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Abstract

The objective of this study was to determine the expression of miR-483 and miR-483* and the relationship among them, their

host gene (Igf2), and other cytokines in a murine model of renal fibrosis. The extent of renal fibrosis was visualized using

Masson staining, and fibrosis was scored 3 days and 1 and 2 weeks after unilateral ureteral obstruction (UUO). Expression of

miR-483, miR-483* and various cytokine mRNAs was detected by real-time polymerase chain reaction (PCR). Expression of

miR-483 and miR-483* was significantly upregulated in the UUO model, particularly miR-483 expression was the greatest 2

weeks after surgery. Additionally, miR-483 and miR-483* expression negatively correlated with Bmp7 expression and positively

correlated with Igf2, Tgfb, Hgf, and Ctgf expression, as determined by Pearson’s correlation analysis. Hgf expression

significantly increased at 1 and 2 weeks after the surgery compared to the control group. This study showed that miR-483 and

miR-483* expression was upregulated in a murine UUO model. These data suggest that miR-483 and miR-483* play a role in

renal fibrosis and that miR-483* may interact with miR-483 in renal fibrosis. Thus, these miRNAs may play a role in the

pathogenesis of renal fibrosis and coexpression of their host gene Igf2.

Key words: microRNA; miR-483; Renal fibrosis; Igf2, UUO

Introduction

Progressive renal fibrosis is the end stage of various

chronic kidney diseases and results in impaired renal

function and, ultimately, kidney failure. Renal fibrosis is

characterized by tubular cell apoptosis, leukocyte infiltra-

tion, necrosis, tubulointerstitial fibroblast proliferation,

increased extracellular matrix (ECM) production, and the

replacement of normal renal tissue. Despite fundamental

advances in the understanding of the pathophysiology of

renal fibrosis, definitive therapies remain limited.

The key issues for pathogenesis of renal fibrosis are still

unclear. Renal fibrosis obviously is not a solitary disease,

but involves a complicated network of mechanisms. In

recent years, research has identified that many factors

participate in renal fibrosis, including enhanced expression

of proapoptotic genes and profibrotic growth factors,

increased macrophage infiltration, and initiation of epithelial

mesenchymal transition (EMT), as well as endothelial

mesenchymal transition. Transforming growth factor-b1 is

one of the most important mediators of fibrogenesis and

also regulates macrophage recruitment in the kidneys (1,2).

Recently, microRNA (miRNA) has attracted attention

after being shown to participate in a variety of physiolog-

ical processes and the pathogenesis of human diseases.

miRNAs are small (,22 nt) endogenous noncoding RNAs

that posttranscriptionally repress gene expression, mainly

by binding to the 39-untranslated regions of their target

messenger RNAs. Abnormal miRNA expression is linked

to the initiation and progression of pathological processes,

including diabetes, cancer, cardiovascular disease, and

osteoarthritis (3-5).

Current studies have indicated that abnormal miRNA

expression is related to the pathogenesis of renal fibrosis

(e.g., miR-21, miR-200, and miR-192). However, whether

their host genes play a role in renal fibrosis, like the

miRNAs, has not been determined. For example, in

osteoarthritis, the overexpression of miR-675 and its host

gene H19 may support cartilage anabolism and enhance

tissue regeneration (6). Thus, miRNAs and their host

genes may be involved in physiological or pathological

processes together. Birnbacher et al. (7) reported that Igf2
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mRNA is expressed in the interstitial cells in the medullary

region of the kidney and is involved in kidney develop-

ment. Whether Igf2 and its intronic miRNA play a role in

renal fibrosis is still unknown.

Additionally, miR-483, a conserved sequence

encoded by intron 2 of Igf2, was identified. The pre-

miRNA, miR-483, generates two mature miRNAs, miR-

483-5p and miR-483-3p. Research has shown that

abnormal miR-483 expression is associated with cancers,

such as adrenocortical cancer and rectal cancer (8,9). Ma

et al. (10) reported that miR-483-5p is coexpressed with

its host gene Igf2 in murine hepatocellular carcinoma cell

lines. Thus, miR-483-5p can be viewed as a functional

partner for Igf2. However, whether miR-483 and Igf2
expression are both abnormal and whether miR-483 is

associated with its host gene in renal fibrosis are

unknown. Cytokines are known to participate in renal

fibrosis. Additionally, miR-483 might participate in regulat-

ing the balance between promoters and inhibitors in renal

fibrosis by regulating the expression of some cytokines,

such as bone morphogenetic protein-7 (BMP7), trans-

forming growth factor beta (TGFb), hepatocyte growth-

promoting factor, and connective tissue growth factor

(CTGF). Therefore, this study aimed to assess miR-483

and miR-483* expression and to determine the relation-

ships among the expression of miR-483, miR-483*, Igf2,

and other cytokines in a unilateral ureteral obstruction

(UUO) mouse model of renal fibrosis.

Material and Methods

Experimental renal fibrosis model
Twenty mice (male, 4-5 months old) were randomly

and evenly divided into 4 groups. The UUO model was

established as previously described (11). The mice were

anesthetized with 0.5% pentobarbital sodium and placed

on a heating pad at 376C. Through a midline incision, the

right ureter was identified, ligated with 4-0 sutures, and

cut at 2 sites near the renal hilum. After surgery, the mice

were killed at 3 days and 1 and 2 weeks after surgery

(n=5/group). Five mice that did not undergo surgery were

killed and served as a control group. The right kidneys of

the mice were harvested, and the upper third of the kidney

was used for RNA extraction, the middle third for histo-

pathological analysis, and the lower third for Western blot

analysis. The study was performed in compliance with

the regulations of the Harbin Medical University Ethics

Council, and the protocol was approved by the Experi-

mental Animal Care and Use Committee of Harbin

Medical University.

Histopathological and semiquantitative evaluation of
fibrosis

To investigate fibrosis in the UUO mice, their kidneys

were harvested and fixed using 4% paraformaldehyde.

Three-microns-thick paraffin sections were Masson

stained, and two independent observers examined the

slides by light microscopy (Olympus BX41, Japan) using a

modified scoring system. Grades were assigned to each

slide according to the following criteria: 0, no fibrosis; 1,

mild fibrosis (10-30% in area); 2, moderate fibrosis (30-

50% in area); 3, severe fibrosis (.50% in area). The

scoring system was based on the average extent of

histological change observed on four slides.

Western blot analysis
Using a homogenate bar, the lower third of each

kidney was homogenized after adding five volumes of

homogenate buffer composed of 10 mM HEPES buffer,

pH 7.9, 10 mM KCl, 0.1 mM egtazic acid, 1 mM dithio-

threitol, and 0.5 mM phenylmethylsulfonyl fluoride. The

kidney homogenates were centrifuged at 3000 g for

15 min at 46C, and the supernatants were subsequently

stored at ––806C. The protein extracts from the kidney

tissues were separated on 12% SDS-PAGE gels and

transferred to polyvinylidene difluoride membranes.

Gapdh served as a loading control. Bmp7, Igf2, Tgfb,
Hgf, and Ctgf expression were evaluated using rabbit

polyclonal anti-Bmp7 (1:250; Bioworld Technology, USA),

anti-Hgf (1:500; Abcom, USA), anti-Tgfb (1:250; Bioworld

Technology), anti-Ctgf (1:3000; Abcom), and anti-Igf2
(1:150; Bioworld Technology) antibodies, which were

purified for immunogen affinity. The bands were quantified

using the Image-Pro Plus software (USA).

RNA extraction and complementary DNA (cDNA)
synthesis

Total RNA containing the miRNAs and cytokine

mRNAs was extracted from kidney using Trizol reagent

(Invitrogen, USA) according to the manufacturer’s recom-

mendations. Total RNA was eluted with RNase-free water

and stored at ––806C, and RNA concentration was

determined by spectrophotometry. Then, 1 mg of RNA

from each sample was reverse-transcribed into cDNA

using random primers for the cytokine mRNAs, an miR-

483-specific stem-loop primer, an miR-483*-specific

stem-loop primer, and a U6-specific stem-loop primer.

The generated cDNAs were then subjected to conven-

tional polymerase chain reaction (PCR). The stem-loop

primer sequences of the miRNAs are shown in Table 1.

Real-time PCR analyses
Real-time PCR was performed using a 7500 Real-Time

PCR System (Applied Biosystems, Germany) by the

SYBER Green method, and primers specific to U6,

Gapdh, miR-483, miR-483* and various cytokines (Bmp7,
Igf2, Tgfb, Hgf, and Ctgf) that were synthesized by the

Shengong Company (China). U6 and Gapdh genes were

used as controls to normalize differences in the total RNA

among the samples. Primer sequences are shown in Tables

2 and 3. Variations in expression of miR-483 between

different samples were calculated after normalization by U6.
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Bmp7, Igf2, Tgfb, Hgf, and Ctgf were calculated and

normalized by Gapdh. Results were normalized against

the internal control using the 2-DD Ct method, where Ct is

defined as the fractional cycle number at which the

fluorescence passes the fixed threshold.

Target gene prediction
The target genes of miR-483 and miR-483* were

predicted using miRanda, PITA, and RNA hybrid software

(12).

Statistical analysis
Data are reported as means±SD and were analyzed

using SPSS 19.0 software (USA). To compare multiple

group results, analysis of variance was used, followed by

Dunnett’s multiple comparison test. The correlation

between miR-483 or miR-483* expression and the

expression of various cytokines, namely Bmp7, Igf2,
Tgfb, Hgf, and Ctgf, in kidney from wild-type mice was

examined using Pearson’s correlation. Values of P,0.05

were considered to be statistically significant.

Results

Formation of renal fibrosis in the UUO mouse model
Samples were scored according to the scoring system

using Masson staining. Samples from the control group

were scored as 0, and the UUO samples obtained at 3

days and 1 and 2 weeks post-surgery were scored as 0-1,

1, and 3, respectively. The kidney tubules dilated, and the

extent of renal fibrosis worsened gradually. Furthermore,

the kidney tubule walls became thin and atrophied, while

the number of casts increased gradually (Figure 1).

Expression of and relationship among miR-483,
miR-483* and the mRNAs for Bmp7, Igf2, Tgfb, Hgf,
and Ctgf

Real-time PCR was performed on the samples to

evaluate the expression of miR-483, miR-483* and

several cytokine mRNAs, including Bmp7, Igf2, Tgfb,
Hgf, and Ctgf. In addition, expression relationships among

the above miRNAs and mRNAs were investigated in

kidney tissue with varying extents of interstitial fibrosis.

The expression of miR-483 and miR-483* was signifi-

cantly higher at 1 and 2 weeks after surgery compared to

the control group (P,0.05), but was not significantly lower

3 days after surgery (P.0.05; Figure 2A). Igf2 and Hgf
mRNA expression increased significantly 1 and 2 weeks

after surgery compared to the control group (P,0.05), but

was not significantly increased 3 days after surgery

(P.0.05). Tgfb and Ctgf mRNA expression increased

significantly 3 days and 1 and 2 weeks after surgery

compared to the control group (P,0.05), while Bmp7
mRNA expression decreased (P,0.05; Figure 2B). Using

Pearson correlation analysis, miR-483 expression posi-

tively correlated with Igf2, Tgfb, Hgf, and Ctgf expression
(r=0.555, 0.573, 0.841, 0.76; Igf2 P,0.05, others

P,0.01) and negatively correlated with Bmp7 expression

(r=––0.72, P,0.01; Figure 2C). In addition, miR-483*

expression positively correlated with Igf2, Tgfb, Hgf, and
Ctgf expression (r=0.805, 0.623, 0.792, 0.874; P,0.01)

and negatively correlated with Bmp7 expression (r=

–0.741, P,0.01; Figure 2D).

Western blot analysis of abnormal cytokine
expression in UUO mice

Protein expression of Tgfb and Ctgf, both promoters of

renal fibrosis, significantly increased 3 days and 1 and 2

weeks after surgery compared to the control group

(P,0.01), while protein expression of Bmp7, an inhibitor

of renal fibrosis, significantly decreased at 3 days and 1

and 2 weeks after surgery compared to the control group

(P,0.01). Expression of Hgf, an inhibitor of renal fibrosis,

Table 1. Stem-loop RT primers of miR-cDNA.

microRNA Stem-loop RT primers

miR-483 59-gtcgtatccagtgcgtgtcgtggagtcggcaattgcactggatacgacctccctt-39

miR-483* 59-gtcgtatccagtgcgtgtcgtggagtcggcaattgcactggatacgacaagacgg-39

Table 2. Primers for detecting miRNA expression by qRT-PCR.

microRNA Forward primers

miR-483 59-ggaagacgggagaagaga-39

miR-483* 59- attcactcctcccctccc-39

Table 3. Primers for detecting kidney genes.

Gene name Primers Tm (6C)

Bmp7 F: aagacgccaaagaaccaaga 59.9

R: cgcactctccctcacagtagta

Tgfb F: aacaattcctggcgttacctt 59.9

R: gaatcgaaagccctgtattcc

Hgf F: ccagaggtacgctacgaagtct 60

R: agtcttgcctgattctgtgtga

Ctgf F: aactatgatgcgagccaactg 60.3

R: attggtaactcgggtggagat

Igf2 F: cgccttgtgctgcatcgctgctt 60

R: cacagtatgtctccaggaggg

Tm: temperature.
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significantly increased 1 and 2 weeks after surgery

compared to the control group (P,0.01). Expression of

Igf2, the host gene for miR-483, significantly increased 3

days and 1 and 2 weeks after surgery compared to the

control group (P,0.01; Figure 3).

Target genes
PDGFb, TIMP2, and BMP1 are the target genes of

miR-483. PDGFb, IGF2, CTGF, and TIMP2 are the target

genes of miR-483* (Table 4). Indeed, there are hundreds

of target genes of miR-483 and miR-483* as predicted

using software. However, the above genes play functions

in the metabolism of renal fibrosis or join in its pathogen-

esis. Thus, we chose those genes as target genes of miR-

483 or miR-483*.

Discussion

Renal fibrosis is characterized by excessive deposition

of ECM components in the kidney, which is the end result of

an imbalance in the metabolism of the ECM molecule.

‘‘Amiss choices’’ in multiple pathways involved in renal

tissue repair and inflammation can lead to the development

of fibrosis. Many profibrotic mediators have been identified,

such as TGFb. Unfortunately, the mechanism of renal

fibrosis remains unclear. Recent studies have indicated

that many miRNAs play crucial roles in the pathogenesis of

Figure 1. Masson staining of the kidney tissue. Samples were

scored according to the scoring system using Masson staining: 0,

no fibrosis; 1, mild fibrosis (10-30% in area); 2, moderate fibrosis

(30-50% in area); 3, severe fibrosis (.50% in area). Based on the

average extent of histological change, the samples at 3 days

post-surgery were scored 0-1, at 1 week were scored 1, and at 2

weeks were scored 3. Arrows show fibrotic areas.

Figure 2. Expression of and relationships among miR-483, miR-483*, and the mRNAs for Bmp7, Igf2, Tgfb, Hgf and Ctgf. Real-time

PCR was performed on the samples to evaluate the expression of miR-483, miR-483*, and several cytokine mRNAs, including Bmp7,
Igf2, Tgfb, Hgf and Ctgf. d: days, w: week. *P,0.05, compared to the control (Dunnett’s multiple comparison test).

Figure 3. Western blot analysis of abnormal cytokine expression

in mice after unilateral ureteral obstruction (UUO). TGFb:
transforming growth factor beta; HGF: hepatocyte growth-

promoting factor; BMP7: bone morphogenetic protein-7; CTGF:

connective tissue growth factor; GAPDH: glyceraldehyde 3-

phosphate dehydrogenase.
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renal fibrosis. For example, miR-21 amplifies TGFb

signaling and promotes fibrosis through a positive-feed-

back loop and other mechanisms (13-15). Additionally,

miR-200 suppresses Zeb1, Zeb2, and TGFb2 itself, which

may inhibit TGFb-mediated EMT and prevent fibrosis (16).

Moreover, TGFb1-induced miR-192 expression in mesan-

gial cells has been shown to increase collagen 1a2

expression and promote renal fibrosis (17).

Recent studies have reported the role of miR-483 in

the pathogenesis of some diseases, such as adrenocor-

tical tumors, asthma, and cardiovascular disease (18,19).

However, the function of miR-483 has not been reported

in the pathogenesis of renal fibrosis. In our study, miR-

483 and miR-483* were highly expressed 1 and 2 weeks

after surgery. Expression of miR-483 was highest 2

weeks after surgery and was higher than miR-483*;

therefore, we indicate that miR-483 plays a role in renal

fibrosis. In the maturation process of miRNAs, the

miRNA* strand is degraded, although occasionally the

miRNA* strand is also retained and functions as a mature

miRNA (20). However, miR-483* expression increased

but was lower than miR-483 expression; thus, we suspect

that miR-483* acts as a partner for miR-483 in renal

fibrosis, like miR-155* cooperating with its miRNA partner

(miR-155) in the same physiological process (21).

However, there is another possibility that miR-483* plays

a converse role with miR-483.

miRNA miR-483 is located in the second intron of the

Igf2 gene. Igf2 mRNA has been shown to be expressed in

blastemal cells of the nephrogenic zone and in interstitial

cells of the medullary region, and IGF2 has been shown to

be involved in human renal development (7). IGF2 can

activate the PI3-kinase/Akt pathway after binding to IGF1

receptor (22), and subsequent activation of this pathway

can promote fibrosis. Ma et al. (10) reported that miR-483-

5P is coexpressed with its host gene Igf2 and can be

viewed as a functional partner for Igf2. In our study, we

found that miR-483 and miR-483* expression positively

correlated with Igf2, so we consider that they were

coexpressed with Igf2 mRNA in the UUO model. Thus,

we suspect that miR-483 may participate in renal fibrosis,

through inhibiting the expression of some inhibitor mRNAs

of renal fibrosis. Although Igf2 is the target gene of miR-

483*, according to the results of target gene software

prediction, it is presumed that miR-483* could inhibit

expression of Igf2, in spite of coexpression between them.

Thus, miR-483* has an adverse function with the host gene

in renal fibrosis. However, in some tumors, miR-483-3P is

highly expressed, but there is no concomitant increase in

Igf2 (23). Thus, whether intronic miRNAs correlate with

their host genes in terms of expression and function

remains unclear. Further studies are needed regarding the

role of miR-483 in the pathogenesis of renal fibrosis.

In the present study, we found that miR-483 and miR-

483* expression positively correlated with promoters (Tgfb,
Ctgf) and an inhibitor of renal fibrosis (Hgf), and negatively

correlated with another inhibitor of renal fibrosis (Bmp7), as

determined by statistical analysis. Interestingly, the extent

of the correlations between miR-483 and miR-483* and the

above cytokines is almost conformity. The results showed

that miR-483 and miR-483* most likely both promote and

inhibit renal fibrosis processes in direct or indirect ways.

Furthermore, their overexpression enhanced one of the

two processes for the promotion and inhibition of renal

fibrosis. By predicting some target genes of miR-483

and miR-483*, we found that miR-483 and miR-483*

Table 4. Target genes of miR-483 and miR-483*.

microRNA Target genes

miR-483 PDGFb 80 39 gagggAAGAGAAGAGGGCAGAa 59

59 uguugUUCCCCUCGUCCGUCUg 39

BMP1 287 39 gagggaaGAGAAGAGGGCAGAa 59

59 cugcgggCUUCUCUGCCGUCUu 39

TIMP2 1324 39 gaGGGAAGAGAAGA-GG--GCAGAa 59

59 caCUCUUC-CUUCUGCCUGCGUCUu 39

1992 39 gaGGGAAG—AGAAGAGGGCAGAc 59

59 ugCUUUUCCAGCCUCUCCCGUCUu 39

miR-483* PDGFb 56 39 uucugcccuccccuCCUCACu 59

59 cccaugggguccuuGGAGUGa 39

939 39 uucugcccuccccuCCUCACu 59

59 ccgaggcccucuguGGAGUGg 39

IGF2 1374 39 uucugccCUCCCCUCCUCACu 59

59 ucacacuGAUGUGGGGAGUGu 39

CTGF 334 39 uucugcccucccuCCUCACu 59

59 ugugccuacuuuuuGGAGUGu 39

TIMP2 252 39 uucugcccucCCCUCCUCACu 59

59 ccuugcuacaGGCAGGAGUGg 39
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participated in the pathogenesis of renal fibrosis via multi-

target regulation. Interestingly, we found that Hgf mRNA

and protein expression increased in our study, while some

reports have indicated that Hgf expression decreased in the

UUOmodel (24,25). However, the Asanuma et al. (26) study

indicated that Hgf mRNA expression increased in value for

the UUO model, but the authors did not indicate the result.

Thus, we think the expression pattern of Hgf needs to be

studied.

Recent studies have revealed the role of somemiRNAs

in the pathogenesis of renal fibrosis, andmiR-483 has been

reported to play a role in some diseases (18,23). However,

the function of miRNA-483 in the pathogenesis of renal

fibrosis remains unclear. Our study showed that expres-

sion of miR-483 and miR-483* was significantly altered

in the renal fibrosis model. However, because the observa-

tion time was not long enough after surgery, we could not

determinewhich changeswere caused by expression ofmiR-

483 and miR-483* during later stages of renal fibrosis, and

this was a limitation of our study. Future studies are needed to

find the real target gene of miR-483 and miR-483* regulating

renal fibrosis from the predicted results, and the regulatory

mechanisms. Several researchers have focused on ther-

apeutic approaches that manipulate the expression of

miRNAs connected with diseases (13). Further functional

studies of miR-483 in the pathogenesis of renal fibrosis could

offer a novel, reasonable approach to the treatment of renal

fibrosis.
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