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Abstract
Background  No effective early diagnostic biomarkers are available for colorectal cancer (CRC). Therefore, we sought to 
identify new biomarkers that could identify CRC from progression as a pre-cancerous lesion to its invasive form. Recent 
studies have shown that microRNAs (miRs) are associated with the onset of cancer invasion and progression.
Aims  We hypothesized that the identification of miRs associated with CRC might be useful to detect this disease at early 
stages.
Methods  We conducted an integrated analysis of 79 isolated colorectal tumor glands, including adenomas, intramucosal 
cancers, and invasive CRCs that showed a microsatellite stable phenotype using GeneChip miRNA 4.0 microarray assays. 
The colorectal tumors we examined were divided into 2 cohorts (42 in the first cohort and 37 in the second cohort).
Results  First, cluster analysis was performed to stratify expression patterns of multiple miRs that were pooled according 
to the following criteria: fold change in expression (< −2.0 or > 2.0), p < 0.05, and mature miRs. As a result, the expres-
sion patterns of pooled miRs were subdivided into 3 subgroups that were correlated with tumor grade. Each subgroup was 
characterized by specific miRs. In addition, we found that specific miRs, including miR-140-3p and miR-378i, were closely 
associated with cancer invasion. Finally, we analyzed paired dysregulated miRs between adenomatous and cancerous com-
ponents present within the same tumor.
Discussion  We showed that several miRs were dysregulated during progression from adenoma to intramucosal cancer. 
Specific miRs may have key roles in progression from intramucosal tumor to invasive CRC.
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Abbreviations
miR	� MicroRNA
CRC​	� Colorectal cancer
PCR	� Polymerase chain reaction
ROC	� Receiver operating characteristic curve
AUC​	� Area under the curve

Introduction

Colorectal cancer (CRC) is a common disease and one of 
the leading causes of death worldwide [1]. At present, most 
patients are diagnosed with CRC at an advanced stage. Con-
sequently, early detection of CRC is important to achieve 
better patient outcomes. Colorectal genetic pathways are 
largely classified into 3 models: the adenoma–carcinoma 
sequence, the serrated pathway, and the de novo pathway 
[2]. Among these models, the most important model is 
thought to be the adenoma–carcinoma sequence because 
this pathway is frequently encountered [3]. Thus, research-
ers should focus on molecular evaluation of progression in 
the adenoma–carcinoma sequence model for early detection 
of CRC.

CRC is a heterogeneous disease that can be categorized 
into distinct consensus molecular subtypes (CMSs) based on 
gene transcription [4]; these CMSs are helpful for predicting 
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prognosis in patients with CRC [4–6]. The CMS classifica-
tion suggests clear potential for clinical use in predicting 
both prognosis and response to systemic therapy, which 
seems to be independent of the classifier used. Prospective 
studies are warranted to support implementation of the CMS 
classification in clinical practice [4–6]. According to this 
theory, genomic and epigenetic alterations play key roles 
in colorectal carcinogenesis. Recently, many studies have 
focused on dysregulation of epigenetic changes, including 
altered expression of microRNAs (miRs) [4, 7].

Over the past few years, miRs have emerged as a promi-
nent class of gene regulators. miRs are single-stranded 
RNAs 18–24 nt in length and are generated by an RNase 
III type enzyme from endogenous transcripts [7, 8]. miRs 
regulate gene expression by modulating the expression of 
mRNA. By silencing or activating various target mRNAs, 
miRs play key roles in diverse regulatory signal pathways, 
including control of development, cell differentiation, apop-
tosis, and proliferation of normal cells [7, 8]. Moreover, 
miRs also have roles in cancer development and progres-
sion [9, 10]. Indeed, specific miRs are expressed in multiple 
types of cancer cells and are involved in various signal path-
ways [7–11]. Thus, these miRs likely contribute to colorectal 
tumorigenesis, and it is important to elucidate how dysregu-
lated miRs contribute to the development and progression 
of CRC tumors, particularly the progression from adenoma 
to intramucosal cancer and ultimately to invasive CRC [11].

Here, we performed a comprehensive analysis of miRs. 
Our goal was to evaluate the roles of specific miRs and 
their modified expression during colorectal tumorigenesis. 
In addition, we analyzed dysregulated expression of miRs 
occurring in adenomatous and cancerous components pre-
sent within the same intramucosal neoplasias.

Materials and Methods

Patients

A total of 79 patients, including 30 with colorectal adenoma, 
16 with intramucosal cancer (IMC), and 33 with invasive 
CRC with a microsatellite stable (MSS) phenotype, were 
enrolled in the current study. The 79 patients were divided 
into 2 groups, constituting a first cohort (cohort 1) for anal-
ysis and a second for validation (cohort 2). Histological 
diagnoses of adenoma and IMC were made according to 
the World Health Organization (WHO; 2019) criteria, with 
slight modifications. The adenomas we examined included 
low- and high-grade adenomas [3]. Clinicopathological 
findings were recorded according to the General Rules for 
Management of the Japanese Colorectal Cancer Association 
[12]. The clinicopathological findings in cohorts 1 and 2 are 
shown in Table 1-left. In addition, we investigated molecular 

alterations associated with direct progression from adeno-
matous to cancerous components occurring within the 
same tumor using a carcinoma in/with adenoma sequence 
model. The clinicopathological variables are summarized 
in Table 1-right.

This study was approved by the local ethics committee of 
Iwate Medical University (approval number MH2020-066), 
and all patients provided informed consent.

Crypt Isolation Method

We isolated crypts from the tumors and normal mucosa (dis-
tal site of the colon for surgical or endoscopic specimens) 
as described elsewhere [13]. Tumor glands (adenomatous 
and intramucosal carcinomatous glands) were obtained from 
suspected target lesions as determined by magnification, 
whereas cancer glands in invasive CRC were taken from 
the invasive front. Briefly, fresh tissues were minced with a 
razor into small pieces and incubated at 37 °C for 30 min in 
calcium- and magnesium-free Hanks’ balanced salt solution 
(CMF) containing 30 mM EDTA. The isolated crypts were 
immediately fixed in 70% ethanol and stored at 4 °C until use 
for RNA extraction. The fixed isolated crypts were observed 

Table 1   Clinicopathological findings for the colorectal lesions exam-
ined in this study

CA, conventional adenoma; IMC, intramucosal cancer; CRC​, colorec-
tal cancer; MSS, microsatellite stable; N.S, not statistically significant

Cohort 1 
(Microarray) 
(%)

Cohort 2 
(Validation 
test) (%)

p value

Total 42 37
Sex
Male 29 (69.0) 15 (40.5)
Female 13 (31.0) 22 (59.5)  < 0.05
Age, median (range), years 67.0 (43–81) 66.0 (46–85) N.S
Location
Left side/right side 26/16 21/16 N.S
Histological type
CA 15 (35.7) 15 (40.5)
IMC 8 (19) 8 (21.6)
CRC with an MSS phe-

notype
19 (45.2) 14 (37.8) N.S

Metastasis of lymph node
Positive 9 (21.4) 4 (10.8)
Negative 33 (78.9) 33 (89.2) N.S
Lymphatic invasion
Positive 9 (21.4) 7 (18.9)
Negative 33 (78.9) 30 (81.1) N.S
Vascular invasion
Positive 12 (28.6) 8 (21.6)
Negative 30 (65.2) 29 (78.4) N.S
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under a dissecting microscope (SZ60; Olympus, Tokyo, 
Japan). Some isolated crypts were routinely processed for 
histopathological analysis to confirm the histological nature 
of the isolated glands. Contamination, such as interstitial 
cells, was not evident in any of the 79 samples.

RNA Extraction

For each patient, isolation of total RNA from tumors and 
normal glands was performed using RNeasy Mini kits (Qia-
gen, Valencia, CA, USA) in accordance with the manufac-
turer’s instructions. The nucleic acid concentration was 
determined using a NanoDrop 1000 spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA), and the 
RNA purity was verified using 1.5% denaturing agarose gels.

Analysis of Microsatellite Instability (MSI)

DNA was extracted from isolated normal and tumor glands 
derived from each lesion. The MSI status was determined 
using a consensus panel of five reference microsatellite 
markers (BAT25, BAT26, D2S123, D3S546, and D17S250) 
using a previously described method [14]. When no marker 
was altered, the tumors were defined as MSS. When only 
one marker was altered, the tumors were defined as low 
MSI. When 2 or more markers were altered, the tumors were 
defined as high MSI.

MiR Microarray Analysis

For microarray analysis, 200 ng RNA was polyadenylated 
and labeled using a FlashTag Biotin HSR RNA Labeling 
kit and then treated with DNA ligase. The labeled RNA was 
hybridized to GeneChip miRNA 4.0 microarrays (Thermo 
Fisher Scientific) at 48 °C for 16 h, followed by washing 
and staining using a streptavidin–PE solution. The Affym-
etrix miRNA 4.0 microarray contains 6631 probes, including 
2570 mature miR probes. The stained arrays were assessed 
using a GeneChip Scanner 3000 7G System (Thermo Fisher 
Scientific). Detailed methods have been described previously 
[15].

Hierarchical Clustering Based on Marker Scores

We conducted hierarchical cluster analysis to avoid arbitrary 
selection of pooled miRs using array-based analysis accord-
ing to their quantitative levels. Next, we identified appro-
priate miRs for characterizing subgroups. This approach 
maximized homogeneity for each subgroup and assured 
the greatest differences between the subgroups. This was 
achieved with open-access clustering software (Cluster 3.0 
software; bonsai.hgc.jp/ ~ mdehoon/software/cluster/soft-
ware.htm). The clustering algorithm was set to centroid 

linkage clustering, which is the standard hierarchical clus-
tering method used in biological studies.

Reverse Transcription Quantitative Polymerase 
Chain Reaction (RT‑qPCR)

To validate the microarray results, RT-qPCR was performed. 
One microgram of total RNA was reverse transcribed into 
first-strand cDNA using a Qiagen cDNA Synthesis Kit 
(Qiagen). The ubiquitous β-actin gene was used as a con-
trol for constitutive gene expression. RT-qPCR was per-
formed on a CFX96 Touch Real-Time PCR Detection Sys-
tem (Bio-Rad Laboratories, Hercules, CA, USA). Relative 
expression levels (2−ΔCt) were calculated according to the 
Livak and Schmittgen method. Expression levels of each 
gene were compared with the expression level of RNU6B. 
Finally, for miR-185-5p, which is considered an advanced 
MiR in TaqMan Advanced miRNA Assays (Thermo Fisher, 
Waltham, MA, USA), miR-30e-5p was used as an internal 
control.

Receiver Operating Characteristic (ROC) Curve 
Analysis and Determination of Cutoff Values

Cutoff expression levels for each miR were determined using 
ROC analysis. For each cutoff expression level, the weighted 
mean sensitivity and specificity values for differentiating 
between lesion types were plotted to generate an ROC curve. 
The expression level closest in distance to the point on the 
curve with both the maximum sensitivity and specificity 
was selected as the cutoff, representing the expression level 
that correctly classified the greatest number of tumors with 
or without downregulation of that miR. The area under the 
ROC curve (AUC) was then calculated. These analyses were 
conducted using JMP Pro15.0 software.

Work Flow of the Current Study

The work flow of this study is shown in Supplementary 
Fig. 1. First, we examined significant differences in gene 
expression levels between isolated tumors and normal glands 
(adenomatous, intramucosal cancerous, and invasive cancer-
ous glands) using paired t tests. From this analysis, 53 miRs 
were selected from 4603 miRs according to the following 
criteria: fold change in expression (< −2.0 or > 2.0), Benja-
mini–Hochberg method/false discovery rate (FDR) adjusted 
p value less than 0.05, and mature miRs using GeneChip 
miRNA 4.0 microarrays. In addition, hierarchical analysis 
(cluster analysis) was performed to avoid arbitrary assess-
ment of the expression patterns of miRs occurring in tumor 
cells. We then evaluated candidate miRs that characterized 
subgroups stratified by hierarchical cluster analysis. Next, 
we examined whether these candidate miRs were correlated 
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with colorectal tumors, including adenoma, IMC, and CRC 
with an MSS phenotype. Finally, candidate miRs were vali-
dated using RT-qPCR analysis in the second cohort (cohort 
2).

Pathway Analysis

We explored target mRNAs that may be closely associated 
with corresponding miRs using Ingenuity Pathway Analysis 
(Qiagen).

Statistical Analysis

Clinicopathological variables (sex, location, macroscopic 
type, tumor location, and histological type) were analyzed 
using Fisher’s exact test. If statistical differences among 
the three lesion types were detected, comparisons between 
two groups were performed using Fisher’s exact test. Dif-
ferences in age and tumor size between two groups were 
evaluated using Mann–Whitney U-tests. Differences in the 
expression levels of miRs between isolated normal and neo-
plastic glands were examined using t-tests (p values) with 
an adjusted Benjamini–Hochberg method/FDR correction. 
We used statistical analysis software (JMP Pro 13.0 software 
package for Windows; SAS Institute Inc., Cary, NC, USA) 
for these analyses. Results with p values less than 0.05 were 
accepted as significant.

Results

miR Expression Profiling in Colorectal Tumors

We identified potential miR biomarkers in 42 colorectal 
neoplasias, including 15 adenomas, 8 IMCs, and 19 inva-
sive CRCs. We used global miR expression profiling in the 
analysis of the 42 colorectal neoplasias and compared them 
with normal gland samples (Supplementary Table 1). Thus, 
in the colorectal tumors examined in this study, 21 upregu-
lated miRs and 32 downregulated miRs were subjected to 
cluster analysis (total of 53 miRs).

Hierarchical Clustering Based on Dysregulated miR 
Expression

We examined the expression patterns of miRs using hierar-
chical clustering. As a result, we identified 3 distinct sub-
groups (Fig. 1) based on their similar expression patterns. 
There were significant differences in the frequencies of ade-
noma or CRC with an MSS phenotype between subgroups 
1 and 2 or 3 (p < 0.01). In addition, there were significant 
differences in the frequencies of IMCs between subgroups 
1 and 2. Detailed clinicopathological findings of subgroups 
are shown in Table 2. Finally, detailed data are depicted in 
Supplementary Table 2.

Fig. 1   A hierarchical cluster 
analysis. Expression patterns 
in tumors were classified into 3 
subgroups
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Statistically Significant Differences in the Expression 
Levels of Specific miRs Among Each Subgroup 
in the First Cohort (Cohort 1)

We then compared the expression levels of miRs between 
subgroups (subgroups 1 versus 2; subgroups 2 versus 3; 
and subgroups 1 versus 3), which were stratified by cluster 
analysis using 53 specific miRs (Supplementary Fig. 2). 
There were significant differences in the expression levels 
of 7 miRs (including miR-4, miR-4284, miR-140-3p, miR-
185-5p, miR-22-3p, miR-378i, miR-15b-5p, and miR-378c) 
between subgroups (subgroups 1 versus 2; subgroups 1 
versus 3; and subgroups 2 versus 3). The association of 
specific miRs with each subgroup is shown in Fig. 2. In 
addition, we examined the association of the 7 miRs with 
each lesion, including subgroups 1, 2, and 3. Among the 7 
miRs, there were significant differences in the expression 
levels of 5 miRs (including miR-4284, miR-140-3p, miR-
22-3p, miR-378i, and miR-185-5p) between subgroups 1 
and 2, subgroups 2 and 3, and subgroups 1 and 3 (Fig. 2).

Next, ROC analysis was used to determine the cutoff 
value of the expression level of the above-mentioned 5 
miRs that best differentiated invasive CRCs from IMCs 
(Supplementary Fig. 2). The AUCs and optimal cutoff 
expression levels of 5 miRs are shown in Table 3. The 
cutoff values, AUCs, sensitivities, specificities, positive 
and negative predictive values, and positive and negative 
likelihood ratios discriminating between IMC and invasive 
CRC for each miR are shown in Table 3a.

Statistically Significant Differences in the Expression 
Levels of Specific miRs Among Each Lesion 
in the Second Cohort (Cohort 2) for Validation

We selected 5 miRs (miR-378i, miR-140-3p, miR-22-3p, 
miR-185-5p, and miR-4284) to assess the usefulness of the 
candidate miRs in assessing the correlations between their 
expression and invasion (Fig. 3). First, we evaluated the rela-
tionships between the expression levels of the 5 candidate 
miRs with adenomas, IMCs, and invasive CRCs with an 
MSS phenotype. We found that there were statistically sig-
nificant differences in the expression levels of miR-140-3p 
(p < 0.001) and miR-378i (p < 0.05) between adenomas and 
CRCs with an MSS phenotype and between IMCs and CRCs 
with an MSS phenotype (Fig. 4). To identify the candidate 
miRs differentiating IMCs from invasive CRCs, we exam-
ined the usefulness of the 5 candidate miRs to function as 
biological markers using the same criteria of a positive 
likelihood ratio greater than 2 and negative likelihood ratio 
less than 0.5. We found 2 specific miRs (miR-140-3p and 
miR-378i) for prediction of invasion beyond the submucosa 
(Table 3b).

Association of miR‑140‑3p and miR‑378i 
with Candidate mRNAs

We examined candidate connections between miRs and 
mRNAs according to Ingenuity Pathway Analysis (Qia-
gen). From this analysis, we identified 6 connections 

Table 2   Clinicopathological findings for each subgroup for the colorectal lesions examined in this study (cohort 1)

CA, conventional adenoma; IMC, intramucosal cancer; CRC​, colorectal cancer; MSS, microsatellite stable; N.S, not statistically significant
*** p < 0.0001; **p < 0.01; *p < 0.05

Cohort 1 (microarray) (%) Subgroup 1 (%) Subgroup 2 (%) Subgroup 3 (%) p value

Total 42 21 13 8
Sex
Male 29 (69) 15 (71.4) 10 (76.9) 4 (50.0)
Female 13 (31) 6 (28.6) 3 (23.1) 4 (50.0) N.S
Age, median (range), years 67.0 (43–81) 70.0 (52–80) 67.0 (43–81) 65.5 (58–73)
Location
Left side/right side 26/16 11/10 10/3 4/4 N.S

**
Histological type ***
CA 15 (35.7) 14 (66.7) 0 (0) 1 (12.5)

**
IMC 8 (19) 7 (33.3) 0 (0) 1 (12.5)

***
***

CRC with an MSS phenotype 19 (45.2) 0 (0) 13 (100) 6 (75.0)  < 0.001
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(CASP9, PDPK1, TUSC2, ODC1, IGF1R, and SUFU) 
of miR-378i with specific mRNAs based on confidence 

levels (experimentally observed, moderate prediction level; 
Supplementary Fig. 3). However, we could not find such 

Fig. 2   Expression levels of miRNAs in subgroups 1, 2, and 3 (cohort 1). a. miR-4284; b. miR-140-3p; c. miR-22-3p; d. miR-378i; e. miR-185-5p 

Table 3   Sensitivity, specificity, positive predictive value, negative predictive value, positive likelihood, and negative likelihood of the 5 miR-
NAs, a (cohort 1), b (cohort 2; validation cohort)

Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; LH + , positive likelihood; LH − , negative likeli-
hood

a

miRs AUC​ Cutoff value Se Sp PPV NPV LH +  LH − 

hsa-miR-4284 0.96 0.4298 1.00 0.96 0.95 1.00 23.00 0.00
hsa-miR-140-3p 0.91  − 0.6435 1.00 0.78 0.79 1.00 4.60 0.00
hsa-miR-185-5p 0.80  − 0.4031 0.84 0.74 0.73 0.85 3.23 0.21
hsa-miR-22-3p 0.85  − 0.9886 0.95 0.74 0.75 0.94 3.63 0.07
hsa-miR-378i 0.83  − 0.7284 0.95 0.70 0.72 0.94 3.11 0.08

b

miRs AUC​ Cutoff (1st cohort) Se Sp PPV NPV LH +  LH − 

hsa-miR-378i 0.71  − 0.7284 0.93 0.61 0.59 0.93 2.37 0.12
hsa-miR-140-3p 0.85  − 0.6435 1.00 0.57 0.58 1.00 2.30 0.00
hsa-miR-22-3p 0.65  − 0.9886 0.86 0.52 0.52 0.86 1.79 0.27
hsa-miR-185-5p 0.60  − 0.4031 0.69 0.37 0.43 0.64 1.10 0.84
hsa-miR-4284 0.66 0.4298 0.57 0.26 0.32 0.50 0.77 1.64



819Digestive Diseases and Sciences (2023) 68:813–823	

1 3

connections of miR-140-3p with specific mRNAs based on 
the same confidence level.

Association of miR Expression Level 
with the Progression of Adenomatous Lesions 
to IMC Lesions Within the Same Tumor

We explored specific miRs that were closely associated with 
the progression from an adenoma component to an IMC 
component within the same tumor. We found that 9 miRs 
(miR-6754-5p, miR-148b-3p, miR-4417, miR-4740-3p, 
miR-145-5p, miR-30e-5p, miR-143-3p, miR-378c, and miR-
365a-5) were significantly downregulated from adenoma-
tous components to carcinomatous components within the 
same tumor (using paired t tests). Thus, the expression of 
these miRs was significantly reduced during the progression 
of adenomas to IMCs within the same tumor. The associa-
tions are depicted in Fig. 5.

Association of the immunohistochemical expression of 
clusterin and ArfGAP with SH3 domain, ankyrin repeat 
and PH domain 3 (ASAP3) with miR-140-3p and miR-378i 
expression in CRC​

Discussion

Improvements in our understanding of molecular alterations 
associated with tumor progression greatly enhance the diag-
nosis and treatment of patients with cancer [2, 3, 16]. Recent 
studies have shown that dysregulated expression of miRs 
is closely associated with tumor progression [8, 9]. In the 
current study, we set cutoff values to predict submucosal 
invasion of tumor cells. Although the cutoff value we set 
may be a limitation in the use of this approach in clinical 
practice, we suggest that this value might still be applicable.

Fig. 3   Expression level of hsa-miRNAs in adenoma, intramucosal cancer, and CRC with an MSS phenotype (cohort 2). a. miR-4284; b. miR-
140-3p; c. miR-22-3p; d. miR-378i; e. miR-185-5p 
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miR-140 is encoded in the intron of the WW domain con-
taining the E3 ubiquitin protein ligase 2 gene. The sequence 
produces 2 mature miRs (miR-140-5p and miR-140-3p), 
which have been shown to be related to breast, lung, colo-
rectal, and ovarian cancers [17–20]. However, it is unknown 
whether miR-140-3p plays a role in colorectal tumors. In the 
current study, miR-140-3p expression was upregulated in 
isolated CRC glands compared with isolated adenomas and 
IMC glands. However, in previous studies, the expression of 
miR-140-3p was found to be downregulated in breast cancer, 
ovarian cancer, and CRC [17–20]. These studies showed 
that miR-140-3p inhibits tumor proliferation, migration, and 
invasion, suggesting this miR may behave as a suppressor 
miR [17–20]. In addition, Liu et al. showed that BCL9 and 
BCL2 are direct targets of miR‐140‐3p, suppressing the pro-
liferation, migration, and invasion of CRC cells and perhaps 
mediating apoptosis [21]. They also suggested that β‐catenin 
nuclear accumulation resulting from Wnt signal activa-
tion may be caused by high expression of BCL9 and BCL2 
through downregulation of miR-140-3p [18]. Moreover, a 

recent study showed that miR-140-3p suppresses growth 
and induces apoptosis in CRC by targeting programmed 
death ligand 1 in CRC [20]. By contrast, Salem et al. indi-
cated that both the canonical miR-140-3p and its 5′ iso 
miR-140-3p, which are termed isomiRs based upon length 
and/or sequence variations, are highly expressed in tumors 
compared with normal breast tissue in miRNAseq data from 
patients with breast cancer (The Cancer Genome Atlas data-
set) [17]. Importantly, the same miR can have the opposite 
function in different types of cells [17, 21]. Although target 
mRNAs of miR-140-3p were not examined in this study, 
we suggest that increased expression of miR-140-3p may 
be a novel candidate marker of cancer invasion during the 
progression from intramucosal neoplasia to invasive CRC.

In previous studies, the conformation of the miR-378 
target gene was analyzed using bioinformatic analysis and 
luciferase reporter systems in melanoma cells [22, 23]. 
Expression of miR-378 was often increased in melanoma 
and has been shown to cause migration, invasion, and tumo-
rigenicity [23]. miR-378 is thought to act, at least in part, 

Fig. 4   Expression level of each miRNA in each lesion (cohort 2). a. miR-4284; b. miR-140-3p; c. miR-22-3p; d. miR-378i; e. miR-185-5p 
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through inhibition of the potential target gene FOXN3 and 
via Wnt/β-catenin pathway activation [23]. In the current 
study, our findings suggested that several target transcripts, 
including CASP9, PDPK1, TUSC2, ODC1, IGF1R, and 
SUFU, are suppressed by high expression of miR-378i. 
According to these findings, the expression of miR-378i 
was higher in CRC with an MSS phenotype than in ade-
noma and IMC, suggesting that miR-378i expression may 
suppress the target transcripts. Here, we found that the 

increasing expression of miR-378i from IMC and adenoma 
to CRC with an MSS phenotype may be associated with 
potential cancer invasion by promoting the progression of 
intramucosal neoplasia to invasive CRC. This miR could be 
a novel diagnostic biological marker for invasion and be use-
ful for targeted endoscopic treatment. In addition, a recent 
study revealed that high expression of miR-378i reduced 
chemoresistance to cisplatin in lung adenocarcinoma cell 
by targeting secreted Clusterin, which is involved in tumor 

Fig. 5   Dysregulated miRNAs in adenomatous and carcinomatous components within the same tumor. A, miR-6754-5p; B. miR-148b-3p; C. 
miR-4417; D. miR-4740-3p; E. miR-145-5p; F. miR-30e-5p; G. miR-143-3p; H. miR-378c; I. miR-365a-5p 
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development and cancer progression [22]. This finding sug-
gests that upregulation of mi-378i indicates a requirement 
for chemotherapy in CRC.

The clinical benefit of examining miR expression, includ-
ing that of miR-140-3p and miR-378i, suggests a need for 
additional endoscopic treatment. If the expression levels of 
the miRs are higher than the cutoff values determined in 
this study, additional endoscopic treatment may be required. 
Under these circumstances, although unnecessary endo-
scopic treatment may be performed, examination of the tar-
get miRs may help to avoid such unnecessary endoscopic 
treatment. The current study may contribute to selection of 
the appropriate additional endoscopic treatment.

Colorectal tumorigenesis is thought to be a multistep 
process in which genetic alterations accumulate, ultimately 
producing a malignant phenotype [2, 3]. An adenoma–car-
cinoma sequence model was proposed to explain the genetic 
basis of colorectal neoplasia, including several salient 
molecular features [2, 3]. The adenoma–carcinoma sequence 
model, in which both adenoma and cancer components 
coexist within the same tumor, is a novel model in which 
molecular differences are simultaneously present within 
the same tumor [8]. Although the transition from adenoma 
to carcinoma has been reported to be accompanied by the 
acquisition of molecular alterations [2, 3], researchers have 
attempted to discover new molecular factors that determine 
the risk of progression of adenoma to adenocarcinoma. 
In the current study, we found that specific miRs, includ-
ing miR-6754-5p, miR-148b-3p, miR-4417, miR-4740-3p, 
miR-145-5p, miR-30e-5p, miR-143-3p, miR-378c, and miR-
365a-5p, were candidate markers that may be associated 
with tumor progression within the same tumor. We focused 
on two specific miRs (miR-143-3p and miR-378c) owing 
to their close association with CRC progression [23–28], 
including the invasion, proliferation, and migration of CRC 
cells in vitro. In addition, the invasive potential of CRC cells 
was enhanced by expression of target mRNAs, such as clus-
terin, FOXN3, ASAP3, and SDAD1 [23–28]. Hence, our data 
may suggest new molecular mechanisms for CRC progres-
sion. By identifying new mechanisms, we could provide new 
diagnostic targets that have clinical value.

There were some limitations to this study. First, the sam-
ple size may have been small. However, we used isolated 
tumors and normal glands, enabling us to conduct a com-
prehensive and controlled molecular analysis. This is a clear 
advantage of this study, compared with other molecular stud-
ies, such as those [29, 30] using fresh tissues containing 
interstitial cells. Second, we obtained samples from a single 
site of the lesion regardless of tumor sample size. The single 
site might not reflect all of the molecular alterations present 
within the same tumor. However, we used the central lesion 
of the tumor or the invasive front of CRC, which are thought 
to be representative of molecular alterations.

In conclusion, we report a comprehensive and sensi-
tive miR expression analysis of isolated tumor glands, 
including adenoma, IMC, and invasive CRC with an MSS 
phenotype. From our analysis, miR-140-3p and miR-378i 
were selected as markers for the transition from intramu-
cosal neoplasia to CRC in both the first (cohort 1) and 
second cohorts (cohort 2). Our findings provided insights 
into the possibility of targeting oncogenic miRs as inva-
sive markers. In addition, we examined dysregulated miRs 
that may be associated with intramucosal progression from 
adenoma to IMC within the same tumor, data confirmed 
with a paired t test. We suggest that several miRs could be 
used as candiate markers of progression from adenoma to 
intramucosal cancer within the same tumor.
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