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A feature-based analysis identifies COLTA2 as a regulator in pancreatic cancer
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ABSTRACT

This study aimed to identify genetic biomarkers in pancreatic cancer (PC) and explore its function in PC
via a feature-base analysis of bioinformatics. OMIM and DisGeNET databases discovered 209 PC connected
genes and then 516 connected genes were identified. We selected 29 genes according to optimal features
and chose COL1A2, which had the highest expression, for the following experiment. The expression of
COL1A2 was determined by qRT-PCR; cell proliferation was determined by MTT assay; migration and inva-
sion after COL1A2 and miR-25-3p transfection was evaluated by Transwell assay. COL1A2 presented the
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highest expression in PC tissues, which was validated in functional experiments. MiR-25-3p suppressed the
expression of COL1A2 in cell lines and inhibited migration, invasion and proliferation of PC cells. MiR-25-
3p could suppress the expression of COL1A2 and inhibit the proliferation, migration and invasion of PC
cells which provided a new idea for the detection and treatment of PC.

Introduction

Pancreatic cancer (PC) is one of the most common malignancies
in the world, with high mortality rates'2. In recent years, the inci-
dence of PC has gradually increased, and its 5-year relative sur-
vival rate is only 5%>*, which leads to an urgent demand for new
horizons. The occurrence of PC is usually associated with a variety
of factors, such as genetic factors, environmental factors and living
habits. Moreover, PC cells are characterised by tumour infiltration
and susceptibility to systemic diffusion?, which makes molecular
biology study insufficient. Thus, more investigations for the mech-
anism of PC tumorigenesis are warranted.

Gene ontology (GO) could be classified according to its
molecular function, biological pathways and cell localisation.
Through the analysis of GO enrichment, it is beneficial to overall
grasp the function of differentially expressed genes in specific dis-
eases®. Kyoto Encyclopedia of Genes and Genomes (KEGG) is a
database based on the known molecular interaction network,
which helps to observe the biological pathways and functional
characteristics of mutant genes through the enrichment score of
mapping network®. In the process of tumorigenesis, it is often
accompanied by the abnormal expression or variation of genes,
which lead to turbulence in signalling pathways, as well as com-
plex regulatory networks. Therefore, GO and KEGG analyses were
adopted for the encoding genes, which was conducive to regula-
tory network speculation and the feature genes prediction’.

In this study, a systematic biological method was used to collect
PC-related genes recorded in the disease-gene relevance databases,
then GO and KEGG were adopted for PC-related genes and non-
related genes. Classification and optimal feature extraction by
machine learning were used to identify GO and KEGG pathway
features for predicting PC-related genes, which helped us identify

PC-related gene COL1A2 that encodes type | collagen at the auto-
somal 7922.1 locus with a total length of 38kb and 52 exons®.
Nowadays, putative mutant genes in PC reported including KRAS,
CDKN2A, TP53 and SMAD4°. At present, it is reported that COLTA2
involves in the regulation of osteogenesis imperfecta (OI)'°, Ehlers-
Danlos syndrome'’, osteoarthritis'> and so on. Furthermore, some
researchers reported that COL1A2 might directly play a role in pan-
creatic cancer proliferation, migration, invasion and in vivo xenograft
progression, through its interaction with microRNA (miRNA)'>7">,

MIRNA, a kind of single-stranded noncoding RNA, has been
widely investigated in cancer researches due to its wide range of
target genes regulation'®. Particularly, it plays a key role in the
proliferation and migration of cancer cells and is commonly used
as a potential target for cancer therapy'’. It has been reported
that miR-25-3p was highly expressed in colon cancer, gastric can-
cer, prostate cancer and ovarian cancer, and involved in cell prolif-
eration, apoptosis and migration'®'®22, However, the association
between miR-25-3p and COL1A2 as well as their roles in PC has
not been clearly elucidated.

Here, the features of PC-related genes were analysed and new
genetic biomarkers were predicted by machine learning. Our
study explored the role of COL1A2 in PC cells and the association
between COLTA2 and miR-25-3p in vitro. The findings may shed
light on the diagnosis and treatment of PC.

Materials and methods
Selection of optimal features and prediction of PC-related genes

The features of PC-related genes were defined based on Online
Mendelian Inheritance in Man (OMIM) and DisGeNET databases,
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then each gene was ranked according to the enrichment score of
GO and involved KEGG pathways. The higher the score was, the
more reliable the function definition would be. Optimal features
of PC-related genes screening and gene prediction were con-
ducted based on the machine learning methods of minimum
redundancy maximum relevance (mRMR), incremental feature
selection (IFS) and Random Forest algorithm (RFA)?. Specifically,
the screening features were sorted using mRMR based on two cri-
teria: Max-Relevance (MaxRel) and Min-Redundancy (mRed). In the
process of IFS, we added features according to the order of the
mRMR list. After adding a new feature, a new sub-data set of posi-
tive and negative samples would be built accordingly. Then each
sub-data set was examined and evaluated to confirm the optimal
one, which contained the optimal feature. Classification analysis of
RFA was performed by Weka 3.6.4 software®, using default param-
eter and being estimated by Ten-fold cross validation. The test
performance evaluation was assessed by Matthews's correlation
coefficient (MCC) to obtain a sub-data set with maximum MCC
value, which contained the optimal feature set. Based on that, all
human genes could be classified by RFA. For each gene, it would
be divided into related and non-related genomes.

Gene expression microarray validation

Predicted PC-related genes were validated via two datasets
(GSE15471 and GSE28735) from the Gene Expression Omnibus
(GEO) database (https://www.ncbi.nlm.nih.gov/geo/). In GSE15471,
36 pairs of normal and tumour tissue samples were obtained at
the time of surgery from resected pancreas of 36 pancreatic can-
cer patients. Gene expression was analysed on Affymetrix U133
plus 2.0 whole genome microarrays. The microarray data were
subsequently normalised using the Robust Multi-array Average
(RMA) algorithm. In GSE28735, the profile compared the micro-
array gene-expression profiles of 45 matching pairs of pancreatic
tumour and adjacent non-tumour tissues with the platform of
Affymetrix Human Gene 1.0ST Array. Analysis of gene differential
expression was used by R package of Limma following by the fil-
tration criteria were: Log2 (Fold Change) >2 and p < .05.

Clinical samples

Fifteen PC patients were selected for clinical participants. The
tumours were graded in line with the criteria of the World Health
Organization (WHO, 2008). Fifteen pairs of tumour tissues with
matched adjacent normal tissues were obtained. All experiments
were approved by the Ethics Committee of Second Affiliated
Hospital of Dalian Medical University, and informed consents were
obtained from all the participating patients. All the tissues were
stored in liquid nitrogen at —80 °C for the following experiments.

Cell lines

Human PC cell lines PANC-1, CAPAN-1, SW1990, JF305 and benign
cell line HPC-Y5 were purchased from American Type Culture
Collection (ATCC, Manassas, VA). HPC-Y5 cells were selected as
controls. Each cell line was inoculated into Dulbecco’s modified
Eagle’s medium (DMEM; Sigma-Aldrich, St. Louis, MO) containing
10% foetal bovine serum (FBS; Sijiging Biochemical, Hangzhou,
China) at 37°C in an incubator with 5% CO,.
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Plasmid construction and transfection

Using siRNA to interfere with COLTA2 gene transcription, the
siRNA for specifically knocking down COLTA2 was transferred into
shRNA which was inserted into pSilencer2.1-U6 neo vectors
(Ambion, Austin, TX) at the BamHI and Hindlll cleavage sites. The
PcDNA 3.1-neo vector (Thermo Fisher Scientific, Waltham, MA)
were used to constructed COLTA2 overexpression vector with sites
of Hindlll and EcoRV. MiR-25-3p (5’-CAU UGC ACU UGU CUC GGU
CUG A-3') mimics and inhibitor were commercially synthesised by
Thermo Fisher Scientific. Lipofectamine 2000 reagent (Invitrogen
Inc, Carlsbad, CA) was adopted for plasmid transfection in accord-
ance with the manufacturer’s instructions.

Quantitative RT-PCR

Total RNA was extracted from PC cells in strict accordance with
the instruction of TRIzol Reagent Kit (Invitrogen, Carlsbad, CA).
Total RNA (5 pg) was reverse-transcribed into cDNA using specific
primer M-MLYV reverse transcriptase (Promega Corp, Madison, WI).
Taking ¢cDNA as template, PCR amplification was carried out by
gRT-PCR for quantitative determination. The PCR procedure was
set as follows: 94°C for 3 min, followed by 40 cycles of 94°C for
30s, 50°C for 30s and 72°C for 30s. The formula for calculating
gene expression is 2722, The gene expression levels were relative
to the untreated cells. U6 snRNA or GAPDH mRNA was served as
control for miRNA or mRNA respectively.

RNA pull-down assay

Biotinylated miR-25-3p pull-down assay was performed. The pan-
creatic cancer cells were transfected with biotinylated miR-25-3p
or the NC and were harvested after 48 h transfection. The cells
were washed with PBS and incubated in a lysis buffer (20 mM Tris,
pH 7.5, 200 mM Nacl, 2.5 mM MgCl,, 0.05% Igepal, 60U Superase-
In/ml (Ambion), 1 mM DTT, protease inhibitors (Roche) on ice for
10 min. Fifty microlitre of the sample was aliquoted for input.
Simultaneously, Streptavidin-Dyna beads (Invitrogen, CA) incu-
bated with remaining lysates. The beads were incubated at 4°C
for 3 h, there times with the low salt buffer (0.1% SDS, 1% Triton
X-100, 2mM EDTA, 20mM Tris-HCl pH8.0 and 150 mM NaCl) and
once with the high salt buffer (0.1% SDS, 1% Triton X-100, 2 mM
EDTA, 20 mM Tris-HCI pH 8.0 and 500 mM NacCl). The bound RNA
was then precipitated using Trizol and then applied in the g-RT-
PCR analysis for COLTA2 mRNA enrichment.

MTT assay

MTT was performed to detect cell proliferation. PC cells were
seeded into 96-well and cultured for 12h before transfection.
After transfection with 24h, 48h, 72h and 96 h, the plates were
taken out at the corresponding time point with each well added
20 pl MTT (5 mg/ml) and incubated for an additional 4 h. After the
clear liquid was carefully aspirated, 200l dimethyl sulfoxide
(DMSO) was added to each well, incubated at 37 °C for 10 min or
oscillated for 10 min until the blue-violet crystals were completely
dissolved. The absorbance of each well was measured at 570 nm
via a microplate reader (Bio-Tek Instruments, Winooski, VT) and
then the cell growth curve was drawn.
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Transwell assay

Transwell chamber (Corning Costar, NY) was used to perform
migrative or invasive assay. Cells of 1 x 10° were seeded into the
upper chambers with serum-free. The lower chambers were added
with DMEM containing 10% FBS. After being incubated at 37°C in
a 5% CO, incubator for 24h transfection, the cells were fixed
15 min with methanol, stained 15min with 0.05% crystal violet in
PBS and counted under a microscope (Olympus, Tokyo, Japan).
After migration or invasion, cells in upper chamber were wiped
with cotton swabs carefully and fixed with PBS containing 4% for-
maldehyde and subsequently immersed in a 2% ethanol solution
containing 1% crystal violet. An optical microscope (100x) was
used to observe and take photographs for cells. For invasion
detection, Matrigel (BD Biosciences, Franklin Lakes, NJ) was added
to the upper chamber of Transwell.

Statistical analysis

Statistical analysis was done by GraphPad Prism 6.0 (GraphPad,
La Jolla, MA). The measurement data were represented as
mean * standard deviation (SD). Student's t test was applied for
two-group comparison, while one-way analysis of variance
(ANOVA) was adopted for the comparison of multi-groups.
p<.05 was expressed when the mean difference was statistic-
ally significant.

Results
Optimal features of PC-related genes and gene prediction

According to Online Mendelian Inheritance in Man (OMIM) data-
base, 200 genes were found to be connected with PC. We also
identified 12PC-related genes in DisGeNET database. Excluding
repeating ones, a total of 209 genes were selected for further
investigation as shown in Supplementary Table S1.

All these 209 genes were taken as a positive sample group and
the genes randomly selected from other human genes were used
as a negative sample group. The latter was divided into 10 parts
to keep the balance of gene numbers in positive samples and
negative samples. Subsequently, 10 positive and negative sample
datasets named dataset 1 to dataset 10 were constructed in the
way of combining 10 negative samples with positive samples. For
each dataset, the correlation of each feature with positive and
negative samples was calculated. The features with a correlation
below 0.1 were removed, and the rest were retained for the next
round of optimal feature screening and optimal feature selection.
The number of residual features, the corresponding optimal fea-
tures and the accuracy of machine learning as well as MCC value
in each dataset was shown in Table 1.

The features that appeared in the optimal features of at least 6
datasets were selected as the overall optimal features, which were
enriched 2175 GO terms and 79 KEGG pathways (Supplementary
Table S2). The results of GO enrichment were presented in three
categories, including biological processes, cellular components
and molecular functions, as shown in Figure 1. According to the
overall optimal features, PC-related genes were further predicted
by RFA. Through the classification of RFA, 516 PC-related genes
were finally predicted (Supplementary Table S3).

Validation of predicted PC related genes in GEO datasets

Two GEO microarray datasets (GSE15471 and GSE28735) were
used to certify the associations of the 516 PC-related genes with
PC. Using the 516 PC-related genes as features of PC, samples
were classified by RFA, and then, the classification accuracy of this
gene set was obtained for differentiating PC samples from normal
controls. These PC-related genes were further optimised by fea-
ture selection method as mentioned above to obtain an optimised
gene set with 29 genes, when the accuracy of classification would
be 96%. As shown in Figure 2, COLTA2 presented consistently
higher expression in two GEO datasets, compared with normal
samples. Hence, the role of COLTA2 in PC was worthy to be fur-
ther verified in vitro.

COL1A2 expression was elevated in PC tissues and cells

The expression of COLTA2 was verified in 15 pairs of PC tissues
and normal adjacent tissues, which showed that COLTA2 was
highly expressed in PC tissues (Figure 3(A)). In addition, high
expression of COLTA2 was also confirmed in four PC cell lines
compared with benign cell line HPC-Y5 (Figure 3(B)). Expression of
COLTA2 in PANC-1 and SW1990 cell lines presented the highest
level and they were selected for further experiments.

Effect of COL1A2 inhibition on the proliferation, migration and
invasion of PC cells

Plasmid si-COL1A2 was transfected into PANC-1 and SW1990 cell
lines in order to study the mechanism of COL1A2 in PC. Taking si-
NC as a control, the expression of COLTA2 mRNA was detected by
qRT-PCR. The result manifested that the expression of COL1A2
mRNA in PANC-1 and SW1990 cell lines transfected with si-
COL1A2 was significantly lower than that in si-NC group (Figure
4(A)). In addition, MTT assay verified that cell proliferation was sig-
nificantly suppressed in si-COLTA2 group after 24h (Figure 4(B)).
At the same time, the invasion and migration of PANC-1 and
SW1990 cells transfected with si-COL1A2 were analysed by
Transwell (Figure 4(C)). In PANC-1 and SW1990 cells transfected
with si-COL1A2, the number of migrated and invaded cells

Table 1. Performance of prediction based on the screened optimal features.

Dataset Residual features number Optimal feature number Sensitivity Specificity Accuracy McCC
1 3924 1121 0.94 0.9 0.92 0.84
2 3299 455 0.97 0.82 091 0.81
3 3427 1679 0.94 0.93 0.93 0.86
4 3644 1196 0.90 1.00 0.94 0.88
5 3768 219 0.97 0.71 0.87 0.73
6 3948 602 0.90 0.90 0.90 0.8

7 4009 386 0.87 0.9 0.88 0.77
8 4506 1313 0.94 0.94 0.94 0.86
9 4210 376 0.97 0.71 0.87 0.73
10 4828 670 1.00 0.71 0.95 0.82

MCC: Matthews’s correlation coefficient.
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Figure 1. Gene Ontology (GO) for optimal features of PC-related genes. GO enrichment were presented in three categories, including biological processes, cellular

components and molecular functions.

decreased significantly compared with the control group trans-
fected with si-NC. The above results indicated that COLTA2 silenc-
ing could inhibit cell proliferation, migration and invasion of
PC cells.

MiR-25-3p down-regulated COL1A2 expression

TargetScan identified miR-25-3p could directly bind to 3'UTR of
COL1A2. In both PANC-1 and SW1990 cells lines, COL1A2 expres-
sion was regulated by miR-25-3p mimics and miR-25-3p inhibitor
transfection (Figure 5(AB)). The result demonstrated that miR-
25-3p could down-regulated the expression of COLTA2, and they
were negatively correlated. The relationship between COL7A2 and
miR-25-3p was further confirmed by RNA pull-down assay. The
result suggested that COLTA2 in PANC-1 and SW1990 cell lines
could be significantly enriched by miR-25-3p (Figure 5(C)), which
implied that that COLTA2 is the target gene for miR-25-3p.

Interaction between miR-25-3p and COL1A2 in PC cells

To further verify the interaction between COLTA2 and miR-
25-3p in PC cells, PANC-1 and SW1990 cells were transfected

with pcDNA 3.1-neo vectors (NC), pcDNA 3.1-COLT1A2, miR-25-3p
mimics and miR-25-3p mimics + pcDNA 3.1-COLTA2 (mix). The
results of qRT-PCR showed that COL71A2 expression was elevated
in pcDNA 3.1-COLT1A2 group and COLTA2 expression reduced in
miR-25-3p mimics group (Figure 6(A)). In addition, miR-25-3p
mimics could reverse the effect of pcDNA 3.1-COLTA2 on
COL1A2 expression. Similarly, proliferation of PANC-1 and
SW1990 cells was promoted in pcDNA 3.1-COL1A2 group and
suppressed in miR-25-3p mimics group (Figure 6(B,C)), with
counterbalanced effect in mix group. At last, Transwell assay
suggested inhibited migration and invasion in miR-25-3p mimics
group and enhanced migration in pcDNA 3.7-COL1A2 group. The
promoting effect on migration and invasion of PANC-1 and
SW1990 cells by pcDNA 3.1-COL1A2 plasmid transfection was
counteracted after the co-transfection of miR-25-3p mimics
(Figure 6(D,E)).

Discussion

This study hypothesised COL1A2 as a significant regulator in PC
after the combined selection of OMIM/DisGeNET databases, GO/
KEGG analyses and machine learning model constructed by
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algorithm. Its suppressor role was validated in functional experi-
ments by miR-25-3p overexpression, which resulted in inhibition
in cell proliferation, migration and invasion.

Systematic biology is widely used to reveal the regulation
mechanism of oncogene and the interaction of cancer proteins
from a holistic perspective by multidisciplinary approach®*. In this

paper, based on the confirmed reports, GO and KEGG pathway
were combined to investigate 2175 GO terms and 79 KEGG path-
way that were highly associated with the development of PC.
Machine learning model in bioinformatics might not only inte-
grate information about PC genes from the collected large data
but also show consistency between the predicted feature genes
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Figure 4. COL1A2 silencing could inhibit cell proliferation, migration and invasion of PC cells. (A) Expression of COLTA2 mRNA in PANC-1 and SW1990 cell lines trans-
fected with si-COLTA2 was significantly lower than that in the si-NC group. (B) MTT assay verified that cell proliferation was significantly suppressed in si-COL1A2 group
after 24h. (C) Transwell assay indicated the number of migrated and invaded cells in PANC-1 and SW1990 cells transfected with si-COL1A2 decreased significantly com-

pared with the control group transfected with si-NC. *, p < .05.

by algorithm and the reported cancer-related genes, which also
supported the accuracy of bioinformatics in predicting oncogenes.
This study may provide new ideas in future clinical research about
PC development.

Among the screened optimal feature genes in PC, there
were many known PC-related genes, and these predicted fea-
ture genes would coincide with many reported results. Many
genes such as BUB1, FOXC1, STAT5B and VEGFA were found to
be correlated to the development of PC, but the mechanism
was not clear. For example, the predicted signal transducer and

activator of transcription 5b (STAT5B) gene could significantly
inhibit the growth, angiogenesis and metastasis of PC, which
was thought to be a novel molecular target for PC*. Vascular
Endothelial Growth Factor-A (VEGFA) has long been considered
as an important factor in the growth and spread of PC*®. Other
genes such as budding uninhibited by Benomyl (BUB1) were
important components of the spindle pole body. Hempen®’
found that BUB1 in PC cells had double missense variation,
which affected the development of its tumour cells. Moreover,
the predicted Forkhead box C1 (FOXC1) gene is an important
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Figure 5. MiR-25-3p down-regulated COL7A2 expression. (A) MiR-25-3p mimics inhibited the expression of COL1A2. (B) MiR-25-3p inhibitor enhanced the expression
of COL1A2. (C) RNA pull-down assay showed that COLTA2 was higher in the miR-25-3p probe group than in the NC group. *, p <.05.
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Figure 6. Interaction between miR-25-3p and COL7A2 in PC cells. (A) COL1A2 expression was detected by gRT-PCR in four groups, including PANC-1 and SW1990 cells
were transfected with pcDNA 3.1-neo vectors (NC), pcDNA 3.1-COL1A2, miR-25-3p mimics and miR-25-3p mimics + pcDNA 3.1-COL1A2 (mix). (B-C) MTT assay was
applied to detect the proliferation of PANC-1 and SW1990 cells in four groups. (D-E) Transwell assay was used for the detection of migration and invasion in PANC-1
and SW1990 cells. *p < .05 indicated significant differences compared with NC groups or mix groups. *, p <.05; **, p <.01.

oncogene of basal-like breast cancer (BLBC)?®. The role of some
genes in PC such as COLTA2 in this paper has not been
reported, but its role in the development of other cancers
remains to be discovered.

Studies have found that PIK3CA, RAS (KRAS, NRAS) and BRAF
gene mutations could activate PI3K/AKT/mTOR and RAS/RAF/MEK

pathways, thereby enhancing the proliferation and migration of
PC cells®®. As target genes of miR-25-3p, these PC oncogenes play
a significant role in the development of PC, which also indicate
that miR-25-3p is of great importance in the early drive, prolifer-
ation and migration of PC and the effect may be caused by mul-
tiple target genes. Studies have found that miR-25-3p could



suppress COL1A2 and influence the proliferation and migration of
PC cells. Furthermore, the expression of COLT1A2 gene was nega-
tively associated with the transcription level of miR-25-3p, which
was similar to the result that NEAT1 affected the growth and inva-
sion of PC cells reported by Cao et al.> Therefore, we assumed
that the effect of COL1A2 on PC cells may be similar to that of
NEAT1. That is, over-expressed genes antagonised the interaction
with miR-25-3p, thereby reducing downstream PC oncogenes
expression and further promoted the proliferation and migration
of PC cells.

Limitations shall be attended in this study as well. COL1A2, a
biomarker in blood, could affect cancer progression in multiple
ways, which remains to be discovered in future researches.
Besides, the underlying mechanism of COLTA2 and miR-25-3p co-
function needs further investigation. Turbulence in cancer metas-
tasis including epigenetic modifications, metabolic changes, locus
mutations and micro-environment changes could be investigated
in future studies.

In conclusion, machine learning as well as databases selected
COL1A2 as a PC-related gene. COLTA2 was high expressed in can-
cer tissues. MiR-25-3p would suppress COLTA2 expression and
inhibit the proliferation, migration and invasion, which provided
ideas for mechanism studies and clinical trials.
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