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Abstract: Acute kidney injury (AKI) is a common clinical syndrome with high morbidity and mortality, which is mostly
caused by acute tubular necrosis (ATN). AKI is associated with many factors, including cell senescence, inflamma-
tory infiltration, apoptosis and excessive accumulation of reactive oxygen species (ROS). P16 (hereafter termed
p16) inhibits cell cycle, and the absence of p16 can significantly slow the progression of cell senescence. We found
that the expression of p16 was significantly increased after ATN. To determine whether p16 could exacerbate ATN
degree and whether p16 deletion had protective effects against the ATN and renal dysfunction in AKI progression,
glycerol-rhabdomyolysis-induced ATN was performed in eight-week-old p16 knockout and wild-type (WT) littermates.
Their ATN phenotypes were analyzed; the levels of serum creatinine and serum urea nitrogen were detected; inflam-
mation, cell apoptosis, ROS level and ROS signaling pathway molecules were examined using histopathological and
molecular techniques. We found that compared to WT mice, p16 deletion has protective effects against the ATN
phenotype and renal dysfunction in AKI progression through ameliorating inflammatory infiltration and proinflam-
matory factor expression by inhibiting NF-kB proinflammatory pathway, decreasing cell apoptosis by balancing the
expressions between pro-apoptotic and anti-apoptotic molecules, and reducing ROS levels and downregulating ROS
signaling pathway molecules including AIF, PGAM5 and KEAP1. Thus, p16 deletion or inhibition and p16 positive cell
clearance would be a novel strategy for preventing ATN in AKI progression.
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Introduction

Acute kidney injury (AKI) is a common clinical
syndrome with high morbidity and mortality ch-
aracterized by a decrease in glomerular filtra-
tion rate. Acute tubular necrosis (ATN) is the
main pathological feature of acute kidney injury
[1]. Thus, studying how to minimize the ATN and
reduce AKl-related mortality is urgent. It has
been reported that AKI progression is strongly
connected with renal cell senescence mediat-
ed by oxidative stress and proinflammatory fac-
tors secretion [2, 3]. Renal tubular epithelial
cells show a senescent phenotype during renal
reparation after ATN. Cell aging promotes inter-
stitial fibrosis, tubular atrophy, and a sparse
capillary network, which impedes the morpho-
logical and functional recovery of the kidney
after AKI [2].

P16 locates on the short arm 2, region 1 of
chromosome 9, which encodes p14*fF and p16
proteins. P16 protein mainly interacts with CD-
K4/6 in the nucleus, which prevents the binding
of the cyclin D to CDK4/6, and maintains Rb
dephosphorylation. The dephosphorylated Rb
binds to the cell cycle-associated transcription
factor E2F blocking transcriptional activation
domain, thereby inhibiting expressions of down-
stream genes required for entering S phase
from G1 phase. This leads to cell cycle arrest in
G1 phase and growth arrest, thereby inducing
cell senescence. P16 deletion can significantly
delay cell senescence and inhibit senescence-
associated secretory phenotype (SASP) [4]. Our
previous study find that knocking out the p16 in
premature aging mice can significantly correct
chronic renal tubular interstitial fibrosis [5]. Stu-
dies have shown that in AKI, there will be an
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imbalance between oxidative stress and anti-
oxidant defense system, which is manifested
as significantly increased ROS level [6]. Exces-
sive ROS accumulation activates the apoptosis
pathway and accelerates the apoptosis of epi-
thelial cells by damaging the mitochondrial
membrane [7]. At the same time, ROS can also
significantly promote the activation of NF-«kB
pathway and inflammatory response, which fur-
ther aggravates the occurrence and develop-
ment of ATN [8, 9]. P16 contributes to develop-
ment of renal postischemic interstitial fibrosis
and tubular atrophy [10]. However, it is unclear
whether p16 could exacerbate ATN degree and
whether p16 deletion has protective effects
against the ATN and renal dysfunction in AKI
progression.

The pathogenic mechanism of glycerol-rhabdo-
myolysis-induced ATN in mouse model closely
mimics rhabdomyolysis-induced clinical ATN in
human [11]. It is widely studied that ATN is
induced by a single intramuscular injection of
50% glycerol in 0.9% saline [12-14]. Therefore,
we induced ATN in eight-week-old p16 knock-
out (p16KO0) and wild-type (WT) littermates and
then analyzed their phenotype using histopath-
ological and molecular techniques. Inflamma-
tion, cell apoptosis, ROS level and ROS signal-
ing molecules were examined after ATN.

Results

P16 protein was increased in WT mice after
ATN

To observe whether the expression of p16 pro-
tein was changed in the WT ATN mice and con-
trol mice, we used western blot to detect p16
protein expression in the kidneys. The expres-
sion of p16 protein was significantly higher in
the WT ATN mice than that in the WT control
mice at 24 h, 48 h and 72 h. The expression of
pl6 protein at 48 h after model establishment
was significantly higher than that at 24 h and
72 h. The expression of p16 protein at 24 h
was similar to that at 72 h after ATN modeling
(Figure 1A, 1B).

P16 deletion ameliorated ATN phenotype and
renal function

Eight-week-old p16KO male mice and WT male
littermate mice were used for ATN modeling. HE
staining revealed that compared with the con-
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trol group, the ATN model mice (24 h, 48 h and
72 h after ATN modeling) showed degeneration
and necrosis of renal tubular epithelial cells
and the formation of renal tubular cast. Com-
pared with WT group, p16K0O mice showed mild
renal pathological changes after ATN modeling
(24 h, 48 h and 72 h) (Figure 1C, 1D). The se-
rum creatinine of WT mice and p16K0O mice
was measured and found to be lower in the
p1l6KO mice than in the same group of WT mice
at 24 h, 48 h and 72 h after ATN modeling. The
serum urea nitrogen was measured and found
to be lower in the p16K0 mice than in the cor-
responding WT mice at 24 h and 72 h after ATN
modeling (Figure 1E, 1F).

P16 deletion reduced inflammation infiltration
after ATN

To investigate the inflammatory infiltration of
the kidney after ATN, we used immunohisto-
chemistry to detect the percentage of CD3 or
F4/80 positive cells in WT and pl16KO mice
after ATN modeling. Based on the results of
immunohistochemistry, we found that the per-
centages of CD3-positive and F4/80-positive
cells were significantly increased in renal tis-
sues from WT mice and p16KO mice after ATN
modeling (24 h, 48 h and 72 h). The percent-
ages of CD3-positive and F4/80-positive cells
were significantly decreased compared with
the same group of WT mice (Figure 2A-C).
These results indicated that the loss of p16
could inhibit inflammatory infiltration induced
by ATN modeling.

P16 deletion reduced the production of inflam-
matory factors after ATN

Since the inflammatory infiltration of p16KO
mice improved after ATN, we hypothesized that
p16 had an effect on the production of inflam-
matory factors. Therefore, we used immunohis-
tochemistry to detect the expression of the
inflammatory factor IL-1f3, IL-6 or TNF-« in renal
tissue of WT mice and p16KO mice after AKI.
We found that the percentages of IL-1p3-positive,
IL-6-positive and TNF-a-positive cells or areas
in p16KO mice were significantly decreased in
renal tissues compared with WT mice after ATN
modeling (24 h, 48 h and 72 h) (Figure 3A-F).
Next, we used western blot to detect the ex-
pression of pro-IL-1f3, IL-13, and TNF-a associ-
ated with inflammation. We found that after
ATN modeling, the expression of inflammation-
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Figure 1. P16 was increased in WT mice after ATN, and its deletion ameliorated ATN phenotype and renal function.
A, B. Western blots of renal extracts showing p16 and B-actin was the loading control. Values are mean + SEM of six
determinations per group. **P < 0.01, ***P < 0.001 compared with control mice; *P < 0.05 compared with ATN-24
h group mice. C. Representative micrographs of paraffin-embedded renal cortex and medulla stained with HE from
WT ATN mice and p16KO ATN mice at 24 h, 48 h, 72 h and control mice after the second dehydrated. D. Tube cast
number was determined in HE-stained sections. E, F. Serum creatinine levels and serum urea nitrogen concentra-
tions were determined by spectrophotometry. Values are mean + SEM of six determinations per group. *P < 0.05,
**P < 0.01, ***P < 0.001 compared with WT mice at the same time after ATN; *P < 0.05, #P < 0.01, ##P < 0.001
compared with control at the same genotyped mice; P < 0.05, %P < 0.01, &P < 0.001 compared with ATN-24 h
group at the same genotyped mice; P < 0.05, ®°P < 0.01 compared with ATN-48 h at the same genotyped mice.

related proteins in the kidneys of p16KO mice NF-kB pathway is closely related to inflamma-
was obviously decreased compared with WT tion, we hypothesized that deletion of pl6
mice, consistent with the previously observed might inhibit this pathway. To test our hypothe-
immunohistochemistry results (Figure 3G-J). sis, we used immunohistochemistry to detect
These data indicated that p16 deletion could the expression of p-p65 (Ser536) and found
inhibit the production of inflammatory factors. that the percentage of p-p65 (Ser536) positive

cells in the kidneys of p16KO mice was de-
P16 deletion inhibited the NF-kB proinflamma- creased compared with WT mice after ATN
tory pathway after ATN modeling (24 h, 48 h and 72 h) (Figure 4A, 4B).

We used western blot to detect the expression
The NF-kB pathway is considered as a typical of p-p65 (Ser536) and p65 proteins and ob-
proinflammatory signaling pathway. We obser- tained consistent results (Figure 4C, 4D). These
ved that p16KO mice have a marked improve- results indicated that p16 deletion could inhibit
ment in inflammation after ATN. Because the the expression of inflammatory factors, reduce
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Figure 2. P16 deletion reduced inflammation infiltration after ATN. Eight-week-old p16K0O male mice and WT male
littermate mice were used for ATN modeling. After ATN for 24 h, 48 h, and 72 h. A. Representative micrographs of
paraffin-embedded renal sections immunohistochemically for CD3 and F4/80. B, C. Percentage of CD3 or F4/80
positive cells relative to total cells. Values are mean + SEM of six determinations per group. **P < 0.01, ***P <
0.001 compared with WT mice at the same time after ATN; ##P < 0.001 compared with control at the same geno-
typed mice; ¥P < 0.05, %P < 0.01, &P < 0.001 compared with ATN-24 h group at the same genotyped mice; ®P <
0.05, ®P < 0.01 compared with ATN-48 h at the same genotyped mice.

inflammatory infiltration and proinflammatory found that the percentage of apoptotic cells in
response by inhibiting the NF-kB pathway after pl6KO mice was obviously decreased com-
ATN modeling. pared with WT mice after ATN modeling (24 h,

48 h and 72 h) (Figure 5A, 5B). We used west-
P16 deletion inhibited renal cell apoptosis af- ern blot to detect protein markers associated
ter ATN with apoptosis and found that the expression

of the pro-apoptosis-related proteins p53, Bax
We used the TUNEL assay to detect apoptosis and cleaved caspase-3 was decreased in the
in the kidneys of p16K0 mice and WT mice and kidneys of p16K0 mice after ATN modeling (24
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Figure 3. P16 deletion reduced the production of inflammatory factors after ATN. A-C. Representative micrographs
of paraffin-embedded renal sections immunohistochemically stained for IL-13, IL-6 and TNF-a. D-F. Percentage of
cells positive for IL-13, IL-6 or TNF-a or positive areas relative to total cells or areas. Values are mean + SEM of six
determinations per group. *P < 0.05, **P < 0.01, ***P < 0.001 compared with WT mice at the same time after
ATN; ##P < 0.001 compared with control at the same genotyped mice; P < 0.05 compared with ATN-24 h group at
the same genotyped mice. G. Western blots of renal extracts showing pro-IL-18, IL-18 and TNF-«, and B-actin was the
loading control. H-J. Protein levels relative to B-actin were assessed by densitometric analysis. Values are mean +
SEM of six determinations per group. *P < 0.05, **P < 0.01 compared with WT mice at the same time after ATN; #P
< 0.05, #P < 0.01 compared with control at the same genotyped mice; éP < 0.05, %P < 0.01 compared with ATN-24
h group at the same genotyped mice; P < 0.05, ®®P < 0.01 compared with ATN-48 h at the same genotyped mice.
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Figure 4. P16 deletion inhibited the NF-kB proinflammatory pathway after ATN. A. Representative micrographs of
paraffin-embedded renal sections immunohistochemically for p-p65 (Ser536). B. Percentage of cells positive for
p-p65 (Ser536) or positive areas relative to total cells or areas. Values are mean + SEM of six determinations per
group. **P < 0.01 compared with WT mice at the same time after ATN; ##P < 0.001 compared with control at the
same genotyped mice; 4P < 0.05 compared with ATN-24 h group at the same genotyped mice; ®P < 0.05 compared
with ATN-48 h at the same genotyped mice. C. Western blots of renal extracts showing p-p65 (Ser536) and p65, and
B-actin was the loading control. D. Protein levels relative to B-actin were assessed by densitometric analysis. Values
are mean + SEM of six determinations per group. *P < 0.05, **P < 0.01, ***P < 0.001 compared with WT mice at
the same time after ATN; *P < 0.05 compared with control at the same genotyped mice; 4P < 0.001 compared with
ATN-24 h group at the same genotyped mice; ®®P < 0.001 compared with ATN-48 h at the same genotyped mice.

h, 48 h and 72 h) compared with those of WT
mice, and the expression of the anti-apoptosis-
related protein Bcl-2 was increased in p16KO
mice compared with WT mice (Figure 5C-G),
indicating that the loss of p16 could inhibit
apoptosis induced by ATN modeling.

P16 deletion inhibited ROS accumulation and
its signaling pathway after ATN

Studies have shown that the mechanism of ATN
is also related to ROS. We used flow cytometry
to detect ROS levels in p16K0O mice after ATN.
Results showed that the ROS levels produced
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by renal cells in p16KO mice were lower than
those in the WT group (Figure 6A, 6B). We also
used western blot to detect the expression of
ROS signaling pathway molecules AlF, PGAM5
and KEAP1, and found that the expression of
AIF, PGAM5 and KEAP1 in p16KO mice was
decreased compared to WT mice after ATN
(Figure 6C-F), indicating that the loss of p16
could inhibit the ROS excessive accumulation
and its signaling pathway.

Discussion

This study demonstrated that p16 deletion had
protective effects against the ATN phenotype

Am J Transl Res 2019;11(6):3850-3861
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Figure 5. P16 deletion could reduce apoptosis. A. Representative micrographs of paraffin-embedded renal sections
stained with TUNEL. Values are mean + SEM of six determinations per group. B. Percentage of cells positive for
TUNEL relative to total cells. *P < 0.05 compared with WT mice at the same time after ATN; #P < 0.01, ##P < 0.001
compared with control at the same genotyped mice; P < 0.05, %P < 0.01, 44P < 0.001 compared with ATN-24 h
group at the same genotyped mice; P < 0.05 compared with ATN-48 h at the same genotyped mice. C. Western
blots of renal extracts showing p53, Bcl-2, Bax and cleaved caspase3, and B-actin was the loading control. D-G. Pro-
tein levels relative to B-actin were assessed by densitometric analysis. Values are mean + SEM of six determinations
per group. *P < 0.05, **P < 0.01, ***P < 0.001 compared with WT mice at the same time after ATN; #P < 0.05,
#P < 0.01, #*P < 0.001 compared with control at the same genotyped mice; P < 0.05, 4P < 0.01, &P < 0.001
compared with ATN-24 h group at the same genotyped mice; ®P < 0.05, ©®P < 0.01 compared with ATN-48 h at the
same genotyped mice.

and renal dysfunction in AKI progression throu- companied with renal cell senescence aggra-
gh ameliorating inflammatory infiltration and vated mainly by oxidative stress and SASP [2,
proinflammatory factor expression by inhibit- 3]. The elimination of senescent cells and an
ing NF-kB proinflammatory pathway, decreas- understanding of the role of cell senescence in
ing cell apoptosis by balancing the express- AKI may potentially contribute to the treatment
ions between pro-apoptotic and anti-apoptotic of AKI. However, the mechanism underlying the
molecules, and reducing ROS levels and sig- function of the aging-driven key protein p16 in
naling pathway molecules including AlF, PG- AKI has not been studied. To this end, we con-
AMb5 and KEAP1. ducted a preliminary exploration. We found that

pl6 deletion could alleviate the formation and
The aim of this study was to investigate the necrosis of renal tubular type caused by AKI,
effects of p16 in promoting ATN and its possi- reduce the content of creatinine and serum
ble underlying mechanisms. P16 protein is a urea nitrogen, and enhance the recovery of
key kinesin of cell senescence [4, 5]. Several kidney morphology and function after injury.
lines of evidence demonstrate that AKI is ac- Furthermore, p16 deletion attenuated the in-

3856 Am J Transl Res 2019;11(6):3850-3861
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Figure 6. P16 deletion inhibited ROS accumulation and its signaling pathway after ATN. A, B. ROS was detected by
flow cytometry. Values are mean + SEM of six determinations per group. *P < 0.05, **P < 0.01, ***P < 0.001 com-
pared with WT mice at the same time after ATN; ##P < 0.001 compared with control at the same genotyped mice; P
< 0.05, ¥&p < 0.001 compared with ATN-24 h group at the same genotyped mice; P < 0.01 compared with ATN-48
h at the same genotyped mice. C. Western blots of renal extracts showing AlIF, KEAP1 and PGAMb5, and B-actin was
the loading control. D-F. Protein levels relative to 3-actin were assessed by d ensitometric analysis. *P < 0.05, **P
< 0.01, ***P < 0.001 compared with control at the same genotyped mice; *P < 0.05, #P < 0.01 compared with
WT+ATN group; 4P < 0.05, P < 0.01 compared with ATN 24 h at the same genotyped and treatment mice; ®P <
0.05, ©@P < 0.01 compared with ATN 48 h at the same genotyped and treatment mice.

flammatory infiltration, and inhibited the se-
cretion of inflammatory factors and the activa-
tion of the NF-kB proinflammatory pathway that
occurs after ATN. In addition, we observed that
after the occurrence of ATN, p16 deletion inhib-
ited apoptosis, reduced the level of ROS, and
effectively prevented further damage of the
renal tubules. These results indicated that p16
played an important role in preventing the pro-
gression of AKI. Consistent with this result is a
previous observation that the absence of p16
and p19 has a protective effect on renal func-

3857

tion after ischemia-reperfusion injury through
significantly inhibiting cell apoptosis, and pro-
moting cell proliferation and microvascular
repair [15], suggesting that pl6 plays an ad-
verse role in different renal disease models
and could be used as a target for treating renal
diseases.

We established ATN model by intramuscular
injection of glycerol closely mimics rhabdomyol-
ysis-induced clinical ATN in human, measured
serum creatinine and urea nitrogen levels to

Am J Transl Res 2019;11(6):3850-3861
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assess renal function and observed morpholo-
gy changes of kidney [11, 14, 16]. Studies have
reported that the phenotype associated with
senescent cells is one of the important caus-
es of inflammatory senescence [17-19]. During
the process of cell senescence, a large number
of inflammatory factors, such as IL-1j, IL-6 and
TNF-a, are released and mediate inflammation
[19, 20]. P16 can drive cell aging and promote
aging-related proinflammatory secretion. We
found that p16 null mice showed less inflam-
matory cell infiltration and less senescence-
related proinflammatory factors secretion, such
as IL-1B, IL-6 and TNF-a, during AKI, suggesting
that p16 might aggravate the development of
AKI disease by increasing the proinflammatory
factors secretion of senescent cells. The NF-kB
pathway is a key upstream signaling molecule
that mediates the SASP pathway. We found
that NF-kB signaling pathway was significantly
downregulated in p16 null mice, suggesting th-
at the positive effect of pl6 on senescent-
associated proinflammatory factors secretion
may be achieved by upregulating the NF-kB sig-
naling pathway. In addition, we also examined
the apoptosis of renal cells for assessing the
protective effect of p16 deletion on the kidney.
Previous studies have reported that apoptosis
is involved in the development of glycerol-in-
duced AKI and is regulated by proapoptotic or
antiapoptotic molecules [21, 22]. Consistent
with the results observed in these studies,
we found that the absence of p16 attenuated
apoptosis for reducing further renal damage,
thereby improving the prognosis of ATN.

ROS is a key signaling molecule that mediates
cellular senescence. ROS activation is closely
related to the SASP mediated mainly by NF-kB
signaling pathway [23]. Studies have shown
that excessive ROS accumulation plays a sig-
nificant adverse role in AKI and mediates proin-
flammatory responses and massive apoptosis
of tubular epithelial cells [21, 22]. We found
that the absence of p16 reduced ROS levels
during ATN process. In AKI, KEAP1, PGAM5 and
AIF protein were significantly reduced, suggest-
ing that p16 enhanced the activation of ROS
signaling pathway. Excessive accumulation of
ROS may be one of the key factors by which
p16 protein causes SASP and epithelial apop-
tosis in ATN. Our previous study reported that
knocking out p16 could significantly meliorate
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renal tubular interstitial fibrosis in premature
aging mice and reduce aging-related proinfla-
mmatory factors secretion in kidney, showing
that p16 plays an important role in promoting
progression of renal diseases [5]. However, the
exact mechanism underlying p16 protein-medi-
ated ROS accumulation in ATN is still unclear
and remains to be further investigated.

Recent studies have found that ROS mediates
a cell death pattern being called oxeiptosis
[24]. Our study showed that p16 protein se-
emed to have a certain correlation with key pro-
teins such as PGAMb5 in this death mode, sug-
gesting that pl6 might be involved in this
important cell death process. Recent study
finds that antiapoptotic signaling pathway is
activated during cell aging, and a large number
of senescent cells can not be normally apop-
totic or cleared, resulting in excessive accumu-
lation of senescent cells that causes SASP.
Improvements in a variety of mouse disease
models and longevity have been observed by
using senescent cell clearance drugs such as
ABT263 [25]. Consistent with this, we found
that p16 null downregulated the cell apoptosis
and inhibited SASP through decreasing aging
cells in AKI. As a new pathway to cell death, the
question is whether oxeiptosis provides a hew
way to eliminate senescent cells? There is a
certain correlation between pl6 protein and
new modes of cell death, such as oxeiptosis.
Whether the accumulation of p16-positive se-
nescent cells is related to oxeiptosis and is
involved in the specific role played by the p16
protein remains to be further studied. These in-
depth studies may provide new targets for the
clearance of aging cells and for the treatment
of a variety of aging-related diseases.

In conclusion, p16 promoted the development
of ATN, including increasing inflammatory infil-
tration and proinflammatory factor expression
by activating NF-kB proinflammatory pathway,
promoting cell apoptosis by imbalance betwe-
en pro-apoptotic and anti-apoptotic molecules,
and increasing ROS levels and upregulating
ROS signaling pathway, thereby aggravating the
damaging effects of AKI. P16 deletion could
ameliorate development of ATN. Thus, p16 de-
letion or inhibition and p16 positive cell clear-
ance would be a novel strategy for preventing
ATN in AKI progression.
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Materials and methods
Mice

Exon 1a of p16 was deleted. P16 heterozygote
male and female mice of the FVB N2 back-
ground were mated to generate eight-week-old
p16KO mice and WT littermates genotyped as
described previously [26, 27]. All experiments
were carried out according to the guidelines of
the Experimental Animal Research Institute of
Nanjing Medical University. The program was
approved by the Nanjing Animal Experimental
Ethics Committee (Permit Number: IACUC-19-
03001).

Acute tubular necrosis model

Rhabdomyolysis was induced by intramuscu-
lar injection of glycerol, causing acute tubular
necrosis, thereby constructing an AKI model,
as previously described [11, 14, 16, 28]. Mice
were anesthetized with 3% pentobarbital sodi-
um (40 mg/kg). Adult eight-week-old male
pl6KO mice and WT littermates were intra-
muscularly injected with glycerol (purity > 99%)
(Sigma-Aldrich) (50% solution, 0.9% saline, 8
ml/kg), and each upper hind limb was given an
equal dose. Control mice were intramuscularly
injected with an equal volume of saline in the
same manner. Adult male C57BL/6J mice were
given a standard diet, hydrated for 16 h before
glycerol intramuscular injection, and after glyc-
erol intramuscular injection, they were hydrat-
ed for 8 h to enhance the toxicity of glycerol
[16].

Kidney processing

Mice were anesthetized with 3% pentobarbital
sodium (40 mg/kg) and perfused with 100 ml
of saline (0.01 mM PO,*, pH 7.4). Kidneys were
separated and fixed with periodate-lysine-para-
formaldehyde (PLP) solution [26, 29]. The sam-
ples were cut into two identical pieces along
the coronal axis according to the previous
method and fixed in PLP solution (for histo-
chemistry or immunohistochemistry) overnight
at 4°C [26, 29]. For hematoxylin and eosin (HE)
or immunohistochemical staining, kidney sec-
tions were dehydrated in a series of gradient
ethanol solutions and embedded in paraffin,
and 5 um sections were cut on a paraffin sec-
tioner (Leica Microsystems Nussloch GmbH,
Nucloch, Germany) as previously described
[29].
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Western blot analysis

The method for detecting protein in the kidney
by western blot is as previously described [26,
29]. Primary antibodies against p16 (ab21-
1542), IL-1B (@b9722), AIF (ab32516), KEAP1
(@b119403), and PGAM5 (ab126534) were
purchased from Abcam (Cambridge, MA, USA);
p65 (#8242), p-p65 (Ser536) (#3033), p53
(#2524), Bcl-2 (#3498), Bax (#2772), and cle-
aved caspase3 (#9664) were purchased from
Cell Signaling Technology (Beverly, MA, USA);
B-actin (60008-1-1g) was purchased from Pro-
teintech (Rosemont, IL, USA); TNF-a (NBP1-
19532) was purchased from Novus Biologicals
(Centennial, CO, USA). HRP-conjugated Affini-
pure Goat Anti-Rabbit IgG (H+L) and HRP-
conjugated Affinipure Goat Anti-Mouse IgG
(H+L) were purchased from Proteintech (USA).

Immunohistochemical staining

Immunohistochemical staining was performed
according to the previously described methods
[26, 29]. Serial paraffin sections were subject-
ed to antigen retrieval, cooked in antigen re-
trieval solution for 20 min, then inactivated
endogenous peroxidase (3% H,0,) and blocked
with serum for 1 h, followed by incubation with
primary antibodies against CD3 (SC-20047,
Santa Cruz Biotechnology Inc., Dallas, TX, USA),
F4/80 (SC-377009, Santa Cruz Biotechnology
Inc.), IL-6 (SC-57315, Santa Cruz Biotechnolo-
gy Inc.), IL-1B (ab9722, Abcam), TNF-a (NBP1-
19532, Novus Biologicals), and p-p65 (Ser536)
(#3033, Cell Signaling Technology). After wash-
ing, sections were incubated with secondary
antibody for 1 h, washed and treated with
SABC-POD kit (SA2001, Boster, China). Then,
the sections were counterstained with hema-
toxylin and fixed with biomount medium [26,
29, 30].

Determination of serum urea nitrogen and se-
rum creatinine

Mice were anesthetized with 3% sodium pento-
barbital (40 mg/kg) and depilated in the ab-
dominal region, and blood was drawn from the
mouse heart with a 1 ml syringe. The method
was as previously described, and the serum
was separated for measurement of serum urea
nitrogen (SUN) (CO13-2 SUN test kit) and serum
creatinine (SCr) (CO11 Cr detection kit) accord-
ing to the manufacturer’s instructions (Nanjing
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Jiancheng Institute of Bioengineering, China)
[26].

TUNEL assay

Continuous paraffin sections were dewaxed,
hydrated and stained with an apoptosis detec-
tion kit (YFXCAO5, Yi Fei Xue Biotechnology,
China) according to the manufacturer’s instr-
uctions.

Intracellular ROS detection

Renal cells were isolated from kidneys of 8-
week-old mice, incubated in 5 mM diacetyldi-
chlorofluorescein (DCFDA) (Invitrogen Inc., Car-
Isbad, CA, USA) and then placed in a shaker for
30 min at 37°C, immediately followed by flow
cytometry analysis in a FACScalibur flow cytom-
eter (Becton Dickinson, Germany) [26, 29].

Statistical analysis

Measurement data were described as the
mean + SEM fold-change over the control and
analyzed by Student’s t-test and one-way AN-
OVA to compare differences among groups.
Qualitative data were described as percentag-
es and analyzed using chi-square tests as indi-
cated. All analyses were performed using SPSS
software (Version 19.0; SPSS Inc., Chicago, IL,
USA) or GraphPad Prism software (Version
6.07; GraphPad Software Inc., San Diego, CA,
USA) as previously described. A value of P <
0.05 was considered statistically significant
[26, 29].
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