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Abstract. Activation of the purinergic P2X7 receptor (P2X7R) 
has been associated with the development of experimental 
nephritis. Therefore, the current study aimed to explore the 
mechanism of P2X7R in renal injured mice with adriamycin 
(ADR) nephropathy. The protective effect of a P2X7R antago‑
nist on the kidneys of mice with ADR nephropathy was also 
evaluated. Nephropathy was induced by a single intravenous 
injection of ADR (10.5 mg/kg). A total of 6 h before the 
model was established, the P2X7R antagonist A438079 (100, 
200 and 300 µmol/kg) was injected into the mice, which was 
subsequently administered daily for 1 week by intraperitoneal 
injection. Subsequently, all mice were sacrificed, after which 
blood, 24 h‑urine and the kidneys were collected. The levels 
of albumin (ALB) and total cholesterol (TC) in the serum, 
along with urine protein content at 24 h were determined 
using an automatic biochemical analyzer. The levels of IL‑1β 
and IL‑18 were additionally detected in the renal tissues by 
ELISA. Moreover, the expression of P2X7R, oxidized (ox)‑low 
density lipoprotein (LDL), C‑X‑C motif chemokine ligand 16 
(CXCL16), Bax, caspase‑3 and NLRP3 in renal tissues was 
detected by immunohistochemistry. Apoptosis in the renal 
tissues was observed using the TUNEL assay. The results 
demonstrated that compared with the control group, decreased 
weight, increased proteinuria, decreased serum ALB and 
increased serum TC was observed in the ADR group. The 
expression of IL‑1β, IL‑18, P2X7R, ox‑LDL, CXCL16, Bax, 
caspase‑3 and NLRP3, as well as cellular apoptosis in the renal 
tissues of the ADR group, was significantly increased in the 
ADR group compared with the control. However, compared 
with the ADR group, the changes in all indices in the ADR + 
A438079 groups were attenuated. Overall, P2X7R, ox‑LDL 

and CXCL16 may be associated with ADR nephropathy, while 
inhibition of P2X7R may reduce the expression of ox‑LDL 
by downregulating the CXCL16 pathway to alleviate kidney 
injury in mice with ADR nephropathy. Furthermore, activated 
P2X7R may promote the release of inflammatory cytokines 
IL‑1β and IL‑18 through the downstream P2X7R/NLRP3 
pathway and upregulate the expression of Bax and caspase‑3 to 
promote apoptosis, which participates in the process of ADR 
nephropathy. Inhibiting P2X7R may also reduce the release 
of IL‑1β and IL‑18 by downregulating the P2X7R/NLRP3 
pathway, downregulating the expression of Bax and caspase‑3, 
and reducing apoptosis, thereby alleviating kidney injury in 
mice with ADR nephropathy.

Introduction

Primary nephrotic syndrome (PNS) is one of the most common 
kidney diseases in children. It is induced by various causes, 
including weak resistance and weakened immune function, 
leading to the increased permeability of the glomerular filtra‑
tion membrane and the loss of a large amount of protein in the 
urine, consequently leading to a clinical syndrome with a series 
of pathophysiological changes (1). At present, the pathogenesis 
of PNS remains unknown. Adriamycin (ADR) nephropathy, 
which is very similar to early stage minimal change disease 
(MCD) and late stage focal segmental glomerulosclerosis, is a 
classic animal model of nephrotic syndrome (NS) (2‑5).

The P2X7 receptor (P2X7R), which belongs to the P2X 
family, is an ATP‑gated ion channel that is involved in the 
development of numerous diseases, such as HIV infection (6). 
Compared with other family members, P2X7R has a specific 
structure, which has attracted marked attention (7). P2X7R 
is involved in the inflammatory response through numerous 
signaling pathways, promoting cellular injury and apoptosis, 
thus leading to tissue damage (6). At present, accumulating 
evidence from various animal models has shown that P2X7R 
participates in the onset and development of kidney disease 
through the P2X7R/NLRP3 pathway, which could lead to the 
downstream release of IL‑1β and IL‑18 to play a role in inflam‑
mation (8‑11). P2X7R promotes apoptosis in a variety of ways. 
Previous studies on several kidney diseases have revealed that 
P2X7R could lead to mesangial cell and podocyte apoptosis, 
which may participate in the pathogenesis of diseases (12,13). 
Furthermore, P2X7R is important for lipid storage and 
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metabolism in the body (14). Oxidized (ox)‑low density lipo‑
protein (LDL) has been found to upregulate the expression of 
P2X7R in atherosclerosis (15). In addition, ox‑LDL is involved 
in the onset and development of ADR nephropathy (16), and it 
has been confirmed that the expression of P2X7R and ox‑LDL 
is increased in the glomeruli of children with PNS (Zhu et al, 
unpublished data). However, whether P2X7R is involved in 
the onset and development of ADR nephropathy has not been 
reported locally or abroad, to the best of our knowledge.

In the present study, a mouse model of ADR nephropathy 
was established to explore the pathogenesis of PNS, to inves‑
tigate the role of P2X7R in ADR‑induced nephropathy, and to 
determine whether P2X7R inhibition could ameliorate renal 
injury in mice with ADR nephropathy.

Materials and methods

Experimental animals. Male BABL/c mice (age, 5 weeks; 
n=46) with an average body weight of 17.96 g (Vital River 
Laboratory Animal Technology Co. Ltd.) were kept under 
standard conditions (constant temperature 21±2˚C, humidity 
60±10%, light/dark cycle 12 h) and received free water and 
food and standard pellet chow. All animal procedures were 
performed according to the guidelines for the care and use 
of laboratory animals approved by Shandong Provincial 
Hospital. Mice were anesthetized by an intraperitoneal injec‑
tion of 100 mg/kg sodium pentobarbital. The use of large‑dose 
injections results in the inhibited breathing of mice. Death was 
confirmed when mice did not respond to stimuli, as their hind 
limbs were clamped with the hemostatic forceps.

Sample collection. Mice were randomly divided into the 
following groups: Normal control group (NC group; n=5), 
ADR nephropathy group (ADR group; n=5), ADR + A438079 
(100 µmol/kg; Merck KGaA) group (ADR + A100 group; n=5), 
ADR + A438079 (200 µmol/kg) group (ADR + A200 group; 
n=5), ADR + A438079 (300 µmol/kg) group (ADR + A300 
group, n=5) and A438079 (300 µmol/kg) group (A300 group; 
n=5). The ADR group was induced by a single, slow intrave‑
nous injection of ADR (10.5 mg/kg body weight, diluted in 
0.9% saline) into the tail vein. After 1 week, mice with massive 
proteinuria (24‑h urinary protein ratio ≥50 mg/kg) were consid‑
ered to have ADR nephropathy. The other groups without ADR 
received the same dose of saline via the tail vein. The P2X7R 
antagonist A438079 (100, 200 and 300 µmol/kg) was injected 
intraperitoneally 6 h before establishing the models, after which 
A438079 (100, 200 and 300 µmol/kg) was administered every 
day for 1 week.

After 1  week, all mice were individually placed in 
metabolic cages for 24‑h urine collection. Following urine 
collection, all mice were anesthetized and euthanized by intra‑
peritoneal injection of 100 mg/kg sodium pentobarbital. Blood 
was collected from the heart, and the kidneys were harvested. 
All experiments were performed with the approval of the 
Animal Ethics Committee of Shandong Provincial Hospital 
(Jinan, China; approval no. 2020-107).

Urinary protein and blood sample analysis. The 24‑h urinary 
protein ratio was detected using the Coomassie brilliant blue 
method. Serum albumin (ALB) and total cholesterol (TC) were 

evaluated using an Automatic Biochemical analyzer (AU5400; 
Olympus Corporation). All specimens were processed and 
analyzed according to the manufacturer's protocol.

ELISA. Sandwich ELISA was used to detect the levels of IL‑1β 
(cat. 70‑EK201B/3‑96, Multi sciences, Wuhan, China) and 
IL‑18 (cat. 70‑EK218‑96, Multi sciences, Wuhan, China) in 
kidney tissue according to the manufacturer's protocol (Multi 
Sciences Biotech, Co., Ltd.). Briefly, a section of fresh kidney 
was collected, placed in PBS with 0.05% Tween‑20 and mixed 
using ultrasound for 100 sec. Subsequently, the kidney super‑
natant was harvested. Standard proteins and samples were 
subsequently diluted with standard diluent buffer supplied 
in the aforementioned kit, after which 100 µl of standards, 
controls and diluted samples was added to the appropriate 
microtiter 96‑wells. The wells were covered and incubated 
for 90 min at 37˚C in an incubator. Biotin‑conjugated detec‑
tion antibody (100 µl) was added into each well after washing 
with PBS, incubated for 1 h at 37˚C and washed again with 
PBS. Anti‑rabbit IgG‑HRP (100 µl) was then added to each 
well, after which the wells were covered and incubated for 
30 min at 37˚C. Following another PBS wash step, stabilized 
chromogen (90 µl) was added to each well and incubated for 
15 min at 37˚C in the dark. Finally, stop solution was added 
to each well, and the absorbance of each well at 450 nm was 
recorded by a microtiter plate reader. A smooth standard curve 
was constructed according to standard protein optical density 
values. Unknown sample protein concentrations were derived 
from this standard curve.

Immunohistochemical assay. The right kidney was fixed at 
4˚C for 24 h in 10% formaldehyde immediately after the mice 
were sacrificed, after which it was dehydrated in graded alcohol 
and then embedded in paraffin. Paraffin sections (5 µm) were 
deparaffnized in an environmentally‑safe cleaning agent, such 
as xylene, rehydrated in graded alcohol and then washed in 
PBS (pH 7.4). Antigen retrieval was performed by boiling the 
tissue sections in water for 15 min in 0.01 mol/l sodium citrate 
buffer (pH 6.0) at 100˚C and then cooling at 25˚C for 2 h. Tissue 
sections were treated with 3% H2O2 for 30 min at 37˚C to quench 
endogenous peroxide activity. After blocking the sections with 
10% goat serum (Beijing Solarbio Science & Technology Co., 
Ltd.) for 1 h at 37˚C, the sections were incubated with rabbit 
anti‑mouse P2X7R antibody (pAb; 1:300; cat. no. ab109054; 
Abcam), C‑X‑C motif chemokine ligand 16 (CXCL16; 1:100; 
cat. no. bs‑1441R; BIOSS), ox‑LDL (1:100; cat. no. bsm‑1698M; 
BIOSS), Bax (1:200; cat. no. bsm‑52316R; BIOSS), caspase‑3 
(1:200; cat. no. bsm‑33277M; BIOSS) and NLRP3 (1:200; cat. 
no. ab270449; Abcam) at 4˚C overnight, followed by incubation 
with HRP‑conjugated secondary goat anti‑rabbit (1:500; cat. 
no. ab6721; Abcam)/mouse (1:500; cat. no. ab6789; Abcam) 
antibody at 37˚C for 30 min. Sections were developed with 
DAB reagent, after which the nuclei were counterstained with 
Hematoxylin for 1 min at room temperature. The primary anti‑
body was substituted for PBS as a negative control, while the 
positive control was verified by confirming positively‑stained 
tissue specimens. Images were captured using the white light of 
an ECLIPSE Ti scanning microscope (Nikon Corporation) and 
analyzed by ImageJ software (version, 6.0; National Institutes of 
Health) to calculate %Area.
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TUNEL assay. The right kidney was fixed at 4˚C for 24 h in 
10% formaldehyde immediately after the mice were sacri‑
ficed, after which it was dehydrated in graded alcohol and 
then embedded in paraffin. Paraffin sections (5 µm) were 
deparaffnized in an environmentally‑safe cleaning agent, such 
as xylene, rehydrated in graded alcohol and then washed in 
PBS (pH 7.4). Antigen retrieval was performed by boiling 
the tissue sections in water for 15 min in 0.01 mol/l sodium 
citrate buffer (pH 6.0) at 100˚C and then cooling at 25˚C for 
2 h. Tissue sections were treated with 3% H2O2 for 10 min 
at 37˚C to quench endogenous peroxide activity. Then added 
TdT enzyme reaction solution to the tissue, and reacted for 
1 h at 37˚C in the dark. Then add l Streptavidin‑HRP working 
solution, and react for 30 min in the dark at 37˚C. Sections 
were developed with DAB reagent, after which the nuclei 
were counterstained with Hematoxylin for 1 min at room 
temperature. Images were captured using the white light of an 
ECLIPSE Ti scanning microscope (Nikon Corporation) and 
analyzed by ImageJ software (version 6.0; National Institutes 
of Health) to calculate the dark brown precipitated cells.

Statistical analysis. Statistical analysis was performed using 
SPSS  19.0 (IBM Corp.), and the data were expressed as 
the mean ± SD. The means between multiple groups were 
compared using one‑way ANOVA. For the comparison of two 

groups, an independent sample t‑test was used. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Effect of A438079 on weight, urinary protein, serum ALB, 
and TC. As revealed in Fig. 1, compared with the NC group, 
the weight of mice in the ADR group gradually decreased. 
Additionally, compared with the ADR group, weight loss 
was significantly reduced in both the ADR + A200 and 
ADR + A300 groups, while there was no significant differ‑
ence in the ADR + A100 group. The ADR group developed 
significant proteinuria, hypoalbuminemia and hyperlipid‑
emia, while in the ADR + A438079 groups, the majority of 
changes were alleviated to varying degrees depending on 
the concentration of A438079. The level of 24 h‑proteinuria 
in the ADR and ADR + A438079 groups was significantly 
higher compared with the NC group (Fig. 1B; P<0.01), and 
the level of 24 h‑proteinuria in the ADR + A438079 200 
and 300 µmol/kg groups was significantly lower than that in 
the ADR group (Fig. 1B; P<0.01). However, no statistically 
significant difference was observed in the ADR + A100 group 
compared with the ADR group (Fig. 1B; P>0.05). Serum ALB 
levels in the ADR and ADR + A438079 100 and 200 µmol/kg 
groups were significantly lower than those in the NC group 

Figure 1. Weight, 24‑h proteinuria, serum ALB and TC changes in the different treatment groups. (A) Weight changes of mice in the different treatment groups 
was assessed over time. (B) 24‑h proteinuria, (C) serum ALB and (D) TC levels in the different treatment groups. ∆P<0.05 and ▲P<0.01 vs. NC group; #P<0.05 
and ##P<0.01 vs. ADR group. ADR, adriamycin; ALB, albumin; A100/200/300, A438079 100/200/300 µmol/kg; TC, total cholesterol; NC, negative control. 
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(Fig. 1C; P<0.01 or P<0.05). Furthermore, compared with the 
ADR group, changes in serum ALB were only reduced in the 
ADR + A300 group (Fig. 1B; P<0.05). The levels of TC in 
the ADR and ADR + A438079 100 and 200 µmol/kg groups 
were significantly higher than those in the NC group (Fig. 1D; 
P<0.01). However, TC levels in the ADR + A438079 200 and 
300 µmol/kg groups were significantly lower than those in the 
ADR group (Fig. 1D; P<0.01).

Effect of A438079 on IL‑1β and IL‑18 expression in renal 
tissues. IL‑1β and IL‑18 expression was evaluated in the 
kidneys of mice from each treatment group by ELISA. The 
expression of IL‑1β and IL‑18 in the ADR group was signifi‑
cantly higher than that in the NC group (Fig. 2A and B; 
P<0.01). Compared with the ADR group, IL‑1β levels in the 
ADR + A438079 200 and 300 µmol/kg groups were alle‑
viated (Fig. 2A; P<0.01). However, IL‑18 levels were only 
significantly reduced in the ADR + A300 group (Fig. 2B; 
P<0.01).

Effect of A438079 on the expression of P2X7R, ox‑LDL, 
CXCL16, Bax, caspase‑3, and NLRP3 in the glomeruli. To 
investigate the expression of P2X7R, ox‑LDL, CXCL16, Bax, 
caspase‑3 and NLRP3 in the glomeruli of different treatment 
groups, immunohistochemical analysis was performed. The 
expression of P2X7R, ox‑LDL, CXCL16, Bax, caspase‑3 and 
NLRP3 in the glomeruli of the ADR group was significantly 
increased (Fig. 3A‑L; P<0.01) compared with that of the NC 
group. Compared with the ADR group, the expression of these 
genes in the ADR + A438079 200 and 300 µmol/kg groups 
were significantly reduced (Fig. 3A‑L; P<0.05 or P<0.01). 
However, there was no statistically significant difference 
observed in the ADR + A100 group compared with the ADR 
group (Fig. 3A‑L; P>0.05).

Effect of A438079 on apoptosis in the glomeruli of mice. The 
apoptosis of glomeruli in the ADR group was significantly 
increased compared with that in the NC group (Fig. 4; P<0.01). 
Furthermore, compared with the ADR group, the apoptosis of 
glomeruli in the ADR + A438079 100, 200 and 300 µmol/kg 
groups was significantly decreased (Fig. 4; P<0.01).

Discussion

PNS is a common kidney disease in children, with gluco‑
corticoids applied as the preferred clinical treatment for NS. 
The most common pathological type of PNS is MCD, and the 
majority of children with PNS are sensitive to steroid therapy, 
thus exhibiting a favorable prognosis. However, certain 
children with steroid‑dependent or steroid‑resistant NS may 
gradually progress to focal segmental glomerular sclerosis 
(FSGS) and eventually to end‑stage renal disease (ESRD) (17). 
Therefore, it is important to identify the target of early kidney 
damage and to find an effective therapy for the occurrence and 
development of PNS.

ADR nephropathy in mice, which simulates the patholog‑
ical characteristics of human NS with the early pathological 
manifestation of MCD and the late pathological manifestation 
of FSGS, is a classic animal experimental model of NS (4,5). 
In the present study, BALB/c mice were sensitive to ADR and 
exhibited similarities to human NS with MCD and FSGS, such 
as high urine protein. In addition, it is more convenient and 
economical to use mice to conduct research, as they exhibit 
a high reproductive ability and are easy to raise (5). BALB/c 
mice were selected to establish the model of ADR nephrop‑
athy. Mice were injected with ADR (10.5 mg/kg) via the tail 
vein. After 1 week, the mice displayed massive proteinuria, 
hypoalbuminemia and hyperlipidemia. Furthermore, previous 
pathological analysis of renal tissues carried out in our labora‑
tory revealed the distinct proliferation of mesangial cells, and 
a marked expansion of the mesangial matrix (16). The results 
from electron microscopy suggested that the glomerular 
basement membrane was pervasively thickened, and the 
foot processes were widely fused (16). All changes gradu‑
ally became markedly with time. Collectively, these results 
suggested that the ADR nephropathy model was successfully 
established (16). Therefore, BALB/c mice were selected as the 
ADR nephropathy animal model in the present study.

P2X7 receptor (P2X7R) is a ligand‑gated ion channel that 
is a member of the P2X receptor family. Although P2X7R is 
similar to other P2X receptors, it has a special structure with 
a longer C‑terminal (18). Previous studies have shown that 
P2X7R was involved in various kidney diseases, including 

Figure 2. Levels of IL‑1β and IL‑18 in murine renal tissues. The levels of (A) IL‑1β and (B) IL‑18 were evaluated in the renal tissues of mice in each treatment 
group. ∆P<0.05 and ▲P<0.01 vs. NC group; ##P<0.01 vs. ADR group. ADR, adriamycin; A100/200/300, A438079 100/200/300 µmol/kg; NC, negative control. 
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Figure 3. Effect of A438079 on the expression of P2X7R, ox‑LDL, CXCL16, Bax, caspase‑3 and NLRP3 in the glomeruli. Expression of (A and G) P2X7R, 
(B and H) ox‑LDL, (C and I) CXCL16, (D and J) Bax, (E and K) caspase‑3 and (F and L) NLRP3 in glomeruli with different groups. ▲P<0.01 vs. NC 
group; #P<0.05 and ##P<0.01 vs. ADR group. ADR, adriamycin; A100/200/300, A438079 100/200/300 µmol/kg; CXCL16, C‑X‑C motif chemokine ligand 16; 
NC, negative control; ox‑LDL, oxidized low density lipoprotein. 
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polycystic kidney disease, diabetic nephropathy, hypertension 
nephropathy and renal ischemia‑reperfusion injury (8‑11). In 
a diabetic nephropathy rat model, Vonend et al (19) revealed 
that P2X7R expression was significantly increased in the 
glomerular cells of diabetic nephropathy rats, and immuno‑
histochemical staining further demonstrated that positive 
cells stained with brown and yellow precipitation were mainly 
podocytes. However, P2X7R has not been reported in regard 
to ADR nephropathy. In the current study, it was found that 
the expression of P2X7R was increased in the glomeruli of 
children with PNS (data not yet published), suggesting that 
P2X7R may be involved in the pathogenesis of NS. Thus, it 
was intended to confirm the result through animal models of 
NS. A mouse model was established by ADR and after 1 week, 
the following changes were observed in mice: Body weight 
was significantly decreased, serum ALB was decreased and 
TC increased. Furthermore, the expression of P2X7R in the 
glomeruli was also increased. Following treatment with the 
P2X7R antagonist A438079, the aforementioned observations 

in ADR‑nephropathy mice were alleviated. These data 
suggested that P2X7R may be associated with the pathogen‑
esis of ADR nephropathy in mice.

The animal model of ADR nephropathy is a classic model 
as the observed histological changes resemble those of human 
MCD and focal glomerulosclerosis (20). ADR induces thin‑
ning of the glomerular endothelium and podocyte effacement 
associated with loss of size‑ and charge‑specific barrier to 
filtration of plasma proteins. These changes are seen as early as 
1‑2 weeks after ADR injection, and are severe by 4 weeks (21). 
Evidence has shown that P2X7R plays a critical role in regu‑
lating lipid storage and metabolism in vivo (14). Additionally, 
ox‑LDL may be the potential mediator for upregulating the 
expression of P2X7R in atherosclerosis  (15). Numerous 
studies have suggested that lipid deposition is present in 
the kidney tissue of patients with end‑stage and chronic 
kidney diseases as well as in animal models of NS (22‑25). 
It is broadly known that hyperlipidemia is one of the clinical 
manifestations of PNS in children. Studies have revealed that 

Figure 4. Expression of apoptosis in the glomeruli of the different groups determined using a TUNEL assay. ▲P<0.01 vs. NC group and ##P<0.01 vs. ADR 
group. Scale bar, 20 µm. ADR, adriamycin; A100/200/300, A438079 100/200/300 µmol/kg; NC, negative control. 
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circulating LDL in hyperlipidemia, particularly ox‑LDL, may 
be deposited in kidney forming foam cells, upregulating the 
expression of inflammatory factors, increasing the secretion of 
chemokines and the infiltration of inflammatory cells, as well 
as the proliferation of renal intrinsic cells, eventually leading 
to glomerulosclerosis (26,27). Previous research has indicated 
that during the progression of ADR nephropathy, CXCL16 
could promote the uptake of ox‑LDL by podocytes, cause the 
accumulation of lipid in podocytes, and eventually lead to 
the injury of podocytes (16). In consistency, the expression of 
ox‑LDL and CXCL16 were increased in the glomeruli of mice 
with ADR nephropathy in the current study, while treatment 
with P2X7R antagonist A438079, significantly decreased their 
expression. Furthermore, Hu et al (28) previously indicated 
that P2X7R may participate in lipid metabolic disorders by 
regulating the CXCL16 pathway. Therefore, it was hypoth‑
esized that P2X7R, ox‑LDL and CXCL16 may be associated 
with ADR nephropathy in mice. P2X7R inhibition may there‑
fore reduce the expression of ox‑LDL by downregulating the 
CXCL16 pathway to alleviate kidney injury of mice with ADR 
nephropathy.

P2X7R is involved in the in vivo inflammatory response 
via a variety of signaling pathways to promote cellular 
injury and apoptosis, and thus induce tissue damage (6). The 
P2X7R/NLPR3 pathway, which promotes the release of down‑
stream cytokines (IL‑1β and IL‑18) to induce the immune 
inflammatory response, is the key pathway in which P2X7R 
plays its pathophysiological role (29,30). However, whether 
P2X7R/NLRP3 is also involved in the occurrence of ADR 
nephropathy is unknown. Therefore, in the present study, the 
expression of NLRP3 was detected in murine renal tissues 
by immunohistochemistry, and the levels of IL‑1β and IL‑18 
were determined by ELISA. The results revealed that NLRP3 
levels were increased in the glomeruli of ADR nephropathy 
mice, and the levels of IL‑1β and IL‑18 were also increased 
in renal tissues. While using the P2X7R antagonist, A438079, 
the expression of NLRP3, IL‑1β and IL‑18 was decreased, 
suggesting that the P2X7R/NLRP3 pathway may be involved 
in the occurrence and development of ADR nephropathy in 
mice.

Turner et al (31) indicated that the mRNA expression of 
P2X7R was increased in the renal tissue of rats with prolifera‑
tive glomerulonephritis, as well as the mRNA expression of 
the pro‑apoptotic marker, Bax, and apoptosis in the glomeruli. 
In addition, caspase‑3, a member of the caspase protein family, 
is located downstream of the caspase cascade reaction and is a 
key executor of the apoptotic response, playing an active role 
in apoptosis (32). In an animal experimental study of renal 
toxicity induced by cisplatin in male C57BL/6 mice, it was 
revealed that the expression of caspase‑3 in renal tissue was 
upregulated and that apoptosis was increased in the model 
group, while the expression of caspase‑3 was significantly 
reduced after the preliminary administration of P2X7R antag‑
onist A438079 (33). The expression of podocyte apoptosis in 
diabetic nephropathy was increased, as was the expression of 
the pro‑apoptotic factor caspase‑3 (34). In the present study, 
immunohistochemistry was used to detect apoptotic protein 
expression in the renal tissues of ADR‑induced nephropathy 
mice. Additionally, the TUNEL method to determine the 
number of apoptotic cells. The expression of Bax and caspase‑3 

in the glomeruli of ADR nephropathy mice increased with 
increased apoptosis, while administration of A438079 signifi‑
cantly decreased the expression of Bax and caspase‑3 in the 
glomeruli. Furthermore, the number of apoptotic cells was 
significantly decreased, suggesting that P2X7R may promote 
apoptosis via Bax and caspase‑3 to participate in the occur‑
rence and development of ADR nephropathy in mice.

In conclusion, P2X7R, ox‑LDL and CXCL16 may be asso‑
ciated with ADR nephropathy in mice. Inhibition of P2X7R 
may reduce the expression of ox‑LDL by downregulating the 
CXCL16 pathway to alleviate kidney injury in mice with ADR 
nephropathy. Activated P2X7R may promote the release of 
inflammatory cytokines IL‑1β and IL‑18 through the down‑
stream P2X7R/NLRP3 pathway and upregulate the expression 
of Bax and caspase‑3 to promote apoptosis, which participates 
in the process of ADR nephropathy. Additionally, inhibition 
of P2X7R may reduce the release of IL‑1β and IL‑18 by 
downregulating the P2X7R/NLRP3 pathway, downregulating 
the expression of Bax and caspase‑3, and reducing apoptosis, 
thereby alleviating kidney injury in mice with ADR nephrop‑
athy. Therefore, P2X7R antagonists may potentially be used 
in the treatment of NS, but more specific studies are required.

Since the initial changes of ADR nephropathy are similar 
to minimal change type nephropathy, the changes in the model 
were only observed for 1 week in animal experiments, there‑
fore only the index data for diagnosing NS was recorded in 
the laboratory at that time. In the future, changes and effects 
of P2X7R in ADR nephropathy should be further investigated 
and all relevant biochemical indicators should be evaluated.
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