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miR-1193 Suppresses Proliferation and Invasion of Human Breast  
Cancer Cells Through Directly Targeting IGF2BP2

Xianglei Li,1 Yanhua Li,1 and Hong Lu
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miRNAs are involved in breast cancer initiation and progression. In this study, we investigated the role of 
miR-1193, a newly found and poorly studied miRNA, in the proliferation and invasion of human breast cancer 
cells. Our results showed that compared with the adjacent tissues and MCF-10A human normal breast cells, 
miR-1193 was sharply reduced in breast cancer tissues and five breast cancer cell lines, including MDA-MB-
231, MDA-MB-468, MDA-MB-435, SKBR3, and MCF-7. The oligo miR-1193 mimic or anta-miR-1193 was 
then transfected into MDA-MB-231 and MCF-7 breast cancer cell lines. Our results showed that the miR-1193 
mimic robustly increased the miR-1193 level and decreased the proliferation and invasion in MDA-MB-231 
and MCF-7 cells. In contrast, anta-miR-1193 had an opposite effect on miR-1193 expression, cell prolifera-
tion, and cell invasion. Moreover, bioinformatic and luciferase reporter gene assays confirmed that miR-1193 
targeted the mRNA 3¢-UTR region of insulin-like growth factor 2 mRNA-binding protein 2 (IGF2BP2), an 
identified proto-oncogene. miR-1193 suppressed the protein level of IGF2BP2 and the activation of the ERK 
and PI3K/Akt signaling pathways. Moreover, suppression could be rescued by the transfection of pcDNA-
IGF2BP2. In conclusion, miR-1193 suppressed proliferation and invasion of human breast cancer cells via 
translational suppression of IGF2BP2.
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INTRODUCTION

Breast cancer greatly imperils women’s physical and 
mental health1. With the improvement of women’s health 
awareness, the difficulties in the discovery and early diag-
nosis of breast cancer have been gradually overcome2,3. 
However, it is still urgent to improve the treatment strate-
gies and investigate novel therapeutic targets.

MEK/ERK and PI3K/Akt are well-studied signaling 
pathways that are frequently dysregulated in human can-
cer as a result of genetic alterations in their expression 
levels or upstream activation of cell surface receptors3. 
They are shown to be activated by a variety of cyto kines 
and play a key role in many aspects of cancer patho-
genesis, including cell proliferation/apoptosis, invasion, 
angiogenesis, and drug resistance3–7. To date, the MEK/
ERK and PI3K/Akt pathways have been regarded as 
important diagnostic markers and therapeutic targets in 
multiple cancers including breast cancer8,9. It was proven 
that these two pathways were of high clinical relevance, 
and dual inhibition of both pathways exhibited more 

favorable efficacy and less toxicity compared with inhi-
bition of either pathway7.

miRNAs have been involved in tumor initiation and 
progression. There have been numerous reports that 
 miRNAs are associated with clinical indices of breast can-
cer such as tumor size, clinical stage, lymph node metasta-
sis, and prognosis10,11. For example, high levels of miR-21 
were associated with advanced clinical stage, lymph node 
metastasis, and patient poor prognosis12. During tumor 
initiation and progression, miRNAs functioned through 
targeting and posttranscriptionally suppressing their target 
genes, which might be proto-oncogenes or tumor sup-
pressor genes13. It was demonstrated that miRNAs targeted 
the marker genes in MEK/ERK and PI3K/Akt pathways, 
and their upstream genes could be regarded as potential  
therapeutic targets for breast and other cancers14,15.

In this study, we explore the role of miR-1193, a newly 
found and poorly studied miRNA, in breast cancer pro-
gression. We detected the expression of miR-1193 in 
human primary breast cancer tissues and adjacent normal 
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tissues, as well as in human normal breast cell lines and 
five breast cancer cell lines. We found that miR-1193 was 
sharply downregulated in the cancerous tissues and cell 
lines. Gain-and-loss function experiments were then used 
to investigate the exact role in the proliferation and inva-
sion of human breast cancer cells. Furthermore, we pre-
dicted and confirmed the relationship between miR-1193 
and insulin-like growth factor 2 mRNA-binding protein 2 
(IGF2BP2), a key cytokine receptor upstream of both the 
MEK/ERK and PI3K/Akt pathways.

MATERIALS AND METHODS

Ethical Statements

This study was approved by the ethics committee of 
Huaihe Hospital of Henan University (P.R. China). The 
subjects were informed of the experimental details, and 
they gave written consent.

Tissue Sampling

Breast cancer and matched normal adjacent tissues 
were isolated from a total of 39 primary breast cancer 
patients (50 ± 8.6 years) who underwent tumor resection 
during the last 36 months in our hospital. Patients who 
had ever received chemo- or radiotherapy, or suffered 
systemic diseases or acute splanchnic diseases, were 
excluded from this study.

Cell Culture and Transfection

Human normal breast epithelial cell MCF-10A; human 
breast cancer cell lines, including MDA-MB-231, MDA-
MB-468, MDA-MB-435, SKBR3, and MCF-7; and 
HEK293 cells were purchased from the American Type 
Culture Collection Company (ATCC; Manassas, VA, USA). 
They were cultured in RPMI-1640 medium (Gibco, Grand 
Island, NY, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco), 100 U/ml penicillin (Gibco), and 
100 U/ml streptomycin (Gibco). The cells were incubated  
at a humidified atmosphere at 37°C in a 5% CO2 incubator.

For transfection, MDA-MB-231 and MCF-7 breast 
cancer cells were subgrown in six-well plates. Upon 
reaching about 75% of confluence, 100 nM miR-1193 
mimic oligo, 100 nM miR-1193 antagomir oligo, or  
100 nM relative control oligo was transfected into the 
cells using Lipofectamine 3000 (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s instructions. 
The miR-1193 mimic, anta-miR-1193, and their control 
oligos were designed and synthesized by Ribobio Co., 
Ltd. (Guangzhou, P.R. China). The pcDNA-IGF2BP2 
was provided by Dr. Q. W. Li (College of Life Science, 
Northwest University).

Cell Proliferation

The cells were passed into six-well plates at a den-
sity of 105/per well. After transfection for 48 h, cell 

proliferation was evaluated using the cell counting kit-8 
(CCK-8; Sigma-Aldrich, St. Louis, MO, USA) assay 
according to the manufacturer’s instructions.

In Vitro Invasion Assay

Transwell invasion assay was used to detect cell inva-
sion. Cells (3 × 104) with serum-free medium were plated 
in the top chamber of the plates (Corning, Corning, NY, 
USA). Medium (plus 10% bovine fetal serum) was used 
as a chemoattractant in the lower chamber. After incu-
bation for 24 h, a cotton swab was used to remove the 

Figure 1. miR-1193 was significantly downregulated in human 
breast cancer tissues and cell lines. (A) miR-1193 was down-
regulated in breast cancer tissues. (B) miR-1193 was decreased 
in breast cancer cell lines. Breast cancer tissues and paired adja-
cent noncancerous tissues were sampled from 39 breast can-
cer patients. The expression levels of miR-1193 were detected 
in these tissues with real-time qPCR. The expression levels 
of miR-1193 were detected in human normal breast epithelial 
cell MCF-10A and human breast cancer cell lines MDA-MB-
231, MDA-MB-468, MDA-MB-435, SKBR3, and MCF-7. 
**p < 0.01 versus MCF-10A, ***p < 0.001 versus MCF-10A.
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cells that had not migrated from the upper chamber, and 
the filters were stained with 2% crystal violet. The inva-
sive cells were captured under a light microscope (100×; 
Olympus IX70; Olympus Corporation, Osaka, Japan) 
and counted.

Real-Time Quantitative PCR

Real-time qPCRs were carried out in a 25-μl system 
using SYBR Premix Ex Taq (Invitrogen), 0.5 mM of 
primers, and 200 ng of cDNA template. The primers of 
miR-1193 and U6 RNA (internal reference) were designed 
and produced by Ribobio Co., Ltd. PCR amplification 
cycles were performed using the SYBR Premix Ex Taq 
II Kit (Invitrogen). The reactions were initially denatured 
at 95°C for 1 min and followed by 30 cycles of 94°C for 

15 s and 55°C for 1 min. The transcript abundance was 
calculated using the 2−DDCt method.

Western Blotting

Total protein (25 μg) from each sample was sepa rated 
by 12% SDS-PAGE gel. The protein was transferred onto 
a PVDF membrane (Millipore, Billerica, MA, USA). The 
primary antibodies ERK (1:400; Abcam, Cambridge, 
MA, USA), pERK (1:200; Santa Cruz Biotechno-
logies, Santa Cruz, CA, USA), PI3K (1:500; Abcam), 
pPI3K (1:400; Cell Signaling Technology, Danvers, 
MA, USA), Akt (1:300; Santa Cruz), pAkt (1:200; Cell 
Signaling Technology), IGF2BP2 (1:400; Abcam), and 
b-actin (1:1,000; Abcam) were used to incubate with the 
membrane at 4°C overnight. After incubation with the 

Figure 2. miR-1193 mimic transfection suppressed the proliferation and invasion of MDA-MB-231 and MCF-7 breast cancer cell lines. 
(A) miR-1193 expression was increased greatly by the miR-1193 mimic transfection. The miR-1193 mimic inhibited the  proliferation 
of MDA-MB-231 (B) and MCF-7 (C) cells. (D) The miR-1193 mimic reduced the invasion of MDA-MB-231 and MCF-7 cells. The 
negative control (NC) mimic or miR-1193 mimic was transfected into MDA-MB-231 and MCF-7 human breast cancer cell lines. After 
incubation for 48 h, miR-1193 expression was detected with real-time qPCR, cell proliferation was detected with the CCK-8 approach, 
and cell invasion was detected with the Transwell invasion assay. *p < 0.05 versus NC mimic, **p < 0.01 versus NC mimic.
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HRP-conjugated secondary antibody (1:2,000) for 1 h at 
room temperature, proteins were analyzed with an ECL 
kit (Millipore) and analyzed with a UV transilluminator 
(Bio-Rad, Hercules, CA, USA).

3¢-UTR Luciferase Gene Reporter Assay

The 3¢-UTR sequences of human IGF2BP2 mRNA 
were amplified by PCR. The sequences were, respec-
tively, purified and inserted into a psiCHECK™-2 Vector 
(Promega, Madison, WI, USA). The negative control 
(NC) mimic and miR-1193 mimic were, respectively, 
cotransfected with psiCHECK-IGF2BP2 3¢-UTR into the 
HEK293 cells using Lipofectamine 3000 (Invitrogen). The 
cells were then incubated for 72 h, and luciferase activ-
ity was measured using a microplate reader (PT-3502; 
Potenov, Beijing, P.R. China).

Statistical Analysis

All measurements were obtained from more than three 
independent experiments. The data were expressed as 
means ± SEM. Statistics were calculated with SPSS v22.0 
(Chicago, IL, USA). Multiple comparisons were assessed 
by one-way ANOVA followed by Dunnett’s tests. A value 
of p < 0.05 was considered statistically significant.

RESULTS

miR-1193 Was Markedly Downregulated in Human 
Breast Cancer Tissues and Cell Lines

Expression of miR-1193 was detected in breast can-
cer tissues and matched adjacent normal tissues with 
real-time qPCR. The results showed that miR-1193 
was reduced by more than 50% in the cancerous tissues 
(p = 0.00031) (Fig. 1A). Then the miR-1193 level was 

Figure 3. miR-1193 antagomir increased proliferation and invasion of MDA-MB-231 and MCF-7 cells. (A) miR-1193 level was 
sharply decreased by the anta-miR-1193 transfection. (B, C) The anta-miR-1193 promoted the proliferation of MDA-MB-231 (B) and 
MCF-7 (C) cells. (D) The anta-miR-1193 enhanced the invasion of MDA-MB-231 and MCF-7 cells. The oligo control or miR-1193 
antagomir was transfected into MDA-MB-231 and MCF-7 cells. After incubation for 48 h, miR-1193 expression, cell proliferation, 
and cell invasion were detected. *p < 0.05 versus Ctrl-anta, **p < 0.01 versus Ctrl-anta.
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detected in human normal breast epithelial cell line and 
five breast cancer cell lines. miR-1193 was decreased by 
>50% in all the cancer cell lines (p < 0.01) (Fig. 1B).

miR-1193 Mimic Transfection Suppressed Proliferation 
and Invasion of Human Breast Cancer Cells

To explore the role of miR-1193 in the progression of 
human breast cancer, a NC mimic and miR-1193 mimic 
were transfected into MDA-MB-231 and MCF-7 breast 
cancer cells, respectively. The data showed that miR-
1193 expression was increased about sevenfold by the 
miR-1193 mimic transfection in both MDA-MB-231 and 
MCF-7 cells (p < 0.01) (Fig. 2A). CCK-8 and Transwell 
invasion assays showed that the miR-1193 mimic sup-
pressed the proliferation and invasion of MDA-MB-231 
and MCF-7 cells (p < 0.05) (Fig. 2B–D).

miR-1193 Silencing Promoted Proliferation  
and Invasion of MDA-MB-231 and MCF-7 Cells

Subsequently, the control oligo antagomir and miR-
1193 antagomir were transfected into MDA-MB-231 and 

MCF-7 cells, respectively. In contrast to the results from 
the miR-1193 mimic transfection, miR-1193 expression 
was decreased by about 80% in both cell lines (p < 0.01) 
(Fig. 3A). The miR-1193 antagomir sharply reduced 
proliferation and invasion of the two cell lines (p < 0.05) 
(Fig. 3B–D). These results, combined with those from the 
mimic transfection, demonstrated that miR-1193 nega-
tively regulated the proliferation and invasion of breast 
cancer cells.

miR-1193 Directly Targeted the Proto-oncogene 
IGF2BP2 to Suppress its Expression and Activation  
of the ERK and PI3K/Akt Pathways

To explore the potential mechanism from which miR-
1193 suppressed the proliferation and invasion of breast 
cancer cells, bioinformatics analysis was applied to 
search for potential targets. The output of miRDB dis-
played that the seed of miR-1193 completely matched 
with seven consecutive bases in the 3¢-UTR region of 
the IGF2BP2 mRNA sequence (Fig. 4A). The 3¢-UTR 
luciferase reporter gene assay showed that miR-1193 

Figure 4. miR-1193 directly targeted IGF2BP2 mRNA at the 3¢-UTR region. (A) The output of the miRDB online server on the bind-
ing of miR-1193 with the 3¢-UTR region of IGF2BP2 mRNA. (B) Validation of the binding of miR-1193 with IGF2BP2 mRNA by the 
3¢-UTR luciferase reporter gene assay. (C) miR-1193 suppressed the expression of the IGF2BP2 protein, and the suppression could be 
rescued by pcDNA-IGF2BP2 transfection. **p < 0.01 versus control.
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markedly suppressed luciferase activity, and pcDNA-
IGF2BP2 could rescue the suppression (Fig. 4B). To 
further verify that IGF2BP2 was the target of miR-1193, 
the miR-1193 mimic was transfected alone or cotrans-
fected with pcDNA-IGF2BP2 into MDA-MB-231 cells. 
The IGF2BP2 protein was sharply reduced by the miR-
1193 mimic transfection, and the reduction could be 
retrieved by the pcDNA-IGF2BP2 transfection (Fig. 4C). 
The ERK and PI3K/Akt pathways were downstream of 
IGF2BP2 in the carcinogenesis regulatory networks. We 
then detected the levels of ERK, PI3K, and Akt proteins 
and their phosphorylated forms after miR-1193 mimic or 
antagomir transfection. The results showed that pERK, 
pPI3K, and pAkt were sharply reduced by the miR-1193 
mimic transfection, and the reduction was rescued by the 
pcDNA-IGF2BP2 transfection, while their activation was 
markedly enhanced by the miR-1193 antagomir transfec-
tion (Fig. 5A and B).

DISCUSSION

miR-1193 was found in the melanoma miRNAome 
by miRNA deep sequencing16. To date, there has been 
no report indicating the exact role of miR-1193 in breast 
cancer progression. In this study, we report that miR-
1193 expression was distinctly downregulated in human 
breast cancer tissues and cell lines, compared with nor-
mal adjacent tissues and epithelial cell lines. Our data on 
miR-1193 mimic and antagomir transfection showed that 
miR-1193 had a suppressive effect on the proliferation 
and invasion of breast cancer cells.

Cytokines interact with cell surface receptors and 
initiate signaling cascades that promote cell growth 
and division while inhibiting the pathways of apoptotic 
cell death. IGFs, including IGF-1 and IGF2, are protein 
cytokines with high sequence similarity to insulin17. They 
form a complex system that cells use to communicate 
with their physiologic environment. The complex system 
consists of IGFs, two cell-surface receptors (IGF1R and 
IGF2R), and a family of six high-affinity IGF-binding 
proteins (IGFBP-1 to IGFBP-6) and other enzymes18,19. 
IGF2BP2 was originally isolated from a hepatocellular 
carcinoma patient, in which overexpression could induce 
a steatotic phenotype in mouse liver20. Recently, it was 
reported that the interaction of IGF2BP2 and IGF2 was 
propitious to the tumor-promoting nature of IGF221,22. 
IGF2BP2 has been regarded as a novel potential target for 
carcinogenesis regulation21. miR-1275 was shown to tar-
get IGF2BP1, IGF2BP2, and IGF2BP3, and hinder tumor 
growth in hepatocellular carcinoma23. Another example 
is that miR-126 negatively regulates endothelial recruit-
ment and metastasis in breast cancer cells by targeting 
IGF2BP224. In this study, we characterized miR-1193 as  
a targeting regulator of the IGF2BP2 gene by bioinfor-
matic and luciferase reporter assays. Our findings suggest 
that miR-1193 may be regarded as a potential target for 
breast cancer treatment.

The MEK/ERK and PI3K/Akt signaling pathways 
could be activated by a variety of cytokines that func-
tion to potentiate carcinogenesis. These cytokines include  
interleukin, colony-stimulating factor,  tumor-transforming 

Figure 5. miR-1193 suppressed activation of the ERK and PI3K/Akt pathways. (A) The blots of the key proteins in the ERK and 
PI3K/Akt pathways. (B) Statistical analysis for (A). The MDA-MB-231 cells were transfected with 100 nM NC mimic, 100 nM miR-
1193 antagomir, 100 nM miR-1193 mimic plus 4 μg of pcDNA-IGF2BP2. After incubation for 48 h, Western blotting was used to 
detect the protein levels of ERK, pERK, PI3K, pPI3K, Akt, and pAkt. *p < 0.05, **p < 0.01 versus Control.
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factors, and IGFs4,5. Our data on miR-1193 mimic and 
antagomir transfection indicated that miR-1193 negatively 
regulated the expression of IGF2BP2 and the downstream 
pathways ERK and PI3K/Akt. Moreover, the negative 
effect could be rescued by the pcDNA-IGF2BP2.

In conclusion, miR-1193 was found to be downregu-
lated in breast cancer tissues and cell lines and played a 
negative role in the proliferation and invasion of breast 
cancer cells by directly targeting IGF2BP2.
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