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Abstract: Decorin (DCN) is primarily found in the connective tissues of various parts of the body, including the lungs,
kidneys, bone tissue, aorta, and tendons. It is an important component of the extracellular matrix (ECM) and belongs to
the class I small leucine-rich proteoglycans family. DCN is increasingly attracting attention due to its significant role in
tumors, fibrotic diseases, and the regulation of vascular formation. Moreover, its anti-tumor properties have positioned it
as a promising biomarker in the fight against cancer. Numerous studies have confirmed that DCN can exert inhibitory
effects in various solid tumors, particularly in oral squamous cell carcinoma (OSCC), by activating its downstream
pathways through binding with the epidermal growth factor receptor (EGFR) and mesenchymal-epithelial transition
(MET) receptor, or by stabilizing and enhancing the expression of the tumor suppressor gene p53 to mediate
apoptosis in cancer cells that have undergone mutation. The occurrence of OSCC is a continuous and dynamic
process, encompassing the transition from normal mucosa to oral potentially malignant disorders (OPMDs), and
further progressing from OPMDs to the malignant transformation into OSCC. We have found that DCN may exhibit
a bidirectional effect in the progression of oral mucosal carcinogenesis, showing a trend of initial elevation followed
by a decline, which decreases with the differentiation of OSCC. In OPMDs, DCN exhibits high expression and may
be associated with malignant transformation, possibly linked to the increased expression of P53 in OPMDs. In OSCC,
the expression of DCN is reduced, which can impact OSCC angiogenesis, and inhibit tumor cell proliferation,
migration, and invasion capabilities, serving as a potential marker for predicting adverse prognosis in OSCC patients.
This article reviews the current research status of DCN, covering its molecular structure, properties, and involvement
in the onset and progression of oral mucosal carcinogenesis. It elucidates DCN’s role in this process and aims to offer
insights for future investigations into its mechanism of action in oral mucosal carcinogenesis and its potential

application in the early diagnosis and treatment of OSCC.

Introduction

Oral potentially malignant disorders (OPMDs), as a class of
clinical states or lesions with increased risk of malignant
transformation [1], mainly include oral leukoplakia (OLK),
oral lichen planus (OLP), oral submucous fibrosis (OSF),
and oral erythroplakia (OEL) [2], etc, and its overall
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carcinogenicity rate is roughly 7.9% [1]. OLK, as one of the
most common OPMDs, has an annual incidence of 2.6% [3]
and an overall malignant rate of 9.5% [2]. Clinically, OLK
can be categorized into homogeneous and non-
homogeneous  types, with non-homogeneous types
presenting a higher risk of carcinoma compared to
homogeneous types, with carcinoma rates of 14.5% and 3%,
respectively [4]. In contrast, proliferative verrucous
leukoplakia (PVL) has a higher cancer rate than OLK and
other OPMDs, and most patients with PVL will eventually
develop oral squamous cell carcinoma (OSCC), with a rate
of about 49.5% [2].
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Other OPMD types exhibit varying carcinogenicity rates,
with rates of 1.4% for oral lichen planus (OLP), 5.2% for oral
submucous fibrosis (OSF), and 33.1% for oral erythroplakia
(OEL) [2]. OPMDs are often regarded as a critical state in
the carcinogenic process of the oral mucosa, and
interventions at this stage are important for stopping the
progression of the disease and preventing OSCC.

Oral mucosal carcinogenesis is a dynamic process that
progresses from normal oral mucosa to OPMDs, and
further malignant transformation to OSCC. During the
OPMDs stage, cells and tissues have not yet undergone
carcinogenesis. Intervention at this stage can effectively halt
the progression of the disease and achieve favorable
treatment outcomes. Failure to intervene in OPMDs, and
prolonged exposure to factors that promote the occurrence
and development of OSCC, such as smoking [5], alcohol
consumption [6], betel nut chewing [7,8], and HPV
infection [9], will accelerate the transformation from
OPMDs to OSCC.

The etiology of OSCC is often attributed to sustained
exposure to pathogenic risk factors, leading to genetic
alterations and dysregulation of the tumor microenvironment,
ultimately resulting in the occurrence and progression of
OPMDs to OSCC. Genetic alterations result in aberrant
activation of oncogenic pathways, including epidermal growth
factor receptor (EGFR) [10], Wnt (-catenin [11], PI3K/AKT/
mTOR [12], mesenchymal-epithelial transition (Met) [13],
and RAS/RAF/MAPK [14]. Additionally, disruption of
inhibitory ~pathways like TP53/RB [15] significantly
contributes to OSCC progression. Moreover, factors such as
immunosuppression, stromal alterations, hypoxia, and
imbalance of the oral microbiota may contribute to the
dysregulation of the tumor microenvironment, thereby
promoting OSCC progression [16-18].

OSCC is known for its early metastasis, invasion, and
destruction of adjacent tissues and organs, resulting in low
survival rates and high deformity rates [19]. This
significantly impacts patient survival and quality of life.
Early detection of OSCC significantly enhances prognosis
and crucially increases survival rates. However, most early-
stage OSCC cases are asymptomatic, leading to delayed
detection and medical attention [20]. The lack of clinical
diagnostic markers for OSCC often results in late diagnoses.
Therefore, there is an urgent need for new biomarkers to
enhance the diagnosis, treatment, and prognosis prediction
for OSCC patients.

Decorin (DCN) is mainly distributed in the connective
tissues of the lungs, kidneys, bone tissues, aorta, tendons,
and other parts of the organisms. It is an important
component of the extracellular matrix (ECM) and belongs
to the family of class I small leucine-rich proteoglycans
(SLRPs) [21]. DCN, as an inhibitor targeting multiple
receptor tyrosine kinase (RTK), has received increasing
attention for its important role in tumors, fibrotic diseases,
and regulation of angiogenesis. It is considered a promising
anti-tumor biomarker due to its anti-tumor properties,
particularly for those biomarkers heavily reliant on RTK
signaling. Numerous studies have demonstrated that DCN
has inhibitory effects in many solid tumors [22-25]. It
achieves this either by binding to EGFR and MET receptors,
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activating subsequent pathways, or by stabilizing and
increasing the expression of the oncogene p53, thereby
mediating apoptosis of mutated cancer cells. However, the
roles and mechanisms of DCN in  different
microenvironments vary.

Defining the role and possible mechanisms of DCN in
the continuous and dynamic process of oral mucosal
carcinogenesis is crucial. This understanding is significant
for early diagnosis and treatment of OSCC, and for in-depth
research into the mechanism of oral mucosal carcinogenesis.
Hence, this paper summarizes the correlation between DCN
and oral mucosal carcinogenesis.

The Structure and Functions of DCN

The DCN gene is situated on chromosome 12 at the specific
locus 12q21-q22. In mammals, DCN is a dimeric structure
composed of a single macromolecular core protein
covalently linked to a glycosaminoglycan (GAG) chain of
sulphated chondroitin or dermatoglycosan. It has a
molecular weight of around 65 kDa, with the core protein
weighing approximately 42 kDa.

The structure of DCN

DCN contains a segment of leucine-rich repeat regions
(LRRs). This segment belongs to the most characteristic
family member of the SLRP family and includes four
structural domains, Fig. 1.

Domain I: It is a signal peptide and prepeptide, and its
main role is to guide immature macromolecular core
proteins into the rough endoplasmic reticulum, to guide the
GAG chain into the endoplasmic reticulum and to
coordinate the binding of the GAG chain to the core proteins.

Domain II: It contains four cysteine residues and a
mucopolysaccharide binding site, enabling specific binding
to platelet reactive protein and fibroblast growth factor (FGF).

Domain III: The region most consistent with the
properties of SLRP family members is the LRRs. This region
is where DCN exerts its primary function and serves as the
binding site for various signaling molecules such as
transforming growth factor TGF-P1, connective tissue
growth factor/CCN9 (CTGF), EGFR, collagen (Col),
platelet-derived growth factor (PDGF), vascular endothelial
growth factor receptor 2 (VEGF-R2), myostatin (MyoS), and
fibronectin (FN) [21]. It interacts with different signaling
molecules, leading to diverse biological effects.

Domain IV: Two cysteine residues form a cyclic carboxyl
terminus, which serves as the binding site for fibronectin E to
collagen fibers.

The functions of DCN

DCN can elicit various effects by interacting with diverse
signaling molecules, thereby contributing to a range of
pathophysiological alterations. Numerous studies have
demonstrated that DCN exhibits anticancer, antifibrotic,
and angiogenesis-regulating properties, Table 1.

Cancer inhibitory effects of DCN
Numerous studies have shown that the DCN gene acts as an
anticancer gene. Its mechanisms of cancer inhibition include
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FIGURE 1. Structure of DCN: DCN consists of a core protein and a GAG side chain, which is linked to serine residues near the N-terminus. In
domain I, the initial 16-amino acid-long signal peptide directs the core protein to the rough endoplasmic reticulum and is cleaved through a
cotranslational pathway. In domain II, a 14-amino acid propeptide regulates the attachment of the GAG chain. The protein core is composed of
LRRs rich in leucine residues, with cysteine-rich domains containing disulfide bonds on the sides. The central domain in domain III consists of
12 LRRs. Most DCN core protein ligands share an interface with the DCN core protein, which serves as a crucial hub for extracellular matrix,
cell surface receptors, and growth factors. DCN exhibits high affinity binding sites for Col in LRRs 4-6 and low affinity sites at the C-terminus.
The binding sites for TGF-p subtypes are LRR4 and LRR5 in domain II of the DCN core protein, while LRR7 domain interacts with EGFR and
ErB4 to activate the MAPK pathway. DCN interacts with various growth factor signaling pathways. The carboxyl-terminal domains and
binding sites for Fn and Col can be found in domain IV.

TABLE 1

Role and mechanism of DCN

Functions Types of diseases Model types  Mechanism Manifestations
Cancer inhibition Breast cancer House mouse, Inhibition of TGF-p1, B-catenin, c-Met and Inhibits tumor
cell VEGF-a expression proliferation, growth,
metastasis and
neoangiogenesis
Cervical cancer Cell
Colon cancer House mouse, Stabilizes and increases the expression of the =~ Mediates apoptosis in
biopsy samples anticancer gene p53 mutated cancer cells

from patients

Brain cancer, non-small Cell
cell lung cancer, cervical
cancer, liver cancer.

Human umbilical vein ~ Cell Induction of autophagy in endothelial and Inhibition of tumor cell
endothelial cells tumor cells proliferation and growth
(HUVEC) and distant metastasis
Anti-fibrosis Liver fibrosis House mouse  Inhibition of TGF-P1 and TGF-f family activity Inhibition of tissue and
organ fibrosis
Regulation of Breast cancer, cervical  Cell Activation of TSP-1 and TIMP-3; Inhibits Inhibition of
angiogenesis cancer MMP-9 and MMP-2; acting as a partial agonist angiogenesis

of VEGFR2; promoting autophagic degradation
of VEGF-A via adenylate-activated protein
kinase (AMPK)

(Continued)
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Table 1 (continued)

Functions Types of diseases Model types  Mechanism Manifestations
HUVEC Cell
Primary placental Cell
microvascular

endothelial cells

Keratitis, diabetic House mouse

cardiomyopathy

Up-regulation of VEGF expression through the Promoting angiogenesis
IGF1R-AKT-VEGF signaling pathway;

promoting integrin-collagen interactions

| | EGFR Met

P21 |—> Caspase3 [TSP 1] HIF-1 q] [B—Catemn}
TIMP3 |[VEGF-A

L

Cell Cycle - 26S
‘ Apoptosis ‘ ‘Anglogene5|s| proteasome

Cell Cycle Arrest, Apoptosis,
Senescence

Autophagy

FIGURE 2. Cancer inhibitory effects of DCN. DCN induces EGFR phosphorylation, which triggers intracellular MAPK. This leads to enhanced
expression of p21, resulting in cell cycle arrest and the release of Caspase 3, leading to cell apoptosis. Through Met receptor signaling, DCN
downregulates [-catenin and MYC to inhibit tumor growth. It also suppresses angiogenesis by inhibiting HIF-1la and VEGFA. DCN-
mediated VEGFR2 signaling inhibits angiogenesis and induces autophagy in endothelial cells by inhibiting mTOR and activating Beclin-1,
LC3, and Peg3. Additionally, DCN stabilizes and increases p53 expression, thereby mediating cell cycle arrest and apoptosis.

inhibiting tumor proliferation, growth, and neoangiogenesis
by binding to cell-surface receptors like EGFR and Met,
activating their pathways [26-29]. It also mediates apoptosis
of mutated cancer cells by stabilizing and increasing the
expression of the oncogene p53 [30-32]. Additionally, it
inhibits tumor cell metastasis to distant sites by inducing
autophagy of endothelial cells through VEGFR2 [33-36],
Fig. 2. Horvath et al. [37] investigated the inhibitory effect
of DCN on hepatocellular carcinoma cell lines, including
HepG2, Hep3B, HuH7, and HLE, with varying molecular
backgrounds and found that DCN exhibited a significant
inhibitory effect on 3 out of the 4 hepatocellular carcinoma
cell lines, each with different modes of action, regardless of
the phenotypic and molecular characteristics of the
carcinoma cell lines. Hu et al. [38] conducted a study on
Inflammatory Breast Cancer (IBC) cells and discovered that
the overexpression of DCN significantly reduced the
engraftment, invasiveness, and tumor stem cell counts in
IBC graft model mice. Additionally, it inhibited tumor
growth and metastasis. In the research by Yu et al. [39], it
was observed that the up-regulation of DCN expression led
to the inhibition of lung metastasis in mice with triple-
negative breast cancer (TNBC). Razie et al. [40] concluded

that while DCN in urine and blood is not diagnostically
valuable for prostate cancer (PC), in their study comparing
DCN levels in urine and blood between PC and benign
prostatic hyperplasia (BPH), it can serve as a prognostic
marker for PC tumors when detected in tissues. The
expression of DCN in hepatocellular carcinoma tissues was
significantly lower than in normal tissues, suggesting that
DCN may have inhibitory effects on the invasion and
metastasis of cancer cells [41,42].

Antifibrotic effects of DCN

Numerous studies have demonstrated the anti-fibrotic effect
of DCN. Fibrosis is characterized by an imbalance between
the production and degradation of the extracellular matrix,
resulting in its excessive accumulation. The primary anti-
fibrotic mechanism of DCN involves binding of its
structural domain III to TGF-pl, inhibiting the activity of
this potent fibrogenic factor and thereby mitigating TGF-p1-
induced tissue and organ fibrosis [43], Fig. 3. In addition to
TGF-B1, DCN can also influence three other isoforms
within the TGF-p family. In a therapeutic study by
Chen et al. [44] on carbon tetrachloride-induced hepatic
fibrosis in rats using lecithin-coupled decorin (PC-DCN)
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FIGURE 3. Antifibrotic effects of DCN. DCN binds to TGF-p1 through its domain III, thereby inhibiting its binding to receptors and consequently

suppressing fibrosis in tissues and organs.

nanoliposomes, it was observed that the administration of
these nanoliposomes significantly reduced the expression of
hepatic function markers (ALT, AST, and TBIL) and
effectively alleviated liver fibrosis. Li [45] concluded that
DCN could inhibit or potentially treat hepatic fibrosis by
reducing TGF-p1 levels in the hepatic tissues of Balb/c mice,
thereby suppressing HSC activation, reducing ECM
synthesis, and ultimately inhibiting or treating hepatic
fibrosis induced by CCl4 in mice. A strong association exists
between fibrosis and carcinogenesis, particularly in the
pathological progression of OSF, an OPMD with the
potential to transform malignantly into OSCC. The
transformation mechanism may involve oxidative stress,
epithelial-mesenchymal transition (EMT), acquisition of
stem cell characteristics, and alterations in the Shh/Gli-1
axis [46,47].

Bidirectional regulation of angiogenesis by DCN
Numerous studies have confirmed the significant role of blood
vessels in the formation, growth, and metastasis of tumors
[48-51]. Adequate vascular formation is essential for tumor
growth. The absence of blood vessels can result in necrosis
of the tumor tissue in that area. Conversely, regions with
abundant blood supply are often sites of active tumor
proliferation. Numerous researchers have demonstrated that
the regulation of protein or gene expression impacting
vascular formation influences tumor development [52-54].
Studies have demonstrated that DCN exerts a
bidirectional regulatory effect on angiogenesis [55].
Angiogenesis involves the participation of numerous protein
molecules in the extracellular matrix. In the tumor
microenvironment, exogenous DCN can activate the
expression of  angiogenesis  inhibitors such  as
thrombospondin-1 (TSP-1) and tissue metalloproteinase

tissue inhibitors of matrix metalloproteinase-3 (TIMP-3),
while inhibiting pro-angiogenic substances like matrix
metalloproteinase-9 (MMP-9) and matrix metalloproteinase-
2 (MMP-2). During this process, DCN plays an inhibitory
role in angiogenesis, Fig. 4. Neill et al. [56] demonstrated
that DCN regulates the signal of VEGFR2, which inhibits
angiogenesis by degrading potent vascular factors in the
cytoplasm. In the study of angiogenesis in diabetic
cardiomyopathy, Lai et al. [57] discovered that

Inhibit Angiogenesis Promote Angiogenesis

FIGURE 4. Bidirectional regulation of angiogenesis by DCN. DCN
can activate TSP-1 and TIMP-3 through Met, while inhibiting the
expression of MMP-9 and MMP-2 to suppress angiogenesis; DCN
participates in and enhances the degradation of VEGF-A through
VEGEFR?2, thus inhibiting angiogenesis; Overexpression of DCN can
upregulate the expression of VEGF-A through the IGF1R-AKT-
VEGEF signaling pathway to promote vascular formation.
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overexpression of DCN in vitro promotes angiogenesis by up-
regulating VEGF expression through the IGF1IR-AKT-VEGF
signaling pathway. Conversely, outside the tumor
microenvironment, DCN can promote angiogenesis.
Evidence suggests that DCN promotes angiogenesis through
enhancing integrin-collagen interaction [21]. In summary,
DCN’s role in angiogenesis can be inhibitory or promotive,
exhibiting bidirectionality mainly influenced by the cellular
and molecular microenvironment of angiogenesis.

The Role of DCN in the Process of Oral Mucosal
Carcinogenesis

DCN is a crucial component of the extracellular matrix,
playing a significant role in tumor development. DCN,
functioning as a signaling molecule, can regulate cellular
autophagy, thereby inhibiting tumor metastasis and
proliferation [58]. Numerous studies have shown that DCN
exerts an inhibitory effect on the development of various
tumors [59-62].

The role of DCNs in OPMDs

OPMDs represent a category of diseases with malignant
potential, although their clinical manifestations and
histopathological characteristics are not entirely identical.
Research indicates that DCN expression was observed in
73.61% of OPMDs, 50.92% of OSCC, and 55.77% of healthy
controls. Furthermore, in terms of distribution, DCN
expression in the epithelial layer was found in 68.97% of
OSEF, 97.67% of OLK, and 5.56% of OSCC, while in the
submucosal connective tissue, these percentages were
65.52%, 72.09%, and 56.48%, respectively [59].

The role of DCNs in OLP

Currently, there is no direct evidence indicating the
expression status or mechanism of action of DCN in OLP.
However, a plethora of studies demonstrate that certain
DCN-associated molecules play crucial roles in the
pathogenesis and progression of OLP. For example, TGF-p1
plays a crucial role in suppressing the immune response to
self-antigens, and the deficiency of TGF-f1 makes the body
more susceptible to OLP [63,64]. The expression of P53
gradually increases, during the progression from normal
mucosa to OLP, and further to OSCC, suggesting the
potential involvement of P53 in the malignant
transformation of OLP [65,66]. In OLP, the increase
in angiogenesis is primarily attributed to the elevated
expression of VEGF [67,68]. DCN, as an inhibitor of
TGF-Bf1 and an activator of the VEGF pathway, may
promote the occurrence and development of OLP by
suppressing the expression of TGF-P1 and increasing VEGF
expression to facilitate angiogenesis. However, this is merely
speculative and requires further experimental validation.

The role of DCNs in OLK

On one hand, Seema’s research demonstrates that in OLK
tissues, the expression of DCN is significantly elevated
compared to normal tissues. Furthermore, the expression of
DCN is significantly correlated with VEGF-A expression
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and microvessel density, indicating a close association
between DCN and vascular formation during the
development of OLK [59]. On the other hand, P53 exhibits
high expression in OLK. It is significantly associated with
malignant transformation [69,70]. Additionally, the positive
or high expression of Met also demonstrates a significant
correlation with malignant transformation [69,71]. The high
expression of P53 and Met, which should normally suppress
the process of carcinogenesis, is paradoxically associated
with the malignant transformation of OLK. DCN, as a
molecule regulating the expression of P53 and Met, may
counteract the inhibitory effects of P53 and Met on
carcinogenesis by promoting tissue vascular formation,
ultimately exhibiting a promoting effect in the progression
of OLK.

The role of DCNs in OSF

In the OSF organization, similar to OLK, DCN expression is
significantly elevated in abnormal organizations and DCN is
significantly correlated with VEGF-A expression and
microvessel density [59]. Furthermore, Met positivity or
high expression exhibits a significant correlation with
malignant transformation [72], indicating an inhibitory
effect on OSF progression by enhancing P53 expression
[73]. We speculate that the reasons for this may be similar
to those in OLK. However, unlike OLK, P53 does not
exhibit a  significant correlation with  malignant
transformation in OSF [73].

The role of DCNs in OEL

Current research has not provided evidence directly linking
DCN to the occurrence of OEL. However, parts of genes or
proteins closely associated with DCN have shown a
correlation with OEL. In OEL, the expression of P53 is
elevated [74], while the expression of EGFR increases and
further escalates as the condition progresses [75,76].

Researchers have conducted extensive studies on the role
of DCN and its related molecules in OPMDs. The results
suggest a potential dual role of DCN in OPMDs: On one
hand, the heightened expression of DCN in OPMDs can
promote angiogenesis in tissues by activating the VEGF
pathway to enhance the expression of VEGF-A, thereby
playing a facilitating role in the further progression of
OPMDs. On the other hand, elevated levels of DCN can
suppress the further development of OPMDs by promoting
the expression of P53 and Met. Overall, a high expression of
DCN may imply a poor prognosis in certain types of
OPMDs, such as OLK, suggesting that DCN’s role in
promoting the development of OPMDs outweighs its
inhibitory effects.

Interestingly, the P53 gene shows high expression in
various OPMDs and is significantly linked to malignant
outcomes. However, P53, a tumor suppressor gene, has been
extensively studied in the literature. Drugs targeting the P53
gene for treating malignant tumors, like APR-246 [77] and
BOTI-2 [78], have entered clinical trials. The connection
between these two aspects is paradoxical, and the molecular
mechanisms are still not fully understood. This
phenomenon, where DCN acts as a tumor suppressor gene
but exhibits a potential promoting role in the malignant
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transformation of OPMDs, is reminiscent of the interaction
between DCN and P53 that may facilitate the malignant
transformation of OPMDs, indicating the need for further
investigation.

Abnormal expression of DCN is also observed in the
cancer progression of other sites such as the mammary duct.
The expression of DCN decreases gradually during the
development of mammary duct cancer, but it abnormally
increases in the later stages [60,79]. Conversely, in the
progression of cervical cancer, there is a trend of decreasing
expression of DCN [80]. This differs from the expression
pattern of DCN in the progression of oral mucosal

carcinogenesis.
Some researchers’ findings are biased, for instance, P53
shows a significant  association  with  malignant

transformation in OLK, but not in OSF. This may be
attributed to the fact that most researchers primarily utilize
methods such as PCR, immunohistochemistry (IHC), and
western blot (WB) to detect the expression of target proteins
or mRNA. The outcomes are influenced by various factors,
including sample size, sensitivity of experimental techniques,
timing, and location of sampling, as well as the use of
antibodies from different companies. The multitude of
possible reasons and their inherent difficulty to fully control
may lead to conflicting results among different researchers.
Supplementing with additional testing methods or
conducting detections at other molecular levels, such as co-
immunoprecipitation and enzyme-linked immunosorbent
assay (ELISA), could potentially enhance the accuracy of the
results.

Many studies only focus on the detection of a single or a
few specific molecules in OPMDs, and the results may not
fully reflect reality. For example, molecules such as P53 and
Met, known to inhibit the progression of cancer, have
shown  significant  correlations  with  malignant
transformation in OLK and OSF. Therefore, in future
research, expanding the variety of molecules related to DCN
may provide a more accurate reflection of the true role of
DCN in OPMDs and the development of oral mucosal
carcinogenesis.

This also suggests that further exploration is needed on
the role of DCN in OPMDs, particularly the interaction
between P53 and DCN, and the need for focused research
in OPMDs with higher rates of malignant transformation
such as OEL.

The role of DCN in OSCC

Several studies have demonstrated decreased levels of DCN
expression in OSCC tissues. Liu et al. [81] discovered that
DCN expression in OSCC tissues was significantly lower
than in normal tissues. Saleem et al. [82] discovered that the
expression of DCN is also lower in squamous cell carcinoma
of the tongue compared to normal tissues.

The role of DCN in OSCC proliferation

Lai found that the expression of DCN protein in OSCC was
significantly lower than in normal gingival tissues [83]. The
level of DCN expression was negatively correlated with
OSCC malignancy. As the tumor differentiation degree
decreased, DCN expression gradually reduced. After

583

upregulating the DCN gene expression, the levels of
EGFR and C-Myc in human oral squamous carcinoma cells
(HSC-3) decreased, while p21 expression increased. Guo
confirmed this phenomenon through animal model
experiments [84].

In OSCC, DCN may up-regulate p21 expression through
the EGFR pathway. Additionally, through the Met pathway,
DCN can bind to Met to form dimers, leading to the down-
regulation of the oncogenic gene C-Myc. This down-
regulation of C-Myc expression promotes p2l expression,
which directly halts the cell cycle, thereby inhibiting tumor
growth and metastasis [85,86]. These findings align with
other scholars’ research on DCN’s role in inhibiting tumor
formation [27,87].

DCN exerts its anticancer effects through various
pathways. Further exploration is needed to understand how
DCN inhibits tumor proliferation in OSCC, particularly
through pathways involving TGF-f. The interaction between
DCN and TGF-p strongly inhibits the proliferation of
different cancer cell lines. This inhibition may be attributed
to the binding of DCN to TGF-f1, leading to its segregation
in the ECM and restricting its biological activity [88].

The role of DCN in OSCC angiogenesis

Tumors require neovascularization to deliver micronutrients
and oxygen to the growing tumor in order to progress to
clinically significant sizes. Dil and other researchers
demonstrated that the expression of DCN can significantly
influence the angiogenic capacity in tumors [89]. Lowering
DCN expression markedly inhibited the expression of IL-8,
VEGF, and ANG-1. This inhibition may result from
reduced IL-8 expression and the impact of ANG-1 on
endothelial cell proliferation and migration. The findings of
this study suggest a potential role of DCN in promoting
angiogenesis in OSCC, which contradicts previous research.
While numerous studies have confirmed the vasopressor
effect of core proteoglycans in various types of tumors,
including OSCC, and their down-regulation is linked to
tumor vascularization levels in different cancer types [90-
92]. Further investigation is required to validate the
involvement of DCN in OSCC angiogenesis from multiple
perspectives and to elucidate other angiogenic factors
associated with DCN, such as TSP-1, TIMP-3, and AMPK.

The role of DCN in OSCC invasion and metastasis

Dil and other researchers demonstrated that silencing DCN
expression in OSCC led to decreased migration and
invasion of OSCC [93]. This could be attributed to the
downregulation of IL-8 expression by silencing DCN, which,
as a growth factor secreted by OSCC, enhances MMP-7
expression, thereby inhibiting OSCC migration and
proliferation. Nevertheless, the presence of DCN in OSCC
lymph node metastasis has not been demonstrated,
warranting further investigation.

In summary, DCN may inhibit the proliferation,
invasion, and metastasis of tumor cells through pathways
such as EFGR and Met during the developmental process of
OSCC. However, as a bi-directional angiogenesis regulator,
DCN has been shown to promote angiogenesis in OSCC,
which plays a positive role in its development. DCN can
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inhibit tumor cell proliferation, invasion, and metastasis by
upregulating the expression of IL-8 and MMP-7.
Additionally, DCN can also positively impact OSCC
invasion and metastasis through the promotion of IL-8 and
MMP-7 expression. Thus, DCN can influence the
progression of OSCC through both inhibitory and
promotive mechanisms. Overall, its effect is inhibitory as
evidenced in animal model experiments [84], although its
role in humans remains unclear.

Current studies have shown that the antitumor activity of
DCN includes several aspects. It promotes tumor cell
autophagy to inhibit tumor progression [94], promotes
endothelial cell autophagy to affect angiogenesis [33-36],
and regulates immune and inflammatory responses [95-97].
However, these aspects are still missing in the current
studies on the mechanism of DCN’s role in OSCC. The
significance of tumor cell autophagy and immunity in
tumorigenesis and development has garnered increasing
attention, indicating a promising avenue for further research.

DCN as a Biomarker of OSCC Prognosis

The treatment of OSCC primarily revolves around surgery,
complemented by radiotherapy and/or chemotherapy.
However, it is disheartening to note that such treatments
have not significantly prolonged the survival of these
patients [98,99]. Over the past two decades, the five-year
survival rate has consistently hovered around approximately
60% [100]. One significant factor leading to poor prognosis
in OSCC patients is the difficulty in early diagnosis. Early
screening and timely therapeutic interventions can
effectively halt the progression of OSCC, thereby increasing
the survival rate of patients by 80% [101,102]. Early
diagnosis of OSCC relies on clinical examination by
physicians, however, some early symptoms of OSCC
resemble oral ulcers or OPMDs, leading to potential
confusion and resulting in misdiagnosis or underdiagnosis.
The gold standard for diagnosing OSCC is pathological
biopsy, yet the invasive nature of this procedure and
variations in sampling sites may yield different pathological
diagnoses. Therefore, there is an urgent need for methods
with high specificity, operability, and non-invasive or
minimally invasive techniques, such as detecting biomarkers
in serum or saliva, to assist clinicians in screening for
OSCC. Identifying reliable biomarkers is a crucial means for
early diagnosis and prognostic prediction of OSCC.
Currently, OSCC commonly includes the following types of
biomarkers: IHC markers, such as PD-L1 [103,104], pl6
[105,106], EGFR [107]; serological markers, including
Carcinoma-specific carcinoembryonic antigen (CEA) [108],
CA-125 [109,110], CYFRA 21-1 [111]; salivary markers,
such as IL-1pB, IFN-y, TNF-a, IL-6, IL-8 [112,113].

Wu et al. [114] discovered that individuals with high
plasma DCN content had a significantly reduced risk of
esophageal squamous cell carcinoma (ESCC) compared to
those with low plasma DCN content. This finding was
observed in both early and late ESCC patients” plasma. The
reduced expression level of DCN serves as a reference for
the early non-invasive detection of ESCC and suggests its
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potential as a biomarker for the early diagnosis and
prognosis of OSCC.

Research by Seema and others shows that the low
expression of DCN is significantly correlated with the
overall survival rate of OSCC patients [59]. Kasamatsu and
colleagues discovered that S-1 NAC chemotherapy
sensitivity is high in OSCC patients with low DCN
expression compared to those with high DCN expression,
indicating a potential relationship between DCN and patient
prognosis [115]. DCN may serve as a potential biomarker
for early diagnosis and prognosis prediction in OSCC patients.

DCN is also linked to the prognosis of SCC in various
locations. Ji and colleagues discovered that the Kaplan-
Meier survival curve indicates a strong correlation between
positive FHL1 and DCN expression and the prognosis of
ESCC patients [116]. Furthermore, multivariate analysis
revealed that the positive expression of FHL1 and DCN
serves as an independent prognostic indicator for the overall
survival of ESCC patients. Research by Biaoxue et al
demonstrates that the expression levels of DCN and p57
exhibit a positive correlation with the postoperative survival
period of LSCC patients [117]. Additionally, low DCN
expression is identified as a negative prognostic factor.

In conclusion, DCN holds the potential as a prognostic
marker for OSCC and may serve as a minimally invasive
early diagnostic marker in plasma. The downregulation of
DCN may indicate an unfavorable prognosis for OSCC
patients. If further research can establish the relationship
between DCN expression in tissues, serum, or saliva and the
prognosis of OSCC patients, it may lay the foundation for
future clinical studies to predict the prognosis of OSCC
patients through immunohistochemistry, serum, or saliva
testing of DCN expression. This could offer new insights for
early diagnosis and prognosis prediction of OSCC.

Conclusion

Oral mucosal carcinogenesis progresses due to the
complex interactions of genetic and environmental factors.
Malignant cells interact continuously with the surrounding
environment, with the extracellular matrix (ECM) playing a
crucial role in this interaction. DCN, a significant ECM
component, binds to various large molecular proteins to
perform diverse functions. Upon binding to various
receptors, DCN regulates crucial processes essential for
tumor growth, invasion, and progression. These processes
include the regulation of endothelial cell autophagy, tumor
cell mitochondrial autophagy, cell cycle arrest, inflammation,
and angiogenesis. DCN exerts tumor-suppressive effects by
inhibiting tumor proliferation, regulating angiogenesis, and
inducing inflammation and autophagy. It can be a promising
target for tumor treatment and prognosis-related research.

In previous studies, it has been observed that the results
from different researchers seem to vary, for instance, the
association between EGFR regulated by DCN and the
malignant transformation of OPMDs has shown different
outcomes [118,119]. Various methods were employed in
these studies to verify the expression of the target protein,
including THC and fluorescence in situ hybridization
(FISH), which could be one of the reasons leading to
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disparate results. Researchers may opt for different
experimental approaches, and the inconsistency in methods
could impact the outcomes significantly. Therefore, selecting
appropriate experimental methods is crucial for the accuracy
of the results. For example, IHC is commonly used for the
localization of target proteins and allows for semi-
quantitative analysis; whereas WB enables a more precise
semi-quantitative analysis of proteins; FISH can be utilized
for the analysis of metaphase chromosomes and interphase
cells, offering safety, speed, high sensitivity, and the ability
to preserve probes for an extended period.

In the process of oral mucosal carcinogenesis, the
expression of DCN shows a trend of initial increase
followed by decrease, with an increase in DCN expression
observed in OPMDs, while a decrease in expression is seen
in OSCC, further decreasing with decreasing degree of
differentiation. This pattern is inconsistent with the
expression observed in the transformation process of
squamous cell carcinoma in other sites [60,79,80].

In OPMDs, the expression of DCN is elevated. Among the
genes associated with DCN, the expression of P53 and Met is
increased, which is correlated with the malignant progression
of OPMDs. Additionally, TGF-Bl1 is decreased, VEGF
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promote the malignant transformation of OPMDs. Overall,
in certain types of OPMDs, such as OLK, the high
expression of DCN may suggest a poor prognosis, indicating
that the promoting effect of DCN in the development of
OPMDs may outweigh its inhibitory effect. In OPMDs, the
high expression of DCN is more likely to be associated with
a poor prognosis.

DCN can influence angiogenesis within OSCC, and its
expression is closely associated with other biomarkers such
as IL-8, VEGF, and ANG-1 in OSCC. DCN specifically
manifests in promoting angiogenesis in OSCC. The
occurrence and progression of OSCC are closely related to
DCN, which may be associated with its proliferation,
migration, and invasive abilities. The expression of DCN
decreases with the degree of tumor differentiation. DCN
inhibits the proliferation of OSCC through the EGFR and
Met pathways and enhances the expression of IL-8 and
MMP-7, thereby promoting the invasion and metastasis of
OSCC. DCN can be utilized as a biomarker for the early
diagnosis and prognosis of OSCC. Low DCN expression is
an independent factor associated with mucosal cancer
transformation and poor prognosis in patients with OSCC,
Table 2.

TABLE 2

The role of DCN in the process of oral mucosal carcinogenesis

Stage  DCN expression Relationship between DCN expression and Possible mechanisms of action
disease
OPMDs Increased Affects microvessel density; positively correlated ~ Promoting the expression of VEGF-A while
with adverse prognosis inhibiting that of TGF-B1; enhancing the
expression of the P53 and Met genes
OSCC  Decreases and Negative correlation with malignancy; positive Regulates the expression of EGFR, C-Myc and

decreases with the
degree of
differentiation

correlation with prognosis; no significant
correlation with lymph node metastasis

p21; correlates with IL-8, MMP-7, VEGF and
ANG-1 expression

expression is increased, and angiogenesis is enhanced. DCN
may have a dual effect in OPMDs. On one hand, high
expression of DCN can activate the VEGF pathway, inhibit
the TGF-B1 pathway, increase the expression of VEGF-A,
promote the formation of blood vessels in tissues, thus
facilitating the further development of OPMDs. The
inhibition of TGF-PI1 is also a contributing factor to the
pathogenesis of some OPMDs. On the other hand, high
expression of DCN may promote the expression of P53 and
Met, inhibiting the further progression of OPMDs.
Surprisingly, P53, known as a tumor suppressor gene, has
been extensively documented in numerous studies. However,
it exhibits high expression in various OPMDs and is
significantly associated with malignant outcomes, presenting
a contradictory relationship with its canonical role. The
molecular mechanisms underlying this phenomenon remain
unclear. The phenomenon is similar to DCN, which, as a
tumor suppressor gene, may exhibit a potential promoting
role in the malignant transformation of OPMDs. This
implies that the interaction between DCN and P53 may

The findings suggest that DCN positively influences the
advancement of oral mucosal carcinogenesis, serving as a
potential biomarker and therapeutic target for the early
detection and treatment of OSCC. Although significant
advancements have been made in this research area, several
issues remain unclear. For instance, does DCN contribute to
the process of oral mucosal carcinogenesis by inducing
endothelial cell autophagy and tumor cell autophagy? Does
it promote or inhibit this process? Does its role vary at
different stages of the carcinogenic process? Do the
functions of tumor suppression, angiogenesis, cell
autophagy, and others mediated by DCN act independently
or synergistically? Further research is needed to
comprehensively understand the role and mechanism of
DCN in the progression of oral mucosal carcinogenesis.

In conclusion, DCN exhibits a bidirectional effect in the
progression of oral mucosal carcinogenesis, showing an initial
increase followed by a decrease, which decreases with the
differentiation of OSCC. DCN is highly expressed in
OPMDs and may be associated with malignant
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transformation. This may be related to the increased
expression of P53 in OPMDs. Decreased expression of DCN
in OSCC can impact angiogenesis, and inhibit tumor cell
proliferation, migration, and invasion, making it a potential
marker for predicting poor prognosis in OSCC patients.
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