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Abstract
Despite advances in diagnosis and treatment, gastric 
cancer remains one of the most common malignant 
tumors worldwide, and early diagnosis remains a 
challenge. The lack of effective methods to detect 
these tumors early is a major factor contributing to the 
high mortality in patients with gastric cancer, who are 
typically diagnosed at an advanced stage. Additionally, 
the early detection of metastases and the curative 
treatment of gastric cancer are difficult to achieve, and 
the detailed mechanisms remain to be fully elucidated. 
Thus, the identification of valuable predictive bio-
markers and therapeutic targets to improve the 
prognosis of patients with gastric cancer is becoming 
increasingly important. Contactin 1 (CNTN1), a cell 
adhesion molecule, is a glycosylphosphatidylinositol-
anchored neuronal membrane protein that plays an 
important role in cancer progression. The expression 
of CNTN1 is upregulated in primary lesions, and its 
expression level correlates with tumor metastasis in 
cancer patients. The current evidence reveals that the 
functions of CNTN1 in the development and progression 
of cancer likely promote the invasion and metastasis 
of cancer cells via  the VEGFC/FLT4 axis, the RHOA-
dependent pathway, the Notch signaling pathway and 
the epithelial-mesenchymal transition progression. 
Therefore, CNTN1 may be a novel biomarker and a 
possible therapeutic target in cancer treatment in the 
near future.
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that are involved in signaling pathways have been 
identified, and these may have potential prognostic 
value and application as novel therapeutic targets.

BIOLOGY-BIOCHEMISTRY OF CNTN1 IN 
NON-CANCER DISEASE 
CNTNs are a subpopulation of molecules belonging to 
the immunoglobulin (Ig) superfamily, which contains 
six members: CNTN1, TAG-1/CNTN2, BIG-1/CNTN3, 
BIG-2/CNTN4, NB-2/CNTN5 and NB-3/CNTN6[19,20]. 
CNTN1, as the first identified member of the CNTN 
family of CAMs[21], was mapped to the chromosome 
12q11-q12 region and exhibits a common structure 
of six C2 Ig-like repeats, four fibronectin type Ⅲ 
(FNIII) domains, and a glycosylphosphatidylinositol 
(GPI)-linkage at the carboxy-terminus that anchors 
the protein to the extracellular plasma membrane[22] 
(Figure 1).

Previous investigations involving limited organs and 
diseases have revealed that CNTN1 is highly expressed 
in the human brain and neuronal tissues and is of vital 
importance for nervous system development. The gene 
plays a critical role in neuronal and glial development 
and differentiation, in myelination and synaptogenesis, 
and in fasciculation[19,23-27]. Indeed, CNTN1 mediates 
neuron-glial interactions mainly through binding with 
elements [tenascin-C, tenascin-R, and receptor protein 
tyrosine phosphatase β (RPTPβ)/phosphagen] in the 
extracellular matrix, leading to axonal growth and 
fasciculation[21]. Interestingly, since the discovery of 
specific interactions between CNTN1 and PTPRZ[20,28], 
it is widely accepted that the transmembrane form of 
PTPRZ expressed on glial cells interacts in trans with 
CNTN1 expressed on the surface of axons, leading to 
neurite outgrowth and glial adhesion[29,30]. Unlike the 
general conception, the most recent study concluded 
that CNTN1 expressed on the surface of oligodendrocyte 
precursor cells (OPCs) interacts with a soluble form 
of PTPRZ to modulate the proliferation of OPCs[31]. 
Other major functions of CNTN1 include serving as 
a ligand to the Notch receptor, thereby influencing 
oligodendrocyte maturation[27], and interacting in 
cis with receptor protein tyrosine phosphatase α to 
transduce extracellular signals to tyrosine kinase FYN[32], 
thereby regulating cell mobility[33]. Furthermore, the 
CNTN1 expression level has been found to decrease 
as patients exhibit age-related declines in memory[34], 
to progressively increase during postnatal life[35] and 
to enhance neurogenesis, synaptic plasticity and 
memory[36], suggesting that it may be involved in 
memory processes, consistent with the results of 
studies investigating its participation in some forms of 
synaptic plasticity and in neurotransmitter release[37]. In 
addition to the roles described above, CNTN1 has been 
correlated with devastating brain disorders such as 
autism and schizophrenia[38].
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issue, and the investigation of therapeutic targets and 
biomarkers is of great importance. The accumulated 
evidence demonstrates that contactin 1 (CNTN1) plays 
a crucial role in cancer progression. In this manuscript, 
the role of CNTN1 in cancer is discussed and the 
mechanisms through which CNTN1 mediates the 
invasion and metastasis of cancer cells are summarized.
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INTRODUCTION
Gastric cancer (GC) remains a global cancer burden, 
with a total of 9896000 new GC cases and 738000 
deaths in 2008, accounting for 8% of the total cancer 
cases and 10% of the total cancer-related deaths[1], 
which makes GC the fifth most common malignancy 
and the third leading cause of death in the world[1,2]. 
More than 70% of GC cases occur in developing 
countries, and half of the total number of GC cases 
around the world occur in East Asia (mainly China)[3]. 
Although various factors, including early detection 
strategies[4,5] and improvements in living standards[6,7], 
have contributed to the observed decrease in the 
incidence of GC, it remains one of the most frequently 
occurring cancers, and the early diagnosis and 
effective treatment of GC remain challenging. Early 
in the disease course, patients with GC experience 
nonspecific symptoms, and most GC patients are 
diagnosed with advanced GC due to a lack of early-
stage symptoms; late-stage diagnoses are generally 
too late for effective treatment, resulting in a five-year 
survival rate of only approximately 20%[8].

At present, the effects of conventional chemotherapy, 
radiotherapy and immunotherapy are generally not 
satisfactory, and surgery remains the main choice for 
the treatment of patients with GC if R0, or at least R1, 
resection can be achieved. Despite developments in 
oncology theory, surgical technique, operative skill 
and chemotherapy in recent decades, metastasis and 
post-surgery recurrence are critical obstacles to the 
curative treatment of GC in patients with metastatic 
cancer[9]. Thus, a comprehensive investigation of the 
mechanisms of initiation and progression of GC is 
crucial for the identification of novel, sensitive and 
specific biomarkers for early diagnosis and for the 
detection of potential therapeutic targets. In recent 
years, several novel targets and biomarkers for GC 
such as long noncoding RNAs[10], promoter methylated 
microRNAs[11], circulating microRNAs[12], and the 
EZH2[13], SPARC[14], EPHA2[15,16] and CNTN1 genes[17,18] 



RELEVANCE OF CNTN1 IN CANCER 
PROGRESSION
Despite the increasing number of studies focusing on 
the regulatory roles of CNTN1 in the nervous system, 
little attention has been paid to its function outside of 
the nervous system. Strikingly, several recent studies 
have demonstrated that CNTN1 also plays a key 
role in diseases not related to the nervous system, 
and its most notable function is its participation in 
cancer progression in cancers such as esophageal 
squamous cell carcinoma (ESCC)[39], GC[40], lung 
adenocarcinoma[17,41], oral squamous cell carcinoma 
(OSCC)[42], hepatocellular carcinoma[43] and prostate 
cancer[44], which is in agreement with accumulating 
evidence supporting the finding that certain members 
of the Ig superfamily promote the invasion and 
metastasis of cancer[45,46]. Moreover, the 12q11-q12 
chromosomal region, the location of CNTN1, is a 
breakpoint region in certain types of cancer, further 
demonstrating that CNTN1 plays a potential role in 
tumor formation and/or advancement. Su et al[17,41] 
first described CNTN1 as a metastasis-promoting 
oncogenic gene.

In a study of the crucial regulatory genes responsible 
for the invasion and metastasis of cancer cells, Su 
et al[17] unexpectedly discovered, through genome-
wide cDNA microarray analysis, that CNTN1, which 
is detected in primary lung cancer, plays an essential 
role in lung cancer metastasis. These researchers 
demonstrated that the expression level of CNTN1, 
which is differentially expressed in tumor tissues, is 
positively correlated with the tumor stage and lymph 
node metastasis and negatively correlated with the 
prognosis of patients with lung adenocarcinoma. 
Similarly, reduced CNTN1 expression has been 
found to result in impairments in the ability of lung 
adenocarcinoma cells to invade Matrigel in vitro, 
the polymerization of filamentous-actin and the 
formation of focal adhesion structures. Additionally, the 
knockdown of CNTN1 in lung cancer cells specifically 
inhibits their ability to metastasize, but not their 
proliferation in vitro, and abolishes their metastatic 

capacity to increase survival but not the formation 
of subcutaneously transplanted tumors in an animal 
model, suggesting that CNTN1 plays a crucial role in 
the invasion and metastasis of lung cancer cells[17]. In 
support of this finding, Su et al[41] also demonstrated 
that the upregulation of CNTN1, induced by the 
VEGFC/FLT4 axis through the activation of the SRC/p38 
MAPK-mediated CEBPA-dependent signaling pathway, 
may enhance the invasive capacity of different types of 
cancer cells (e.g., lung, cervical and breast cancers). 
Consistent with these reports, the tobacco carcinogen 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone 
(NNK) has been reported to enhance the invasiveness 
of lung cancer cells by elevating the expression level 
of CNTN1, which is regarded as a downstream effector 
of NNK via the α7 nicotinic acetylcholine receptor (α7 
nAChR) downstream of the AKT and extracellular 
signal-regulated kinase (ERK) signaling pathway[47].

Since the discovery of the CNTN1-mediated 
invasion and metastasis of lung cancer cells, it has 
become increasingly evident that CNTN1 is also of 
critical importance in the induction of the invasion and 
metastasis of other cancer cells. Recent studies have 
revealed that the knockdown of FLT4 in human GC 
MKN45 cells using a short hairpin RNA lentiviral vector 
contributes to the downregulation of the downstream 
molecule CNTN1, indicating the possible involvement 
of CNTN1 in the invasion and metastasis of human 
GC cells[40]. Furthermore, CNTN1 is considered a 
recurrently mutated cell adhesion gene. Moreover, cell 
adhesion is the most highly enriched biological process 
among the mutated genes in the GC exomes[48]. More 
importantly, the mRNA and protein expression levels 
of CNTN1 are increased in primary lesions compared 
with adjacent normal gastric mucosal tissue[18,49]. 
The expression level of CNTN1 in primary lesions is 
significantly related to VEGFC or FLT4 expression; 
positively correlated with lymphatic invasion, lymph 
node metastasis and the TNM stage of patients with 
GC; and inversely associated with the prognosis of 
these patients. Moreover, patients with CNTN1-positive 
expression show a higher lymphatic vessel density 
(LVD)[18]. Taken together, the results show that CNTN1 
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Figure 1  Schematic representation of the structure of contactin 1. Contactin 1 (CNTN1) is composed of an N-terminal signal peptide, six C2 immunoglobulin (Ig)-
like repeats, four fibronectin type III-like domains and a glycosylphosphatidylinositol (GPI)-anchor at the carboxy-terminus linked to the plasma membrane.
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approach can be performed to assess the interactive 
effects of environmental influences and disease molecular 
signatures on disease progression and enables us to 
obtain novel pathogenic insights regarding causality[58]. 
In conclusion, the gene encoding CNTN1, a factor that 
potentially accelerates cancer progression, should be 
further investigated with the ultimate aim of developing 
an effective cancer treatment.

MECHANISM THROUGH WHICH CNTN1 
PROMOTES CANCER METASTASIS
Despite mounting evidence supporting the influence 
of CNTN1 on cancer metastasis, insights into the 
underlying mechanisms responsible for this process 
remain to be discovered for the development of 
targeted therapy. At present, several studies have 
shown that a variety of signaling pathways are involved 
in CNTN1-mediated cell functions. CNTN1 is a GPI-
anchored neuronal membrane protein that functions 
as a neural cell adhesion molecule (NCAM) and has 
been observed to interact with other cell-surface 
proteins that are thought to participate in a variety of 
signaling pathways and cell functions in the nervous 
system[20,25,31]. As previously reported, CNTN1 interacts 
in trans with RPTPβ to facilitate neurite outgrowth[29] 
and in cis with RPTPα to transduce extracellular signals 
to FYN kinase[32], a member of the SRC kinase family 
that modulates cell mobility[33,59]. In addition, the 
involvement of Notch signaling pathways in CNTN1-
mediated cell function has been demonstrated. 
Nonetheless, the mechanism through which CNTN1 
promotes the metastasis of cancer cells remains 
unclear.

Recently, the VEGFC/FLT4 axis, which stimulates 
the upregulation of CNTN1 expression, has emerged 
as a central feature of CNTN1-induced cancer cell 
metastasis[41]. Su et al[41] concluded that the expression 
of VEGFC/FLT4 correlates with the stage and lymph 
node metastasis of cancer and the survival of cancer 
patients and that the VEGFC/FLT4 axis promotes the 
migration and invasion of cancer cells. Investigations 
into the functional linkages between CNTN1 and 
VEGFC/FLT4-induced cell invasion revealed that CNTN1 
is involved in cancer cell invasiveness and acts as a 
downstream effector of the VEGFC/FLT4 signaling 
pathway, in which SRC/p38 MAPK-mediated CEBPA 
signaling is required for VEGFC/FLT4-mediated CNTN1 
expression. Furthermore, rearrangements of F-actin-
containing microfilament bundles have been found in 
VEGFC/FLT4-mediated CNTN1 expression, indicating 
that the VEGFC/FLT4 axis regulates cancer cell invasion 
via CNTN1-dependent F-actin (a member of the actin 
cytoskeleton) rearrangement in cancer cells[41]. Indeed, 
F-actin is regularly polymerized and depolymerized 
in migratory cells and is required for cell motility[60]. 
Furthermore, RHO genes, including CDC42, RAC1, 
and RHOA, are best characterized by their effects on 

may facilitate the invasion and metastasis of GC cells 
and may be a valuable indicator of poor prognosis in 
patients with GC.

In addition to these observations associated with GC, 
previous studies have demonstrated CNTN1 expression 
in upper gastrointestinal cancers and have noted its 
involvement in esophageal cancer[50] and ESCC[39] 
and OSCC[42]. As previously reported, the expression 
of CNTN1 is closely correlated with that of VEGFC 
because VEGFC can induce the recruitment of CEBPA 
to bind with the CNTN1 promoter[41]. Interestingly, the 
enhancement of the migration of esophageal cancer 
cells, which is attributable to a corresponding increase 
in VEGFC expression, is significantly reversed through 
a reduction in CNTN1 expression[50], suggesting that 
CNTN1 may play a key role in the VEGFC-induced 
migration of esophageal cancer cells. Moreover, the 
mRNA and protein expression levels of CNTN1 have 
been found to be elevated in ESCC tissues by real-time 
PCR and immunohistochemistry and to be significantly 
correlated with the ESCC stage, lymph node metastasis 
and lymphatic invasion, indicating the participation of 
CNTN1 in esophageal cancer progression[39]. Therefore, 
inhibitors against CNTN1 may be a promising therapy 
for ESCC. Similarly, CNTN1 is overexpressed in patients 
with OSCC. High expression of CNTN1 is markedly 
correlated with regional lymph node metastasis in 
patients with OSCC. CNTN1 expression is markedly 
associated with the survival time of patients with 
OSCC. The knockdown of CNTN1 expression decreases 
the invasion potential of OSCC cells, but CNTN1 
ablation exerts no effect on the proliferation of OSCC 
cells, confirming that CNTN1 promotes the malignant 
progression of OSCC through an exclusive activation 
of the metastatic potential. Thus, CNTN1 may be a 
useful predictor of prognostic outcome in patients with 
OSCC[42].

Studies on the identification of new genes asso-
ciated with melanoma have suggested that CNTN1, as 
an activator of Notch signaling, has been overlooked 
as a key factor in the progression of melanoma 
and should be investigated in greater depth[51]. The 
deregulation of CNTN1 mRNA expression has also been 
demonstrated in endometrial adenocarcinoma (EAC). 
The expression level of CNTN1 is higher in late-stage 
than early-stage EAC[52]. Additionally, CNTN1 has been 
reported to be involved in human astrocytic gliomas[53], 
glioblastoma[54], hepatocellular carcinoma[43] and 
prostate cancer[44]. 

Recent data have indicated that several genetic 
and epigenetic changes have an influence on patient 
prognosis and survival[55-57]. The field of “molecular 
pathological epidemiology (MPE)”, addressing the basic 
heterogeneity of disease processes, has emerged as 
an interdisciplinary integration of “molecular pathology” 
and “epidemiology” that aims to understand the 
interplay among etiological factors, cellular molecular 
characteristics and disease evolution. The holistic MPE 
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the cytoskeleton and cell adhesion. Interestingly, the 
activity of the small GTP-binding protein RHOA has also 
been demonstrated to be involved in CNTN1-induced 
F-actin polymerization and cell invasion[17]. In addition 
to the VEGFC/FLT4 axis and the RHOA-dependent 
pathway, Notch signaling may play a partial role in 
CNTN1-mediated cancer cell invasion. In melanoma, 
the activation of Notch signaling appears to be of 
vital importance throughout tumor progression. For 
example, the activation of Notch1 in primary melanoma 
cells leads to a more metastatic phenotype[61]. Indeed, 
CNTN1, an activator of Notch, has been identified as a 
novel melanoma-associated biomarker[51]. Hence, the 
interaction between CNTN1 and Notch signaling may 
be a crucial factor in melanoma progression.

In addition to signaling, other factors play important 
roles in CNTN1-mediated cancer cell metastasis. It 
has been revealed that CNTN1 promotes cancer cell 
invasion through the inhibition of CDH1 (E-cadherin) 
expression[49]. The downregulation of E-cadherin is 
largely achieved through transcriptional regulatory 
mechanisms, including SNAIL, SNAI2, TWIST, ZEB1 
and SIP1[62]. CNTN1 may indirectly inhibit E-cadherin 
through the upregulation of transcriptional factor 
SNAI2 rather than SNAIL. In addition, CNTN1 may 
decrease E-cadherin at the gene level as well as 
the transcriptional level. The mechanism through 
which the inhibition of the PH domain and leucine-
rich repeat protein phosphatase 2 (PHLPP2), instead 
of phosphatase and tensin homolog (PTEN), results 
in AKT activation explains how CNTN1 reduces 
E-cadherin expression[63]. Furthermore, as previously 

demonstrated, the loss of E-cadherin is a major 
contributor to the invasion and metastasis of cancers[64]. 
The epithelial-mesenchymal transition (EMT) of cancer 
cells may provide a novel perspective for the theory 
of cancer stem cells (CSCs) and stem cell research in 
the relevant field of cancer progression. Thus, CNTN1 
represses E-cadherin expression in cancer cells through 
the acquisition of a more invasive phenotype. Overall, 
CNTN1 induces the migration and invasion of cancer 
cells through a combination of the above-described 
mechanisms (Figure 2).

CHALLENGES AND ADVANCES IN THE 
PREVENTION OF CANCER METASTASIS 
AND RECURRENCE, PARTICULARLY IN 
GC
Recent advances in understanding the mechanism of 
cancer metastasis
The origin of cancer has long been debated. The 
concept of clonal evolution, which explains how 
a set of clone cells accumulate mutations over a 
period of time to result in damage to normal cells 
and ultimately cancer, remains widely accepted as 
explaining the origin of cancer[65]. The theory of CSCs, 
so-called “tumor-initiating cells”, was first proposed 
in 1994[66], explaining how a small subpopulation of 
cells with self-renewal and pluripotency capabilities 
can explain why some cancer patients will likely 
relapse with metastatic and/or recurrent cancer even 
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Figure 2  Graphic representation of the molecular mechanisms underlying the contactin 1-induced migration and invasion of cancer cells. Contactin 1 
(CNTN1) serves as a downstream effector of the vascular endothelial growth factor C (VEGFC)/FLT4 axis, which activates SRC/p38 mitogen-activated protein kinase 
(MAPK)-CEBPA signaling. CNTN1 regulates F-actin rearrangement with the aid of RhoA and activates Notch signaling. Furthermore, CNTN1 inhibits E-cadherin 
through the activation of SNAI2 as well as the upregulation of AKT, which result from the CNTN1-induced inhibition of PHLPP2. These mechanisms of CNTN1 
contribute to the migration and invasion of cancer cells. PHLPP2: PH domain and leucine rich repeat protein phosphatase 2.
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though the primary neoplasm has been completely 
resected. Mounting lines of evidence have indicated 
that CSCs play a crucial role in cancer recurrence and 
metastasis and exhibit resistance to chemotherapy 
and radiotherapy[67]. The presence of human CSCs 
has been confirmed in solid tumors, including breast, 
colon, pancreas, prostate[68] and stomach cancers[69,70]. 
However, the maintenance of CSCs can largely depend 
on their microenvironment (the stem cell niche), which 
can protect CSCs from extrinsic stimuli. Overall, the 
CSC niche is composed of proteins, cellular elements 
(e.g., macrophages, fibroblasts, and endothelial 
cells), and structural moieties (e.g., E-cadherin) that 
interact with each other to protect CSCs. In addition, 
several signaling pathways [e.g., WNT, Notch, TAB2 
(TGF-β) and NF-κB] participate in the maintenance of 
the undifferentiated state of CSCs[65,71]. Therefore, in 
the current theory, the CSC niche is a prerequisite for 
carcinogenesis[71]; thus, the therapeutic targeting of 
this niche is of great interest.

Similarly, it has been widely acknowledged that 
CAMs play an important role in cancer progression as 
well as cancer cell invasion and metastasis[72]. Consistent 
with the identification of several signaling pathways 
that trigger EMT involved in CSC development[73], 
researchers have demonstrated that the EMT of 
cancer cells can result in the properties of migration, 
invasion and CSCs[74,75]. Loss of E-cadherin expression 
is regarded as the hallmark of the invasive phase of 
cancer. Moreover, the reversible switch of the EMT, which 
is termed the mesenchymal-to-epithelial transition 
(MET), is considered to participate in the establishment 
and stabilization of distant metastases in the target 
organ by allowing cancerous cells to regain an epithelial 
identity and thereby regain their proliferating ability[76].

Similarly, the EMT participates in the progression 
of GC and endows GC cells with the properties of 
migration and invasion, thus promoting cancer 
metastasis. This multi-step process includes the loss of 
cellular adhesion molecules, promoting cell adhesion 
to the extracellular matrix (ECM), the degradation of 
the ECM and the motility of tumor cells. Additionally, 
the CSC characteristics acquired by the EMT endow 
GC cells with the abilities to self-renew and to develop 
drug resistance and apoptotic resistance[62].

In recent years, circulating tumor cells (CTCs), 
which are defined as tumor cells originating from either 
the primary tumor or metastatic tissues, have been 
discovered in most epithelial tumors and increase the 
risk of regional recurrence as well as distant metastasis. 
Stem cell properties and the EMT are commonly 
observed in CTCs, and the phenotype of CTCs is 
regarded as a more attractive predictor of prognosis 
than solely the number of CTCs in the blood[77]. Indeed, 
only a small population of CTCs with some properties 
of stem cells, which are called circulating tumor stem 
cells (CTSCs), can migrate to other targeted organs/
tissues for the development of secondary tumors[78]. 

Strikingly, in addition to their clinical importance as an 
independent predictive biomarker of poor prognosis 
in patients with GC[79], evaluating the number of CTCs 
in therapy may greatly improve the management of 
patients, and recent developments of novel technology 
have enabled the detection of CTCs in cancer pati-
ents[80]. Moreover, a recent study revealed that CTSCs 
provide a more important and specific value for the 
prognosis of in patients with GC[81]. Nevertheless, 
further investigations of the molecular mechanisms 
of CTCs and CTSCs are urgently required to discover 
potential therapeutic targets for the prevention of 
micrometastasis and affecting the migration and TNM 
classification in GC[82], thereby improving the prognosis 
of cancer patients.

Necessity of identifying predictive biomarkers and 
therapeutic targets to improve the prognosis of patients 
with GC
In recent decades, improvements in strategies for 
the detection, treatment and care of patients have 
contributed to a marked decrease in the mortality of 
GC worldwide. It is clear that upper gastrointestinal 
endoscopy is beneficial for improvements in the earlier 
diagnosis of GC. Magnifying endoscopy with narrow-
band imaging (NBI), which is the result of technological 
innovations, has been reported to be more reliable 
for the early diagnosis of GC[83,84], and endoscopic 
submucosal dissection (ESD) is a preferred option 
compared with endoscopic mucosal resection (EMR)[85]. 
For advanced GC, surgery is usually regarded as the 
only curative treatment, whereas perioperatively 
adjuvant chemotherapy can to some extent improve 
the prognosis of resectable GC[86,87]. Advancements 
in surgical techniques, such as laparoscopic surgery 
and robot-assisted gastrectomy[88,89], are beneficial 
to the outcome of patients. Despite these findings, 
limited success has been achieved in the prevention 
of advanced GC, and most patients with GC are 
diagnosed at an advanced stage worldwide due 
mainly to the absence of adequate and appropriate 
screening that would identify gastric cancer in early 
stages, causing the optimal window for curative 
surgery to be missed. However, tumor biomarkers, 
such as the auxiliary analysis of disease-related 
indicators, have drawn increased attention over the 
years. Investigations of the mechanisms of invasion 
and metastasis of GC, which may provide key targets 
for new drug development, are of vital importance. 
Additionally, the identification of predictive and 
prognostic biomarkers can better provide targeted 
therapy for ideal patients.

Notable achievements have been made in mol-
ecularly targeted therapy. The use of the anti-ERBB2 
(HER2) antibody trastuzumab and the anti-KDR 
(VEGFR2) antibody ramucirumab as supplementary 
chemotherapy for patients overexpressing HER2 or 
VEGFR2 receptor has led to significant gains in overall 
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survival compared with chemotherapy alone[86,90]. In 
recent years, the potential molecular target CNTN1 
has been the focus of investigations on its role in 
cancer metastasis. To the best of our knowledge, 
elevated CNTN1 expression levels in primary lesions 
are correlated with lymph node metastasis and the 
prognosis of patients with GC[18]. Thus, CNTN1 may be 
considered a potentially promising prognostic indicator 
and therapeutic target.

POTENTIAL OF CNTN1 AS A 
THERAPEUTIC TARGET AND 
PROGNOSTIC BIOMARKER IN GC
With regard to VEGF-C expression, previous studies 
have revealed a significant difference between positive 
and negative lymph node metastasis in patients 
with GC. VEGFC/FLT4 plays an important role in the 
development of GC, and GC patients overexpressing 
VEGFC/FLT4 in the primary lesion are more likely 
to present with lymph node metastasis[91]. Recent 
investigations have demonstrated that CNTN1 not only 
correlates with VEGFC, FLT4, lymph node metastasis 
and prognosis in patients with GC[18] but also acts 
as a downstream effector of the VEGFC/FLT4 axis 
to mediate GC cell invasion[40]. In addition to these 
findings, CNTN1 seems to promote the migration 
and invasion of GC cells via EMT alteration probably 
induced by inhibition of SNAI2[49]. As a consequence, 
CNTN1 may be a novel prognostic biomarker 
and potential therapeutic target in patients with 
GC. Despite this finding, the mechanism through 
which CNTN1 modulates GC cell invasion and 
metastasis remains incompletely explained. Further 
investigations are therefore required to obtain an in-
depth characterization of its role and the mechanisms 
underlying the invasion and metastasis of GC.

CONCLUSION
CNTN1, a GPI-anchored adhesion molecule, was 
recently found to be overexpressed in various cancer 
tissues, including lung cancer, melanoma, OSCC, 
esophageal cancer, and GC. CNTN1 has been shown 
to not only promote the invasion and metastasis of 
cancer cells but also correlate with tumor metastasis in 
cancer patients. The VEGFC/FLT4 axis, Notch signaling 
and loss of E-cadherin via the inhibition of SNAI2 or 
the activation of AKT may contribute to the CNTN1-
facilitated invasion and metastasis of cancer cells. 
Similarly, the expression level of CNTN1 is correlated 
with lymph node metastasis and the prognosis of 
patients with GC and positively associated with the 
invasion of GC cells. An in-depth understanding of the 
functional aspects of CNTN1 and the full mechanisms 
underlying CNTN1-induced invasion that result in a 
potentially applicable treatment for patients with GC is 
urgently needed. In conclusion, CNTN1 may be useful 

as a potential therapeutic target and biomarker in 
cancer in the future.
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