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Abstract 

Background: MicroRNAs can regulates tumor metastasis either as an oncomiR or 

suppressor miRNA. Here, we investigate the role of miR-224 in lymphatic metastasis 

of non-small-cell lung cancer (NSCLC). 

Methods: The expression of miR-224 was demonstrated by a validation cohort of 156 

lung cancer patients (77 cases with lymphatic metastasis) by q-PCR. In vitro and in vivo 

experiments were performed to study the malignant phenotype after upregulation and 

inhibition of miR-224 expression. Furthermore, the direct target genes of miR-224 were 

determined by a luciferase reporter assay.  

Results: miR-224 was identified as a high expression miRNA in the tumor tissues with 

lymphatic metastasis) with an area under the receiver operating characteristic curve 

(AUC) of 0.57. Forced expression of miR-224 in H1299 cells promoted not only the 

cell viability, plate clone formation, migration and invasion in vitro, but also tumor 

growth and lung metastasis in vivo. Consistently, inhibition of miR-224 suppressed the 

malignant characters both in vitro and in vivo. Molecular mechanism research suggested 

that miR-422a targeted the ANGPTL1 as a novel tumor suppressor.  

Conclusions: The present study demonstrates that miR-224 is a potential marker for 

the prediction of lymphatic metastasis of NSCLC. And application of miR-224 may 

help for prophylactic intervention of NSCLC in clinical practice.  
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Background 

Globally, lung cancer is the leading cause of cancer death [1] and its 5-year 

survival rate is about 4-17%[2]. Among two pathological subtypes, non-small cell lung 

cancer (NSCLC) is the most common type, accounting for about 80% of lung cancer 

[3]. Lymph node metastasis (LNM) was an independent factor affecting survival and 

recurrence after surgical resection of the primary malignancy [4]. Patients with 

mediastinal lymph node dissection was associated with lower local recurrence rates and 

better survival [5].Therefore, searching for LNM-related MicroRNAs (miRNAs or 

miRs) and understanding the molecular mechanisms was deeply meaningful.  

MiRNAs were defined as endogenous and small RNAs of ~22 nt nucleotides in 

length by complementary base pairing with the target mRNA, leading to its degradation 

[6]. Recent discoveries related to miRNA alterations in cancer, either as oncomiR or 

suppressor miR. Thus modulating miRNA expression and activity in vivo through 

miRNA mimics or antimiRs provides an opportunity for the development of innovative 

therapeutic approaches to cancer [7]. Previous studies demonstrated that numerous 

miRNAs correlated with LNM of NSCLC [8]. In recent years many miRNAs have been 

identified to be associated with LNM, including miR-137 [9], miR-144-3p [10]as 

metastasis inducer, and miR-148a [11], miR-129-5p [12] as metastasis suppressor.  

Previously, we had identified the differentially expressed miRNAs in patients 

with lymph node metastasis (LNM) compared with the patients without lymph node 

metastasis by miRNAs microarray analysis, and the up-regulated expression of miR-

224 was identified as a high risk for LNM..In this study, we selected miR-224, as a 

potential LNM promotor, to explore its role on metastasis by both in vitro and in vivo 

experiments.  

Methods 
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Cell lines and culture conditions 

Human lung cancer cell lines (H1299 and PC9) were purchased from Chinese 

Academy of Medical Sciences & Peking Union Medical College (Beijing, China). 

Cells were cultivated in RPMI 1640 with 10% FBS, 100 U/mL penicillin, and 100 

mg/mL streptomycin in a 5% CO2 humidified incubator at 37°C. 

Patients and samples 

A cohort of 155 NSCLC patients (77 cases with lymphatic metastasis and 78 patients 

without lymphatic metastasis) was included from 2003 to 2019 to validate miR-224 

expression in cancer tissues. Inclusion criteria: 1)definitive pathologic diagnosis; 2) no 

chemoradiotherapies before surgery; 3) who completed a 5-year follow-up; 4) with 

written form informed consent. Exclusion criteria: 1) other types of clinical disorders 

were observed; 2) patients lost during follow-up or died of other clinical disorders. This 

study was approved by the Ethics Committee of Peking University.  

Quantitative real-time polymerase chain reaction (qRT-PCR) 

MiRNAs were extracted from tissues samples from NSCLC patients or cells using 

miRNeasy Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s 

instructions. The purity and concentration of RNA was estimated using the ND-1000 

microspectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA). For mature 

miRNA expression detection, the polyA tailing method was used [13], and cDNA were 

synthesized from 100 ng RNA using the moloney murine leukaemia virus reverse 

transcriptase (M-MLV RT) (Invitrogen, Carlsbad, CA). For mRNA expression 

detection, 2μg of total RNA were used to synthesize cDNA. Quantitative real-time PCR 

(qRT-PCR) was performed using SYBR Green PCR Master Mix (ABI) at 95°C for 10 

min followed by 40 cycles of 95°C for 15 s and 60°C for 60 s on ABI 7500 System 

(Applied Biosystems, CA). The expression level of gene was calculated by the 2-ΔCt 
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method, where ΔCt = Ct (target gene)-Ct (GAPDH or U6). The sequences of all primers 

were on the list of supplementary Table S1.  

Cell viability assay 

5 × 103 cells/well were seeded into 96-well plates and cultured for 24, 48, 72, and 96 h. 

Cell Counting Kit-8 (CCK8; Dojindo, Kumamoto, Japan) reagents were added to 

cultures and incubated for additional one hour. The absorbance at 450nm was measured 

by a microplate reader (iMark, Bio-Rad Laboratories, Hercules, CA).  

Plate colony formation assay 

500 cells/well were plated in 6-well plates and cultured for 2 weeks. The number of cell 

colonies was counted after fixed with 4% formalin and stained with 1% crystal violet. 

Transwell assay  

For cell migration and invasion (coated with extracellular matrix substitute) assay, 

mitomycin C-treated cells were loaded into the upper chamber of Transwell insert with 

8.0 µm polycarbonate membranes (Millipore, Billerica, MA, USA) containing 1% FBS 

in RPMI-1640 medium. Medium containing 10% FBS was added into the lower 

chamber as a chemoattractant. Cells on the lower surface were stained with 1% crystal 

violet and photographed under a microscope for four random fields per well.  

Wound healing assay 

Cells were cultured in 24-well plates and scratched with a 20 μL pipette tip. Detached 

cells were removed carefully with PBS wash for three times and the wounded area was 

photographed at 0, and 24 h (Leica, Wetzlar,Germany). 

In vivo tumor growth and metastasis assay 

Animal experiments were approved by Animal Ethics Committee of Peking 

University Cancer Hospital & Institute.The in vivo tumor growth and metastatic 

characteristics of the cells were measured by a modified chick embryo chorioallantoic 
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membrane assay (CAM). Briefly, 5 × 106 cells pre-stained by the cell tracker dye CM-

Dil (red fluorescence) were loaded on the CAM with 10- day-old chick embryos. 

Seven days later, the tumors on the CAM were dissected and weighed. The lungs of 

chick embryos were isolated and the metastatic tumor lesions with red fluorescence 

were evaluated under a fluorescence microscope (Leica, Germany). 

Analysis of microRNAs predicted targets by online software 

The predicted targets of the microRNAs were analyzed by an online database, 

miRecords (http://c1.accurascience.com/miRecords/), which is a resource for animal 

miRNA-target interactions. The Predicted Targets component of mIRecords integrates 

the predicted targets of the following miRNA target prediction tools: DIANA-microT, 

MicroInspector, miRanda, MirTarget2, miTarget, NBmiRTar, PicTar, PITA, RNA22, 

RNAhybrid, and TargetScan/TargertScanS [14].  

Plasmid construction 

The ANGPTL1 and YPEL1 3’-UTR fragments containing the miR-224 complementary 

binding sites and corresponding mutants were inserted into the pGL3.0-control 

(Promega, Madison, WI) downstream of the luciferase coding sequence, and confirmed 

by sequencing. 

Dual-luciferase reporter assays 

HEK-293FT cells cultured in 24-well plates were transfected with pGL-3 construct 

(300 ng), miR-224 mimic or negative control (NC: 50 nM) and Renilla luciferase 

construct (20 ng) using Lipofectamine 2000 (Invitrogen). Firefly and Renilla luciferase 

activities were dected by a dual luciferase assay (Promega) 24 h after transfection, and 

firefly luciferase activity normalized to Renilla luciferase activity was caluculated. 

Western blotting analysis 
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Cells were lysised with RIPA lysis buffer with protease inhibitors and the protein was 

quantified by BCA method. Equal amounts (30 μg) of protein were separated by 10% 

SDS-PAGE and transferred onto PVDF membranes (Millipore, Bedford, MA). The 

membranes were incubated with primary antibodies, followed by HRP-linked 

secondary antibodies. Signals were detected using an enhanced chemiluminescence 

assay (Thermo Scientific, Rockford, IL).  

Statistical analysis 

Statistical analyses were calculated with SPSS 16.0 (IBM, Armonk, NY, USA). 

Receiver operating characteristic (ROC) curves were established for discriminating 

metastatic lymph node and noncancerous lymph node. Two-tailed chi-squared test (χ2) 

was used to evaluate the relationship between miR-224 expression and 

clinicopathological factors. Survival was analyzed by the Kaplan-Meier method using 

log-rank test. Continuous variable with normal distribution are expressed as means ± 

SD. Two-sided Student's t-test, unless specified was used for difference comparison 

between two groups. ANOVA analysis followed by Bonferroni’s post hoc test test were 

used to analyze differences among multiple groups. A P-value of <0.05 was considered 

significant. 

Results 

Validate the miR-224 expression in NSCLC with lymphatic metastasis 

Previously, 50 miRNAs were identified to be differentially expressed by miRNA 

microarray analysis in lymph node tissues with metastasis from five NSCLC patients 

and compared with that in the corresponding noncancerous lymph node tissue, [15]. 

Among these miRNAs, miR-224 was significantly up-regulated in metastatic lymph 

nodes with 14.6-time fold change (Fig. 1A). Then, we validated miR-224 in a cohort of 

155 cases of patients. Consistently, the miR-224 expression in samples with lymphatic 
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metastasis was significantly higher than those without lymphatic metastasis (about 6.8 

–time fold change, Fig. 1B, P=0.0005), and showed an AUC value of 0.744 compared 

in evaluating lymphatic metastasis (Fig. 1C). Moreover, a survival prognostic analysis 

by the Kaplan-Meier method revealed that high expression of miR-224 in NSCLC 

tissues was associated with poor overall survival (Fig. 1D, P=0.001). 

Forced expression of miR-224 enhanced cell viability, colony formation, migration 

and invasion in H1299 cells in vitro 

Firstly, the expression of miR-224 was detected by qRT-PCR in six lung cancer cell 

lines. As shown in Fig. 2A. The miR-224 expression was relative high in the PC9, 

A549 and H520 cells, but low in the GLC82, H1299 and H1975 cells. Therefore, we 

used the H1299 cells for over-expression experiment and PC9 for knockdown 

experiment to reveal the role of miR-224 in malignant phenotype for lung cancer 

cells. As shown in Fig. 2B, miR-224 expression was increased by about 40-fold after 

transfected with mimic at 24 hrs. Forced expression of miR-224 remarkably promoted 

cell viability (Fig.2C, P < 0.0001) and colony formation ability by two times (Fig.2D, 

P < 0.0001). Furthermore, following the increased miR-224, the spreading of H1299 

cells was much faster than that of the NC cells by wound healing assay (Fig.2E, P < 

0.0001). Compared with NC cells, the migration and invasion ability of H1299 cellls 

transfected with miR-224 mimics were also remarkably increased as determined by 

transwell assay (Fig.2F, P < 0.001).  

Inhibition of miR-224 suppresses PC9 cell migration and invasion in vitro 

MiR-224 inhibitor was transfected into PC9 cells with relative high endogenous 

expression of miR-224. MiR-130a-3p expression was successfully decreased by 71% 
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1 after cells transfected with inhibitor (Fig. 3A). Consistent with the results above, 

inhibition of miR-1224 decreased cell viability (Fig. 3B, P<0.01) and colony 

formation ability (Fig. 3C, P<0.01). Moreover, inhibition of miR-224 remarkably 

inhibited wound closure in wound healing assay (Fig. 3D, P<0.001). The cell number 

of migration and invasion through Matrigel were also decreased in transwell assays 

(Fig. 3E, P<0.001).  

 

MiR-224 functions as oncomiR in vivo  

To validate the result above, we employed a modified chick embryo chorioallantoic 

membrane (CAM) assay to assess the role of miR-224 on tumor growth and metastasis 

in vivo. As shown in Fig. 4A, over-expression of miR-224 in H1299 cells resulted in 

5.2-fold-time increase in tumor weight compared to control cells (tumor weight, 

P=0.03). Moreover, metastastic lung lesions were also increased by 2.8-fold-time in 

miR-224-over-expressing cells (Fig. 4B, P=0.03). Consistently, compared with control 

cells, the tumor weights formed from the miR-224 inhibited PC9 cells was decreased 

by 83.8% on CAM assay(Fig. 4C, tumor weight, P=0.02). Furthermore, the metastatic 

cancer cells to embryo lungs were also markedly decreased by 83.0% in miR-224-

inhibited group (Fig. 4D, P=0.02). Collectively, these data indicated that MiR-224 

functions as oncomiR both in vitro and in vivo, which can enhance malignant phenotype 

of NSCLC. 

 

ANGPTL1 was a direct target of MiR-224 involved in its oncogene function 

As we all knew, the biological significance of miRNAs relied on its regulation on their 

targets. Firstly，we analyzed the miRNA targets by the online database, miRecords. 
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Given the hypothesis that miR-224 correlated with lymphatic metastasis, we analyzed 

the differential expressed genes (DEGs) of lung cancer tissues at N1-3 stage with lymph 

node metastasis compared with those at N0 stage without lymph node metastasis, and 

we performed correlation analysis between the mRNA and the miRNA expression 

profile from the Cancer Genome Atlas (TCGA) database. A three-set Venn diagram 

showed 41 intersections of candidate targets (Fig. 5A). Of the 41 predicted target genes, 

we selected two tumor suppressor genes ANGPTL1 and YPEL1 for further validation. 

We detected the expression levels of ANGPTL1 and YPEL1 in miR-224 

overexpression and inhibition cells. As shown in Fig. 5B, the expression of two 

candidate genes were both remarkably decreased in miR-224 over-expression H1299 

cells, whereas increased in PC9 cells transfected with miR-224 inhibitor at protein level. 

Both ANGPTL1 and YPEL1 had one consensus binding sites in their 3’-UTR. 

Luciferase reporters containing either the wild type or mutant type 3’-UTR fragment 

were constructed, respectively (Fig. 5C). Dual-luciferase reporter assays showed that 

miR-224 mimic significantly reduced the reporter activity of wild type of ANGPTL1 

luciferase construct (Fig. 5D, P<0.01), but not the corresponding mutant construct (Fig. 

5D, P>0.05). However, there was no significant deference for the luciferase activity 

between miR-224 mimic and NC groups both for wild and mutant type of YPEL1 

luciferase construct (Fig. 5D, P>0.05). These data suggested that miR-224 directly 

regulates ANGPTL1 expression by binding to the 3’-UTR region of its mRNA, but 

indirectly inhibited YPEL1 expression. We performed dual luciferase reporter assays. 

Moreover, the data download from TCGA (Fig. 5E left graph, Spearman r = - 0.1536, 

P=0.0009) and from our cohort of 155 cases of lung cancer patients all displayed a 

negative correlation between miR-224 and ANGPTL1 expression at RNA level (Fig. 

5E right graph, Spearman r = -0.1585, P= 0.0467).  
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Rescue expression of ANGPTL1 partially reverses the promotion for malignant 

phenotype mediated by miR-224  

To further determine the role of ANGPTL1 in the promotion effect on malignant 

phenotype mediated by miR-224, we reintroduced ANGPTL1 expression in miR-224-

transfected H1299 cells (Fig. 6A, P<0.001). As shown in Fig. 6B-D, rescue expression 

of ANGPTL1 partially abolished the promotive effect of miR-224 on cell viability (Fig. 

6B, P<0.001), colony formation (Fig. 6C, P<0.05), migration and invasion ability (Fig. 

6D, P<0.05). These results indicated that ANGPTL1 rescue reverses the promotive 

effect of miR-224 on malignant phenotype of NSCLC cells partially. 

 

Discussion 

Lymph node status is of great importance in NSCLC, not only for prognosis but also to 

guide postoperative therapeutic strategy [16]. Previous reports showed that some 

miRNAs as molecular markers were correlated with either lymph node metastasis or 

distance metastasis. MiRNA-130a [17] and miR-196a [18] expression were positively 

associated with lymph node metastasis, while miRNA-451 [19] expression was 

negatively associated with lymph node metastasis. MiR-328 [20] was validated to have 

predictive value for brain metastasis with a sensitivity and specificity of 75% and 81.8%, 

respectively. These literature revealed that miRNAs might be correlated with and used 

to predict lymphatic metastasis of NSCLC. In the present study, we aimed to evaluate 

miR-224 role on lymph node metastasis of NSCLC. Previously, miRNAs microarray 

analysis had identified the differentially expressed miRNAs between lymphatic 

metastatic nodes and noncancerous lymph node from five NSCLC patients [15]. One 

miRNAs, miR-224, exerted a higher expression in tissues with lymph node metastasis. 

Here, a validation cohort consisting of 155 NSCLC patients was recruited to validate 
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the positive correlation of miR-224 and lymph node metastasis. 

MiR-224 had been revealed the involvement of malignant characters regulation in 

human cancers. It was reported to promote tumor growth and metastasis in gastric [21], 

colorectal [22], and papillary thyroid cancer [23].In addition, miR-224 was reported to 

be associated with aggressive progression and poor prognosis in human cervical[24] 

and colorectal cancer [25]. In colonic cancer, miR-224 was identified as one of miRNAs 

related to lymph node metastasis [26]. As for lung cancer, in 2014, Zhu et.al. reported 

that decreased miR-224 expression was found in the cancer tissues and tissues with 

lymph node metastasis by q-PCR analysis 115 cases of patients, and over-expression of 

miR-224 in A549 cells by transfected with mimics resulted in a suppression of cell 

migration and invasion by traswell and wound healing assay[27]. However, contrary to 

Zhu et.al., in 2015 Cui et.al. published their results in the PNAS that miR-224 was 

significantly up-regulated in NSCLC tissues, particularly in resected NSCLC 

metastasis by both q-PCR and in situ hybridization analysis, and increased miR-224 

expression promotes cell migration, invasion, and proliferation [28]. In 2020, miR-224 

was predicted as one of miRNAs associated with lymph node metastasis for lung 

adenocarcinoma only by bioinformatics analysis the TCGA and GEO datasets [29]. 

Here, consistent with the report form Cui et.al, our microarray also identified the miR-

224 as an upregulation miRNA in the tissues with lymph node metastasis. More 

important, we also validated its high expression about 7-fold change in tissues with 

metastasis compared to non-metastasis in our own cohort consisting of 155 cases of 

patients. Our results from gain-function and loss-function experiments also validated 

that miR-224 functioned as oncogene in lung cancer, which could promotes cell 

migration, invasion, and proliferation both in vitro and in vivo.  

Previously, some direct targets of miR-224 had been found to be involved in its function, 
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such as by directly targeting the tumor suppressors TNFα-induced protein 1 (TNFAIP1) 

and SMAD4 in lung cancer [28]. Here, we reported another direct target, ANGPTL1, 

and an indirect YPEL1 as downstream regulation genes of miR-224. Previously, 

ANGPTL1 was reported as a tumor suppressor in lung cancer, which could inhibit 

cancer cell motility and metastasis by abrogating the expression of the EMT mediator 

SLUG [30]. Our rescue ANGPTL1 experiments also validated its suppression role in 

regulation of malignant phenotype in lung cancer, including cell motility. YPEL1 had 

been identified as a significant down-regulated gene in pancreatic cancer and its 

reduced expression might be related to perineural invasion and prognosis [31]. However, 

the underlying mechanism of miR-224 on the regulation of YPEL1 and its role in lung 

cancer needed more experiments to further investigate. 

Conclusions 

Our findings highlight that miR-224 serve as an oncogene associated with lymph node 

metastasis in NSCLC patients. The promotion effect of miR-224 on the malignant 

phenotype might be due to its regulation on two tumor suppressors, ANGPTL1 and 

YPEL1. Thus, miR-224 may provide a predictor for lymph node metastasis of NSCLC.  

Additional file  

Additional file: Supplementary Table S1, Supplementary Figure S1. 
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Figure legends 

 

Fig. 1. MiR-224 was highly expressed in NSCLC tissues with lymphatic metastasis. (A) 

Heat map for miR-224 expression in lymphatic metastasis positive and negative tissues 

by microarray analysis. (B) MiR-224 expression in lymphatic metastasis positive and 

negative tissues by q-PCR analysis. (C) ROC curve analysis for prediction of lymphatic 

metastasis by miR-224 expression. (D) Survival analysis by the Kaplan-Meier method 

according to miR-224 expression.  

 

Fig. 2. Over-expression of miR-224 enhanced cell viability, colony formation, 

migration and invasion in H1299 cells in vitro. (A,B) miR-224 expression in lung 

cancer cells were detected by q-PCR. (C) Cell viability for miR-224 overexpression 

and NC control cells were determined by CCK8 agent. (D) Plate colony formation for 

miR-224 overexpression and NC control cells. (E) Cell spreading ability calculated as 

wound closure of monolayer were determined by wound healing assay for different 

cells. (F)Cell migration and invasion ability quantified by cell numbers were accessed 

by Transwell assay without or with Matrigel, Scale bars, 200 μm. The data in B, D, E, 

F were presented as means ± SD and statistical significance were shown as ** P < 0.01, 

** *P < 0.001. 

 

Fig. 4. Inhibition of miR-224 suppresses PC9 cell migration and invasion in vitro. (A) 

miR-224 expression in deferent cells were detected by q-PCR. (B) CCK-8 assays were 

performed to access cell viability (C) Plate colony formation assays were performed to 

monitor cell growth. (E) Wound healing assay to study cell spreading ability and wound 

closure of monolayer were calculated. (F) Transwell assays were performed to 

determine cell migration and invasion. The number of cells was counted in four 
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different fields. Scale bars, 100 μm. The data in C, D, E were presented as means ± SD 

and statistical significance were shown as ** P < 0.01, ***P < 0.001. 

 

Fig.5. MiR-224 functions as oncomiR in vivo. A, C. Control cells or cells with mimics 

or inhibitors were inoculated onto the CAM. The effect of miR-224 on tumor growth 

was evaluated based on the tumor weight of each group. B, D. Representative pictures 

of lung metastasis lesion by a laser scanning confocal microscope. The effect of miR-

224 on lung metastasis was evaluated by the number of metastatic lesion  

(tumor cells were labeled with red fluorescent dye CM-Dil ). The data in the bar graphs 

were calculated as the mean±S.D. for each group. 

 

Fig.6. ANGPTL1 is a direct target of miR-224. (A)Venn diagram predicted the 

candidate targets of miR-224. (B) Western blot analysis of the ANGPTL1 and YPEL1 

expression in miR-224 mimics or inhibitors cells. C. Schematic model indicates 

complementary binding sites and corresponding mutation of miR-224 for ANGPTL1 

and YPEL1 3’UTR. D. Wild or mutant type PGL3-control plasmids were transfected 

into HEK293T cells together with miR-224 mimic or NC. Firefly fluorescence intensity 

(FL) normalized by Renilla fluorescence (RL) intensity was calculated after 24 h 

transfection. E. Spearman correlation analysis of the miR-224 and ANGPTL1 

expression in TCGA-LUAD database and in our cohort of lung cancer consisting of 

155 cases. The data in D are presented as means ± SD and statistical significance were 

shown as ** P < 0.01, ns: not significance. 

 

Fig. 6. Figure 5. ANGPTL1 rescue expression partially diminishes the miR-224-

mediated promotion effect on malignant phenotype of H1299 cell. A.Western blot 
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determines ANGPTL1 rescue expressing. B. CCK-8 assays were performed to 

determine cell viability. C. Plate colony formation assays were performed to detect cell 

growth. D. Transwell assays were used to monitor cell migration and invasion.  

The number of cells was counted in four different fields. Scale bars, 200 μm. The data 

in C,D were presented as means ± SD and statistical significance were shown as 

*P<0.05,** P < 0.01, *** P < 0.001.  



Figures

Figure 1

MiR-224 was highly expressed in NSCLC tissues with lymphatic metastasis. (A) Heat map for miR-224
expression in lymphatic metastasis positive and negative tissues by microarray analysis. (B) MiR-224
expression in lymphatic metastasis positive and negative tissues by q-PCR analysis. (C) ROC curve
analysis for prediction of lymphatic metastasis by miR-224 expression. (D) Survival analysis by the
Kaplan-Meier method according to miR-224 expression.



Figure 2

Over-expression of miR-224 enhanced cell viability, colony formation, migration and invasion in H1299
cells in vitro. (A,B) miR-224 expression in lung cancer cells were detected by q-PCR. (C) Cell viability for
miR-224 overexpression and NC control cells were determined by CCK8 agent. (D) Plate colony formation
for miR-224 overexpression and NC control cells. (E) Cell spreading ability calculated as wound closure of
monolayer were determined by wound healing assay for different cells. (F)Cell migration and invasion
ability quanti�ed by cell numbers were accessed by Transwell assay without or with Matrigel, Scale bars,
200 μm. The data in B, D, E, F were presented as means ± SD and statistical signi�cance were shown as
** P < 0.01, ** *P < 0.001.



Figure 3

Inhibition of miR-224 suppresses PC9 cell migration and invasion in vitro. (A) miR-224 expression in
deferent cells were detected by q-PCR. (B) CCK-8 assays were performed to access cell viability (C) Plate
colony formation assays were performed to monitor cell growth. (E) Wound healing assay to study cell
spreading ability and wound closure of monolayer were calculated. (F) Transwell assays were performed
to determine cell migration and invasion. The number of cells was counted in four different �elds. Scale



bars, 100 μm. The data in C, D, E were presented as means ± SD and statistical signi�cance were shown
as ** P < 0.01, ***P < 0.001.

Figure 4

MiR-224 functions as oncomiR in vivo. A, C. Control cells or cells with mimics or inhibitors were
inoculated onto the CAM. The effect of miR-224 on tumor growth was evaluated based on the tumor
weight of each group. B, D. Representative pictures of lung metastasis lesion by a laser scanning
confocal microscope. The effect of miR-224 on lung metastasis was evaluated by the number of
metastatic lesion (tumor cells were labeled with red �uorescent dye CM-Dil ). The data in the bar graphs
were calculated as the mean±S.D. for each group.



Figure 5

ANGPTL1 is a direct target of miR-224. (A)Venn diagram predicted the candidate targets of miR-224. (B)
Western blot analysis of the ANGPTL1 and YPEL1 expression in miR-224 mimics or inhibitors cells. C.
Schematic model indicates complementary binding sites and corresponding mutation of miR-224 for
ANGPTL1 and YPEL1 3’UTR. D. Wild or mutant type PGL3-control plasmids were transfected into
HEK293T cells together with miR-224 mimic or NC. Fire�y �uorescence intensity (FL) normalized by
Renilla �uorescence (RL) intensity was calculated after 24 h transfection. E. Spearman correlation
analysis of the miR-224 and ANGPTL1 expression in TCGA-LUAD database and in our cohort of lung
cancer consisting of 155 cases. The data in D are presented as means ± SD and statistical signi�cance
were shown as ** P < 0.01, ns: not signi�cance.



Figure 6

ANGPTL1 rescue expression partially diminishes the miR-224-mediated promotion effect on malignant
phenotype of H1299 cell. A.Western blot determines ANGPTL1 rescue expressing. B. CCK-8 assays were
performed to determine cell viability. C. Plate colony formation assays were performed to detect cell
growth. D. Transwell assays were used to monitor cell migration and invasion. The number of cells was
counted in four different �elds. Scale bars, 200 μm. The data in C,D were presented as means ± SD and
statistical signi�cance were shown as *P<0.05,** P < 0.01, *** P < 0.001.

Supplementary Files



This is a list of supplementary �les associated with this preprint. Click to download.

SupplementaryTableS1primersequence.docx

originalwb.docx

https://assets.researchsquare.com/files/rs-464176/v1/78e609e2efb8d4a763b4c979.docx
https://assets.researchsquare.com/files/rs-464176/v1/7634c9351510bcd1cfcc419a.docx

