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Abstract: Recently, miR-124 has been regarded as a critical modulator of colorectal cancer. 

We here summarize the studies on the role and mechanism of miR-124 in colorectal cancer. 

They indicate that miR-124 is methylated during carcinogenesis and functions as a tumor-

suppressor in colorectal cancer. miR-124 might serve as a potential diagnostic biomarker and 

therapeutic target in colorectal cancer in the foreseeable future.
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Introduction
Colorectal cancer (CRC), the third leading cause of cancer death worldwide, hits 

nearly 1.2 million people each year with a 5-year survival rate of 62%. Chromosomal 

abnormalities, epigenetic alterations, and environmental factors may contribute to the 

pathogenesis of CRC. Identification of key molecules involved in the disease process 

is helpful to find more effective therapeutic targets for CRC patients. miR-124 is the 

most abundantly expressed miRNA in the brain and also expressed in other tissues. 

Three subtypes of miR-124, namely, miR-124-1, miR-124-2, and miR-124-3, have 

been identified with distinct chromosome locations. Mature miR-124 shares completely 

identical sequence in humans, mice, and rats. miR-124 is involved in many biological 

processes such as affecting biological functions of the central nervous system, emerging 

as a critical modulator of immunity and inflammation, and acting as a negative regulator 

of osteogenic differentiation of stem cells, and so on.1 Recently, miR-124 has emerged 

as a crucial modulator of carcinogenesis.2 Especially, miR-124 may act as a potential 

diagnostic biomarker and therapeutic target in CRC.

miR-124 in CRC
Ueda et al3 found that three miR-124 genes are methylated during carcinogenesis in 

patients with ulcerative colitis. The methylation level of miR-124-3 could be recognized 

as a valuable marker for estimating individual risk for CRC. Zhang et al4 reported 

that miR-124 is significantly downregulated in CRC compared to adjacent non-tumor 

colorectal tissues. Downregulation of miR-124 in the mucosa samples is an independent 

prognostic factor in patients with CRC.5 Also, low level of serum miR-124 is reported 

to be correlated with poor prognosis in CRC patients.6

Growing evidence has implicated that miR-124 plays a tumor-suppressive role in 

the development of CRC. CRC is a major complication in patients with inflammatory 

bowel disease (IBD). Long chronic inflammation is able to induce miR-124 methylation 

and contributes to the higher epidemiologic risk of cancer. STAT3 is hyper-activated in 

the colonic tissues of IBD and CRC. STAT3 induces and maintains a pro-carcinogenic 
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inflammatory microenvironment, completing the link 

between inflammation and cancer.7 Aberrant activities of 

STAT3 actively contribute to CRC, especially persistent 

STAT3 activation in colon cancer is associated with enhanced 

cell proliferation and tumor growth.8 miR-124 could target 

and inhibit STAT3 activation, therefore is able to suppress 

the growth of human CRC.4

Many other effects and targets of miR-124 in the control 

of CRC have been identified:

1. Changing genetic susceptibility to CRC by miR-124 

variation. Pri-miR-124 rs531564 polymorphism is a 

common polymorphism (rs531564, C.G), which is 

significantly associated with the decreased risk of CRC 

and may act as a genetic modifier for developing CRC.9 

Mutants of pre-miR-124-1 rs531564 increase recurrent 

risk in surgically resected CRC individuals receiving 

adjuvant chemoradiotherapy.10

2. Counteracting the Warburg effect by targeting pyruvate 

kinase muscle (PKM)-dependent glycolysis regulation. 

Warburg effect is the “addiction” of cancer cells to 

fermentative glycolysis. PKM2 is a tumor-specific 

isoform and promotes Warburg effect. miR-124 switches 

PKM gene expression from PKM2 to PKM1, resulting 

in the suppression of the glycolysis rate.11 Interestingly, 

Taniguchi et al12 reported that miR-124 contributes to the 

maintenance of Warburg effect in colon cancer cells by 

regulating positive feedback circuit of DEAD-box RNA 

helicase 6 (DDX6)/c-Myc/polypyrimidine tract-binding 

protein 1 (PTB1), indicating that miR-124 is a fine tuner 

of the Warburg effect.

3. Inhibiting DNA synthesis and proliferation of CRC cells 

by targeting the inhibitor of apoptosis-stimulating protein 

of p53,13 reducing the levels of pentose phosphate pathway 

enzymes phosphoribosyl pyrophosphate synthetase 1 

and ribose-5-phosphate isomerase-A mRNAs,14 and 

modulating miR-124-p63 feedback loop.15

4. Inducing apoptosis and autophagy by targeting PTB1/

PKM1/PKM2 feedback cascade,16 inhibiting STAT3,4 

and regulating the positive feedback loop between miR-

124 and PKM1/hepatocyte nuclear factor 4α in CRC.17

5. Suppressing migration and invasion in several CRC 

cell lines via negatively regulating KAI1 C-terminal 

interacting tetraspanin18 and rho-associated protein 

kinase 1 (ROCK1).19,20

6. Enhancing radiosensitivity of human CRC cells by 

targeting paired-related homeobox 121 and increasing 

sensitivity to chemotherapy by directly targeting DNA 

methyltransferase 3B and indirectly targeting DNMT1 

in CRC cells.22

Conclusion
A summary schema of miR-124 signaling in CRC is indicated 

as Figure 1. Due to multiple effects and multiple targets 

in the control of CRC, miR-124 is obviously superior as 

a therapeutic target in the foreseeable future. The clinical 

application of stable miR-124 mimic or inhibitor might be 

practicable. For instance, nanomaterials are increasingly 

distinguished as highly potential drug delivery systems 

for cancer treatment. Nanoparticles are able to carry and 

release the anticancer drug in the right place and with the 

Figure 1 mir-124 in colorectal cancer. 
Note: In CRC, miR-124 produces tumor suppressive role by targeting STAT3 to inhibit inflammation, changing genetic susceptibility, counteracting Warburg effect, inducing 
apoptosis and autophagy, and so on.
Abbreviations: crc, colorectal cancer; DDX6, DeAD-box rNA helicase 6; DNMT, DNA methyltransferase; HNF4α, hepatocyte nuclear factor 4α; iAsPP, inhibitor of 
apoptosis-stimulating protein of p53; KiTeNiN, KAi1 c-terminal interacting tetraspanin; PKM, pyruvate kinase muscle; PrPs1, phosphoribosyl pyrophosphate synthetase 1; 
PrrX1, paired-related homeobox 1; PTB1, polypyrimidine tract-binding protein 1; rPiA, ribose-5-phosphate isomerase-A; rOcK1, rho-associated protein kinase 1.
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required dose, greatly reducing toxicity and side effects.23,24 

Combining nanomaterials and miR-124 might be a poten-

tial anticancer strategy. Future research is being directed to 

regulate miR-124 level to offer new therapeutic avenues for 

the treatment of CRC.
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