Cancer Management and Research Dove

ORIGINAL RESEARCH

The Diagnostic and Prognostic Value of Serum
IncRNA NEATI in Colorectal Cancer

Yong Wang
Dongsheng Zhang
Chuan Zhang

Yueming Sun

Department of Colorectal Surgery, The
First Affiliated Hospital of Nanjing
Medical University, Nanjing 210029,
Jiangsu Province, People’s Republic of
China

Correspondence: Yueming Sun
Email ymsunnmu@ |63.com

This article was published in the following Dove Press journal:
Cancer Management and Research

Background: Colorectal cancer (CRC) is one of the most frequent types of gastrointestinal
tract cancers. Abnormal expression of long non-coding RNAs (IncRNAs) has been shown to
be closely associated with the progression of CRC. The aim of the current study was to
determine the diagnostic and prognostic value of IncRNA nuclear paraspeckle assembly
transcript 1 (NEAT1) in CRC.

Methods: The expression levels and diagnostic value of serum NEAT1 were evaluated in
the training and validation cohorts. Then, the prognosis value of serum NEAT1 in CRC was
further explored.

Results: The expression levels of serum NEAT1 were significantly higher in CRC, espe-
cially in metastatic CRC, than in colorectal adenoma and healthy controls. In addition, serum
NEAT1 could well differentiate metastatic CRC from non-metastatic CRC and CRC from
colorectal adenoma or healthy controls. Moreover, the metastatic CRC cells secreted more
NEATT1 than the control cells. Upregulation of serum NEAT1 was significantly associated
with poor clinical outcome of CRC, and serum NEAT1 was identified as an independent
prognostic factor for CRC.

Conclusion: Serum NEAT1 might be a promising diagnostic and prognostic biomarker for
CRC.
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Introduction

Colorectal cancer (CRC) is one of the most frequent malignancies affecting the
digestive system and the third leading cause of cancer-related mortality.! Currently,
the major therapeutic options for CRC include surgical resection, chemotherapy and
radiotherapy. Despite the advances made in the CRC screening tests and treatment
strategies, the clinical outcome of CRC remains poor.z’3 Local recurrence or distant
metastases are the primary reasons for the unfavorable prognosis of CRC. Although
the Tumor, Node, Metastasis (TNM) staging system provides important and useful
guidelines for the selection of treatments, patients at similar TNM stage can have
completely different clinical outcomes.* Therefore, it is urgently needed to develop
novel biomarkers for the diagnosis and prognosis of CRC.

Long non-coding RNAs (IncRNAs) are a sub-class of non-coding RNAs that are
longer than 200 nucleotides (nt) in length.” LncRNAs have been demonstrated to
play important roles in multiple biological processes such as proliferation, migra-
tion, apoptosis, differentiation and cell cycle.”’ The expression patterns of
IncRNAs are frequently abnormally expressed in human cancers. This indicates
not only that these molecules might actively involve in the onset and progression of
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tumors but might serve as promising biomarkers for mon-
itoring disease development. Recently, accumulative evi-
dence has shown that IncRNAs are crucial for the
tumorigenesis of CRC. For instance, the expression level
of IncRNA PVTI was significantly increased in CRC. In
addition, upregulation of PVT1 inhibited proliferation,
migration and invasion of CRC cells, and opposite find-
ings were observed PVT1 was suppressed.® LncRNAs can
be stably detected in the blood and other biofluids.
Therefore, considerable attention has been focused on
using the circulating IncRNAs as biomarkers for the
early detection and prognosis prediction of CRC.”'°
Nuclear paraspeckle assembly transcript 1 (NEAT1) is
an indispensable component of nuclear paraspeckles.
NEAT1 has been reported to be highly expressed and
play an oncogenic role in various types of cancer such as
non-small cell lung cancer, CRC and pancreatic
cancer.'''* However, whether circulating NEAT1 was
deregulated in CRC as well as its potential diagnostic
in CRC

Therefore, the aim of the current study was to elucidate

and prognostic values remain unknown.

the clinical significance of serum NEAT1 in CRC.

Patients and Methods

Study Design and Patients

This study was approved by the Research and Ethical
Committee of The First Affiliated Hospital of Nanjing
Medical University and was performed in accordance
with the Declaration of Helsinki. Written informed con-
sents were obtained from all participants. For the training
cohort, the levels of serum NEATI1 were evaluated in
a small subset of participants which includes 8 metastatic
CRC patients, 20 non-metastatic CRC patients, 15 color-
ectal adenoma patients, and 20 gender- and age-matched
healthy subjects. For the independent validation cohort,
a total of 45 metastatic CRC patients, 85 non-metastatic
CRC patients, 50 colorectal adenoma patients, and 70
healthy controls were enrolled. In addition, postoperative
sera were collected from 93 CRC patients 2 weeks after
surgery. All CRC patients were staged according to the
American Joint Committee on Cancer TNM staging sys-
tem. The clinicopathological features of the CRC patients
are summarized in Table 1.

Cell Culture
Four CRC cell lines including Caco-2, HCT116, SW480,
and SW620 and the normal colon epithelial cell line FHC

were purchased from American Type Culture Collection
(Manassas, VA, USA). All the cells lines were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) comple-
mented with 10% fetal bovine serum and 1% streptomy-
cin/penicillin at 37°C with 5% of CO,.

Serum Sample Collection

Peripheral blood samples were collected and centrifuged at
3000 g for 20 min at 4°C to remove debris. The serum
samples were transferred to new sterile tubes and stored at
—80°C for further analysis.

Reverse Transcription Quantitative
Polymerase Chain Reaction (RT-qPCR)

The total RNA was isolated from serum and cell culture
media samples with Trizol reagent (Invitrogen, Carlsbad,
CA, USA). Reverse transcription was carried out using
M-MLV Reverse Transcriptase kit (Invitrogen) based on
the manufacturer’s protocol. The amplification of first-
strand complementary DNA was performed using SYBR
Green qPCR Master Mix (Takara, Dalian, China) on an
ABI 7500 system (Applied Biosystems, Foster City, CA,
USA). The relative expression of NEAT1 was calculated
by the comparative Ct method. GAPDH was used as an
endogenous control. The amplification procedure was as
follows: 95°C for 5 min, followed by 40 cycles of 95°C
for 15 s and 60°C for 1 min. The primers used were:
NEAT1 forward, 5-CTTCCTCCCTTTAACTTATCCAT
TCAC-3', NEATI1 reverse, 5'-CTCTTCCTCCACCATTA
CCAACAATAC-3"; GAPDH forward, 5'-CGGAGTC-
AACGGATTTGGTCGTAT-3', GAPDH
AGCCTTCTCCATGGTGGTGAAGAC-3".

reverse, 5'-

Statistical Analysis

Statistical analysis was performed with GraphPad Prism
8.0 (GraphPad Software, San Diego, CA, USA). The
Kruskal-Wallis test was used to compare the serum
NEAT1 among metastatic CRC, non-metastatic CRC, col-
orectal adenoma and healthy controls or among the culture
medium from different cell lines. Receiver operating char-
acteristic curve (ROC) and the area under the curve
(AUC) were employed to assess the discriminative
power of serum NEAT!. Chi-square test was used to
evaluate the correlations between serum NEATI1 levels
and clinicopathological features of CRC. Survival curves
were estimated using the Kaplan—-Meier method, and dif-
ferences were compared by the Log rank test. The
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Table | Correlations Between Serum NEATI and
Clinicopathological Features in CRC Patients
Variables Total Cases NEATI P
n=135
( ) Low High
(n=67) (n=68)
Age 0.432
<60 6l 28 33
260 74 39 35
Gender 0.673
Female 56 29 27
Male 79 38 4]
Tumor size (cm) 0.333
<4 77 41 36
24 58 26 32
Lymph node 0.265
metastasis
Negative 64 35 29
Positive 71 32 39
Distant 0.002
metastasis
Negative 85 51 34
Positive 50 16 34
TNM stage 0.001
-l 62 40 22
-1v 73 27 46
Histological 0.139
grade
Well/ 74 41 33
moderate
Poor 61 26 35

Abbreviation: TNM, tumor-node-metastasis.

association between serum NEAT1 levels and overall sur-
vival was revealed with univariate and multivariate ana-
lyses. P value <0.05 was considered to be statistically
significant.

Results
Serum NEAT | Was Significantly Increased
in CRC in the Discovery Cohort

The expression level of circulating NEAT1 was signifi-
cantly higher in CRC patients than in patients with color-
ectal adenoma and healthy controls (***P<0.001). In
addition, serum NEAT1 was especially higher in meta-
static CRC compared to non-metastatic CRC
(***P<0.001) (Figure 1A). ROC analyses revealed that
serum  NEAT1  showed

good performance for

differentiating metastatic CRC from non-metastatic CRC
with an AUC value of 0.869 (Figure 1B). In addition,
serum NEATI could identify CRC patients from patients
with colorectal adenoma and healthy controls with an
AUC value of 0.860 and 0.895, respectively (Figure 1C
and D).

The Expression Patterns of Serum
NEAT | in CRC Were Validated in an
Independent Cohort

In the independent validation cohort, serum NEAT1 levels
were remarkably elevated in CRC patients, especially in
metastatic CRC, when compared to patients with color-
ectal adenoma and healthy controls (***P<0.001) (Figure
2A). ROC analyses revealed that serum NEAT1 was able
to differentiate metastatic CRC from non-metastatic CRC
with an AUC value of 0.797 (Figure 2B). The AUC values
of serum NEAT1 for identifying CRC patients from
patients with colorectal adenoma or healthy controls
were 0.875 and 0.907, respectively (Figure 2C and D).

The NEAT | Levels Were Increased in the
Culture Media from CRC Cell Lines

As shown in Figure 3A, the expression level of NEAT1 was
dramatically upregulated in the culture media from CRC cell
lines, compared to that from FHC. In addition, the metastatic
CRC cell line SW620 secreted much more NEAT1 into culture
media than the other three CRC cell lines (***P<0.001)
(Figure 3A). Then, we compared the NEAT1 expression in
HCT116 and SW620 cells in a time-dependent manner. Our
results showed that NEAT 1 in the culture media from both cell
lines increased with time, and SW620 secreted more NEAT1
than HCT116 at each time point (¥**P<0.01, ***P<0.001)
(Figure 3B). Similarly, the expression of NEAT1 in the culture
media from both cell lines increased with increasing numbers
of cells (***P<0.001) (Figure 3C and D).

Serum NEAT| Was Closely Associated
with Unfavorable Clinicopathological
Features of CRC

The median value of serum NEAT1 was used as the cut-off
to divide the CRC patients into high (n=68) and low
(n=67) serum NEAT! group. The results showed that
serum NEAT1 was significantly associated with TNM
stage (P=0.001) and distant (P=0.002).
However, no strong correlations were found between

metastasis
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Figure | The expression level and diagnostic value of serum NEATI in the training cohort. (A) Serum NEAT| was significantly increased in CRC, especially in metastatic
CRC. (B) The diagnostic value of serum NEAT| for differentiating metastatic CRC with non-metastatic CRC. (C) The diagnostic value of serum NEAT | for identifying CRC
from colorectal adenoma. (D) The diagnostic value of serum NEAT| for identifying CRC from healthy controls. ***P<0.001.

serum NEATI1 and age, gender, tumor size, lymph node
metastasis and histological grade (Table 1)

Upregulation of Serum NEAT| Was
Associated with Poor Prognosis of CRC

The expression level of serum NEAT1 was significantly
lower in the post-operative samples compared to the paired
pre-operative samples (P=0.001) (Figure 4A). For the
metastatic CRC cases, the patients in the high serum
NEAT1 group had worse overall survival than those in
the low serum NEAT1 group (P=0.009) (Figure 4B).
Similarly, for all the CRC cases, the patients in the high
serum NEAT1 group had worse shorter overall survival
compared to those in the low serum NEATI group
(P<0.001) (Figure 4C). Multivariate analysis showed that
serum NEAT1 was an independent prognostic factor for
CRC (Hazard ratio=2.731, 95% CI=1.201-5.863,
P=0.011) (Table 2).

Discussion
In this study, our results showed that, compared to the
colorectal adenoma and healthy controls, the expression
level of serum NEAT1 was significantly increased in CRC,
especially in metastatic CRC in both the discovery and
validation cohorts. In addition, serum NEAT1 well distin-
guished CRC from colorectal adenoma or healthy controls
as well as metastatic CRC from non-metastatic CRC. The
metastatic CRC cells secreted much more NEATI into the
culture medium compared to the controls. Moreover,
increased serum NEATI1 was closely associated with
worse clinicopathological features and survival in CRC.
Furthermore, serum NEAT1 was identified as an indepen-
dent prognostic factor for CRC. Taken together, serum
NEAT1 might serve as a robust and reliable biomarker
for predicting the prognosis of CRC.

Consistent results have demonstrated that NEAT! act
as an oncogene in the initiation and progression of CRC.
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Figure 2 The expression level and diagnostic value of serum NEAT | in the validation cohort. (A) Serum NEAT| was significantly higher in CRC, especially in metastatic
CRC. (B-D) The diagnostic values of serum NEATI for differentiating metastatic CRC with non-metastatic CRC as well as identifying CRC from colorectal adenoma or

healthy controls. ***P<0.001.

For instance, the expression level of NEAT1 was signifi-
cantly increased in CRC tissues compared to the controls.
In addition, both in vitro and in vivo evidence suggested
that NEAT1 was important for maintaining the oncogenic
activities of CRC cells.'* Similarly, knockdown of NEAT]1
enhanced the sensitivity of CRC cells to 5-FU."
MicroRNAs (miRNAs) are a class of small non-coding
RNAs that play a central role in posttranscriptional regula-
tion of protein-coding genes. NEAT1 is demonstrated to
play a tumor-promoting role in CRC mainly through the
IncRNA-miRNA-mRNA axis. For instance, miR-34a,
miR-205-5p, miR-193a-3p were identified as a target of
NEAT1.'*#!5'® NEAT1 can act as a sponge of these
miRNAs, reducing their regulatory effect on the target
mRNAs.

In addition to CRC, NEAT1 has been shown to pro-
mote tumorigenesis in other types of cancer. For example,
NEAT1 was significantly upregulated in hepatocellular

carcinoma (HCC) tissues compared to the adjacent normal

tissues. Downregulation of NEAT1 dramatically inhibited
proliferation and invasion as well as promoted apoptosis in
HCC cells.'” Similarly, NEAT1 was overexpressed in
breast cancer and closely associated with advanced clinical
stages and positive lymph node metastasis. Suppression of
NEAT1 inhibits breast cancer cell proliferation, migration
and invasion.'® Wang et al also showed that NEAT1 pro-
moted the proliferation and invasion of endometrial cancer
miR-144-3p/EZH2 ?
Interestingly, the role of NEAT1 in tumorigenesis seems

cells by regulating the axis.'
to depend on the tumor types. It is also possible that
NEAT1 plays a tumor-suppressive role in cancer develop-
ment. The expression level of NEAT1 was significantly
lower in glioma tissues and cells. Enforced expression of
NEAT1 suppressed the oncogenic activities of glioma
cells.”® NEATI was also significantly reduced in acute
myeloid leukemia (AML). Upregulation of NEAT1 inhib-
ited the cell growth, migration and invasion as well as
promoted apoptosis of AML cells.?’
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Figure 3 CRC cells secreted more NEAT | into the culture media than the control cell lines. (A) The levels of NEAT | were consistently higher in the culture media from
CRC cell lines, especially from the metastatic CRC cell line SW620, than from the normal cell line. (B) The expression levels of NEAT | was increased in the culture median

of HCT 16 and SW620 cells with time increased. (C—D) The expression levels of NEAT | was increased in the culture median of HCT 116 and SW620 cells with cell number
increased. *¥P<0.01, **P<0.001.
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Figure 4 Increased serum NEAT| was associated with poor overall survival of CRC. (A) Serum NEAT| was significantly dropped in the post-operative samples. (B) For

metastatic CRC cases, patients in the high serum NEAT | suffered worse overall survival. (C) For all the CRC cases, patients with the higher serum NEAT | level had shorter
overall survival. ¥*P<0.001.

As we have mentioned above, NEAT1 might be deregu-  these malignancies or non-cancer diseases. The plasma
lated in other malignancies. Therefore, it is possible that NEATI was significantly increased in NSCLC patients com-
circulating NEAT1 is upregulated or downregulated in  pared to the controls.”* Huang et al reported that circulating
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Table 2 Multivariate Analysis of Prognostic Factors for CRC

Variables Hazard Ratio | 95% CI P

Age 1.197 0.869-1.841 0.689
Gender 0.899 0.745-1.528 | 0.430
Tumor size 1.352 0.886-2.156 | 0.384
Lymph node metastasis 1.748 0.981-3.788 | 0.177
Distant metastasis 2.806 1.254-6.570 | 0.008
TNM stage 3.223 1.592-8.529 | 0.002
Histological grade 1.512 0.841-3.182 | 0.265
Serum NEATI 2.731 1.201-5.863 | 0.011

Abbreviation: TNM, tumor-node-metastasis.

NEAT1 was remarkably higher in sepsis patients than in
healthy subjects. In addition, the upregulation of circulating
NEAT1 was closely associated with disease risk, elevated
severity and unfavorable prognosis in sepsis patients.”’
Recently, circulating tumor DNA (ctDNA) has emerged as
a promising diagnostic and prognostic tool for CRC. For
instance, ctDNA exhibits good performance for monitoring
treatment response, identifying CRC cases with recurrence,
and monitoring therapeutic resistance in metastatic CRC
patients.>* Therefore, further studies are warranted to con-
firm whether combining circulating ctDNA and serum
NEATI could enhance the diagnosis and prognosis predic-
tion of CRC. Therefore, to avoid potential misinterpretation,
we should combine other robust biomarkers of CRC
(ctDNA), clinicopathological data and circulating NEAT1
for the diagnosis and prognosis prediction of CRC. One
limitation of our study was the relatively small sample size.
Further studies with a large sample size are warranted to
validate our findings. In addition, the molecular mechanisms
for the role of NEAT1 in CRC progression need further
exploration.

In conclusion, we have demonstrated that serum
NEAT1 is significantly increased in CRC, especially in
metastatic CRC. In addition, the upregulation of serum
NEAT]1 is closely associated with the unfavorable prog-
nosis of CRC. Therefore, serum NEAT1 might be a novel
potential diagnostic and prognostic biomarker for CRC.
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