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Abstract 

Background: MiR-218-5p is a small non-coding RNA acting as either oncogenes or tumor 

suppressor genes in human cancer. The expression levels of some miRNAs in human breast cancer 

plays a potential role in disease pathogenesis.  

Methods: Thirty pairs of invasive ductal carcinoma and adjacent specimens were included in the 

study. Breast tissues cell lines MCF-7 and MDA-MB-231 were identified as a breast cancer 

research cell line. MiR-218-5p mimics, miR-218-5p inhibitor, or negative controls were 

transfected. Specific antibodies were probed with LRIG1, ErbB2, and EGFR. Proliferation, 

migration, cell cycle and apoptosis, dual-luciferase reporter assay and immunohistochemistry were 

used to analyze miR-218-5p、LRIG1 and so on. 

Results: It was shown that miR-218-5p expression was higher in 30 breast cancer specimens than 

adjacent normal breast tissues. In human breast cancer cells MCF-7 and MDA-MB-231, restoring 

miR-218-5p promoted cell proliferation and migration and inhibited cell apoptosis and cell cycle 

arrest in the G1 stage. Luciferase assays indicated miR-218-5p could                  

bind with its putative target site in the 3'-untranslated region (3'-UTR) of LRIG1. RT-qPCR, 

western blot, and immunocytochemistry analyses all indicated miR-218-5p overexpression results 

in LRIG1 downregulation at the mRNA and protein levels. ErbB2 and EGFR were found to be 

downstream effectors of miR-218-5p.   

Conclusion: MiR-218-5p promotes ErbB2 and EGFR expression by inhibiting LRIG1 in breast 

cancer cells, which suggests miR-218-5p and LRIG1 may act as an oncogene in breast cancer and 

it could be used as a therapeutic target for breast cancer treatments.  
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Introduction 

  MicroRNAs (MiRNAs) are a class of 19-24-nucleotide-long non-coding RNAs that repress 

gene expression in one of two manners: by inhibiting mRNA translation or promoting mRNA 

degradation. During the last few years, increasing evidence has indicated miRNAs are involved in 

a wide range of biological processes, including cell proliferation, apoptosis, and migration [1–3]. 

Regarding cancers, miRNAs have also been found to play important tumor suppressor or 

oncogene roles according to their expression levels and the involved downstream targets [4–6]. 

Recently, miR-218-5p was reported to act as a tumor suppressor in many human cancers, such as 

hepatocellular carcinoma, renal cell carcinoma, and gastric, oral, and bladder cancers [7–11]. 

However, the precise molecular mechanism through which miR-218-5p influences breast cancer 

progression remains largely unknown, indicating further investigation is required. 

  LRIG1, a member of the LRIG family of transmembrane leucine-rich repeat proteins, is a 

negative regulator of several oncogenic receptor tyrosine kinases, including all members of the 

ErbB family [12–14] as well as the Met [15] and Ret receptors [16]. LRIG1 is broadly expressed in 

healthy tissue [17], but its expression decreases in cancers such as renal cell carcinoma [18], cervical 

cancer [19], and breast cancer [14]. Relieving LRIG1-mediated negative regulation in LRIG1 

knock-out mice results in ErbB [20, 21] and Met [21] receptor up-regulation in the intestinal 

epithelium, underscoring the physiological significance of the receptor negative regulation 

performed by LRIG1 [21].       

  This study first demonstrated that miR-218-5p expression was significantly elevated in breast 

cancer specimens relative to normal tissues. This overexpression promoted MCF-7 and 

MDA-MB-231 breast cancer cell proliferation and migration, as well as inhibiting cell apoptosis 

and disrupting the cell cycle by targeting LRIG1. These results indicated that miR-218-5p 

functions as a tumor promoter gene whose dysregulation may be involved in the development of 

human breast cancer.  

 

 

 

 



Materials and Methods 

Human breast cancer specimens 

  30 paired breast cancer specimens and adjacent normal breast tissues were collected from the 

Department of General Surgery of the Shanghai Tenth People's Hospital (Shanghai, China). One 

of these samples was immediately snap-frozen in liquid nitrogen. Other tissues were 

formalin-fixed and paraffin-embedded. All samples were confirmed as invasive ductal breast 

cancer by trained pathologists. No patients had received chemotherapy or radiotherapy prior to 

surgery. The investigation was approved by the ethics committee at Shanghai Tenth People's 

Hospital, and informed consent for the use of the postsurgery samples was obtained from the  

donors who were patients with breast invasive ductal carcinoma. 

 

Cell lines and transfection 

  Human breast cancer cell lines MDA-MB-231, MDA-MB-468, HCC1937 and MCF-7 were 

acquired from the American Type Culture Collection (ATCC), and MCF-10A cells were purchased 

from the Chinese Academy of Science at Shanghai (Shanghai, China). Cells were grown in 

Dulbecco's modified Eagle's medium (DMEM; Gibco, USA) supplemented with 10% fetal bovine 

serum (FBS; Gibco), penicillin (100 U/ml), and streptomycin (100 μg/ml) (Enpromise, China). 

Cells were incubated at 37 ℃ in a humidified chamber with 5% supplemental CO2. 

  For transfections, 2×105 cells were added to each well of a 6-well plate and cultured with 

DMEM medium without either serum or antibiotics. When MCF-7 and MDA-MB-231 breast 

cancer cells reached 30–40% density, miR-218-5p mimics/negative control (NC), miR-218-5p 

inhibitor/inhibitor negative control (GenePharma Co., Ltd., Shanghai, China), and Lipofectamine 

transfection reagent (Invitrogen, USA) were each diluted in 500 μl DMEM medium at a ratio of 1 

μg : 3 μl and incubated for 5 min at room temperature (RT). The two mixtures were then gently 

combined and incubated for a further 20–30 min at RT. Subsequently, 1,000 μl of the complexes 

were added to each well. After 5–6 h of incubation, the DMEM medium was replaced by DMEM 

with 10% FBS. Cells were incubated at 37 ℃ in a CO2 incubator for 48 h prior to further testing. 

 

RNA extraction and RT-qPCR assay  

  Breast cancer specimens and adjacent normal breast tissues were prepared for miRNA 



extraction using a miRNA rapid extraction kit (Tiangen, Beijing, China). Total RNA was isolated 

from harvested cells of the selected cell lines using Trizol reagent (Invitrogen, USA). Reverse 

transcription PCR and quantitative PCR (RT-qPCR) kits (TaKaRa, Japan) were used according to 

the manufacturer's instructions to detect the relative quantity of RNA. GAPDH was used as an 

endogenous control. 

 

Western-blot assay 

  Whole cell proteins were extracted using a protein lysis buffer (Sigma-Aldrich, USA) and 

quantified via bicinchoninic acid assay (Pierce, USA). Protein samples were then electrophoresed 

in 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to 

a polyvinylidene difluoride membrane (PVDF, EMD Millipore, MA, USA), which was probed 

with LRIG1-, ErbB2-, and EGFR-specific antibodies. Blots were subsequently detected and 

visualized using an enhanced chemiluminescence detection kit (Millipore, Billerica, MA, USA) 

according to protocols provided by the manufacturer. A Bio-RAD scanning system was used to 

detect immunoreactive protein bands. 

 

Proliferation assay  

  Cell proliferation assays were monitored using cell-counting kit 8 (Invitrogen, Shanghai, China) 

according to the instructions provided by the manufacturer. Approximately 4–5 h after 

miR-218-5p mimics, miR-218-5p inhibitor, or negative controls were transfected, cells from each 

condition were plated (3,000/well) onto 96-well plates (BD Biosciences, USA) and incubated at 

37 ℃ in a humidified chamber with 5% supplemental CO2. Cell proliferation was assessed at 0, 

24, 48, and 72 h. The optical density (OD) of each well was measured using a microplate 

spectrophotometer at 450 nm. All experiments were performed in biological triplicate. 

 

Migration assay 

  Cell migration assays were conducted in transwell chambers with polycarbonate membrane 

inserts (Corning, NY, USA). Cells (6×104 per well) were suspended in 180 μl of serum-free 

DMEM, and 600 μl of the same medium (containing 10% FBS) were placed in the lower 

chambers to stimulate cell migration. After 16 h incubation, cells adhering to the transwells were 



fixed with 3% paraformaldehyde (30 min), then stained with 0.1% crystal violet (15 min). Cells in 

the upper chambers were wiped with a cotton ball, leaving migrating cells adhered to the bases of 

the chambers. Five random fields were picked at 200× by the camera of an inverted microscope 

(Thermo Fisher Scientific). 

 

Cell cycle and apoptosis assay 

  Thirty-six hours after miR-218-5p mimic, miR-218-5p inhibitor, or negative control 

transfection, cells were trypsinized and centrifuged at 1,000 rpm for 5 min, then washed twice in 

cold PBS. Subsequently, 3 ml ice-cold ethanol was added in a dropwise fashion and cells were 

allowed to affix for ≥30 min. A total of 250 μl 0.05 g/l propidium iodide (PI) staining solution 

was added into each sample, after which samples were incubated for 30 min at RT. Cells were then 

analyzed using a flow cytometer (Beckman coulter, KBB, CA, USA). 

  Cell apoptosis was performed using an Annexin V-FITC apoptosis detection kit (BestBio, 

Shanghai, China) according to protocols provided by the manufacturer: cells were seeded onto 

6-well plates at a 1.5×105 cells-per-well density, then, 48 h after transfection, cells were digested 

by 0.08% EDTA-free trypsin and washed twice with ice-cold PBS. Porpodium iodide (PI) and 

Annexin V-fluresceinisot hiocyanate (FITC) stainings were applied determined the percentage of 

cells undergoing apoptosis or necrocytosis. Cell apoptosis was measured via flow cytometry 

(Beckman coulter, KBB, CA, USA), and data were analyzed using FlowJo software. 

 

Dual-luciferase reporter assay 

  LRIG1 3'-UTR fragments containing predicting miR-218-5p binding sites were amplified via 

PCR using PrimerSTAR Max DNA polymerase (Takara, Japan) and the following primers: 

5'-GCGGAGCTCAACCAGAAGGCCAAGTC-3’(FORWARD), 5'-GCGTCTAGAAAATGGAC 

AAAGTGGGTGTGG-3' (REVERSE), both designed and synthesized by Biosune (Jinan, China). 

The LRIG1 3'-UTR were then inserted at the XbaI and SacI sites of the pmirGLO target 

expression vector (Promega, San Luis Obispo, CA, USA.). Breast cancer cell MCF-7 were seeded 

on 24-well plates at a density of 5×104 per well 12 h before transfection. The cells were then 

transfected with 1 μg LRIG1 3'UTR fragment reporter vector containing the predicted miR-218-5p 

binging sites, which was co-transfected with 30nM miR-218-5p mimics or negative controls (NC) 



using the Tuberfect tansfection reagent (Roche, USA). After 48 h incubation, cells were lysed by 

PLB and placed on an orbital shaker (QILINBEIER, Jiangsu, China) at 100 rpm for 30 min before 

being placed in a -80 °C refrigerator overnight. Renilla luciferase and firefly luciferase signals 

were measured using a dual-luciferase reporter assay kit (Promega, Madison, WI, USA.) 

according to instructions provided by the manufacturer. 

 

Immunohistochemistry 

  Paraffin-embedded blocks were cut into 4 μm thick sections and subjected to deparaffinized 

re-hydration, then immersed in twice-distilled water with hydrogen peroxidise (3%) to reduce 

endogenous oxidise activity. Tissue immunohistochemistry samples were then incubated with 

primary antibodies at 4 °C for 1 h, and, subsequently, a secondary antibody was applied to the 

cells at RT for 30 min. The degree of staining was developed by diaminobenzidine (DAB) 

chromogen (Dako, Inc, Carpinteria, CA, US). Subsequently, the tissues were dehydrated and 

sealed with gum. According to the modified guideline recommendations for LRIG1 Testing in 

breast cancer, immunoreactivity was graded by scoring the percentage of positive membrane 

staining: negative (0, 1+), equivocal (2+), and positive (3+), as previously reported. 

 

Statistical analysis 

  Statistical analyses were performed using GraphPad Prism 5.0 software (GraphPad Software 

Inc., La Jolla, CA, USA). Comparisons between two groups were subject to t-testing, whereas 

those between multiple groups underwent an analysis of variance (ANOVA). All experiments 

were performed in triple replicate, and the data below are presented in the mean±standard 

deviation (S.D) format. A p-value < 0.05 was considered statistically significant. According to the 

modified guideline recommendations for LRIG1 testing in breast cancer, immunoreactivity was 

graded by scoring the percentage of positive membrane staining: 

 

 



Results 

miR-218-5p expression increased in human breast cancer tissues and cell lines 

   To investigate the expression level of miR-218-5p in breast cancer, miR-218-5p expression 

was investigated in 30 pairs of breast cancer and normal adjacent tissues using RT-qPCR. As 

depicted in Fig. 1A, the 2-ΔΔCt value of miR-218-5p was significantly increased in breast cancer 

tissues relative to that of normal adjacent tissues (p<0.05). This finding was consistent with an in 

vitro expression analysis comparing miR-218-5p in MDA-MB-231, MDA-MB-468, HCC1937, 

and MCF-7 cells to MCF-10A, an immortal mammary epithelial cell line. It was found that the 

miR-218-5p expression was highert in MCF-7 and MDA-MB-231 cells, above that of 

MDA-MB-468 and MCF-10A cells (Figure 1B). Therefore, MCF-7 and MDA-MB-231 breast 

cancer cells were selected as the focus of this study. 

 

miR-218-5p promotes breast cancer cell proliferation and migration 

   To further explore the possibility miR-218-5p affected breast cancer cell tumorigenesis, cell 

proliferation (Cell Counting Kit 8, CCK8) and migration (transwell) assays were performed on 

MCF-7 and MDA-MB-231 cells. The CCK8 assays revealed that cell proliferation abilities were 

significantly inhibited following an overexpression of miR-218-5p in the MCF-7 and 

MDA-MB-231 cells (Figure 2A), whereas the knockdown of miR-218-5p in MCF-7 and 

MDA-MB-231 cells promoted cell growth rates (Figure 2B). Furthermore, a transwell assay 

revealed the migratory capabilities of MCF-7 and MDA-MB-231 cells were greatly decreased 

when they transfected with the miR-218-5p mimic and increased when transfected with the 

antisense miR-218-5p (Figures 2C–2F). Overall, these results suggest miR-218-5p exerts 

proliferative and migratory effects on breast cancer cells and therefore may act as a tumor 

promoter in breast cancer.  

   

miR-218-5p disrupts the cell-cycle progression of breast cancer cells in different phases 

  As cell growth inhibition can result from cell cycle arrest, the possibility that miR-218-5p 

affects cell-cycle progression was examined. First, miR-218-5p mimics and inhibitor were 

transfected into MCF-7 and MDA-MB-231 cel respectively. These cells were then analyzed via 

flow cytometry. Results showed that miR-218-5p mimic transfection arrested significantly more 



MCF-7 and MDA-MB-231 cells in the G2/M-phase than transfection with NC did (Figures 3A to 

3D). Furthermore, transfecting MCF-7 cells with miR-218-5p mimics resulted in a significant 

increase in the percentage of S-phase cells relative to NC. However, miR-218-5p inhibitor 

transfection arrested less MCF-7 and MDA-MB-231 cells at G2/M-phase than NC transfection 

(Figures 3A to 3D). These findings suggest miR-218-5p can initiate S phase arrest, and 

upregulating miR-218-5p expression could lead to an increase in S- and G2/M-phase cells. 

    

miR-218-5p inhibits apoptosis in breast cancer cells 

  A flow cytometry assay was performed to further detect the effect of miR-218-5p on breast 

cancer cell apoptosis. Results demonstrated that the group transfected with miR-218-5p mimics 

had a significantly lower proportion of late apoptotic cells than the NC group in both MCF-7 and 

MDA-MB-231 cells (Figures 4A to 4D), whereas miR-218-5p inhibitor increased both of early 

and late apoptosis rates in transfected cells (Figures 4A to 4D). Taken together, these data indicate 

that miR-218-5p could inhibit breast cancer cell apoptosis. 

 

miR-218-5p directly targeted LRIG1 to inhibit its expression 

  To further explore the role of LRIG1 in miR-218-5p-induced cellular apoptosis sensitization, 

the effects of miR-218-5p on LRIG1 expression were examined. Two putative miR-218-5p target 

sites were identified in LRIG1 3'-UTR using TargetScan Release 6.2 software (Figure 5A), 

indicating LRIG1 was a potential miR-218-5p target. The target sites in the Homo sapiens LRIG1 

3'-UTR are shown in Figure 5B. To determine whether LRIG1 was a direct target of miR-218-5p, 

reporter vectors containing either the wild-type full-length 3’-UTR (WT-UTR) or mutant 

miR-218-5p binding sites were constructed (Figure 5C). miR-218-5p reduced LRIG1 WT-UTR 

luciferase plasmid activity by up to 60%, but had no effect on LRIG1 mut-UTR luciferase plasmid 

activity (Figure 5D). Combined, these results indicate miR-218-5p inhibited LRIG1 expression by 

directly targeting LRIG1. 

  To confirm miR-218-5p directly targets LRIG1, miR-218-5p mimics, miR-218-5p inhibitor, and 

the corresponding NC were transfected into MCF-7 cells. miR-218-5p transfection decreased 

LRIG1 mRNA levels, whereas miR-218-5p inhibitor reversed this inhibition effect (Figures 5E 

and 5F). These results confirmed that miR-218-5p inhibited LRIG1 expression. 



 

ERBB2, EGFR in LRIG1-mediated signaling pathway were downstream effectors of 

miR-218-5p 

  ERBB2 and EGFR have been reported as primary downstream messengers in LRIG1 signaling. 

To elucidate whether miR-218-5p could regulate ERBB2 and EGFR via LRIG1 inhibition, the 

protein levels of LRIG1, ERBB2, and EGFR in MCF-7 cells (transfected with quantified 

miR-218-5p mimics or miR-218-5p inhibitor and the corresponding NC) via western blot. Results 

demonstrated that miR-218-5p overexpression could suppress the mRNA expression of LRIG1 

(Figures 6A and 6B). Furthermore, miR-218-5p was proven to increase the protein expression of 

ERBB2 and EGFR (Figures 6A, 6C and 6D). Western blot and immunocytochemistry assay 

results showed that miR-218-5p significantly reduced the protein expression of LRIG1 (Figure 6E 

and 6F). As LRIG1 is a direct target gene of miR-218-5p, all data demonstrated that ERBB2 and 

EGFR were downstream effectors of miR-218-5p, at least in part induced by LRIG1 targeting 

(Figure 6G). 



Discussion 

Recently, miRNAs have been revealed to play an important role in the genesis and progression 

of human cancers has emerged. Many researchers have reported the extensive alteration of 

miRNA expression in the initial and developmental stages of human cancers, as well as the effects 

of miRNAs in tumor suppression and promotion [22–24]. The importance of miRNA function and 

dysfunction in various human cancers suggests that modulating miRNA expression may serve as a 

novel therapeutic modality for such diseases. To date, three main approaches have been used in 

potential miRNA-targeting therapy: expression vectors (miRNA sponges), small-molecule 

inhibitors, and antisense oligonucleotides. Chemically synthesized miRNAs and oligonucleotides 

that target miRNAs have already been proven to efficiently inhibit cancer development [25, 26]. At 

this time, several preclinical and clinical miRNA-targeting therapy trials which may pave the way 

for cancer therapy are in-progress [27, 28].  

Several miRNAs are essential for tumor development in breast cancer, including miR-9, let-7, 

and miR-193a-3p [29–31]. This study examined the expression levels of miR-218-5p in human 

breast cancer and its potential role in disease pathogenesis. First, miR-218-5p expression levels in 

human breast cancer specimens were detected via RT-qPCR. These results showed miR-218-5p 

was significantly downregulated in breast cancer tissues relative to normal breast tissues. Similar 

findings have been reported in other cancer types [32,33], indicating decreases in miR-218-5p 

expression are common in human cancer specimens and cell lines. Next, miR-218-5p mimics were 

transfected into MCF-7 cells, simulating overexpression. This led to a significant inhibition of 

cellular proliferation, measured by CCK8, as well as a reduction in the colony number, determined 

by clone formation assay. Both experiments indicated miR-218-5p repressed the growth of breast 

cancer cells. Using a transwell migration assay, it was discovered that overexpressing miR-218-5p 

in breast cancer cells could suppress their migratory ability. miR-218-5p was definitively found to 

arrests cancer cells in the G1 phase relative to the cell cycle of NC groups. However, no 

significant differences in apoptosis were found between the miR-218-5p and NC groups in this 

study. The strong vitality of cancer cells was speculated to be one possible reason why 

miR-218-5p could not promote apoptosis. 

To investigate the downstream targets of miR-218-5p that may play a role in mediating its cell 

function, putative targets were searched for in the miRanda, targetscan, and miRBase databases. 



Through luciferase assays, LRIG1 was predicated as a direct target of miR-218-5p in 

MDA-MB-231 cells. 

Additionally, both the mRNA and protein levels of LRIG1 were found to be significantly lower 

in miR-218-5p than in the NC groups. These findings support the assumption that LRIG1 is a 

downstream target of miR-218-5p. 

According to reports, LRIG1 plays an important role in regulating cell surface levels of ErbB 

family RTKs [34]. In tamoxifen-treated luminal breast cancers, up-regulation of LRIG1 suppresses 

ErbB RTK family expression and signaling in luminal breast cancers, including EGFR, ErbB2, 

ErbB3 and ErbB4 [35]. Our study found that miR-218-5p could up-regulate the protein expression 

of ErbB2 and EGFR by targeting LRIG1, suggesting that miR-218-5p may promotes the 

biological function of breast cancer through LRIG1-mediated signaling pathway. 

 

Conclusions 

Collectively, these findings suggest that miR-218-5p can disrupt the cell cycle by targeting 

LRIG1 in MDA-MB-231 and MCF-7 cells. Its overexpression was shown to stimulate cell 

proliferation and migratory ability of cancer cells. As such, it may be concluded that miR-218-5p 

acts as a tumor promoter gene in breast cancer. Furthermore, luciferase, RT-qPCR, and western 

blot assays identified LRIG1 as a downstream target of miR-218-5p. Artificially decreasing 

miR-218-5p or upregulating LRIG1 as new therapeutic agents could thus offer a promising new 

direction in future breast cancer treatment. 

  

Abbreviations  

miRNA: micro ribonucleic acid; LRIG1: leucine-rich repeats and immunoglobulin-like domains1;  

RT: room temperature; CCK8: Cell Counting Kit 8; RT-qPCR: quantitative reverse transcription 

polymerase chain reaction; EGFR: epidermal growth factor receptor.
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Figures 

 

Figure 1. Expression of miR-218-5p is upregulated in breast cancer tissues and cell lines. (A) 

miR-218-5p expression analyzed in breast cancer tissues and adjacent normal breast tissue via 

qRT-PCR. (B) miR-218-5p expression analyzed in non-malignant epithelial MCF-10A cells and 

four breast cancer cell lines, MCF-7, MDA-MB-231, MDA-MB-468, and HCC1937, by qRT-PCR. 

The average miR-218-5p expression was normalized using GAPDH expression. *P<0.05, 

**P<0.01. 

 



 

 

Figure 2. miR-218-5p promotes breast cancer proliferation and migration in cell lines. The CCK8 

assay was performed to monitor the proliferation level of MCF-7 (A) and MDA-MB-231 (B) 

breast cancer cells after transfection with blank, control (NC), miR-218-5p mimics or miR-218-5p 

inhibitor at the indicated concentrations. The optical density of each well was measured at the 

indicated time-points at 450 nm with a microplate spectrophotometer. Cell migration ability was 

analyzed via Transwell chamber assay 24 h after NC, miR-218-5p mimics or miR-218-5p inhibitor 

transfection. Representative images of crystal violet stained MCF-7 (C) and MDA-MB-231 (D) 

breast cancer cells. Quantification of MCF-7 (E) and MDA-MB-231 (F) breast cancer cells by 

solubilization of crystal violet. *P<0.05, **P<0.01. Bars represent means±SEM. 



 

 

Figure 3. miR-218-5p promotes breast cancer cell cycle at S- and G2-stage. Cell cycle distribution 

was analyzed by flow cytometry 36 h after transfection with MCF-7 (A) and MDA-MB-231 (B) 

breast cancer cells with NC, miR-218-5p mimics, or miR-218-5p inhibitor. The respective 

proportion of the G1-, S-, and G2-phases of blank, NC, miR-218-5p mimics, or miR-218-5p 

inhibitor groups in MCF-7 (C) and MDA-MB-231 (D) breast cancer cells were then analyzed. 

*P<0.05, **P<0.01. 

 



 

 

 

Figure 4. miR-218-5p inhibits breast cancer cell apoptosis at both early and late stages. Apoptotic 

analyses of MCF-7 (A) and MDA-MB-231 (B) breast cancer cells transfected with NC, 

miR-218-5p mimics, or miR-218-5p inhibitor were performed. These cells were stained with PI 

and analyzed by flow cytometry. The respective proportion of early and later stage of blank, NC, 

miR-218-5p mimics, or miR-218-5p inhibitor groups in MCF-7 (C) and MDA-MB-231 (D) breast 

cancer cells were analyzed. Values are represented as mean±SEM (N=6). *P<0.05, **P<0.01. 

 



 

Figure 5. miR-218-5p directly binds to LRIG1, inhibiting its expression. (A) and (B) putative 

miR-218-5p target sites were identified in the 3'-UTR of LRIG1 using TargetScan Release 6.2. A 

bioinformatics analysis revealed two miR-218-5p binding sites on LRIG1 3'-UTR. (C) luciferase 

reporter construct containing both LRIG1 3'-UTR and miR-218-5p binding sites on LRIG1 

3'-UTR. (D) MCF-7 cells were transfected with LRIG1 WT-UTR (LRIG1 3'-UTR promoter) or 

LRIG1 mut-UTR (LRIG1 3'-UTR promoter with mutated miR-218-5p binding sites) together with 

increasing amounts of miR-218-5p mimics or NC. Luciferase activities were analyzed. Forty-eight 

hours after MCF-7 (E) and MDA-MB-231 (F) breast cancer cells were transfected with NC, 

miR-218-5p mimics, or miR-218-5p inhibitor. The expression of miR-218-5p and LRIG1 were 

then analyzed via qRT-PCR. GAPDH was used as a loading control. *P<0.05, **P<0.01. 



 

 

Figure 6. miR-218-5p promotes ErbB2 and EGFR expression by inhibiting LRIG1 in breast 

cancer cells. Western blotting analyses were performed to evaluate the expression of the LRIG1, 

ErbB2, and EGFR protein in MCF-7 cells transfected with NC, miR-218-5p mimics, or 

miR-218-5p inhibitor. (A): representative images; (B)-(D): quantitative analysis. (E) 

Immunohistochemical analysis of LRIG1 expression in breast cancer patients. (F) LRIG1 

expression was analyzed in breast cancer tissues and adjacent normal breast tissue via qRT-PCR. 

(G) Model of miR-218-5p function in breast cancer cells. *P<0.05, **P<0.01. 

 

 

 

 

 

 



Figures

Figure 1

Expression of miR 218 5p is upregulated in breast cancer tissues and cell lines. ( A) miR 218 5p
expression analyzed in breast cancer tissues and adjacent normal breast tissue via qRT PCR. ( B ) miR
218 5p expression analyzed in non malignant epithe lial MCF 10A cells and four breast cancer cell lines,
MCF 7, MDA MB 231, MDA MB 468, and HCC1937, by qRT PCR. The average miR 218 5p expression was
normalized using GAPDH expression. * P<0.05 , P<0.01



Figure 2

miR 218 5p promotes breast cancer proli feration and migration in cell lines . The CCK8 assay was
performed to monitor the proliferation level of MCF 7 ( A ) and MDA MB 231 ( B ) breast cancer cells after
transfection with blank, control (NC), miR 218 5p mimics or miR 218 5p inhibitor at the indicate d
concentrations. The optical density of each well was measured at the indicated time points at 450 nm
with a microplate spectrophotometer. Cell migration ability was analyzed via Transwell chamber assay
24 h after NC, miR 218 5p mimics or miR 218 5p inhib itor transfection. Representative images of crystal
violet stained MCF 7 ( C ) and MDA MB 231 ( D ) breast cancer cells. Quanti�cation of MCF 7 ( E ) and
MDA MB 231 ( F ) breast cancer cells by solubilization of crystal violet. * P<0.05 , P<0.01 . Bars represent
m eans SEM.



Figure 3

miR 218 5p promotes breast cancer cell cycle at S and G2 stage. Cell cycle distribution was analyzed by
�ow cytometry 36 h after transfection with MCF 7 ( A ) and MDA MB 231 ( B ) breast cancer cells with NC,
miR 218 5p mimics, or miR 218 5p inhibitor. The respective proportion of the G1 --, S --, and G2 phases of
blank, NC, miR 218 5p mimics, or miR 218 5p inhibitor groups in MCF 7 ( C ) and MDA MB 231 ( D )
breast cancer cells were then analyzed. P<0.05 , P<0.01



Figure 4

miR 218 5p inhibits breast cancer cell apoptosis at both early and late stages. Apoptotic analyses of MCF
7 ( A ) and MDA MB 231 ( B ) breast cancer cells transfected with NC, miR 218 5p mimics, or miR 218 5p
inhibitor were performed. These cells were stained with PI and analyzed by �ow cytometry. The respective
proportion of early and later stage of blank, NC, miR 218 5p mimics, or miR 218 5p inhibitor groups in
MCF 7 ( C ) and MDA MB 231 ( D ) breast cancer cells were analyzed. Values are represented as
mean±SEM (N=6). * P< 0.05 , P<0.01



Figure 5

miR 218 5p directly binds to LRIG1, inhibiting its expression. ( A ) and B ) putative miR 218 5p target sites
were identi�ed in the 3' UTR of LRIG1 using TargetScan Release 6.2. A bioinformatics analysis revealed
two miR 218 5p binding sites on LRIG1 3' UTR. ( C ) luciferase reporter construct containing both LRIG1 3'
UTR and miR 218 5p binding sites on LRIG1 3' UTR. ( D ) MCF 7 cells were transfected with LRIG1 WT
UTR (LRIG1 3' UTR promoter) or LRIG1 mut UTR (LRIG1 3' UTR promoter with mutated miR 218 5p
binding sites) together with increasing amounts of miR 218 5p mimics or NC. Luciferase activities were
analyzed. Forty eight hours after MCF 7 ( E ) and MDA MB 231 ( F ) breast cancer cells were transfected
with NC, miR 218 5p mimics, o r miR 218 5p inhibitor. The expression of miR 218 5p and LRIG1 were then
analyzed via qRT PCR. GAPDH was used as a loading control. * P<0.05 , P<0.01



Figure 6

miR 218 5p promotes ErbB2 and EGFR expression by inhibiting LRIG1 in breast cancer cells. Western
blotting analyses were performed to evaluate the expression of the LRIG1, ErbB2, and EGFR protein in
MCF 7 cells transfected with NC, miR 218 5p mimics, or miR 218 5p inhibitor. ( A ): representative images;
B D ): quantitative analysis. E ) Immuno histochemical analysis of LRIG1 expression in breast cancer
patients. ( F ) LRIG1 expression was analyzed in breast cancer tissues and adjacent normal breast tissue
via qRT PCR. G ) Model of miR 218 5p function in breast cancer cells. * P<0.05 , P<0.01


