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Background: ALDOA-related specific transcript (ARST) is a recently identified long non-
coding RNA (IncRNA) that suppresses glioma progression, while its role in other cancers is
unclear. This study explored the role of ARST in colorectal cancer (CRC).

Methods: The present study included 60 CRC patients, 60 patients with colon polyps (CP),
60 colitis patients, 60 hemorrhoid patients and 60 healthy controls. All participants were
subjected to the collection of plasma, and paired CRC and non-tumor tissues were collected
from CRC patients. All samples were subjected to RNA isolation and RT-qPCR to detect the
expression of ARST. ROC curve and survival curve analysis were performed to evaluate the
diagnostic and prognostic values of plasma ARST for CRC.

Results: The expression levels of ARST were lower in CRC plasma samples compared to
that in the patient groups and controls (p < 0.01), while other patient groups and controls
showed no significant difference. The expression levels of ARST were also lower in CRC
tissues compared to that in non-tumor tissues (p < 0.01). Plasma expression levels of ARST
effectively distinguished CRC patients from other patients and controls. The expression
levels of ARST were closely correlated with patients’ survival. Chi-squared test analysis
showed that ARST was closely associated with patients’ distant metastasis but not tumor
size.

Conclusion: ARST is downregulated in CRC, and it might be applied in the diagnosis and
prognosis of CRC.
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Introduction

Colorectal cancer (CRC), also known as colon cancer and bowel cancer, is the 3rd
It is estimated that
CRC affects about 1 out of 25 females and 1 out of 23 males during their lifetime.’

most common type of malignancy in both males and females.'~

With proper treatment and diagnosis at early stages, around 90% of CRC patients
could survive more than 5 years.*> However, early diagnosis of CRC is difficult,
and most of CRC patients (60%) are diagnosed at advanced stages, resulting in poor
prognosis.® In many cases, CRC can be misdiagnosed as other clinical disorders in
colon, such as colon polyps (CP), colitis and hemorrhoid.”*

Although CRC and other colon diseases have similar symptoms, different
molecular pathways are involved.”® Therefore, identification of differentially
expressed molecular factors may facilitate the development of novel diagnostic
biomarkers for CRC.*® For instance, miRNAs and carcinoembryonic antigen
(CEA) have been developed to detect CRC at early stages.'®'' However, these

biomarkers are limited by the low sensitivity and specificity. Long non-coding
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RNAs (IncRNAs) do not encode proteins but regulate the
transcription or/and translation of genes to participate in
cancer development and progression.'*'® In cancer biol-
ogy, certain IncRNAs play critical roles and can be used
as potential targets for the treatment and diagnosis of
cancers.'>"? ALDOA-related specific transcript (ARST)
is a recently identified IncRNA that is downregulated in
glioma.'* Moreover, ALDOA inhibits glioma progres-
sion by regulating actin cytoskeleton integrity.
However, its role in other cancers is unclear. This

study explored the role of ARST in CRC.

Materials and Methods

Patients and Healthy Controls

From May 2014 to August 2016, 60 CRC patients (22
females and 38 males, 54.6 £ 6.7 years old), 60 patients
with colon polyps (CP, 22 females and 38 males, 54.8 +
6.4 years old), 60 colitis patients (22 females and 38
males, 54.6 + 6.9 years old), 60 hemorrhoid patients (22
females and 38 males, 54.4 + 6.6 years old) and 60 healthy
controls (22 females and 38 males, 54.9 + 6.9 years old)
were enrolled at the First Affiliated Hospital, and College
of Clinical Medicine of Henan University of Science and
Technology. This study was approved by the Ethics
Committee of this hospital. All experimental procedures
were carried out in compliance with the Declaration of
Helsinki and Good Clinical Practices. CRC patients were
diagnosed through colonoscopy, through which biopsy
was performed. CRC tumor tissues were confirmed by
histopathological analysis. CP was also diagnosed by colo-
noscopy. Colitis was diagnosed by Sigmoidoscopy and the
analysis of bowel inflammation. Hemorrhoid was diag-
nosed by checking the area around anus, and a digital
rectal exam was also performed in some cases.
Malignant tumors were excluded from CP, colitis and
hemorrhoid patients by performing histopathological ana-
lysis. Healthy controls were enrolled after they completed
systemic physiological examinations, and no abnormalities
were observed. All participants signed the informed
consent.

A 5-Year Follow-Up

The survival of 60 CRC patients was monitored after
admission. All patients were followed up every month
through telephone or outpatient visit. Survival data were

summarized to perform survival analysis.

Collection of Samples

To analyze differential expression of ARST, CRC and
paired tissues were collected from all 60 CRC patients.
Tissue samples were collected by dissecting the resected
tumors of biopsies. Tissue samples were confirmed by
histopathological exam. On the day of admission, blood
was collected from all patients and healthy controls under
fasting conditions. Blood samples were centrifuged in
EDTA tubes, and the supernatant (plasma) was collected.
After collection, all samples were stored in liquid nitrogen
before the subsequent assays.

RNA Preparations

Total RNAs were isolated using MagNA Pure Compact
RNA TIsolation Kit (Roche Life Science). In brief, 1
volume of sample was subjected to lysis using 10 volume
lysis buffer in a cold room for 20 min. After centrifugation
at 1200 g for 10 min, the supernatant was transferred to
binding column, followed by centrifugation at 12,000 g for
1 min to achieve RNA binding. After washing with wash-
ing buffer, RNA elution was performed using RNase-free
water. RNA samples were stored at —80 °C before use.

RT-gPCR for Gene Expression Analysis
RNA samples were subjected to DNase I digestion to
remove gDNA, followed by the analysis of integrity and
quantification using Bioanalyzer (2100). About 2000 ng
RNA samples were used to prepare cDNA samples using
SSRT IV system (Invitrogen). Gene expression levels were
measured by qPCRs with 18S rRNA as the internal con-
trol. Ct values were normalized to 18S rRNA using the
2724CT method.

Statistical Analysis

The GraphPad Prism 7.0 (GraphPad) software was used to
analyze data and prepare images. All experiments were per-
formed in triplicate manner. Wilcoxon signed-rank test,
Mann-Whitney U-test or two-tailed Student’s #-test were
used to explore statistical significance. The potential value of
ARST in the diagnosis of CRC was explored by performing
ROC curve analysis, in which CRC patients were included as
true positive cases, and the true negative cases were CP
patients, colitis patients, hemorrhoid patients or healthy con-
trols. The 60 CRC patients were grouped into high and low
ARST level groups, with 30 patients in each group.
Associations between plasma expression levels of ARST and
patients’ clinical data were analyzed by Chi-squared #-test.
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Using the 5-year follow-up data, survival curves were plotted
for both groups and compared by Log rank test to explore the
prognostic value of ARST for CRC. p < 0.05 was statistically
significant.

Results
Differential Expression of ARST in CRC

Plasma samples derived from 60 CRC patients, 60 patients
with colon polyps (CP), 60 colitis patients, 60 hemorrhoid
patients and 60 controls were subjected RT-qPCRs to
detect the differential expression of ARST. It showed
that the expression levels of ARST were lower in CRC
plasma compared to that in the patient groups and controls,
while other patient groups and controls showed no signifi-
cant difference (Figure 1A, p < 0.01). CRC and paired
non-tumor tissue samples were also subjected to RT-
gqPCRs, and the results showed that the expression levels
of ARST were also lower in CRC tissues compared to that
in non-tumor tissues (Figure 1B, p < 0.01).

Diagnostic Value of ARST for CRC

The potential value of ARST in the diagnosis of CRC was
explored by performing ROC curve analysis, in which
CRC patients were included as true positive cases and
the true negative cases were CP patients (Figure 2A),
2B),
(Figure 2C) or healthy controls (Figure 2D), respectively.
Area under the curve (AUC) higher than 0.65 indicated
potential diagnostic values. In all 4 cases, AUC was higher
than 0.65. Therefore, ARST effectively distinguished CRC
patients from other patients and controls.

colitis patients (Figure hemorrhoid patients
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Potential Value of ARST in the Prediction

of Patients’ Death

The 60 CRC patients were grouped into high and low
ARST level groups, with 30 patients in each group.
Using the 5-year follow-up data, survival curves were
plotted for both groups and compared by Log rank test
to explore the prognostic value of ARST for CRC
(Figure 3). Compared to patients in the low expression
level group, patients with high expression levels of ARST
experienced significantly increased death rate and reduced
survival time during the 5-year follow-up, suggesting that
reduced expression levels of ARST in plasma were closely
correlated with patients’ poor survival.

Associations Between Plasma Expression

Levels of ARST and Patients’ Clinical Data
The 60 CRC patients were grouped into high and low

ARST level groups, with 30 patients in each group.
Associations between plasma expression levels of ARST
and patients’ clinical data were analyzed by Chi-squared
t-test. Chi-squared test results showed that ARST was
closely associated with patients’ distant metastasis but

not tumor size (Table 1).

Discussion

This study explored the involvement of IncRNA ARST in
CRC. We found that the expression of ARST is altered in
CRC, and it may serve as a potential diagnostic and prog-
nostic biomarker for CRC. In addition, ARST may regu-
late the metastasis of CRC to affect CRC progression.
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Figure | Differential expression of ARST in CRC. Plasma samples derived from 60 CRC patients, 60 patients with colon polyps (CP), 60 colitis patients, 60 hemorrhoid
patients and 60 controls (A) as well as paired CRC and non-tumor tissue samples from CRC patients (B) were subjected to the preparation of RNA samples. RT-qPCRs
were performed using all RNA samples to analyze the differential expression of ARST. *p < 0.01.
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Figure 2 Diagnostic value of plasma ARST for CRC. The potential value of plasma ARST in the diagnosis of CRC was explored by performing ROC curve analysis, in which
CRC patients were included as true positive cases and the true negative cases were CP patients (A), colitis patients (B), hemorrhoid patients (C) or healthy controls (D).

Area under the curve (AUC) was presented.
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Figure 3 Potential value of plasma ARST in the prediction of patients’ death. The
60 CRC patients were grouped into high and low plasma ARST level groups, in each
group 30 patients were included. Using the 5-year follow-up data, survival curves
were plotted for both groups and compared by Log rank test to explore the
prognostic value of plasma ARST for CRC.

ARST is a recently identified IncRNA in glioma.'* It is
reported that the expression levels of ARST were low in
glioma and overexpression of ARST suppressed the actin

cytoskeleton integrity mediated by ALDOA to suppress
glioma progression.'* Based on our knowledge, the invol-
vement of ARST in other types of cancer and human
disease is unclear. This study revealed downregulation of
ARST in CRC but not in other clinical disorders of colon.
Therefore, ARST is likely a tumor suppressor in CRC.
Although we did not explore the role of ARST in regulat-
ing the behaviors of CRC cells, our chi-squared test results
showed that ARST was only closely correlated with distant
tumor metastasis but not tumor size. Therefore, ARST is
likely involved in tumor metastasis but not tumor growth
of CRC. However, future studies are needed to explore the
functions of ARST in CRC and analyze possible mechan-
isms that mediate its function.

CRC at early stages may mimic the symptoms of CP,
colitis and hemorrhoid. These symptoms may include
lumps and rectal bleeding in the anus.'> Therefore, mis-
diagnosis that leads to delayed treatment and cancer
progression is common. In this study, we showed that

the expression levels of ARST were low in CRC but not
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Table | Associations Between Plasma ARST Levels and Patients’ Clinical Data
Characteristics Number ARST Expression Chi-Squared P value
Low (n=30) High (n=30)

Age (years)
=55 29 13 16 0.6 0.44
<55 31 17 14

Gender
Male 38 18 20 0.29 0.59
Female 22 12 10

Depth of tumor
T3+ T4 34 16 18 0.27 0.6
TI+T2 26 14 12

Distant metastasis
Yes 15 12 3 72 0.007
No 45 18 27

Tumor size (cm)
>5 34 20 14 2.44 0.12
<5 26 10 16

Tumor differentiation
Well 12 5 7 0.67 0.71
Moderate 33 18 15
Poor 15 7 8

in CP, colitis and hemorrhoid. In addition, ROC curve
analysis showed that altered plasma expression of ARST
effectively separated CRC patients from CP patients,
colitis patients and hemorrhoid patients. In addition,
low plasma expression levels of ARST were closely
correlated with patients’ poor survival. Therefore, ana-
lyzing the expression pattern of ARST prior to the diag-
nosis of CRC may avoid misdiagnosis and identify
patients with high risk of death to prolong their survival.
However, this study only included 60 CRC patients, and
the sample size is small. Our conclusions remain to be
verified by future studies with bigger sample sizes.

The present study only explored the clinical value of
ARST in the diagnosis and prognosis of CRC. However, the
role of ARST in regulating CRC cell behaviors and the
mechanisms is unknown. More studies are needed to cover
this topic.

In conclusion, ARST is downregulated in CRC, and it
may serve as a potential diagnostic and prognostic biomar-
ker for CRC.
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