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Abstract
BACKGROUND 
Early detection of colorectal neoplasms, including colorectal cancers (CRCs) and 
advanced colorectal adenomas (AAs), is crucial to improve patient survival. 
Circulating microRNAs (miRNAs) in peripheral blood are emerging as nonin-
vasive diagnostic markers for multiple cancers, but their potential for screening 
colorectal neoplasms remains ambiguous.

AIM 
To identify candidate circulating cell-free miRNAs as diagnostic biomarkers in 
patients with colorectal neoplasms.

METHODS 
The study was divided into three phases: (1) Candidate miRNAs were selected 
from three public miRNA datasets using differential gene expression analysis 
methods; (2) an independent set of serum samples from 60 CRC patients, 60 AA 
patients and 30 healthy controls (HCs) was included and analyzed by quantitative 
real-time polymerase chain reaction for miRNAs, and their diagnostic power was 
detected by receiver operating characteristic (ROC) analysis; and (3) the origin 
and function of miRNAs in cancer patients were investigated in cancer cell lines 
and tumor tissues.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i16.5165
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RESULTS 
Based on bioinformatics analysis, miR-627-5p and miR-199a-5p were differentially expressed in 
both the serum and tissues of patients with colorectal neoplasms and HCs and were selected for 
further study. Further validation in an independent cohort revealed that both circulating miR-627-
5p and miR-199a-5p were sequentially increased from HCs and AAs to CRCs. The diagnostic 
power of miR-672-5p yielded an area under the curve (AUC) value of 0.90, and miR-199a-5p had 
an AUC of 0.83 in discriminating colorectal neoplasms from HCs. A logistic integrated model 
combining miR-199a-5p and miR-627-5p exhibited a higher diagnostic performance than either 
miRNA. Additionally, the levels of serum miR-627-5p and miR-199a-5p in CRC patients were 
significantly lower after surgery than before surgery and the expression of both miRNAs was 
increased with culture time in the culture media of several CRC cell lines, suggesting that the 
upregulated serum expression of both miRNAs in CRC might be tumor derived. Furthermore, in 
vitro experiments revealed that miR-627-5p and miR-199a-5p acted as tumor suppressors in CRC 
cells.

CONCLUSION 
Serum levels of miR-199a-5p and miR-627-5p were markedly increased in patients with colorectal 
neoplasms and showed strong potential as minimally invasive biomarkers for the early screening 
of colorectal neoplasms.

Key Words: miR-627-5p; miR-199a-5p; Colorectal neoplasm; Biomarker; Screening; Serum

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This report is the first on the diagnostic usefulness of circulating miR-627-5p and miR-199a-5p 
in patients with colorectal neoplasms. We identified that serum levels of miR-627-5p and miR-199a-5p 
were markedly elevated in patients with colorectal neoplasia and appeared to be novel biomarkers for the 
non-invasive screening of colorectal neoplasia. An integrated model combining miR-199a-5p and miR-
627-5p obtained a better discriminative capacity than each miRNA alone. Additionally, miR-627-5p and 
miR-199a-5p had different expression levels in the serum of cancer patients before and after surgery and 
in vitro gain-of-function experiments demonstrated that both microRNAs played crucial roles in regulating 
the progression and invasion of colorectal cancer cells.

Citation: Zhao DY, Zhou L, Yin TF, Zhou YC, Zhou GYJ, Wang QQ, Yao SK. Circulating miR-627-5p and miR-
199a-5p are promising diagnostic biomarkers of colorectal neoplasia. World J Clin Cases 2022; 10(16): 5165-5184
URL: https://www.wjgnet.com/2307-8960/full/v10/i16/5165.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i16.5165

INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignant digestive tumors, ranking fourth 
regarding incidence and mortality rates among all cancer types in 2018 and posing a tremendous threat 
to global population health[1]. The 5-year survival rate of CRC patients highly depends on the tumor 
stage at diagnosis, approximately 90% for stage I disease and less than 8% for stage IV disease, 
highlighting the crucial importance of early cancer detection and diagnosis to reduce the burden of this 
disease[2,3]. Most CRCs start with aberrant crypt foci, evolving into benign premalignant lesions 
(adenomas), and ultimately progressing to colorectal tumors (adenocarcinomas) over the span of years
[4]. The classical process of colorectal tumorigenesis lends itself to screening. Notably, advanced 
colorectal adenoma (AA) is considered the protracted and treatable preclinical phase and is suitable for 
population screening due to its significant correlation with a high risk of progression to invasive cancer
[5]. Thus, developing cost-effective screening tools for colorectal neoplasms, including CRCs and AAs, 
is crucial.

Although several advances in diagnostic techniques have been confirmed to effectively decrease the 
mortality of CRC patients, several challenges persist regarding current CRC screening tools, such as the 
lack of a universally accepted strategy, the lack of a high specificity and sensitivity strategy, and the 
high cost of screening advanced adenoma[6]. For example, colonoscopy is currently the most effective 
and straightforward examination to diagnose advanced lesions and prevent cancer progression by 
resecting precancerous polyps in an en bloc manner[4]. However, this modality comprises prior bowel 
cleansing, an invasive procedure, with a relatively high expense, leading to poor compliance of patients 

https://www.wjgnet.com/2307-8960/full/v10/i16/5165.htm
https://dx.doi.org/10.12998/wjcc.v10.i16.5165
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and exposing patients to potentially procedural risks[7]. Alternative, noninvasive stool-based screening 
tools, such as the fecal occult blood test, have been criticized for the poor detection of advanced 
adenomas and high false-positive rates due to other confounding illnesses, such as gingival bleeding[8]. 
Additionally, circulating tumor markers, such as carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA199), have been emerging as potential alternatives for the minimally invasive detection 
and prevention of CRC. Unfortunately, their less-than-desirable sensitivity and specificity have 
hampered their clinical use in the early detection of CRC and premalignant lesions[9]. Therefore, 
identifying a simple, inexpensive, noninvasive or minimally invasive screening approach with good 
sensitivity and specificity to improve the detection of early colorectal neoplasms is required.

CRC originates from a number of genomic instabilities, epigenetic alterations, and genetic 
aberrations, which offer the foundation for detecting serum or plasma to identify tumor-specific finger-
prints[10]. MicroRNAs (miRNAs) are endogenously derived non-coding RNA sequences of 19-25 
nucleotides that regulate the expression of target genes through either miRNA degradation or transla-
tional repression[11]. Since their discovery in 1993, every cancer type detected by miRNA sequencing 
has demonstrated that miRNA expression profiles differ between normal tissues and tumor tissues, 
including CRC[12]. Altered miRNA expression exerts a tumor-suppressive or oncogenic function in 
regulating signaling pathways involved in CRC progression from normal to premalignant lesions, 
thereby contributing to malignancy[13-15]. Furthermore, Chen et al[16] demonstrated that peripheral 
blood contains a number of stable miRNAs secreted from various tumor tissues, raising the possibility 
of their potential use as noninvasive diagnostic markers for cancer. In fact, miRNAs are superior to 
mRNAs due to their small sizes, easy detectability, and stability. As serum or plasma miRNAs are 
resistant to RNase digestion, they remain stable for extended storage even when subjected to 10 freeze-
thaw cycles, boiling, and low or high pH[16]. An increasing number of studies have demonstrated that 
several circulating miRNAs have exhibited the potential to distinguish individuals with AA and CRC 
from healthy volunteers, such as upregulated miR-29a, miR-92a, and miR-21[17,18]. Thus, circulating 
cell-free miRNAs are likely robust and novel molecular markers in early colorectal neoplasm diagnosis. 
However, few miRNAs have been widely applied in clinical practice because of the failure to 
distinguish patients with AAs from healthy volunteers, the small sample sizes, and the lack of 
pathological features of subjects.

As the development of genome-sequencing technology has strongly catalyzed the understanding of 
cancer biology, an increasing number of publicly available genomic datasets, such as the Gene 
Expression Omnibus (GEO), has been utilized to identify potential biomarkers for cancer diagnosis. In 
the present study, the miRNA expression profiles of the GEO GSE25609, GSE115513, and GSE41655 
datasets were used to mine differentially expressed miRNAs coexisting in serum and tissues between 
patients with colorectal neoplasms and healthy controls (HCs). Next, we screened circulating cell-free 
miR-199a-5p and miR-627 as potential diagnostic biomarkers of colorectal neoplasms, and explored 
their expression in serum, tissues and cancer cell lines.

MATERIALS AND METHODS
Patient selection and sample collection
All the preoperative peripheral blood samples and neoplasm tissues were obtained from patients who 
underwent endoscopy resulting in colorectal neoplasia, confirmed by histology as adenocarcinoma and 
AA at China-Japan Friendship Hospital from September 2019 to April 2021. The postoperative 
peripheral blood samples from 15 patients with CRC were collected 30 d after surgical resection. AA 
was defined as a large (≥ 1 cm) tubular adenoma, an adenoma with at least 25% villous elements, or a 
high-grade intraepithelial neoplasm. HC subjects were selected from those undergoing annual health 
checks without major abnormalities, and individuals undergoing screening colonoscopy. Individuals 
with a personal history of radiotherapy, chemotherapy, and bowel resection, malignant tumors in other 
organs, inflammatory bowel disease, hereditary CRC, or familial adenomatous polyposis, were 
excluded from both groups. Each blood sample was first centrifuged at 4000 × g for 10 min at 4°C. Next, 
the serum was aliquoted into cryovial tubes, labelled and stored at -80°C before use. All the colorectal 
samples were quick-frozen by liquid nitrogen and stored at -80°C. Each specimen was subjected to no 
more than 3 freeze/thaw cycles before analysis. All the participating subjects provided written informed 
consent to use their blood and tissue samples in the study, and the study protocol was approved by the 
ethics committee of China-Japan Friendship Hospital (No. 2018-116-K85-1). Details of the clinicopatho-
logical parameters of all the participants are listed in Table 1.

Study design
Our study was divided into three phases: Phase I, bioinformatics analysis; phase II, marker validation 
and phase III, exploration phase.

Phase I - Bioinformatics analysis: Three independent miRNA expression profiling datasets obtained 
from the GEO database were included in this study: GSE25609, GSE41655, and GSE115513. GSE25609 
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Table 1 Clinical characteristics of all patients with colorectal cancer, advanced adenoma and healthy controls

Phase II Phase III
Factors

CRC (n = 60) AA (n = 60) HC (n = 30) P value CRC (n = 30) AA (n = 33) HC (n = 20) P value

Age (yr) 66.95 ± 10.52 62.70 ± 10.58 63.60 ± 7.60 0.06 65.40 ± 10.10 60.27 ± 10.07 61.40 ± 8.15 0.10

Male 41 (68.33%) 42 (70.00%) 20 (66.67%) 0.95 21 (70%) 25 (75.76%) 17 (85.00%) 0.48Gender

Female 19 (31.67%) 18 (30.00%) 10 (33.33%) 9 (30%) 8 (24.24%) 3 (15.00%)

Present 21 (35.00%) 9 (30%)Lymph node 
metastasis

Absent 39 (65.00%) 21 (70%)

I-II 37 (61.67%) 20 (66.67%)TNM stage

III-IV 23 (38.33%) 10 (33.33%)

SSA 0 (0%) 1 (1.67%) 0 (0%) 1 (3.03%)

TA 0 (0%) 35 (58.33%) 0 (0%) 18 (54.55%)

TVA 0 (0%) 24 (40.00%) 0 (0%) 14 (42.42%)

Histology

Adenocarcinoma 60 (100%) 30 (100%)

CRC: Colorectal cancer; AA: Advanced adenoma; HC: Healthy control; SSA: Sessile serrated adenoma; TA: Tubular adenoma; TVA: Tubulovillous 
adenoma.

was submitted by Giraldez et al[19] and contained 61 plasma samples from 21 patients with CRC, 20 
patients with AA, and 20 HCs. GSE41655 was submitted by Shi et al (https://www.ncbi. 
nlm.nih.gov/geo/query/acc.cgi?acc=GSE41655) and comprised 33 CRC tissues, 59 adenoma tissues and 
15 normal colorectal mucosae. GSE115513 was submitted by Slattery et al[20] and included 750 tumor 
tissues, 103 adenoma tissues and 649 normal mucosae. Differential gene expression analysis was 
employed to determine the differences in the miRNA expression levels between colorectal neoplasm 
samples and non-malignant samples using the “limma” package in R software. Differentially expressed 
genes (DEGs) in both plasma and tissues were then screened for further analysis.

Phase II – Marker validation: The levels of circulating miR-627-5p and miR-199a-5p identified in phase 
I were verified in serum samples from 60 patients with CRC, 60 patients with AA, and 30 HCs using 
quantitative real-time polymerase chain reaction (qRT-PCR).

Phase III - Exploration phase: The origin and function of circulating miR-627-5p and miR-199a-5p in 
cancer patients were investigated in tumor tissues and CRC cell lines. First, an independent group of 30 
patients with CRC, 33 patients with AA and 20 HCs were enrolled to explore the levels of miR-199a-5p 
and miR-627-5p in neoplasm tissues. Next, fifteen pairs of serum samples obtained from cancer patients 
after and before surgical resection were used to identify the expression alterations of miR-199a-5p and 
miR-627-5p between preoperative and postoperative patients. Finally, we performed cell experiments to 
explore the roles of miR-199a-5p and miR-627-5p in colorectal cell viability, invasion, apoptosis and 
migration.

Cell culture
Experiments were performed using the normal colonic mucosal epithelial cell (FHC) and human colon 
carcinoma cell lines (HCT116, RKO, and SW480) obtained from the American Type Culture Collection. 
Cells were cultured in RPMI 1640 medium or Dulbecco’s Modified Eagle’s Medium (Invitrogen, 
Carlsbad, CA, United States) comprising 100 IU/mL of penicillin, 100 μg/mL of streptomycin, and 10% 
fetal bovine serum, and incubated in an atmosphere of 5% CO2 in air, a minimum relative humidity of 
95%, and a temperature of 37°C.

Cell transfection
In total, 1.5 × 106 SW480 cells/well (three replicates per group) were plated into 6-well culture plates. 
When the confluence reached 60%-70%, the miR-627-5p mimic, miR-199a-5p mimic, and mimic negative 
control (NC) oligos synthesized by GenePharma (Shanghai Province, China) were transfected into the 
cells using Lipofectamine™ RNAiMAX Transfection Reagent (Invitrogen, Carlsbad, CA, United States), 
respectively, based on the manufacturer’s protocol. The sequences used in our study are shown below: 
miR-627-5p mimic, forward 5’-CCCAGUGUUCAGACUACCUGUUC-3’ and reverse 5’-
ACAGGUAGUCUGAACACUGGGUU-3’; miR-199a-5p mimic, forward 5’-GUGAGUCUCUA-
AGAAAAGAGGA-3’ and reverse 5’-CUCUUUUCUUAGAGACUCACUU-3’; mimic-NC, forward 5’-

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE41655
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE41655
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UUCUCCGAACGUGUCACGUTT-3’ and reverse 5’-ACGUGACACGUUCGGAGAATT-3’. After 
transfection for 24 h, the transfected cells were obtained and the transfection efficiency of each mimic 
was analyzed by qRT-PCR.

RNA extraction and qRT-PCR
Total RNA containing small RNAs was isolated from serum, tissues, and cells using an RNAprep Pure 
Cell Kit (Solarbio, Beijing, China) and then subjected to cDNA synthesis using a Hifair® Ⅱ1st Strand 
cDNA Synthesis Kit (YESEN, Shanghai, China). RT-PCR for miR-199a-5p, miR-627-5p and endogenous 
control U6 snRNA was performed using Hieff® qPCR SYBR® Green Master Mix (No Rox) (YESEN, 
Shanghai, China) and gene-specific stem-loop primers provided by Sangon Biotech in triplicate for each 
sample according to the manufacturer’s protocol. The sequences of primers used for qRT-PCR are listed 
in Supplementary Table 1. RT-PCR was performed using a LineGene 9600 Plus Real-Time PCR system 
(Bioer Technology) and default thermal cycling conditions. The reactions were initially incubated at 
95°C for 5 min, followed by 40 cycles with denaturation for 10 s at 95°C, annealing for 20 s at 60°C, and 
extension for 20 s at 72°C. The relative quantities of miRNAs were calculated using the comparative 
threshold method and the average within cycle threshold (CT) values (2-∆∆Ct).

Cell Counting Kit-8
Cell Counting Kit-8 (CCK-8, Solarbio, Beijing, China) assays were used to investigate cell viability 
ability. SW480 cells were seeded in 96-well plates at a density of 1.5 × 103/well and transfected with 
mimics or mimic NC oligos before the CCK-8 assay as mentioned above. Following incubation at 0, 24, 
48, and 72 h, the medium was removed, and 100 μL of serum-free medium supplemented with 10 µL of 
CCK-8 solution was placed in each well, followed by incubation for 30 min at 37°C in the dark. The 
absorbance at 450 nm was recorded using a spectrophotometric microtiter plate reader.

Wound healing assay
For the scratch wound assay, SW480 cell lines were seeded in 6-well culture plates at a density of 1.5 × 
106 cells/well and cultured to reach confluence. CRC cells were subsequently treated with either mimics 
or mimic NC oligos according to a previously described protocol. The monolayer was scratched 
manually using a sterile 200 μL micropipette tip and washed with phosphate buffered saline solution to 
clear the exfoliated cells, and photographs were captured of all the long wounds at 0 and 24 h post-
wounding. The migration capability of cells was calculated as follows: Migration rate = (G0-G24)/G0, 
where G0 represents the initial gap distance at 0 h and G24 represents the gap distance at 24 h post-
wounding.

Transwell invasion assay
For the cell invasion assay, 6.5-mm Transwell chambers precoated with Matrigel (Corning, Bedford, 
MA, United States) were used following the manufacturer’s protocol. The transfected cells were first 
resuspended in 200 µL serum-free medium and then loaded into the top compartment containing 100 
μL of serum-free medium at a density of 1 × 107/well. Additionally, 600 μL of RPMI 1640 supplemented 
with 10% fetal bovine serum was placed in the bottom compartment as a chemoattractant. After 
incubation for 72 h, the upper cells were gently removed with a cotton swab and the invaded cells on 
the lower surface of the bottom compartment were then fixed in 4% paraformaldehyde for 20 min, 
stained with 0.1% crystal violet solution for 15 min, and subsequently photographed at 400 × 
magnification by inverted fluorescence microscopy equipped with a digital camera. The number of 
invaded cells was counted in 5 random high-power fields.

Cell apoptosis assay
An Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis kit (7seabiotech, 
Shanghai, China) was utilized to detect cell apoptosis following the manufacturer’s protocol. After 
transfection for 48 h, the detached and adherent cells were digested with 0.25% trypsin and harvested 
by transferring them with the medium into 1.5 mL centrifuge tubes. The transfected cells were 
subsequently resuspended in 400 µL of binding buffer at a density of at least 1 × 105 cells/mL, after 
which 10 μL of Annexin V-FITC and 5 μL of PI staining buffer were successively added to the cell 
suspension. Following incubation in the dark, the samples were immediately analyzed using an 
imaging flow cytometer to detect the cell apoptosis rate.

Target gene prediction and functional enrichment analysis
To investigate the underlying biological mechanisms of miR-199a-5p and miR-627-5p, target genes were 
first screened using three miRNA prediction databases miRTarBase, miRDB, and targetScan, and were 
subsequently subjected to a Venn diagram to identify the overlapping genes covered in 3 databases. 
Functional enrichment analysis including gene ontology (GO) terms and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathways were conducted using the “org.Hs.eg.db” and “clusterProfiler” 
packages based on R language with the thresholds of a P value < 0.05 and a Q value < 0.05.

https://f6publishing.blob.core.windows.net/65dbf90d-ae49-49cc-8116-2c9fb0d12d82/WJCC-10-5165-supplementary-material.pdf
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Statistical analysis
The data were expressed as median (interquartile range) or means ± SD as appropriate. The Wilcoxon 
rank-sum test was used to analyze differences in miRNA expression. Comparisons among the three 
groups were performed using χ2 test or one-way analysis of variance where appropriate. Receiver 
operating characteristic (ROC) curves were established to assess the ability of serum miR-199a-5p and 
miR-627-5p to serve as diagnostic markers of CRC and AA. The diagnostic performance of miRNA 
combinations was calculated using a binary regression model. Youden’s index (sensitivity + specificity-
1) was employed to calculate the optimal cut-off point of the expression of serum miRNA expression. 
All calculations were performed using IBM SPSS (version 26.0) and the graphs were depicted using 
GraphPad Prism (version 9) and R software (version 3.6.1). P values less than 0.05 were deemed 
significant unless otherwise specified.

RESULTS
Identification of candidate circulating miRNAs
In the initial screening step aimed at identifying the candidate circulating miRNAs, we conducted 
differential expression analysis in the GSE25609, GSE41655, and GSE115513 datasets based on the cut-
off criteria of a|log2 fold change| ≥ 1.00 and a false discovery rate < 0.05. In total, 48 differentially 
expressed genes (DEGs) in GSE25609, 117 DEGs in GSE41655, and 45 DEGs in GSE115513 were found to 
be differentially expressed between the CRC and control groups (Figure 1A). The DEGs in the three 
datasets intersected and miR-627 was screened as a candidate circulating miRNA for further analysis 
(Figure 1B). Additionally, 76 DEGs in GSE25609, 126 DEGs in GSE41655, and 29 DEGs in GSE115513 
were identified to be differentially expressed between the adenoma and control groups, and miR-199a-
5p was selected for further study (Figure 1C and D). Next, we analyzed the expression of plasma miR-
627 and miR-199a-5p in the GSE25609 dataset and evaluated the usefulness of the miRNAs as diagnostic 
biomarkers of CRC and AA. The level of plasma miR-627 was markedly increased in the CRC group (P 
= 0.04, Figure 2A), while that of plasma miR-199a-5p was significantly upregulated in the AA group 
relative to the control group (P = 0.04, Figure 2A). ROC analysis demonstrated that plasma expression of 
miR-627 discriminated the CRC group from the normal controls with an area under the curve (AUC) = 
0.69 (CI: 0.52-0.85, Figure 2B), while the plasma expression of miR-199a-5p discriminated the AA group 
from the control group with an AUC = 0.69 (CI: 0.52-0.86, Figure 2B). Thus, both miR-627 and miR-199a-
5p were preliminarily selected for further study.

Validating the diagnostic value of circulating miR-627-5p and miR-199a-5p
The levels of circulating cell-free miR-627-5p and miR-199a-5p in a validation cohort of serum 
specimens comprising 30 HCs, 60 AA patients and 60 CRC patients were examined by qRT-PCR. First, 
we observed that circulating miR-627-5p and miR-199a-5p were confirmed to be highly upregulated in 
patients with CRC and AA compared with HCs (Figure 3A, P < 0.001). Compared to patients with AA, 
serum miR-627-5p and miR-199a-5p were also highly increased in patients with CRC (Figure 3A, P < 
0.001). Next, ROC analysis was employed to calculate the screening efficiency of miR-627-5p and miR-
199a-5p in discriminating patients with colorectal neoplasms from HCs (Figure 3B-D). The AUC, 
sensitivity, specificity, and cut-off point were generated to describe the diagnostic value of tumor 
markers (Table 2). The AUC value for CEA was 0.70 to differentiate cancer patients from HCs with a 
sensitivity of 0.32 and a specificity of 1.00, while the AUC value for CA199 was 0.54 with the sensitivity 
of 0.12 and specificity of 1.00. By contrast, the performance of miR-627-5p yielded an AUC of 0.97 with 
an optimal sensitivity of 0.87 and a specificity of 1.00 at a cut-off of 2.21; miR-199a-5p showed an AUC of 
0.90, a sensitivity of 0.93 and a specificity of 0.70 at a cut-off of 1.79, demonstrating the competitive 
power of both serum miRNAs to predict CRC patients.

Additionally, the diagnostic power of these markers in distinguishing AA patients from HCs was also 
analyzed (Table 2). As the AUCs of CEA and CA199 reached 0.50 and 0.43, respectively, their predictive 
value seemed to be limited. MiR-627-5p was identified as a promising predictor, with an AUC of 0.84. 
The sensitivity and specificity were 0.62 and 0.93, respectively, and the cut-off value was 1.87. 
Circulating cell-free miR-199a-5p discriminated AA patients from controls with an AUC of 0.76. The 
optimal sensitivity and specificity with respect to a cut-off value of 1.35 were 0.90 and 0.53, respectively. 
Additionally, we examined the capacity of these markers to differentiate patients with CRC and AA 
from HCs. The diagnostic power of miR-627-5p yielded an AUC value of 0.90 with a sensitivity of 0.77 
and a specificity of 0.93 at a cutoff value of 1.87; miR-199a-5p yielded an AUC of 0.83, a sensitivity of 
0.81 and a specificity of 0.70 at a cut-off of 1.78. In comparison, CEA yielded an AUC value of 0.60 and 
CA199 yielded an AUC value of 0.49. These results revealed that circulating cell-free miR-627-5p and 
miR-199a-5p predicted colorectal neoplasms with high efficiency and could be used as new biomarkers.

Performance of the integrated model for colorectal neoplasm prediction
We determined whether the combination of miR-627-5p and miR-199a-5p would demonstrate a 
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Table 2 Diagnostic power of each marker for colorectal cancer and advanced adenoma

AUC Sensitivity Specificity Cut-off value P value

miR-627-5p 0.97 0.87 1.00 2.21 < 0.001

miR-199a-5p 0.90 0.93 0.70 1.79 < 0.001

CEA 0.70 0.32 1.00 7.83 < 0.01

CA199 0.54 0.12 1.00 42.50 0.52

CRC vs HC

Integrated model 0.98 0.87 1.00 0.84 < 0.001

miR-627-5p 0.84 0.62 0.93 1.87 < 0.001

miR-199a-5p 0.76 0.90 0.53 1.35 < 0.001

CEA 0.50 0.80 0.33 1.44 0.95

CA199 0.43 1.00 0.04 1.31 0.27

AA vs HC

Integrated model 0.86 0.78 0.77 0.59 < 0.001

miR-627-5p 0.90 0.77 0.93 1.87 < 0.001

miR-199a-5p 0.83 0.81 0.70 1.78 < 0.001

CEA 0.60 0.90 0.30 1.28 0.12

CA199 0.49 0.07 1.00 42.50 0.80

CRC+AA vs HC

Integrated model 0.92 0.83 0.87 0.74 < 0.001

CRC: Colorectal cancer; AA: Advanced adenoma; HC: Healthy control; CA199: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen.

synergistic effect in improving the diagnostic performance in predicting colorectal neoplasms compared 
with each miRNA alone. Hence, logistic analysis was employed to combine miR-627-5p with miR-199a-
5p and construct an integrated model for diagnostic prediction (Table 2). ROC analysis demonstrated 
that the integrated model differentiated patients with CRC from HCs with an AUC value of 0.98, a 
sensitivity of 0.87 and a specificity of 1.00. The diagnostic capacity of this model to distinguish AA 
patients from controls yielded an AUC of 0.86 with a sensitivity of 0.78 and a specificity of 0.77. 
Additionally, the AUC was 0.92 to separate patients with CRC and AA from the control group with a 
sensitivity of 0.83 and a specificity of 0.87. These results revealed that the integrated model showed 
better discriminative capacity than each miRNA alone.

Association between circulating miR-627-5p and miR-199a-5p and clinical characteristics
We further compared the differences in serum miR-627-5p and miR-199a-5p among different 
subgroups. The Wilcoxon rank-sum tests revealed that circulating miR-627-5p and miR-199a-5p 
expression was not correlated with age, TNM stage, lymph node metastasis, or histological grade in 
CRC patients (Table 3). A significant increase in serum miR-627-5p and miR-199a-5p was observed in 
CRC patients with tumor sizes ≥ 4 cm (miR-627-5p: P = 0.04; miR-199a-5p: P = 0.03) and male gender 
(miR-627-5p: P = 0.03; miR-199a-5p: P = 0.04). However, none of the clinical pathology characteristics of 
AA patients, such as age, gender, adenoma number, histology, and intraepithelial neoplasia, were 
highly correlated with either miRNA (Supplementary Table 2).

Exploration of the origin of circulating miRNAs 
Mounting evidence has demonstrated that circulating miRNAs are secreted into blood by cancer cells or 
are released from apoptotic and necrotic cancer cells[21]. To prove that circulating miRNAs in serum are 
of tumor origin, an independent cohort of 30 CRC patients, 33 AA patients and 20 HCs was enrolled to 
examine the tissue expression levels of miR-627-5p and miR-199a-5p (Figure 4A). Unexpectedly, the 
levels of both miR-627-5p and miR-199a-5p were markedly decreased in CRC patients compared with 
those in HCs and patients with AA (P < 0.001, Figure 4A). Notably, miR-627-5p expression was 
significantly reduced in AA tissues relative to that in normal controls (P < 0.001, Figure 4A), but no 
significant difference was found in miR-199a-5p expression between AA tissues and controls (P = 0.12, 
Figure 4A). Consistent with this finding, the expression levels of miR-627-5p and miR-199a-5p were 
markedly decreased in human colon cancer cell lines compared to the FHC cell line (P < 0.001 vs FHC 
cell line, Figure 4B). Next, the serum levels of both miRNAs were measured in another independent 
cohort of 15 CRC patients before and 1 mo after surgical removal. Their expression levels were 
markedly decreased in serum postoperatively compared to those preoperatively (P < 0.001, respectively, 
Figure 4C). Additionally, the expression of both miRNAs increased with culture time and cell numbers 

https://f6publishing.blob.core.windows.net/65dbf90d-ae49-49cc-8116-2c9fb0d12d82/WJCC-10-5165-supplementary-material.pdf
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Table 3 Correlations between serum miR-627-5p and miR-199a-5p expression levels and clinicopathological features in colorectal 
cancer patients

miR-627-5p miR-199a-5p
Variable n (%)

Median (IQR) P value Median (IQR) P value

< 65 24 (40.00) 4.15 (2.43-8.82) 0.23 4.14 (2.36-6.52) 0.38Age (yr)

≥ 65 36 (60.00) 5.92 (3.36-8.41) 3.86 (2.55-9.87)

Male 41 (68.33) 6.46 (3.24-7.60) 0.03 7.80 (5.76-10.04) 0.04Gender

Female 19 (31.67) 4.16 (2.22-6.05) 5.82 (3.89-7.91)

< 4 cm 20 (33.33) 4.30 (2.22-6.05) 0.04 6.15 (3.91-7.79) 0.03Tumor size

≥ 4 cm 40 (66.67) 6.12 (3.46-7.59) 7.71 (5.57-9.99)

Absent 39 (65.00) 5.10 (2.59-7.19) 0.93 5.87 (3.86-8.98) 0.52Lymph node metastasis

Present 21 (35.00) 5.07 (2.63-8.20) 3.97 (2.26-7.55)

I-II 37 (61.67) 5.10 (2.78-7.22) 0.77 6.75 (3.87-10.04) 0.17TNM stage

III-IV 23 (38.33) 5.07 (2.74-8.45) 3.89 (1.91-7.22)

Well/moderately differentiated 49 (81.67) 4.16 (1.92-6.05) 0.33 5.82 (3.97-9.26) 0.36Histological grade

Poorly differentiated/mucinous 11 (18.33) 5.07 (2.78-7.16) 3.85 (3.44-5.87)

IQR: Interquartile range.

in the culture media of colon cancer cell lines (HCT116, RKO, and SW480, Figure 5).

Target genes and functional enrichment analysis
To elucidate the potential biological functions of miR-627-5p and miR-199a-5p, 8 overlapping target 
genes for miR-627-5p and 35 overlapping target genes for miR-199a-5p were first explored using the 
TargetScan, miRDB, and miRTarBase databases (Supplementary Figure 1). Subsequently, functional 
enrichment analysis revealed that 28 KEGG pathways and 462 GO terms were significantly enriched for 
the target genes (Supplementary Tables 3 and 4). The top ten terms in the biological process (BP), 
cellular component (CC), and molecular function (MF) groups from the GO results are depicted in 
Figure 6B. For the BP results, it was noted that the target genes were related to the response to the 
transforming growth factor beta receptor signaling pathway. CC results revealed that the target genes 
were primarily located at the Wnt signalosome and focal adhesion. For the MF results, the target genes 
were primarily involved in the biological functions of several oncogenes, such as p53 binding, Wnt-
activated receptor activity, and Wnt-protein binding. Additionally, KEGG analysis demonstrated that 
the target genes were significantly associated with multiple cancer-related pathways, such as the Wnt 
signaling pathway, mammalian target of rapamycin (mTOR) signaling pathway, and hippo signaling 
pathway (Figure 6A). These target genes were also involved in regulating various cancers (e.g., gastric 
cancer, hepatocellular carcinoma, breast cancer, pancreatic cancer, and prostate cancer). These results 
revealed the potential roles of the miRNAs in affecting cancer proliferation, invasion and metastasis.

MiR-627-5p and miR-199a-5p mimics function as potential suppressors of colorectal cancer
To further validate the function of miR-627-5p and miR-199a-5p, SW480 cells were treated with either a 
miR-627-5p mimic or a miR-199a-5p mimic for a series of in vitro functional assays. The efficiency of 
both miR-672-5p mimic and miR-199a-5p transfection was analyzed by qRT-PCR in SW480 cells (P < 
0.001, respectively, Figure 7A). Next, the CCK-8 assay was applied to measure the effect of miRNAs on 
the viability of tumor cells, the wound healing assay was employed to investigate the role of miRNAs in 
the migration ability of CRC cells, the Transwell assay was applied to observe cell invasion features, and 
flow cytometry was conducted to test the function of miRNAs in cell apoptosis. Both miR-627-5p and 
miR-199a-5p mimics resulted in a marked downregulation of cell viability (Figure 7B), cell motility 
(Figure 7C), and invasive ability of SW480 cells (Figure 7D). Additionally, elevated levels of miR-627-5p 
and miR-199a-5p expression markedly increased the number of apoptotic cells compared to that in the 
control groups (Figure 7E).

https://f6publishing.blob.core.windows.net/65dbf90d-ae49-49cc-8116-2c9fb0d12d82/WJCC-10-5165-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/65dbf90d-ae49-49cc-8116-2c9fb0d12d82/WJCC-10-5165-supplementary-material.pdf
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Figure 1 Identification of consensus differentially expressed genes among the GSE25069, GSE41655, and GSE115513 datasets. A: Volcano 
plot of differentially expressed genes (DEGs) between colorectal cancer (CRC) and control groups in the three datasets; B: The Venn diagram showed that hsa-miR-
627 was differentially expressed in the three datasets between CRC and control groups; C: Volcano plot of DEGs between adenoma and control groups in the three 
datasets; D: The Venn diagram showed that hsa-miR-199a-5p was differentially expressed in the three datasets between adenoma and control groups.

DISCUSSION
Identifying non-invasive tumor markers for the early screening of colorectal tumors and precancerous 
lesions is critical to reduce cancer incidence and extend the long-term survival of patients through 
timely recognition and radical surgery of advanced colorectal neoplasia. With the development of 
genome-sequencing technology and comprehensive bioinformatic analysis, the potential abilities of 
circulating miRNAs released from cancer cells as non-invasive biomarkers have been recognized by an 
increasing number of scientists. Notably, using circulating miRNAs as tumor markers is a better 
strategy than using RNA or protein biomarkers due to their reproducible, highly stable, and consistent 
characteristics on individuals of the same species. In the present study, we first identified that 
circulating miR-627-5p and miR-199a-5p were markedly elevated in patients with colorectal neoplasia 
and appeared to be novel biomarkers in the non-invasive screening of colorectal neoplasia.



Zhao DY et al. Circulating miR-627-5p and miR-199a-5p as CRC biomarkers

WJCC https://www.wjgnet.com 5174 June 6, 2022 Volume 10 Issue 16

Figure 2 Evaluation of the diagnostic utility of circulating cell-free miR-627 and miR-199a-5p in the GSE25069 dataset. A: Plasma expression 
of miR-627 and miR-199a-5p in healthy controls (HCs), advanced colorectal adenoma (AA) and colorectal cancer (CRC) patients; B: Receiver operating characteristic 
analysis of miR-627 and miR-199a-5p to distinguish patients with CRC and AA from HCs. Circulating levels of miR-627 discriminate CRC patients from controls with 
an area under the curve (AUC) = 0.69. MiR-199a-5p discriminated the AA group from control group with an AUC = 0.69. aP < 0.05. NS: Not significant; HC: Healthy 
control; AA: Advanced colorectal adenoma; CRC: Colorectal cancer; AUC: Area under the curve.

In the discovery stage, we screened candidate circulating cell-free miRNAs in serum as liquid biopsy 
biomarkers of colorectal neoplasm using bioinformatic analysis from three GEO datasets. Two 
overlapping miRNAs, miR-627 and miR-199a-5p, were identified and subjected to ROC analysis. As the 
mature sequences of miR-627 were designated as “-5p” and “-3p” and a growing number of studies 
have focused on the role of miR-627-5p in cancer development[22-24], we chose miR-627-5p for further 
validation. Thus, we speculated that circulating miR-199a-5p and miR-627-5p have potential as 
biomarkers of colorectal neoplasia. In the validation stage, we sought to determine their efficiencies in 
discriminating patients with CRC and AA from HCs by target quantification methods. However, 
previous studies have demonstrated that not all of the miRNAs detected by next-generation sequencing 
could be steadily achieved using the qRT-PCR method[25]. Several factors have influenced the 
successful detection of miRNAs, including the relatively low expression of specific miRNAs, sequence 
length variations of unique miRNAs, and bias of detection methods. We confirmed that the circulating 
expression levels of miR-199a-5p and miR-627-5p were markedly increased in patients with precan-
cerous lesions and CRC compared with neoplasm-free controls by qRT-PCR, particularly those 
diagnosed with CRC, suggesting that the increase in both miRNAs occurred during colorectal carcino-
genesis. Additionally, serum miR-199a-5p and miR-627-5p levels were significantly elevated in male 
CRC patients and in those with larger tumor sizes, but were relatively stable in patients with other 
clinicopathological characteristics, such as age, tumor location, histological grade, and TNM stage. 
Colorectal adenomas comprise several histological types, including sessile serrated adenoma, TA, and 
tubulovillous adenoma (TVA). Considering that the traditional adenoma-carcinoma sequence 
developed by the accumulation of multiple genomic events contributes to 70%-90% of CRC[4], we 
mainly included patients with TA and TVA in the present study. Although different subtypes of 
precursor colorectal lesions may involve different genetic alterations and distinct miRNA changes[26], 
our study demonstrated no difference in the serum miR-199a-5p and miR-627-5p levels between TA and 
TVA patients, further confirming the promise of both miRNAs as robust biomarkers for precancerous 
adenomas. However, considering the small sizes in the subgroups, these results should be further 
validated in an independent large cohort.
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Figure 3 Evaluation of the diagnostic utility of serum miR-627-5p and miR-199a-5p in an independent cohort comprising 30 healthy 
controls, 60 advanced colorectal adenoma patients and 60 colorectal cancer patients. A: Identification of the serum expression levels of miR-627-5p 
and miR-199a-5p in healthy controls (HCs), advanced colorectal adenoma (AA) and colorectal cancer (CRC) patients by quantitative real-time polymerase chain 
reaction; B: Receiver operating characteristic (ROC) analysis of miR-627-5p to distinguish colorectal neoplasms from HCs. The areas under the curve (AUC) in 
discriminating CRC from HCs (blue line), AA from HCs (red line) and CRC+AA from HCs (black line) were 0.97, 0.84, and 0.90, respectively; C: ROC analysis of miR-
199a-5p to distinguish colorectal neoplasms from HCs. The AUC in discriminating CRC from HCs (blue line), AA from HCs (red line) and CRC+AA from HCs (black 
line) were 0.90, 0.76, and 0.83, respectively; D: ROC analysis of the integrated biomarker panel (miR-627-5p level plus miR-199a-5p) to distinguish colorectal 
neoplasms from HCs. The AUC in discriminating CRC from HCs (blue line), AA from HCs (red line) and CRC+AA from HCs (black line) were 0.98, 0.86, and 0.92, 
respectively.  cP < 0.001. HC: Healthy control; AA: Advanced colorectal adenoma; CRC: Colorectal cancer; AUC: Area under the curve.

To date, a variety of studies have demonstrated that components of colorectal tumors (such as 
miRNAs, mRNAs, proteins and exosomes), which are released into biological fluids, can be detected by 
liquid biopsy and used as circulating biomarkers[21]. However, most studies only focused on the 
predictive power of circulating biomarkers in the identification of CRC and not in the diagnosis of 
precancerous lesions. As early as 2009, a study showed that miR-92 was markedly increased in CRC 
patients and had a high diagnostic accuracy with an AUC value of 0.885[27], but patients with adenoma 
were not included in the study. Aberrant expression of circulating exosomal miR-125a-3p has been 
detected in the serum of patients with early stage colon cancer, but its diagnostic accuracy was relatively 
low (AUC = 0.685)[25]. Overexpression of serum metadherin mRNA from CRC patients when 
compared to HCs was firstly described by Ghafar et al[28] in 2020 and its diagnostic accuracy (AUC = 
0.976) was significantly higher than other routine tumor markers. However, the potential utility of 
circulating metadherin mRNA in the identification of AAs has not been studied. The most noteworthy 
results of the present study were that serum miR-627-5p and miR-199a-5p could act as novel minimally 
invasive biomarkers for colorectal neoplasm screening. By enrolling an independent cohort including 
CRC, AA and HCs, we conducted a powerful statistical analysis to draw conclusions. Circulating cell-
free miR-199a-5p showed promising potential in differentiating CRC patients from HCs (AUC = 0.90), 
but its diagnostic efficiency in discriminating AAs from controls was relatively low (AUC = 0.76). MiR-
627-5p exhibited better performance in differentiating cancer patients from controls (AUC = 0.97) and 
AA patients from HCs (AUC = 0.84), revealing that the marked upregulated expression of serum miR-
627-5p was more likely to reflect the early stage during the progression from precancerous lesions to 
neoplasia. Additionally, circulating miR-627-5p could discriminate patients with colorectal neoplasms 
from the neoplasm-free group (AUC = 0.90). Concurrently, the AUCs for the conventional tumor 
markers CEA and CA199 were lower than those for both miRNAs. Considering that the optimal target 
lesion for CRC prevention would be AA, which has a higher risk of evolving into a tumor, miR-627-5p 
could be a better minimally invasive biomarker for the early screening of colorectal neoplasms.

Currently, a number of studies have demonstrated that combined genes can be used to establish 
integrated diagnostic models that help to improve the diagnostic accuracy. For example, Giraldez et al
[19] established a combined signature consisting of miR-19a, miR19-b, and miR-15b, discriminating 
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Figure 4 Elevated serum miR-627-5p and miR-199a-5p were tumor-derived. A: Comparison of tissue miR-627-5p and miR-199a-5p levels in colorectal 
cancer (CRC) patients, advanced colorectal adenoma (AA) patients and healthy controls (HCs). miR-627-5p was found to be sequentially decreased from normal 
colorectal tissues, and precancerous lesions to cancer tissues. MiR-199a-5p was markedly reduced in CRC tissues, but not significantly decreased in AA tissues; B: 
Comparison of miR-627-5p and miR-199a-5p levels in CRC cell lines (HCT116, RKO, and SW480) and the normal human colorectal mucosal epithelial cell line. The 
levels of miR-627-5p and miR-199a-5p were increased in CRC cells compared with those in FHC cells; C: Comparison of serum miR-672-5p and miR-199a-5p levels 
in preoperative and postoperative CRC patients. The expression levels of circulating miR-627-5p and miR-199a-5p in CRC patients were significantly lower after 
surgery than before surgery. cP < 0.001. NS: Not significant; HC: Healthy control; AA: Advanced colorectal adenoma; CRC: Colorectal cancer; AUC: Area under the 
curve.

early colorectal tumors with a specificity of 79.25% and a sensitivity of 80.95%. Another study 
constructed a serum-based four-miRNA signature (miR-23a-3p, miR-27a-3p, miR-142-5p and miR-376c-
3p) that could discriminate patients with colon cancer from control groups with an AUC of 0.92[29]. In 
the present study, a logistic integrated model combining miR-199a-5p and miR-627-5p exhibited a 
higher diagnostic performance than using either miRNA alone, and it diagnosed AA with both high 
sensitivity and specificity as robustly as CRC. Several advantages exist regarding the application of the 
integrated model as a practical and economic non-invasive screening strategy for colorectal neoplasms: 
(1) The integration of miR-199a-5p and miR-627-5p built a more reliable diagnostic model than conven-
tional tumor markers and each miRNA alone, reflecting the complex molecular mechanisms of CRC 
initiation and development; (2) the use of blood samples may lead to better patient compliance than 
guiding patients to conduct bowel preparation and endoscopy; and (3) the diagnostic model comprising 
only two miRNAs would save the expense of laboratory testing and lower the training requirements for 
clinical doctors, thereby promoting its potential usefulness in clinical practice.
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Figure 5 Analysis of miR-672-5p and miR-199a-5p levels in cultured media of colorectal cancer cell lines (HCT116, RKO, and SW480) with 
different time points and different cell numbers. A: The level of miR-627-5p was increased with culture time and increased cell numbers in the culture 
media of colorectal cancer (CRC) cell lines; B: The level of miR-199a-5p was increased with culture time and increased cell numbers in the culture media of CRC cell 
lines.

Growing evidence has demonstrated that dysregulated expression of miRNAs plays key roles in 
modulating multiple genes crucial in cancer initiation, progression and metastasis[13]. Hence, we 
retrieved the target genes of miR-627-5p and miR-199a-5p and functionally annotated them to further 
understand the biological role of both miRNAs. The target genes were mainly related to multiple critical 
signaling pathways involved in the multistep carcinogenesis, such as Wnt, mTOR, Hippo, transforming 
growth factor beta receptor signaling pathway and focal adhesion. Abundant research has documented 
that constitutive activation of Wnt signaling is the pathological basis of many malignancies, including 
CRC[30]. Transforming growth factor beta signaling pathways have been proved to be essential for the 
proliferation, angiogenesis, and invasion of CRC[31]. These pathways represented only a small subset of 
target genes participating in signaling pathways, supporting the function of miR-627-5p and miR-199a-
5p in regulating cancer initiation and progression. In our study, miR-627-5p was demonstrated to be not 
only sequentially decreased from normal colorectal tissues and precancerous lesions to cancer tissues, 
but also significantly reduced in the human colon cancer cell lines compared with than in FHC cells. 
MiR-199a-5p was markedly reduced in CRC tissues and cell lines but not significantly decreased in AA 
tissues. Additionally, in vivo gain-of-function assays revealed that enhanced expression of both miRNAs 
suppressed the aggressive behavior of CRC cells, suggesting their suppressive role in CRC 
development. It is worth mentioning that the same miRNA may exert different functions depending on 
the circumstances, for example, promoting tumor growth in several cancer types, and acting as a tumor 
suppressor in other tumor types[32]. MiR-627-5p has been demonstrated to be reduced in several cancer 
tissues, including CRC[33], glioblastoma multiforme[24], oral squamous cell carcinoma[22], and hepato-
cellular carcinoma[34], supporting its suppressor role in cancer progression. However, Shin et al[35] 
mentioned that miR-627-5p was markedly increased in patients diagnosed with gastric cancer when 
compared with their non-tumor counterparts and was considered a potential oncogene in gastric cancer. 
The regulatory mechanism of miR-627-5p in CRC has not been documented to date, but a recent 
publication has revealed that decreased expression of miR-627-5p exerts inhibitory effects on hepato-
cellular carcinoma possibly by targeting the BCL3 transcription coactivator[34]. An in vitro study 
reported that miR-627-5p suppressed cell proliferation, retarded migration, and promoted apoptosis by 
increasing YBX2 expression in oral squamous cell carcinoma[22]. Further research is required to explore 
the underlying mechanism of miR-627-5p in the carcinogenesis of CRC. MiR-199a-5p, a member of the 
miR-199 family, has been demonstrated to be a proliferation inhibition gene in a variety of tumors, 
including non-small cell lung cancer[36], laryngeal cancer[37], breast cancer[38], and hepatocellular 
carcinoma[39]. Extensive studies have been performed to explore the suppressive function of miR-199a-
5p in CRC. For example, in a clinical study with a small sample size, miR-199a-5p expression was 
markedly decreased in clinical CRC tissues than in the control group and inversely correlated with 
discoidin domain receptor 1 (DDR1) expression. Additionally, downregulated miR-199a-5p increased 
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Figure 6 Functional enrichment analysis of the target genes predicted for miR-627-5p and miR-199a-5p. A: Kyoto encyclopedia of genes and 
genomes pathways in enrichment analysis of the target genes; B: Gene ontology enrichment analysis results of the target genes. Bubble color refers to the 
enrichment q-value, and the size of the bubble represents the gene number. BP: Biological process; CC: Cellular component; MF: Molecular function.

the level of DDR1, activating epithelial-to-mesenchymal transition related signaling, thus enhancing the 
migratory and invasive abilities of human CRC cells[40]. These findings were similar to those of another 
study with a large sample size, showing that the expression level of miR-199a-5p was sequentially 
reduced in T2, T3 and T4 colorectal tumors compared to that in normal tissues[39]. The study also 
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Figure 7 MiR-627-5p and miR-199a-5p acted as tumor suppressors in SW480 cells. A: The increased levels of miR-627-5p and miR-199a-5p in 
SW480 cells were confirmed by quantitative real-time polymerase chain reaction after transfection with specifically synthesized mimics; B: Cell counting kit-8 assay 
showed that miR-627-5p and miR-199a-5p mimics inhibited the viability of SW480 cells compared to the control group; C: Wound healing assay showed that miR-
627-5p and miR-199a-5p mimics inhibited the migration ability of SW480 cells; D: Transwell invasion assay revealed that miR-627-5p and miR-199a-5p mimics 
reduced the number of invasive cells; E: Flow cytometry showed that overexpression of miR-627-5p and miR-199a-5p increased the level of cell apoptosis in SW480 
cells. bP < 0.01 vs control group; cP < 0.001 vs control group.

demonstrated that miR-199a-5p suppressed cell proliferation, migration and invasion of CRC cells by 
negatively regulating integrin alpha-3[41]. Zhu et al[42] suggested that miR-199a-5p suppressed the 
growth of CRC cells potentially by inactivating the phosphoinositide 3-kinase/AKT signaling pathway. 
These previous studies supported the notion that miR-199a-5p plays a crucial role as a tumor 
suppressor by targeting various genes in CRC, providing a new therapeutic target to inhibit CRC 
growth and metastasis.
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It is worth noting that the levels of miR-627-5p and miR-199a-5p were increased in CRC serum but 
decreased in tumor tissues. The inconsistency between the serum level of miRNAs and tissue expression 
validated in CRC and AA suggested that the release of miRNAs is complex during the course of 
cancers. In general, the circulating miRNA expression pattern should be closely correlated with the 
tissue expression pattern in the same cancer type. Hur et al[43] found that circulating miR-203 levels 
were markedly increased in CRC patients with liver metastasis compared with those in primary CRC 
patients, a finding that was concordant with the markedly high expression in liver metastasis specimens 
compared with matched primary CRC tissues. However, discrepancies between the circulating levels 
and tissue levels have been observed in many miRNAs. miR-145 showed the opposite trend, with 
upregulated expression in non-small cell lung cancer serum[44] and reduced expression in tissues[45]. 
Similarly, Lian et al[46] suggested that serum miR-199a-3p level was markedly higher in osteosarcoma 
patients than in HCs, whereas Duan et al[47] reported that miR-199a-3p was decreased in the same 
tumor tissues. Thus, the miRNA expression patterns between serum and tissues may be opposite. In our 
study, the levels of miR-627-5p and miR-199a-5p were significantly decreased in postoperative serum 
samples compared with those in preoperative samples and their expression levels increased with 
culture time and cell numbers in the culture media of colon cancer cell lines, which suggested that both 
miRNAs might be tumor-derived. The conflicting data between intracellular and extracellular profiles of 
miR-199a-5p and miR-627-5p questioned the existence of a specific secretion mechanism for circulating 
miRNAs. Accumulating evidence has demonstrated that different sources of miRNAs are present in the 
biological fluids of cancer patients[21,48]. miRNAs can be actively secreted by tumor cells into 
extracellular fluids by encapsulation with membrane-bound vesicles, including exosomes and shedding 
microvesicles, or by binding to Argonaute proteins. Some circulating miRNAs are regarded as merely 
byproducts of tumor cell apoptosis and necrosis. Additionally, circulating tumor cells and blood 
platelets are also packed with intracellular miRNAs. Therefore, we hypothesized that circulating miR-
199a-5p and miR-627-5p originate from the active secretion of tumor cells and passive release from 
death cells, likely representing biological processes for miRNA clearance in tumor tissues.

Despite some strengths of the present study, it also has some weaknesses. First, a major issue is that 
we did not enroll patients with other diseases such as inflammatory bowel disease and other cancer 
types to confirm the diagnostic efficiency of both miRNAs. Second, the small sample size in the control 
group may reduce the validity and reliability of our diagnostic study. Indeed, recruiting truly healthy 
volunteers is practically difficult, requiring the collection of each individual’s personal health 
information and a thorough medical examination. Further research with a large sample size is 
anticipated to validate whether both miRNAs can be used in routine clinical diagnosis. Third, an 
optimal protocol for sample preparation is also a key issue in our study. Arroyo et al[49] suggested that 
the blood clotting procedure may induce the secretion of a number of miRNAs from platelets, thus 
influencing the abundance of tumor-specific miRNAs. Thus, the use of blood plasma is preferred in 
future studies. Finally, the origin of circulating extracellular miR-199a-5p and miR-627-5p in patients 
with colorectal neoplasms was unclear and a series of in vivo and in vitro experiments should be 
performed to answer this question and further clarify the underlying mechanism of both miRNAs in the 
initiation and progression of colorectal neoplasms.

CONCLUSION
To our best knowledge, our study is the first to validate the markedly elevated levels of serum miR-
199a-5p and miR-627-5p in patients with CRC and AA, revealing the potential of both circulating cell-
free miRNAs in serum as liquid biopsy biomarkers of colorectal neoplasms. An integrated model 
combining miR-199a-5p and miR-627-5p obtained an enhanced discriminative capacity and can serve as 
a practical and economic non-invasive screening strategy for colorectal neoplasms. Furthermore, in vitro 
gain-of-function experiments suggested that both miRNAs act as tumor suppressors in the tumori-
genesis of CRC.

ARTICLE HIGHLIGHTS
Research background
Identifying non-invasive tumor biomarkers for the early screening of colorectal cancer (CRC) and 
advanced adenomas (AAs), appears to be a key measure to reduce cancer incidence and extend the 
long-term survival of patients through timely recognition and radical surgery of early-onset CRC and 
precancerous lesions.

Research motivation
Due to the lack of high specificity and sensitivity screening strategies, a number of patients with CRC 
are diagnosed in advanced stages, which is a bottleneck in decreasing the mortality rate of cancer 
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patients. With the development of genome-sequencing technology, circulating microRNAs (miRNAs) 
are considered potential non-invasive screening biomarkers of colorectal neoplasms.

Research objectives
To examine the efficiency of circulating miR-627-5p and miR-199a-5p in serum samples to delineate 
patients with CRC and AA from healthy controls (HCs).

Research methods
Candidate miRNAs were first selected from three public miRNA datasets using bioinformatic analysis 
methods. An independent set of serum samples from 60 patients with CRC, 60 patients with AA, and 30 
HCs was included to detect the diagnostic power of candidate miRNAs. The origin and function of 
candidate miRNAs were then explored in cancer cell lines and tumor tissues.

Research results
We first identified that circulating miR-627-5p and miR-199a-5p were markedly elevated in patients 
with colorectal neoplasia and both miRNAs could discriminate CRCs and AAs from the control group 
with high sensitivity and specificity. The combination of miR-199a-5p and miR-627-5p was a more 
reliable diagnostic model than conventional tumor markers and each miRNA alone. Additionally, the 
expression levels of both miRNAs were markedly reduced in postoperative serum samples compared to 
those in preoperative samples and their expression levels increased with culture time and cell numbers 
in the culture media of cancer cell lines, which suggested both miRNAs might be tumor-derived.

Research conclusions
Serum miR-672-5p and miR-199a-5p have strong potential as practical and economic non-invasive 
biomarkers for early screening of colorectal neoplasms.

Research perspectives
Circulating miRNAs in peripheral blood offer new opportunities for promising early detection of 
colorectal neoplasms.
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