, Jia R, Ning P. miR-378a-5p exerts tumor-suppressive effects on esophageal squamous cell carcinoma after neoadjuvant immu-
notherapy by downregulating APOC1/CEP55. Sci Rep. 2024;14(1):305. https://doi.org/10.1038/541598-023-50938-z.

Yang Z,Yang L, Sun Z, Rong Y, Bai C, Dong Q, et al. miRNA-660-3p inhibits malignancy in glioblastoma via negative regulation of APOC1-
TGFB2 signaling pathway. Cancer Biol Ther. 2023;24(1):2281459. https://doi.org/10.1080/15384047.2023.2281459.

Cisneros-Villanueva M, Fonseca-Montano MA, Rios-Romero M, Lépez-Camarillo C, Jiménez-Morales S, Langley E, et al. LncRNA SOX9-AS1
triggers a transcriptional program involved in lipid metabolic reprogramming, cell migration and invasion in triple-negative breast cancer.
Sci Rep. 2024;14(1):1483. https://doi.org/10.1038/s41598-024-51947-2.

Babaei G, Aziz SG, Jaghi NZZ. EMT, cancer stem cells and autophagy; the three main axes of metastasis. Biomed Pharmacother. 2021;133:
110909. https://doi.org/10.1016/j.biopha.2020.110909.

@ Discover


https://doi.org/10.1177/03946320241286565
https://doi.org/10.1186/s12885-024-13146-0
https://doi.org/10.31083/j.fbl2910351
https://doi.org/10.1186/s12885-024-12105-z
https://doi.org/10.1016/j.prp.2021.153746
https://doi.org/10.1007/s11427-022-2329-7
https://doi.org/10.2147/OTT.S280690
https://doi.org/10.2147/CMAR.S192529
https://doi.org/10.1038/sj.onc.1210951
https://doi.org/10.3390/cancers15235565
https://doi.org/10.3389/fphar.2022.1051280
https://doi.org/10.3389/fphar.2022.1051280
https://doi.org/10.3390/ijms20235939
https://doi.org/10.3390/ijms20235939
https://doi.org/10.1186/s12933-022-01703-5
https://doi.org/10.1016/j.bbrc.2018.12.176
https://doi.org/10.1016/j.bbrc.2018.12.176
https://doi.org/10.1186/s13046-019-1356-z
https://doi.org/10.1111/jcmm.14767
https://doi.org/10.1016/j.yexcr.2022.113452
https://doi.org/10.1155/2023/2611105
https://doi.org/10.1016/j.redox.2022.102463
https://doi.org/10.1080/01616412.2022.2132458
https://doi.org/10.1186/s12935-020-01713-x
https://doi.org/10.3389/fonc.2020.01436
https://doi.org/10.1002/kjm2.12328
https://doi.org/10.1002/jbt.22158
https://doi.org/10.3892/etm.2023.11862
https://doi.org/10.3892/etm.2023.11862
https://doi.org/10.18632/aging.203049
https://doi.org/10.18632/aging.203049
https://doi.org/10.1038/s41598-023-50938-z
https://doi.org/10.1080/15384047.2023.2281459
https://doi.org/10.1038/s41598-024-51947-2
https://doi.org/10.1016/j.biopha.2020.110909

Review

Discover Oncology (2025) 16:722 | https://doi.org/10.1007/512672-025-02313-9

36.

37.

38.

39.

40.

41.

42.

43.

44,

Xia X, Wang Z, Song L, Cheng Y, Xiong P, Li S. FAM3C regulates glioma cell proliferation, invasion, apoptosis, and epithelial mesenchymal
transition via the notch pathway. Cancer Med. 2024;13(23): e70412. https://doi.org/10.1002/cam4.70412.

Liu L, Wang P, Guo C, Song L, Chen L, Qi H, et al. TRAIP enhances progression of tongue squamous cell carcinoma through EMT and Wnt/(3-
catenin signaling by interacting with DDX39A. BMC Cancer. 2024;24(1):1481. https://doi.org/10.1186/s12885-024-13130-8.

Yu J, Chen X, Ding X, Lin K, Zhang T, Wang K. ALKBH5 activates CEP55 transcription through m6A demethylation in FOXP2 mRNA and
expedites cell cycle entry and EMT in ovarian cancer. Biol Direct. 2024;19(1):105. https://doi.org/10.1186/513062-024-00551-5.

Pan X, He Q,YinY, Xu A, Wu A, Yi X, et al. Extracellular vesicles of Clonorchis sinensis promote the malignant phenotypes of cholangiocar-
cinoma via NF-kB/EMT axis. PLoS Negl Trop Dis. 2024;18(10): e0012545. https://doi.org/10.1371/journal.pntd.0012545.

ZhaoR, YiY, LiuH, Xu J, Chen S, Wu D, et al. RHOF promotes Snail1 lactylation by enhancing PKM2-mediated glycolysis to induce pancreatic
cancer cell endothelial-mesenchymal transition. Cancer Metab. 2024;12(1):32. https://doi.org/10.1186/540170-024-00362-2.

Zhang H, Chen J, Chen X, Zeng C, Zhang P, Jin J, et al. TGFBR3 inhibits progression of papillary thyroid cancer by inhibiting the PI3K/AKT
pathway and EMT. Endocr Connect. 2024;13(12): €240270. https://doi.org/10.1530/EC-24-0270.

XuH, BaZ,LiuC,Yu X. Long noncoding RNA DLEU1 promotes proliferation and glycolysis of gastric cancer cells via APOC1 upregulation
by recruiting SMYD2 to induce trimethylation of H3K4 modification. Transl Oncol. 2023;36: 101731. https://doi.org/10.1016/j.tranon.2023.
101731.

Li YL, Wu LW, Zeng LH, Zhang ZY, Wang W, Zhang C, et al. ApoC1 promotes the metastasis of clear cell renal cell carcinoma via activation
of STAT3. Oncogene. 2020;39(39):6203-17. https://doi.org/10.1038/541388-020-01428-3.

Hu J, Hu H, Liu Q, Feng B, Lu Y, Chen K. Inhibition of Apoc1 reverses resistance of sorafenib by promoting ferroptosis in esophageal cancers.
Gene. 2024;892: 147874. https://doi.org/10.1016/j.gene.2023.147874.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Discover


https://doi.org/10.1002/cam4.70412
https://doi.org/10.1186/s12885-024-13130-8
https://doi.org/10.1186/s13062-024-00551-5
https://doi.org/10.1371/journal.pntd.0012545
https://doi.org/10.1186/s40170-024-00362-2
https://doi.org/10.1530/EC-24-0270
https://doi.org/10.1016/j.tranon.2023.101731
https://doi.org/10.1016/j.tranon.2023.101731
https://doi.org/10.1038/s41388-020-01428-3
https://doi.org/10.1016/j.gene.2023.147874

	The roles, signalling pathways and therapeutic implications of Apoc1 in cancer
	Abstract
	1 Background
	2 Biological roles of Apoc1
	2.1 The roles of Apoc1 in cell growth
	2.2 The role of Apoc1 in cell metastasis

	3 Mechanisms of Apoc1 in cell growth and migration
	3.1 LncRNA-miRNA-Apoc1 signalling pathway
	3.2 Apoc1-MAPK signalling pathway
	3.3 Apoc1-EMT signalling pathway
	3.4 Apoc1-related crosstalk signalling pathway

	4 Prognostic implications of Apoc1 overexpression in patients with tumours
	5 Conclusions and prospects
	Acknowledgements 
	References


