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Figure 3. The effects of miR-935 on cell migration and invasion. A and B: Transwell assay showing the number of 
migrated cells in different transfection groups. C and D: Transwell assay showing the number of invaded cells in 
different transfection groups. E and F: The expression levels of E-cadherin, N-cadherin, and vimentin in different 
groups determined by qRT-PCR and western blot. Error bars indicate means ± SD. *, P < 0.05 and **, P < 0.01 
(compared with control group).

invasion by targeting IGF-1, we knocked down 
IGF-1 using IGF-1-specific siRNA (si-IGF-1). As 
shown in Figure 5A and 5B, the expression of 

IGF-1 significantly decreased after si-IGF-1 
transfection compared with that in the control 
group (P < 0.01), indicating that IGF-1 was suc-
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Figure 4. IGF1 was a direct target of miR-3941. A: The results predicted by TargetScan (http://www.targetscan.org/). 
B: Luciferase report assay showing that miR-3941 can directly target the 3’UTR of IGF1. C: The expression of IGF1 in 
different transfection groups as determined by qRT-PCR. D: The expression of IGF1 in different transfection groups 
as determined by western blot. Error bars indicate means ± SD. *, P < 0.05 and **, P < 0.01 (compared with the 
control group).

cessfully knocked down. In addition, we found 
that the inhibitory effects of miR-3941 overex-
pression on cell migration and invasion were 
reversed when cells were co-transfected with 
the miR-3941 mimic and si-IGF-1 (P < 0.05; 
Figure 5C-F). Moreover, the increased expres-
sion of E-cadherin and decreased expression  
of N-cadherin and vimentin, induced by miR-
3941 overexpression, were significantly rever- 
sed when cells were co-transfected with the 
miR-3941 mimic and si-IGF-1 (P < 0.05; Figure 
5G and 5H). Besides, the effects of miR-3941 
suppression on cell migration, cell invasion, 
and the EMT-related proteins were also rever- 
sed when the cells were co-transfected with 
the miR-3941 inhibitor and si-IGF-1 (P < 0.05; 
Figure 5C-H). These data indicated that the 
overexpression of miR-3941 regulated the 
migration, invasion, and EMT-related proteins 
in breast cancer cells, possibly by targeting 
IGF-1.

Discussion

In the current study, inverse expression of  
miR-3941 (downregulated) and IGF-1 (upregu-
lated) was observed in breast cancer tissues 
and cells. The overexpression of miR-3941 sig-
nificantly inhibited the breast cancer cell viabil-
ity and suppressed migration and invasion. In 
addition, IGF-1 was shown to be the target of 

miR-3941, and IGF-1 expression was negati- 
vely regulated by miR-3941. The knockdown  
of IGF-1 significantly reversed the inhibitory 
effects of miR-3941 overexpression on cell 
migration, invasion, and EMT-related proteins. 
These data imply that the crucial roles of miR-
3941 in breast cancer may be due to targeting 
IGF-1. 

In a previous study, IGF-1 was shown to play 
mitogenic and anti-apoptotic roles in mammary 
epithelial cells, thus contributing to the breast 
cancer progression [19]. IGF-1 is a crucial regu-
lator of the cell growth and is widely involved in 
the initiation and progression of breast cancer 
[20]. IGF-1 can upregulate cysteine-rich angio-
genic inducer 61 (Cyr61) through activation of 
the protein kinase B (also known as Akt)/ 
phosphoinositide 3-kinase (PI3K) pathway, 
thus inducing breast cancer cell growth and 
invasion [21]. IGF-1 can also activate human 
ether-à-go-go (hEAG) K+ channels and subse-
quently contribute to the cell proliferation in 
breast cancer [22]. In addition, IGF-1 is also 
identified as a key regulator mediating the acti-
vation of matrix metalloproteinases (MMPs), 
thus contributing to an increased invasive 
potential of breast cancer cells [23]. IGF-1 can 
also induce the secretion of MMP-2, thereby 
contributing to the cell invasion and angiogen-
esis of breast cancer cells [24]. In our study, 
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Figure 5. The effects of IGF1 on the migration and invasion of breast cancer cells. A and B: The expression of IGF1 
after si-IGF1 treatment. C and D: Transwell assay showing the number of migrated cells in different groups. E and 
F: Transwell assay showing the number of invaded cells in different groups. G and H: The expression levels of E-
cadherin, N-cadherin, and vimentin in different groups. Error bars indicate means ± SD. *, P < 0.05 and **, P < 
0.01 compared with the control group. #: P < 0.05 compared with Inhibitor group.

IGF-1 was found to be the target of miR-3941, 
and IGF-1 expression was negatively regulated 
by miR-3941. The overexpression of miR-3941 
significantly inhibited the breast cancer cell 
viability and suppressed migration and inva-
sion. Although the roles of miR-3941 in breast 
cancer, as well as the relationship between 
miR-3941 and IGF-1, have not been reported 
previously, our results prompt us to speculate 
that miR-3941 may inhibit the viability, migra-
tion, and invasion of breast cancer cells via tar-
geting IGF-1.

Furthermore, EMT is a crucial event in cancer 
progression and metastasis [25]. EMT markers 
such as E-cadherin [26], N-cadherin [27], and 
vimentin [28] have been found to regulate the 
invasion and metastasis of breast cancer. In 
addition, it has been reported that IGF-1 can 
induce the activation of the latent transforming 
growth factor beta 1 (TGF-β1), thereby causing 
and promoting the invasion of breast cancer 
[23]. CCN6 (WISP3), a cysteine-rich secreted 
protein, decreases the zinc finger E-box-binding 
homeobox 1 (ZEB1)-mediated EMT and inva-
sion in breast cancer via suppression of IGF-1 
receptor signaling [29]. IGF-1 can enhance the 
mortality risk in women with breast cancer 
through regulating EMT [30]. In our study, the 
expression of E-cadherin was significantly 
upregulated after miR-3941 overexpression in 
comparison with that in the scramble group  
or control group, while the expression of 
N-cadherin and vimentin was downregulated. 
In addition, the knockdown of IGF-1 significant-
ly reversed the inhibitory effects of miR-3941 
overexpression on cell migration, invasion, and 
EMT-related proteins. Thus, we speculate that 
miR-3941 may play vital roles in regulating 
migration, invasion, and EMT-related proteins 
in breast cancer cells, possibly by targeting  
IGF-1. Evidence from clinical evaluation has 
revealed that increased IGF-1 levels are strong-
ly correlated with a high risk and poor outcome 
of breast cancer [31, 32], implying the clini- 
cal significance of miR-3941 and IGF-1. Further 
studies are still required to confirm our find- 
ings. 

In conclusion, our findings reveal that miR-
3941 is downregulated in breast cancer cells, 
and downregulation of miR-3941 may promote 
the breast cancer cell proliferation, migration, 
and invasion through not targeting IGF-1. miR-
3941 and IGF-1 may serve as diagnostic mark-
ers or potential targets for breast cancer 
treatment.
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