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Abstract
Colorectal carcinoma (CRC) is one of the most common 
types of cancer worldwide and the prognosis for CRC 
patients with recurrence or metastasis is extremely 
poor. Although chemotherapy and radiation therapy 
can improve survival, there are still numerous efforts 
to be performed. Immunotherapy is frequently used, 
either alone or in combination with other therapies, for 
the treatment of CRC and is a safe and feasible way to 
improve CRC treatment. Furthermore, the significance 
of the immune system in the biology of CRC has been 
demonstrated by retrospective assessments of immune 
infiltrates in resected CRC tumors. MicroRNAs (miRNAs) 
are short, non-coding RNAs that can regulate multiple 
target genes at the post-transcriptional level and play 
critical roles in cell proliferation, differentiation and 
apoptosis. MiRNAs are required for normal immune 
system development and function. Nevertheless, 
aberrant expression of miRNAs is often observed in 
various tumor types and leads to immune disorders 
or immune evasion. The immunomodulatory function 
of miRNAs indicates that miRNAs may ultimately be 
part of the portfolio of anti-cancer targets. Herein, 
we will review the potential roles of miRNAs in the 
regulation of the immune response in CRC and then 
move on to discuss how to utilize different miRNA 
targets to treat CRC. We also provide an overview of 
the major limitations and challenges of using miRNAs 
as immunotherapeutic targets.
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Core tip: Colorectal carcinoma (CRC) is one of the 
most common tumor types worldwide. Immunotherapy 
has been used to treat advanced CRC and has the 
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potential to eradicate the disease by activating immune 
responses. MicroRNAs play critical roles in regulating 
anti-tumor immune responses. There is a need to 
summarize the current understanding of the diverse 
roles of microRNAs in the regulation of immune 
responses and their clinical applications for CRC 
immunotherapy.

Li X, Nie J, Mei Q, Han WD. MicroRNAs: Novel immunothe
rapeutic targets in colorectal carcinoma. World J Gastroenterol 
2016; 22(23): 5317-5331  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i23/5317.htm  DOI: http://dx.doi.
org/10.3748/wjg.v22.i23.5317

INTRODUCTION
Colorectal carcinoma (CRC) is the third most common 
malignancy in males and the second in females, 
posing a serious demographic and economic burden 
worldwide[1,2]. Although surgical resection for patients 
with localized disease has dramatically improved 
5-year survival rates, more than half of all patients 
diagnosed with CRC eventually develop recurrence 
and metastasis[3,4]. Current strategies such as che
motherapy are approved for the treatment of CRC; 
however, these non-surgical therapeutics have only 
modest efficacy and are ineffective against distant 
metastasis[5]. Moreover, traditional strategies generate 
reverse events, such as cytotoxicity, that limit their 
use[6]. Therefore, the prognosis of CRC patients 
remains poor and presents an opportunity to study 
future therapeutic approaches to improve clinical 
outcomes. Recently, immunotherapy has been used to 
treat advanced CRC and has the potential to eradicate 
the disease by activating immune responses[6]. 
Some clinical trials utilizing immunotherapy have 
demonstrated objective responses in CRC patients[7,8]. 
Moreover, immunotherapy, such as monoclonal 
antibody cetuximab, has immune-modulating effects 
in combination with traditional approaches, such 
as chemotherapy, thus resulting in an increase 
of circulating dendritic cells (DCs), natural killers 
(NK), central memory T cells and T-helper 1 (Th1) 
cells[9]. However, CRC is able to evade detection and 
elimination by the immune system, and the objective 
responses have been manifested in only a small 
fraction of patients with CRC[6]. For example, the lack 
of CRC-associated antigens limits the development of 
immunotherapy[6]. The important role of the immune 
system in the biology of CRC has been emphasized 
by retrospective assessments of immune infiltrates, 
affecting all aspects of CRC from tumorigenesis to 
treatment. Within the tumor microenvironment (TME), 
immune infiltrates can act as suppressors of tumor 
initiation and progression, as well as promote the 
proliferation, infiltration and metastasis of CRC[10]. The 
presence of tumor infiltrating lymphocytes, including 

CD8+ T cells, in the TME is strongly associated with a 
better prognosis[11]. Regulatory T cells (Tregs) suppress 
the proliferation and activation of CD4+ and CD8+ T 
cells and increased Tregs activation is correlated with 
poorer prognosis[12]. However, higher Tregs infiltration 
scores are correlated with overall survival, treatment-
relative survival and progression-free survival. There
fore, higher Tregs infiltration score is a favorable 
prognostic factor in advanced colon cancer patients 
undergoing chemo or chemoimmunotherapy[13]. The 
immune evasion of CRC has complex mechanisms. 
The induction of immune tolerance and resistance 
to activated immune effectors are two important 
mechanisms of immune evasion[14]. Programmed 
death 1 (PD-1) is an inhibitory receptor that is 
overexpressed in nonfunctional and exhausted T cells 
in cancers[15]. PD-1 and the ligands for PD-1 (PD-L1) 
have been implicated in escape from the immune 
system by directly suppressing antitumor CD8+ 
T cells[16]. Furthermore, the recognition of tumor-
associated antigens by immune effectors is one of the 
most important steps in antitumor immune responses. 
Thus, the dysregulation of antigens limits specific 
immune responses. For example, NY-ESO-1 is silenced 
in many tumor types. As a result, the immune system 
cannot attack cancer cells through the recognition of 
the antigen[17]. 

MicroRNAs (miRNAs) are approximately 19 to 
25 nt in length and post-transcriptionally regulate 
gene expression in a sequence-specific manner by 
binding to the 3’-untranslated region, leading to either 
degradation of mRNA or a translation blockade[18,19]. 
MiRNAs have emerged as crucial modulators in various 
biological processes such as proliferation, tumor 
initiation and development[20]. Global dysexpression 
of miRNAs has been identified in tumors and has 
become a potential biomarker for tumor diagnosis, 
therapy and prognosis[19,21]. MiRNAs were displayed to 
function as oncogenes or tumor suppressors according 
to their target mRNAs. For example, miR-484 is 
significantly decreased in microsatellite instability 
(MSI) CRC and functions as a tumor suppressor to 
inhibit MSI CRC cell viability[22]. MiR-21 is upregulated 
in several tumors such as lung cancer, which promotes 
tumor cell growth and metastasis[20]. Recent studies 
have demonstrated that miRNAs are coming to light 
as a critical regulator of immune responses and its 
aberrant expression or dysfunction in the immune 
system has been associated with cancers[23-25]. MiRNAs 
can either inhibit or enhance immune signals by 
regulating the expression of the positive or negative 
components of immune signaling pathways. MiR-
181a expression appears to control T cell sensitivity 
to antigens during T cell development and maturation 
by repressing the expression of multiple phosphatases 
in the TCR signaling pathway[26]. Signal transducer 
and activator of transcription 3 (STAT3) has been 
shown to play an important role in tumor-mediated 
mechanisms of immunosuppression[27]. MiR-124 was 
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found to target the STAT3 signaling pathway and 
exert potent therapeutic effects by enhancing immune 
effector responses in cancer[28]. Emerging evidence 
has demonstrated that immune-associated miRNAs 
are dysregulated in both tumor cells and immune 
cells, which suggests that miRNAs could be involved 
in communication between tumor cells and immune 
cells. MiR-124 is absent in all types of gliomas, and 
its upregulation in glioma cancer stem cells inhibits 
the STAT3 pathway and reverses stem cell-mediated 
immune suppression of T cell proliferation and Treg 
activation[28]. MiR-23a is upregulated in tumor-
infiltrating cytotoxic T lymphocytes (CTLs) and impairs 
antitumor potential of patient CTLs by repressing the 
transcription factor B lymphocyte-induced maturation 
protein-1, which promotes CTL cytotoxicity and effector 
cell differentiation[29]. In addition to CTLs, miRNAs can 
regulate other immune cells, such as Th1 cells and 
NK cells. The members of miR-17-92 cluster miR-17 
and miR-19b are the important regulators modulating 
Th1 responses through multiple coordinated biologic 
processes[30]. Moreover, miR-29 suppresses Th1 
responses through the combined direct suppressive 
effect on T-bet, eomesodermin and interferon γ 
(IFN-γ)[31,32]. NK cells play critical roles in the innate 
immune system, contributing to the early detection 
and destruction of transformed cells[33]. MiRNAs have 
critical roles in controlling NK cell activation, survival 
and function[34]. Recent report has demonstrated that 
ovarian tumor-associated miR-20a decreases NK cell 
cytotoxicity by directly repressing MHC class I chain-
related molecules A and B expression[35]. However, the 
immunomodulatory roles of miRNAs in CRC still need 
to be further explored. Therefore, in this review, we 
summarize the current understanding of the diverse 
roles of miRNAs involved in immune responses in CRC. 
We also discuss the clinical applications of miRNAs 
in CRC immunotherapy and the limitations and 
challenges in future use.

REGULATION OF IMMUNE-RELATED 
MIRNA BIOGENESIS IN CRC
Primary miRNAs are processed into mature miRNAs 
through multiple biochemical steps. Our previous 
review[18] and other excellent reviews[19,20,36] have 
illustrated the mechanism of miRNA biogenesis. Thus, 
we will not discuss it further here. In the process of 
miRNA biogenesis, the RNase III endonuclease Dicer 
plays a critical role in the generation of miRNAs[37]. 
Dicer has been reported to regulate miRNA biogenesis 
in Tregs[38]. Depleting miRNAs by silencing Dicer 
generates functional miRNAs, reduces Treg cell 
numbers and results in immune pathology[38]. Previous 
studies have found that Dicer is required, in a cell-
autonomous fashion, for the development of Tregs in 
the thymus[38]. However, the mechanism by with the 
expression of Dicer in tumor cells regulates immune 

surveillance through miRNA processing needs to be 
deeply explored. Indeed, Dicer depletion upregulates 
intercellular cell adhesion molecule 1 (ICAM-1) and 
enhances the susceptibility of CRC cells to antigen-
specific lysis by CTLs[39]. ICAM-1 plays an important 
role in physical and functional interactions between 
cancer cells and CTLs[40]. Furthermore, Dicer-
disrupted CRC cells have downregulated expression 
of miR-222/339, which directly target ICAM-1 mRNA. 
Upregulation of ICAM-1 by repressing Dicer or 
miR-222/339 in CRC cells contributes to increased 
susceptibility of tumor cells to antigen-specific CTLs[39]. 
Thus, Dicer is responsible for the generation of the 
mature miR-222/339, which repress the expression of 
ICAM by binding to the 3’UTR, thereby reducing the 
susceptibility of tumor cells to CTL-mediated cytolysis. 
These findings indicate the viability of the development 
of novel miRNA-targeted therapy to promote cytolysis 
of tumor cells in tumor immunotherapy.

MIRNAS REGULATE IMMUNE 
RESPONSES IN THE CRC TME
MiRNAs involved in immunotherapy in CRC cells
Multiple studies have demonstrated that miRNAs 
play key roles in CRC tumor biology including tumor 
initiation, progression, invasion and metastasis, and 
immune responses[41-43] (Figure 1). Several miRNAs 
have been found to directly regulate the primary 
pathways of CRC initiation and development. The 
development of CRC follows the sequential progression 
from adenoma to malignant adenocarcinoma[44]. 
Tumor protein 53 (TP53) is frequently lost during 
the progression of adenoma to adenocarcinoma[45]. 
TP53 loss mediates apoptosis and cell cycle arrest 
through the inhibition of a direct downstream target, 
miR-34a[46]. Increased miR-17-92 cluster expression 
from adenoma to adenocarcinoma is associated 
with the transcriptional activity of c-myc, which in
duces the expression of miR-17-92[47]. Uncontrolled 
growth and proliferation are key components in 
the colorectal tumorigenesis. The dysfunction of 
the PI3K pathway and its associated proteins plays 
important roles in the cell cycle regulation of CRC. 
MiR-144 has been found to inhibit the PI3K pathway 
by negatively regulating mTOR[48]. Emerging evidence 
has demonstrated that miRNAs are most frequently 
associated with the invasion and metastasis of CRC. 
Upregulation of miR-21 positively regulates invasion 
and metastasis by directly targeting several tumor 
suppressor genes, including programmed cell death 
4 (PDCD4)[49] and phosphatase and tensin homolog 
(PTEN)[50] in CRC. MiRNAs could regulate CRC cell 
invasion and metastasis through the epithelial to 
mesenchymal transition (EMT). Activation of EMT 
allows CRC cells to migrate and metastasize to distant 
organs. Recent studies suggested that miRNAs are 
new EMT regulators and regulate CRC metastasis. 
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suppresses the activation and proliferation of effector T 
cells[16,56,57]. MiR-20b, -21 and -130b are upregulated in 
advanced CRC and inhibit PTEN expression, resulting 
in PD-L1 overexpression[58]. PTEN, a famous tumor 
suppressor gene, plays a critical role in CRC cell 
growth, proliferation and the occurrence of CRC[59]. 
This study revealed a novel mechanism of PD-L1 
protein expression mediated by miRNAs indirectly, 
which leads to the immune escape of CRC. Moreover, 
miR-34 has been found to modulate tumor escape 
by directly targeting PD-L1 in lung cancer[60]. MiR-
34a therapy elicits the activation of tumor-infiltrating 
immune cells (CD8+ T cells) and decreases exhausted 
tumor-infiltrating immune cells (PD1/CD8+), indicating 
an active immune response and reduced tumor 
tolerance[60]. These results suggest that the miRNA-
PD-L1 axis may be a therapeutic target for CRC 
immunotherapy and miRNAs may be implicated in 
checkpoint blockade therapy. 

Cancer immunotherapy has the potential role to 
eliminate tumor cells by eliciting immune responses 
through the recognition of tumor-specific antigens 
on tumor cells. Numerous studies have reported that 
monoclonal antibody (mAb)-based immunotherapy 
against tumor antigens is a promising strategy and 
has been clinically effective as CRC therapeutics[54]. 
Antibodies targeting tumor antigens block major 

Downregulation of the miR-200 family has been found 
to induce EMT by targeting zinc finger E-box binding 
homeobox 1/2 (ZEB1/2) in CRC cells, which results in 
the development of CRC metastasis[51-53]. Therefore, 
the dysregulation of miRNAs is involved in the full 
range of CRC development.

According to previous reports, the immune system 
plays complex and multi-faceted roles in CRC, affecting 
all aspects of CRC initiation and metastasis[10]. The 
body’s immune system can act both to suppress 
tumor initiation and progression, as well as promote 
malignancies. During tumorigenesis, normal cells 
transform into neoplastic cells through multifactorial 
processes that involve genetic and epigenetic 
factors, leading to the immune escape of tumor cells. 
Immune escape plays a key role for the success of 
tumor cell growth and survival through developing 
multiple suppressive mechanisms in the TME[54]. 
More recently, miRNAs have been observed to play 
important regulatory roles in the immune system. 
The abnormal expression of co-inhibitory molecules of 
PD-L1 in the TME has been identified as an important 
immunosuppressive mechanism in many tumor types, 
and contributes to tumor immune escape by inhibiting 
T cell activation and proliferation[55]. Furthermore, 
PD-L1 expression in tumor cells may be associated 
with the expansion of Tregs in the TME, which 

Figure 1  MicroRNAs control colorectal carcinoma progression through modulating anti-tumor immune responses in tumor microenvironment. MiRNAs 
play important roles in colorectal carcinoma (CRC) biology, including tumor proliferation, invasion/metastasis and immune responses. For example, miR-20b and miR-
130b repress the expression of PTEN and increase the activity of PI3K, leading to the increased viability of CRC cells. MiR-21 promotes CRC invasion and metastasis 
by directly targeting PDCD4. Furthermore, miR-34a enhances CD8+ T cells cytotoxicity by repressing the expression of PD-L1, contributing to the elimination of CRC 
cells by CTLs. 
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pathways central to tumor cell proliferation and survival. 
Anti-human epidermal growth factor (anti-EGFR) 
antibodies, such as cetuximab and panitumumab, have 
been approved and routinely used for the treatment 
of CRC[54]. EGFR, commonly overexpressed in CRC, 
leads to the stimulation of the oncogene KRAS that 
subsequently activates BRAF, which contributes to 
the promotion and progression of a broad spectrum 
of CRC[61]. These two antibodies can trigger tumor 
antigen-specific cellular immunity to eliminate CRC 
cells. Recent studies have demonstrated that miRNAs 
could serve as predictive or prognostic biomarkers for 
anti-EGFR therapy in patients with wild-type KRAS 
(wt-KRAS) metastatic CRC (mCRC). Anti-tumor 
immune responses of antibody and EGFR signaling 
pathway have been shown to be regulated by miRNAs. 
MiR-31-3p/5p have been confirmed to be strongly 
associated with time to progression in wt-KRAS mCRC 
patients treated with cetuximab but not panitumumab, 
suggesting that miR-31-3p/5p should not be used 
as a predictor of response to panitumumab[62]. Two 
reasons could explain the predictive role of miR-31-
3p/5p for cetuximab: one associated with concomitant 
chemotherapy, and the other with different immune 
responses linked to cetuximab and panitumumab[54]. 
Furthermore, the expression level of miR-31-3p is 
associated with progression-free survival, indicating 
that miR-31-3p seems to be a new mCRC biomarker 
for anti-EGFR therapy[63]. Significant miR-31* 
upregulation and miR-592 downregulation show a 
marked difference in progressive disease compared 
to disease control[64]. Moreover, the upregulation 
of some miRNAs, such as let-7 and miR-140-5p, 
as well as the downregulation of miR-1224-5p are 
significantly associated with poor overall survival, 
revealing that in mCRC patients with wt-KRAS/BRAF, 
miRNA profiling can efficiently predict the prognosis 
after anti-EGFR treatment[64]. Interestingly, miRNAs 
can also directly or indirectly target EGFR signaling 
pathway and its signaling components. Therefore, 
miRNAs-EGFR signaling has been validated as a 
therapeutic target in CRC. EGFR has been found to 
control and negatively regulate the expression of 
miR-143 and miR-145 in CRC cell lines, two famous 
tumor suppressive miRNAs, which suggests that 
inhibition of EGFR may upregulate the expression of 
these two miRNAs and suppress tumor growth and 
progression[65]. According to previous reports, wt-
KRAS, a major factor that drives CRC progression, is 
a necessary condition for anti-EGFR treatment and 
it can be activated by the stimulation of EGFR[66]. 
Several miRNAs, miR-143, miR-145, let-7 and miR-
18a*, act as tumor suppressors and repress the 
expression of KRAS[61]. In contrast to targeting KRAS, 
KRAS can regulate the expression of miRNAs. Recent 
studies have demonstrated that KRAS upregulates the 
expression of some oncogenic miRNAs, including miR-
200c, miR-221/222, miR-210 and miR-181a[67]. These 

miRNAs act as oncogenic miRNAs and promote CRC 
progression. Therefore, the extensive involvement 
of miRNAs in regulating EGFR signaling pathway and 
its components suggests that miRNAs could serve 
as promising predictive biomarkers and therapeutic 
targets for anti-EGFR therapy in CRC.

MiRNAs regulate stromal cells
Tumor tissues have two distinct regions: the tumor 
bed and TME. TME comprises fibroblasts, various 
immune cells and endothelial cells, along with 
extracellular matrix, proteases and cytokines[68]. TME 
represents an integral part of tumors and establishes 
dynamic interactions with tumor cells that influence 
tumor growth, metastasis and immune tolerance. 
Stromal cells, including cancer-associated fibroblasts 
(CAFs), myeloid-derived suppressor cells (MDSCs) 
and mesenchymal stem cells (MSCs), are important 
components of TME and can shape anti-tumor 
immunity and responsiveness to immunotherapy[68]. 
MDSCs are a heterogeneous group of myeloid cells in 
early differential stages and one of the major elements 
of the immunosuppressive network responsible for 
effector T cell defective response in cancer[69]. A 
previous report has found that the number of blood 
MDSCs correlates with the stage and metastasis 
in many tumor types, including CRC[70-72]. MDSCs 
could inhibit the host immune response in tumor 
cells by interfering with immune cell responsiveness 
to interferons α and γ in CT26 bearing mice[70]. 
Although MDSCs contribute to immune invasion via 
suppression of anti-tumor functions of CD4+ and 
CD8+ T cells, the molecular mechanisms involved 
in the expansion, function and infiltration of MDSCs 
are not fully understood. Numerous studies have 
demonstrated that miRNAs play key regulatory roles 
in MDSC development, expansion and function. 
Recently, miR-17-5p and miR-20a have been found 
to alleviate the suppressive potential of MDSCs in the 
CT26 colon carcinoma model[73]. The overexpression 
of miR-17-5p and miR-20a remarkably reduces the 
expression of reactive oxygen species (ROS) and the 
production of H2O2 by modulating the expression of 
STAT3. Furthermore, MDSCs transfected with miR-
17-5p and miR-20a are less able to suppress antigen-
specific CD4+ and CD8+ T cells. Thus, the modulation 
of miR-17-5p and miR-20a expression may play 
important roles for the process by which patients 
with a tumor can overcome the immune tolerance 
mediated by MDSCs and could potentially be applied 
in immunotherapy against CRC. Increased expression 
of miR-17-5p and miR-20a, which are members of the 
miR-17-92 cluster, can promote tumor development in 
cancer cells. However, miR-17-92 members block the 
immunosuppressive function of MDSCs by silencing 
STAT3 expression. These studies indicate that the 
functional diversity of miR-17-92 cluster may result 
from the different targets subjected to miR-17-92 
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post-transcriptional silencing in different cell types, 
different developmental or physiological contexts[73]. 
MiR-494, whose expression is mainly upregulated by 
TGF-β1, has been identified as an essential player 
in the regulation of the accumulation and activity of 
MDSCs by targeting PTEN and activating the PI3K/
AKT pathway[74]. Upregulation of miR-494 represses 
PTEN expression, resulting in increased activity of 
AKT pathway, and facilitates tumor cell invasion 
and metastasis by upregulating of MMPs in murine 
breast and colon cancers. These findings revealed 
that TGF-β1-induced miR-494 expression in MDSCs 
plays a critical role in regulating the accumulation 
and functions of MDSCs and may be identified as a 
potential target in cancer immunotherapy. Emerging 
studies have demonstrated that CD11b+Gr1+ MDSCs 
play an important role in the suppression of T cell 
responses and the induction of T cell tolerance in 
tumors[75]. MiR-223 has been identified to be rela
ted to myeloid development in myeloid expansion 
and differentiation[76]. The expression of miR-223 
was downregulated during the differentiation of 
CD11b+Gr+ MDSCs from bone marrow cells (BMCs) 
upon exposure to tumor-associated factors. Moreover, 
overexpression of miR-233 remarkably inhibits dif
ferentiation of BMCs into MDSCs by targeting myocyte 
enhancer factor 2c, which promotes the accumulation 
of MDSCs.

In addition to regulating stoma cells, miRNAs 
also play key roles in modulating the expression of 
cytokines or chemokines in TME. Chemokines, which 
are chemo-attractant cytokines and are primarily 
known as critical regulators of the immune system, 
have been implicated in malignant transformation 
and tumor progression[77]. In the TME, specific 
chemokines have been found to be responsible for 
the recruitment of leukocytes into tumor sites[78]. In 
addition, chemokines also play an important role in 
the functionally of tumor cells and other cells in TME, 
which together modulate the processes of tumor 
development and progression[79]. Emerging evidence 
has demonstrated that various miRNAs can regulate 
different chemokines in the TME of CRC. Chemokine 
CCL20 was shown to regulate CRC progression 
and metastasis through binding to its receptor 
CCR6[80]. Moreover, CCL20 and its receptor CCR6 are 
significantly increased in CRC[81]. Interestingly, miR-21, 
a well-known oncomiR, has been identified to target 
CCL20 in CRC cells[82,83]. Ectopic expression of miR-21 
downregulates CCL20 gene expression in different 
cell lines. These results seem to indicate that miR-21 
acts as a tumor suppressor in this situation. However, 
for functional interaction of miR-21 with CCL20, both 
the two molecules must be present in the same cell. 
Furthermore, miR-21 and CCL20 are both significantly 
upregulated in CRC tissues. It is well-known that 
TME is composed of tumor cells and various types of 
stromal cells, such as fibroblasts and endothelial cells, 
as well as various immune cells. Thus, this suggests 

that miR-21 and CCL20 may not be expressed in 
the same cell in the TME of CRC. Actually, CCL20 
expression found in CRC tissues is largely restricted 
to mesenchymal cells, such as macrophage and 
lymphocytes, in the TME[83]. Likewise, miR-21 ex
pression is primarily detected in stromal cells, such as 
CAFs, and immune cells, such as macrophages, but 
not within tumor cells and lymphocytes in the TME of 
CRC tissues[83]. These data clearly exclude the chance 
of miR-21 and CCL20 being expressed in the same cell 
of TME. It may also be speculated that CCL20 secreted 
by infiltrated-immune cells affects miR-21 expression 
in CAFs through the CCR6 signaling pathway. In our 
recent report, we found that methylation-induced loss 
of miR-484 in MSI CRC promotes both cell viability and 
IL-8 (also known as CXCL8) production by targeting 
CD137L[22]. CD137, a member of the TNF superfamily, 
can induce cell viability by triggering the activation of 
the PI3K and mTOR signaling pathways[84]. Moreover, 
CD137L can signal back to tumor cells and induce the 
production of IL-8, which can promote tumor invasion 
by the recruitment of tumor-associated macrophages 
and neutrophils. However, CD137L expressed in CRC 
cells also functions as a co-stimulatory molecule 
for the production of IFN-γ by human T cells. Thus, 
these results may indicate that miR-484 can play a 
suppressive role in anti-tumor immune responses 
in MSI CRC through repressing the expression of 
CD137L. It seems to suggest that MSI is detrimental 
to immunotherapy for CRC treatment. MSI is the 
molecular feature of a mismatch repair deficient 
(dMMR) system[85]. Interestingly, the immunotherapy 
PD-1 blockade is more effective against dMMR 
tumors[86]. The reason may be that the increased 
number of mutation-associated neoantigens in dMMR 
tumors stimulated antitumor immune responses.

INFLAMMATION-RELATED MIRNAS IN 
CRC TUMORIGENESIS
Unique miRNA profiles
Chronic inflammatory disorders are often associated 
with an increased risk of CRC tumorigenesis[87,88]. 
CRC is preceded by clinically detectable inflammatory 
bowel disease (IBD), such as Crohn’s disease (CD) 
and ulcerative colitis (UC)[88]. Because of chronic 
damage to the colon and rectum in IBD, these patients 
are at increased risk for CRC. Increasing evidence 
has demonstrated that miRNA dysregulation is an 
important pattern in IBD. Elevated miR-150 was 
found in UC and reduced the expression of c-myb, 
a transcription factor known to regulate the anti-
apoptotic protein, BCL-2[89]. Several studies have 
found that increased cytokines, such as TNF, IL and 
interferon, cause apoptosis and play important roles 
in intestinal epithelial cells[90]. Apoptosis can interrupt 
intestinal mucosal integrity and barrier function and 
eventually result in inflammation[91]. MiR-29a has been 
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found to promote intestinal epithelial apoptosis in UC 
by directly targeting myeloid cell leukemia 1, which is 
an anti-apoptotic BCL-2 family member and essential 
for the survival of multiple cell lineages[92]. Although 
both CD and UC are subtypes of IBD, the expression 
patterns of miRNAs show region-specific differences 
and are expressed differently. Eight different miRNAs 
could be used to distinguish active CD from active 
UC[93]. Moreover, the expression of miR-23b/106/191 
was increased in active UC tissues, while miR-19b/629 
were decreased in Crohn’s colitis patients[94]. Given 
these common changes in miRNA expression profiles 
in IBD, these miRNAs may be involved in regulating 
central components of the immune system.

MiRNAs regulate inflammatory signaling pathways
Numerous studies have demonstrated that miRNAs 
can regulate many inflammation associated pathways 
in IBD. The IL-6-STAT3 signaling pathway plays an 
important role in IBD and specifically STAT3 is up-
regulated in UC[95,96]. This pathway regulates the 
development of UC and has been implicated in the 
progression of UC to CRC[97]. Recently, miRNAs have 
been identified as a potent regulator of STAT3 activity 
in human colonocytes. MiR-124 is downregulated 
in children with active UC, resulting in increased 
levels of STAT3 expression and the transcriptional 
activation of its downstream targets, which could 
promote inflammation and the pathogenesis of UC 
in children[98]. The vitamin D receptor (VDR) is highly 
expressed in the epithelial cells of the gut mucosal 
epithelial barrier and plays a critical role in maintaining 
the integrity of the mucosal epithelial barrier by 
suppressing inflammation-induced intestinal epithelial 
cell apoptosis[99]. Epithelial VDR levels are reduced 
by more than 50% in IBD and promote colitis[99]. 
MiRNAs have been identified to be involved in the 
downregulation of VDR. Pro-inflammatory cytokine 
TNF-α suppresses epithelial VDR expression through 
induction of miR-346[100]. TNF-α is one of the most 
important cytokines in regulating the development 
of colitis, and anti-TNF therapy is a standard therapy 
in the management of IBD[101,102]. Thus, the use of 
TNF-α, which as an inflammatory mediator inhibiting 
VDR, will have promising clinical applications. Further, 
TNF-α is markedly increased and may serve as an 
objective index of inflammatory activity in human 
UC. A recent report has found that miR-19a, which is 
downregulated in UC, directly targets the expression 
of TNF-α, and induces the expression of downstream 
inflammation targets IL-8 and granulocyte-macro
phage colony-stimulating factor[103]. Immune dys
regulation is thought to play a critical role in the 
pathogenesis of CD[104]. Cytokines are involved in 
immune regulation and the dysregulation of cytokines 
contributes to heightened inflammation[105]. Therefore, 
cytokine signaling pathways may be useful targets for 
CD treatment. MiR-19b has been reported to regulate 

cytokine signaling by directly targeting suppressors of 
cytokine signaling[106]. SOCS proteins are important 
physiological regulators of immune responses and 
negatively regulate cytokine expression through the 
JAK/STAT pathway[107]. Thus, this study will provide 
potential evidence for the development of miR-19b-
based anti-inflammation therapies for CD treatment. 
Neurotensin (NT) is a neuropeptide expressed in the 
central nervous system and the intestine, while NT 
receptor 1 (NTR1), the high-affinity receptor of NT, is 
expressed in neurons and colonic epithelial cells[108]. In 
the colon, the NT/NTR1 signaling pathway can promote 
inflammation in acute colitis and their expression 
increases in patients with UC[109]. NT induces miR-133a 
expression in colonic epithelial cells[110]. Moreover, miR-
133a modulates NT-induced MAP kinase and NF-κB 
activation, as well as transcription of pro-inflammatory 
cytokines, such as IL-6/8/1β, by inhibiting aftiphilin 
(AFTPH) expression[110]. This study may represent a 
promising strategy to inhibit miR-133a and restore 
AFTPH expression for the treatment of IBD.

MiRNAs regulate immune responses
Immune responses play important roles in connecting 
inflammation and CRC. IBD has been connected 
to predisposing genetic factors that contribute 
to abnormal immune responses. For example, 
adaptive immune system related genes that have 
been linked to IBD include components of the IL-23 
signaling pathway, which are required for induction 
of Th17 cells[111,112]. Interestingly, a recent study 
has found that the intracellular sensor nucleotide-
binding oligomerization domain protein 2 (NOD2) 
can induce miR-29 expression in human DCs to 
limit IL-23 release[113]. NOD2 is required for the 
induction of miR-29; miR-29 downregulates IL-23 
and attenuates Th17 cell responses in CD. Activation 
of NOD2 has a key role in influencing the release 
of pro-/anti-inflammatory cytokines, particularly 
IL-1belta/6/8/23[114,115]. Furthermore, activation 
of NOD2-dependent pathways contributes to the 
induction of NF-κB, as well as the activation of JNK 
and p38 MAPK[116,117]. NOD2 not only induces miRNA 
expression but also has been identified as a functional 
downstream target of several miRNAs. MiR-122[118] 
and miR-192[119] can directly target NOD2 and 
suppress the expression of NOD2. Ectopic expression 
of these two miRNAs inhibits NOD2 expression, NF-
κB activation and immune responses. Furthermore, 
miRNAs are also pivotal regulators of Th17 cells 
differentiation and function. MiR-210 has a particularly 
important role in regulating Th17 cell lineage, and 
is a signature miRNA of hypoxia[120]. The expression 
of miR-210 increases rapidly in hypoxia-challenged 
Th17 cells[120]. Hypoxic conditions inhibit degradation 
of the subunits of hypoxia-inducible factor 1 (HIF-1) 
and lead to their stabilization[121,122]. HIF-1 plays 
important roles in regulating Th17 differentiation[123]. 
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Intriguingly, miR-210 directly targets HIF-1α, reduces 
HIF-1α transcript abundance and the proportion 
of cells that produce inflammatory cytokines, and 
controls IBD severity[120]. In addition to regulating Th 
cell differentiation, miRNAs can regulate leukocyte 
migration by targeting chemokines. MiR-141 regulates 
colonic leukocyte trafficking via directly targeting 
CXCL12β during intestinal inflammation of CD[124]. The 
miR-141-CXCL12β pathway contributes significantly 
to the development of CD, likely by affecting the 
recruitment of immune cells into the inflamed colonic 
tissue. Therefore, repressing colonic CXCL12β and 
immune cell recruitment with miRNAs represents a 
feasible and promising strategy that may be valuable 
for the treatment of CD. Moreover, the expression of a 
number of intestinal epithelial cell-derived chemokine 
is regulated by miRNAs. MiR-192 was dramatically 
upregulated in UC and regulated the expression of 
macrophage inflammatory peptide-2α (MIP-2α), 
which is a chemotactic chemokine secreted by colonic 
epithelial cells and macrophages[125]. Recently, miRNAs 
have been found to regulate gut mucosal immunity 
via epithelium-T-cell crosstalk. MiR-375 regulates gut 
mucosal immunity by modulating the differentiation 
of goblet cells, and targets the expression of thymic 
stromal lymphopoietin and resistin-like molecule-β, a 
Th-2-facilitating epithelial cytokine and an important 
goblet cell effector, respectively[126]. 

IBD and CRC are related to dysregulation of the 
intestinal immune system and of the microbiota[127]. 
The gut microbiota provides constant immunological 
signals to intestinal tissues, thus a variety of regu
latory mechanisms have evolved to ensure proper 
development and function of the intestinal immune 
system. MiRNAs have been demonstrated to regulate 
expression of genes involved in microbial recognition 
and downstream immune activity. Thus, miRNAs 
play a key role within the intestinal immune system 
during its interactions with the gut microbiota[128]. 
Nine miRNAs are differentially expressed in the colon 
of germ-free mice colonized with the microbiota; the 
upregulation of miR-665 significantly downregulates 
the ATP-binding cassette sub-family C member 
3[129], which belongs to the multidrug resistance-
associated protein family[130]. MiR-146a represses a 
subset of gut barrier and inflammatory genes and 
restricts the expansion of intestinal T cell populations, 
including Tregs, Th17 and T follicular helper cells[131]. 
Furthermore, the regulatory effect of microbiota on 
miRNA expression and on the maintenance of intestinal 
homeostasis has been investigated. The expression of 
miR-10a and its targets IL-2/IL-23p40 play important 
roles in regulating innate immune responses to 
commensal bacteria in DC[132]. These studies open new 
perspectives for the investigation of miRNA regulation 
in intestinal diseases and microbiota. Furthermore, a 
variety of bacterial infection can trigger inflammasome 
formation and activation[133]. Inflammasomes are large 

cytosolic protein complexes that promote immediate 
inflammatory responses and regulate intestinal 
homeostasis through its effects on the intestinal 
microbiota[134,135]. The inflammasomes have potentially 
critical roles in the development and pathogenesis 
of IBD, because of their important role in intestinal 
immunity[135]. Emerging evidence has demonstrated 
that inflammasomes can influence intestinal microbiota. 
Some reports have exhibited that mice lacking various 
components of the inflammasome showed prototypical 
alterations in their microbiota, predisposing these mice 
to the development of IBD[136]. Inflammasomes have 
important roles in IBD, whereas the mechanisms of 
inflammasome formation and activation in the onset of 
intestinal diseases have not yet been fully established. 
MiRNAs may be regulators in inflammasomes formation 
and activation. Although only few reports explore 
the role of miRNAs in modulating inflammasomes in 
intestinal diseases, some works have been carried 
out in other disease types[137,138]. In the future, more 
investigations should illustrate novel understandings 
on miRNA and inflammasome interactions, which will 
potentially lead to the discovery of new treatment 
approaches for intestinal disease or CRC.

PERSPECTIVES AND CHALLENGES
The limitations of surgery and chemo/radio therapies 
to treat CRC patients necessitate the development 
of novel strategies, including immunotherapy. Tre
mendous progress has been made in understanding 
the role of the immune system in driving the deve
lopment of CRC. Immune cell markers could be used 
to predict CRC outcomes[11], while targeting various 
aspects of the immune system could be used to 
generate anti-tumor immune responses. Unfortunately, 
effective immunotherapy in CRC treatment remains 
elusive. The ultimate goal of immunotherapy is to 
recruit the immune effectors to destroy cancer cells. 
However, immune escape leads to the failure of 
immunotherapy. It has been proposed that cancer 
cells use immune escape to evade the recognition 
and killing by the host immune system. For example, 
the expression of B7, a co-stimulatory molecule, has 
been found to be involved in CRC progression and 
immune escape mechanism[139]. Furthermore, STAT3 
regulates key pathways that mediate immune escape 
in the TME[140,141]. Therefore, novel approaches need to 
be identified to overcome immune escape. Although 
several trails utilizing cancer vaccines or immune-
checkpoint therapies have demonstrated objective 
responses in immunized patients with mCRC, more 
work is needed. 

MiRNAs are deregulated and play critical roles 
in CRC. Initially, miRNAs have been found to act as 
oncogenic or tumor suppressor genes and regulate 
tumorigenesis, angiogenesis, progression, invasion 
and metastasis. The discoveries of miRNAs have 
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opened a new era of CRC research and the potential of 
novel therapies for CRC treatment (Figure 2). Recently, 
miRNAs have been identified to regulate immune 
responses in CRC. The fact that miRNAs regulate tumor 
behaviors through targeting multiple genes, including 
immune associated genes, makes them excellent 
candidates for gene therapy. Therefore, the ability to 
use miRNA-based therapy to restore a dysfunctional 
immune system to a healthy state needs to be deeply 
studied. Generally, restoring the expression of tumor 
suppressor miRNAs or inhibiting the expression 
of oncogenic miRNAs has been employed for the 
development of miRNA-based therapeutics. In 
this regard, an example such as inducing miR-34a 
expression has been found to elicit tumor-infiltrating 
CD8+ T cells activation by targeting PD-L1[60]. Actually, 
an miR-34 mimic (MRX34) has become the first 
miRNA to enter phase I clinical trial (NCT01829971). 
The study was started to evaluate the safety of MRX34 
in patients with unresectable primary liver cancer 
or other selected solid tumors, such as renal cell 
carcinoma, non-small cell lung cancer and melanoma. 
Targeted therapy and immunotherapy, such as 
PD-1 antibodies, in melanoma have led to a marked 

improvement in patients’ survival and their quality of 
life[142]. Therefore, the miRNA-target mRNA axis may 
be another novel immunotherapeutic target for cancer 
treatment. For example, STAT3 has been identified to 
play a pivotal role in a wide variety of tumor-mediated 
immunosuppression and is one of the first candidates 
that researchers assessed for potential miRNA binding. 
MiR-124 can enhance immune effector responses by 
directly inhibiting the activation of the STAT3 signaling 
pathway[28]. Because aberrant activation of STAT3 
pathway occurs in each stage of CRC tumorigenesis, 
including inflammation, adenoma and carcinogenesis, 
targeting diverse miRNA-STAT3 axes in specific 
pathological stages may improve therapeutic efficacy. 
In addition, combinational therapies are promising 
approaches for CRC immunotherapy. As shown above, 
PD-L1 is the target of miR-34. MiR-34 therapy and 
PD-L1 monoclonal antibody therapy combinations 
will elicit stronger anti-tumor immune responses. 
Furthermore, miRNAs are known to target networks 
of genes and this may provide a unique therapeutic 
advantage. Therefore, altering the expression of 
multiple miRNAs simultaneously by repressing distinct 
targets is a potential approach for CRC treatment.

Normal colonic epithelium

Inflammatory bowel disease

Neoplastic stage

Colorectal carcinoma

Better prognosis

Anti-inflammatory therapy,
e.g. , increase miR-19a

Inhibiting EMT, e.g. , increase miR-200

Eliciting anti-tumor immune responses,
e.g. , combination of miR-34a and PD-L1 

antibody

Normal colonic epithelial

Leucocytes

Neoplasia

CRC cells

CD8+ T cells 

Figure 2  MiRNA-based immunotherapy in multi-steps colorectal carcinoma tumorigenesis. Various immune-related miRNAs have been identified that 
are dysregulated during colorectal carcinoma (CRC) tumorigenesis. These findings can be used to prevent and treat CRC in different pathological stages. In IBD 
stage, miRNAs and their specific targets are ideally anti-inflammatory targets. For example, overexpression of miR-19a inhibits inflammatory response through 
targeting TNF-α. During the stage that normal colonic epithelium transforms to neoplasia, miRNA can be utilized to suppress EMT. For example, increased miR-200 
reverses EMT and represses the neoplastic cells. In the CRC stage, in addition to traditional approaches, combination of immune-related miRNAs and existing 
immunotherapeutic strategies can elicit anti-tumor immune responses. For example, combination of miR-34a and PD-L1 antibody can eliminate tumor cells through 
eliciting tumor-infiltrating CD8+ T cells. The patients with CRC receiving miRNA-based immunotherapy will have better prognosis.
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MiRNAs exhibit diverse immunomodulatory effects 
through their action on multiple mRNA species because 
they control many important immunological processes. 
Although great efforts have been made to discover the 
precise role of miRNAs in anti-tumor immune response 
regulations, there are many challenges for the 
development of miRNA-based immunotherapy. These 
challenges include screening tissue-specific profiles, 
target identification, safe delivery to specific tissue, 
off-targets and biological safety. According to previous 
reports, miRNA expression is deregulated in tumor 
tissues compared to normal tissues and each patient 
has specific miRNA profiles. Thus, the ability to identify 
distinct miRNAs to treat CRC needs to be deeply 
explored. Moreover, although many computational 
algorithms have been developed to identify potential 
targets, many critical functional miRNA targets could 
not be identified due to the inability of bio-informatics 
predictions to find miRNA binding sites with seed 
mismatches[143]. Fortunately, novel approaches have 
been developed to overcome these limitations. The 
major challenge in miRNA-based immunotherapy 
is the safe delivery to specific tissues without side 
effects. Moreover, there are challenges to ensure 
miRNAs to reach the TME rather than other organs. To 
overcome these delivery and biological safety hurdles, 
some effective and marketable strategies, such as viral 
and non-viral strategies, have been developed[144,145]. 
However, novel approaches are needed to determine 
the efficacy of immune responses in clinical appli
cations. In addition, another obstacle faced is whether 
exogenous miRNAs can precisely regulate their appeal 
targets in tumor cells. Therefore, there is a long way 
to go before we resolve many technical and biological 
challenges. Nevertheless, the successful development 
of miRNA-based immunotherapy has attracted the 
attention of many researchers.
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