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Purpose: Long noncoding RNAs (lncRNAs) are correlated with cancer pathogenesis and prognosis. Many studies have shown that
aberrant expression of MIR31HG is implicated in the cancer progression and patient prognosis. However, the biological function and
predictive value of MIR31HG in colorectal cancer is unclear.
Methods: The correlation between MIR31HG expression and clinicopathological characteristics of colorectal cancer patients was
analyzed by collating the information from The Cancer Genome Atlas (TCGA) database. Kaplan–Meier analysis, univariable and
multivariable Cox regression analysis were performed to evaluate the prognostic value of MIR31HG. Gene set enrichment analysis
(GSEA) was conducted to identify the potential carcinogenic mechanisms implicated in MIR31HG. Moreover, MIR31HG was knocked
down using siRNA in colorectal cancer cells, and cell migration, invasion, growth and colony formation assays were performed. The
expression of MIR31HG influenced gene markers was quantified by qRT-PCR in MIR31HG-silenced colorectal cancer cells.
Results: In TCGA database, we found that MIR31HG was elevated in colorectal cancer patients. The patients with high MIR31HG
expression had poor overall survival and disease-specific survival. Univariable and multivariable analyses showed that MIR31HG
expression was an independent prognostic predictor in colorectal cancer patients. GSEA revealed that MIR31HG mainly modulated
focal adhesion, extracellular matrix organization, integrin cell surface interactions and focal adhesion-PI3K-Akt-mTOR-signaling
pathway. Besides, MIR31HG knockdown significantly impaired colorectal cancer cell migration, invasion, growth and colony
formation. Further qRT-PCR data confirmed that alteration of MIR31HG expression notably affected the tumorigenesis-related key
gene expression in the cells.
Conclusion: Our findings provide evidence that MIR31HG is a key factor in maintaining the malignant phenotype of colorectal
cancer and may act as an independent predictor for patients with colorectal cancer.
Keywords: colorectal cancer, lncRNA, MIR31HG, prognosis

Introduction
Colorectal cancer is the second and third most common cancer among women and men, respectively. Globally, more than
1.85 million patients are diagnosed with colorectal cancer annually.1 Despite various treatment strategies including drug
therapy, radiotherapy, and surgical resection have made great progress in recent years,2,3 the high incidence of recurrence
and distant metastasis still affects a large percentage of patients. Due to the complexity of tumorigenesis, the treatment of
these patients remains challenging.1,4 Therefore, it is necessary to identify more effective targets for the diagnosis,
treatment and prediction of colorectal cancer.

Long non-coding RNAs (lncRNAs) are a class of RNA transcripts over 200 nucleotides and are not capable of coding for
proteins.5 Many studies have shown that lncRNAs play critical roles in a variety of biological processes, such as cell
proliferation, apoptosis, migration, and invasion.5–7 The expression of lncRNAs is frequently dysregulated in cancers, and
some of them are correlated with cancer pathogenesis and prognosis.8–10 A growing number of mechanistic studies have
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revealed that lncRNAs can interact with certain functional proteins to modify gene expression at the transcriptional or post-
transcriptional level.10,11 Despite many new findings, the understandings of the expression profiles and biological functions of
lncRNAs in cancers remain limited. Recently, some studies have been conducted to investigate the prognostic relationship
between LncRNA microRNA-31 host gene (MIR31HG, also known as LOC554202) and cancers. MIR31HG is mainly
located in the cytoplasm and is involved in regulating the target gene expression in cancer cells.12 Aberrant expression of
MIR31HG has been found to be significantly correlated with survival time in various cancers, including bladder cancer,13

esophageal squamous cell carcinoma,14 pancreatic ductal adenocarcinoma,15 and colorectal cancer,16 indicating that
MIR31HG not only has oncogene functions, but also is a promising biomarker for molecular pathology diagnosis and
prognosis prediction in cancer patients. A recent study showed that MIR31HG expression was lower in colorectal cancer
tissues than in adjacent noncancerous tissues,17 and the colorectal cancer patients with low expression of MIR31HG
implicated poor overall survival and disease-free survival.18,19 However, another study indicated that MIR31HG expression
was significantly higher in colorectal cancer than in adjacent tissues.20 These finding suggested that the role of MIR31HG in
cancers was still controversial. Therefore, further studies are necessary to investigate the functional role and predictive value
of MIR31HG in colorectal cancer.

In our study, we evaluated the prognostic implication of MIR31HG gene expression in colorectal cancer by
bioinformatically analyzing clinical features and survival information in the Cancer Genome Atlas (TCGA) database.
Moreover, we conducted in vitro experiments to examine the effects of MIR31HG on the proliferation and invasion of
colorectal cancer cells and the associated crucial signaling pathways. Our results suggest that MIR31HG plays a crucial
role in cancer progression and it is valuable for predicting the prognosis of colorectal cancer patients.

Materials and Methods
Gene Expression and Clinical Features
The relevant data were downloaded from TCGA database. A total of 478 colorectal cancer patients with the correspond-
ing clinical and general information were collected in this study.

Sample Collection
Colorectal cancer and adjacent tissues were collected from patients stored in liquid nitrogen and stored at −80 °C until
RNA extraction. The study was approved by the Ethics Committee of the Second Hospital of Hebei Medical University
(Hebei, China) and conducted in accordance with the Declaration of Helsinki.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted using TRIzol reagent (Invitrogen, USA) as described previously,21 and RNA was reversely
transcribed into cDNA using Transcription First Strand cDNA synthesis kit (Roche, Basel, Switzerland). qRT-PCR analyses
were quantified with SYBR PrimeScript RT-PCR kit (Takara, Dalian, China). The relative expression of each specific gene
was normalized against β-actin level. qRT-PCR primer sequences used in the study were as follows: MIR31HG forward
primer, 5’-CAGTTTGGTGGAAGATAA-3’; MIR31HG reverse primer, 5’-TTCTCCTTAATGTCACGCACGATT-3’;
TPBG forward primer, 5’-TGGAACTGATCCTGAACCACA-3’, TPBG reverse primer, 5’-CGCGGCAGGTA
AAGGAAGT-3’; FYN forward primer, 5’-ATGGGCTGTGTGCAATGTAAG-3’, FYN reverse primer, 5’-GAAGCT
GGGGTAGTGCTGAG-3’; ETV1 forward primer, 5’-GGCCCCAGGCAGTTTTATGAT-3’, ETV1 reverse primer, 5’-
GATCCTCGCCGTTGGTATGT-3’; TRERF1 forward primer, 5’-CCCTCAAGATACACGGGATGG-3’, TRERF1 reverse
primer, 5’-GGTTTCCACGTAGCTGGACAT-3’; β-actin forward primer, 5’-CTCCATCCTGGCCTCGCTGT-3’; β-actin
reverse primer, 5’-GCTGTCACCTTCACCGTTCC-3’.

Gene Set Enrichment Analysis (GSEA)
The associations between MIR31HG gene expression and all genes were analyzed using R (v.3.6.3), and then GSEA
analysis was performed on the gene expression matrix using the cluster Profiler package in R. P <0.05, and FDR <0.25
were considered as statistically significant.
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Cell Culture and Transfection
Human colorectal cancer cell lines HT-29 and SW480 were obtained from the cell bank of the Chinese Academy of
Sciences in Shanghai (Shanghai, China). The cells were cultured in DMEM (Gibco, USA) with 10% foetal bovine serum,
100 ng/mL streptomycin and 100 U/mL penicillin. The cells were cultured at 37° C, 5% CO2 in a humidified atmosphere
incubator.

Transfection of the cells with siRNAs was performed using Lipofectamine RNAiMAX (Invitrogen, USA). Two
different siRNAwere synthesized by Genepharma (Shanghai, China) using the following sequences: si-MIR31HG#1: 5’-
GCCAUUGAGAAAUCAGGAUTT-3’ (sense) and 5’-AUCCUGAUUUCUCAAUGGCTT-3’ (antisense); si-
MIR31HG#2: 5’-GCUUUAAUGGAGCACAAAUTT-3’ (sense) and 5’-AUUUGUGCUCCAUUAAAGCTT-3’ (anti-
sense). Negative control: 5’- UUCUCCGAACGUGUCACGUTT-3’ (sense) and 5’-ACGUGACACGUUCGGAGAA
TT-3’ (antisense). The efficiency of knockdown was validated by qRT-PCR.

Immunohistochemistry (IHC)
IHC was used to detect protein expression in paraffin-embedded cancer specimens from colorectal cancer patients. After
deparaffinization and rehydration, the samples were treated with a 3% hydrogen peroxide to block endogenous
peroxidase activity. The sections were incubated with antibodies and then treated with polymer-conjugated horseradish
peroxidase. The following antibodies were used: anti-TPBG antibody (Proteintech), anti-FYN antibody (Proteintech),
anti-ETV1 antibody (Abcam) and anti-TRERF1 antibody (Proteintech). Standard DAB staining was applied for chromo-
genic detection of the IHC target proteins.

Western Blot
Proteins were extracted by RIPA buffer. After determination of protein concentrations, the proteins were separated by
SDS-PAGE and transferred onto PVDF membranes. The membranes were blocked with 5% milk powder and then
exposed to primary antibodies against anti-TPBG, anti-FYN, anti-ETV1 and anti-TRERF1 at 4 °C overnight. β-actin
(Abcam) was used as an internal control.

Cell Migration and Invasion Assay
Cells were treated and seeded into 24-well Transwell chambers (8 μm pores, Corning, USA) in serum-free medium for
24 h. The bottom wells were filled with complete medium. After incubation for 48 h, the invading cells were fixed and
stained with crystal violet. Six random fields were counted and imaged under an inverted microscope. Cell invasion
assays were performed using Matrigel-coated chambers with the procedure as described above.

Wound Healing Assay
Cells were treated and cultured in six-well plates until almost completely confluent. Monolayer cells were scratched with
the tip of a sterile pipette to create a wound. Photographs of cells were taken at 0 and 48 h after wounding and the width
of the wound was measured. The experiment was repeated at least three times.

Cell Growth Assay
To evaluate the growth of the cells, a Cell Counting Kit-8 (CCK-8, Biosharp, China) was performed according to the
manufacturer’s instructions. Briefly, cells were treated and plated in 96-well plates. Absorbance of 450 nm was measured
using a microplate reader at indicated time. The experiment was independently repeated three times.

Colony Formation Assay
Tumor cells were seeded in 6-well plates (200 cells/well) and treated for 14 days, then the cells were fixed with methanol
and stained with 1% crystal violet solution. The number of colonies was counted from three separate plates, and
representative photographs were taken.
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Statistical Analysis
The analyses were carried out by R version 3.6.3 and corresponding packages. The survival curves were evaluated by the
Kaplan–Meier method with the Log rank test applied for comparison. The ROC curve was used to evaluate the diagnostic
value of MIR31HG expression. Univariable and multivariable Cox analyses were used to explore independent prognostic
factors. The significance of the differences between groups was estimated using a one- or two-way ANOVA tests.
Difference was considered statistically significant at P <0.05.

Results
The Expression of MIR31HG in Colorectal Cancer Patients
As shown in Table 1, the characteristics of 478 patients with colorectal cancer were acquired from TCGA database.
Among the participants, 252 were male (52.7%) and 226 were female (47.3%). To evaluate the expression of MIR31HG
in colorectal cancer patients, we compared MIR31HG expression to that in normal colon tissues. The results indicated
that the MIR31HG expression was markedly increased in colorectal cancer tissues than in normal tissues (P < 0.001)
(Figure 1A). This finding was confirmed in colorectal cancer tissues and paired normal colon tissues (P < 0.001)
(Figure 1B). To further validate the data from TCGA, we also measured MIR31HG expression in 22 matched pairs of
clinical specimens. The results revealed that MIR31HG was significantly upregulated in cancer tissues compared with
normal adjacent tissues (P < 0.001, Figure 1C). Moreover, we also found that MIR31HG was overexpressed in colorectal
cancer by analysis of the TIMER database (Figure 1D). Importantly, MIR31HG overexpression can be observed in many
human cancers, such as breast cancer, cholangiocarcinoma, esophageal carcinoma, glioblastoma multiforme, and various
other cancers (Figure 1D).

Table 1 The Clinicopathological Characteristics of the Colorectal Cancer Patients

Characteristic Levels Overall

Gender Female 226 (47.3%)

Male 252 (52.7%)
Age ≤65 194 (40.6%)

>65 284 (59.4%)

T stage T1 11 (2.3%)
T2 83 (17.4%)

T3 323 (67.7%)

T4 60 (12.6%)
N stage N0 284 (59.4%)

N1 108 (22.6%)

N2 86 (18%)
M stage M0 349 (84.1%)

M1 66 (15.9%)

Pathologic stage Stage I 81 (17.3%)
Stage II 187 (40%)

Stage III 133 (28.5%)

Stage IV 66 (14.1%)
CEA level ≤5 196 (64.7%)

>5 107 (35.3%)
History of colon polyps NO 262 (64.2%)

YES 146 (35.8%)

Histological data Adenocarcinoma 387 (86.2%)
Mucinous Adenocarcinoma 62 (13.8%)

MSI NO 81 (88.0%)

YES 11 (12.0%)
Location Left 178(41.0%)

Right 256(59.0%)
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Relationship Between MIR31HG Expression and Clinicopathological Characteristics
To evaluate the clinical significance of MIR31HG in colorectal cancer patients, we investigated the relationship between
MIR31HG expression and clinicopathological characteristics. It showed that high expression of MIR31HG was sig-
nificantly correlated with T stage (P < 0.001) (Figure 2A), N stage (P < 0.001) (Figure 2B), M stage (P < 0.001)
(Figure 2C), pathologic stage (P < 0.05) (Figure 2D) and CEA level (P < 0.05) (Figure 2E), while there was no significant
relationship with other clinicopathologic characteristics. Logistic regression indicated that MIR31HG gene expression
was a categorical dependent variable related to prognostic poor clinical features (Table 2).

High MIR31HG Expression is Associated with Colorectal Cancer Poor Prognosis
Kaplan–Meier survival analysis was conducted to compare the prognosis of patients dichotomized by MIR31HG
expression. The patients with high MIR31HG expression had dramatically worse overall survival (OS, P = 0.033)
(Figure 3A) and disease-specific survival (DSS, P = 0.024) (Figure 3B) than patients with low MIR31HG expression.
Subgroup analysis by different clinical characteristics showed that high MIR31HG expression was related to poor
prognosis in T3-4 stage (P = 0.026), N0-1 stage (P = 0.017), M0 stage (P = 0.007), pathological stage I–II (P = 0.008), no
history of colonic polyps (P = 0.003), and more than 65 years old (P = 0.044) (Figure 3C–H). Moreover, similar to the
prognostic values of T stage (T3-4 versus T1-2), N stage (N2 versus N0-1), M stage (M1 versus M0), pathologic stage

Figure 1 MIR31HG expression in colorectal cancer tissues. (A) MIR31HG expression in normal and cancer tissues in the TCGA database. (B) MIR31HG expression in
paired tissues in the TCGA database. (C) MIR31HG expression in 22 pairs of clinical colorectal cancer tissues and the normal adjacent tissues was examined by qRT-PCR and
generated by a log2 transformation. (D) MIR31HG expression in different kinds of cancers in the TIMER database. *P<0.05, ***P<0.001.
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(III–IV versus I–II) and CEA level (>5 versus ≤5), univariable cox regression analysis indicated that high MIR31HG
expression was another strong prognostic predictor of poor OS (hazard ratio (HR) = 1.520, P = 0.018) and DSS (HR =
1.899, P < 0.001, Table 3). To further validate the value of MIR31HG expression, multivariable analysis was performed
to determine the risk evaluation related to OS and DSS. Most notably, high MIR31HG expression was ascertained as an
independent prognostic factor for OS (HR = 1.789, P = 0.010, multivariable analysis) and DSS (HR = 1.859, P = 0.007,
multivariable analysis; Table 3). The ROC curve analysis was performed on the MIR31HG expression data, and the area
was 0.786, indicating a high diagnostic value of MIR31HG expression in colorectal cancer (Figure 3I). In addition, forest
plots of multivariable Cox regression analysis were used to evaluate the prognostic effect of clinical characteristics and

Figure 2 MIR31HG expression in colorectal cancer patients was assessed according to different clinical features. (A) T stage; (B) N stage; (C) M stage; (D) Pathologic stage;
(E) CEA level. *P<0.05, ***P<0.001.

Table 2 Logistic Analysis of the Relationship Between MIR31HG Expression and Clinicopathological
Characteristics

Characteristics Total (n) Odds Ratio (OR) P value

T stage (T3-4 vs T1-2) 477 2.727 (1.387–6.255) 0.009
N stage (N2 vs N0-1) 478 1.652 (1.063–2.529) 0.022

M stage (M1 vs M0) 415 1.681 (1.045–2.643) 0.026

Pathologic stage (Stage III–IV vs Stage I–II) 467 1.238 (0.842–1.830) 0.277
CEA level (>5 vs ≤5) 303 1.751 (1.015–3.120) 0.048

History of colon polyps (YES vs NO) 408 1.818 (1.156–2.923) 0.011
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risk models in the patients (Figure 4A). Moreover, we combined the expression of MIR31HG and the clinical variables to
construct a nomogram to predict the survival probability of the patients at 1, 3, and 5 years (Figure 4B). Taken together,
our data reveal that MIR31HG levels can be used as an independent prognostic indicator of clinical outcome in colorectal
cancer patients.

GSEA Identifies the MIR31HG-Related Biological Pathways
To explore the biological pathways involved in colorectal cancer, GSEA analysis was conduct in the MIR31HG
expression data. Enrichment plots of GSEA showed that the gene sets related to focal adhesion (Figure 5A), extracellular
matrix organization (Figure 5B), integrin cell surface interactions (Figure 5C), and focal adhesion-PI3K-Akt-mTOR-

Figure 3 MIR31HG is a prognostic biomarker for colorectal cancer patients. (A) Kaplan–Meier curve for OS and (B) DSS in colorectal cancer patients. (C–H) Subgroup
analysis of OS in colorectal cancer patients. (I) ROC curve prediction for colorectal cancer depended on MIR31HG expression in the TCGA dataset.
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signaling pathway (Figure 5D) were involved in patients with high MIR31HG expression, indicating that MIR31HG
function may be associated with cancer invasion and metastasis.

MIR31HG Contributes to Colorectal Cancer Progression
To further understand the cell phenotype associated with MIR31HG in promoting colorectal cancer progression,
we knocked down MIR31HG using siRNA in colorectal cancer cells. The transwell and wound healing assays
revealed that MIR31HG knockdown resulted in significantly impaired migration and invasion of HT-29 and
SW480 cells (Figure 6A and B), which was consistent with the results of Enrichment plots of GSEA. CCK-8
assay showed that colorectal cancer cells with MIR31HG knockdown also grew more slowly than the negative
control (Figure 6C). Colony formation assay indicated that MIR31HG knockdown possibly affected the stem cell
phenotype (Figure 6D). To predict the function of MIR31HG, we further analyzed the correlation between
MIR31HG and the related genes using TCGA database. It showed that high expression of MIR31HG was closely
related to the tumorigenesis-related key gene expression of colorectal cancer (Figure 7A), and the MIR31HG
expression was positively correlated with that of TPBG (R = 0.480, P < 0.001), FYN (R = 0.480, P < 0.001),
ETV1 (R = 0.450, P < 0.001) and TRERF1 (R = 0.460, P < 0.001) (Figure 7B). Moreover, we confirmed the
expression of these genes for distinct pathologic stages in colorectal cancer tissues via immunohistochemistry and
Western blot analysis (Figure 7C and D). Further qRT-PCR data showed that alteration of MIR31HG expression
notably influenced the gene markers participating in tumorigenesis (Figure 7E), indicating that MIR31HG may be
a critical regulator in maintaining the malignant phenotype of colorectal cancer.

Discussion
It is revealed that lncRNAs play a crucial role in the pathogenesis of colorectal cancer.22 In recent years, several
promising biomarkers of lncRNAs for the diagnosis and prognosis of cancer have been identified. The present study
revealed the role of aberrant MIR31HG expression in colorectal cancer progression and patient prognosis. We compared
the lncRNA profiles of colorectal cancer and normal colon tissue in the TCGA database and clinical specimens, and we
found that MIR31HG showed significantly higher overexpression in colorectal cancer. We further validated this

Table 3 Univariable and Multivariable Cox Regression Analyses of Clinical Characteristics Correlated with Overall Survival and
Disease-Specific Survival in Colorectal Cancer Patients

Characteristics Univariable Analysis Multivariable Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Overall survival
T stage (T3-4 vs T1-2) 2.962 (1.372–6.395) 0.006 2.070 (0.466–9.192) 0.339

N stage (N2 vs N0-1) 3.398 (2.264–5.100) <0.001 1.885 (0.881–4.035) 0.103

M stage (M1 vs M0) 4.327 (2.763–6.776) <0.001 1.499 (0.658–3.411) 0.335
Pathologic stage (Stage III–IV vs Stage I–II) 2.855 (1.879–4.339) <0.001 2.096 (0.886–4.959) 0.092

CEA level (>5 vs ≤5) 3.181 (1.813–5.584) <0.001 1.701 (0.832–3.477) 0.146

History of colon polyps (YES vs NO) 0.783 (0.466–1.313) 0.354
MIR31HG expression 1.520 (1.076–2.148) 0.018 1.789 (1.148–2.788) 0.010

Disease specific survival

T stage (T3-4 vs T1-2) 7.583 (1.853–31.029) 0.005 2.752 (0.343–22.076) 0.341
N stage (N2 vs N0-1) 4.495 (2.739–7.378) <0.001 1.769 (0.770–4.063) 0.179

M stage (M1 vs M0) 7.862 (4.613–13.400) <0.001 2.682 (1.035–6.949) 0.042

Pathologic stage (Stage III–IV vs Stage I–II) 5.942 (3.158–11.180) <0.001 1.958 (0.658–5.828) 0.227
CEA level (>5 vs ≤5) 3.182 (1.627–6.221) <0.001 1.423 (0.608–3.334) 0.416

History of colon polyps (YES vs NO) 0.938 (0.514–1.714) 0.836

MIR31HG expression 1.899 (1.322–2.728) <0.001 1.859 (1.187–2.914) 0.007
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expression pattern in cancer cells and found that high expression of MIR31HG was correlated with colorectal cancer
progression. These findings indicated that MIR31HG expression could present an outstanding diagnostic and prospective
value for patients with colorectal cancer.

The identification of biomarkers with high sensitivity and specificity is essential for the diagnosis of cancer. With the
development of sequencing technologies, lncRNAs have become regulators of a variety of cellular functions through
their involvement in epigenetic, transcriptional and post-transcriptional modulation of genes.10,11 An increasing number
of studies have shown that the functions of lncRNAs are closely related to cell survival as well as the development of
diseases, such as innate immunity,23 pregnancy-induced hypertension,24 and diabetic cardiomyopathy.25 Currently, a
large number of studies have identified that MIR31HG is abnormally expressed in a variety of cancers, and over-
expression of MIR31HG is considered as a promising prognostic biomarker for cancer patients.14–16 However, the roles
and mechanisms of MIR31HG in colorectal cancer are not fully understood, and its prognostic value warrants further
exploration.

This study explored the prognostic value of MIR31HG expression in colorectal cancer patients using bioinformatics
technology and validated the clinical significance in the patients and cell experiments. Kaplan–Meier survival analysis
revealed that overexpression of MIR31HG was closely associated with poor OS and DSS in colorectal cancer patients.
Multivariable Cox analysis further supported that high MIR31HG expression was an independent risk factor for OS in
the patients, and ROC analysis also proved the diagnostic value of MIR31HG. In addition, we constructed a prognostic

Figure 4 Forest plots and the nomogram for the prognosis of colorectal cancer patients. (A) The forest plots of the multivariable Cox regression analysis in colorectal
cancer patients. (B) The nomogram for predicting the probability of colorectal cancer patients with 1-, 3- and 5-year overall survival.
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nomogram by integrating clinical conditions and gene expression through the TCGA database, enabling clinicians to
predict patients’ mortality risk and evaluate the disease to make therapeutic decisions.

To investigate the biological function of MIR31HG, we used GSEA and identified that high expression of MIR31HG
was associated with focal adhesion, extracellular matrix organization, integrin cell surface interactions and focal
adhesion-PI3K-Akt-mTOR-signaling pathway. In cultured colorectal cancer cells, knockdown of MIR31HG inhibited
cell migration, invasion, growth and colony formation. In addition, by analyzing the TCGA database in different
MIR31HG expression patients, we found that TPBD, FYN, ETV1 and TRERF1, which were known as characteristic

Figure 5 Enrichment plots were illustrated for a set of activated genes related to (A) focal adhesion, (B) extracellular matrix organization, (C) integrin cell surface
interactions, and (D) focal adhesion-PI3K-Akt-mTOR-signaling pathway in the colorectal cancer cases with high MIR31HG expression.
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genes involved in cancer cell proliferation and migration,26–29 were significantly suppressed in cancer cells after
knockdown of MIR31HG. These results suggested the critical role of MIR31HG in colorectal cancer progression.

Conclusion
In conclusion, our studies found that MIR31HG was upregulated in colorectal cancer and MIR31HG overexpression was
closely associated with disease progression. We also identified that MIR31HG played a key role in cancer progression,
promoting malignant behaviors by facilitating the invasion and growth of colorectal cancer cells. The effects of
MIR31HG on colorectal cancer patients and cells suggested that MIR31HG could be applied as a potential biomarker
for the diagnosis and prognosis of colorectal cancer. However, our study is an analysis of the previous published
database, and the reliability of the present study requires further molecular mechanistic studies in vitro and in vivo.

Figure 6 MIR31HG knockdown inhibited colorectal cancer progression. (A) Transwell assay showing migration and invasion, (B) wound healing assay showing migration,
(C) CCK-8 assay showing growth and (D) colony formation were detected in MIR31HG-silenced HT-29 and SW480 cells. *P<0.05, **P<0.01 compared with negative
control.
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Figure 7 Association between MIR31HG expression and related genes. (A) Relationship between MIR31HG and the related genes were shown in a heatmap. (B) The
expression correlation between MIR31HG and the selected genes were analyzed. (C) Representative images of immunohistochemistry showing MIR31HG-associated genes
for distinct pathologic stages in colorectal cancer tissues (n=5 for each group). Scale bars, 50 μm. *P<0.05, **P<0.01 compared with pathologic stage I in colorectal cancer
tissues. (D) Western blot analysis was performed to determine the expression of TPBG, FYN, ETV1 and TRERF1. (E) The expression of select genes was quantified by qRT-
PCR in MIR31HG-silenced HT-29 cells. *P<0.05, **P<0.01 compared with negative control.
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