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Abstract MicroRNAs (miRs) are short and highly con-

served non-coding RNAs molecules consisting of 18–25

nucleotides that regulate gene expression at post-tran-

scriptional level by direct binding to complementary

binding sites within the 30untranslated region (30UTR) of

target mRNAs. New evidences have demonstrated that

miRNAs play an important role in diverse physiological

processes, including regulating cell growth, apoptosis,

metastasis, drug resistance, and invasion. In chromosomes

11 and 22 of the miR-130 family, paralogous miRNA

sequences, miR-130a and miR-130b are situated, respec-

tively. MiR-130a has participated in different pathogenesis,

including hepatocellular carcinoma, cervical cancer, ovar-

ian cancer, glioblastoma, prostate carcinoma, leukemia,

etc. Most important of all, more and more evidences

indicate that miR-130a is associated with drug resistance

and acts as an intermediate in PI3 K/Akt/PTEN/mTOR,

Wnt/b-catenin and NF-kB/PTEN drug resistance signaling

pathways. Drug resistance has emerged as a major obstacle

to successful treatment of cancer nowadays and in this

review, we will reveal the function of miR-130a in cancer,

especially in drug resistance. Therefore, it will provide a

new therapeutic target for the treatment of cancer, espe-

cially in chemotherapy.
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Introduction

Based on the latest world cancer statistics, global cancer

burden ascends to 14.1 million new cases and 8.2 million

people cancer deaths occurred in 2012 [1]. However,

growing evidences have confirmed that miRNAs serve as

oncogenes or tumor suppressor genes, and also serve an

important role in carcinogenesis and tumor progression

[2, 3]. MiRNAs are a class of short, highly conserved non-

coding RNAs that regulate gene expression by inhibiting

translation or inducing mRNA degradation at the post-

transcriptional level [4–6]. MiRNAs participate in diverse

biological processes by directly binding to the 30untrans-

lational region (30-UTR) of target mRNAs, including

growth, metabolic processes and tumorigenesis and also in

drug resistance [7]. MiR-130a is located on chromosome

11 and its mature sequence is distributed in the nucleotide

at position 11 [8]. It has been reported that the expression

of miR-130a is aberrant in several types of cancer, over-

expressed in adult T cell leukemia (ATL) [9], basal cell

carcinoma [10], gastric cancer [11], non-small cell lung

cancer [12], osteosarcoma [13], and esophageal cancer [14]

tissue, but downexpressed in bladder [15], ovarian cancer

[16], hepatocellular carcinoma (HCC) cells [17], breast

cancer[18], cervical cancer [19], glioblastoma [20], pros-

tate carcinoma [21], and chronic lymphocytic leukemia

[22]. In different types of cancer, miR-130a has different
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roles as oncogenes or tumor suppressor gene to mediate

diverse biological processes by regulating various canoni-

cal pathways or target genes (Table 1). The data also imply

various roles of miR-130a in tumorigenesis. Furthermore,

chemotherapy is still an important treatment method for

cancer, but the intrinsic or acquired drug resistance, espe-

cially multidrug resistance (MDR) is considered to be the

major reason for chemotherapy failure; similarly, several

studies have found that miR-130a expression is also

abnormal in drug-resistant cancer cells. MiR-130a is

overexpressed in Adriamycin-resistant breast cancer [23],

platinum-resistant ovarian cancer [24], Gefitinib-resistant

non-small cell lung cancer [25], R-CHOP-resistant B-cell

lymphoma patients [26], but downexpressed in gemc-

itabine- or cisplatin-resistant hepatoma cells [27, 28], and

paclitaxel-resistant prostate cancer [29]. In addition, new

evidences indicate that miR-130a acts as an intermediate in

PI3 K/Akt/PTEN/mTOR, Wnt/b-catenin, NF-jB/TNF-a,

and NF-kB/PTEN drug-resistant signaling pathways. These

results suggest miR-130a might modulate the resistance of

cancer cells to chemotherapeutic agents. Therefore, this

review will focus on the role of miR-130a in the devel-

opment of cancer, especially in drug resistance, and on the

role to be a potential therapeutic target for cancer in future.

MiR-130a in cell proliferation and apoptosis

Increasing reports have confirmed that the miR-130a can

regulate cancer cells proliferation and apoptosis. Rab5a is a

member of the Rab subfamily of small GTPases, and its

association with diverse cellular functions, including

growth, differentiation, gene expression, and signal trans-

duction has been confirmed [30]. Moreover, overexpres-

sion of miR-130a inhibits breast cancer cell proliferation

and apoptosis by targeting Rab5a [18]. The Runt family of

transcription factors includes RUNX1, RUNX2, and

RUNX3. Runt family plays an important role in both the

natural biological processes and carcinogenesis [31].

RUNX3 is located on human chromosome 1p36 and acts as

a tumor suppressor in lung cancer, bladder cancer, and

gastric cancer [11]. MiR-130a is deemed to be a potential

oncomiR candidate in gastric cancer cells, and increases

cell proliferation and inhibits cell apoptosis by targeting

RUNX3 [11]. The mechanism may be because of the

upregulation of RUNX3 target genes, Bim and p21, which

increases cell proliferation. Some studies have also repor-

ted that miR-130a promotes cancer cell growth by targeting

NF-kB/PTEN/AKT pathway. NF-jB constitutes five sub-

units: RelA, RelB, c-Rel, p50, and p52; nuclear factor-jB

(NF-jB) is a nuclear transcription factor that regulates a

series of gene expression, associated with inflammation,

tissue damage and repair, cell differentiation, apoptosis and

tumor growth [32–36]. NF-kB may upregulate miR-130a

expression, which inhibits the expression of PTEN, and

then initiates protein kinase B (AKT) pathway activation,

consistent with promoting cell growth in cervical cancer

[37]. In addition, TNF-a is one form of TNF [38], and it

acts as a proinflammatory cytokine. Some studies showed

TNF-a could promote cell growth in low concentration

[39]. Growing evidences have also confirmed that TNF-a
can activate NF-jB activity that upregulates miR-130a

expression, and then miR-130a targets and oppositely

inhibits TNF-a expression, the negative feedback regula-

tion of NF-jB/miR-130a/TNF-a/NF-jB may provide

insight into the carcinogenesis of cervical cancer [36]

(Fig. 1).

MiR-130a in invasion and metastasis

Migration and invasion are important processes for cells,

and miR-130a has been confirmed to regulate both meta-

static and invasive activities in cancer cells. Rab5a has

been confirmed to act as an oncogene to participate in

cellular functions [18]. Moreover, Rab5a, a direct target

Table 1 miR-130a and cancer
Target gene Signaling pathway Cancer type References

NF-kB NF-kB Cervical Feng et al. [37]

TNF-a NF-kB Cervical Zhang et al. [36]

Smad4 TGF-b signaling HCC Häger et al. [43], Liu et al. [27]

PTEN PTEN/PI3K/AKT Ovarian/cervical Yang et al. [60], Feng et al. [37]

XIAP Ovarian Sasaki et al. [67]

Met NSCLC Zhou et al. [25]

Met ERK signaling Lung Acunzo et al. [72]

RUNX3 RUNX3/Wnt signaling Gastric/HCC Jiang et al. [11], Xu et al. [28]

RAB5A Breast Xiong et al. [2]

NRP1 Ovarian Chen et al. [73]

MDR/P-gp Ovarian Li et al. [62]
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gene of miR-130a, plays an accelerating role in the inva-

sion and migration. Some studies showed TNF-a could

enhance breast cancer cells invasion and metastasis by

depending on matrix metalloproteases [40]. MMPs are

family members of extracellular proteinases that regulate

cellular biological processes, including cell proliferation,

invasion, and migration [41, 42]; miR-130a inhibits cancer

cell proliferation and migration by inhibiting TNF-a
expression. Smad4, one of the direct targets of miR-130a,

plays a critical role in the TGF-b–signaling pathway [43];

moreover, downexpression of Smad4 decreases E-cadherin

expression, but increases Vimentin and MMP2 expression.

In addition, downexpression of Smad4 reverses EMT to

MET in HCC and GR cells [27]. The epithelial-to-mes-

enchymal transition (EMT) could impair cancer cells’

epithelial features transiently, including the loss of apico-

basal polarity, disintegrating tight and adherent junctions,

and obtaining mesenchymal traits, inducing higher inva-

sion and metastasis ability [44]. Consequently, we can

conclude that miR-130a inhibits Smad4 expression, and

then further regulates E-cadherin, Vimentin and MMP2

expression and reverses EMT to MET, and ultimately

inhibits cell migration and invasion. However, in gastric

cancer and osteosarcoma, miR-130a promotes cell migra-

tion and invasion by targeting RUNX3 and PTEN,

respectively. Previous findings have shown that a loss or

substantial decline in RUNX3 expression may be associ-

ated with the occurrence of gastric cancer. Furthermore,

PTEN acts as tumor suppressor [45], which regulates the

invasive and metastatic ability in osteosarcoma cells.

Overexpression of PTEN reverses the promoting effects of

miR-130a overexpression on regulating the EMT process

and metastatic behavior [46, 47]. Therefore, miR-130a may

act as an oncogene in gastric cancer and osteosarcoma to

promote cell migration and invasion (Fig. 2).

MiR-130a regulates drug susceptibility through
Wnt signaling

Cisplatin is a common chemotherapeutic drug used for

hepatocellular carcinoma. However, the resistance of hep-

atocellular carcinoma cells (HCC) to cisplatin frequently

leads to the subsequent recurrence and metastasis of can-

cer. It has been reported that miR-130a regulates cisplatin

susceptibility through Wnt signaling in cisplatin-treated

HCC cell. Wnt signaling pathway is frequently dysregu-

lated in various tumor types and plays important roles in

tumor development and progression [48]. According to the

ligand, Wnt signaling is divided into two arms: canonical

and noncanonical. Canonical Wnt signaling pathway (Wnt/

b-catenin pathway) is initially performed by the bipartite

transcription factor complex b-catenin/TCF (T cell factor)

or LEF1 (lymphoid enhancer factor) to activate or inhibit

the target genes [49, 50]. However, the noncanonical arm is

performed by activating the molecules of downstream,

such as PRKC and Rho [51]; both of them are all well-

MIR-130a

RUNX3

p21Bim

Cell proliferation/apoptosis

TNF-α
NFkB

AKT

PTEN RAB5A

Fig. 1 miR-130a significantly regulates cell proliferation and apop-

tosis. MiR-130a serves as oncogenes or tumor suppressor gene to

regulate cell proliferation and apoptosis through various signaling

pathway, including PTEN/PI3 K/ATK, NF-kB, RUNX3 signaling

pathway, etc

Fig. 2 miR-130a regulates tumor cells invasion and metastasis. MiR-

130a inhibits cancer cell proliferation and migration by inhibiting

TNF-a, Smad4, and RAB5A, Furthermore, miR-30a reverses EMT to

MET to control cell invasion and metastasis. However, miR-130a

may act as an oncogene in gastric cancer and osteosarcoma to

promote cell migration and invasion by targeting RUNX3 and PTEN

Breast Cancer (2017) 24:521–527 523

123



known molecules involved in breast cancer progression

[52]. Based on research results, it is found that the

expression of miR-130a is significantly increased in HCC

patients treated with cisplatin-based chemotherapy. Simi-

larly, miR-130a expression is also upregulated in cisplatin-

resistant Huh7 cells compared to Huh7 cells themselves;

whereas knockdown of miR-130a significantly increases

cisplatin-induced inhibition of cell proliferation [28].

Therefore, overexpression of miR-130a increases cisplatin

resistance in Huh7 cell. Furthermore, b-catenin expression

is higher in cisplatin-resistant Huh7 cells than Huh7 cells,

and little nuclear accumulation of b-catenin is found in

Huh7 cells; however, nuclear b-catenin is very obvious in

cisplatin-resistant Huh7 cells. As we all known Axin2 is a

standard marker to assess b-catenin activation, and Axin2

mRNA levels are significantly higher in cisplatin-resistant

Huh7 cells than Huh7 cells. Besides, luciferase activity

assay also shows that RUNX3 is the target of miR-130a.

Subsequently it is found that RUNX3 overexpression

inhibits miR-130a upregulation-induced cell proliferation,

and inhibition of Wnt signaling also increases the

chemosensitivity of hepatocellular carcinoma cells to cis-

platin [28]. Consequently, we can conclude that miR-130a

increases drug resistance by regulating RUNX3 and Wnt

signaling in cisplatin-treated HCC cell (Fig. 3).

MiR-130a regulates drug susceptibility through
PTEN signaling

The PTEN gene, located on chromosome 10q23.3, is

composed of 9 exons plus a 5-Kb variable exon [53], and it

is a lipid phosphatase that deletes phosphate groups from

pivotal intracellular phosphoinositide signaling molecules

[54]. In addition, PTEN counteracts the activation of PI3-

kinase by de-phosphorylating the phosphatidylinositol

(3,4,5)-trisphosphates (PIP3) [54]. Similarly, the PIP3

phospholipid restricts certain kinases in the cell membrane,

including AKT and PDK1 [55, 56]. AKT is activated in the

membrane, through the phosphorylation of serine residue

473 by the rapamycin-insensitive complex 2 (mTORC2)

[57, 58]. PTEN participates in multiple cellular functions

such as cell proliferation, differentiation, survival, metas-

tasis, and invasion by regulating the activity of the PI3 K

signaling pathway [59]. Furthermore, the loss of PTEN

function in tumor cells will result in increasing cellular

proliferation. It is found that the expression of miR-130a

and BCL-2 are significantly higher in epithelial ovarian

cancer patients treated with compared with platinum-sen-

sitive; but lower expression of PTEN in platinum-resistant

than patients treated with platinum-sensitive, which leads

to increasing cells proliferation. PTEN is a direct target of

miR-130a [60, 61] and BCL-2 is the anti-apoptotic protein

Fig. 3 miR-130a regulates drug susceptibility through Wnt signaling,

PTEN signaling and other relevant target genes. The expression of

miR-130a is significantly increased in HCC patients treated with

cisplatin-based chemotherapy, which increases cisplatin resistance in

Huh7 cell. RUNX3 overexpression inhibits miR-130a upregulation-

induced cell proliferation, and inhibition of Wnt signaling also

increases the chemosensitivity of hepatocellular carcinoma cells to

cisplatin. PTEN participates in multiple cellular functions by

regulating the activity of the PI3 K/AKT/mTOR signaling pathway.

Overexpression of miR-130a may promote the proliferation of

epithelial platinum-resistant ovarian cancer by inhibiting PTEN

expression, which activates PI3 K/AKT signal pathway that increases

BCL-2 expression to decrease tumor cell apoptosis. Furthermore,

miR-130a overexpression also increases the expression of MDR1 and

P-gp in platinum-resistant ovarian cancer cell, which are correlated

with drug resistance of tumor cells. Furthermore, miR-130a also

regulates drug susceptibility by inhibiting other relevant target genes.

Met protein is the receptor tyrosine kinase for hepatocyte growth

factors, and downexpression of Met could rescue the functions of

miR-130a to induce cell apoptosis and inverse gefitinib resistance by

inhibiting Akt and ERKs signaling. Furthermore, miR-130a could

modulate the miR-221 and miR-222 expression levels by AP1 to

increase cell apoptosis. In addition, miR-130a could inverse drug

resistance by inhibiting XIAP and regulating caspase-8
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of the PI3 K/AKT signaling pathway downstream. Over-

expression of miR-130a may regulate the proliferation of

epithelial platinum-resistant ovarian cancer by inhibiting

PTEN expression, which activates PI3 K/AKT signal

pathway that increases BCL-2 expression to decrease

tumor cell apoptosis. Furthermore, compared with A2780 s

cell, the expression of MDR1 and P-gp is significantly

higher in platinum-resistant ovarian cancer cell (A2780/

DDP), concomitant with lower expression of PTEN [62].

The overexpression of MDR1/P-glycoprotein (P-gp) has

been discovered and served as a molecular mechanism of

drug resistance [63, 64]. The ABC (ATP-binding cassette)

is drug transporter, consisting of P-glycoprotein, MRP1,

and BCRP, which is correlated with resistance of tumor

cells to anticancer drugs [63–65]. P-gp is a 170-kDa

transmembrane glycoprotein encoded by MDR1 gene on

human chromosome 7p21 [60]. Consequently, miR-130a

may be associated with drug resistance and play the role in

drug resistance pathways of PI3 K/Akt/PTEN and ABC

superfamily drug transporters in ovarian cancer cells

(Fig. 3).

MiR-130a regulates drug susceptibility
by inhibiting other relevant target genes

In addition, the target genes of miR-130a, X-linked

inhibitor of apoptosis (XIAP) and Met are all involved in

drug resistance. XIAP is one of the most potent inhibitors

of caspases and apoptosis [66]. Furthermore, XIAP acts as

an important regulator in cisplatin-induced apoptosis in

ovarian cancer cells, downexpression of XIAP sensitizes

cells to cisplatin to increase cell apoptosis [16, 67]. Met

protein is the receptor tyrosine kinase for hepatocyte

growth factors, and it has been reported that Met

expression and phosphorylation are connected with

resistance to EGFR-TKI therapies in NSCLC patients

[68, 69]. Overexpression of miR-130a increases cell

apoptosis and inhibits cell proliferation after treatment

with gefitinib in gefitinib-resistant NSCLC cell lines.

Furthermore, downexpression of Met could rescue the

functions of miR-130a to induce cell apoptosis and

inverse gefitinib resistance [25]. In addition, Met receptor

is able to directly activate Akt and ERKs signaling [70].

Indeed, the activation of MET could enhance miR-221

and miR-222 expression through JNK and AP1, and

overexpression of miR-221 and miR-222 could decrease

cell apoptosis [71]. However, overexpression of miR-130a

not only decreases Akt and ERK1/2 phosphorylation

levels in A549 lung cancer cells, but also modulates the

miR-221 and miR-222 expression levels by AP1, by

acting on MET expression. Furthermore, downexpression

of miR-221 and miR-222 could sensitize NSCLC to

TRAIL-inducing apoptosis [72]. Consequently, miR-130a

could target Met and induce TNF-related apoptosis-in-

ducing ligand (TRAIL) sensitivity in NSCLC by down-

regulating miR-221 and miR-222 expression. Besides,

miR-130a is down-regulated in paclitaxel-resistant cells,

and miR-130a overexpression could increase the sensi-

tivity to paclitaxel and inhibit cell growth by activating

apoptotic signaling through activation of caspase-8 in

paclitaxel-resistant cell line [29] (Fig. 3).

Conclusion

In this review, it is learned that miR-130a dysregulation is

a general feature in many cancers. However, miR-130

plays different roles in cancer depending on the tumor type.

In most cancers, miR-130 may act as tumor suppressor

genes to regulate tumor cells’ various biological processes,

including inhibiting cell proliferation, migration and inva-

sion, and inducing cell apoptosis. However, in gastric

cancer and osteosarcoma, miR-130a may act as an onco-

gene to promote cell migration and invasion, which may be

connected with the genes of RUNX3 and PTEN. Most

important of all, miR-130 is involved in various canonical

pathways or target genes to enhance the sensitivity of drug-

resistant cells, and then promotes cell apoptosis combined

with anticancer drug. Therefore, it is advised that miR-

130a could be regarded as a new therapeutic target in the

treatment of cancer.
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