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Abstract. Colorectal cancer (CRC) is among the main 
tumor‑related causes of death worldwide. The fact that the 
majority of the patients develop resistance to chemoradio-
therapy (CRT) is a major obstacle for the treatment of CRC. In 
order to develop more effective treatment strategies, it is crucial 
to elucidate the mechanisms underlying the development of 
resistance to CRT. Several studies have recently indicated 
the regulatory effects of microRNAs (miRNAs) in response 
to antitumor agents. For example, miR-34a attenuates the 
chemoresistance of colon cancer to 5-FU by inhibiting E2F3 
and SIRT1. The miR-34a mimic MRX34 is the first synthetic 
miRNA to have been entered into clinical trials. miR-21 
prevents tumor cell stemness, invasion and drug resistance, 
which are required for the development of CRC. These findings 
suggest that miRNAs represent a focus in the research of novel 
cancer treatments aimed at sensitizing cancer cells to chemo-
therapeutic drugs. The aim of the present study was to review 
the functions of miRNAs and investigate the roles of miRNAs 
in CRC radioresistance or chemoresistance. Furthermore, the 
potential of including miRNAs in therapeutic strategies and 
using them as molecular biomarkers for predicting radiosensi-
tivity and chemosensitivity was discussed.
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Introduction

With the improvement in living standards, changes in lifestyle 
and dietary structure, the incidence of colorectal cancer (CRC) 
has been increasing annually. According to the statistics of 
China's Health Care Reform in 2001, the incidence of CRC 
in China has risen to third among all malignant tumors. 
Furthermore, the mortality rate of CRC has been reported 
to be 10.25/10 million and increasing annually. In 2015, the 
incidence of CRCin China had increased from 12/10 million in 
the 1970s to 56/10 million, with a mean annual growth rate of 
4.2%, markedly exceeding the international levels.

Treatment failure is the major obstacle for the treatment of 
CRC (1). The chemotherapeutic agent 5-fluorouracil (5-FU) is 
one of the most widely applied anticancer drugs for treating 
CRC. Recently, a new generation of chemotherapeutic drugs, 
such as cetuximab (monoclonal antibody), oxaliplatin (a drug 
widely used in the treatment of CRC) and panitumumab 
(a targeted biological agent), have been applied in clinical 
practice (2,3). However, acquired and inherent resistance to 
treatment represent a major challenge in the management of 
CRC. Another common treatment for the CRC is radiation 
therapy. However, the efficacy of radiation therapy depends 
on the radiosensitivity of the tumor. In addition, the extent of 
response to radiation therapy varies among different tissues, 
organs and types of tumors, due to different degrees of 
radiosensitivity or radioresistance. To predictthe sensitivity or 
resistance of CRC patients to specific chemotherapeutic drugs 
and radiotherapy, the mechanisms underlying sensitivity or 
resistance to treatment must be elucidated.

It has been demonstrated that microRNAs (miRNAs) play 
avital role in the regulation of genes exerting antitumor effects, 
such as genes driving cell apoptosis, inhibiting cell proliferation 
and regulating drug efflux mechanisms (4-7). miRNAs are 
a class of small, endogenous, non-coding, regulatory RNA 
molecules. miRNAs regulate the expression of their target 
genesthrough complementing the 3'-untranslated region of the 
target genes leading to target mRNA cleavage or translation 
inhibition. Earlier studies demonstrated that miRNAs 
are associated with the regulation of cell differentiation, 
proliferation and death inbasic biological processes (8-10).
miRNA-mediated gene regulation is an important process 
in the occurrence, pathogenesis and progression of several 
diseases  (11,12). It has been demonstrated that miRNAs 
are abnormally expressed in a variety of human diseases, 
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such as autoimmune, cardiovascular, cerebrovascular, 
neurodegenerative and metabolic diseases, as well as 
cancer (6,13). As regards tumor occurrence and development, 
miRNAs may act as oncogenes or tumor suppressors. miRNAs 
may act as oncogenes, referred to as ‘oncomirs’, through 
inhibiting the effect of tumor suppressor genes or regulating 
cell apoptosis, promoting the occurrence and development of 
tumors (11,14,15). The identification of miRNAs implicated 
in the response to antitumor therapy has been shown to 
promote the generation of new therapeutic approaches to the 
reversal of drug resistance (16). However, there remain several 
issues to be addressed: i) Although the mechanisms through 
which miRNAs induce oncogenesis and tumor progression 
have been previously investigated and largely clarified, the 
role of miRNAs requires further elucidation. ii) The role of 
miRNAs in cancer chemotherapy and radiotherapy remains 
ambiguous. iii) The mechanism of action and role of miRNAs 
in the development of resistance to chemoradiotherapy (CRT) 
are complex. iv) The expression profiles of miRNAs in 
different tumors have not been fully established. v) The use 
of miRNAs as biomarkers also require further investigation. 
Therefore, it is crucial to understand the mechanism of action 
of miRNAs in regulating tumor resistance to radiotherapy or 
chemotherapy through regulating biological processes and 
signaling pathways.

2. miRNAs and chemotherapy for CRC

Chemotherapy for CRC. Chemotherapy is an important treat-
ment strategy for solid tumors, and one of the main treatment 
methods for CRC (17,18). Apoptosis is one of the main signs 
of effective anticancer chemotherapy; however, due to drug 
resistance, the apoptotic effects of drugs on the tumor cells are 
weakened and a large proportion of patients respond poorly 
to chemotherapy (19,20). At present, drug resistance of tumor 
cells is one of the main reasons for chemotherapy failure (21). 
Therefore, it is of great clinical significance to elucidate the 
mechanism underlying the development of drug resistance 
of tumor cells, in order to reverse this process and improve 
the sensitivity of tumor cells to chemotherapeutic agents (22). 
5-FU, the most common apoptosis-inducing agent among 
chemotherapeutic drugs, mainly induces apoptosis through 
enhancing or reducing the levels of B-cell lymphoma (Bcl)-2 
family proteins. Resistance to 5-FU represents a major chal-
lenge incancer treatment (23).

miRNA treatment for CRC. In recent years, research has 
focused on the role of miRNAs in the chemotherapy of CRC. 
Zhou et al  (22) reported that the inhibition of miR-21 and 
miR-200b expression may improve the sensitivity of cholan-
giocarcinoma cells to gemcitabine. Borralho et al observed 
that miR-143 expression in the human CRC cell line HCT116 
significantly increased the apoptosis of colon cancer cells 
exposed to 5-FU by inhibiting expression of extracellular‑regu-
lated protein kinase 5 (ERK5), nuclear factor κB (NF-κB) and 
Bcl-2  (24,25). Therefore, overexpression of miR-143 leads 
to reduction of ERK5 and NF-κB signaling, both of which 
may increase the chemosensitivity of CRC cells (25).

miRNA-192 and miRNA-215 may trigger the ability 
of CRC cells to resist5-FU treatment, and mRNA-215 may 
reduce the chemosensitivity of CRC cells to methotrexate 

and raltitrexed (26). Several studies have demonstrated that 
overexpression of miR-10b may promoteresistance to chemo-
therapy in vitro by targeting the pro-apoptotic factor Bcl-2-like 
protein 11  (BIM). The functions of BIM are mediated by 
activating Bax or inhibiting Bcl-2-mediated apoptosis (24,27). 
miRNA-10b overexpression has been associated with poor 
prognosis  (28). Overexpression of the tumor suppressor 
miR-96 may induce cell apoptosis and increase the sensitivity 
of human CRC cells to 5-FU. miRNA-96 regulates the expres-
sion ofthe anti-apoptosis factorsX-linked inhibitor of apoptosis 
protein and ubiquitin-conjugating enzyme E2 Nby indirectly 
targeting these two proteins (29,30). Therefore, inhibition of 
this gene can enhance apoptosis and restore the sensitivity of 
cancer cells to 5-FU.

Previous studies demonstrated that miRNA-587 may 
enhance resistance to 5-FU by reducing serine/threonine 
protein kinase 2A regulatory subunit 1B (PPP2R1B) (17,18). 
By contrast, inhibition of miRNA-587 may enhance the expres-
sion of PPP2R1B in CRC cells, which increases sensitivity to 
5-FU treatment. Previous studies indicated that miRNA-302a 
expression is decreased in CRC cells, and high expression of 
miRNA-302a inhibits cell proliferation through inactivating 
ERK1/2 and PI3K/AKT (17,20). Oxaliplatin (L-OHP) is a 
third-generation platinum-based chemotherapy agent. The 
combination of L-OHP and 5-FU has been registeredas a 
standard adjuvant chemotherapy for stage III CRC. A previous 
study demonstrated that a total of 56 miRNAs are upregulated 
and 50 are downregulated in cells exposed to 5-FU, or the 
L-OHP-sensitive colon cancer cells HCT-8 and HCT-116 (2).

Combining treatment with miRNAs and chemotherapy for 
CRC. A number of miRNAs may be involved in chemotherapy 
resistance and poor prognosis in colon cancer. Qian et al (31) 
reported that IGF-1R is a direct target gene of miR-143, and 
the expression of miR-143 can improve the sensitivity of CRC 
cells to L-OHP. In clinical studies, Hansen et al (32) enrolled 
89 patients with advanced CRC who received first-line treat-
ment with ≥3 cycles of XELOX. Subsequently, the miR-126 
level was measured using in situ hybridization in primary 
tumor tissue. The results revealed that the effect of miR-126 
was associated with the XELOX treatment success rate; 
patients with a high level of miR-126 expression had a mean 
survival time of 11.5 months, whereas patients with a low level 
of miR-126 expression had a survival time of6 months (32).

CPT-11 is a camptothecin derivative that is mainly used 
in the treatment of advanced CRC. Tong et al  (33) used a 
miRNA chip to detect miRNA expression in the SW1116 and 
SW1116/HCPT cell lines (hydroxycamptothecin-resistant), and 
found 77 differentially expressed miRNAs. They observed 
that miR-506 attenuates the expression of PPARα, which 
mediates drug resistance tohydroxycamptothecin. The ATP 
binding cassette transporter G2 (ABCG 2) gene is a member 
of the family of ABC transporters. ABCG 2 overexpression 
can increase resistance of cancer cells to chemotherapeutic 
agents. It was recently demonstrated that single-nucleotide 
polymorphisms(SNPs) in miRNA biosynthetic genes and 
miRNA genomic regions may affect the development and 
treatment of tumors  (33). Boni et al  (34) studied 61  rectal 
cancer patients with metastatic lymph nodes undergoing 
5-FU and CPT-11 treatment, and discovered a significant 
correlation between disease-free survival and the TT genotype 
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of the pri‑miR216a-1 gene. In addition, SNP rs1834306 of 
pri-miR‑100 was associated with longer disease progression 
time. That study was the first to suggest an association between 
the treatment results of the miRNA biosynthetic pathway and 
the miRNA SNP rs11077. Furthermore, they also indicated that 
the disease is associated with the nucleocytoplasmic transport 
protein exportin-5. Thus, these miRNAs and their targeting 
genes may serve as new molecular markerstopredict the 
response to chemotherapy and design novel targeted therapies.

3. miRNAs and radiotherapy for CRC

Preoperative radiotherapy has become a standard method 
for the treatment of patients with locally advanced CRC. 
miRNAs are promising biomarkers for predicting personal-
ized responses. A recent study demonstrated that miR-198, 
miR-765, miR-630, miR-371-5p, miR-575, miR-202 and 
miR‑513a-5p maybe used for predicting the response of CRC 
to preoperative radiotherapy (35). In addition, miR-630 expres-
sion is positively correlated with radiosensitivity in CRC cell 
lines. Post-radiotherapy, miR-630 induces CRC cell apoptosis 
and causes a reduction of CRC cell resistance to radiotherapy. 
Moreover, the action of miR-630 was found to be dependent 
on BCL2L2 and TP53RK, both of which are target genes of 
miR-630 and can induce cancer cell resistance to radiotherapy. 
TP53RK is an atypical protein kinase that was first identified 
in an interleukin-2-activated cytotoxic T-cell subtraction 
library and has been shown to bind and phosphorylate p53 in 
the presence of an activating cellular lysate (36). Therefore, 
miR-630 induces cancer cell resistance to radiotherapy by 
triggering TP53RK. In addition, it was also demonstrated that 
CREB regulates the expression of miR-630 (36). Following 
X-ray irradiation, miR-100 was obviously downregulated in 
CCL-244 cells, indicating that miR-100 may play an important 
role in regulating CRC radiosensitivity, and it may act as a 
new clinical target for CRC radiotherapy (37). Radiotherapy 
may induce miR-622 overexpression in colon cancer cells; 
conversely, miR-622 causes radioresistance and poor response 
to further therapy. miR-622 is a potential molecular marker 
of responders to radiotherapy, as well as a potential thera-
peutic target (38). A previous study reported that miR-106b 
may increase CRC cell radioresistance by directly inhibiting 
PTEN and p21 (39). Yin et al (40) demonstrated that ≥4 gene 
expression changes occurred in the brain of irradiated mice. 
As miRNAs may regulate multiple genes simultaneously, the 
results indicate that the miRNA regulation and the subsequent 
regulation of a large number of target genes may occur quickly 
within a short time period. Recent studies have suggested 
that miRNAs are important participants in the cellular stress 
response induced by radiation therapy. Zhang et al  (41) 
observed that miR-124 directly inhibits the PRRX1 protein, 
which renders human CRC cells more sensitive to ionizing 
radiation in vivo or in vitro. The PRRX1 protein is a major 
regulator of epithelial‑to-mesenchymal transition, suggesting 
that miR-124 maybe used as a potential biomarker for early 
prediction of CRC and prognosis (41).

Another study demonstrated that miR-62 overexpression 
may confer radioresistanceby activating the apoptosis gene. 
miR-622 is a potential biomarker and a potential therapeutic 
target for patients who do not respond to radiation therapy (38). 

Another important regulatory factor in CRC is miR-100. 
It has been demonstrated that the upregulation of miR-100 
significantly increases the expression of X-linked inhibitor 
of apoptosis and other apoptosis-related proteins in CLL-244 
cells. One of the most important mechanisms involved in 
radiation-induced cell damage is the induction of DNA 
double‑strand breaks (DSBs). Yang et al (37) demonstrated that 
miR-100 regulates the sensitivity of CLL-244 cells to radia-
tion by increasing radiation-induced DNA DSBs.Therefore, 
miRNAs contribute to the radioresistance or chemoresistance 
of CRC. Moreover, although a number ofmiRNAs have been 
found to be involved in the regulation of radioresistance or 
chemoresistance, the specific underlying mechanisms have 
not been fully elucidated, which constitutesa limitation of the 
present study.

4. Conclusions and future perspectives

Although several miRNAs have been implicated in the response 
to chemotherapy or radiotherapy, we have not yet identified a 
miRNA that is involved in both chemo-and radio-sensitivity, or 
a miRNA that affects both chemo- and radio-sensitivity in the 
same patient. Future studies should focus on miRNAs involved 
in both chemo-and radiosensitivity. Not all chemotherapy- and 
radiotherapy-associated miRNAs have been included in the 
present study; other miRNAs associated with the response to 
CRT will be investigated in future studies. Drug resistance 
remains a major challenge in clinical treatment, and is also 
one of the main causes of recurrent CRC. It is crucial to select 
the appropriate treatment for each patient, as suboptimal treat-
ment will lead to cancer progression and a dismal outcome. 
The role of miRNA is to regulate targeted mRNAs and/or 
proteins. An increasing number of experts pointed out that 
miRNAs maybe used to predict and determine the response to 
conventional anticancer therapies, and can be used to prevent 
exposure of non-responders to ineffective therapy. miRNAs 
may change current treatment strategies to make them more 
targeted and effective. Accumulating evidence demonstrates 
that the response of miRNAs directly affect cancer treatment. 
A strong basis for miRNA use is to overcome the resistance 
of cancer cells to chemotherapy, radiotherapy and targeted 
therapy, and restoring drug sensitivity. miRNAs may be used 
as an effective therapeutic method for targeted treatment to 
enhance tumor response oras predictive markers for treatment 
outcomes. Within the next 5 years, miRNAs may also be 
used for the development of novel drugs. There is a specific 
trend for miRNAs to be used as biomarkers for prediction of 
chemotherapy resistance, which may guide patient selection 
and optimize treatment with minimal toxicity. An increasing 
number of miRNAs are to be investigated in the immediate 
future, and the role of those miRNAs in the resistance to CRT 
will be more clearly delineated, which will hopefully promote 
the development of new strategies for cancer treatment. New 
drugs acting on miRNAs may resolve several obstacles in 
cancer treatment. The main aim is to identify miRNAs as ther-
apeutic targets in personalized therapy and to identify patients 
who may benefit from such treatment. Recent advances in 
the development of miRNA-based anticancer therapies have 
produced promising results. A more profound understanding 
of the mechanisms underlying the involvement of miRNAs 
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in anticancer drug resistance will lead to the development of 
more effective treatment methods.
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