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Abstract

BACKGROUND

Gastric cancer (GC) remains an aggressive malignancy with a high rate of
mortality, being the third leading cause of cancer-related death. More than one
million newly diagnosed cases and 782685 deaths due to GC were reported in
2018. GC is characterized by limited effective treatment options and the lack of
consistent biomarkers for the diagnosis and prognosis of these patients. The
discovery of new biomarkers useful in the early diagnosis of GC is mandatory.

AIM
To evaluate the potential of COL10A1 as a circulating biomarker for the diagnosis
and prognosis of gastric adenocarcinoma patients.

METHODS

Plasma and tissue obtained from 49 patients with gastric adenocarcinoma have
been used in exploring the expression of COL10A1. Real-time PCR and western
blot techniques were used to evaluate COL10A1 level in gastric tumor tissue
compared to normal adjacent tissue. The circulating level of COL10A1 was also
evaluated by ELISA in plasma of gastric adenocarcinoma patients. Survival
analysis was made in order to evaluate the potential of COL10A1 as a biomarker
for the diagnosis and prognosis of gastric adenocarcinoma patients.

RESULTS

Our results showed a significant increase in COL10A1 gene expression and
protein levels in gastric tumor tissue compared to adjacent normal tissue (P <
0.05). COL10A1 seems to show an elevated expression from the beginning of
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carcinogenesis, in the early stages, and its increased level remains elevated
during cancer progression. A significant increase of COL10A1 plasma level in
gastric adenocarcinoma patients was also identified. Moreover, increased
COL10A1 plasma level was associated with poor survival of the patients. Plasma
COL10A1 performed a diagnostic value in GC with area under the receiver
operating characteristic curve (AUC) of 0.9171 (P = 0.0002), sensitivity of 87.76%,
and specificity of 100.0%. Furthermore, this study demonstrated the potential role
of plasma COL10A1 in the early detection of GC, as in the early stage, we
obtained an AUC of 0.8789 (P = 0.0030), sensitivity of 81.25%, and specificity of
100.0%.

CONCLUSION

Circulating expression level of COL10A1 is significantly increased in gastric
adenocarcinoma patients being associated with poor survival and is a potential
biomarker for early detection of GC.

Key words: Gastric cancer; COL10A1; Circulating biomarkers; Early diagnosis; Poor
prognosis; Tumor stage

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Gastric cancer remains an aggressive malignancy with a high rate of mortality,
characterized by limited effective treatment options and the lack of consistent
biomarkers for the diagnosis and prognosis of the patients. The aim of this study was to
evaluate the potential of COL10A1 as a circulating biomarker for the diagnosis and
prognosis of gastric adenocarcinoma patients. Our results suggest that COL10A1 could
be considered a good biomarker for prognosis and also for early detection, as its elevated
expression occurred early and remained elevated during cancer progression.
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INTRODUCTION

Despite the major advances in the field of personalized medicine, gastric cancer (GC)
remains a disease with a high rate of mortality, representing the third leading cause of
cancer-related deaths, with approximately one million newly diagnosed cases
reported every year. According to GLOBOCAN data, 782685 deaths due to GC were
reported in 2018. GC is still characterized by late diagnosis, limited effective treatment
options, and lack of reliable biomarkers for the patient outcome prediction and
response to therapy. The main issue in the management of this disease is represented
by the high molecular heterogeneity that results in the phenotypical aggressiveness of
GC and limits the antitumor efficacy of the targeted therapy!-..

Gastric adenocarcinomas represent about 90% of GC cases and can be subdivided,
based on Lauren’s criteria, in two major histologic subtypes: intestinal type (54%) and
diffuse type (32%) adenocarcinoma, plus indeterminate type (15%) as an uncommon
variant. Unfortunately, this classification system has a limited clinical utility, and the
necessity of introducing molecular testing became obvious!". In 2014, Bass ef al”! made
a comprehensive molecular evaluation of 295 primary gastric adenocarcinomas as
part of The Cancer Genome Atlas project. Using several modern molecular assays
such as copy number analysis, whole-exome sequencing, DNA methylation profiling,
and messenger RNA-sequencing, they successfully identified many genomic
alterations (insertions, deletions, CNV), DNA hypermethylation and amplifications”!.
That allowed the development of a new classification of GC into four molecular
subtypes and also pointed out several biomarkers that can be used for the
development of new screening strategies and targeted therapies®”.. These biomarkers
hold the key to improve the early detection of GC and survival rates.
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Currently, the diagnosis of gastrointestinal tumors relies on an invasive technique
such as endoscopy and on several tumor markers used in the clinic for early tumor
detection without high specificity such as carcinoembryonic antigen (CEA), the
carbohydrate antigens (CA): CA19-9, pepsinogen, and also a-fetoprotein (AFP). Due
to these inconveniences, the diagnostic rate of early-stages GC is very low. Circulating
biomarkers that can be detected by serological tests are considered simpler due to
non-invasive sample collection method and to high-throughput screening application.

We identified COL10A1l in a previous study focused on the molecular
characterization of gastric tumorigenesis, among other most up-regulated genes, as
the second overexpressed gene (fold change, 72.55) in gastric tumor tissue compared
to normal onel®. This gene microarray data have been deposited in the Gene
Expression Omnibus database, accession no. GSE103236. COL10A1, a member of the
collagen family, is a gene with limited expression in most normal tissues and elevated
expression in several tumor types!”'!l. Interesting, COL10A1 gene expression is also
found to be overexpressed in all the four GC subtypes described by Bass et alll.
Therefore, we intended to propose COL10A1 (collagen type X alpha 1 chain) as a new
circulating biomarker for the diagnosis and prognosis of this disease.

MATERIALS AND METHODS

Clinical plasma and tissue samples

Gastric adenocarcinoma tissue samples and adjacent normal tissues were collected
from 49 patients (33 men and 16 women, mean age 61 years) during surgery at the
Center of General Surgery and Liver Transplantation of Fundeni Clinical Institute,
after written informed consents and approval of the Ethical Committee were
obtained. None of the patients had received preoperative chemotherapy or
radiotherapy. Pathologists confirmed all GC diagnoses and selected fresh tissue
samples from tumor and adjacent tissue taken from the proximal resection margin.
The GC samples were classified according to the American Joint Committee on
Cancer tumor, node, and metastasis (TNM) staging system. The tissue samples were
frozen in liquid nitrogen immediately after excision and stored at -80 °C. The
peripheral venous blood was collected from GC cases, prior to surgery, and cancer-
free controls.

Evaluation of the COL10A1 gene expression level in gastric tumor tissue

Total cellular RNA samples were obtained from GC and normal tissue samples using
Tri-Reagent (Sigma-Aldrich) and purified with RNeasy mini columns (Qiagen)
according to standard procedure. The quality of RNAs was assessed using a 2100
Bioanalyzer (Agilent Technologies). Reverse transcription was performed using 2 pg
RNA and Access Quick RTPCR System (Promega) according to the manufacturer
protocol, and 50 ng of cDNA from each sample was used in real-time PCR reaction.
Real-time PCR was performed on an ABI 7300 real-time PCR System using pre-
validated Tagman Gene Expression Assays kits for COL10A1 and 18S (endogenous
control). The AAC; method was used to compare the relative expression levels.

Evaluation of the COL10A1 protein expression level in gastric tumor tissue

Whole protein extracts were obtained using T-PER Tissue Protein Extraction Reagent
(ThermoFisher) supplemented with Complete O, Mini, EDTA-free Protease Inhibitor
Cocktail (Roche Applied Science), and the concentration of total proteins was
determined using BCA Protein Assay Reagent (Pierce). A quantity of 60 pg of total
proteins for each sample was electrophoretically separated by SDS-PAGE and
transferred onto PVDF membranes that were subsequently blocked in Tris-buffer
saline - 0.5% Tween 20 with 2% bovine serum albumin and then incubated with the
primary antibodies against COL10A1 and {-actin at 4 °C overnight. The antibodies
used were rabbit polyclonal anti-collagen X (Abcam, ab58632, 1:500 dilutions) and
mouse monoclonal anti-b-actin clone Ac-74 (Sigma Aldrich, 1:1000 dilution). Proteins
of interest were detected with the appropriate secondary antibodies (1:1000 dilutions)
conjugated with HRP: anti-rabbit IgG (RD Systems), and anti-mouse IgG (RD
Systems). Signals were developed using ECL HRP chemiluminescent substrate
(Invitrogen) and captured using a MicroChemi 4.2 system (Bio-Imaging Systems).

Measurement of COL10A1 circulating level

Plasma samples from 49 GC cases and 10 cancer-free controls were obtained by
centrifugation of the peripheral venous blood for 15 min at 900 x g and stored at -80
°C. The level of COL10A1 expression in plasma of the GC patients and cancer-free
controls was measured using Human Collagen alpha-1 (X) chain (COL10A1) ELISA
kit (Cusabio) according to the manufacturer instructions.
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Statistical analysis

Data analyses were performed using GraphPad Prism 7.0. Statistical significance
between the two groups was determined by Student’s ¢-test. Data are expressed as the
mean * SD. Univariate analyses of survival were performed using the Kaplan-Meier
method. The data were censored from the analysis for the surviving patients at the
date of the last follow-up. For the determination of the cut-off point in survival
analysis, the Cutoff Finder online tool developed by Budczies et all'"! was applied.
Receiver operating characteristic (ROC) curves were plotted and area under the ROC
curve (AUC) with 95% confidence interval (CI) was calculated to analyze the accuracy
of diagnostic value. The cut-off levels on the ROC curves were selected using the
Youden'’s index [(sensitivity + specificity) -1]. Significance was set at P < 0.05.

RESULTS

In order to identify new biomarkers for diagnosis and prognosis of GC, we analyzed
the expression level of COL10A1 in gastric tumor tissues and plasma obtained from
49 patients with gastric adenocarcinoma. The main characteristics of the gastric
adenocarcinoma patients included in the study are presented in Table 1.

COL10A1 shows an increased expression level in GC tissue

The results obtained from gene expression analysis showed a significantly increased
level of COL10A1 in gastric tumor tissue compared to adjacent normal tissue (P <
0.05). Interesting COL10A1 seems to show an elevated expression from the beginning
of carcinogenesis, in the early stages, and this increased level remains elevated during
cancer progression (Figure 1A). The protein expression level of COL10A1 in the
normal and tumor samples was evaluated by Western blot analysis. The obtained data
revealed an increased expression of COL10A1 in gastric tumor tissue compared to
normal adjacent tissue, as shown in Figure 1B.

COL10A1 shows an increased circulating level in plasma of GC patients

In order to evaluate the potential of COL10A1 as a biomarker, the COL10A1 level in
plasma of 49 gastric adenocarcinoma patients compared to cancer-free controls was
analyzed using ELISA technique. Samples were divided according to their TNM stage
in early (AJCC stage II) and advanced gastric adenocarcinoma (AJCC stage IV). The
results showed a significant increase of COL10A1 plasma level in gastric
adenocarcinoma patients compared with cancer-free controls (P = 0.0029) (Figure 2A).
In addition, a correlation between COL10A1 plasma level and tumor progression was
observed. As shown in Figure 2B, a significant increase of COL10A1 plasma level was
found in GC stage III vs controls (P = 0.007), in GC stage IV vs controls (P = 0.0011), as
well as in GC stage Il vs stage IV (P = 0.0168). Furthermore, the Kaplan-Meier survival
analysis showed that patients with COL10A1 plasma levels lower than 227.8 ng/mL
had significantly better survival compared with patients than presents COL10A1
levels higher than 227.8 ng/mL (P = 0.0006) (Figure 2C).

In order to assess the diagnostic significance of plasma COL10A1 in GC patients,
we generated ROC curves. The cut-off levels on the ROC curves were selected using
the Youden index [(sensitivity + specificity) - 1]. Comparisons of the COL10A1 plasma
levels between GC patients and cancer-free controls showed an AUC of 0.9171
(95%CI: 0.8443 to 0.9899) and a P = 0.0002, with a sensitivity/specificity of 87.76%
(95%CI: 75.76%-94.27%) / 100.0% (95%CI: 67.56%-100%), allowing to distinguish
between patients with early gastric adenocarcinoma and cancer-free controls. In the
early stage, we obtained an AUC of 0.8789 (95%CI: 0.7385 to 1.000) and a P = 0.0030,
with a sensitivity/specificity of 81.25% (95%CI: 56.99%-93.41%) / 100.0% (95%CI:
67.56%-100%). The obtained results are summarized in Table 2 and in Figures 3A, 3B,
3C, and 3D.

Therefore, circulating COL10A1 level appears to be an important diagnostic and
prognostic biomarker in patients with gastric adenocarcinoma. If confirmed in further
studies, it could be considered for treatment decisions in these patients.

DISCUSSION

GC represents one of the most common human cancers worldwide with a low 5-year
survival rate. Gastric adenocarcinoma, the main type of GC is characterized by many
genomic and proteomic alterations that sustain the aggressiveness of this disease and
the early development of drug resistancel*'“l. Despite the development of innovative
targeted therapies and the recent advances in the molecular GC characterization, the
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Table 1 Clinical and pathological details of patients included in the study, n (%)

Characteristics Patients (n = 49)
Age (yr): Median 61

Sex

Men 33 (67.35)
Women 16 (32.65)
Tumor size

<5cm 20 (40.8)
5-7 cm 17 (34.7)
>7cm 12 (24.5)
Site of tumor

Upper stomach 3(6.1)
Middle stomach 31 (63.3)
Lower stomach 15 (30.6)
Type of gastrectomy

Total 34 (69.4)
Subtotal 15 (30.6)
Pathological tumor stage

T1 2 (41)
T2 19 (38.7)
T3 21 (42.9)
T4 7 (14.3)
Pathological nodal stage

NO 6(12.2)
N1 24 (49)
N2 15 (30.6)
N3 4(8.2)
AJCC stage

1B 12

I 14 (28.6)
1A 15 (30.6)
111B 5(10.2)
v 14 (28.6)
Histological type

Differentiated 5(10.2)
Undifferentiated 44 (89.8)

majority of GC patients are still diagnosed at advanced stages and their prognosis
remains extremely poor. Currently, the most frequent tumor markers used in the
clinic for early detection of GC comprise CEA, CA: CA19-9, CA72-4, CA125, CA24-2,
CADb0, and also pepsinogen and AFP. However, the specificity and sensitivity of these
serum biomarkers are poor and so far, none of them is unique for GC diagnosis.
Therefore, identification of biomarkers in the early stage of this malignancy could
improve diagnosis, prognosis, prediction of recurrence, and treatment responsel>"",
Recent studies suggest that COL10A1 is a disease progression-associated gene.
COL10A1 is a member of the collagen family involved in tissue architecture and acts
as a barrier to the migration of epithelial cells under normal conditions. However,
data sustain that increased stromal collagen microenvironment significantly increases
tumor formation and results in a significantly more invasive phenotype in mammary
tissuel’”l. COL10A1 was identified in tumor vasculature of the breast tumors,
presenting an increased gene expression”’’l. Increased level of stromal COL10A1 was
correlated with poor pathologic response in ER+/HER2+ breast tumors*). Another
study suggested that circulating COL10A1 could be considered a useful biomarker in
diagnostic assessment of suspicious breast nodules!*l. In esophageal squamous cell
carcinoma, the expression of COL10A1 was reported upregulated along with other
collagen-related genes!™”.. In colorectal cancer, COL10A1 was found to be abnormally
over-expressed and associated with the progression of cancer and the process of
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Figure 1 COL10A1 expression in gastric cancer tissue. A: Overexpression of COL10A1 gene in gastric tumor tissue compared to normal gastric tissue. Values are
represented as mean + SD; B: Overexpression of COL10A1 protein in gastric tumor tissue compared to normal gastric tissue. *P < 0.05. TNM: Tumor, node, and

metastasis.

epithelial-mesenchymal transition. Moreover, high-level expression of COL10A1 was
found to be an independent risk factor of prognosis and overall survival in these
patients!’l. Further, Sole et al”! reported that COL10A1 protein levels in serum of
colon cancer patients can detect both adenoma lesions and tumors. In lung cancer
increased plasma levels of COL10A1 were also detected, but no significant association
was observed between plasma levels and the clinicopathological features or
survival'*4,

Considering previous findings, we analyzed the expression of COL10A1 in tissue
and plasma of gastric adenocarcinoma patients as a possible biomarker for diagnosis
and prognosis. COL10A1 tissue level was found to be increased in gastric
adenocarcinoma patients and this increased level was associated with tumor stage.
The major finding was a significantly increased circulating level of COL10A1 in
gastric adenocarcinoma patients compared to cancer-free controls. Moreover,
Kaplan-Meier curves of overall survival showed that GC patients with an elevated
COL10A1 plasma level had a significantly negative prognostic with shorter survival.

The AUC on ROC curve of 0.9171 (P = 0.0002), with sensitivity of 87.76% and
specificity of 100.00%, makes plasma COL10A1 level a promising diagnostic
biomarker. Moreover, this study demonstrated the potential role of plasma COL10A1
in the early detection of GC since in this case the obtained AUC value was 0.8789 (P =
0.0030), with sensitivity of 81.25% and specificity of 100.00%. The result can be very
important since there is a high difference (2.43-fold change) between early stage
samples and cancer-free controls, positioning this biomarker as a promising
candidate. The same early elevated level of COL10A1 was reported by Sole et al™! in
plasma of patients with adenomas and colon cancer when compared to controls.

The discovery of new biomarkers that can be detected in serum/plasma presents
interest since they can be easier used in daily clinical practice. Currently, the diagnosis
of solid tumors is based on the screening of several tumor markers such as CEA and
CA19-9. However, the applicability of CEA and CA19-9 for detection, prognosis, and
progression of GC is low. At a specificity of 89.5%-95%, CA19-9 sensitivity varies
between 26.3%-54.8% (AUC = 0.58)1**l. Similar, CEA has a low sensitivity of 21%
(AUC = 0.52)=1,

Further, we report an increase in serum and tissue level of COL10A1 in GC with
tumoral stage, similar to previous reports on breast”!], lung!'l, and colon cancer!*’l.
Interestingly, all of them are epithelial cancers where epithelial to mesenchymal
transition (EMT) is involved in tumor progression and metastasis. There is evidence
that COL10A1 acts as a potential inducer of EMT via SOX9. In a series of experiments
of knocking down COL10A1 expression, Li et al*”! showed that COL10A1 was directly
associated with cell migration, invasion, and metastasis in GC. Moreover, it had been
reported that collagen type I is able to initiate a disruption of the E-cadherin cell-to-
cell adhesion complex and to promote EMT and proliferation of pancreatic carcinoma
cellsl. Willumsen et al*! demonstrated that during EMT, the extracellular matrix
(ECM) is actively remodeled by matrix metalloproteinases, and ECM components
(e.g., collagens) are released into circulation and can be potentially used as biomarkers
for the early detection of cancers.

Another important finding of our study is related to the association between high-
level expression of COL10A1 in plasma and negative prognostic in GC. This
correlation is reported here for the first time. In colon cancer study the authors
showed that high expression level of COL10A1 is associated with poor prognosis, but
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Figure 2 COL10A1 expression in gastric cancer plasma. A: Overexpression of circulating COL10A1 in gastric
adenocarcinoma patients compared to cancer-free controls. Values are represented as mean + SD; B: Increased
COL10A1 plasma level is correlated with tumor progression. C: Kaplan-Meier survival plots for gastric
adenocarcinoma patients. Tick marks represent the time of the last follow-up. High COL10A1 plasma levels (> 227.8
ng/mL) were significantly associated with shorter survival in gastric adenocarcinoma patients. °P < 0.02, °P < 0.007.
GC: Gastric cancer.

the quantification was done on tissue through immunohistochemistry and real-time
quantitative polymerase chain reaction.

Through our findings, we indicate the serum level of COL10A1 as an early
diagnostic biomarker with high sensitivity and specificity, a risk factor of prognosis
and overall survival indicator in GC patients. The identification of circulating
biomarkers is important since their detection is non-invasive and can be easily
implemented in daily clinical practice without higher costs being based on such
techniques as ELISA. On the other side, the use of a cheap and specific test for
population screening could improve early diagnosis rate and contribute to the
decrease of the GC burden.
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Table 2 Evaluation of the detection value of COL10A1 in the diagnosis of gastric cancer patients.

AUC Pvalue Cut-off values (ng/mL)  Sensitivity Specificity
GC vs CFC 09171 (0.8443 t0 0.9899)  0.0002 1133 87.76% (75.76%-94.27%)  100% (67.56%-100.0%)
Early stage GC vs CFC 0.8789 (0.7385 to 1.000)  0.003 118.1 81.25% (56.99%-93.41%)  100% (67.56%-100.0%)
Advanced stage GCvs CFC 1.000 (1.000 to 1.000) 00001 1133 100% (78.47%-100.0%)  100% (67.56%-100.0%)
Early stage vs Advanced stage  0.7768 (0.5977 to 0.9558)  0.0100  225.3 78.57% (52.41%-92.43%)  81.25% (56.99%-93.41%)

95%CI was given in brackets for each group. GC: Gastric cancer; CFC: Cancer-free controls; AUC: Area under the Receiver operating characteristic curve;
Early stage: AJCC stage II; Advanced stage: AJCC stage IV.
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Figure 3 Receiver operating characteristic curve analysis in the diagnosis of gastric cancer. A: Patients vs control; B: Early-stage gastric cancer (GC) patients
vs control; C: Advanced-stage GC patients vs control; D: Early-stage GC patients vs advanced-stage GC patients.

ARTICLE HIGHLIGHTS

Research background

Despite the major advances in the field of personalized medicine, gastric cancer (GC) remains an
aggressive malignancy with a high rate of mortality, being the third leading cause of cancer-
related death. The main issue in the management of this disease is represented by the high
molecular heterogeneity that results in the phenotypical aggressiveness of GC and limits the
antitumor efficacy of the targeted therapy.

Research motivation

GC is still characterized by late diagnosis, limited effective treatment options, and lack of reliable
biomarkers for the patient outcome prediction and response to therapy. The discovery of new
circulating biomarkers useful in the early diagnosis of GC is mandatory.

Research objectives

The present study aimed to evaluate the potential of COL10A1 as a circulating biomarker for the
diagnosis and prognosis of gastric adenocarcinoma patients.
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Research methods

Plasma and tissue samples obtained from 49 patients with gastric adenocarcinoma have been
used in exploring the expression of COL10A1. Real-time PCR and western blot techniques were
used to evaluate COL10A1 level in gastric tumor tissue compared to normal adjacent tissue. The
circulating level of COL10A1 was also evaluated by ELISA in plasma of gastric adenocarcinoma
patients. Survival analysis was made in order to evaluate the potential of COL10A1 as a
biomarker for the diagnosis and prognosis of gastric adenocarcinoma patients.

Research results

Our results showed a significant increase in COL10A1 gene expression and protein levels in
gastric tumor tissue compared to adjacent normal tissue. COL10A1 seems to show an elevated
expression from the beginning of carcinogenesis, in the early stages, and its increased level
remains elevated during cancer progression. This significant increase of COL10A1 was observed
also in plasma of gastric adenocarcinoma patients. Moreover, increased COL10A1 plasma level
was associated with poor survival. Plasma COL10A1 performed a diagnostic value in GC with
an area under the receiver operating characteristic curve (AUC) of 0.9171 (P = 0.0002), sensitivity
of 87.76%, and specificity of 100.0%. Furthermore, this study demonstrated the potential role of
plasma COL10AL1 in the early detection of GC, as in the early stage we obtained an AUC of
0.8789 (P = 0.0030), sensitivity of 81.25%, and specificity of 100.0%. If confirmed in further
studies, circulating COL10A1 level could be considered for treatment decisions in these patients.

Research conclusions

We reported for the first time an increased circulating expression level of COL10A1 in gastric
adenocarcinoma patients that is associated with poor survival. The high sensitivity and
specificity obtained suggest that COL10A1 could represent a potential biomarker for early
detection of GC.

Research perspectives

The identification of circulating biomarkers is important since their detection is non-invasive and
can be easily implemented in daily clinical practice without higher costs, being based on such
techniques as ELISA. On the other hand, the use of a cheap and specific test for population
screening could improve early diagnosis rate and contribute to the decrease of the GC burden.
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