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Abstract. Chronic hypertension can lead to kidney damage, 
known as hypertensive nephropathy or hypertensive nephro‑
sclerosis. Further understanding of the molecular mechanisms 
via which hypertensive nephropathy develops is essential 
for effective diagnosis and treatment. The present study 
investigated the mechanisms by which endothelial progenitor 
cells (EPCs) repair primary rat kidney cells (PRKs). ELISA, 
Cell Counting Kit‑8 and flow cytometry assays were used to 
analyze the effects of EPCs or EPC‑MVs on the oxidative 
stress, inflammation, cell proliferation, apoptosis and cycle of 
PRKs induced by AngII. A PRK injury model was established 
using angiotensin II (Ang II). After Ang II induction, PRK 
proliferation was decreased, apoptosis was increased and 
the cell cycle was blocked at the G1 phase before entering 
the S phase. It was found that the levels of reactive oxygen 
species and malondialdehyde were increased, while the levels 
of glutathione peroxidase and superoxide dismutase were 
decreased. Moreover, the levels of the inflammatory cytokines 

IL‑1β, IL‑6 and TNF‑α were significantly increased. Thus, 
Ang II damaged PRKs by stimulating oxidative stress and 
promoting the inflammatory response. However, when PRKs 
were co‑cultured with EPCs, the damage induced by Ang II 
was significantly reduced. The current study collected the 
microvesicles (MVs) secreted by EPCs and co‑cultured them 
with Ang  II‑induced PRKs, and identified that EPC‑MVs 
retained their protective effect on PRKs. In conclusion, EPCs 
protect PRKs from Ang II‑induced damage via secreted MVs.

Introduction

Hypertension is a risk factor for the incidence of cardiovas‑
cular and cerebrovascular diseases, and their associated 
mortality (1). The kidneys can cause hypertension and are 
one of the target organs of hypertension damage (2). Chronic 
kidney disease (CKD) has been one of the major causes of 
increased mortality among individuals with high blood pres‑
sure worldwide over the past two decades (3,4). Thus, there is 
an urgent necessity to promote the treatment of hypertensive 
nephropathy and study its pathological mechanism.

Previous studies have shown that angiotensin II (Ang II) 
induced vascular damage and served a key role in vascular 
diseases via several mechanisms, such as inducing apop‑
tosis  (5), cell cycle arrest  (6), increasing reactive oxygen 
species  (ROS) levels  (7), promoting the oxidative stress 
response by increasing the secretion of malondialdehyde 
(MDA), and reducing the secretion of glutathione peroxidase 
(GSH‑Px) and superoxide dismutase (SOD) (8,9). Ang II also 
promotes the production of inflammation‑related factors, such 
as IL‑6, IL‑1β and TNF‑α (10‑12). Ang II‑induced damage has 
therefore been used to model hypertension in vitro, including 
in primary rat kidney cells (PRKs) (13,14).

For patients with renal function impairment, damage to 
endothelial cells and decreased regeneration and repair are 
the main causes of the loss of peritubular microvesicles (MVs) 
(15). Endothelial progenitor cells (EPCs) derived from bone 
marrow can promote endothelial repair  (16,17). Previous 
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studies have revealed that EPCs can improve cardiovascular 
regeneration (18) and regulate angiogenesis (19), as well as 
exert therapeutic effects on acute renal ischemia‑reperfusion 
injury  (20) and in patients with renal transplantation  (21). 
However, to the best of our knowledge, the effect of EPCs on 
hypertensive nephropathy has not been previously reported. 
We hypothesized that EPCs may have a protective effect 
against hypertensive nephropathy in renal cells.

MVs are secreted continuously by a variety of cells in the 
body, such as epithelial cells, tumor cells and stem cells, and 
exist in several body fluids, such as blood, urine and milk, 
where they mediate biological functions (22). Accumulating 
evidence has suggested that the protective effect of EPCs is 
closely associated with the release of MVs (23,24).

In the present study, the potential application of EPC‑MVs 
for the treatment of hypertensive nephropathy was examined 
by investigating the protective effects and mechanisms via 
which EPC‑MVs protect against Ang II‑induced PRK injury, 
to provide a biological theoretical basis for the treatment of 
hypertensive nephropathy.

Materials and methods

Animals. A total of 12 8‑week‑old male Wistar‑Kyoto (WKY) 
specific pathogen‑free rats (weight, 80‑120 g) were obtained 
from the Beijing Vital River Laboratory Animal Technology 
Co., Ltd. (license no. SCXK, Guangdong, 2015‑0063). The 
rats were placed in a room with a constant temperature and 
humidity (temperature, 23±2˚C; humidity, 50±10%), under a 
12‑h light/dark cycle with ad libitum access to standard rat 
food and water in a polystyrene cage. All animal experiments 
were approved by the Animal Care and Use Committee 
of Hainan Medical University (Haikou, China; approval 
no. HYLL‑2021‑053), and were performed according to the 
National Institutes of Health guidelines (25).

Isolation and culture of PRKs. WKY rats with free access to 
water were fasted for 12 h before the experiment. WKY mice 
were euthanized using an intraperitoneal injection of pento‑
barbital sodium (200 mg/kg body weight), then the kidneys 
were removed aseptically, and the cortical portion of the 
kidney was excised and transplanted into a small beaker. The 
renal cortex was cut into tissue fragments of ~1 mm3, washed 
thrice with PBS (Gibco; Thermo Fisher Scientific, Inc.), 
centrifuged at 1,000 x g at 25˚C for 5 min and the supernatant 
was discarded. The tissue fragments were added to type I 
collagenase (Gibco; Thermo Fisher Scientific, Inc.) at a final 
concentration of 1 g/l, and the tissue fragments were oscil‑
lated and digested at 37˚C for 30 min. After filtration through 
a 200‑mesh (0.075 mm) stainless steel screen, the cells were 
separated by Ficoll (Sigma‑Aldrich; Merck KGaA) density 
gradient centrifugation (26). After centrifugation at 1,000 x g 
at 25˚C for 2 min, the intermediate suspension was collected 
and mixed with MEM/F12 medium (Gibco; Thermo Fisher 
Scientific, Inc.), inoculated in a 6‑well plate and cultured at 
37˚C under 5% CO2. After 24 h, the medium was removed and 
replaced with fresh medium, and the unattached renal cells and 
tissue were discarded. After 48 h, the medium was removed 
again, the cells were washed twice with PBS and were denoted 
as PRKs  (27,28); the main constitute was rat glomerular 

mesangial cells. PRKs were cultured for three generations and 
treated with Ang II (1 µM; Sigma‑Aldrich; Merck KGaA) at 
37˚C for 24 h to establish the PRK renal damage model. The 
Ang II‑induced inflammation in rat renal tubular epithelial 
cells was performed as previously described by Nair et al (29).

PRKs were identified using an immunofluorescence (IF) assay. 
After rinsing thrice with PBS and fixing with 4% paraformal‑
dehyde at 25˚C for 1 h, the cells were incubated (25˚C) with 
Triton X‑100 for 2 h, followed by 5% BSA (Beijing Solarbio 
Science & Technology Co., Ltd.) at 25˚C for 30 min. The PRKs 
were then incubated overnight in darkness with α‑smooth 
muscle actin (α‑SMA; 1 µg/ml; cat. no. ab7817; Abcam) and 
vimentin (1:250; cat. no. ab92547; Abcam) at 4˚C. After rinsing 
thrice with PBS, the cells were incubated with Alexa Fluor® 
488‑ (1:100; cat. no. ab150077; Abcam) or 647‑labeled (1:200; 
cat. no. ab150075; Abcam) secondary antibodies at 37˚C for 1 h. 
Then, the cells were stained with DAPI (0.5 µg/ml; Beyotime 
Institute of Biotechnology) at 25˚C for 5 min. Finally, images 
were captured using a fluorescence microscope (magnifica‑
tion, x400; Leica Microsystems GmbH).

Culture and identification of EPCs. The rat femur and tibia 
were dissected and each bone marrow tube was flushed with 
sterile PBS. The resulting mixture was centrifuged (1,000 x g; 
25˚C; 15 min) and the particles were re‑suspended in MEM/F12 
medium. Cells were isolated by Ficoll (Sigma‑Aldrich; Merck 
KGaA) density gradient centrifugation (1,000  x  g; 25˚C; 
20 min) and placed in a 25‑cm2 culture flask coated with fibro‑
nectin (BD Biosciences). Cells were maintained in a complete 
medium under standard conditions (37˚C; 5% CO2). The culture 
medium was changed after 4 days, and the adherent cells were 
cultured for an additional 3 days (30). Dil complex acetylated 
low‑density lipoprotein (Dil‑Ac‑LDL) staining (Beijing Solarbio 
Science & Technology Co., Ltd.) was used to identify EPCs. For 
the co‑culture system, PRKs (1x104) were added to the lower 
chamber of a co‑cultivation plate (Corning, Inc.) for 24 h and 
then Ang II (1 µM) or 200 µl PBS and EPCs (3x104) were added 
to the upper chamber and incubated at 37˚C for 24 h before 
further cell function analysis was performed. When screening 
PRKs and the best proportion of EPCs, the cell number propor‑
tions were 2:1, 1:1, 1:2, 1:3, 1:4, 1:5, 1:6 and 1:7.

Preparation of EPC‑MVs. EPCs were cultured for 7 days 
as previously described  (30), washed twice with PBS and 
serum‑starved for 12 h. Subsequently, MEM/F12 medium 
containing cultured EPCs was collected and centrifuged at 
4˚C (1,000 x g; 15 min), and the supernatant was extracted 
at 4˚C (100,000 x g; 60 min) for the collection of secreted 
EPC‑MVs. After embedding in Pon 812 epoxy resin (Structure 
Probe, Inc.), it was placed at 37˚C overnight. Then, electron 
microscope fixation solution (Wuhan Servicebio Technology 
Co., Ltd.) was added for 4 h, and uranium acetate (2%; Wuhan 
Servicebio Technology Co., Ltd.) and lead citrate (Wuhan 
Servicebio Technology Co., Ltd.) were stained at 25˚C for 
15 min. MVs were confirmed via transmission electron micros‑
copy. In the co‑culture system, 50 µg/ml EPC‑MVs (31) was 
added to the top chamber of a Transwell assay plate, and PRKs 
were added to the bottom chamber as previously described, 
and incubated for 24 h.
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Cell proliferation assay. PRKs were digested with trypsin, 
inoculated in 96‑well plates at a density of 3x103 cells/well 
and cultured for 24 h. The optical density at 450 nm was 
measured using 10 µl Cell Counting Kit‑8 reagent (CCK‑8; 
Beijing Solarbio Science & Technology Co., Ltd.) at 37˚C for 
60 min, as per the manufacturer's instructions, to evaluate the 
cell proliferation rate.

Cell apoptosis assay. A cell apoptosis assay was performed 
using an Annexin  V‑FITC Apoptosis Detection kit 
(BD Biosciences), according to the manufacturer's instruc‑
tions. PRKs were harvested, washed twice with ice‑cold 
PBS (Gibco; Thermo Fisher Scientific, Inc.) and resuspended 
in 500 µl binding buffer. The resuspended PRKs were then 
incubated with 5 µl Annexin V‑FITC and 5 µl PI in the dark 
for 15 min at 23±2˚C. Cell apoptosis was assessed using flow 
cytometry (FCM; FACSCanto II; BD FACSChorus™ soft‑
ware, version: 1.0; BD Biosciences).

EPC‑MV and PRK fusion. To observe whether EPC‑MVs 
fused with PRKs, EPC‑MVs were labeled with a lipid 
membrane‑embedded fluorescent dye (PKH26) prior to 
co‑incubation. Briefly, 50 µg/ml EPC‑MVs were combined 
with 2 ml PKH26 (2x10‑6 M; Sigma‑Aldrich; Merck KGaA) 
and mixed at 23±2˚C for 5 min. The labeled mixture was 
added to 2 ml 1% BSA (v) and centrifuged at 100,000 x g at 
4˚C for 60 min, then rinsed with cold PBS. The precipitate 
was suspended in 1 ml MEM/F12 medium, added to PRKs 
and incubated at 37˚C for 24 h. Finally, 1 µg/ml DAPI was 
added for nuclear staining at 25˚C for 15 min. Cell images 
were acquired using a fluorescence microscope (magnifica‑
tion, x400; Leica Microsystems GmbH).

Cell cycle assay. The cell cycle assay was performed using 
the Cell Cycle Detection kit (BD Biosciences). EPCs or PRKs 
(1x106) were harvested, washed twice with PBS and then fixed 
in 500 µl 70% ice‑cold ethanol for 2 h at 25˚C. The cells were 
then washed twice with cold PBS and incubated in PI (400 µl) 
and RNase (100 µl) for 30 min at 37˚C in the dark. The PI signal 
was detected using FCM (FACSCanto II). The percentages of 
the cells in G1, S and G2 phase were counted and compared 
using FlowJo software (version 10.0.6; FlowJo LLC).

ROS measurement by FCM. The PRKs were cultured to 
60‑70% confluency and harvested via trypsinization. All cells 
were incubated with 1.0 µM 2',7'‑dichlorodihydrofluorescein 
diacetate for 15 min at 37˚C. Cells were then washed twice 
with PBS and analyzed via FCM to detect ROS using a 488 nm 
laser for excitation and a 535 nm laser for detection.

ELISA. After centrifugation (1,000 x g; 25˚C; 5 min), the cell 
supernatant of each subgroup was collected to analyze the 
levels of MDA, GSH‑Px, SOD and the inflammatory factors 
IL‑6, IL‑1β and TNF‑α. The following kits were used according 
to the manufacturer's instructions: Micro MDA assay kit (cat. 
no. BC0020; Beijing Solarbio Science & Technology Co., 
Ltd.), GSH‑Px assay kit (cat. no. BC1195; Beijing Solarbio 
Science & Technology Co., Ltd.), SOD activity detection kit 
(cat. no. BC0170; Beijing Solarbio Science & Technology Co., 
Ltd.), rat IL‑1β ELISA kit (cat. no. RLB00; R&D Systems, 

Inc.), rat IL‑6 Quantikine ELISA kit (cat. no. R6000B; R&D 
Systems, Inc.) and rat TNFα Quantikine ELISA kit (cat. 
no. RTA00; R&D Systems, Inc.).

Statistical analysis. All experiments were repeated thrice, and 
all data are expressed as the mean ± SD. Data were analyzed 
using SPSS software version 21.0 (IBM Corp.). Differences 
between multiple groups were assessed using one‑way 
ANOVA and Dunnett's post hoc test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Identification of isolated EPCs and PRKs. The isolated 
EPCs were identified using Dil‑Ac‑LDL staining (Fig. 1A). 
Microscopic counting revealed that the degree of coincidence 
between red (Dil‑Ac‑LDL staining) and blue (nuclear staining 
with DAPI) fluorescence was >90%, confirming that EPCs 
were successfully isolated. Isolated PRKs were analyzed 
via IF (vimentin/α‑SMA). The results demonstrated that the 
expression level of vimentin/α‑SMA in PRKs was high and 
positive, suggesting the successful isolation of PRKs (Fig. 1B).

Optimal ratio of EPCs to PRKs. The effect of combining 
different proportions of PRKs/EPCs in a co‑culture system 
were examined, and it was found that PRKs grown at a ratio 
of 1:3 PRKs/EPCs did not have increased proliferation rates 
compared with PRKs grown with a 2:1, 1:1 or 1:2 ratio of 
PRKs/EPCs (Fig. 1C). Moreover, increasing proportions of 
EPCs (1:4, 1:5, 1:6 and 1:7) resulted in a significant increase 
in PRK proliferation compared with that of EPCs  (1:3). 
Therefore, a ratio of 1:3 PRKs/EPCs was selected for further 
studies to prevent possible interference from excessive EPCs 
in subsequent experiments.

Effect of EPC co‑culture on Ang II‑induced damage. PRKs 
(1x104) were inoculated 24 h in advance into the lower compart‑
ment of a Transwell plate. The upper chamber contained 
200 µl PBS in the control group and 200 µl EPCs (3x104) in 
the experimental group. To model kidney damage, 1 µM Ang II 
was added to the lower compartment. After 24 h, CCK‑8 and 
FCM assays were performed to measure the proliferation rate 
of PRKs. PRKs receiving Ang II in the absence of EPCs had a 
significantly decreased (P<0.05) proliferation rate (Fig. 1D), and 
increased apoptosis rate (Fig. 1E) and cell cycle arrested in the 
G1 phase (Fig. 1F) compared with control group, while PRKs 
co‑cultured with EPCs receiving Ang II showed the reverse 
effects. These results indicated that co‑culture with EPCs can 
reduce the damage induced by Ang II in a rat kidney cell model.

To further understand the mechanisms of action by which 
EPCs protect PRKs from Ang II‑induced damage, the levels of 
oxidative stress induced by Ang II in PRKs co‑cultured with 
EPCs were examined. The results from the FCM assay revealed 
that Ang II significantly increased (P<0.05) the levels of ROS 
in PRKs in the absence of EPCs, while PRKs co‑cultured 
with EPCs had comparatively lower ROS levels  (Fig.  2A). 
Similarly, the ELISA results indicated that the levels of secreted 
MDA (Fig. 2B) were increased and GSH and SOD (Fig. 2C 
and D) levels were decreased in PRKs receiving Ang II, while 
PRKs receiving Ang II and co‑cultured with EPCs showed 
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opposite results with regards to the secretion of these 
enzymes. The generation of ROS may therefore be involved 

in Ang II‑induced cell damage, and can be ameliorated by 
co‑culture with EPCs.

Figure 1. Recovery of PRKs by co‑culture with EPCs following injury induced by Ang II. (A) Confirmation of the isolation of EPCs via Dil‑Ac‑LDL 
staining. Magnification, x100. (B) Confirmation of the isolation of PRKs using an immunofluorescence assay. Magnification, x400. (C) CCK‑8 analysis of the 
effects of different proportions of co‑cultured EPCs on the proliferation of PRKs. NS P>0.05 vs. PRKs:EPCs, 2:1 group; *P<0.05 vs. PRKs:EPCs, 2:1 group. 
(D) CCK‑8 analysis of the effects of co‑cultured EPCs on the proliferation rate of Ang II‑treated PRKs. FCM analysis of the effects of co‑cultured EPCs on 
the (E) apoptosis and (F) cell cycle of Ang II‑treated PRKs. *P<0.05 vs. Control; #P<0.05 vs. Ang II. Ang II, angiotensin II; EPCs, endothelial progenitor cells; 
PRKs, primary rat kidney cells; FCM, flow cytometry; CCK‑8, Cell Counting Kit‑8; Dil‑Ac‑LDL, Dil complex acetylated low‑density lipoprotein; OD, optical 
density; α‑SMA, α‑smooth muscle actin; NS, not significant.
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Ang II can also damage cells by promoting the secre‑
tion of inflammatory cytokines, while EPCs can prevent 
inf lammation  (32). Next, it was investigated whether 
Ang II promotes the secretion of inflammatory cytokines 
in PRKs, and whether EPCs could exert their protective 
role by inhibiting the secretion of inflammatory cytokines. 
The secretion of IL‑1β, IL‑6 and TNF‑α was significantly 
upregulated in PRKs by the addition of Ang II. By contrast, 
in PRKs co‑cultured with EPCs, the levels of IL‑1β, IL‑6 and 
TNF‑α (Fig. 2E‑G) were comparatively lower (P<0.05) than 
those in PRKs cultured alone. Therefore, the damage induced 
by Ang II in PRKs was also associated with pro‑inflamma‑
tory cytokines, and co‑culture with EPCs exerted protective 
effects by reducing the secretion of these cytokines.

Protective ef fect of EPCs is exerted via MVs. The 
mechanisms via which EPCs exert protective effects on 
Ang  II‑induced kidney cells were further analyzed by 
isolating MVs from EPCs (Fig. 3A). EPC‑MVs were labeled 
with PKH26 and added to PRKs along with Ang  II in a 
Transwell plate, as previously described. PKH26 fluores‑
cence was detected in the cytoplasm of PRKs  (Fig. 3B), 
indicating that EPC‑MVs had fused with PRKs. Then, it 
was found that Ang  II‑induced decreased proliferation 
rate, promoted apoptosis and cycle arrest in the G1 phase, 
were inhibited by EPC‑MVs (Fig. 3C‑E). Similar to PRKs 
co‑cultured with EPCs, PRKs grown in the presence of 
EPC‑MVs and exposed to Ang  II had reduced levels of 
ROS and MDA (Fig. 4A and B), increased GSH and SOD 

Figure 2. EPCs inhibit oxidative stress and secretion of inflammatory cytokines in a PRK kidney injury model induced by Ang II. (A) Flow cytometry 
analysis of the effect of EPC co‑culture on the levels of ROS produced by Ang II‑treated PRKs. ELISA results of the effect of EPCs on the levels of (B) MDA, 
(C) GSH‑Px and (D) SOD in Ang II‑treated PRKs. Effect of EPC co‑culture on the levels of secreted (E) IL‑1β, (F) IL‑6 and (G) TNF‑α in Ang II‑treated 
PRKs. *P<0.05 vs. Control; #P<0.05 vs. Ang II. Ang II, angiotensin II; ROS, reactive oxygen species; EPCs, endothelial progenitor cells; PRKs, primary rat 
kidney cells; MDA, malondialdehyde; GSH‑Px, glutathione peroxidase; SOD, superoxide dismutase.

https://www.spandidos-publications.com/10.3892/mmr.2021.12520
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levels (Fig. 4C and D) and decreased secretion of the inflam‑
matory cytokines IL‑1β, IL‑6 and TNF‑α (Fig. 4E‑G), compared 
with the Ang II group.

Discussion

To the best of our knowledge, the present study demonstrated for 
the first time that EPCs can protect PRKs from Ang II‑induced 

cell damage. This protective effect is, at least partly, mediated 
by MVs that are secreted by EPCs and fuse with PRKs during 
co‑culture. By adding enriched MVs to PRKs exposed to 
Ang II, it was found that EPC‑MVs alone could protect PRKs 
from Ang II‑induced damage by inhibiting oxidative stress and 
inflammation.

MVs are defined as membrane nanodebris (0.05‑1 µm) (33), 
and are shed from the cell surface after activation, stress or 

Figure 3. Recovery of PRKs by co‑culture with EPC‑MVs following injury induced by Ang II. (A) Successful isolation of EPC‑MVs from EPCs as determined 
via transmission electron microscopy. Magnification, x5,000 and x15,000. (B) Fusion of PKH26‑ labeled EPC‑MVs with PRKs, Magnification, x400. (C) CCK-8 
analysis of the effects of different proportions of co-cultured EPC-MV on the proliferation of PRKs. Flow cytometry analysis of the effects of co‑cultured EPC‑MVs 
on the (D) apoptosis and (E) cell cycle of Ang II‑treated PRKs. *P<0.05 vs. Control; #P<0.05 vs. Ang II. Ang II, angiotensin II; EPCs, endothelial progenitor cells; 
PRKs, primary rat kidney cells; MVs, microvesicles.
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apoptosis. Furthermore, MVs can be derived from various 
cell types, such as platelets, endothelial cells, EPCs and 
white blood cells (34,35). MVs express specific cell surface 
markers, which vary with the origin cell and their forma‑
tion, and can exert anti‑inflammatory, anticoagulant and 
angiogenic effects (36). MVs released from EPCs can carry 
the biological information of their parent cell, and thus exert 
a similar function on the target cells  (33). For example, 
EPC‑MVs protect cardiomyocytes from Ang  II‑induced 
hypertrophy and apoptosis (28), improve endothelial func‑
tion and the ability to regulate angiogenesis  (37), and 
alleviate endothelial dysfunction induced by oxidative 
stress (38). However, to the best of our knowledge, the effect 
of EPC‑MVs on hypertensive nephropathy has not been 
previously reported. Therefore, the present study aimed 
to investigate the potential protective effects of EPCs and 
EPC‑MVs in renal cell injury.

In the present study, a PRK injury model was established 
by inducing damage with Ang II. Consistent with previous 
reports (26,39), Ang II reduced PRK proliferation, increased 
apoptosis and arrested the cell cycle at the G1 phase before 
entering the S phase. Based on these hypertension‑related 
markers, it was concluded that the Ang II‑induced PRK hyper‑
tension model was successfully established. Furthermore, it 
was determined that co‑culture with EPCs protected PRKs 
from Ang II‑induced damage. After co‑incubation of EPCs 
with PRKs + Ang II, the levels of oxidative stress enzymes and 
inflammatory factors in the PRKs were decreased. Thus, the 
potential mechanisms via which EPCs exert their protective 
effects on PRKs may involve the regulation of oxidative stress 
and inflammation. To the best of our knowledge, the current 
study demonstrated for the first time that EPCs can ameliorate 
Ang II‑induced oxidative stress response and inflammation in 
PRKs.

Figure 4. EPCs ameliorate the oxidative stress and inflammation induced by Ang II in PRKs via secreted MVs. (A) Flow cytometry analysis to determine the 
effect of EPC‑MVs on ROS generation in Ang II‑treated PRKs. ELISA results of the effect of EPC‑MVs on the levels of (B) MDA, (C) GSH and (D) SOD 
in Ang II‑treated PRKs. The effect of EPC‑MVs on the levels of (E) IL‑1β, (F) IL‑6 and (G) TNF‑α secreted by Ang II‑treated PRKs. *P<0.05 vs. Control; 
#P<0.05 vs. Ang II. Ang II, angiotensin II; ROS, reactive oxygen species; EPCs, endothelial progenitor cells; PRKs, primary rat kidney cells; MVs, microves‑
icles; MDA, malondialdehyde; GSH, glutathione; SOD, superoxide dismutase.
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EPCs effectively protect renal function in CKD (40) and 
serve a major role in maintaining vascular integrity and 
repairing endothelial injury (15), as well as reduce vascular 
leakage, improve organ function and increase survival rate in 
sepsis (41). Accumulating evidence suggests that EPCs may 
exert a protective role via the secretion of MVs (37,42,43).

To test the protective effect of EPC‑MVs in PRKs, 
EPC‑MVs were isolated and labeled with PKH26, and then 
the labeled MVs were co‑incubated with PRKs + Ang II. 
The EPC‑MVs fused with PRKs and significantly inhibited 
the oxidative stress response and inflammation induced by 
Ang II, and these results are similar to those of Fu et al (44). 
The inhibitory effect of EPC‑MVs on the levels of oxidative 
stress enzymes was greater than that of EPCs alone; this can 
be attributed to the MVs being present at a higher concen‑
tration in the PRKs treated with EPC‑MVs than in those 
co‑cultured with EPCs. These findings suggests that the 
protective effect of EPCs on PRKs against Ang II‑induced 
cell damage may depend on secreted MVs.

A limitation of the present study is that the poten‑
tial mechanisms via which the EPC‑MVs regulate 
microRNAs/mRNAs/signal transduction axes were not fully 
examined. The role and mechanisms via which EPC‑MVs 
exert protection against kidney damage should be evaluated 
in an animal model of hypertensive nephropathy, which is a 
promising direction for future research.

In conclusion, the present study demonstrated that EPCs 
can protect PRKs from Ang  II‑induced oxidative stress 
and increased inflammation via the secretion of MVs. This 
provides a novel direction for the treatment of hypertensive 
nephropathy, and establishes an in vitro model for studying 
kidney injury.
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