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Abstract: Renal ischemia-reperfusion injury (IRI) is the main cause of acute kidney injury (AKI). Many studies on 
renal IRI have been performed recently, but effective treatments are still lacking. Evidence exists that small endog-
enous noncoding RNAs are involved in the ischemia-reperfusion process. This article aims to investigate whether 
microRNA-205 (miR-205) is involved in this process and to determine its role in the hypoxia-induced injury of renal 
tubular epithelial cells (TECs). We found that miR-205 was significantly downregulated in rats with renal IRI and 
in HK-2 cells with hypoxia-reoxygenation injury (HRI) in vitro. In vitro, overexpression of intracellular miR-205 by 
transfection of a miR-205 mimic significantly reduced apoptosis, and this antiapoptotic effect was antagonized by 
a miR-205 inhibitor. Moreover, we confirmed that PTEN is a target of miR-205. miR-205 exerted its protective effect 
by inhibiting HK-2 cell apoptosis and promoting HK-2 cell proliferation by inhibiting the expression of PTEN during 
HRI, and this protective effect was blocked by silencing PTEN. Therefore, we confirmed that miR-205 may target the 
PTEN/Akt signaling pathway to alleviate hypoxia-induced renal cell damage. miR-205 may be a new potential target 
for the treatment of renal IRI.
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Introduction

Renal ischemia-reperfusion injury (IRI) is one of 
the main causes of acute kidney injury (AKI) 
and has a clinical incidence of approximately 
5% and a mortality rate of 50%-80% [3]. Even 
when patients recover from the initial injury, 
renal IRI may still have long-term effects, such 
as chronic kidney disease, on patients [4]. IRI  
is common during shock, sepsis, and kidney 
transplantation, and the pathogenesis of IRI is 
thought to involve intracellular calcium over-
loading, massive oxygen free radical accumula-
tion, and microcirculatory disorders. Studies 
have shown that the loss of functional tubular 
epithelial cells (TECs) via apoptosis plays an 
important role in renal IRI [7, 8]. Despite that 
many studies that have been performed on 
renal IRI, effective treatments are still lacking.

MicroRNAs (miRNAs) are single-stranded non-
coding RNA molecules that range in length 

from 21-25 nucleotides. Studies have shown 
that miRNAs can regulate gene expression by 
inhibiting protein translation or targeting mRNA 
for degradation by binding to their target mRNA 
[9]. In this way, miRNAs play important roles in 
proliferation, differentiation, and apoptosis [10, 
11] and are therefore thought to potentially play 
important regulatory roles in the development 
of various diseases. After decades of research, 
miRNAs have been shown to contribute to the 
development of various kidney diseases. For 
example, miR-21 and miR-22 have been shown 
to be key regulators of renal fibrosis [12, 13], 
while miR-192, miR-93 and miR-29c have been 
shown to be involved in the development of dia-
betic nephropathy [14-16]. Moreover, miR-21, 
miR-34a, miR-200c and miR-215 have all been 
shown to be potential biomarkers or therapeu-
tic targets for renal cell carcinoma [17-19]. miR-
NAs play a key role in regulating renal IRI. 
Studies have shown that miR-205 induces sig-
nificant changes in the ischemic injury of the 
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gracilis muscle in rats [20]. Our previous study 
showed that miR-205 was significantly down-
regulated during renal IRI, and the same results 
were observed in HK-2 cells subjected to hypox-
ia-reoxygenation (H/R) treatment. However, the 
role and mechanism of miR-205 in renal IRI 
remains to be studied. Therefore, we herein 
aimed to investigate the role of miR-205 in 
renal IRI and explore its molecular mechani- 
sm.

Materials and methods

Animals

Sprague-Dawley rats (4-5 weeks of age) weigh-
ing 180-220 g were purchased from the Center 
of Experimental Animals at Wuhan University 
Medicine College (Hubei, China). All rats were 
caged in a standard temperature-controlled 
room with an alternating 12-h light/dark cycle 
and had free access to water and a standard 
laboratory diet. The study was approved by the 
Wuhan University Committee on Ethics for 
Animal Experiments. All rats were randomly 
divided into two groups, the sham group and 
the surgical group (n = 6).

Renal I/R model

The rats were fasted overnight and anesthe-
tized with an intraperitoneal injection of 3% 
sodium pentobarbital (0.1 ml/100 g body wei- 
ght), and an abdominal incision was made. An 
electric heating pad was used to keep the rat 
body temperature constant. In the IRI group, 
the renal pedicles were dissected and clamped 
with nontraumatic clamps for 30 minutes [1]. 
The renal pedicles were then orthotopically 
reconstituted for 24 hours, after which the rats 
from the experimental group were euthanized 
by decapitation, and their kidney tissues were 
carefully dissected for subsequent experi-
ments. In the sham control group rats, an ab- 
dominal incision was made, but the renal pedi-
cles were not clamped. Each group contained 
six rats.

Cell culture and hypoxia-reoxygenation (H/R) 
treatment

This experiment utilized HK-2 cells cultured in 
high-glucose DMEM supplemented with 10% 
fetal bovine serum, penicillin (100 U/ml), and 
streptomycin (100 U/ml). To simulate an anoxic 

environment, the cells were cultured in a  
three-gas incubator containing 94% N2, 5% CO2 
and 1% O2 for 24 hours followed by reoxygen-
ation (5% CO2, 21% O2, and 74% N2) for 12 
hours. The cells were then harvested for RNA 
isolation, protein extraction and many other 
experiments.

Cell transfection

The miR-205 mimic, scramble construct, anti-
miR-205, phosphatase and tension homolog 
(PTEN)-siRNA and their corresponding negative 
controls (NCs) were purchased from RiboBio 
(Ribo, China). After reaching 60-70% conflu-
ence, HK-2 cells were transfected with the 
mimic, inhibitor and scramble mentioned using 
Lipofectamine 3000 (Life Technologies, USA) 
according to the manufacturer’s protocol.

Histopathological examination

The obtained kidney tissues were fixed in 4% 
formalin for 24 hours, dehydrated, and then 
embedded in paraffin according to convention-
al protocols. Then, 4-μm-thick paraffin sections 
were stained with hematoxylin and eosin. The 
histological findings were scored using the 
semiquantitative scoring system developed by 
Paller [2]. In this system, the following scores 
are used: (1) TEC smoothness, 1; (2) loss of the 
brush-like edge, 2; (3) cytoplasmic vacuoliza-
tion, 1; (4) cell necrosis, 1 or 2; and (5) obstruc-
tion of the tubular lumen, 1 or 2. With this scor-
ing method, a maximum score of seven points 
can be obtained. To ensure the objectivity of 
the results, the sections were evaluated by a 
pathologist who was blinded to the groupings.

TUNEL staining

To explore renal cell apoptosis induction by IRI, 
an in situ apoptosis assay kit (Promega, USA) 
was used. The TUNEL assay was performed 
according to the manufacturer’s instructions. 
Briefly, the obtained tissue samples were fixed 
overnight in a 4% paraformaldehyde/phospha- 
te buffered saline (PBS, pH 7.4) solution at 4°C. 
After washing three times with 1× PBS solution, 
the samples were immersed in 70% ethanol at 
20°C for at least 24 hours. After thoroughly 
washing three times with 1× PBS, the samples 
were immersed in permeabilization buffer on 
ice for 15 minutes and then washed with PBS. 
Subsequently, the samples were incubated wi- 
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th 50 ml of reaction buffer (5 ml of TdT enzyme 
+ 45 ml of labeling safe buffer) at 37°C for 90 
minutes. The labeling process was terminated 
by washing with PBS solution. Cell counting was 
performed under a light microscope, and the 
degree of cell apoptosis was expressed as the 
percentage of positive cells.

Immunohistochemical (IHC) staining

Rat tissues were fixed in 10% neutral-buffered 
formalin and embedded in paraffin for immuno-
histochemistry analysis. Samples were cut into 
5-µm-thick sections, deparaffinized in xylene, 
and rehydrated using a decreasing ethanol gra-
dient followed by 0.1 M PBS. The tissues were 
then sequentially blocked with 0.3% hydrogen 
peroxide in methanol for 15 minutes and with 
5% goat serum in PBS for 30 minutes at room 
temperature. The tissue sections were first in- 
cubated with the primary antibody p-Akt (1:100, 
Cell Signaling Technology, Ser473) or PTEN 
(1:200, Cell Signaling Technology, 138G6) in 
1% goat serum at 4°C overnight. The slides 
were then sequentially incubated with a bioti-
nylated anti-rabbit secondary antibody (Vector 
Laboratories) for 1 hour and with horseradish 
peroxidase streptavidin (Vector Laboratories, 
SA-5004) for 30 minutes at room temperature 
before being visualized with a DAB kit (Vector 
Laboratories, SK-4100). The slides were su- 
bsequently counterstained with 5% (w/v) Ha- 
rris hematoxylin. Finally, sections were counter-
stained with hematoxylin and observed by two 
independent pathologists. The percentage of 
stained target cells was evaluated in 10 ran-
dom microscopic fields per tissue section, and 
their averages were subsequently calculated.

Immunofluorescence (IFC) staining

Cryosections (10 µm) of rat kidneys were fixed 
in 4% paraformaldehyde. After washing with 
PBS, the sections were incubated with a prima-
ry p-Akt (1:400, Cell Signaling Technologies, 
Ser473) or PTEN (1:100, Abcam, Y184) anti-
body at 4°C overnight. Then, the sections were 
incubated with the appropriate fluorescein-
labeled IgG for 1 hour and washed with PBS; 
nuclei were stained blue with 5 µg/ml DAPI 
(4’,6-diamidino-2-phenylindole, Beyotime, Nan- 
tong, China) for 2 minutes. A fluorescence mi- 
croscope was used to assess the expression of 
PTEN and p-Akt.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was extracted from cells using the 
mirVana kit (Ambion, Austin, TX) and then re- 
verse transcribed into cDNA using a Takara 
RNA PCR kit (Takara Biotechnology, Dalian, 
China). The TaqMan miRNA assay kit (Applied 
Biosystems) was used to detect the relative 
expression of miR-205. The small nuclear RNA 
U6 was used as an internal control to normalize 
the expression of miR-205. Finally, the 2-ΔΔCt 
values were used to calculate the fold change.

Luciferase reporter assay

The PTEN 3’UTR carrying a miR-205 binding 
site was constructed by PCR and subsequently 
cloned into the pMIR-REPORT vector to con-
struct the wild-type PTEN (PTEN-WT) luciferase 
reporter construct. Then, the PTEN-WT con-
struct and miR-205 mimic or scrambled se- 
quence oligonucleotides were cotransfected 
into HK-2 cells using Lipofectamine 3000 (Life 
Technologies, USA). Lysates were harvested 
after 36 hours, and luciferase activity was mea-
sured using the dual-luciferase assay (Promega, 
Madison, WI, USA). All procedures were per-
formed according to the manufacturer’s in- 
structions.

Western blot analysis

The cells were resuspended in RIPA lysis bu- 
ffer (Solarbio, Beijing, China) containing 0.1 
mM PMSF and a protease inhibitor (Roche). 
After 30 minutes of lysis on ice, lysates were 
collected by centrifugation at 12,000 rpm for 
20 minutes at 4°C. The supernatant was col-
lected and subjected to 12% SDS-PAGE, and 
the proteins were then transferred to PVDF 
membranes. The samples were incubated in 
their respective primary antibodies at 4°C over-
night. After rinsing three times with TBS-T, the 
membranes were incubated with a horseradish 
peroxidase-labeled secondary antibody for 1 
hour at 37°C. The Western blot bands were 
scanned using the Odyssey Infrared Imaging 
System (LI-COR Biosciences, Lincoln, NE, USA), 
and quantitative analysis was performed using 
Odyssey v1.2 software (LI-COR Biosciences, 
Lincoln, NE, USA). The experiment was repeat-
ed three times for each group.
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Apoptosis assay

HK-2 cells were seeded in 6-well plates. After 
reaching 80% confluence, the cells were digest-
ed with trypsin without EDTA, washed twice 
with cold PBS and resuspended in buffer. 
Double staining with Annexin V-fluorescein iso-
thiocyanate (FITC) and propidium iodide (PI) 
was performed using an Annexin V-FITC/PI 
apoptosis detection kit (BD Pharmingen, Bei- 
jing, USA) according to the manufacturer’s 
instructions. Subsequently, flow cytometry (BD 
FACS Calibur, USA) was used to detect and 
quantify the apoptotic cells.

Statistical analysis

The experimental data are presented as the 
mean ± standard deviation (SD). The signifi-
cance of differences between data was eva- 

luated using one-way analysis of variance 
(ANOVA) with SPSS 19.0 statistical software 
(SPSS Inc., Chicago, IL), and P < 0.05 was con-
sidered significant. All graphs shown in this 
manuscript were constructed with GraphPad 
Prism 5.0 software. The experimental data 
were obtained from three experimental re- 
plicates.

Results

Renal IRI induces apoptosis

To investigate the cytopathological changes 
during renal IRI, Sprague-Dawley rats were 
selected to establish a renal IRI model and 
divided into an experimental group (IRI group) 
and a sham operation group (sham group) [1]. 
In the IRI group, renal perfusion was restored 
for 24 hours after the kidney pedicles were 

Figure 1. IRI induces renal apoptosis. A: HE and TUNEL staining of kidney tissues from the sham and IRI groups. 
The brown-black cells indicated by the black arrows are TUNEL positive. Scale bar, 50 µm. B: Evaluation of Paller 
scores after HE staining in the sham and IRI groups under an optical microscope. C: Comparison of the percentage 
of TUNEL-positive cells in the sham and IRI groups. D: Expression levels of apoptosis-related proteins (Bax, Bcl-2 
and cleaved caspase-3) in the control and H/R groups. E-G: Quantitative values of the relative expression levels of 
the Bax, Bcl-2 and cleaved caspase-3 proteins in the control and H/R groups. The data are expressed as the mean 
± SD. #P < 0.05 versus the sham group, *P < 0.05 versus the control group.
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clamped for 30 minutes, and the rats in the 
control group underwent only the sham opera-
tion. Kidney samples from the IRI and sham 
groups were collected and stained with hema-
toxylin and eosin. The rats subjected to renal 
IRI showed more pronounced renal pathologi-
cal damage than rats in the sham group (Figure 
1A). The main features were tubular cell swell-
ing, widespread tubular dilation degeneration, 
nuclear condensation, and inflammatory cell 
infiltration. The Paller scores of the IRI group 
were also significantly higher than those of the 
sham group (Figure 1B). When TUNEL-stained 
kidney tissues were observed by light micros-
copy, the number of apoptotic cells in the IRI 
group was significantly increased compared 
with that in the sham group (Figure 1A, 1C). 
Moreover, in vitro, HK-2 cells were cultured in 
an anoxic environment to simulate ischemia 
within the tissue, and proteins from the HK-2 
cells treated with or without H/R were collect-
ed. Western blot analysis showed that the pro-
tein expression levels of apoptosis-related 
markers such as caspase-3 and Bax in the H/R 
group were significantly higher than those in 
the control group (Figure 1D). Together, these 
results showed that the degrees of renal injury 
and TEC apoptosis were significantly increased 
in the IRI group compared with those in the con-
trol group.

Hypoxia inhibits miR-205 expression in HK-2 
cells

To further examine the role of microRNAs in 
renal IRI, qRT-PCR was used to detect the lev-
els of microRNAs that are potentially involved in 
the development of renal IRI, including miR-
10a, miR-144, miR-205, miR-290, miR-375 and 
miR-329, in both normal and IRI kidney tissues. 
The level of miR-205 was significantly decrea- 
sed in IRI kidney tissues. In addition, the level 
of miR-144 was increased, and the changes in 
the other four miRNAs were not statistically sig-
nificant (Figure 2A). This result was subse-
quently verified in HK-2 cells subjected to H/R 
in vitro (Figure 2B).

Role of miR-205 in renal IRI

To further investigate the role of miR-205 in 
hypoxia-induced renal cell injury, a miR-205 
mimic or inhibitor was transfected into HK-2 
cells under hypoxic conditions, and the trans-
fection efficiency was confirmed by qRT-PCR 
(Figure 3A). The level of miR-205 was signifi-
cantly upregulated in cells transfected with the 
miR-205 mimic. Moreover, subsequent flow 
cytometry analyses revealed that the number 
of apoptotic cells in the mimic group was lower 
than that in the H/R group. In contrast, the 
inhibitor of miR-205 further aggravated hypox-

Figure 2. miR-205 is significantly downregulated in IRI kidney tissues and HK-2 cells subjected to H/R treatment. 
A: Fold changes in the expression levels of miR-10a, miR-144, miR-205, miR-290, miR-375 and miR-329 in the IRI 
group compared to the sham group. B: Fold changes in the expression levels of miR-10a, miR-144, miR-205, miR-
290, miR-375 and miR-329 in the H/R group compared to the control group. The data are expressed as the mean 
± SD. #P < 0.05 versus the sham group, *P < 0.05 versus the control group.
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Figure 3. Hypoxia can inhibit the expression of miR-205 in HK-2 cells, while overexpression of miR-205 can reduce the expression of apoptosis-related proteins and 
attenuate hypoxia-induced apoptosis. A: Expression of miR-205 in HK-2 cells subjected to H/R after transfection with a mimic or inhibitor. B: Flow cytometry analysis 
of the effect of mimic or inhibitor transfection on HK-2 cell apoptosis. C: Quantitative analysis of the percentage of apoptotic cells by flow cytometry. D: Expression 
levels of apoptosis-related proteins (Bax, Bcl-2 and cleaved caspase-3). E-G: Quantitative values of the relative expression levels of the Bax, Bcl-2 and cleaved cas-
pase-3 proteins. The data are expressed as the mean ± SD. *P < 0.05 versus the control group, &P < 0.05 and &&P < 0.01 versus the H/R + scramble group, #P 
< 0.05 versus the H/R + antiNC group, ΔP < 0.05 versus the H/R group. 
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ia-induced apoptosis (Figure 3B, 3C). We con-
clude that overexpression of miR-205 can sig-
nificantly protect proximal tubular cells from 
apoptosis in renal IRI. Subsequently, Western 
blot analysis was used to further validate the 
role of miR-205 in renal IRI at the protein level 
(Figure 3D). After hypoxia-induced cell injury, 
the cellular expression of apoptosis-related 
proteins was significantly enhanced. However, 
this phenomenon was obviously different in  
the mimic group. Overexpression of miR-205 
significantly reduced the expression levels of 
cleaved caspase-3 and Bax/Bcl-2, whereas 
inhibition of miR-205 enhanced the expression 
of apoptosis-related proteins (Figure 3D). In 
conclusion, miR-205 can attenuate hypoxia-

induced renal injury by inhibiting renal cell apo- 
ptosis.

The PTEN/Akt pathway is the target of miR-
205 during HRI/IRI

To further investigate the possible mechanism 
of miR-205 action during HRI, a series of experi-
ments were performed to verify the relation-
ship between miR-205 and the PTEN/Akt path-
way. Computer analyses confirmed that the 
3’-UTR of the PTEN gene was the conserved 
binding site of miR-205 (Figure 4A). To verify 
the relationship between miR-205 and PTEN, a 
wild-type PTEN (PTEN-WT) luciferase reporter 
construct carrying the PTEN 3’UTR was con-

Figure 4. miR-205 directly targets PTEN in HK-2 cells during HRI. A: A gene database predicted a conserved bind-
ing site for miR-205 in the 3’-UTR of the PTEN gene. B: A wild-type PTEN (PTEN-WT) luciferase reporter construct 
carrying the PTEN 3’UTR or control vector was cotransfected into HK-2 cells with miR-205 mimic or scramble, and 
luciferase activity was measured. C: Immunohistochemistry analysis of the PTEN and p-Akt protein expression levels 
in kidney tissues from normal rats and rats subjected to renal IRI. The brown cells indicated by the black arrow are 
positively stained. Scale bar, 50 µm. D: Immunofluorescence staining of PTEN and phosphorylated Akt. HK-2 cells 
were stained to assess the effect of H/R on PTEN (green) and p-Akt (red). Original magnification, 400×. E: Expres-
sion levels of PTEN-related mRNAs compared to those in the control group. F: Expression levels of p-Akt-related 
mRNAs compared to those in the control group. G: Expression levels of proteins related to PTEN and p-Akt. H, I: 
Quantitative analysis of the expression levels of proteins related to PTEN and p-Akt. The data are expressed as the 
mean ± SD. *P < 0.05 versus the control group, &P < 0.05 versus the H/R + scramble group, #P < 0.05 versus the 
H/R + antiNC group, ΔP < 0.05 versus the control group.
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structed. After the transfection of a miR-205 
mimic or inhibitor with PTEN-WT into HK-2 cells 
subjected to H/R, luciferase activity was mea-
sured. Compared to that in the control group, 
the luciferase activity in the group transfected 
with the miR-205 mimic was lower. However, 
the inhibition of miR-205 reversed this effect 
(Figure 4B). In addition, kidney tissues from 
normal rats and rats subjected to renal IRI were 
subjected to immunohistochemical analyses to 
evaluate the protein expression of PTEN and 
p-Akt (Figure 4C). The percentage of PTEN-
positive cells was significantly increased in the 
IRI group, while the percentage of cells posi-
tively stained for p-Akt was downregulated. Im- 
munofluorescence analyses of PTEN and p-Akt 
in HK-2 cells showed the same results as those 
obtained using immunohistochemistry (Figure 
4D). Moreover, after hypoxic injury, the protein 

expression level of PTEN was decreased signifi-
cantly and p-Akt was upregulated in the mimic 
group. In contrast, the downregulation of PTEN 
and upregulation of p-Akt were reversed upon 
transfection of the inhibitor into HK-2 cells 
(Figure 4G-I). Consistent with the Western blot 
results, the qRT-PCR results confirmed the 
mRNA expression trends (Figure 4E, 4F). These 
results indicate that the PTEN/Akt pathway is a 
direct target of miR-205.

Silencing PTEN can enhance the protective 
effect of miR-205 during HRI

After HK-2 cells were transfected with control-
siRNA or PTEN-siRNA, qPCR was used to detect 
PTEN expression at the mRNA level. PTEN 
mRNA expression was significantly downregu-
lated in the PTEN-siRNA group, whereas the 

Figure 5. Silencing PTEN can reverse hypoxia-induced apoptosis during HRI by enhancing the inhibitory effect of 
miR-205. A: Expression of PTEN mRNA in HK-2 cells after transfection with control-siRNA or PTEN-siRNA. B: Differ-
ences in apoptosis-related proteins (Bax, Bcl-2 and cleaved caspase-3) between the H/R + anti-miR-205 + siPTEN 
and H/R + anti-miR-205 groups as determined by Western blot analysis. C-E: Quantitative values of the relative pro-
tein expression of Bax, Bcl-2 and cleaved caspase-3. The data are expressed as the mean ± SD. ΔΔP < 0.01 versus 
the control-siRNA group, *P < 0.05 versus the control group, #P < 0.05 versus the H/R + antiNC group, &P < 0.05 
versus the H/R + anti-miR-205 + siPTEN group.
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expression level in the control-siRNA group did 
not significantly differ from that in the control 
group (Figure 5A). Subsequently, an inhibitor 
and/or siPTEN were cotransfected into HK-2 
cells subjected to H/R treatment to verify 
whether PTEN/Akt is the pathway via which 
miR-205 plays a protective role in HRI. The 
expression levels of apoptosis-related proteins 
were significantly increased after HRI, and this 
phenomenon was more pronounced in the 
inhibitor group. Contrary to the above results, 
the expression levels of cleaved caspase-3 and 
Bax/Bcl-2 were significantly lower in the H/R + 
anti-miR-205 + siPTEN group than in the H/R + 
anti-miR-205 group (Figure 5B).

Discussion

The renal IRI-induced loss of tubular cell func-
tion plays a key role in the development of AKI. 
Studies have shown that the apoptosis of renal 
tubular cells caused by the accumulation of 
oxygen free radicals and inflammatory reac-
tions is one of the main causes of renal IRI 
[5-8]. In recent years, numerous studies have 
shown that the PTEN/Akt pathway is a key 
mediator of renal cell damage during renal IRI. 

activate PI3Ks by binding to their membrane 
receptors. The phosphorylation of PIP2 is cata-
lyzed by activated PI3K and converted to PIP3. 
As a second messenger, an increase in the 
local concentration of PIP3 may recruit a sub-
set of pleckstrin homology (PH) domain-con-
taining proteins, particularly the serine/threo-
nine kinase Akt (also known as protein kinase 
B) and phosphatidylinositide-dependent kinase 
1 (PDK1), to the plasma membrane. PIP3 pro-
motes PDK1 to phosphorylate Akt, which is 
fully activated by the phosphorylation of mam-
malian target of rapamycin complex 2 
(mTORC2). Activated Akt can activate multiple 
downstream targets, the most well-known of 
which are mTORC1, BAD, CASP9, various FOXO 
proteins, GSK3β, MDM2 and TSC1. Through 
these downstream targets, Akt can inhibit 
apoptosis and regulate cell growth and differ-
entiation [27-30]. The main mechanism 
explored herein is the regulation of the Bcl-2 
family by Akt. The Bcl-2 family is divided into 
the following three groups based on their pri-
mary functions: (1) antiapoptotic proteins (Bcl-
2, Bcl-XL, Bcl-W, Mcl-1, and Bfl-1/A1), (2) pro-
apoptotic pore-formers (Bax, Bak, and Bok) and 

Figure 6. Schematic diagram of the involvement of miR-205 in HK-2 cell 
apoptosis during renal IRI. During renal IRI, the expression of miR-205 in 
HK-2 cells is significantly downregulated, which reduces the inhibitory ef-
fect on PTEN. The enhancement of PTEN expression induces a shift from 
PIP3 to PIP2, which decreases the local concentration of PIP3 and inhibits 
the recruitment of PDK1. The activation of Akt is inhibited by a decrease in 
PDK1, thus reducing the inhibition of BAD by activating Akt. An increase in 
the Bax/Bcl-2 ratio promotes mitochondrial outer membrane permeabili-
zation (MOMP) and leads to the mitochondrial release of numerous cyto-
chromes and activation of the caspase cascade, which eventually leads to 
apoptosis.

PTEN, located on chromosome 
10, is a tumor suppressor gene 
and plays a key role in the 
development of different hu- 
man tumors [21-24]. As a nega-
tive regulator of PI3K, PTEN 
can dephosphorylate and con-
vert phosphatidylinositol-3,4, 
5-trisphosphate (PIP3) into ph- 
osphatidylinositol-4,5-diphos-
phate (PIP2) to reduce Akt acti-
vation and prevent Akt-regu- 
lated downstream signaling ev- 
ents (Figure 6), including cell 
growth and proliferation [25, 
26].

The PI3K family is comprised 
of three main classes that 
have different structures and 
functions, with class I PI3Ks 
being the most widely studied. 
Class I PI3Ks are a family of 
heterodimeric enzymes that 
are composed of a regulatory 
subunit and a catalytic sub-
unit. Multiple growth factors 
and signaling complexes can 
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(3) proapoptotic BH3-only proteins (Bad, Bid, 
Bik, Bim, Bmf, Hrk, NOXA, PUMA, etc.) [31]. The 
Bcl-2 family of proteins controls cell death pri-
marily through direct binding interactions that 
regulate MOMP. MOMP eventually leads to the 
massive release of cytochrome C in mitochon-
dria and activation of the caspase cascade, 
leading to apoptosis [32-34]. The interaction 
between Bcl-2 family proteins, especially the 
dynamic balance between Bcl-2 and Bax, plays 
a crucial role in regulating apoptosis. Studies 
have shown that activated Akt binds to the 
14-3-3 protein to form a BAD/14-3-3 interac-
tion by phosphorylating Ser-112 and Ser-136 
on BAD. This induced binding prevents the 
binding of BAD and Bcl-2, enhances the amount 
of free Bcl-2 and disrupts the balance between 
Bcl-2 and Bax, thereby exerting antiapoptotic 
effects [35].

Interestingly, as regulators of their target ge- 
nes, miRNAs have been shown to participate in 
numerous cellular processes, including growth 
and proliferation, together with PTEN. Xu con-
firmed that miR-155 promotes cell proliferation 
and inhibits apoptosis by the PTEN signaling 
pathway in psoriasis [36]. In recent years, an 
increasing number of scholars have confirmed 
that PTEN also plays an important role in renal 
IRI [37]. In this experiment, the luciferase 
reporter assay confirmed that PTEN is a direct 
target of miR-205 and is negatively regulated 
by miR-205. Silencing PTEN with a small inter-
fering RNA significantly attenuated the effect of 
miR-205 inhibition on the hypoxia-induced 
apoptosis of HK-2 cells. Moreover, the PI3K/Akt 
pathway in HK-2 cells subjected to H/R treat-
ment was significantly activated after silencing 
PTEN. Overexpression of miR-205 enhances 
Akt expression and significantly attenuates 
hypoxia-induced apoptosis (Figure 6). Together, 
these findings suggest an important regulatory 
role of miR-205 in relieving renal IRI.

In this study, we first investigated the changes 
in miR-205 that occur during hypoxia-induced 
renal TEC damage. The results showed that 
miR-205 is significantly downregulated in kid-
ney tissues subjected to IRI and in HK-2 cells 
subjected to HRI. Further analyses showed that 
overexpression of miR-205 can significantly 
reduce the hypoxia-induced apoptosis of HK-2 
cells. On the other hand, inhibition of miR-205 
can aggravate hypoxia-induced apoptosis. In 
the latest research, Chen found that MALAT1 
can promote MPP+-induced neuronal apopto-

sis by downregulating miR-205-5p [38]. More- 
over, Zhang found that miR-205 can inhibit 
renal cell apoptosis by targeting CMTM4 in pa- 
tients with chronic kidney disease [39]. We pro-
vide evidence consistent with the findings of 
Zhang that overexpression of miR-205 is effec-
tive in reducing the hypoxia-induced apoptosis 
of HK-2 cells. 

Nevertheless, related experiments, such as 
regulating the expression of miR-205 in ani-
mals, are still necessary, and experiments 
using PTEN knockout rats are also urgently 
needed. In conclusion, it is hypothesized that 
miR-205 can significantly protect kidney cells 
from apoptosis in renal IRI through the PTEN/
Akt pathway.
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