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Abstract: Early detection of gastrointestinal cancers is beneficial for patient survival and prognosis. MiRNAs have been shown to be 
potential cancer biomarkers that can be used to diagnose cancers. MiRNAs are single-stranded, small non-coding RNAs that are 
involved in the post-transcriptional regulation of the expression of different oncogenes. Cancer tissues contain miRNAs that play 
a special role in the etiology of cancer development or limiting cancer suppression. Dysregulation of miRNAs occurs in a variety of 
malignancies, including gastrointestinal cancers. MiRNAs are stable and protected against degradation by RNase, which enables their 
detection in tissues and biological fluids. The results of many studies suggest that miRNAs have a relatively higher diagnostic 
efficiency in distinguishing cancer patients from healthy people. The researchers have identified many miRNA signature in the blood 
for the detection of gastrointestinal cancers. This review focuses on the role and potential utility of miRNAs in the early detection, 
prognosis and evaluation of the treatment effectiveness of gastrointestinal cancers. 
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Introduction
Early diagnosis and careful monitoring of tumor development is a prerequisite for reducing the consequences of the 
disease and reducing the number of deaths, and to improve management cancer patients. The most important features of 
early tumor detection markers are the highest sensitivity and specificity. Recent research to identify tumors based on 
biomarkers in the blood has led to the identification a wide variety of cancer-related molecules. In recent years, 
microRNAs (miRNAs) have been shown to be effective candidates for the molecular diagnosis of many cancers.

MiRNAs are endogenous small molecule single-chain non-coding regulatory RNAs with a length of 17–25 nucleo
tides that play a crucial role in post-transcriptional gene regulation. There are currently about 30,000 entries in the miR 
Registry Database, which means over forty thousand mature miRNA products, and their number may increase sig
nificantly in an exponential manner in the coming years. Non-coding RNA includes all RNA chains that are not 
translated into proteins. They are classified based on structure and length and include miRNAs, long non-coding 
RNAs (lncRNAs) and circular RNAs (circRNAs). These different classes of ncRNAs play important roles in intricate 
networks of interaction with each other, miRNAs and various signaling pathways to effect changes in cells, surrounding 
tissues and entire organ systems. MiRNAs have highly conservative, temporal and tissue-specific characteristics. The 
biogenesis of miRNAs begins with their transcription from miRNA genes in the nucleus, transcripted into pri-miRNAs 
by RNA polymerase II. The resulting pri-miRNAs is then processed into pre-miRNA by the RNase III enzyme Drosha 
and its dsRNA-binding domain (dsRBD), DGCR8. Next, the mature miRNAs can arise from the stem of the pre-miRNA 
by the Dicer after be exported to the cytoplasm by XPO5.1 Numerous studies have proven that miRNAs regulate over 
30% of human genes, where one miRNA controls several hundred RNAs. Approximately 30–60% of all human proteins 
can be targeted via miRNAs that play a role in various cell development procedures. Gene regulation by miRNAs plays 
important roles in development, physiology, and disease. miRNAs are an abundant class of noncoding RNAs that are 
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generated through multistep biosynthetic pathways and typically repress gene expression through target destabilization 
and translational inhibition.2,3 MiRNAs are common in eukaryotes and play a regulatory role in cell proliferation, 
differentiation, and apoptosis. MiRNAs are regulators of gene expression and lead to the development of inflammation 
and carcinogenicity. The rapid progress of next-generation sequencing makes miRNA interposition possible change 
related physiological functions, causing inflammation cell penetration, neurological diseases, infectious disorders, 
immune disorders, cancers and other diseases.4 Deregulation of miRNAs in cancer cells constitutes result of disturbed 
miRNA biogenesis process, epigenetic and genomic transformation which leads to protooncogenic or suppressive effects 
of miRNAs in carcinogenesis. In the case of oncogenic miRNAs, a miRNA inhibitor blocks its miRNA function; while 
tumor-suppressing miRNAs, reconstitution of the miRNA precursor produces an anticancer effect. Because miRNAs are 
highly specific for different tissue types as well as for cell types within a given tissue, numerous studies have profiled 
miRNA patterns in different types of cancer, demonstrating the diagnostic and prognostic importance of miRNAs in 
clinical practice. In cancer diagnosis, a single miRNA usually has low specificity and/or sensitivity, but a full suite of 
miRNA expression is very specific, can show the evolutionary lineage and differentiation of a tumor, and be helpful in 
conducting a diversity study. By horizontal comparison of the tumor tissue with the surrounding healthy cells, the specific 
expression of miRNAs in tumors is detected. In contrast, longitudinal comparison of individual cancer stages identified 
different miRNAs at all stages up to fully reliable diagnosis and tumor staging.5 A single type of miRNA molecule 
regulates multidirectional gene expression and multiple pathways, influencing tumor development. For this reason, 
miRNAs act more effectively as biological regulation particles than gene-encoding molecules. miRNA analysis allows 
for the precise identification of the origin of cancer cells in various cancers.6 Methods for detecting miRNA and miRNA 
expression in tumors may have clinical applications.7 There are currently several different platforms to explore miRNA 
expression, for example RT-PCR, Northern blot, microarray or primer extension. Microarrays are most commonly used 
for miRNA research, and not only provide a user-friendly platform but also have significant throughput allowing 
profiling of the entire miRNA genome.8

Increasing evidence suggests that miRNAs can serve as noninvasive biomarkers for gastrointestinal cancers 
(Figure 1). In the current review, we discuss the diagnostic usefulness of miRNA in gastrointestinal cancers.

The comprehensive online search about articles from three databases, PubMed, Web of Science and Embase was 
performed by two independent authors (W.J. and B.M.). A comprehensive search was conducted employing the subject 
terms: “miRNA” and “gastric cancer”, “colorectal cancer”, “esophageal cancer”. We came up with inclusion criteria for 

Figure 1 Application of miRNAs as biomarkers for gastrointestinal cancers.
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qualified articles that were analyzed by our full-text estimation: articles concerning the pertinence between miRNA level 
and diagnosis of gastrointestinal cancer diagnosis; full-text articles published in English.

MiRNA in Gastric Cancer Diagnosis
In recent years, it has been proven that miRNAs, due to their durability and typicality of expression in tissues and in the 
blood, can be considered as new biomarkers with a potential tool of clinical importance for the outcome of patients with 
gastric cancer (GC). Many researchers have analyzed the miRNA signature of the serum of gastric cancer patients as 
diagnostic and prognostic indicators. MiRNAs are released from tumor cells into not only blood but also into various 
body fluids: urine, tears and, most importantly, into gastric juice through the secretion of exosome particles.9 Yu et al 
evaluated the diagnostic value of miRNA 129-1/2 in gastric secretions as a new screening tool for gastric cancer. After 
examining the secretions of more than 140 patients with gastric cancer, significant reductions in miRNA-129-1 and 
miRNA-129-2 levels were found. Thus, gastric juice may be a suitable material for the molecular diagnosis of gastric 
cancer.9

Chinese scientists describe many types of miRNAs that play a predictive role in gastric cancer. Among others, Li et al 
showed that the signature of several miRNAs (miRNA-10b, miRNA-21, miRNA-126, miRNA-223, and miRNA-338) is 
an independent predictor of overall survival and relapse-free survival.10 Moreover, miRNA-25 has been shown also to be 
overexpressed in the plasma and tumor tissue of patients with gastric cancer with lymph node metastases. Inhibition of 
miRNA-25 significantly reduced the rate of metastasis, invasiveness and proliferation in vitro and reduced the metastatic 
capacity of gastric cancer cells in vivo by repressing the expression of the ERBB2 transducer. In addition, patients with 
high blood level of miRNA-25 had a poor prognosis.11 MiRNA-199a-3p has also been shown to be a potential biomarker 
for detection and monitoring of gastric cancer in the early stage. Level of miRNA-199a-3p is significantly elevated in the 
serum of patients with gastric cancer and decreases after resection of the primary tumor. During the validation phase in 
a very large cohort, miRNA-199a-3p levels were high in cancer patients compared to controls, with a large area under the 
ROC curve (0.837) and was significantly associated with lymph node metastases, tumor depth and tumor stage.12 

Increased expression of miRNA-630 was found in the tumor tissue of the stomach. It was significantly associated with 
tumor depth, lymph node metastases, distant metastases, and poor overall survival. This indicates that miRNA-630 could 
be a potential biomarker of gastric cancer initiation and progression.13 In addition, many researchers have discovered 
numerous miRNAs that play a role as biomarkers in gastric cancer. For example, very high expression of miRNA-20b, 
miRNA-214, miRNA-142-5p, miRNA-375 and miRNA-150 and low expression of miRNA-451, miRNA-125-5p and 
miRNA-433 is correlated with short survival time.14,15 Low expressions of miRNA-148, miRNA-126, miRNA-146a, 
miRNA-439, miRNA-218, and miRNA-335 and high levels of miRNA-650 and miRNA-27a indicates lymph node 
metastasis.16,17 Thus, various authors have demonstrated the usefulness of different miRNAs in the diagnosis of gastric 
cancer, which allows to predict cancers with a worse prognosis and can be used as markers of progression risk. Table 1 
lists miRNAs that may function as gastric cancer biomarkers.

MiRNA in Colorectal Cancer Diagnosis
MiRNAs play an important role in the carcinogenesis and development of colorectal cancer (CRC), but there is also 
evidence that miRNAs are good biomarkers for cancer. A non-invasive miRNA-based test for the early detection of 
colorectal cancer is an attractive pre-colonoscopy screening tool. Dysregulated miRNAs were detected in the serum of 
patients with colorectal cancer using sequencing-based analysis. In the earliest studies of serum miRNA profiling in 
colorectal cancer, 69 serum miRNAs were found to be differentially expressed in cancer patients but not in healthy 
controls. Of these, 14 miRNAs were rarely expressed in colorectal cancer patients, and the researchers believe that these 
miRNAs have a high degree of specificity for CRC.18 Subsequently, the researchers found that the expression of miRNA- 
92a and miRNA-17-3p was significantly overexpressed in the blood of cancer patients. They reported miR-17-3p and 
miR-92 with about 90% sensitivity and about 71% specificity in colorectal cancer with healthy controls. Interestingly, the 
expression level of these miRNAs was down regulated after surgical tumor surgery, suggesting that the expression levels 
of these miRNAs in the blood were a reflection of the underlying CRC. In addition, the expression of miR-92a also 
distinguishes colorectal cancer from other gastrointestinal diseases and cancers, emphasizing the specificity of miRNA 
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biomarkers for various diseases and suggesting that serum miRNA-92a expression levels may be an important diagnostic 
biomarker for non-invasive CRC screening. The results of these studies have led to significant advance in the study of 
diagnostic markers in the blood of patients with CRC. Diagnosis at an early stage of the disease, including the presence 
of precancerous lesions in CRC, is a key issue to improve patient survival in CRC treatment.19 Since early diagnosis of 
colorectal cancer is crucial, identifying markers of precancerous adenoma is highly beneficial. Kanaan et al found that 
a panel of 8 plasma miRNAs, including miRNA-532-3p, miRNA-195, miRNA-17, miRNA-331, miRNA-142-3p, 
miRNA-652, and miRNA-15b, were able to recognize adenomas with a sensitivity of about 90% and a specificity of 
about 65%.20 Other research tested 12 selected miRNAs using blood samples from 157 patients with advanced colorectal 
carcinoma and adenoma and 59 control samples. Based on the obtained results, miRNA-29a and miRNA-92a were found 
to be important in cancer diagnosis values with a combined area under ROC Curve of 0.883 with about 85% specificity 
and about 84% sensitivity. For detection of advanced adenomas, AUC power is 0.773 with a sensitivity of 73% and about 
80% specificity.21 In the last decade, with the help of a large number of serum samples and relevant tissue sections, it was 
also discovered that miRNA-21 may be a marker for early detection and prognosis in patients with CRC. Serum miRNA- 
21 expression status increased by stage in patients with CRC stages I, II, III and IV, drawing attention to its possible use 
as a new prognostic marker in patients with colorectal cancer.22

Metastases to other organs are the leading cause of death in patients with advanced colorectal cancer. Most of the 
articles published so far have focused on evaluating miRNA expression in primary tumor samples, but there are also 
studies on metastatic tissues. Pizzini et al in a study of 78 tissue samples (23 healthy colon mucosa, 31 primary tumor 
tissues and 24 liver metastases) from 46 colorectal cancer patients showed that three miRNAs, miRNA-210, miRNA- 
146a and miRNA-122, were dysregulated in metastatic and primary cancer tissues.23 In another study, Toiyama et al 
examined serum miRNA-200c expression from colorectal cancer patients and showed that the elevated level of miRNA- 
200c in metastatic cancer reflects the state of expression in plasma samples. High expression of miRNA-200c in the 
blood was strongly correlated with distant and lymph node metastases and was an independent factor of tumor recurrence 
and an independent prognostic factor of colorectal cancer.24

Table 1 Potential miRNA Biomarkers of Gastric Cancer

MiRNA Change of  
Expression

Function Biomarker

miRNA-21 ↑ Proliferation, invasion Early detection

miRNA-22 ↑ Proliferation, migration, invasion Early detection

miRNA-29c ↑ Proliferation, adhesion, invasion, migration Early detection

miRNA-148 ↓ Proliferation, adhesion, invasion Early detection

mRNA-191 ↑ Proliferation, migration, invasion, cell cycle Early detection

miRNA-199a-3p ↑ Proliferation, adhesion, invasion Early detection

miRNA-126 ↓ Proliferation, metastasis Monitoring recurrences

miRNA-185 ↓ Proliferation, metastasis Monitoring recurrences

miRNA-196a ↑ Migration, invasion Monitoring recurrences

miRNA-129 ↑ Proliferation, migration, invasion Prediction of survival

miRNA-25 ↑ Proliferation, migration, invasion Prediction of survival

miRNA-140-5p ↑ Proliferation, migration, invasion, apoptosis Prediction of survival

miRNA-192 ↓ Proliferation, migration, invasion Prediction of survival

miRNA-630 ↑ Cell proliferation, invasion Prediction of survival
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A large number of miRNAs show variability expression in colorectal cancer tissues with reduced miRNAs (Table 2), 
and this is particularly relevant for cell proliferation, apoptosis and metastasis, but further extensive research in a large 
number of independent cohorts is necessary to determine their practical applications.

MiRNA in Esophageal Cancer Diagnosis
Esophageal cancer (EC) is the sixth most common cancer and the sixth leading cause of cancer-related deaths in human 
around the world. Histologically, it can be divided into two subtypes, adenocarcinoma and squamous cell carcinoma, each 
with a specific cell type, epidemiology, origin, pathogenesis. Today’s gold standards in EC diagnostics, such as biopsy or 
endoscopy, are unfortunately invasive. There are several proposals for potential EC biomarkers. But the pace of their 
implementation into practical use in the clinic was unsatisfactory. As high-throughput assays developed, more and more 
non-coding RNAs associated with cancer were recognized.25 Several potential EC biomarkers have been investigated. 
However, their clinical relevance was unsatisfactory. As high-throughput assays have developed, an increasing number of 
miRNAs associated with esophageal cancer have been recognized.26 Since Zhang et al in 2010 first described blood miRNA 
levels in human with esophageal cancer, numerous researchers have investigated the differentiation of miRNA expression 
and their potential utility in EC has been investigated.27 Study results confirmed that miRNAs as biomarkers can contribute 
to the early diagnosis of EC (Table 3). A review of eight manuscripts by Wang et al looked at a total of 16 various types of 
miRNAs in the blood and saliva of patients with esophageal squamous cell carcinoma. The clinical use of miRNAs has also 
been studied by Fu et al who reported 39 potentially prognostic miRNAs in 25 studies.28 Most of the diagnostically useful 
miRNA types were identified by a single study and only three miRNAs (miRNA-145, 375, 21) were reported by more 
researchers. Researchers found relatively high levels of specificity and sensitivity for combinations and single-stranded 
miRNAs. For example, Wang et al, analyzing the diagnostic value of miR-21, showed that it has a high specificity and 
sensitivity for squamous cell carcinoma of the esophagus, 71.0% and 96.9%, respectively.29 As a potential diagnostic 

Table 2 Potential miRNA Biomarkers of Colorectal Cancer

MiRNA Change of  
Expression

Function Biomarker

miRNA-21 ↑ Proliferation, migration, invasion Early detection, prognosis

miRNA-17-3p ↑ Proliferation, migration, invasion Early detection

miRNA-92a ↑ Proliferation, adhesion, migration Early detection

miRNA-532-3p ↑ Proliferation, invasion Early detection

miRNA-195 ↑ Proliferation, migration, invasion Early detection

miRNA-17 ↑ Proliferation, adhesion, invasion Early detection

miRNA-331 ↑ Proliferation, metastasis Early detection, monitoring recurrences

miRNA-142-3p ↑ Proliferation, metastasis Monitoring recurrences

miRNA-652 ↑ Migration, invasion Prediction of survival

miRNA-15b ↑ Proliferation, migration, invasion Prediction of survival

miRNA-29a ↑ Proliferation, migration, invasion Prediction of survival

miRNA-122 ↑ Proliferation, migration, invasion, apoptosis Prognosis, metastasis

miRNA-146a ↓ Proliferation, migration, invasion Prognosis, metastasis

miRNA-210 ↑ Cell proliferation, invasion Prognosis, metastasis

miRNA-200c ↓ Proliferation, migration, invasion Prognosis, metastasis
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biomarker for esophageal cancer, miRNA-21 has several valuable advantages. Serum miRNA-21 expression levels are both 
reproducible and stable. In addition, miRNA-21 is minimally invasive and convenient when compared to histopathology in 
serum or plasma, and it is easily detected by Quantitative Reverse Transcription PCR method. Finally, its level is 
particularly correlated with various types of cancer. MiRNA-21 alters the expression of many cancer-related target 
genes, including PDCD, TPM1, PTEN. Significant overexpression of miRNA-21 in plasma has been reported also in 
patients with early-stage esophageal cancer.30 Chen et al showed that plasma microRNA-375 was significantly different 
between esophageal cancer patients and controls, but found no difference in gender or age. They evaluated the diagnostic 
value of miRNA-375 37 EC patients and 26 healthy controls. The AUC of miRNA-375 in plasma was 0.707. Short survival 
time in patients with esophageal cancer positively correlated with low expression of miRNA-375. This is likely due to 
hypermethylation of the miRNA-375 promoter region in cancer cells, which slows down motility, cell proliferation, cell 
colony formation, and tumor metastasis.31 Other researchers (Zhang et al) found that the expression of miRNA-26a in 
esophageal adenocarcinoma tissues was lower than in non-cancerous tissue, and miRNA-26a expression was significantly 
lower in metastatic lymph nodes than in primary esophageal tumors.32

In addition, most studies have examined the alteration of expression levels of multiple tumor suppressor 
oncomiRNAs and miRNAs in esophageal adenocarcinoma and esophageal squamous cell carcinoma, thus demonstrating 
how miRNAs can alter key regulatory pathways of the carcinogenesis process. Given these revelations, miRNAs may 
function not only as a prognostic and diagnostic tool but may also be a predictive biomarker of response to anti-cancer 
therapies and as potential therapeutic targets. Moreover, considering the role of miRNAs in the development of 
esophageal cancer and the fact that miRNAs can be quickly and successfully detected in body fluids, are very good 
candidates for diagnostic biomarkers, prognostic and predictive stratification of patients.33 In addition, a new under
standing of the role of miRNAs in cancer pathology has created miRNAs as an attractive tool for new therapies.

Summary
MiRNAs have an important function in various processes of cell biology, including the formation of cancer. These small 
non-coding RNAs may play a role as diagnostic and prognostic biomarkers. They can be related to various cancers and 
distinctive miRNA expression profiles; they are also known for their functional and therapeuthic roles of miRNAs. 
Recently, miRNAs have been the subject of interest of numerous researchers. New types of miRNAs have been 

Table 3 Potential miRNA Biomarkers of Esophageal Cancer

MiRNA Change of  
Expression

Function Biomarker

miRNA-21 ↑ Cell proliferation, invasion Early detection, Prediction of survival

miRNA-9 ↑ Proliferation Early detection, Prognosis

miRNA-31 ↑ Proliferation Early detection

miRNA-145 ↓ Migration, invasion, adhesion Monitoring recurrences, Prognosis

miRNA-375 ↓ Proliferation, invasion, migration Early detection, Prediction of survival

miRNA-275 ↑ Proliferation, adhesion, invasion Prediction of survival

miRNA-26a ↓ Proliferation, invasion, Prediction of survival

miRNA-203 ↓ Proliferation, adhesion, invasion Early detection

miRNA-223 ↑ Proliferation, metastasis Early detection, Prognosis

miRNA-100 ↑ Migration, invasion Prediction of survival

miRNA-25 ↑ Proliferation, migration, invasion Prediction of survival

miRNA-296-5p ↑ Proliferation, invasion Prediction of survival
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discovered and research techniques have been modernized. Therefore, this study reviews the role of miRNAs in relation 
to cancer prognosis and diagnosis. Although some human tissues exhibit malignant features, individual miRNAs are 
over- or under-expressed in different cancers and at different stages, correlating with cancer development, prevalence, 
and prognosis.34 Further studies of the relationship between miRNAs and gastrointestinal cancers may provide further 
applications in early cancer detection, prognosis, monitoring, gene therapy and avoiding chemotherapy resistance. In 
recent years, miRNAs are in progress clinical phases and significant progress has been made in miRNA drug research 
and advancement patents. Additionally, an expression profile study revealed distinctive miRNA signatures that could 
predict the clinical outcome of cancer.35 Recently, the detection of miRNAs secreted in exosomes, ie, in membrane 
vesicles, and in blood and other body fluids, indicate that miRNAs are important in intracellular communication, both in 
an endocrine and paracrine way. Moreover, individual miRNAs have been identified as tumor suppressor genes and 
oncogenes in cancers.36,37 A wide range of body fluids are currently being studied for their suitability as non-invasive 
miRNA-based biomarkers to detect different types of cancer in its early stages. Given that blood is one of the most 
readily available body fluids, it is most commonly used as a diagnostic fluid to test surrogate cancer biomarkers.38 

Microarrays and real-time RT-PCR are analytical techniques that are widely used in screening and validation studies. Due 
to the ability to target many genes, miRNAs can be a much more effective therapeutic tool than monogenic therapy.

However, new miRNAs have been discovered and research techniques constantly updated and in the future, high- 
quality research into the diagnostic function of miRNAs should be carried out. There are also other types of miRNAs 
that, due to editorial constraints, have not been described in this work. The vast majority of studies published in recent 
years have involved biomarkers predictive of distant metastases using resected primary tissues or pre-surgical serum/ 
plasma samples, but there are no studies on the importance of monitoring metachronous biomarkers using large numbers 
of blood samples. Further studies are required in the future to accurately determine the clinical relevance of already 
published miRNAs as recurrence monitoring biomarkers such as antigen carcinoembryonic (CEA) and antigen CA19-9 
for colorectal cancer and pancreatic cancer.

Numerous new miRNAs have been discovered for early prognosis, radiotherapy and chemotherapy efficacy evaluation. 
Unfortunately, there are numerous problems in trials of clinical application. Recognition of downstream miRNA targets is 
complicated. In addition, in research based on the practical application of miRNAs in cancer, there is still no reliable and 
precise information from large-scale multicentre studies. Unified standards and test platforms are necessary for an accurate 
diagnosis. Effective treatment requires modern micromolecular drugs based on a well-chosen appropriate drug carrier 
without side effects. There is a growing need for miRNA profiling with the extension of its application to differentiation 
subtypes and predict treatment response in cancer. The stability of miRNA in the blood makes it suitable as a diagnostic 
marker in various cancers. In addition, it is likely to obtain a miRNA signature instead of a single miRNA to provide useful 
information so clinicians can decide to personalize disease management. A better understanding of these miRNAs and their 
target genes will open up new prospects for more efficient diagnostic methods for gastrointestinal cancers. We hope that 
further research on miRNAs will increase their clinical significance in diagnosis and treatment of gastrointestinal cancers.

Abbreviations
AUC, area under curve; CEA, antigen carcinoembryonic; circRNAs, circular RNAs; CRC, colorectal cancer; EC, 
esophageal cancer; GC, gastric cancer; lncRNAs, long non-coding RNAs; ncRNAs, non-coding miRNAs; RT-PCR, 
reverse-transcription polymerase chain reaction.
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