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Abstract

Introduction
Skin scar is a common cutaneous complication, the outcome of which is unpleasant. Several
microRNAs (miRs) participate in the process of skin scar formation. We aimed to explore the role of
miR-27a-3p in NIH/3T3 mouse fibroblasts as well as the downstream protein and signaling cascades.

Material and methods
miR-27a-3p was aberrantly expressed in NIH/3T3 cells, followed by measurements of cell viability,
migration and expressions of proteins related to proliferation and migration. Perlecan expression in
cells aberrantly expressing miR-27a-3p was examined by Western blot analysis. Reporter gene
assay was conducted to assess the relationship between miR-27a-3p and perlecan. Then, whether
miR-27a-3p affected NIH/3T3 cells through regulating perlecan was ascertained. The effects of
aberrantly expressed miR-27a-3p and perlecan on expression levels of VEGF, bFGF and key
kinases in the MAPK/ERK and the PI3K/AKT pathways were detected.

Results
Cell viability and migration were enhanced and protein expression levels of Cyclin D1, MMP-2 and
MMP-9 were up-regulated by miR-27a-3p overexpression in NIH/3T3 cells. Then, we found that
perlecan was positively correlated with miR-27a-3p expression, and its knockdown abrogated the
effects of miR-27a-3p overexpression on NIH/3T3 cells. Finally, we found that the expression levels
of VEGF and bFGF as well as phosphorylated levels of MAPK, ERK, PI3K and AKT were increased
by miR-27a-3p overexpression, and those increases were reversed by perlecan knockdown.

Conclusions
miR-27a-3p promotes proliferation and migration of NIH/3T3 cells through up-regulating perlecan
expression. Meanwhile, miR-27a-3p up-regulates expression levels of VEGF and bFGF, and
activates MAPK/ERK and PI3K/AKT pathways through up-regulating perlecan expression.
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Running title: Role of miR-27a-3p in fibroblasts  

 

Abstract  

Background: Skin scar is a common cutaneous complication, the outcome of which is 

unpleasant. Several microRNAs (miRs) participate in the process of skin scar formation. We 

aimed to explore the role of miR-27a-3p in NIH/3T3 mouse fibroblasts as well as the 

downstream protein and signaling cascades. 

Methods: miR-27a-3p was aberrantly expressed in NIH/3T3 cells, followed by measurements 

of cell viability, migration and expressions of proteins related to proliferation and migration. 

Perlecan expression in cells aberrantly expressing miR-27a-3p was examined by Western blot 

analysis. Reporter gene assay was conducted to assess the relationship between miR-27a-3p and 

perlecan. Then, whether miR-27a-3p affected NIH/3T3 cells through regulating perlecan was 

ascertained. The effects of aberrantly expressed miR-27a-3p and perlecan on expression levels 

of VEGF, bFGF and key kinases in the MAPK/ERK and the PI3K/AKT pathways were 

detected.  

Results: Cell viability and migration were enhanced and protein expression levels of Cyclin D1, 

MMP-2 and MMP-9 were up-regulated by miR-27a-3p overexpression in NIH/3T3 cells. Then, 

we found that perlecan was positively correlated with miR-27a-3p expression, and its 

knockdown abrogated the effects of miR-27a-3p overexpression on NIH/3T3 cells. Finally, we 

found that the expression levels of VEGF and bFGF as well as phosphorylated levels of MAPK, 
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ERK, PI3K and AKT were increased by miR-27a-3p overexpression, and those increases were 

reversed by perlecan knockdown.  

Conclusion: miR-27a-3p promotes proliferation and migration of NIH/3T3 cells through 

up-regulating perlecan expression. Meanwhile, miR-27a-3p up-regulates expression levels of 

VEGF and bFGF, and activates MAPK/ERK and PI3K/AKT pathways through up-regulating 

perlecan expression.  

 

Keywords: Scar; microRNA-27a-3p; proliferation; migration; perlecan; 

MAPK/ERK/PI3K/AKT  
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Introduction  

 

Skin scar is a common cutaneous complication that is caused by injuries to the skin due to burn, 

surgery, trauma or infection (Alkhalil et al. 2015). Unlike the normotrophic scars which are 

slightly broadened white lines, pathologic scarring are divided into atrophic, contracted, 

hypertrophic or keloid scars on the basis of the clinical behavior and appearance (Bayat et al. 

2003; Bijlard et al. 2017). It has been estimated that approximately 100 million patients suffer 

from any form of pathologic scars in developed countries annually (Brown et al. 2008). Despite 

of the development of modern medicine, esthetic, psychological and physical complaints 

because of dermal scars contribute to decrease of life quality (Gras et al. 2015). The unpleasant 

outcomes of skin scars make the molecular mechanisms underlying scar formation become a 

hotspot recently.  

Cutaneous wound repair is a well-orchestrated process and is divided into three overlapping 

phases which are inflammatory response, formation of the granulation tissues and remodeling of 

matrix (Reinke and Sorg 2012). Fibroblasts are the main contributing cells that participate in all 

the three phase. More importantly, fibroblasts are responsible for maintaining of the physical 

integrity in connective tissues by means of the synthesis and remodeling of the extracellular 

matrix (ECM) (Vedrenne et al. 2012). Hypertrophic and keloid scars, major forms of pathologic 

scars, are raised dermal scars, and the excessive extracellular matrix (ECM) synthesis, delayed 

apoptosis and elevated migration and proliferation are characters of fibroblasts in hypertrophic 

and keloid scars (Zhu et al. 2013; Suarez et al. 2015). In addition, fibroblast proliferation and 

migration have been reported to play pivotal roles in skin wound healing (He et al. 2017). 

Therefore, the mechanisms underlying excessive proliferation and migration of fibroblasts are 

of great importance.  

MicroRNAs (miRNAs/miRs), the small single stranded RNAs that cannot encode proteins, have 

been identified to participate in numerous biological processes through posttranscriptional 

modifications and/or modulation of translation processes (Yang et al. 2015; Krishnan et al. 2017; 
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Sliwinska et al. 2017). Recently, more and more miRNAs are found to be involved in dermal 

scar formation. For example, miR-31-5p knockdown has been reported to effectively reduce 

hypertrophic scar formation in hypertrophic scar fibroblasts under hypoxia (Wang et al. 2017). 

The proliferation of human hypertrophic scar fibroblasts was also repressed by miR-98 via 

targeting Col1A1 (Bi et al. 2017). miR-27a-3p has widely reported to regulate cell proliferation 

and migration via acting as either a oncogene or a tumor suppressor gene (Li et al. 2017; Liang 

et al. 2017). However, the functional roles of miR-27a-3p in fibroblasts are far from understood.  

Perlecan, encoded by heparin sulfate proteoglycan 2 (HSPG2) gene, is named from the 

appearance of a “beads on a string” under a rotary shadow electron microscopy (Warren et al. 

2015). Previous studies have reported that perlecan can be observed in the subendothelial 

extracellular matrix of the vascular wall and play critical roles in cell adhesion, migration and 

proliferation (Lord et al. 2014; Nakamura et al. 2015; Nonaka et al. 2015).   

Herein, in this study, we firstly identified the regulatory roles of miR-27a-3p in proliferation and 

migration of mouse fibroblasts cell line, NIH/3T3, and then we explored the possible molecular 

mechanism related to perlecan, as well as downstream signaling cascades.  

 

Materials and methods  

 

Cell culture  

 

NIH/3T3 mouse fibroblasts (ATCC® CRL-1658™) were obtained from American Type Culture 

Collection (ATCC; Manassas, VA, USA). NIH/3T3 cells were grown in Dulbecco’s modified 

Eagle’s medium (DMEM; Thermo Fisher Scientific, Waltham, MA, USA) containing 10% fetal 

bovine serum (FBS; Thermo Fisher Scientific) at 37°C in a humidified atmosphere with 5% 

CO2.  

 

Cell transfection  
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miR-27a-3p mimic, miR-27a-3p inhibitor, their negative control (miR-NC), small interfering 

RNA targeting perlecan (si-perlecan) and its negative control (si-NC) were synthesized by 

GenePharma Company (Shanghai, China). miRNAs or si-perlecan were transfected into 

NIH/3T3 cells with the help of lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA), 

according to the supplier’s instructions.  

 

Cell viability assay  

 

Cell viability of NIH/3T3 cells after aberrant expression of miR-27a-3p and perlecan was 

assessed by Cell Counting Kit-8 (CCK-8, Boster Biological Technology Ltd., Wuhan, China). In 

brief, after cell transfection, 5 × 103 cells were seeded in each well of 96-well plates and 

incubated for 24 hr (37°C, 5% CO2). Then, CCK-8 solution (10 μL) was added into each well, 

and the cells were incubated for additional 1 hr (37°C, 5% CO2). A Microplate Reader (Bio-Rad, 

Hercules, CA, USA) was utilized for measurements of absorbance at 450 nm.  

 

Tranwell assay  

 

Cell migration of NIH/3T3 cells after aberrant expression of miR-27a-3p and perlecan was 

examined using the modified 24-well Boyden chambers (8 μm pore size, Corning Incorporated, 

Corning, NY, USA). In brief, after cell transfection, cells suspended in 200 μL DMEM were 

seeded on the upper compartments, whereas 600 μL DMEM containing 10% FBS was added 

into the lower compartments. Cells were subjected to a humidified incubator with 5% CO2 at 

37°C for 24 hr, followed by fixation with methanol. After that, non-traversed cells on the upper 

surface of the filter were carefully removed with a cotton swab. The traversed cells which 

stayed on the lower side of the filter were stained with 1% crystal violet solution and counted 

under a microscopy (Olympus, Tokyo, Japan).  
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Stem-loop RT-PCR based quantification of miR-27a-3p  

 

After cell transfection, total RNAs were extracted from NIH/3T3 cells using TRIzol reagent 

(Invitrogen) and DNase I (Ambion, Norwalk, CT, USA). The isolated RNAs were quantified by 

NanoDrop 2000 (Thermo Fisher Scientific), and 500 ng RNAs were converted to miRNA 

specific cDNA utilizing the Taqman MicroRNA Reverse Transcription Kit (Applied Biosystems, 

Foster City, CA, USA). The program was as follows: 16°C for 30 min, 42°C for 30 min and 

85°C for 5 min. The real-time PCR was performed with the Taqman Universal Master Mix II 

without UNG (Applied Biosystems), as suggested by the manufacturer. The program was as 

follows: 95°C for 10 min, and 40 cycles of 95°C for 15 s and 60°C for 1 min. Expression levels 

of miR-27a-3p were analyzed using 2-ΔΔCt method (Livak and Schmittgen 2001), normalizing to 

U6.  

 

Reporter gene assay 

The pGL3-perlecan vector was prepared as previously descried (Zhang et al. 2010). For reporter 

gene assay, 0.4 μg of reporter gene construct was transfected into NIH/3T3 cells using 

lipofectamine 3000 reagent in line with the manufacturer’s instruction. This transfection was 

done concurrently with the transfection of miR-27a-3p inhibitor. The relative luciferase activity 

was detected using dual luciferase reporter assay (Promega, Madison, WI, USA). 

 

Western blot analysis  

 

After cell transfection, NIH/3T3 cells were lysed in RIPA buffer (Beyotime, Shanghai, China) 

containing 1 mM PMSF (Beyotime). Cell lysates were centrifuged at 14000 g for 15 min at 4°C, 

and the supernatants were collected for quantification. Then, supernatants containing proteins 

(~30 μg) were separated by SDS-PAGE and transferred onto polyvinylidene difluoride (PVDF) 
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membranes. After blockage with 5% non-fat milk, PVDF membranes were incubated with 

primary antibody at 4°C overnight. The primary antibodies were anti-cyclinD1 (ab134175), 

anti-matrix metalloproteinase (MMP)-2 (ab97779), anti-MMP-9 (ab58803), 

anti-mitogen-activated protein kinase (MAPK; ab197348), anti-phospho (p)-MAPK (ab47363), 

anti-extracellular signal-regulated kinase (ERK; ab115799), anti-p-ERK (ab214036), 

anti-phosphatidylinositol-3-kinase (PI3K; ab191606), anti-p-PI3K (ab182651), anti-β-actin 

(ab8229, all Abcam), anti-AKT (9272), anti-p-AKT (9271, both Cell Signaling Technology, 

Beverly, MA, USA), anti-vascular endothelial growth factor (VEGF; sc-7269), anti-basic 

fibroblast growth factor (bFGF; sc-271847) and anti-perlecan (sc-33707, all Santa Cruz, Santa 

Cruz, CA, USA) antibodies. After rinsing thrice, PVDF membranes were reacted with 

HRP-conjugated secondary antibodies (Abcam) at room temperature for 1 hr. After rinsing 

again, proteins in the PVDF membranes were visualized using an ECL Western blotting 

detection reagent (GE Healthcare, Braunschweig, Germany). Relative intensity of the protein 

bands was analyzed using ImageJ 1.47 software (National Institutes of Health, Bethesda, MD, 

USA).  

 

Statistical analysis  

 

Results were presented as the mean ± standard deviation (SD) of at least three independent 

experiments. Statistically significant differences between groups were determined by Graphpad 

Prism 5 software (GraphPad, San Diego, CA, USA). The P-values were calculated using 

unpaired two-tailed t-test or multiple t-tests. A P < 0.05 was considered to indicate a statistically 

significant difference.  

 

Results  

 

miR-27a-3p promotes proliferation and migration of NIH/3T3 cells  
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miR-27a-3p mimic or miR-27a-3p inhibitor was transfected into NIH/3T3 cells to aberrantly 

express miR-27a-3p. Compared with the miR-NC group, miR-27a-3p levels were significantly 

increased by transfection with miR-27a-3p mimic and decreased by transfection with 

miR-27a-3p inhibitor (both P < 0.01, Figure 1A). Results indicated that miR-27a-3p expression 

was successfully altered. Then, cell viability, migration and expression of proteins associated 

with proliferation and migration were all measured after aberrant expression of miR-27a-3p. 

Cell viability (Figure 1B) and migration (Figure 1D) were significantly enhanced by 

miR-27a-3p overexpression while reduced by miR-27a-3p inhibition relative to the miR-NC 

group (all P < 0.05). In Figure 1C and 1E, protein expression levels of Cyclin D1, MMP-2 and 

MMP-9 were all significantly up-regulated by miR-27a-3p overexpression (P < 0.01 or P < 

0.001) while down-regulated by miR-27a-3p inhibition (P < 0.05 or P < 0.01) as compared to 

the miR-NC group. Those results collectively demonstrated that miR-27a-3p could promote 

NIH/3T3 cell proliferation and migration.  

 

miR-27a-3p up-regulates perlecan expression in NIH/3T3 cells  

 

Next, Western blot analysis and reporter gene assay were performed to explore the interaction 

between miR-27a-3p and perlecan. As evidenced in Figure 2A, miR-27a-3p overexpression 

remarkably up-regulated perlecan expression, and miR-27a-3p inhibition notably 

down-regulated perlecan expression, when compared to the miR-NC group (both P < 0.001). 

Figure 2B showed that co-transfection with perlecan vector and increasing amounts of 

miR-27a-3p inhibitor led to significantly decrease in relative luciferase activity (P < 0.05, P < 

0.01 or P < 0.001). These results indicated that miR-27a-3p positively regulated perlecan 

expression in NIH/3T3 cells might via binding to the promoter of perlecan.  

 

miR-27a-3p affects NIH/3T3 cells via up-regulation of perlecan  
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Subsequent experiments were carried out to ascertain whether miR-27a-3p affect NIH/3T3 cells 

via regulating perlecan expression. First of all, the knockdown efficiency of si-perlecan was 

confirmed by Western blot analysis. In Figure 3A, perlecan expression was significantly 

down-regulated by transfection with si-perlecan relative to the si-NC group (P < 0.001). Figure 

3B and 3D showed that si-perlecan+miR-NC co-transfection notably reduced the viability and 

migration of NIH/3T3 cells, relative to miR-NC+si-NC co-transfection (P < 0.05). Moreover, 

compared to miR-27a-3p mimic+si-NC co-transfection group, the viability and migration of 

NIH/3T3 cells were both increased in miR-27a-3p mimic+si-perlecan co-transfection group (P 

< 0.05 or P < 0.01). Similar results were found in Figure 3C and 3E, which displayed that 

si-perlecan+miR-NC co-transfection noticeably down-regulated the protein expression levels of 

Cyclin D1, MMP-2 and MMP-9 (Figure 3E) in NIH/3T3 cells, compared to miR-NC+si-NC 

co-transfection (P < 0.01). Relative to miR-27a-3p mimic+si-NC co-transfection group, the 

protein expression levels of Cyclin D1, MMP-2 and MMP-9 were all up-regulated in 

miR-27a-3p mimic+si-perlecan co-transfection group mimic + si-NC (P < 0.01). Taken together, 

those results collectively proved that miR-27a-3p positively regulated perlecan expression 

might via binding to the promoter of perlecan. These findings also indicated that 

Overexpression of miR-27a-3p-induced up-regulation of perlecan expression might be a reason 

for the enhancements of proliferation and migration in NIH/3T3 cells.  

 

miR-27a-3p up-regulates expression levels of VEGF and bFGF via up-regulating perlecan in 

NIH/3T3 cells  

 

Effects of miR-27a-3p and perlecan on expression levels of VEGF and bFGF in NIH/3T3 cells 

were explored. As evidenced in Figure 4, the expression levels of VEGF and bFGF were 

dramatically elevated by miR-27a-3p overexpression and reduced by perlecan knockdown, as 

compared to the miR-NC+si-NC group (P < 0.01 or P < 0.001). In addition, miR-27a-3p 
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overexpression-induced up-regulations of VEGF and bFGF expression levels were notably 

abrogated by perlecan knockdown relative to the miR-27a-3p mimic+si-NC group (P < 0.01 or 

P < 0.001). Data talked above suggested that miR-27a-3p could up-regulated expression levels 

of VEGF and bFGF via up-regulating perlecan expression in NIH/3T3 cells.  

 

miR-27a-3p activates MAPK/ERK and PI3K/AKT pathways via up-regulating perlecan in 

NIH/3T3 cells  

 

The involvements of signaling cascades in the miR-27a-3p-associated regulation were finally 

studied. In Figure 5A-B, phosphorylated levels of MAPK, ERK, PI3K and AKT were 

prominently increased by miR-27a-3p overexpression and decreased by perlecan knockdown, 

relative to the miR-NC+si-NC group (all P < 0.001). More importantly, miR-27a-3p 

overexpression-induced up-regulations of MAPK, ERK, PI3K and AKT phosphorylated levels 

were significantly reversed by perlecan knockdown relative to the miR-27a-3p mimic+si-NC 

group (all P < 0.001). These results proposed that miR-27a-3p overexpression could activate 

MAPK/ERK and PI3K/AKT pathways in NIH/3T3 cells, partially due to the up-regulation of 

perlecan.  

 

Discussion  

 

Considering that the current therapeutic measures for pathological scars have their limitations, it 

is urgently needed to explore innovative strategies for improving the outcome of skin scar 

formation. In our study, we interestingly found that miR-27a-3p overexpression could promote 

proliferation and migration of NIH/3T3 cells. Then, we revealed that the perlecan expression 

was positively correlated with the miR-27a-3p expression, and effects of miR-27a-3p 

overexpression on proliferation and migration of NIH/3T3 cells were reversed by perlecan 

knockdown. In addition, the protein expression levels of VEGF and bFGF as well as the protein 

Prep
rin

t



phosphorylated levels of MAPK, ERK, PI3K and AKT were all increased by miR-27a-3p 

through up-regulating perlecan.  

The functional roles of miR-27a, located on chromosome 19 (19p13.1), have been well studied 

in cancer cells. miR-27a-3p has been illustrated to act as an oncogene in several cancer types. 

For example, miR-27a-3p has been demonstrated to promote proliferation of glioma cells (Xu et 

al. 2013) and gastric carcinoma cells (Zhou et al. 2016). Both proliferation and migration were 

promoted by miR-27a-3p in renal cell carcinoma cells (Peng et al. 2015) and nasopharyngeal 

carcinoma cells (Li and Luo 2017). Conversely, miR-27a-3p can inhibit proliferation and 

migration in esophageal squamous cell carcinoma (Zhu et al. 2014) and colorectal carcinoma 

(Bao et al. 2014) cells thereby acting as a tumor suppressor. Hence, it is curious that whether 

miR-27a-3p can affect proliferation and migration of fibroblasts. Results in our study showed 

that the viability and migration of NIH/3T3 cells were enhanced by miR-27a-3p overexpression 

while were reduced by miR-27a-3p inhibition. Cyclin D1 is a critical protein involved in 

regulation of cell proliferation. It can activates cyclin-dependent kinase (CDK) 4 and 6, thereby 

induces phosphorylation of retinoblastoma protein and expression of proliferation associated 

proteins, resulting in elevated proliferation (Li et al. 2007). MMPs, especially MMP-2 and 

MMP-9, can degrade several ECM components. MMP-2 which degrades type IV collagen 

substrates and MMP-9 which degrades gelation substrates are highly related with cell migration 

(Webb et al. 2017). In our study, the up-regulations of Cyclin D1, MMP-2 and MMP-9, which 

are induced by miR-27a-3p overexpression, further consolidated the pro-proliferative and 

pro-migratory capacities of miR-27a-3p in fibroblasts.  

As a key regulatory molecule in cell adhesion, migration and proliferation, perlecan has been 

demonstrated to participate in the process of skin scar formation (Gustafsson et al. 2013). Dos et 

al. reported that perlecan influenced the keratin 15-positive cell population fate in the epidermis 

of aging skin (Dos Santos et al. 2016). Therefore, in the current research, we next focused on 

the interaction between miR-27a-3p and perlecan to explore the regulatory mechanism of 

miR-27a-3p in fibroblasts. We found that miR-27a-3p could positively regulate the expression 
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of perlecan in NIH/3T3 cells via binding to the promoter of perlecan. Perlecan knockdown 

inhibited the proliferation and migration of NIH/3T3 cells. Additionally, we revealed that the 

miR-27a-3p overexpression-induced increases of proliferation and migration of NIH/3T3 cells 

were abrogated by perlecan knockdown. Therefore, we concluded that up-regulation of perlecan 

might be a possible explanation for the effects of miR-27a-3p on fibroblasts.  

VEGF is a glycoprotein that plays a critical role in angiogenesis. Previous studies have proved 

that VEGF expression is up-regulated in pathologic scars relative to the normal skins (Bock et al. 

2006; Ong et al. 2007). bFGF is known as a mitogen and chemoattractant that can stimulate 

angiogenesis in fibroblasts (Ohno et al. 2016). bFGF is also proposed to promote proliferation, 

migration and differentiation of basic fibroblasts (Niu et al. 2015). Therefore, we next measured 

the alteration of VEGF and bFGF expression after aberrant expression of miR-27a-3p and 

perlecan. Results showed miR-27a-3p up-regulated protein expression levels of VEGF and 

bFGF, and these up-regulations were abrogated by perlecan knockdown. A previous study has 

proved that perlecan can act as a co-activator of VEGF and bFGF and thereby promote the 

binding of these two factors to their cognate receptors (Ishijima et al. 2012). Our results as well 

as the previous literature collectively proved that miR-27a-3p could up-regulated expression of 

VEGF and bFGF in fibroblasts through up-regulating perlecan expression.  

The MAPK/ERK and PI3K/AKT pathways are important signal transduction pathways that 

participate in cell proliferation and migration (Sun et al. 2015; Chiappini et al. 2017; Wong et al. 

2018). Zhou et al. have proved that the MAPK/ERK pathway is activated in gastric cancer cells 

overexpressing miR-27a-3p. Also in gastric cancer cells, Ding et al. have reported that 

miR-27a-3p promotes malignant behavior by activating the PI3K/AKT pathway (Ding et al. 

2017). Therefore, we finally testified the involvements of these two pathways in NIH/3T3 cells. 

Results illustrated that miR-27a-3p could activate MAPK/ERK and PI3K/AKT pathways 

through up-regulating perlecan.  

 

Conclusions 
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To summarize, we reported for the first time that miR-27a-3p could promote proliferation and 

migration of fibroblasts (NIH/3T3 cells). Perlecan was the downstream protein of miR-27a-3p. 

Moreover, miR-27a-3p up-regulated expression of VEGF and bFGF and activated the 

MAPK/ERK and PI3K/AKT pathways through up-regulating perlecan. Our study not only 

provided the regulatory mechanism of miR-27a-3p in fibroblasts, but also verified that both 

miR-27a-3p and perlecan might be therapeutic targets for pathological scar formation.  
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Figure legends 

Figure 1. MicroRNA (miR)-27a-3p promotes proliferation and migration of NIH/3T3 cells. 

NIH/3T3 cells were transfected with miR-NC, miR-27a-3p mimic or miR-27a-3p inhibitor. 

Cells in the miR-NC group were served as control. A. Expression of miR-27a-3p by stem-loop 

RT-PCR. B. Cell viability by a Cell Counting Kit-8 assay. C. Expression of Cyclin D1 by 

Western blot analysis. D. Cell migration by Transwell assay. E. Expression of MMP-2 and 

MMP-9 by Western blot analysis. Data was presented as the mean ± SD of at least three 

independent experiments. *P < 0.05; **P < 0.01 or ***P < 0.001 vs. miR-NC group. miR-NC, 

negative control of miR-27a-3p mimic and inhibitor; MMP, matrix metalloproteinase.  

 

Figure 2. MicroRNA (miR)-27a-3p positively regulates perlecan expression in NIH/3T3 

cells. A. NIH/3T3 cells were transfected with miR-NC, miR-27a-3p mimic or miR-27a-3p 

inhibitor. Cells in the miR-NC group were served as control. Protein expression of perlecan was 

determined by Western blot analysis. B. NIF/3T3 cells were co-transfected with pGL3-perlecan 

vector and increasing amounts of miR-27a-3p inhibitor, the relative luciferase activity was 

detected using dual luciferase reporter assay. Data was presented as the mean ± SD of at least 

three independent experiments. *P < 0.05; **P < 0.01 or ***P < 0.001 vs. miR-NC or 0 nM 

miR-27a-3p inhibitor group. miR-NC, negative control of miR-27a-3p mimic and inhibitor.  

 

Figure 3. MicroRNA (miR)-27a-3p affects NIH/3T3 cells via up-regulation of perlecan. A. 

Protein expression of perlecan in NIH/3T3 cells after si-perlecan transfection was detected by 

Western blot analysis. NIH/3T3 cells were co-transfected with miR-NC+si-NC, 

miR-27a-3pmimic+si-NC, si-perlecan+miR-NC or miR-27a-3p mimic+si-perlecan. B. Cell 

viability by a Cell Counting Kit-8 assay. C. Expression of Cyclin D1 by Western blot analysis. 

D. Cell migration by Transwell assay. E. Expression of MMP-2 and MMP-9 by Western blot 

analysis. Data was presented as the mean ± SD of at least three independent experiments. *P < 

0.05; **P < 0.01 or ***P < 0.001 vs. si-NC or miR-NC+si-NC group. #P < 0.05 or ##P < 0.01 vs. 
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miR-27a-3p mimic+si-NC group. miR-NC, negative control of miR-27a-3p mimic and inhibitor; 

si-perlecan, small interfering RNA targeting perlecan; si-NC, negative control of si-perlecan; 

MMP, matrix metalloproteinase.  

 

Figure 4. MicroRNA (miR)-27a-3p up-regulates expression levels of VEGF and bFGF via 

up-regulation of perlecan in NIH/3T3 cells. NIH/3T3 cells were co-transfected with 

miR-NC+si-NC, miR-27a-3p mimic+si-NC, si-perlecan+miR-NC or miR-27a-3p 

mimic+si-perlecan. Protein expression levels of VEGF and bFGF were determined by Western 

blot analysis. Data was presented as the mean ± SD of at least three independent experiments. 

**P < 0.01 or ***P < 0.001 vs. miR-NC+si-NC group. ##P < 0.01 or ###P < 0.001 vs. 

miR-27a-3p mimic+si-NC group. miR-NC, negative control of miR-27a-3p mimic and inhibitor; 

si-perlecan, small interfering RNA targeting perlecan; si-NC, negative control of si-perlecan; 

VEGF, vascular endothelial growth factor; bFGF, basic fibroblast growth factor.  

 

Figure 5. MicroRNA (miR)-27a-3p activates MAPK/ERK and PI3K/AKT pathways via 

up-regulation of perlecan in NIH/3T3 cells. NIH/3T3 cells were co-transfected with 

miR-NC+si-NC, miR-27a-3p mimic+si-NC, si-perlecan+miR-NC or miR-27a-3p 

mimic+si-perlecan. Expression levels of p-MAPK, t-MAPK, p-ERK and t-ERK (A) and p-PI3K, 

t-PI3K, p-AKT and t-AKT (B) WERE determined by Western blot analysis. Data was presented 

as the mean ± SD of at least three independent experiments. ***P < 0.001 vs. miR-NC+si-NC 

group. ###P < 0.001 vs. miR-27a-3p mimic+si-NC group. miR-NC, negative control of 

miR-27a-3p mimic and inhibitor; si-perlecan, small interfering RNA targeting perlecan; si-NC, 

negative control of si-perlecan; MAPK, mitogen-activated protein kinase; ERK, extracellular 

signal-regulated kinase; PI3K, phosphatidylinositol-3-kinase; p-, phospho-; t-, total.  

Prep
rin

t



Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Powered by TCPDF (www.tcpdf.org)

Prep
rin

t



Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

Prep
rin

t

http://www.tcpdf.org

