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Abstract. - OBJECTIVE: Some studies have
confirmed that long non-coding ribonucleic ac-
ids (IncRNAs) played a vital role in the patho-
physiology of various diseases, especially in
oncogenesis and progression of tumors. Dysex-
pressed IncRNAs regulate different cellular pro-
cesses, including proliferation, invasion, and
apoptosis. The aim of this study was to explore
the clinical significance and function of IncRNA
MIR4435-2HG in colorectal cancer.

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR)
was performed to detect the expression of IncRNA
MIR4435-2HG. The Kaplan-Meier method was used
to evaluate the overall survival and disease-free
survival of patients with colorectal cancer. The
cell proliferation was measured by Methyl thiazolyl
tetrazolium (MTT) assay. The cell apoptotic rate was
measured via flow cytometry method.

RESULTS: LncRNA MIR4435-2HG is a novel
cancer-related IncRNA that was recently found
to exhibit high expression in colorectal can-
cer. The dysregulation of IncRNA miR4435-
2HG was significantly related to the tumor size
(p<0.001), lymph node metastasis (p<0.001), and
tumor node metastasis (TNM) staging (p=0.022).
The patients with higher expression of IncRNA
miR4435-2HG showed worse prognosis than
those with low expression of IncRNA miR4435-
2HG group. Besides, the downregulated IncRNA
miR4435-2HG expression could repress cell pro-
liferation and enhance cell apoptosis.

CONCLUSIONS: LncRNA MIR4435-2HG func-
tions as an oncogene that promotes colorectal
cancer progression, and likely represents a bio-
marker or therapeutic target of colorectal cancer.
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Introduction

Colorectal cancer is the third most common
malignant tumor in the world. More than 693,900
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patients die for colorectal cancer each year'. The
increasing incidence rate of colorectal cancer
ranks the fourth of malignant tumors in China and
seriously threatens the public’s life and health?.
With the advancement of genomics, it has been
found that the development of colorectal cancer
is closely related to the changes in proto-onco-
genes and tumor suppressor genes®. It is reported
that about 98% of the human transcripts have no
protein-coding ability and were named non-cod-
ing RNAs. Among them, the transcripts greater
than 200 nt in length are termed long non-cod-
ing RNAs (ncRNA)*. Scholars™* have shown that
IncRNAs functioned epigenetically, transcrip-
tionally, or post-transcriptionally by regulating
the expression of the target genes, and thus par-
ticipating in the development of various diseases,
such as diabetes mellitus and tumors. The earli-
est discovered human IncRNA is H19, which is
abnormally expressed in various types of tumors
and functions as an oncogene or tumor suppres-
sor gene””. HOX transcript antisense RNA (HO-
TAIR) has also been shown to be up-regulated in
many types of tumors'®'?. The high expression
of metastasis-associated lung adenocarcinoma
transcript 1, MALAT 1, not only promoted the
metastasis of lung cancer but was also associated
with bladder cancer and colorectal cancer*'>. Al-
though accumulated evidence has indicated that
IncRNAs might play an important role in tumori-
genesis, the regulation of IncRNAs expression in
colorectal cancer, and its involvement in tumor
formation remain to be elucidated.

Qian et al'® found that elevated IncRNA
miR4435-2HG was significantly correlated with
overall survival by evaluating the overall surviv-
al of 379 GC patients from The Cancer Genome
Atlas (TCGA) database. St Laurent et al” also
demonstrated that IncRNA miR4435-2HG was
highly expressed in lung cancer tissues and cor-
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related with histological grades and lymph node
metastasis and promoted lung cancer progression
by activating B-catenin signaling. Here, we de-
tected the expression of IncRNA miR4435-2HG
in colorectal cancer, analyzed the relationship
between MIR4435-2HG expression and clinico-
pathological factors, and thus explored the poten-
tial function and prognosis of IncRNA MIR4435-
2HG in colorectal cancer.

Materials and Methods

Collection of Tumor Specimens

The colorectal cancer tissues and adjacent nor-
mal tissues from patients in our hospital were col-
lected. After being frozen in liquid nitrogen, all
samples were stored at -80°C for further study.
Detailed clinical information is summarized in
Table 1. All patients signed the informed consent,
and the collection of specimens was reviewed and
approved by our Hospital Ethics Committee.

RNA Extraction and Quantitative Real
Time-Polymerase Chain Reaction (GRT-PCR)
The total RNA was extracted from the tissues
and cells using the TRIzol kit (Invitrogen, Carls-
bad, CA, USA), respectively, followed by the mea-

surement of RNA concentration using an ultravi-
olet spectrophotometer (Hitachi, Tokyo, Japan).
The complementary Deoxyribose Nucleic Acid
(cDNA) was synthesized according to the instruc-
tions of the PrimeScript™ RT MasterMix kit (In-
vitrogen, Carlsbad, CA, USA). QRT-PCR reaction
conditions were as follows: 94°C for 30 s, 55°C
for 30 s and72°C for 90 s, for a total of 40 cycles.
The relative expression level of the target gene was
expressed by the 24 method. The experiment
was repeated for 3 times. Primer sequences used
in this study were as follows: IncRNA MIR4435-
2HG, F: 5-CGGAGCCACGACCACTTCCTC-3’,
R: 5-GGCTCGGATATGTCAGACGCA-3’; GAP-
DH: F: 5>-CGCTCTCTGCTCCTCCTGTTC-3, R:
5-ATCCGTTGACTCCGACCTTCAC-3".

Cell Culture and Transfection

The cancer cell lines were cultured with Ros-
well Park Memorial Institute-1640 (RPMI-1640)
supplemented with 10% fetal bovine serum (FBS;
Life Technologies, Grand Island, NY, USA) in a
5% CO, and at 37°C humidified incubator.

Both of siRNA-IncRNA miR4435-2HG and
siRNA-NC were synthesized and purified by
Shanghai GenePharma Co., Ltd. (Shanghai, Chi-
na). The cells were seeded into a 6-well plate
(Corning, Corning, NY, USA) at a density of

Table I. The relationship between the expression level of IncRNA miR4435-2HG and the clinicopathological features of

colorectal cancer patients.

miR4435-2HG

Parameters Total (n) Low (n) High (n) p-value
Age (years)

<60 48 22 26

>60 54 25 29 0.963
Gender

male 53 26 27

female 49 21 28 0.530
Tumor size (cm)

<4 47 32 15

>4 55 15 40 <0.001*
Tumor differentiation

Gl 37 20 17

G2/G3 65 27 38 0.223
TNM stage

I-11 57 32 25

I-1v 45 15 30 0.022*
Lymph node metastasis

no 50 33 17

yes 52 14 38 <0.001*

*p<0.05
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Figure 1. Detection of IncRNA miR4435-2HG expression level in colorectal cancer tissues. A, The expression level of In-
cRNA miR4435-2HG in colorectal cancer and adjacent normal tissues was detected by qRT-PCR. B, The expression level of
IncRNA miR4435-2HG in tissues from tumor size > 4 cm group and tumor size < 4 cm group was detected by qRT-PCR. C,
The expression level of IncRNA miR4435-2HG in III-1V group and I-I1 group was detected by qRT-PCR. *p<0.05.

5x10° cells/well. After 48 h, siRNA-IncRNA
miR4435-2HG and siRNA-NC were transfected
into cell lines with Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA) according to the manu-
facturer’s instruction.

Methyl Thiazolyl Tetrazolium (MTT) Assays

The cells were seeded and incubated in a 96-
well plate at a density of 1x10° cells/well. Totally
20 uL MTT (Beyotime, Shanghai, China) reagent
was added into each well, the cells were incubated
for other 4 h. Then, 150 pL dimethyl sulfoxide
(DMSO) was added to each well. Finally, the ab-
sorbance wavelength was measured.

Cell Apoptosis

Cell apoptosis was measured using an Annex-
in V-FITC (fluorescein isothiocyanate) Kit (Bec-
ton, Dickinson and Company, Franklin Lakes, NJ,
USA). Totally, 5x10° cells were re-suspended in the
binding buffer (200 pL), which was then incubated
with FITC Annexin V (5 pL) and propidium iodide
solution (1 pL). The apoptosis rate of cells was mea-
sured by FACS Calibur Flow Cytometer (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA).

Statistical Analysis

After the collection and organization of clinical
pathological information and prognostic data, the
effect of IncRNA MIR4435-2HG expression level
on clinicopathological factors was analyzed. The
survival curve was drawn by the Kaplan-Mei-
er method. The survival rate between IncRNA
miR4435-2HG high expression group and low ex-
pression group was also compared. The Cox pro-
portional hazard model was used for multivariate

analysis to evaluate the role of IncRNA MIR4435-
2HG on the prognosis of colorectal cancer. All the
above relevant data were statistically analyzed
using statistical software Statistical Product and
Service Solutions (SPSS) 21.0 (IBM Corp., Ar-
monk, NY, USA) statistical software.
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Figure 2. Relationship between the expression level of
IncRNA miR4435-2HG and prognosis. To further analyze
the relationship between the expression level of IncRNA
miR4435-2HG and the prognosis of patients with colorec-
tal cancer, the Kaplan-Meier survival analysis, and the log-
rank analysis were performed. (A) Overall Survival, OS,
(B) Disease-Free Survival, DFS.

1773



M.-Y. Shen, G.-R. Zhou, Z.-Y Zhang

»>
o

=
o

IS
1

—_ N w
) h §
expression level
o -
o o
i T

0.0-

Relative IncRNA MIR4435-2HG
expression level
Relative INcRNA MIR4435-2HG

C
* g 1.54 %
o
@ _ _—
3 s
X2 40
e %: x o e,
= o5 5
- gg .
o @
: 2
s
& T
e(a
e?"
&
%

Figure 3. Downregulation of IncRNA miR4435-2HG in colorectal cancer cells by transfecting with siRNA. A, The expres-
sion level of IncRNA miR4435-2HG was measured by qRT-qPCR. B, (LoVo) and C (SW620), the cells were transfected with
siRNA-IncRNA miR4435-2HG. The transfection effects were confirmed qRT-qPCR. *p<0.05.

Results

Detection of LncRNA MIR4435-2HG
Expression Level in Colorectal Cancer
Tissues

The expression level of IncRNA MIR4435-
2HG in colorectal cancer and adjacent normal
tissues was detected by qRT-PCR. The results
showed that the expression of IncRNA miR4435-
2HG was significantly higher in tumor tissues
than that in the adjacent normal tissues (Figure
1A). In addition, IncRNA MIR4435-2HG showed
elevated expression in patients with tumor size >
4 cm than those with tumor size < 4 cm (Figure
1B). Similarly, IncRNA MIR4435-2HG expres-
sion also increased in tumor tissues of III-IV pa-
tients than that of I-II patients (Figure 1C). Fur-
thermore, the relationship between the expression
level of IncRNA MIR4435-2HG and the clinico-
pathological features of patients with colorectal
cancer was also analyzed. As shown in Table I,
significant differences were observed between
the IncRNA MIR4435-2HG expression level and
the tumor size (p<0.001), lymph node metastasis
(p<0.001), tumor node metastasis (TNM) staging
(p=0.022), while there was no remarkable dif-
ference between the IncRNA MIR4435-2HG ex-
pression level and the patient’s gender, age, tumor
differentiation (p>0.05).

Relationship Between Expression Level
of LncRNA MIR4435-2ZHG and Prognosis
To further analyze the relationship between the
expression level of IncRNA MIR4435-2HG and
the prognosis of patients with colorectal cancer,
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the Kaplan-Meier survival analysis, and the log-
rank analysis were performed. The results showed
that the patients in IncRNA miR4435-2HG higher
expression group showed a worse prognosis com-
pared to the IncRNA miR4435-2HG low expres-
sion group (Figure 2A). The disease-free survival
(DFS) of IncRNA miR4435-2HG high expression
group was also significantly lower than that of In-
cRNA miR4435-2HG low expression group (Fig-
ure 2B). The regression of Cox risk ratio revealed
that tumor size (p=0.007, HR=2.756), TNM stage
(p=0.008, HR=3.203), lymph node metastasis
(p=0.031, HR=3.333), and IncRNA miR4435-2HG
(p=0.015, HR=2.462) resulted in an increased risk
of death (Table II). These results suggested that
the increased expression of IncRNA MIR4435-
2HG might be an independent indicator of the
prognosis of colorectal cancer patients.

Downregulation of LncRNA MIR4435-ZHG
in Cell Lines by Transfecting with SiRNA
The expression level of IncRNA MIR4435-
2HG in colorectal cancer cells (LoVo, SW620,
SW480, LS174T, HCT116, and HT29) and normal
human colorectal cells (HUVEC) was measured
in this study. The analysis of qRT-qPCR results
revealed that IncRNA miR4435-2HG expres-
sion was higher in colorectal cancer cells (LoVo,
SW620, SW480, LS174T, HCT116, and HT29)
than that in the normal human colorectal cells
(HUVEC) (Figure 3A). Thus, LoVo and SW620
cell lines were chosen for further exploration in
this study. Due to the increased expression of
IncRNA miR4435-2HG in colorectal cancer cell
lines, siRNA-IncRNA miR4435-2HG was synthe-
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sized and transfected into LoVo and SW620 cells.
The interference effects were then observed, as
shown in Figures 3B and 3C.

Downregulated LncRNA MIR4435-2HG
Expression Repressed Cell Proliferation
and Enhanced Cell Apoptosis

After IncRNA miR4435-2HG was down-regu-
lated in vitro, MTT assay was used to detect the
cell proliferation of colorectal cancer cells. The
results demonstrated that the proliferation of cells
transfected with siRNA-IncRNA miR4435-2HG
was markedly downregulated compared with the
cells transfected with siRNA-NC (p<0.05, Fig-

A
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ures 4A, 4B). In addition, the apoptosis rate was
measured using flow cytometry method, and the
results revealed that reduced IncRNA miR4435-
2HG remarkably increased the apoptosis of col-
orectal cancer cells (p<0.05, Figures 4C and 4D).
All the results indicated that the down-regulated
IncRNA miR4435-2HG could repress cell prolif-
eration and enhance cell apoptosis.

Discussion

LncRNAs were used to be considered as the
“genomic noise”'®, while subsequent studies have

490nm

Apoptotic rate (%)

Figure 4. Downregulated IncRNA miR4435-2HG expression could repress cell proliferation and enhance cell apoptosis. (A)
(LoVo) and (B) (SW620), MTT assays were used to detect the cell proliferation. (C) (LoVo) and (D) (SW620), the cell apoptotic

rate was measured via using flow cytometry. *p<0.05.
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confirmed that IncRNA was involved in the devel-
opment of various diseases via regulating the ex-
pression of the target genes through epigenetics,
transcriptional, and post-transcriptional regula-
tion'. The activation of proto-oncogenes and the
inactivation of tumor suppressor genes will ulti-
mately contribute to tumorigenesis®®. Therefore,
studies on IncRNAs associated with tumorigen-
esis would be a benefit for the discovery of new
biomarkers for tumor diagnosis and prognosis.

To analyze the expression of IncRNA miR4435-
2HG in colorectal cancer, qRT-PCR was per-
formed, and the results revealed that IncRNA
miR4435-2HG was significantly up-regulated in
colorectal cancer compared with adjacent normal
tissues. LncRNAs were closely related to the clin-
ical features and prognosis of colorectal cancer.
LncRNA-GAPLINC was highly expressed in
colorectal cancer and was associated with tumor
size, T grade, and N grade, and was also identified
as an independent risk factor for the prognosis of
colorectal cancer?'. Patients with colorectal cancer
with high expression of IncRNA-H19 have a low-
er degree of tumor differentiation, a later TNM
stage, shorter overall survival, and disease-free
survival??. The clinical pathological analysis
found that the expression of IncRNA miR4435-
2HG in colorectal cancer tissues was related to
the tumor size of colorectal cancer. The survival
analysis also revealed that patients with colorectal
cancer with low expression of IncRNA miR4435-
2HG had longer disease-free survival than those
with high expression of IncRNA miR4435-2HG.
The above results demonstrated that the higher
the malignancy of colorectal cancer, the higher
the expression of IncRNA miR4435-2HG, and the
worse the prognosis of patients.

LncRNA CRNDE was reported to promote
colorectal cancer cell proliferation and chemore-
sistance via miR-181a-5p-mediated regulation of
Wnt/B-catenin signaling® Long non-coding RNA
UICLM also contributed to the colorectal cancer
liver metastasis by acting as a ceRNA for microR-
NA-215 to regulate ZEB2 expression®*. Long non-
coding RNA XIST expedited the metastasis and
modulated the epithelial-mesenchymal transition
in colorectal cancer”. Long non-coding RNA
CCAL regulated the colorectal cancer progres-
sion by activating Wnt/B-catenin signaling path-
way via suppression of the activator protein 2.
The downregulation of LncRNA-ANCR sup-
pressed the invasion and migration of colorectal
cancer cells by regulating the EZH2 expression?’.
In this study, the expression of IncRNA miR4435-

1776

2HG in cell lines was inhibited by transfecting
with siRNA. Through MTT and flow cytometry
analysis, we found that the down-regulated In-
cRNA MIR4435-2HG could repress the cell pro-
liferation and enhance cell apoptosis. Therefore,
we confirmed that IncRNA miR4435-2HG played
an important role in the development of colorectal
cancer.

Conclusions

We detected that the high expression of In-
cRNA miR4435-2HG in colorectal cancer tissues
was related to tumor size, which might have a
suggestive effect on the diagnosis and prognosis
of colorectal cancer. A subsequent study of the
mechanism of IncRNA miR4435-2HG involved
in the development of colorectal cancer had a cer-
tain value for the improvement of early diagnosis,
treatment, and prognosis of colorectal cancer.
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