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COL12A1, a novel potential prognostic factor
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Abstract. Dysregulation of collagen type XII al chain
(COLI2AI) has been found in several cancer types and
could be involved in tumor progression. However, its
clinical significance in gastric cancer (GC) remains under
exploration. Online databases (Gene Expression Omnibus
and UALCAN), reverse transcription-quantitative PCR and
immunohistochemistry were utilized in the present study to
evaluate the expression of COLI2AI in GC tissues and cell
lines. It was found that COL12A1 expression was notably
upregulated in GC. Clinicopathological analysis showed
that elevated COL12A1 expression was positively correlated
with tumor invasiveness, metastasis and advanced clinical
stage. The prognostic analysis suggested that high COL12A1
expression contributed to poor overall survival. Multivariate
Cox analysis indicated that COL12A1 overexpression was a
powerful independent prognostic indicator in patients with
GC (hazard ratio, 1.896; 95% CI, 1.267-2.837; P=0.002). The
results highlighted the importance of COL12A1 in GC and
suggested its potential role as a candidate for clinical outcome
prediction and targeted therapy in patients with GC.

Introduction

Gastric cancer (GC), as one of the most common malignan-
cies, is frequently accompanied by an unfavorable prognosis
and low survival rate (1). Although progress has been made
in therapeutic strategies, and early detection and clinical
management have improved its prognosis, GC remains a
complex clinical challenge, with the majority of patients
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being diagnosed during the later stages of the disease (2,3).
Previously, it was reported that the aberrant expression of
specific biomarkers was related to cancer development and a
worse prognosis, and that some biomarkers affected the sensi-
tivity of cancer to chemotherapeutic drugs (4). Therefore, it is
of great benefit to identify novel biomarkers characterized by
high sensitivity as well as high specificity that can be used as
predictors for GC diagnosis and precise treatment.

Collagen type XII al chain (COL12A1), encoded by a
gene whose chromosomal location is 6q12-ql3, is a member
of the fibril-associated collagen family harboring interrupted
triple-helical collagen domains (5). COL12A1 acts as a bridge
between fibrils and its mutations are reported to be related
to myopathy (6). COL12A1 has received increasing atten-
tion due to its essential roles in human cancer, given that its
overexpression has been identified in several different cancer
types. A comparison of differentially expressed genes between
279 metastatic samples from multiple adenocarcinoma types
and unmatched primary adenocarcinomas revealed elevated
expression of collagen genes, including COLI2A1, closely
related to poor prognosis in several cancer types (7-9).
Notably, COLI2A1 was identified as a desmoplastic marker
during myofibroblast differentiation in colorectal cancer
(CRCQ), suggesting that COLI2A 1 upregulation is related to
the malignant potential of the tumor (10). Besides, differ-
ential gene expression from microarray analyses showed
that COLI2A1 was highly expressed in renal cancer (8).
Moreover, in ovarian cancer, COLI2A]I expression exhibited
a significantly increased level of expression in cisplatin-and
doxorubicin-resistant cell lines relative to parental cell lines,
and was associated with poor overall survival (OS) (7).

Although these results suggest a relationship between
COL12A1 and cancer development and progression, its
significance in GC remains an underexplored issue. Therefore,
the present study evaluated COLI2AI expression using
online databases, followed by quantification of COL12A1
mRNA and protein levels in clinical samples via reverse
transcription-quantitative PCR (RT-qPCR) and immunohis-
tochemistry (IHC), respectively. Furthermore, associations
between COL12A1 expression and clinical features, as well
as the clinical outcomes of patients with GC, were assessed.
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Materials and methods

Patients and specimens. To measure COLI2AI expres-
sion, 64 paired fresh GC and matched control tissues were
obtained between October 2011 and April 2014 at the First
Affiliated Hospital of Zhejiang University. Table I shows the
clinical features of the 64 GC patients. Paired formalin fixed
paraffin-embedded (FFPE) samples (107 GC and 107 matched
normal gastric tissues) were collected between January 2012
and December 2014. All 171 samples were obtained from
130 male and 41 female patients with a mean age of 64 years
(range from 28-82 years) diagnosed with GC based on histo-
pathology. Additionally, a tissue microarray containing 93 GC
and 77 matched normal gastric tissues was purchased from
Shanghai Outdo Biotech Co., Ltd. Patient clinicopathological
information was collected; this included age, gender, tumor
size, differentiation and the tumor-node-metastasis (TNM)
stage pathological classification, according to the 8th edition
of the American Joint Committee on Cancer guidelines (11).
The study protocol was approved by the ethics committee of
the First Affiliated Hospital of Zhejiang University.

Cell lines and culture conditions. Human GC cell lines (AGS,
HGC-27, MKN45 and MGC-803) were obtained from the
Institute of Cellular Biology (Chinese Academy of Science,
Shanghai, China) and cultured in RPMI 1640 medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.). All cells were main-
tained at 37°C in a 5% CO, atmosphere.

RNA extraction and RT-gPCR. TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) was used for total RNA extrac-
tion from fresh tissue samples and GC cell lines. Total RNA
(1 ug) was reverse transcribed using the PrimeScript RT-PCR
kit (Takara Bio, Inc.) with the reaction conditions: 15 min at
37°C and stored at 4°C. Then, RT-qPCR was conducted to eval-
uate COLI2A1 expression on a StepOnePlus system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) and SYBR Green
(Takara Bio, Inc.) with a two-step reaction condition: 30 sec at
95°C followed by 5 sec at 95°C and 60 sec at 60°C repeated for
40 cycles. The primers were as follows: COLI2A1, forward,
5'-CCACAGGTTCAAGAGGTCCC-3' and reverse, 5'-TGT
GTTAGCCGGAACCTGGA-3'; and GAPDH forward, 5-TGG
GTGTGAACCATGAGAAGT-3' and reverse. 5'"TGAGTC
CTTCCACGATACCAA-3'. COLI2A1 expression levels were
quantified relative to those of GAPDH, which was used as the
endogenous control, using the 2-24°4 method (12).

IHC analysis. FFPE tissues were cut into 4-ym sections and
the THC staining against COL12A1 (cat. no. ab123104; mono-
clonal; raised in rabbit; 1:40 dilution; Abcam) was performed
as previously described (13).

IHC staining evaluation. Each stained tissue section was
reviewed and scored by two independent observers. Each
section was examined in five fields at high magnification
(x200) under a light microscope. The percentage of positive
staining and the intensity of staining were scored based on
previously published standards (14). The final immunoreac-
tivity score (0-12) was equivalent to the score of the percentage
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Table I. Clinicopathological parameters in 64 patients with
gastric cancer.

Variable No. cases
Age (<60 years/=60 years) 22/42
Sex (male/female) 45/19
Tumor size (<5 cm/>5 cm) 38/26
Lauren's classification 26/38
(intestinal type/diffuse type)

Differentiation (well to moderate/poor) 28/36
Tumor invasion (T1/T2/T3/T4) 8/16/0/40
Lymph node metastasis (NO/N1/N2/N3) 16/10/11/27

of positive staining multiplied by the staining intensity score.
Based on the analysis, the final score were defined as ‘high’ if
the score was >4, and ‘low’ if the score was <4.

Bioinformatics analysis. A total of three gastric cancer gene
expression profile datasets [GSE2701 (15) GSE63089 (16)
and GSE79973 (17)] containing 95 GC tissues and 55 normal
gastric tissues were downloaded from the Gene Expression
Omnibus (GEO) database (18). The data were analyzed
using the online tool GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r) to analyze the mRNA expression of COL12A1
expression in GC and normal gastric tissues. UALCAN (19)
was used to identify the up-or downregulation of COL12A1 in
The Cancer Genome Atlas (TCGA) gastric cancer portal. The
Human Protein Atlas (HPA) website (http:/www.proteinatlas.
org/) was used to explore the basic expression of COL12A1
in different organs. Three datasets (15,20,21) from Oncomine
database (22) were used to analysis the relationship between
COL12A1 mRNA expression and Lauren classification. The
prognostic significance of COLI2AI was evaluated in an
Affymetrix array (225,664_at; Thermo Fisher Scientific,
Inc.) using Kaplan Meier-plotter (KM-plotter) (http://kmplot.
com/analysis/index.php?p=service&cancer=gastric). The
autoselected best threshold value was used to identify the high
and low groups.

Statistical analysis. SPSS 19.0 (IBM Corp.) and GraphPad
Prism 5.01 (GraphPad Software, Inc.) software were used to
perform all statistical analyses. COLI2A] mRNA expression
in GC relative to normal gastric tissues was analyzed by paired
t-test. The x* test was used to analyze the relationships between
COLI12A1 expression and clinicopathological variables, and
survival curves between high and low COL12A1 expression
were plotted using the Kaplan-Meier method. Univariate and
further multivariate analyses were conducted using the Cox
proportional hazards model in order to identify prognostic
indicators. P<0.05 was considered to indicate a statistically
significant difference.

Results
mRNA expression of COL12A1 is significantly elevated in GC

tissues and cell lines. To evaluate COL12A1 mRNA expression
in GC, three microarray datasets from GEO were analyzed and
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Figure 1. COLI2A1 mRNA expression is upregulated in GC tissues and cell lines. (A) The expression of COLI2A1 in three datasets. GSE7901 contains 45 GC and
5 normal gastric tissues. GSE63089 and GSE79973 contain 45 and 10 paired GC and normal gastric tissues, respectively. (B) The data-mining analysis showed
that COLI2A1 was upregulated in the TCGA gastric cancer portal (34 normal gastric samples and 415 primary tumor samples). (C) The data-mining analysis
showed the expression status of COLI2A1 in the TCGA gastric cancer portal based on different TNM stages (normal gastric samples and tumor samples classified
to stagel, stage2, stage3 and stage4). (D) Basic protein expression levels of COL12A1 in normal organs. (E) Basic mRNA expression levels of COL12A1 in normal
organs. (F) COLI2A1 expression levels in 64 pairs of fresh normal gastric and GC tissues (COLI2A1/GAPDH). (G) COLI2AI expression levels in 64 patients
with GC (normalized to normal samples). (H) COLI2A] mRNA expression was examined by reverse transcription-quantitative PCR and normalized to GAPDH
expression in four GC cell lines. ““P<0.001. COLI2A1, collagen type XII al chain; TCGA, The Cancer Genome Atlas; GC, gastric cancer.

the results revealed that COL12A1 was highly expressed in GC
(Fig. 1A; P<0.001). The results from the TCGA dataset also
indicated that COL12A1 mRNA was markedly increased in
GC compared with normal controls, and this was more apparent
at advanced clinical stages (Fig. 1B and C). Additionally, the
basic expression of COL12A1 in different organs was explored
using HPA. As shown in Fig. 1D and E, the basic expression
level of COL12A1 in the stomach was moderate compared to
that in other organs. Validation of COL12A1 expression in
64 paired frozen GC and matched controls using RT-qPCR
showed a significant elevation of COL12A1 mRNA levels in
cancer samples (P<0.0001; Fig. 1F and G) relative to those in
adjacent normal tissues. This was consistent with expectations.
In addition, as shown in Fig. IH, COL12A1 mRNA was highly
expressed in three (HGC-27, MKN45 and MGC-803) of the
four GC cell lines. Furthermore, the relationship between
COL12A1 mRNA expression and Lauren classification was
evaluated using the Oncomine database. As shown in Fig. 2,
COLI12A1 was markedly elevated in all the tumor tissues,
regardless of Lauren classification.

COLI2AI protein expression status in GC tissues. The
elevated COL12A1 mRNA expression in GC suggested its
carcinogenic role in this disease. To investigate its protein
expression profiles in GC, IHC staining of COL12A1 protein

was performed in a total of 200 GC and 184 corresponding
normal tissues. IHC staining showed that COL12A1 protein
expression was not observed in normal control tissues in the
present cohort, while it was present in the stroma surrounding
the GC cells. Representative COL12A1 protein expression
images in normal or GC tissues are shown in Fig. 3A. These
results suggested that COL12A1 is exclusively expressed in
GC and not in matched normal tissues, and thus it may be a
highly specific biomarker of GC.

Correlation between COLI2AI protein expression and clini-
copathological features. Subsequently, the association between
COLI12A1 expression and clinical parameters was analyzed.
Based on the median value of 4 for final immunoreactivity
scoring for COL12A1 staining, elevated COL12A1 protein
expression was present in 86 of 200 (43%) GC samples, with
the other 114 (67%) samples exhibiting low expression profiles
relative to normal controls. Additionally, in GC samples, the
IHC scores of COL12A1 were increased in patients with more
advanced tumor stages (stage III and IV; P<0.01; Fig. 3B)
and in patients >60 years old (P<0.01; Fig. 3C). Furthermore,
as shown in Table II, COL12A1 protein overexpression was
positively correlated with sex (P=0.0027), tumor invasion
(P=0.0001), lymph node metastasis (P=0.0121), distant
metastasis (P=0.0366) and advanced TNM stage (P=0.0048);
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Figure 2. COL12A1 protein expression is upregulated in all Lauren types. Three datasets (15,20,21) from Oncomine were used to evaluate the association
between COL12A1 expression and Lauren classification. COL12A1, collagen type XII al chain.
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Figure 3. COL12A1 protein expression is upregulated in GC. (A) Representative images of COL12A1 IHC staining in GC samples. The IHC score is equal
to the percentage of positive staining multiples staining intensity. Magnification, x200. The IHC scores were significantly higher in (B) patients of advanced
stage (Il and I'V) and (C) in patients >60 years old. “P<0.01. COL12Al, collagen type XII ol chain; IHC, immunohistochemistry; GC, gastric cancer; TNM,
tumor-node-metastasis.

however, no significant associations with other clinical factors ~ Survival analysis of GC patients. As described, elevated
(such as age, tumor size and differentiation degree) were = COLI12A1 expression was positively related to advanced TNM
observed. stage. Therefore, the question of whether high COL12A1
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Table II. Association between COL12A1 protein expression and clinicopathological characteristics in 200 patients with gastric

cancer.
COLI12A1 expression

Characteristics No. patients High Low P-value

All cases 200 86 114

Age, years 0.764
<60 68 28 40
=60 132 58 74

Sex 0.0027
Male 143 71 72
Female 57 15 42

Tumor size, cm
<5 98 41 57 0.7764
>5 102 45 57

Tumor invasion (T) 0.0001
T1+T2 31 3 25
T3+T4 169 83 89

Lymph node metastasis (N) 0.0121
NO 48 13 35
N1+N2+N3 152 73 79

Distant metastasis (M) 0.0366
MO 184 75 109
M1 16 11 5

Differentiation 0.7751
Well to moderate 86 38 48
Low 114 48 66

TNM stage 0.0048
I+II 74 22 52
MI+1v 126 64 62

Sample type <0.0001
Tumor 200 86 115
Normal 184 0 184

TNM, tumor-node-metastasis; COL12A1, collagen type XII al chain.

expression influenced GC prognosis was investigated. Of
the 200 patients included in the study, 22 lacked survival
information. Therefore, 178 patients were used to explore the
correlations between COL12A1 expression level and survival
status. The results revealed that patients with low expression
levels of COL12A1 protein exhibited more extended periods
of OS than those with high COL12A1 protein levels (Fig. 4A;
P<0.0001). Similar results were acquired in patients at inter-
mediate TNM stage II (Fig. 4B; P=0.0004), although not in
those at stage III (Fig. 4C; P>0.05). When stratified by age,
sex or lymph node metastasis, the results indicated that high
COLI12A1 expression was positively associated with worse
OS in patients >60 years old (P<0.0001), in male patients
(P<0.0001), and in patients with lymph node metastasis
(P=0.0013) (Fig. 4D-F).

To further verify the prognostic role of COL12A1, the
KM-plotter database, which contains a total of 875 GC

samples, was used. For COL12A1, 631 GC samples from
one Affymetrix array (225664 _at; Thermo Fisher Scientific,
Inc.) were analyzed in the present study. It was predicted
that in this cohort, COL12A1 overexpression was positively
related to worse OS [Fig. 5A; hazard ratio (HR), 1.4; 95% CI,
1.13-1.72; log-rank P=0.002] and progression free survival
(PFS) (Fig. 5D; HR, 1.43; 95% CI, 1.13-1.82; log-rank
P=0.0028). Further analysis in male patients and patients
with lymph node metastasis revealed similar results in OS
(Fig. 5B and C) and PFS (Fig. 5E and F). Stratification analysis
showed that COL12A1 was an indicator of inferior OS for
intestinal-and mixed-type GC and an indicator of inferior
PFS for intestinal-and diffuse-type GC (Fig. 6). Moreover,
the univariate analysis suggested tumor invasiveness, lymph
node invasion, distant metastasis, advanced clinical stage
and COLI12A1 high expression were significantly associated
with OS, and further multivariate Cox analysis confirmed
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that distant metastasis and COL12A1 overexpression could be
regarded as powerful independent prognostic factors for OS

in GC (P<0.05; Table III); large-scale studies are warranted to
verify these results further.
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Figure 6. KM plotter predicts a poorer prognosis for gastric cancer patients with high expression of COL12A1. (A) OS in all patients (n=631); (B) OS in male
patients; and (C) OS in patients with lymph node metastasis. (D) PFS (n=522) in all patients; (E) PFS in male patients; and (F) PFS in patients with lymph node
metastasis. OS, overall survival; PFS, progression-free survival; COL12A1, collagen type XII al chain.

Discussion

Early diagnosis of GC is a long-standing problem; however,
early diagnosis can significantly benefit the clinical outcomes
of GC patients by facilitating the implementation of prompt
and more effective treatment. Therefore, extensive efforts have
been expended to better understand the potential mechanisms
associated with cancer development. Among these mecha-
nisms, dysregulation of the extracellular matrix (ECM), a
network of macromolecules between cells that is mainly
composed of collagens, has attracted substantial attention (23).
The steady state of ECM remodeling, in which damaged or
old molecules are degraded and simultaneously replaced by
new versions, is a key process involved in maintaining tissue
homeostasis (24). Recently, dysregulation of ECM proteins
was revealed in numerous cancer types (23,25). Alterations in
ECM composition and quantity strongly influence tumor and
stromal cell properties, which activate downstream signaling
that modulates cell behavior and contributes to tumor
progression (26). A review noted that the ECM is involved in
neoplastic progression by modulating cancer hallmarks, and
that its influence might vary in different cancer types (27).
Together, these data indicate that ECM proteins are critical
in the development of human malignancies and may represent
promising candidates for early diagnosis and the personaliza-
tion of clinical treatments.

COLI12A1 is an ECM protein and, to date, its known
disorders are mainly restricted to connective tissue pathology.
Specifically, COLI2A 1 mutations are involved in blended muscle
and connective tissue phenotypes, often resulting in poorer prog-
noses compared with patients without COLI2A ] mutations (28).
Additionally, elevated COLI2A1 expression is related to anterior
cruciate ligament (ACL) tears, with higher expression levels in
acute compared with chronic ACL damage (29).

The protein encoded by COLI2A1, collagen type XII,
interacts specifically with fibers, especially those containing
collagen I (30). Recently, dysregulation of the ECM has been
observed in a large spectrum of human cancer types, including
CRC, and ovarian, breast and renal cell carcinomas. In CRC,
COLI2A]I expression is increased and COLI2A] levels are
upregulated in tumors with microsatellite stability relative
to tumors exhibiting high degrees of microsatellite insta-
bility (31). Notably, proteomics analyses have been conducted
to search for markers of CRC-invasion fronts, with the results
suggesting that type XII collagen is a potent marker of myofi-
broblast differentiation, implying that the COL12A1 protein
is closely related to tumor metastasis in CRC (32). In ovarian
cancer cell lines, the COLI2A1 expression level is significantly
increased in cells resistant to cisplatin and/or doxorubicin (33),
and high COLI2A1 expression levels are positively correlated
with worse OS in patients with ovarian cancer or renal cell
carcinoma (8,34).
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Table III. Univariate and multivariate analyses of COL12A1 expression and patient survival.

Overall survival

Characteristics HR (95% CI) P-value

Univariate analysis (n=178)
Age (=60 years vs. <60 years) 1.436 0.943 2.18 0.091
Sex (male vs. female) 0.835 0.56 1.24 0.377
Tumor size (>5 cm vs. <5 cm) 1.6 0.15 1.097 2.33
Tumor invasion (T3+T4 vs. T1+T2) 2018 1.12 3.606 0.018
Lymph node metastasis (N1-3 vs. NO) 1.85 1.148 2981 0.011
Distant metastasis (M1 vs. M0O) 4232 2277 7.864 <0.001
Differentiation (poor vs. well to moderate) 1.352 0.922 1.983 0.123
TNM stage (ITI+IV vs. I+II) 2.348 1.546 3.566 <0.001
COLI12A1 expression (high vs. low) 2.361 1.614 3453 <0.001

Multivariate analysis
Tumor invasion (T3+T4 vs. T1+T2) 1.516 0.833 2.76 0.174
Lymph node metastasis (N1-3 vs. NO) 1474 0.903 2.406 0.12
Distant metastasis (M1 vs. M0O) 2919 1.547 5.51 0.001
COL12A1 expression (high vs. low) 1.896 1.267 2.837 0.002

Patients with P<0.05 in univariate analysis were selected for multivariate analysis of survival. HR, hazard ratio; COL12A1, collagen type XII a1

chain; TNM, tumor-node-metastasis.

Although increased attention has been focused on eluci-
dating the significance of COL12A1 in human cancer, the
detailed mechanism of its involvement remains unknown.
The present study, to the best of our knowledge, is the first
to analyze COL12A1 expression in GC at both the mRNA
and protein levels. Specifically, the present data revealed that
COLI12A1 expression was markedly increased in GC tissues
compared with corresponding normal controls, both at the
mRNA and protein levels. Additionally, COL12A1 mRNA
was highly expressed in several GC cell lines except AGS,
which may be attributed to the fact that different cell lines
have different backgrounds, and thus it is reasonable for a
certain gene to be expressed differentially in different cell
lines. The THC assay of COL12A1 showed that COL12A1 was
mainly expressed in the stromal cells, especially in fibroblasts
as showed in Fig. 3. Fibroblasts are essential components of
the ECM and are responsible for the production of ECM.
Cancer-associated fibroblasts (CAFs) are a cluster of cells
characterized by their morphology and the expression of
protein markers, including a-smooth muscle actin, fibroblast
activated protein, neuron-glial antigen-2 and fibroblast specific
protein (35-37). CAFs mainly originate from local fibroblasts
or fibroblast precursors. Studies have linked CAFs to tumor
progression, metastasis and poor clinical outcomes in various
cancer types (36-38). The present results suggested that
COL12A1 may be used as a potential marker of CAFs.

Additionally, Lauren classification is widely used for the
histological classification of gastric adenocarcinoma (39). Based
on these criteria, the majority of GC cases can be divided into
either intestinal or diffuse types, with the remaining cases classi-
fied as mixed or unclassified. The two GC types differ from each
other in a number of ways (40-43). For example, compared to

intestinal-type GC, diffuse-type GC is characterized by a lower
response rate to chemotherapy, a worse prognosis, and higher
peritoneal or distant recurrence rates (44.,45). Therefore, in-depth
elucidation of the underlying mechanisms of diffuse-type GC is
required. In the present study, it was found that COL12A1 was
highly expressed in intestinal-and diffuse-type GC, and was
associated with worse clinical outcomes (OS and PFS).
Further analysis suggested that high COL12A1 protein
expression was associated with tumor invasiveness, clinical
metastasis and a worse TNM stage. Prognostic analysis
demonstrated a positive association between high expression of
COLI12A1 and worse prognosis, and the results were in accor-
dance with the prognosis prediction of KM-plotter. Therefore, the
present findings revealed a tumor-promoting role of COL12A1
in GC. However, there are several limitations to the present
study. For example, the study was retrospectively designed and
the Lauren classification status of the samples was lacking.
Large-scale prospective studies with more comprehensive infor-
mation are required. /n vitro and in vivo studies validating the
tumor-promoting role of COL12A1 in the aggressiveness of GC
and fibroblast cells by up-or downregulating its expression are
required. Furthermore, explorations of the underlying molecular
biological mechanisms of COL12A1 in GC are also warranted.
In conclusion, the present study revealed that COL12A1
expression was notably increased in GC tissues, and elevated
COLI12A1 protein levels were positively associated with
aggressive clinical features. Importantly, COL12A1 protein
expression levels represent a potential prognostic indicator for
OS in patients with GC. These results indicated that COL12A1
plays a tumor-promoting role and might be a potential candidate
for therapeutic targeting, based on its putative role in tumor
progression and prognosis prediction in patients with GC.
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