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miR-24 and its Role as an 
Oncogene in Cancer

Abstract
MicroRNAs (miRNAs) regulate the expression of genes involved 

in numerous cellular processes, including proliferation, metabolism, 
differentiation and apoptosis. Changes in the expression levels of 
miRNAs are associated with the development of various diseases, 
including cancer. Dysregulation of miRNA expression has been 
demonstrated to have a role in tumorigenesis and it has been revealed 
that some miRNAs can act either as oncogenes or tumor suppressors in 
cancer. miRNA-24 has been identified as an oncogene in various types 
of cancer. This review discusses the function of miRNA-24 as oncogene 
in gastric cancer, breast cancer, pancreatic cancer, lung cancer and 
leukemia. 
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miRNAs: MicroRNAs; DFS: Disease-Free Survival; RFS: 

Recurrence-Free Survival; SOCS6: Suppressor of Cytokine Signaling 
6; BCL2L11 or Bim: BCL2 like 11; EBC: Early Breast Cancer; ING: 
Inhibitor of Growth; NAIF1: Nuclear Apoptosis Inducing Factor 1; 
SOX7: Sex-Determining Region Y-box 7 

Background
MicroRNAs (miRNAs) are small non-coding RNAs that 

negatively regulate gene expression by controlling translation or 
stability of mRNAs via an RNA interference-like pathway. miRNAs 
comprise 1-3% of the human genome and regulate the expression of 
30% of human genes [1]. miRNA sequences can be located within 
the introns of protein-coding genes or in units that do not encode 
proteins, and are expressed coordinately. A few miRNA genes are 
located in gene exons. 

One of the main functions of miRNAs is the silencing of 
gene expression, which occurs through binding of an miRNA to 
complementary sequences in the 3’ Untranslated Region (3´UTR) 
of target mRNAs [2,3]. Many studies have demonstrated that 
miRNAs are associated with various cellular functions and important 
biological processes, such as development, hematopoiesis, aging and 
certain endocrine pathways. These small molecules also function as 
important regulators in the progression of many human diseases, 
including heart disease and cancer [4,5]. miRNAs can have oncogenic 
or anti-cancer effects by targeting tumor suppressor genes or 
oncogenes, respectively, whereby dysregulation and dysfunction of 
the gene expression can lead to the development and proliferation 
of cancer cells [4]. Recent research indicates that miRNAs have 
important roles in various aspects of cancer biology, including cell 
proliferation, angiogenesis, apoptosis, invasion, metastasis and 
drug resistance [4], miRNA (miR)-24 is one of the best known 
cancer-associated miRNAs and it is considered to be an oncomiR. 
The overexpression of miR-24 has been reported in various types of 
human cancer, including breast cancer [6], pancreatic cancer, lung 
cancer [7], gastric cancer and leukemia [8,9].

Data published in  a meta-analysis from 2018 suggested that 
alteration in the expression levels of miR-24 in various types of cancer 
may predict shorter survival [Hazard ratio, 2.49; 95% confidence 
interval, 1.84-3.37; P=0.0002]. This association was predominantly 
observed in cancers of the digestive system, in which high expression 
of miR-24 indicated poor prognosis. This study also analyzed the 
association of tumor progression, Disease-Free Survival (DFS) and 
Recurrence-Free Survival (RFS) with the levels of miR-24 expression. 
This meta-analysis suggested that high expression of miR-24 may be 
associated with poor DFS, RFS and tumor progression [10].

The aim of this review is to know the role of miR-24 as an 
oncogene in different types of cancer, For this purpose, a search was 
made for articles indexed from 2015 to the date in which information 
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Figure 1: Expression of miR-24 and certain target genes in different types of 
cancer. Overexpression of miR-24 leads to a decrease in the expression of 
genes such as BCL2L11, SOCS6, ING5, NAIF1 and SOX7 that participate 
in important processes, including cell proliferation and apoptosis in different 
types of cancer. miR-24, microRNA-24; BCL2L11, BCL2 like 11; SOCS6, 
suppressor of cytokine signaling 6; ING5, inhibitor of growth 5; NAIF1, 
nuclear apoptosis inducing factor 1; SOX7, sex-determining region Y-box 7.
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was provided about miR-24 and its role as an oncogene in the 
carcinogenic process.

We can observe some target genes of miR-24 in different types 
of cancer (Figure 1). The overexpression of miR-24 leads to decrease 
in the expression of genes that involves in important processes in 
the development of carcinogenesis such as cell proliferation and 
apoptosis. In the following lines we will talk about some of them.

miR-24 in Gastric Cancer
The miR-23a/27a/24-2 cluster is made up of three miRNAs that 

are considered to be oncogenes in gastric cancer. It has been proposed 
that this cluster of miRNAs controls the cell cycle, proliferation, 
differentiation and cell death [11]. miR-23a and miR-24-2 have been 
reported to be overexpressed in gastric cancer tissue samples. The 
degree of alteration among miR-23a, miR-24 and miR-27 is variable; 
however, the overexpression of these miRNAs is consistent [11].

Transfection of gastric cancer cells with miR-23a, miR-24 
and miR-27a inhibitors resulted in decreased cell growth. These 
observations indicate that miR-23a, miR-24 and miR-27a induce 
tumor development by promoting cell growth [11]. It has been 
proposed that miR-23a and miR-24 may regulate the progression 
of gastric cancer by reducing the expression of the target gene, 
suppressor of cytokine signaling 6 (SOCS6). A decrease in the 
expression of SOCS6 increases the activation of signals that promote 
cell proliferation and inhibit apoptosis, which may be associated with 
the reduced survival of patients with gastric cancer [11]. miR-23a, 
miR-24 and miR-27 could be useful targets for the development of 
alternative gastric cancer therapies [11]. 

In vivo and in vitro assays have demonstrated that miR-24 directly 
targets BCL2 like 11 (BCL2L11; also known as Bim), which is an 
important regulator of apoptosis. Zhang et al. analyzed the expression 
of miR-24 and BCL2L11 in gastric cancer tissue samples [8], noting 
that miR-24 was overexpressed and expression of BCL2L11 was 
decreased, resulting in increased cell proliferation and migration, and 
reduced apoptosis. In vivo studies have shown that overexpression 
of miR-24 accelerates tumor growth, while growth is inhibited by 
BCL2L11 overexpression. miR-24 and BCL2L11 may be important 
targets for future clinical research in gastric cancer [8].

The aforementioned studies suggest that miR-24 has targets genes 
involved in important processes associated with the development of 
gastric cancer (cell proliferation and apoptosis). Two of the genes 
that may be involved are SOCS6 and BCL2L11. miR-24 could be 
considered a therapeutic target in gastric cancer, as suppressing the 
expression or action of miR-24 would result in increased expression 
of its targets genes, potentially leading to reduced cell proliferation 
and enhanced apoptosis. These events could improve the prognosis 
in patients with gastric cancer.

miR-24 and Breast Cancer
miRNAs have an important role in the progression of breast cancer 

and could serve as useful cancer biomarkers. NanoString technology 
was used to analyze the expression of 800 miRNAs in plasma samples 
from patients with primary and metastatic breast cancer, with 
29 miRNAs identified to be differently expressed in patients that 
developed metastasis compared with non-metastatic patients. Of 

these miRNAs, 24 were overexpressed and 5 were down regulated. 
miR-24 was overexpressed in the plasma and breast cancer tissue of 
patients with metastases compared with non-metastatic patients [12]. 
This overexpression as associated with advanced stage cancer and the 
triple negative/basal. Patients that exhibited overexpression of miR-
24 in primary tumors had a significantly lower survival rate compared 
to patients with low expression of miR-24 [12]; thus, miR-24 may be 
a involved in the development of metastasis in patients with breast 
cancer. This study also analyzed the gene expression in samples low 
and high miR-24 expression; in the samples with high expression of 
miR-24, 2,128 genes were upregulated and 1,190 genes downregulated 
compared with the low miR-24 samples. The differential analysis 
of gene expression showed that the main deregulated genes had 
functions in pathways associated with cancer and metastasis, such 
as survival, migration and proliferation [12]. miR-24 has been linked 
to the progression of breast cancer in several studies, and has been 
shown to regulate genes that control DNA damage repair and cell 
cycle progression [6,12-14].

One of the most important goals in breast cancer research is 
to identify patients that present with ‘Early Breast Cancer (EBC)’ 
as soon as possible and to determine which patients have a higher 
risk of relapse [13]. In a study by Basova et al. [13], four oncomiRs 
(miR-24, miR-19a, miR-155 and miR-181) and one tumor suppressor 
miR (let-7a) were identified in patients with EBC. The expression of 
these miRNAs was different between EBC patients with high and low 
relapse rates. Measuring the expression of miR-24, miR-19a, miR-155 
and miR-181, and let-7a in patients with EBC could help to establish 
whether adjuvant therapy is required [13]. miR-155 and miR-24 were 
measured in serum from patients with Ki-67-positive tumors; these 
measurements were able to allows predicting the risk of relapse and 
could be used to help determine the most appropriate therapy for 
patients with EBC in the future [13]. Furthermore, combining the 
measurements of oncomiRs levels with the expression of Ki-67 could 
determine the risk of relapse in patients with EBC [13].

EBC refers to breast cancer that has not yet spread to axillary 
lymph nodes. Certain factors, including hormone receptors, and 
markers such as Her2 and Ki67, can help predict the risk of relapse in 
patients with EBC; however, these methods are imprecise. The search 
for new biomarkers has indicated that miRNAs could help determine 
the risk of relapse with more precision. One of the miRNAs that could 
be useful is miR-24, as expression is low when a tumor is removed; 
therefore, its re-expression is associated with relapse in patients with 
breast cancer. Measuring the levels of miR-24 and other miRNAs, 
such as miR-155, may be independent risk factors that when used 
together with standardized risk factors might help identify patients 
with breast cancer that have a high risk of relapse and metastasis 
development.

The Inhibitor of Growth (ING) genes are a family of tumor 
suppressor’s genes that are involved in several cellular processes, 
such as apoptosis, cell cycle regulation and chromatin remodeling 
[15]. ING5 is a member of the ING family with unknown function 
and regulation; however, downregulation of ING5 expression has 
been commonly observed in different cancer types [16]. It has been 
proposed that the expression of ING5 is decreased in breast cancer 
tissue samples [6]. Cui et al. determined the expression of ING5 after 
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overexpressing and inhibiting miR-24 in breast cancer cell lines. Cell 
proliferation was increased and apoptosis was decreased in MCF-7 
cells transfected with miR-24 mimics. The opposite effect occurred in 
transfected MCF-7 cells with miR-24 inhibitors. These results suggest 
that miR-24 decreases the expression of ING5, leading to an increase 
in cell proliferation and decrease in apoptosis in cells with breast 
cancer cells; thus, miR-24 and ING5 have opposing effects on cell 
proliferation, invasion and apoptosis in breast cancer [6].

miR-24 and Pancreatic Cancer
Pancreatic cancer has a high incidence worldwide, accounting for 

~3% of all cancers in the United States, with a very low survival rate 
(<5%) [17]. miR-24 is overexpressed in pancreatic cancer. Luciferase 
assays have shown that Bim (also known as BCL2L11) is direct target 
of miR-24. BCL2L11 belongs to the BCL2 family of proapoptotic 
genes, however its biological function is not fully established [18]. 

An increase in miR-24 and decrease in BCL2L11 expression 
have been demonstrated in pancreatic cancer cells, resulting in cell 
proliferation and reduced apoptosis [18]. It has been proposed that 
cell growth, apoptosis and ring formation of vascular endothelial cells 
are regulated by miR-24 and BCL2L11. Animal models have been 
used to demonstrate that miR-24 promotes the growth of pancreatic 
tumors, and that BCL2L11 inhibits tumor growth. A study infected 
pancreatic cancer cells with lentivirus particles to overexpress miR-24 
or BCL2L11, and the cells were then implanted into immunodeficient 
mice. Tumor size was increased in mice implanted with cells that 
had high expression of miR-24, and tumor growth was inhibited by 
overexpression of BCL2L11. These tumor implantation experiments 
in mice provide strong evidence that miR-24 and BCL2L11 regulate 
tumor growth in pancreatic cancer [18]. 

miR-24 and Lung Cancer
Each year, ~1.61 million new cases of lung cancer are diagnosed, 

with ~1.38 million deaths. Non-small cell lung cancer in the most 
common lung cancer subtype, accounting for ~85% of cases [19]. 

Little is known about the role of miR-24 in non-small cell 
lung cancer. A study by Le et al. identified that miR-24 expression 
was higher in the serum of patients with lung cancer patients 
than in healthy controls [7]. Zhao et al. reported that miR-24 was 
overexpressed in serum samples and tissue samples from patients 
with non-small cell lung cancer [20]. Additionally, overexpression of 
miR-24 in serum was associated with shorter survival in patients with 
non-small cell lung cancer. This study also analyzed the mechanisms 
by which miR-24 may participate in the development of non-small 
cell lung cancer, and it was determined that miR-24 acts as oncomiR 
by regulating the expression of Nuclear Apoptosis Inducing Factor 1 
(NAIF1), which results in increased cell proliferation; thus, miR-24 
may be a useful a biomarker for the prognosis of non-small cell lung 
cancer [20].

Yan et al. analyzed the expression of miR-24 and sex-determining 
region Y-box 7 (SOX7) in lung cancer cell lines [21]. Cell proliferation 
was analyzed in A549 cells transfected with miR-24 mimics, which 
increased in cell proliferation, and the opposite effect was observed in 
A549 cells transfected with miR-24 inhibitors, suggesting that miR-24 
increases the proliferation of lung cancer cells [21]. Luciferase assays 

confirmed that SOX7 is direct target of miR-24-3p. Additionally, 
miR-24 was shown to increase xenograft tumor growth in mice by 
targeting SOX7. These results provide evidence that miR-24 may have 
an oncomiR function in lung cancer by targeting SOX7 [21]. 

miR-24 and Leukemia
Acute leukemia is the most common childhood cancer. Previous 

studies have identified the processes by which miR-24 is involved 
in hematopoiesis and the differentiation of hematopoietic cell 
lines; however, few studies have investigated the role of miR-24 in 
acute leukemia. Organista et al. analyzed the expression of miR-24 
in patients with acute leukemia [9], noting that patients with acute 
leukemia had increased expression of miR-24 compared to healthy 
subjects. Furthermore, the expression levels of miR-24 were higher 
in patients with acute myeloid leukemia than in patients with acute 
lymphoid leukemia.

It has also been reported that there is a significant correlation 
between miR-24 expression levels and the risk of relapse in patients 
with acute leukemia. Patients with high expression of miR-24 have 
a significantly higher risk of relapse compared to patients with low 
expression of miR-24. Furthermore, acute leukemia patients with 
high expression of miR-24 tend to have shorter survival compared 
to patients with low expression of miR-24 [9]. Thus, high expression 
of miR-24 is associated with poor prognosis and short survival 
in patients with acute leukemia. miR-24 may be an independent 
prognostic marker that is able to determine the clinical behavior of 
patients with acute leukemia [9]. 

Conclusion
Dysregulation of miRNAs expression has been reported to be 

associated with carcinogenesis, invasion and metastasis. miRNAs can 
be detected and measured in serum, plasma and tissue from patients 
with cancer, and thus be used as biomarkers; however, more research 
is required so that they can be used clinically. Previous studies have 
revealed associations between the levels of expression of various 
miRNAs and the prognosis of cancer patients. 

miR-24 is an miRNA that is considered to be an oncomiR as it 
is overexpressed in different types of cancer, such as gastric cancer, 
where it decreases the expression of SOCS6 resulting in increased 
cell proliferation and decreased apoptosis. In breast cancer, the 
overexpression of miR-24 is associated with the development 
of metastasis and the risk of relapse. It is also associated with 
the regulation of genes such as ING5 that control the cell cycle, 
proliferation and apoptosis in this type of cancer. In pancreatic 
cancer, the overexpression of miR-24 leads to the decrease in 
BCL2L11 expression, and in lung cancer, miR-24 decreases NAIF1 
and SOX7 expression, which alters cell proliferation and apoptosis. 
Finally, in leukemia overexpression of miR-24 is associated with poor 
patient prognosis and reduced survival duration.

All the findings discussed above indicate that miR-24 regulates the 
expression of genes involved in key processes of carcinogenesis, such 
as cell proliferation and apoptosis. The overexpression of miR-24 may 
be a predictor of poor prognosis and, together with the measurement 
of other established markers for each type of cancer, could be used 
to help improve the survival and prognosis of patients with cancer. 
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Perspectives
A clear understanding of the mechanisms by which miR-24 acts 

an oncogene could allow miR-24 to be used as a prognostic marker; 
however, further studies are required corroborate this.

More basic and clinical research is required to fully understand the 
regulation and role of miR-24 in cancer. With a clear understanding 
of the molecular mechanisms that regulate miR-24, this miRNA 
could potentially be used as a therapeutic target for different types 
of cancer, as it has been established that miR-24 is involved in the 
regulation of genes that mediate key signaling pathways during the 
development of metastasis. The measurement of miR-24 expression 
levels could help to identify patients at high risk of relapse and those 
with poor prognosis.
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