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Abstract: Valosin-containing protein (VCP/p97) is a core member of the AAA + ATPase family and functions as a “ubiquitin-
dependent molecular chaperone/segregase, “ playing a pivotal role in endoplasmic reticulum-associated degradation (ERAD),
protein homeostasis, DNA damage response, organelle quality control (mitochondria/lysosomes), and signaling pathway
regulation. Recent basic research has demonstrated that VCP is closely associated with malignant progression in various solid
tumors by regulating processes such as tumor cell stress adaptation, proliferation and survival, invasion and metastasis, dryness
maintenance, and chemoradiotherapy response, and exhibits “non-pharmacological” applications including prognostic evaluation
and molecular subtyping. This article focuses on the expression characteristics, key mechanisms, and application research
progress of VCP in five tumor types: esophageal cancer, gastric cancer, colorectal cancer, prostate cancer, and lung cancer,
aiming to provide references for further mechanistic elucidation and clinical translation.
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1. Introduction

VCP (including vallesterase) is a highly conserved ATPase with high abundance expression in eukaryotic cells, accounting
for approximately 1% of cellular soluble proteins"’. As a “multifunctional” molecular chaperone, VCP possesses two
ATPase functional domains that provide energy through ATP hydrolysis, extruding target proteins from macromolecular
complexes or cell membranes for proteasomal degradation”. Consequently, VCP plays a critical role in protein quality
control (particularly the endoplasmic reticulum-associated degradation (ERAD) pathway), preventing abnormal folded
protein accumulation and maintaining cellular homeostasis"'. Beyond protein degradation, VCP is involved in various
cellular processes including cell cycle progression, apoptosis regulation, DNA damage response, chromatin remodeling,
membrane fusion, and autophagy'”. The functional diversity of VCP stems from its numerous interacting factors
and cofactors. By binding to different auxiliary proteins, VCP mediates the disassembly and degradation of specific
substrates, enabling precise spatiotemporal regulation within cells™ *. These properties make VCP a pivotal protein for
maintaining cellular homeostasis. Dysfunction or dysregulation of VCP can lead to various pathological states, including
neurodegenerative diseases and tumors. Notably, extensive studies have demonstrated that VCP is overexpressed in
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multiple human malignancies and often correlates with malignancy severity and prognosis'™ ®. Elevated VCP levels are
believed to confer enhanced survival and growth advantages to cancer cells, making it one of the focal molecules in recent
tumor research!”’. The following sections will provide a detailed introduction to the role of VCP in tumorigenesis and
development, as well as research progress, categorized by different tumor types.

2. Expression and Mechanistic Role of VCP in Different Cancer Types

Numerous studies have demonstrated that VCP is highly expressed in various human malignant tumors and significantly
correlates with tumor invasion and metastasis capabilities as well as patient prognosis'. The following sections
respectively describe the expression levels, functional roles, and related mechanisms of VCP in major cancer types.

2.1. VCP in Esophageal Cancer

VCP expression in esophageal cancer tissues is significantly higher than in normal tissues and is closely associated
with disease progression and metastatic potential . This study suggests that VCP may serve as one of the independent
indicators for poor prognosis in esophageal cancer. Mechanistically, although in-depth functional studies on VCP in
esophageal cancer are relatively limited, given its pro-NF-«B activity, it is reasonable to hypothesize that overexpression of
VCP may promote esophageal cancer cell invasion and anti-apoptosis by activating NF-xB and other pro-survival signaling
pathways!"”. Early studies have indicated that VCP is correlated with anti-apoptotic and metastatic capabilities, with its
mechanisms involving activation of the nuclear factor kB (NF-kB) signaling pathway. Therefore, in esophageal cancer
cells, high VCP expression may enhance NF-kB activation by promoting IxBa degradation, thereby increasing cancer cell
resistance to apoptotic stimuli and facilitating infiltration and metastasis!'". Overall, existing evidence supports the critical
role of VCP in esophageal cancer development, with high expression correlating with greater tumor invasiveness and
poorer prognosis. This provides a theoretical basis for future exploration of VCP as a potential biomarker or therapeutic

target in esophageal cancer.

2.2. VCP in gastric cancer

In gastric cancer, VCP also exhibits abnormally high expression and is significantly associated with tumor malignancy
progression. A study by Yamamoto et al. on 330 patients with gastric adenocarcinoma revealed that approximately 70% of
patients had tumor tissues with VCP expression intensity higher than normal controls'?’. Patients with high VCP expression
tended to have larger tumor volumes, lower differentiation, and higher proportions of vascular and lymphatic invasion, lymph
node metastasis, and deeper tumor invasion. Prognostic analysis showed that the tumor-free survival and overall survival of
high VCP expression groups were significantly shorter than those of low expression groups (P < 0.0001). Multivariate analysis
confirmed that high VCP expression is an independent prognostic factor for poor survival in gastric cancer patients. These clinical
associations suggest that VCP promotes gastric cancer invasion, metastasis, and progression . Mechanistically, studies have
demonstrated that VCP enhances cancer cell survival and metastatic capacity through the NF-xB pathway. It is hypothesized
that in gastric cancer, high VCP may promote IkBa protein degradation, continuously activate NF-«xB, thereby strengthening
cancer cell anti-apoptotic capacity and facilitating lymphatic metastasis'"”’. Additionally, VCP-mediated protein degradation
may maintain elevated metabolic and protein synthesis loads within gastric cancer cells, enabling them to adapt to hypoxic
and nutrient-deficient stress environments. Although further research is needed to elucidate the molecular mechanisms of
VCP in gastric cancer, current evidence indicates that VCP is a critical participant in gastric cancer progression, and its

expression levels can be used to predict patient prognosis .

2.3. VCP in Colorectal Cancer

Colorectal cancer is one of the earliest tumor types found to be closely associated with VCP expression levels. Studies
have shown that nearly 70% of colorectal cancer patients exhibit high VCP expression in their primary tumors, while
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benign adenoma tissues generally demonstrate low VCP expression, and metastatic lesions almost invariably exhibit
high expression. Colorectal cancers with high VCP expression significantly outperform those with low expression in
terms of tumor invasion depth (T3-4 vs T1-2), venous invasion incidence, and clinical staging (III-IV vs I-1I) (all P <
0.05) ", More importantly, high VCP expression is significantly associated with increased recurrence rates (P < 0.001)
and poorer disease-free survival and overall survival rates. Multivariate analysis confirmed that VCP expression level
serves as an independent prognostic factor for disease recurrence and survival in colorectal cancer patients”. This series
of clinical evidence strongly suggests that VCP plays a promoting role in the malignant progression of colorectal cancer.
At the fundamental research level, VCP may influence colorectal cancer cell behavior through multiple pathways: on one
hand, the UPS function of VCP can modulate cell cycle regulation and homeostasis of apoptosis-related proteins, thereby
promoting cancer cell proliferation and survival; on the other hand, VCP may synergize with signaling pathways such as
NF-kB to enhance cancer cell invasion and metastatic capacity™'”. For instance, studies have found that the activity of the
ubiquitin-proteasome system (UPS) correlates with the metastatic potential of colorectal cancer cells, and as a key enzyme
in the UPS, VCP may regulate tumor metastatic potential through the NF-kB signaling pathway.Furthermore, recent
studies have reported that VCP participates in regulating the adhesion and scaffold remodeling processes of colorectal
cancer cells (e.g., influencing cell motility through the Rho/ROCK pathway) "®. In summary, high expression of VCP
in colorectal cancer not only serves as a marker of disease invasiveness but also promotes cancer cell proliferation and

metastasis at the molecular level, making it a potential important molecular target for colorectal cancer !'”.

2.4. VCP in Prostate Cancer

In prostate cancer, high expression of VCP is also closely associated with tumor progression and poor prognosis. Studies
have reported that patients with prostate cancer exhibiting high VCP expression often have shorter progression-free
survival and higher rates of biochemical recurrence "> '\, As early as 2004, analyses indicated that VCP overexpression
was significantly correlated with poorer survival outcomes in prostate cancer patients. Beyond its prognostic relevance,
VCP plays a unique role in the tolerance of prostate cancer cells to androgen deprivation therapy. Androgen-resistant
prostate cancer (CRPC) frequently exhibits neuroendocrine differentiation (NED), where tumor cells lose androgen
receptor characteristics and instead express neuroendocrine markers, demonstrating enhanced invasiveness and resistance
to endocrine therapy . Recent research has identified VCP as a key mediator in the NED process of prostate cancer.
Experimental studies have shown that under NED-inducing stimuli (e.g., interleukin-6), VCP expression is significantly
upregulated in prostate cancer cell lines LNCaP and VCaP, accompanied by increased levels of neuroendocrine markers
such as NSE and plasma membrane chromatin A. In human prostate cancer neuroendocrine-like cell lines (e.g., PC3,
NCI-H660), baseline VCP levels are inherently higher than those in adenocarcinoma cell lines. Application of the selective
VCP inhibitor NMS-873 significantly suppresses NED-related phenotypes (e.g., reduced expression of neuroendocrine
markers), suggesting that VCP activity is essential for maintaining NED. Mechanistic studies further reveal that VCP
drives NED by regulating the Pim1 kinase/c-Myc pathway and autophagy processes. Specifically, VCP overexpression
increases the expression levels of Pim1 and c-Myc, whereas inhibition of VCP reduces both proteins and is accompanied
by a decrease in NED markers . Pim1 is a tumor-survival-promoting kinase that is upregulated under androgen blockade
conditions. Experimental studies have demonstrated that inhibition of Pim1 activity or knockdown of c-Myc attenuates
VCP-induced NED, indicating that the Pim1/c-Myc pathway plays a central role in this process”". The VCP-mediated
enhancement of autophagy involves the AMPK pathway, with studies demonstrating that AMPK-activating LKB1 is
essential for VCP-induced necrotic endocrine degeneration (NED) and autophagy **. In summary, during the transition
of prostate cancer cells to a neuroendocrine phenotype under castration stress, VCP confers survival and differentiation
potential by upregulating Pim1 and c-Myc and enhancing autophagic clearance. This finding expands our understanding of
VCP’s function, revealing its role not only in tumor proliferation and apoptosis but also in mediating phenotypic plasticity
transformation in cancer cells””. Clinically, patients with castration-resistant prostate cancer (CRPC) accompanied by
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NED often exhibit poor prognosis ", underscoring the critical research and therapeutic significance of VCP’s role in this
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process. Future investigations into whether inhibition of VCP or related pathways can block NED occurrence and delay
drug resistance progression warrant further exploration.

2.5. VCP in Lung Cancer

VCP was also found to be highly expressed in non-small cell lung cancer (NSCLC) and is closely associated with patient
prognosis'® **!. A study of surgical tissues from NSCLC patients demonstrated that VCP overexpression was significantly
correlated with shorter disease-free survival (DFS) and overall survival (OS), regardless of whether patients were in
early or advanced stages. Therefore, VCP can serve as a poor prognostic marker for NSCLC. Valle et al. were the first to
elucidate the role of VCP in the pathogenesis and progression of NSCLC. They observed markedly elevated VCP levels in
NSCLC tumor tissues and cell lines compared to normal lung tissues. Functional studies revealed that inhibition of VCP
(using siRNA/shRNA or small molecule inhibitors) effectively blocked NSCLC cell proliferation, migration, and invasion,
and induced apoptosis through GO/G1 phase cell cycle arrest. Mechanistically, VCP inhibition prevents the normal
degradation of p53 protein, leading to its accumulation and exerting an anticancer effect, which may explain the controlled
tumor cell growth observed after VCP suppression. These findings underscore the critical role of VCP in lung cancer cell

survival and malignant behavior ™.

3. Summary and Prospects

For clinical applications, VCP is not only an attractive tumor marker but also a highly promising therapeutic target. The
development of multiple VCP small-molecule inhibitors and preliminary trial results have provided feasibility evidence
for targeted VCP therapies. From the discovery of lead compounds such as DBeQ to the introduction of candidate drugs
like CB-5083 and CB-5339, scientists are progressively overcoming challenges in pharmacokinetics and selectivity, with
increasingly superior VCP inhibitors emerging. Concurrently, combining VCP inhibition with conventional therapies (e.g.,
chemoradiotherapy, targeted drugs) and emerging immunotherapies may yield synergistic effects, enhancing treatment
response rates in refractory tumors. Successful outcomes in animal models have laid the foundation for future clinical
trials. Looking ahead, with deeper understanding of VCP molecular mechanisms and ongoing inhibitor development, we
anticipate witnessing VCP transition from laboratory research to clinical practice. VCP-targeted therapy holds potential to
provide novel treatment options for diverse cancer patients, improving efficacy and prognosis. However, challenges such
as drug tolerance and safety must be addressed through precision medicine approaches to identify patient subpopulations
suitable for VCP-targeted therapy and optimize dosing regimens to reduce toxicity. In summary, as a critical node
connecting multiple stages of tumor development, the vigorous progress in VCP functional and applied research will pave
new pathways for comprehensive cancer treatment, warranting continued exploration and attention.
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