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 Background: Ischemia-reperfusion (I/R) leads to kidney injury. Renal I/R frequently occurs in kidney transplantations and 
acute kidney injuries. Recent studies reported that miR-30 stimulated immune responses and reductions in re-
nal I/R related to anti-inflammation. Our study investigated the effects of miR-30c-5p on renal I/R and the re-
lationship among miR-30c-5p, renal I/R, and macrophages.

 Material/Methods: Sprague Dawley rats received intravenous tail injections of miR-30c-5p agomir. Then a renal I/R model were 
established by removing the left kidney and clamping the right renal artery. Serum creatinine (Cr) was ana-
lyzed using a serum Cr assay kit, and serum neutrophil gelatinase associated lipocalin (NGAL) was measured 
using a NGAL ELISA (enzyme-linked immunosorbent assay) kit. Rat kidney tissues were analyzed using hema-
toxylin and eosin staining. THP-1 cells treated with miR-30c-5p agomir and miR-30c-5p antagomir were mea-
sured with quantitative reverse transcription-polymerase chain reaction. Protein levels were analyzed by west-
ern blot.

 Results: MiR-30c-5p agomir reduced serum Cr, serum NGAL, and renal I/R injury. MiR-30c-5p agomir inhibited the ex-
pression of CD86 (M1 macrophage marker), inducible nitric oxide synthase (iNOS), and tumor necrosis factor-
alpha (TNF-a) and promoted the expression of CD206 (M2 macrophage marker), interleukin (IL)-4, and IL-10 
in rat kidneys. MiR-30c-5p agomir reduced the expression of CD86 and iNOS, and increased the expression of 
CD206 and IL-10 in THP-1 cells.

 Conclusions: We preliminarily demonstrated that miR-30c-5p agomir might decrease renal I/R through transformation of 
M1 macrophages to M2 macrophages and resulted in changes in inflammatory cytokines.
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Background

Ischemia-reperfusion (I/R) leads to multiple organs injury, 
including lung injury [1], myocardial injury [2] and kidney 
injury [3]. Acute kidney injury frequently occurs in aortic sur-
gery with suprarenal clamping [4]. Renal I/R is one expression 
of kidney injury due to blood supply variation and is one cause 
of acute tubular necrosis (ATN). The loss of vascular fluid and 
interstitial fluid in the kidney is responsible for poor perfusion 
and damaged kidney function after ischemia [5]. Endothelial 
cell dysfunction accompanying kidney ischemia and renal cell 
swelling is one major cause of the no-reflow phenomenon in 
the kidney, and when relieved, can prevent kidney injury [5,6]. 
In addition, renal I/R takes place during kidney transplanta-
tion, which delays kidney graft function in clinical practice [7]. 
Therefore, many studies investigated method to relieve renal 
I/R damage [8,9].

MiR-30 belongs to the microRNA (miRNA) family and includes 5 
members (miR-30a, miR-30b, miR-30c, miR-30d, and miR-30e) 
and 6 mature miRNAs; it is encoded by 6 genes located on 
chromosomes 1, 6, and 8 [10]. Most studies have shown that 
miR-30 acts as a suppressor in tumors and can inhibit multi-
ple tumors, such as hepatocellular carcinoma [11], lung can-
cer [12], and colorectal cancer [13]. A recent study demonstrated 
that non-infective systemic inflammatory response syndrome 
(SIRS) reflected changes in miR-30a-5p and miR-30d-5p, and 
that these circulating inflammatory-relevant miRNAs were not 
from red blood cell damage caused hemolysis or coagulopathy, 
but were activated immune cells produced by SIRS-related 
miRNAs [14]. Chen et al. reported high-mobility group box 1 
(HMG1) aggravated renal I/R by stimulating inflammation and 
immunologic response [15]. In addition, Yarijani et al. pointed 
out that anti-inflammation protected the kidney against in-
jury resulting from I/R [16]. Our study hypothesis was based 
on the aforementioned studies that suggested that there was 
one relationship among miR-30c-5p, renal I/R, and immune re-
sponses. In our study, we first investigated the relationship be-
tween overexpression of miR-30c-5p and renal I/R, then ex-
plored the corresponding immune reactions.

Material and Methods

I/R model of kidney in rat

Sprague Dawley rats were purchased from Guangdong Medical 
Laboratory Animal Center (Guangzhou, Guangdong, China). 
The left kidney was removed, and the right renal artery was 
clamped through right flank incisions by atraumatic vascu-
lar clamp after the rats were anesthetized with pentobarbi-
tal (3%, 50 mg/kg; Beizhuo, Shanghai, China) by intraperito-
neal injection. Subsequently, the clamp was removed after an 

ischemic time of 40 minutes. Wounds were closed and steril-
ized after the end of the operation. In addition, the rats were 
supplemented with physiological saline. The rats were nor-
mally fed for 96 hours after the operation. The Sham group 
(n=10) had an incision but did not have the left kidney re-
moved or the right renal artery clamped. Rats (n=10) in the 
normal control (NC) group and rats in the miR-30c-5p agomir 
(5’-UGUAAACAUCCUACACUCUCAGC-3’) group were admin-
istered miR-30c-5p agomir (10 nmol/20 g weight) by intra-
venous tail injection before the I/R operation. Our animal 
study was approved by the Institutional Animal Care and Use 
Committee of The Affiliated Yantai Yuhuangding Hospital of 
Qingdao University.

Colorimetry

The blood samples were drawn at 24 hours, 48 hours, and 96 
hours after surgery. Creatinine (Cr) assay kit (sarcosine oxi-
dase method) (Jiancheng Bioengineering Institute, Nanjing, 
Jiangsu, China) determined the concentration of Cr in blood 
samples with automatic chemical analysis (Mindray, Shenzhen, 
Guangdong, China) at the wavelength of 570 nm. The manip-
ulation was performed following the product’s specifications.

Enzyme-linked immunosorbent assay (ELISA)

The blood samples were drawn at 24 hours, 48 hours, and 96 
hours after surgery. Rat neutrophil gelatinase associated li-
pocalin (NGAL) ELISA kit (Elabscience, Wuhan, Hubei, China) 
measured the concentration of NGAL in blood samples with 
Multiskan™ FC (Thermo Scientific, Waltham, MA, USA) at the 
wavelength of 450 nm, following the product’s specifications.

Hematoxylin and eosin (H&E) stain

Rats from each group were sacrificed 96-hours post operation. 
Kidney tissues from rats were collected for histopathology [17]. 
Kidney tissues were fixed with 10% buffered formalin (Solarbio, 
Beijing, China). Then the tissues were dehydrated, cleared, 
embedded in paraffin and sectioned (thickness of 3–4 μm). 
Kidney tissue sections were stained with hematoxylin and eo-
sin (H&E, Solarbio, Beijing, China).

Cell culture and cell transfection

The THP-1 cell line, which originated from a 1-year old infant 
with acute monocytic leukemia, was purchased from American 
Type Culture Collection (ATCC, Manassas, VA, USA). THP-1 cells 
were cultured with RPMI-1640 medium (Gibco, Carlsbad, CA, 
USA) supplemented with 10% fetal bovine serum (FBS, Gibco, 
Carlsbad, CA, USA) and 1% 10 000 units/mL penicillin and 
10 000 µg/mL streptomycin (Gibco, Carlsbad, CA, USA). Phorbol 
myristate acetate (PMA, 100 ng/mL) (Sigma-Aldrich, St. Louis, 
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MO, USA) was used to induce THP-1 cells for 48 hours. MiR-
30c-5p agomir (5’-UGUAAACAUCCUACACUCUCAGC-3’), miR-
30c-5p antagomir, NC agomir, and NC antagomir mixed with 
lipofectamine solution (Invitrogen, Carlsbad, CA, USA) was dis-
solved in free FBS RPMI-1640 medium. The mixed solutions 
were used to treat the PMA-induced cells for 3 hours, and 
then the cells were cultured with normal medium for 48 hours.

Western blot

Proteins from the cells or kidney tissues were harvested using 
lysis buffer (Thermo Scientific, Waltham, MA, USA), and the ly-
sates were centrifuged at 4°C, 12 000 rad/min for 15 minutes. 
To measure the concentration of protein, a BCA kit (Thermo 
Scientific, Waltham, MA, USA) was used, and the quantified 
proteins were separated with sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). The separated pro-
teins were transferred on PVDF membranes (Sigma-Aldrich, 
St. Louis, MO, USA). Afterward, the protein membranes were 
stained with 1x Ponceau (Solarbio, Beijing, China), then blocked 
with 5% bovine serum albumin (BSA, Sigma-Aldrich, St. Louis, 
MO, USA) dissolved in TBST. The protein membranes were 
then incubated with primary antibodies, including CD86 an-
tibody (ab239075, ab112490, Abcam, Cambridge, MA, USA), 
CD206 (#91992, Cell Signaling Technology, Danvers, MA, USA) 
(P22897, Elabscience, Wuhan, Hubei, China), inducible nitric 
oxide synthase (iNOS) (ab136918, Abcam, Cambridge, MA, 
USA), interleukin (IL)-10 (#12163, Cell Signaling Technology, 
Danvers, MA, USA) and b-actin (ab8227, Abcam, Cambridge, 
MA, USA), overnight at 4°C in a box containing antibody so-
lution. The protein membranes were washed with TBST solu-
tion 3 times after primary antibody incubation and were then 
incubated with anti-rabbit antibody tagged with horse radish 
peroxidase (HRP) (ab7090, Abcam, Cambridge, MA, USA) for 
2 hour at the room temperature. The protein membranes were 
detected with enhanced chemiluminescence (ECL) kit (Sigma-
Aldrich, St. Louis, MO, USA) after the membranes were washed, 
as described in a previous study [18].

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR)

RNAs from kidney tissue or THP-1 cells were homogenized 
with TRIzol reagent (Sigma-Aldrich, St. Louis, MO, USA) us-
ing a homogenizer (IKA-WERK, Staufen, Germany). Total RNA 
was separated and extracted according to the manufacturer’s 
instructions. RNAs were synthesized by cDNA synthesis kit 
(Sigma-Aldrich, St. Louis, MO, USA). The operation followed 
the product’s specifications.

The sequences of PCR primers used are shown in Table 1 and 
were synthesized by Sangon Biotech (Shanghai, China). The con-
ditions of PCR were: initial incubation at 95°C for 2 minutes, 

40 cycles of 95°C for 30 seconds, 55°C for 60 seconds, and 
72°C for 30 seconds. We used the 2(–DDCt) method for analyz-
ing the relative level of mRNA.

Statistical analysis

The values were presented as mean ± standard deviation (SD) 
using SPSS 22 (IBM, Armonk, NY, USA). THP-1 cell experiments 
were independently performed at least 3 times. Statistical anal-
yses were performed by one-way analysis of variance (ANOVA) 
with Turkey’s multiple test for comparison by Graph Prism 6 
(Graph Pad, La Jolla, CA, USA). P values <0.05 were considered 
to be statistically significant.

Results

MiR-30c-5p agomir decreased the contents of serum Cr 
and NGAL in serum of rats and attenuated renal I/R injury 
of rats

The contents of serum Cr and NGAL were decreased follow-
ing the feeding time of rats after surgery (Figure 1A, 1B). 
Serum Cr and serum NGAL were reduced by miR-30c-5p agomir 
(Figure 1A, 1B). There was a statistical significance difference 
between the miR-30c-5p agomir group and the NC group in 
determination of serum Cr. Kidney tissue of the I/R group 
showed changes compared to the Sham group, including nu-
clear fragmentation and swelling (Figure 1C). H&E staining of 
the I/R group revealed that I/R led to injury of kidney tissue. 
MiR-30c-5p reduced the damage from I/R in kidney tissue 
(Figure 1C).

Effects of miR-30c-5p agomir on the expressions of CD86, 
CD206, IL-4, IL-10, iNOS, and tumor necrosis factor-alpha 
(TNF-a) in kidney tissue of rats treated with I/R model

I/R of the kidney caused lower expression of miR-30c-5p, 
CD206, IL-4, and IL-10, however, it caused increased expres-
sion of CD86, iNOS, and tumor necrosis factor-alpha (TNF-a) 
(Figure 2). MiR-30c-5p agomir promoted miR-30c-5p expres-
sion, inhibited expression of CD86, iNOS, and TNF-a, and in-
creased expression of CD206, IL-4, and IL-10 in rats with renal 
I/R (Figure 3). Next, we investigated the effects of miR-30c-5p 
agomir on monocytes because miR-30c-5p agomir might vary 
inflammatory factors and activated monocytes.

Effects of miR-30c-5p agomir and miR-30c-5p antagomir 
on the expression of CD86, CD206, IL-10, and iNOS in THP-
1 cells

MiR-30c-5p agomir promoted miR-30c-5p expression, inhib-
ited expression of CD86 and iNOS; however, it also enhanced 
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levels of IL-10 and CD206 in THP-1 cells (Figure 3). MiR-30c-5p 
antagomir inhibited miR-30c-5p expression and promoted ex-
pression of CD86 and iNOS; however, it decreased the expres-
sion of IL-10 and CD206 in THP-1 cells (Figure 3).

Discussion

Serum Cr is a widely accepted biomarker of kidney injury or 
kidney toxicity and is used as one indicator to evaluate kid-
ney function in clinical practice [19]. NGAL, a kidney tubu-
lar damage marker, is significantly high in type 2 diabetes 

Primer target Sequence

miR-30c-5p*
F: 5’-ACACTCCAGCTGGGTGTAAACATCCTACACTC-3’

R: 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTT GAGGCTCAGAG-3’

U6*
F: 5’-GCTTCGGCAGCACATCTCATAAAAT-3’

R: 5’-CGCTTCACGATTTGCGTGTCAT-3’

CD86*
F: 5’-TAGGGATAACCAGGCTCTAC-3’

R: 5’-CGTGGGTGTCTTTTGCTGTA -3’

iNOS*
F: 5’-GGAGAGATTTTTCACGACACCC-3’

R: 5’-CCATGCATAATTTGGACTTGCA-3’

CD206*
F: 5’-GGGACTCTGGATTGGACTCA-3’

R: 5’-CCAGGCTCTGATGATGGACT-3’

IL-4*
F: 5’-TCGGCATTTTGAACGAGGTC-3’

R: 5’-GAAAAGCCCGAAAGAGTCTC-3’

IL-10*
F: 5’-CGGGAAGACAATAACTG-3’

R: 5’-CACGCTGGCTCAGCCACTC-3’

b-actin*
F: 5’-ATGGCAACGTCAAGGCTGAGA-3

R: 5’CGCTCCTGGAAGATGGTGAT-3’

miR-30c-5p**
F: 5’-TGTAAACATCCTCGAC-3’

R: 5’-ACATCCAGTGTAGCATA-3’

U6**
F: 5’-CTTCGGCAGCACATATACTAAAAT-3’

R: 5’-CAGGGGCCATGCTAAATCTTC-3’

CD86**
F: 5’-TTGCAGAGGCAGCAAGATGG-3’

R: 5’-ATGATGAGTGGCAGCAAGATGG-3’

iNOS**
F: 5’-GGAGCCAGCTCTGCATTATC-3’

R: 5’-TTTTGTCTCCAAGGGACCAG-3’

CD206**
F: 5’-TTCGGACACCCATCGGAATTT-3’

R: 5’-CACAAGCGCTGCGTGGAT-3’

IL-10**
F: 5’-CTCGGATCCAAGGCATGCACAGCTCAGC-3’

R: 5’-CTCCTCGAGCCTGATGTCTCAGTTTCGTA-3’

b-actin**
F: 5’-CTGCAGGTCGACGATTGGACTCCGGTGACGGGGTCA-3’

R: 5’-GGATCCTCTAGAGATTATGACCTGGCCGTCAGGCAG-3’

Table 1. Oligonucleotide primer sequences for PCR.

* Primer target in rat; ** Primer target in THP-1 cell line.
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patients with kidney injury and is a sensitive marker for kid-
ney injury [20]. In our study, renal I/R decreased kidney func-
tion and damaged the kidney (Figure 1). MiR-30c-5p reduced 
kidney injury from I/R (Figure 1).

Kidney diseases are specifically classified as chronic and acute, 
and acute kidney injury is associated with bacterial infection, 
sepsis, and I/R injury. Acute kidney injury can develop into 
chronic kidney disease, and chronic kidney disease is typically 
associated with diabetic complications, obesity, and autoimmu-
nity [21]. Inflammation and immune response are causal fac-
tors in development of acute and chronic kidney disease [21]. 
Studies have reported that IL-4 and IL-10, and T helper type 2 
(Th2) cytokines in mice with crescentic glomerulonephritis in-
hibited the formation of glomerular crescent and protected 
kidney function [22,23]. In addition, the intake of IL-10 pro-
longed allograft rejection times and protected allografts [24]. 

A recent study reported that IL-4 polymorphisms were corre-
lated with inflammatory bowel disease (IBD) [25], and patients 
with IBD were more likely to have kidney-related symptoms, 
including microscopic hematuria and proteinuria [26]. In our 
study, I/R caused rat kidney tissue to have lower expression 
of IL-4 and IL-10, and miR-30c-5p agomir reduced I/R injury 
in accordance with improvement of IL-4 and IL-10 (Figure 2).

Inducible nitric oxide synthase (iNOS) and tumor necrosis factor-
alpha (TNF-a) are pro-inflammatory cytokines [27]. Chen et al. 
found that dexmedetomidine protected against hepatic I/R ac-
companying inhibition of pro-inflammatory mediators, including 
TNF-a, IL-6, and iNOS [28]. Renal I/R promoted the expression 
of iNOS and TNF-a, and miR-30c-5p agomir inhibited pro-in-
flammatory cytokines (Figures 2, 3). We thus, considered the 
questions: what kind of cells does miR-30c-5p agomir affect.

I/R NC miR-30 agomirSham

×
10

0
×

20
0

24 h

aa aa

aab

48 h

aa aa

aab

96 h

aa aa
aab

300

200

100

0

Cr
 in

 se
ru

m
 (μ

m
ol

/L
)

24 h

aa aa

a

48 h

a a

Sham
I/R
NC
miR-30 agomir

96 h

200

150

100

50

0

NG
AL

 in
 se

ru
m

 (p
g/

m
L)

A

C

B

Figure 1.  MiR-30c-5p attenuated rat renal I/R and inhibited serum Cr and serum NGAL. After the rats had surgery to create a rate 
renal I/R model, the rats were fed normally. Serum samples were taken at 24 hours, 48 hours, and 96 hours after normal 
feeding. Serum Cr was measured by serum Cr assay kit using automatic chemical analysis at the wavelength of 570 nm (A). 
Serum NGAL was evaluated by ELISA kit (B). After the rats were sacrificed, the kidney tissues were removed, and the 
kidney injury was measured by H&E staining (C). MiR-30=miR-30c-5p. The values were presented as mean ±SD, and the 
data were analyzed by ANOVA with Turkey’s multiple test (a versus Sham group, b versus I/R group; a=b P<0.05, aa=bb 
P<0.01). I/R – ischemia-reperfusion; Cr – creatinine; NGAL – neutrophil gelatinase associated lipocalin; ELISA – enzyme-linked 
immunosorbent assay; H&E – hematoxylin and eosin; SD – standard deviation; ANOVA – analysis of variance.
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Macrophages are myeloid immune cells that are well known to 
be characterized by phagocytosis, and they are located through-
out body tissues where they intake and degrade dead cells, 
foreign materials and fragments, and accelerate inflammatory 
processes [29]. Most studies have described 2 main polarized 
macrophages, T helper 1 (Th1) and Th2 immune response. 
One is a macrophage related to Th1 immune response that 
produces lots of inflammatory factors, including TNF-a, IL-12, 
and IL-6. The other one is a macrophage related to Th2 that 
repairs and remodels tissue by dissolving inflammation, and 

it can be induced by Th2 cytokines such as IL-10, IL-13, and 
IL-4 [30]. M2/M2-like macrophage function because surface 
molecules such as CD206 and CD163 are expressed in it [31]. 
M1 macrophages express CD86 and CD80 and has functional 
status [32,33]. A recent study reported that CD86 M1 macro-
phages had antitumor properties, and CD206 M2 macrophages 
had pro-tumoral behavior [34,35]. Our study preliminarily 
demonstrated that miR-30c-5p agomir promoted M1 macro-
phages transforming to M2 macrophages (Figure 2). In order 
to further investigate, we explored the effects of miR-30c-5p 
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Figure 2.  Effects of miR-30c-5p on the expression of CD86, CD206, IL-4, IL-10, iNOS, and TNF-a in kidney tissue of rats. After 
the rats were sacrificed, kidney tissues were removed, and the mRNA of miR-30c-5p, CD86, CD206, IL-4, IL-10, iNOS, 
and TNF-a were measured by qRT-PCR (A–C, G–J), and the protein levels of CD86 and CD206 were analyzed by western 
blot (D–F). miR-30=miR-30c-5p. The values were presented as mean ±SD, and the data were analyzed by ANOVA with 
Turkey’s multiple test (a versus Sham group, b versus I/R group, c versus NC group; a=b=c P<0.05, aa=bb=cc P<0.01). 
IL – interleukin; iNOS – inducible nitric oxide synthase; TNF-a – tumor necrosis factor-alpha; qRT-PCR – quantitative 
reverse transcription-polymerase chain reaction; ANOVA – analysis of variance.
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agomir on THP-1 cells, and showed that miR-30c-5p agomir 
promoted M1 THP-1 cells transformation to M2 THP-1 cells 
(Figure 3). However, we did not investigate the amount of M1 
macrophages and M2 macrophages in the rat kidney tissue 
by immunohistochemistry or flow cytometry, which weakened 
the strength of our results.

Figure 3.  Effects of miR-30c-5p on the expression of CD86, CD206, iNOS, and IL-10 in THP-1 cells. HTP-1 cells were induced with PMA. 
Cells were treated with miR-30c-5p agomir and miR-30c-5p antagomir for 3 hours, then the cells were cultured normally for 
48 hours. The mRNA levels of miR-30c-5p, CD86, CD206, iNOS, and IL-10 were determined with qRT-PCR (A–E). The protein 
levels of CD86, CD206, iNOS, and IL-10 were detected with western blot (F–J). miR-30=miR-30c-5p. n=3. The values were 
presented as mean ±SD, and the data were analyzed by ANOVA with Turkey’s multiple test (a versus Control group; a=b=c 
P<0.05, aa=bb=cc P<0.01). IL – interleukin; iNOS – inducible nitric oxide synthase; PMA – phorbol myristate acetate; 
qRT-PCR – quantitative reverse transcription-polymerase chain reaction; SD – standard deviation; ANOVA – analysis of variance.
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Conclusions

In conclusion, our study findings preliminarily support that 
miR-30c-5p agomir decreased renal I/R by inflammatory re-
sponse and reaction, including transformation of M1 macro-
phages to M2 macrophages and the accompanying changes of 
inflammatory factors. Thus, upregulation of miR-30c-5p exerted 
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a reno-protective effect against renal I/R by reducing inflam-
mation, which might contribute to identifying a promising mo-
lecular therapeutic target for treating renal I/R.
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