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Abstract

Emerging evidence has demonstrated the feasibility of circulating miRNAs as robust non-invasive 

biomarkers for the diagnosis in colorectal cancer. The use of circulating miRNAs for the early 

detection of colorectal cancer (CRC) is of particular interest as it can offer a potential 

complementary approach to screening colonoscopy. However, the development of circulating 

miRNAs as “liquid biopsy” biomarkers for development into clinical screening tests has been 

hampered by several issues. In this article, we summarize the status of this field for the clinical 

utilization of miRNA biomarkers as liquid biopsies in colorectal cancer (CRC) and discuss their 

applications as screening tests for patients with colorectal adenoma (CRA) and CRC. Herein, we 

undertook a systematic search for citations in PubMed and the Cochrane Database from January 1, 

2002 through December 31, 2017 as electronic sources for this study. All published studies were 

screened with no restriction on language, date, or country. We used database-specific combinations 

of the following index terms and text words, including: microRNA, colorectal cancer, serum, 

plasma, and exosomes. Based upon these searches, we summarize the progress and salient features 

of the current state of knowledge of miRNA diagnostic biomarkers in CRC, and focuses on the 

articles that attempt to optimize ideal methodologies to further advance their as liquid biopsies for 

clinical use. We conclude that the field of noncoding RNAs, particularly for the clinical use of 

miRNAs as liquid biopsy assays is maturing rapidly, and it is highly promising that these genomic 

signatures will likely be developed into clinically-viable tests for the early detection and clinical 

management of patients with colorectal cancer in the not so distant future.
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1.1 INTRODUCTION

Colorectal cancer (CRC) is a significant healthcare problem worldwide and remains the 

second-leading cause of cancer-related deaths in the United States, with an estimated 50,000 

deaths annually[1]. In spite of the progress made in terms of better strategies for screening 

and the development of targeted therapeutics for this malignancy, approximately 50% of 

CRC patients still die as a consequence of late detection of advanced disease with localized 

or distant metastases[2]. Most CRCs develop from premalignant colorectal adenomas 

(CRAs) that have accumulated mutations and epigenetic alterations in a stepwise fashion 

and eventually become malignant. Although current screening tests help reduce mortality, 

compliance with these approaches has been largely inadequate. Reasons for poor patient 

compliance include insufficient sensitivity and specificity of these screening tests, expense 

associated with these modalities, and their invasive nature[3]. These facts highlight and 

underscore a need for the identification and development of robust and inexpensive 

screening biomarkers that are minimally invasive, and facilitate earlier detection of CRC.

MicroRNAs (miRNAs) are an abundant class of small non-coding RNA molecules, 18 to 25 

nucleotides in length, that regulate gene expression at the post-transcriptional level by 

promoting messenger RNA (mRNA) degradation or blocking their translation into functional 

proteins[4]. MiRNAs are frequently dysregulated during the pathogenesis of human 

cancers[5, 6], and are present in a wide variety of clinical specimens (including blood, 

saliva, urine and feces). They can be easily extracted from formalin-fixed paraffin-embedded 

tissue specimens, where these exist in a remarkably stable state. This has opened a new 

research frontier for the identification of clinically useful biomarkers in patients with cancer. 

However, the development of circulating miRNAs as clinical screening tests is currently 

hampered by several technical issues. Herein, we summarize the state of the art for the 

clinical utilization of miRNA biomarkers as liquid biopsies in CRC and discuss their 

applications as screening tests for patients with CRAs and CRCs.

1.2 METHODS

1.2.1 Data sources and literature search strategy

We searched for citations in PubMed and the Cochrane Database as electronic sources for 

this study (Figure 1). Each database was searched for entries from January 1, 2002 through 

December 31, 2017, and all published studies were screened with no restriction on language, 

date, or country. The year 2002 was chosen as the starting point because this was the first 

year in which miRNAs were implicated in cancer[5]. We used database-specific 

combinations of the following index terms and text words, including: microRNA, colorectal 
cancer, serum, plasma, and exosome. No search filter was applied for the study type.
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1.2.2 Study eligibility and quality assessment-inclusion and exclusion criteria

Two members of the research team (Y.T. and Y.O.) reviewed manuscript titles and abstracts. 

Studies were subjected to full-text review by both reviewers if one of the reviewers deemed 

it pertinent for inclusion. Keyword searches were run a second time before retrieving the 

final collection of articles. Finally, both reviewers discussed the reasons for initial inclusion 

or exclusion of all articles until a consensus was reached.

We were particularly interested in studies addressing diagnostic biomarker potential, 

minimally invasive biomarkers, extracellular miRNAs, and the clinical feasibility for use as 

screening biomarkers in colorectal neoplasia. Based on this approach, the inclusion criteria 

were: prospective or retrospective studies, adult human participants, miRNA studies, 

research on CRA and CRC, and English language. The exclusion criteria included the 

following: the description included only basic functional data, fewer than 10 patients in the 

study group, the sole description of prognostic biomarker potential, patients with colitis-

associated cancer, case reports and series, editorials, literature reviews, and meta-analyses.

1.2.3 Data extraction and analysis

Study characteristics that were extracted from each study included the names of the target 

miRNAs, enrolled patient numbers (cases and controls), the study population (disease type), 

accuracy (sensitivity, specificity and area under the curve [AUC]), and the type of 

dysregulation (up- or down-regulated expression). Relevant findings were extracted by two 

members of this research team (Y.T. and Y.O.) and verified by the senior author (A.G.).

In characterizing research on the potential for a miRNA to serve as a diagnostic liquid 

biopsy for CRC patients, we sought to assess the quality of the studies included in our 

review. Both reviewers independently assessed the quality of studies using the Newcastle-

Ottawa Scale[7]. This scale is comprised of eight specific criteria for evaluating the quality 

of observational cohort studies in terms of selection, comparability and outcome. Zero to 

seven stars were awarded for the methodologic quality of case selection, comparability of 

cohorts, and measurement outcomes. Studies received an overall quality rating of high, 

moderate, or low based on the Newcastle-Ottawa scale. An award of 6 or 7 stars was 

considered a high methodologic quality, while a score of ≤4 was considered low quality.

1.3 RESULTS

1.3.1 Systematic Review

The results of the systematic review are shown in Figure 1. A total of 1167 potential 

citations were identified initially through database retrieval. After screening titles and 

abstracts, we excluded 1060 articles that did not focus on blood-based biomarkers. We 

reviewed the full-text versions of the remaining 107 articles and excluded an additional 66 

articles. Therefore, our analysis eventually included 41 articles in this systematic review 

(including 16 serum-based biomarkers; 23 plasma-based biomarkers; and 2 exosome-based 

biomarkers)
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1.3.2 Potential use of miRNAs as liquid biopsy biomarkers

The discovery of extracellular miRNAs in biological fluids has opened a new era in the field 

of cancer liquid biopsy research (Figure 2). For the development of a clinically-meaningful 

biomarker, various steps taken during sample collection and subsequent long-term storage of 

specimens (months or years) are critical, and must be considered as potential sources of bias 

that can confound test results [8]. As a result, stability of the target molecule is absolutely 

essential for avoiding analytical variation between samples and independent laboratories – 

an important requisite for data reproducibility and universal adoption of specific biomarkers. 

The pioneering observation that miRNAs are quite resistant to RNase-mediated degradation 

and are largely preserved in biological bodily fluids was first made in 2008 by Chim and 

colleagues, wherein the investigators successfully identified placental miRNAs in maternal 

plasma at readily detectable concentrations[9]. Subsequently, it was revealed that several 

tumor-associated miRNAs could be detected in serum samples, and might offer a less 

invasive option for cancer diagnosis and prognosis in patients with diffuse B-cell 

lymphoma[10]. To further strengthen the argument favoring the stability of miRNAs in 

blood, a seminal study established the stability of endogenous miRNAs in human plasma 

and serum when specimens were exposed to various extreme experimental conditions[11]. 

MiRNAs were shown to remain stable for at least 24 hours at room temperature and even 

when subjected to eight freeze-thaw cycles. Based on these novel characteristics, 

accumulating studies have demonstrated that circulating miRNAs may serve as liquid biopsy 

biomarkers with relatively high sensitivity and specificity for the early detection of various 

gastrointestinal cancers, including esophageal, gastric, pancreatic, hepatobiliary, and 

colorectal cancer [12].

1.3.3 Clinical feasibility of utilizing circulating miRNAs in blood as an early diagnostic 
tool in CRC

The evidence gathered thus far shows a remarkable degree of tissue specificity for aberrantly 

expressed miRNA in different types of human cancers. This finding, together with the fact 

that miRNAs exist in a highly stable manner in various body fluids, has invigorated a flurry 

of research interest in exploiting these small non-coding RNAs as promising bodily fluids-

based, less-invasive, diagnostic biomarkers for colorectal neoplasia (Table 1 and 2). In 

various bodily fluids, feces have been widely used as non-invasive molecular screening 

biomarkers in CRC. Till date, several studies have attempted to identify the potential of fecal 

miRNAs as early diagnostic signatures in CRC[13–16]; however, in spite of all the positive 

development, compared with blood specimens, fecal miRNA suffer from several key 

limitations which must first be overcome. These shortcomings include: complexity of the 

fecal specimen, standardization of protocols for sample preparation and RNA extraction, and 

the use of appropriate normalization controls. Based on these complex characteristics of 

fecal specimens, a miRNA-based test using blood specimens seems more appropriate, as it 

can be deployed in a facile, easy-to-assess manner in the clinic, and relatively inexpensively. 

Accordingly, in this article, we focused on the diagnostic potential of circulating miRNAs in 

CRC, and the key studies are highlighted in the following sections.

The diagnostic potential for employing circulating miRNAs as liquid biopsies in CRC was 

first described by Chen et al in 2008[17]. This study demonstrated that a subset of 69 
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miRNAs was highly overexpressed in serum from CRC patients, but these miRNAs were 

virtually undetectable in sera from healthy volunteers. To further highlight the disease-

specificity of this approach, the investigators reported that 14 of these miRNAs were 

exclusively upregulated in serum from CRC patients, but not in serum from patients with 

other types of cancer, primarily lung cancer. The first systematic and comprehensive analysis 

of blood-based CRC biomarkers was performed by Ng and coworkers[18]. In a discovery 

phase, these researchers performed miRNA expression profiling using tissue and plasma 

specimens from patients with CRC and healthy volunteers, and identified five candidate 

miRNAs that were later validated in a larger, independent cohort of plasma samples to 

highlight their potential application as diagnostic tools in CRC. There were three key 

findings inferred from this study. First, expression levels of miR-17–3p and miR-92a could 

discriminate patients with CRC from controls with great specificity and sensitivity 

(sensitivity, 64% & 89%; specificity, 70% & 70%; AUC, 0.72 & 0.89 respectively). Second, 

expression levels of both miRNAs were markedly lower in the pre vs. post-operative plasma 

specimens, suggesting that high levels of expression of these miRNAs were tumor-

dependent. Third, miR-92a expression alone could discriminate patients with CRC from 

those with other types of gastrointestinal cancers, highlighting the potential for plasma 

miR-92 to serve as a novel diagnostic biomarker for CRC. A subsequent study explored the 

clinical usefulness of these two circulating miRNAs by including analysis of patients with 

CRAs - the precancerous lesions for CRC that represent a more pertinent target lesion for 

developing a CRC screening test[19]. This study showed that plasma levels of miR-29a and 

−92a could differentiate patients with CRAs and CRCs from healthy subjects, emphasizing 

the feasibility of these two miRNAs for use as potentially less invasive biomarkers for 

screening patients with colorectal neoplasia.

From a functional standpoint, miR-21 is one of the most well-established oncogenic 

miRNAs, and has been shown to participate in the multistep process of colorectal 

tumorigenesis, by not only regulation of MAPK pathway, but also by associating with WNT/

β-Catenin signaling through targeting of PTEN, PDCD and DKK2[20–22]. Ma and 

coworkers crossed miR-21−/− mice with those lacking p53 (Trp53−/−), and demonstrated that 

Trp53−/−miR-21−/− mice developed tumors at a slightly later age. In addition, loss of miR-21 

sensitizes transformed Trp53−/− cells to DNA-damage induced apoptosis through elevation 

of Pten expression [23]. In contrast, another group performed colitis-associated CRC model 

using azoxymethane and dextran sulfate sodium, and showed that miR-21−/− mice decreased 

in the size and numbers of tumors compared with control mice via increased expression of 

PDCD4 and modulation of nuclear factor (NF)-kB activation [24].

In addition to the oncogenic function of miR-21 from several basic researches, miR-21 has 

several distinct advantages favoring its development as an early detection biomarker for 

CRC. First, miR-21 is frequently up-regulated both in adenoma and cancer tissues compared 

to normal colonic epithelium. A miRNA microarray expression profiling study of tumor and 

paired normal tissues in a large cohort demonstrated that miR-21 expression was up-

regulated significantly in adenomas compared with the matched adjacent normal mucosa, 

and demonstrated a stepwise increase in its expression in the adenoma-carcinoma 

sequence[6]. Second, state-of-the-art next generation sequencing techniques revealed that 

the absolute copy numbers of miR-21 in CRC tissues were significantly higher than other 
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oncogenic miRNAs in cancer tissues[25]. Finally, miR-21 is a secreted miRNA that is often 

released by cancer cells and is present abundantly in plasma and serum, as evidenced from 

data reported by our group while analyzing supernatants from CRC cell lines and a large 

cohort of CRC-tissue and matched serum samples[26]. MiR-21 expression in cell 

supernatants significantly correlated with cell number and the duration of cell culture, while 

serum levels of miR-21 in CRC patients correlated positively with its expression status in the 

tumor tissues. Furthermore, levels of miR-21 expression robustly discriminated patients with 

CRAs and CRCs from healthy volunteers, suggesting that serum miR-21 may serve as a 

promising biomarker for screening patients with colorectal neoplasia. Analogous to serum, 

plasma levels of miR-21 may also have diagnostic potential in CRC[27]. In a study 

evaluating the expression levels of 380 miRNAs in primary cancer tissues and matched 

normal colonic tissue from 30 patients with CRC, the most dysregulated miRNAs were 

validated in an independent plasma test set from 40 patients with or without CRC. The 

results of this study established that plasma miR-21 could be used to identify patients with 

CRC from healthy volunteers with a very high sensitivity (90%) and specificity (90%). 

Likewise, another research group demonstrated the feasibility of using serum miR-21 levels 

as a diagnostic biomarker in serum samples from a cohort of 200 CRC patients, 50 advanced 

adenoma patients, and 80 healthy controls[28].

1.3.4 Several hurdles for developing this concept for clinical use

The evidence gathered thus far shows a remarkable degree of tissue specificity for aberrantly 

expressed miRNA in different types of human cancers. This finding, together with the fact 

that miRNAs are highly stable in various body fluids, has invigorated a flurry of research 

interest in exploiting these small non-coding RNAs as promising blood-based, less-invasive, 

diagnostic biomarkers for colorectal neoplasia. Although several studies to date have 

described the feasibility of utilizing miRNAs as potential diagnostic biomarkers in CRC 

(Table 1 and 2), there are several issues that must be considered for this concept to be 

developed for clinical use. Next, we focus on articles that attempt to elucidate each obstacle, 

and discuss the ideal methodology to further advance these research findings into actual 

clinical tests for early identification of colorectal neoplasia.

1.3.4.1 - Protocol Standardization—For the development of meaningful biomarkers 

for clinical use, steps taken during sample collection and subsequent storage are critical, and 

must be considered as potential sources of bias that can confound test results[8]. The 

stability of target molecules is absolutely essential for avoiding analytical variation between 

samples and independent laboratories—an important requirement for data reproducibility 

and universal adoption of biomarkers. MiRNAs are stable in body fluids due to resistance to 

RNase activity[11, 17, 29], but studies have highlighted the importance of consistent pre-

analytic preparation methods.

Glinge and colleagues performed a systematic analysis to evaluate the stability of miRNAs 

in blood under a variety of clinically relevant conditions, including the type of collection 

tubes, storage temperatures, physical disturbances, and serial freeze-thaw cycles[30].This 

study provides several key findings about the method of appropriate sample storage in 

clinical use of circulating miRNA test. First, the authors collected blood samples from 
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healthy volunteers using different types of collection tubes and analyzed representative 

miRNAs (miR-1, miR-21, and miR-29b) to determine the impact of tube type on 

measurement outcomes. Tubes containing lithium-heparin were totally unsuitable for the 

detection of these three miRNAs, but collection tubes containing EDTA, citrate, or a serum 

separator did not alter the detectable levels of these miRNAs. There were subtle differences 

in circulating miRNA expression between various collection tubes and preparation 

techniques, indicating that samples should be collected using uniform protocols to avoid 

confounding the results. Second, levels of miR-1, miR-21 and miR-29b were stable for at 

least 24 hours in whole blood (some variability was seen in separated samples by 24 hours), 

but significant variations were detected in miR-21 and miR-29b in whole blood after 72 

hours at room temperature due to the lysis of blood cells or platelets. Levels of miR-21 and 

miR-29b are significantly higher in buffy coats and red blood cells compared to plasma. 

Levels of miRs remained stable in whole blood up to 8 hours at room temperature before 

processing into plasma or serum. Plasma samples subjected to physical disturbance for 8 

hours (rocker panels) showed reduced levels of miR-1 and miR-21, whereas just 1 hour of 

disturbance did not alter miR levels. The mechanistic basis of this is unclear. Third, long-

time storage of EDTA-plasma samples at −80°C had no significant effect on miR-21 or 

miR-29b expression 9 months after freezing. However, miRNA expression was significantly 

increased in whole blood samples after freezing because of miRNAs released from cellular 

elements, particularly when there is hemolysis. In addition, miRNAs levels were decreased 

after 4 repetitive freeze-thaw cycles both in plasma and serum.

Combining these findings with previous data[11, 17, 31], the ideal protocol for sample 

collection could be described as follows: 1) use uniform collection tubes (but never lithium-

heparin tubes); 2) whole blood may be preserved in EDTA or serum-separator tubes for up 

to 8 hours at room temperature during transportation to the clinical laboratory; 3) avoid 

storage of whole blood at −80°C; 4) after separation into plasma or serum fractions, store at 

−80°C promptly; 5) carefully separate the plasma or serum fractions to limit contamination 

from the cellular elements.

1.3.4.2 - Establishment of direct quantification methods (extraction and 
standardization)—Sample collection, preparation and storage are major causes of 

technical variation in circulating miRNA biomarker studies. In addition, RNA extraction is 

more demanding than what is required in a protein-based assay. To date, most studies of 

circulating miRNAs use an endogenous or exogenous normalizer to address variations in the 

efficiency of RNA extraction. Although several studies have attempted to address the need 

for a normalization standard[32], there is as yet no consensus for the appropriate reference.

Recently, Zhao and coworkers demonstrated a direct quantification method that does not 

require RNA isolation to measure circulating miRNAs[33]. This study showed that treatment 

of 5 uL plasma aliquots with a denaturing buffer (Tween20, Tris, and EDTA) followed by 

heat treatment (75°C, 5 min) can efficiently release miRNAs for accurate measurement. The 

authors quantified let-7b and miR-92a expression in plasma specimens, and showed that this 

method was more accurate for analyzing circulating miRNAs than conventional RNA-based 

measurement methods. They used the direct quantification method to identify circulating 

miRNAs in patients with metastatic breast cancer, and showed that plasma miR-106a could 
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be used to discriminate breast cancer patients with lymph node metastasis from those 

without it.

1.3.4.3 - Quantification methods (relative expression vs absolute 
quantification)—Another challenge is the methodology for measuring miRNA levels. 

Quantitative real-time PCR (qPCR) is the standard method for this purpose, and most studies 

have quantitated circulating miRNA levels using the difference between cycle threshold (Ct) 

values of miRNAs of interest compared with those of endogenous or exogenous control 

miRNAs. One of the major limitations of using miRNAs in body fluids as liquid biopsy 

biomarkers is the selection of an endogenous control for normalizing the expression of target 

miRNAs. Unlike tissues, in which the target miRNA expression level can be normalized 

against RNU6B, U6, or miR-16, there is no consensus on the use of suitable reference genes 

to normalize the expression of target miRNAs from body fluids. Utilization of normalizers 

based on tissues is not advisable as it is difficult to exclude disease-specificity and other 

technical issues (e.g. sample collection, storage conditions, and importantly, hemolysis) that 

can inadvertently influence expression results[34]. Increasing numbers of studies have used 

the spike-in of synthetic, non-human mature miRNA from Caenorhabditis elegans such as 

cel-miR-39 and cel-miR-54 to normalize miRNA results. Although such an approach has 

some benefit in eliminating sample to sample variability in efficiency of RNA extraction and 

polymerase chain reaction amplification, this method still requires further refinement to 

account for differences that may occur during sample collection and storage. More recently, 

while performing genome-wide miRNA expression profiling on more than 500 serum 

samples, a study demonstrated that three miRNAs (miR-149–3p, miR-2861, and miR-4463) 

demonstrated stable expression across all samples, and hence may be adopted as more robust 

normalizers for serum miRNA expression profiling[32]. Although several studies have 

attempted to address the need for a normalization gene in evaluating the expression of 

circulating miRNAs[32], an appropriate reference gene or genes have not yet reached a 

consensus to serve as a normalizer in quantifying circulating miRNAs. Based on these 

backgrounds, the development of absolute quantification of miRs will be critical for inter-

laboratory comparisons and standardization before such assays can be reliably used in 

clinical settings. Absolute quantification using qPCR with a calibrator curve relies on the 

accurate quantification of the number of copies of the calibrator, and accuracy problems may 

occur at several levels in the procedure. The challenges include: 1) initial quantification of 

the standard; 2) resuspension and preparation during serial dilutions; 3) reverse 

transcription; and 4) the amplification step.

PCR efficiency of pure synthetic calibrators may differ from clinical serum samples due to 

the presence of inhibitors[35]. Droplet digital PCR (ddPCR) may overcome this issue. This 

technology could provide absolute quantification of nucleic acids without the requirement of 

a standard curve, and estimate copy numbers of DNA and RNA targets with high accuracy 

compared to conventional qRT-PCR methods[36, 37]. A recent study directly compared 

conventional absolute qPCR method and ddPCR techniques for quantifying selected 

miRNAs (miR-21, miR-126, and let-7a) in serum. The authors quantified circulating miRNA 

levels by both methods using 85 serum specimens from 2 independent cohorts and 

demonstrated a significant positive correlation between ddPCR and qPCR in each miRNA. 
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However, the coefficient of variation was similar or significantly smaller in ddPCR than 

qPCR for all miRNAs tested. In addition, expression levels of miR-126 and let-7a were 

significantly lower (2.4- and 3.9-fold, respectively) in ddPCR than in qPCR, and this 

discrepancy may be due to errors or imprecisions in the qPCR calibration curve, as 

described above. Reproducibility of ddPCR analysis was also successfully demonstrated 

using duplicate analysis or measuring at different times in this study. Although both 

techniques can be reliably used for quantification of circulating miRNAs, ddPCR technology 

showed similar or greater accuracy for absolute quantification of miRNA expression and 

may allow developing simple quantification protocols without calibrator curves to measure 

circulating miRNAs.

1.3.4.4 - Circulating miR-containing exosomes in cancer patients—
Considering that blood (serum/plasma) is one of the most easily accessible body fluids, it is 

most frequently used as diagnostic material for the development of screening biomarkers. 

Several studies have indicated that the critical issue is the use of standardized protocols 

using the same material (i.e., serum or plasma) for the development of circulating miRNAs 

into a universal screening test in clinical use.

Exosomes are microvesicles, 50–150 nm in diameter, and are actively secreted from various 

cell types, especially cancer cells[38]. Tumor-derived exosomes were first demonstrated in 

the peripheral circulation of patients with malignant disease in 1979[39, 40]. Emerging 

evidence has revealed that exosomal miRNAs released from cancer cells can be transported 

to other recipient cells within the tumor microenvironment—or to distant organs to enhance 

tumor progression and metastasis. In light of this feature, exosome-encapsulated miRNAs 

are gaining attention as potential of disease-specific diagnostic biomarkers in various types 

of cancer (Table 3)[41].

Uratani and colleagues compared the diagnostic accuracy of representative miRNA 

expression (miR-21, −29a, −92a, and −135b) between serum and exosomes from adenoma 

patients and healthy volunteers[42]. In serum, expression of miR-21, −29a, and −92a was 

significantly higher in patients with CRAs compared to healthy volunteers and significantly 

correlated with adenoma size and number in the colorectum. However, exosomal miR-21 

and miR-29a levels in CRA patients were significantly higher than those of healthy 

volunteers, and only exosomal miR-21 significantly correlated with adenoma size and 

number. Furthermore, the diagnostic accuracy of these miRNAs is generally higher in serum 

compared to exosomes.. From the standpoint of a clinical test, extraction of total exosome 

requires a more complicated procedure and creates an additional hurdle for developing a 

uniform test for circulating miRNAs. Therefore, the merit to focus on total exosome looks 

still little as an early detection biomarker test in clinical use.

1.3.4.5 - Cancer-specific miR-containing exosomes—The development of 

miRNA analysis from blood as a minimally invasive test for asymptomatic CRC is at hand. 

One would anticipate that the most powerful approach would be to utilize direct 

quantification of miRs with ddPCR on serum or plasma collected under standardized 

protocols. This approach can produce a simple test with high accuracy and specificity for the 

early detection of CRC patients.
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The remaining challenge is the relative lack of disease-specificity for most of the circulating 

miRs in plasma or serum. To overcome this impediment, a novel methodology is based on 

the concept of cancer-specific exosomes, in spite of the above-mentioned technical 

challenges involved. Taylor and colleagues isolated exosomes that expressed the epithelial 

cell adhesion molecule (EpCAM) from sera of patients with ovarian and lung cancer, and 

detected the overlap in miRNA signatures between EpCAM-positive exosomes from sera 

and the corresponding tumor tissues[43]. Melo and colleagues identified glypican-1 as a 

specific marker of pancreatic cancer, and demonstrated that glypican-1(+)-expressing 

exosomes in the circulation could be used as early detection biomarkers to identify patients 

with this malignancy[44]. These studies are quite encouraging and there is a great degree of 

enthusiasm these approaches in combination with normalization of the protein marker and 

absolute quantification, which will provide additional measures to overcome the limitations 

and improve the sensitivity and specificity of diagnostic biomarkers for CRC.

1.4 Conclusion

Early diagnosis, especially detection of precancerous adenomas, is considered to be a key 

concept for improving patient survival in CRC management. Although colonoscopy is the 

most reliable method for early diagnosis of CRC, its very invasive nature and the associated 

high expense have hampered its worldwide adoption and compliance as a screening 

modality in average-risk populations. Currently available noninvasive screening methods, 

such as guaiac-based technologies and immunochemical fecal occult blood tests (gFOBT 

and FIT), result in a modest decrease in CRC-associated mortality [45–47]. However, larger 

screening studies have revealed the limitation of these tests such as their low sensitivity, 

especially with respect to detection of preneoplastic lesions [3, 48, 49]. Recently, two types 

of blood-based liquid biopsy assays, including the methylated SEPT9 and CancerSEEK have 

been proposed or adopted for CRC screening [50, 51]. Both assays were shown to be 

superior to fecal FIT in detecting CRC neoplasms. However, these approaches were also 

suboptimal for diagnosing patients with advanced adenomas because the amounts of 

circulating DNA load was extremely small in such early-stage, precancerous patients [52]. 

The feasibility of using miRNAs as liquid biopsy diagnostic biomarkers for cancer and 

precancerous lesions has become increasingly attractive as a large body of scientific 

evidence has accumulated regarding the functional roles of miRNAs in cancer development, 

as well as their stability and cancer-specific dysregulation in precancerous and cancerous 

tissues. Nonetheless, in spite of this enthusiasm, considerable work is required to overcome 

the technical challenges limiting the clinical application of miRNAs as early diagnostic 

biomarkers for CRC. Once these issues are resolved, prospective studies utilizing 

standardized assays in large population-based cross-sectional studies are needed to identify 

optimal miRNAs and marker panels that can be used for the early detection of colorectal 

polyps and cancers in clinical care.
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Figure 1. Systematic literature search flow chart
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Figure 2. The biogenesis of extracellular miRNAs and their use as liquid biopsy biomarkers in 
CRC.
There are several opportunities for the development of an ideal screening test for CRC. The 

challenges for an optimal test include minimally invasive access to appropriate liquid 

specimens, a simple test with high sensitivity and specificity, and demonstrated improved 

performance over conventional screening tests (fecal immunochemical tests, fecal DNA, 

etc). Circulating miRs may provide this opportunity. After miRNA biogenesis in the nucleus 

and cytoplasm, miRNAs are released from tumor cells and are stable in extracellular spaces 

in various forms, such as exosomes, apoptotic bodies, shed microvesicles, high density 
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lipoprotein particles, or Ago-2 bounded forms. The production of large numbers of miRNA 

molecules by tumor cells provides the best opportunity to detect asymptomatic cancer. 

MiRNA dysregulation measured in feces and blood might be exploited for use as non-

invasive biomarkers to identify patients with CRAs and early CRCs.
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Table 1

Diagnostic miRNA markers using plasma specimens from patients with colorectal adenomas or CRCs

miRNA
Sample size Adenoma/

CRC
Sensitivity 
(%)

Specificity 
(%)

AUC (95% 
CI) Dysregulation Quality 

assessment References
Cases Control

Plasma-
based 
biomarker

miR-17-3p 90 50 CRC 64 70 0.72 (0.63–
0.80)

Up-reulation high [18]

miR-18 78 86 CRC 73 79 0.8 moderate [53]

miR-20a 100 78 CRC 46 73.4 0.59 (0.51–
0.67)

Up-regulation moderate [54]

miR-21 20 20 CRC 90 90 0.91 Up-regulation high [27]

miR-21 29 29 CRC - - 0.65 Up-regulation moderate [55]

miR-21 49 49 CRC 76.2 93.2 0.88 Up-regulation moderate [56]

miR-24 111 130 CRC 78.4 83.9 0.84 (0.79–
0.89)

Down-
regulation

low [57]

miR-26a-5p 61 24 CRC - - 0.67 Down-
regulation

low [58]

miR-29a 100 59 CRC 69 89.1 0.84 (0.79–
0.90)

Up-regulation moderate [19]

miR-29a 37 59 Adenoma 62.2 84.7 0.77 (0.67–
0.87)

Up-regulation moderate [19]

miR-34a 37 20 CRC - - 0.71 (0.61–
0.82)

Up-regulation moderate [59]

miR-92a 90 50 CRC 89 70 0.89 (0.83–
0.94)

Up-regulation high [18]

miR-92a 100 59 CRC 84 71.2 0.84 (0.78–
0.90)

Up-regulation moderate [19]

miR-92a 37 59 Adenoma 64.9 81.4 0.75 (0.64–
0.86)

Up-regulation moderate [19]

miR-96 187 47 CRC 65.4 73.3 0.74 (0.65–
0.83)

Up-regulation moderate [60]

miR-106 100 78 CRC 74 44.4 0.61 (0.52–
0.69)

Up-regulation moderate [54]

miR-142a-3p 61 24 CRC - - 0.71 Down-
regulation

low [58]

miR-150 37 20 CRC - - 0.68 (0.56–
0.80)

Down-
regulation

moderate [59]

miR-183 118 61 CRC 73.7 88.5 0.83 (0.77–
0.89)

Up-regulation low [61]

miR-200c 78 86 CRC 64.1 73.3 0.75 Up-regulation moderate [53]

miR-206 88 40 CRC - - 0.71 (0.61–
0.80)

Up-regulation low [62]

miR-221 103 37 CRC 86 41 0.61 (0.49–
0.72)

Up-regulation low [63]

miR-320a 111 130 CRC 92.8 73.1 0.89 (0.85–
0.93)

Down-
regulation

low [57]

miR-375 88 40 CRC 76.9 64.6 0.75 (0.65–
0.84)

Down-
regulation

low [62]

miR-423–5p 111 130 CRC 91.9 70.8 0.83 (0.78–
0.89)

Down-
regulation

low [57]
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miRNA
Sample size Adenoma/

CRC
Sensitivity 
(%)

Specificity 
(%)

AUC (95% 
CI) Dysregulation Quality 

assessment References
Cases Control

miR-601 90 58 CRC 69.2 72.4 0.75 (0.67–
0.83)

Down-
regulation

low [64]

miR-601 43 58 Adenoma 72.1 51.7 0.64 (0.53–
0.75)

Down-
regulation

low [64]

miR-760 90 58 CRC 80.0 72.4 0.79 (0.71–
0.86)

Down-
regulation

low [64]

miR-760 43 58 Adenoma 69.8 62.1 0.68 (0.58–
0.79)

Down-
regulation

low [64]

miR-18a, 
-20a, -21, 
-29a, -92a, 
-106b, -133a, 
-143, -145 
(panel)

130 244 CRC - - 0.75 Up-regulation moderate [65]

miR-15b, -17, 
-142-3p, 
-195, -331, 
-532, 
-532-3p, -652 
(panel)

25 38 Adenoma 88 64 0.87 - high [66]

miR-7, -93, 
-409-3p 
(panel)

22 27 CRC 82 89 0.90 (0.75–
0.95)

- moderate [67]

miR-92a, 
-223 (panel)

215 183 CRC 75.8 70.5 0.78 Up-regulation moderate [68]

miR-19a, 
-19b, -15b 
(panel)

42 53 CRC 78.6 79.3 0.84 (0.76–
0.92)

Up-regulation high [69]

miR-21, 
miR-29c, 
miR-122, 
miR-192, 
miR-346, 
miR-372, 
miR-374a 
(panel)

55 55 CRC, 
Adenoma

76–80 100 0.98(0.94–
1.0)

- high [70]
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Table 2

Diagnostic miRNA markers using serum specimen from patients with colorectal adenomas or CRCs

Serum-based
biomarker

miR-17–3p 70 70 Early CRC 83.6 72,9 0.81 (0.75–0.91) Up-regulation low [71]

miR-21 186 53 CRC 91.9 81.1 0.92 (0.87–0.96) Up-regulation high [26]

miR-21 43 53 Adenoma 81.1 76.7 0.81 (0.69–0.91) Up-regulation high [26]

miR-21 200 80 CRC - - 0.8 Up-regulation low [28]

miR-21 50 80 Adenoma - - 0.71 Up-regulation low [28]

miR-21 40 40 CRC 77 78 0.87 Up-regulation low [72]

miR-21 160 77 Early CRC, Adenoma - - 0.71 (0.64–0.77) Up-regulation high [73]

miR-29a 160 77 Early CRC, Adenoma - - 0.73 (0.66–0.79) Up-regulation high [73]

miR-29b 55 55 CRC - - - Down-regulation low [74]

miR-92a 200 80 CRC - - 0.77 Up-regulation low [28]

miR-92a 50 80 Adenoma - - 0.7 Up-regulation low [28]

miR-103 84 32 CRC 55.9 75 0.66 Up-regulation low [75]

miR-125b 160 77 Early CRC, Adenoma - - 0.69 (0.62–0.77) Up-regulation high [73]

miR-145 25 10 CRC - - 0.78 Down-regulation low [76]

miR-155 146 60 CRC - - 0.78 Up-regulation low [77]

miR-194 55 55 CRC - - - Down-regulation low [74]

miR-210 218 102 CRC 74.6 73.5 0.82 Up-regulation low [78]

miR-372 - - Early CRC 81.9 73.3 0.85 Up-regulation low [79]

miR-720 84 32 CRC 58.3 56.3 0.63 Up-regulation low [75]

miR-1290 56 57 Adenoma 46.4 91.2 0.72 Up-regulation High [80]

miR-1290 211 57 CRC 70.1 91.2 0.83 Up-regulation high [80]

miR-21, -31, -92a, -181b, 
-203, -let-7g (panel)

113 89 CRC 96.4 88.1 0.92 - moderate [81]

miR-23a-3p, -27a-3p, 
-142-5p, -376c-3p (panel)

427 276 CRC 89 81 0.92 - moderate [82]

miR-19a-3p, -21-5p, -425-5p 169 121 CRC - - 0.78 (0.73–0.84) Up-regulation moderate [83]
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Table 3

Diagnostic miRNA markers using exosome-containing specimens from patients with colorectal adenomas or 

CRCs

Exosome-based biomarker

let-7a 88 11 CRC - - 0.67 Up-regulation moderate [41]

miR-19a 90 12 CRC - - - Up-regulation moderate [84]

miR-21 88 11 CRC - - 0.8 Up-regulation moderate [41]

miR-23a 88 11 CRC - - 0.95 Up-regulation moderate [41]

miR-92a 90 12 CRC - - - Up-regulation moderate [84]

miR-150 88 11 CRC - - 0.76 Up-regulation moderate [41]

miR-223 88 11 CRC - - 0.72 Up-regulation moderate [41]

miR-1229 88 11 CRC - - 0.61 Up-regulation moderate [41]

miR-1246 88 11 CRC - - 0.95 Up-regulation moderate [41]
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