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Background: The aim of this research was to study the function of NLRP3 in the pathogenesis and development of diabet-
ic nephropathy (DN).

Material/Methods: We compared the expression of NLRP3-related protein in human glomerular mesangial cells under high glu-
cose conditions at different times and in rats with DN of different ages. We also compared changes in IL-18
and IL-1B expression levels at different stages of DN.

Results: After six hours, 12 hours, and 24 hours of high glucose stimulation, the secretion of IL-1f in human glomer-
ular mesangial cells, compared to unstimulated cells, was 1.85-fold, 3.04-fold, and 4.14-fold; the expression
of NLRP3 increased by 2.20-fold, 4.62-fold, and 8.32-fold; and the expression of caspase-1 was increased by
1.60-fold, 2.72-fold, and 3.67-fold. The expression levels of nephrin in eight-week-old and 12-week-old DN rats
compared to 4-week rats were 49.60% and 21.20%, respectively. The IL-1f levels compared to four-week DN
rats were 2.57-fold and 4.17-fold, respectively; NLRP3 levels were 1.29-fold and 2.17-fold respectively, and cas-
pase-1 levels were 3.37-fold and 4.16-fold, respectively. The serum levels of IL-18 and IL-1f in the DN group
were the highest at 218.53+30.69 pg/mL and 62.47+9.36 pg/mL, respectively; followed by the mild DN group
at 177.07+32.88 pg/mL and 28.13+5.37 pg/mL, respectively, with the diabetic mellitus (DM) group having the
lowest levels at 141.47+9.49 pg/mL and 15.53+3.26 pg/mL, respectively. The healthy control group levels were
99.40+22.72 pg/mL and 12.40+5.08 pg/mL, respectively.

Conclusions: NLRP3 and high glucose activation may participate in the occurrence and development of DN by mediating the
inflammatory response.
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Background

ANIMAL STUDY

Material and Methods

Diabetic nephropathy (DN) is one of the most important com-
plications of diabetes mellitus (DM). In recent years, with the
increase of DM patients and morbidity in China, patients of
DN have been also increased annually [1]. At present, the
pathogenesis of DN remains unclear. However, the inflam-
matory theory has been recognized as the core of DN preva-
lence in the academic world [2]. The inflammatory theory holds
that persistent high-glucose environment inside DM patients
leads to the increase of inflammatory factors secreted by re-
nal cells, such as interleukin 1B (IL-1p), interleukin-18 (IL-18)
and C-reactive protein (CRP), and further results in persistent
inflammatory reaction, which is an important pathological ba-
sis of DN prevalence [3,4].

NLRP3 inflammasome is a compound composed of NLRP3,
apoptosis-associated speck-like protein containing a CARD
(ASC) and caspase-1. Activated NLRP3 inflammasome can ac-
tivate multiple inflammatory factors including IL-1p and IL-18
through split caspase-1 [5]. However, the acting mechanisms
of NLRP3 inflammasome in the prevalence and the progres-
sion of DN remain unclear at present. Wang et al. [6] and
Qiu et al. [7] pointed out that urate and lipid accumulated in
DM patients can activate NLRP3 inflammasome and cause in-
flammatory reaction, which results in kidney injury. It was also
found that quercetin and allopurinol can reduce urate and lip-
id accumulated in DN patients, thereby protecting the kidney
of DN patients. A new study further proposes that inhibiting
the expression and activation of NLRP3 inflammasome in DN
patients can improve the renal function of patients [8]. This
indicates that NLRP3 inflammasome not only participates in
the morbidity of DN, but also may be closely related to further
progression of DN. In the present study, the role of NLRP3 in-
flammasome in the progression of DN was further investigat-
ed through cell models, animal models, and blood samples of
DN patients in different stages of DN.

Table 1. Clinical data of subjects in each group.

Patients

Forty-five type 2 DM patients hospitalized in Luhe Hospital
Affiliated to Capital Medical University between September
2014 and October 2015 were selected for this study. The study
was approved by the Ethics Committee of Luhe Hospital. All
of the participants signed informed consent before research.

The patients were divided into pure DM group (Alb <20 mg/L),
mild DN group (20 mg/L < Alb <200 mg/L) and moderate and
severe DN group (Alb >200mg/L), with 15 cases in each group.
Meanwhile, 10 healthy subjects who received the physical ex-
amination in our hospital during the same period were select-
ed as the controls. The difference between each group with
respect to general data such as age and sex was not statisti-
cally significant (p>0.05) (Table 1).

Cell and animal models

Forty male Wistar rats six to eight weeks old, 175-185 g were
purchased from Beijing Vital River Laboratory Animal Technology
Co., Ltd. Human mesangial cells were purchased from Guangzhou
DOCLAB Biotechnology Co., Ltd. (HBZY-1). Animal protocols were
approved by the Ethics Committee of Luhe Hospital.

Human IL-18 and human IL-1f detection kits were purchased from
Shanghai Xin Yu Biotech Co,, Ltd. (xy-E10119, xy-E10110). IL-1f (sc-
23460), IL-18 (sc-6177-Y), NLRP3 (sc-66846), caspase-1 (sc-1780)
primary antibodies and goat anti-rabbit secondary antibodies
(sc-3846) were purchased from Santa Cruz Biotechnology (USA).

Collection and detection of clinical specimens

Blood samples of 10 mL fasting venous blood were collected
in the morning from all patients. After centrifugation at room

| Age Male
(case) (year) (case)
Healthy control group 10 51.20+6.14 6
PueDMgoup 15 55274724 o
MildDNgoup 15 55934734 s
g"s ‘?;2}; and severe 15 55.2047.05 9
R 1212 9856
e 0317 0129

7.00+3.81

99.40422.72 12.40+5.08

* P<0.05, compared with healthy control group; # P<0.05, compared with pure DM group; & P<0.05, compared with mild DN group.
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temperature (1,000 rpm, 10 minutes), the separated serum was
stored at —-80°C or directly used for IL-1p and IL-18 detection
(kit detection); 24-hour urine was collected from 8: 00 a.m. to
8: 00 a.m. on the next day. Methylbenzene was added to the
collected urine for antisepsis. Then 5 mL of urine was used to
detect albumin (Alb) by the colloidal gold method. The Alb/L
of urine was calculated.

Preparation and grouping of DN rats

After the rats were acclimated for one week, 10 rats were ran-
domly selected as the control group, and 30 rats were used to
establish DN models through intraperitoneal injection of strep-
tozotocin (STZ) (30 mg/kg). The DN model was established suc-
cessfully if the fasting blood glucose maintained above 16.7
mol/L, the blood glucose was positive, and the urine amount
was more than 1.5 times that of the original [9]. At four, eight
and 12 weeks after modeling, the kidneys of five rats were re-
moved for the detection of each index.

Mesangial cells stimulated by high glucose

Mesangial cells were thawed and subcultured. Passage was
conducted one day before the experiment using cells in good
conditions. When the cell grew to 60% density, the medium
was changed to serum-free, low-glucose, DMEM medium. Then
30 mol/L glucose was added at the ratio of 1: 1,000. The cells
were cultured for 0 hours, six hours, 12 hours, and 24 hours.
After the cells were treated by glucose for different time points,
they were digested and the total protein (TP) extracted using
the extraction kit. The TP concentration was determined using
the BCA kit. Then 100 ug of protein was used for SDS-PAGE.
Then wet transfer was conducted; then blocking, color devel-
opment following the addition of primary antibodies and sec-
ondary antibodies, and band analysis by ImagJ software were
conducted successively. Moreover, the supernatant was collect-
ed and the IL-1P content in the supernatant was detected by
the kit (xy-E10110, Shanghai Xin Yu Biotech Co., Ltd., China).

Expression of related genes in the renal tissue of DN rats

DN rats were sacrificed at four weeks, eight weeks, and 12
weeks after modeling, and their kidneys were removed. After
the kidney was cleaned by normal saline, the TP of the kidney
tissues was extracted using the extraction kit. The TP concen-
tration was determined using the BCA kit. 100 ug of protein
was used for SDS-PAGE. Then wet transfer was conducted; then
blocking, color development following the addition of prima-
ry antibodies and secondary antibodies, and band analysis by
Imag) software were conducted successively.

DN rats were sacrificed at four weeks, eight weeks, and 12
weeks after modeling, and their kidneys were removed. After
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having been cleaned by normal saline, the kidney was fixed by
10% formalin solution for over 24 hours, and then subjected
to dehydration, clearing, waxing, embedding, and slicing. The
immumohistochemical staining was conducted as per kit in-
structions. PBS was used as the negative control.

Statistical analysis

Statistical analysis of the data was conducted using SPSS 20.0
software. Measurement data were presented as mean = stan-
dard deviation (+s). The independent-samples t-test was used
for group comparisons, with p<0.05 indicating significant dif-
ference. One-way ANOVA was adopted for multi-group com-
parisons, with p<0.05 indicating significant difference.

Results

Influence of high glucose on the expression of NLRP3
inflammasome-related proteins in mesangial cells

After mesangial cells were stimulated by high glucose for dif-
ferent time points, the expression of IL-1B, NLRP3, and cas-
pase-1 was increased significantly (p<0.05). After high glu-
cose stimulation for six hours, 12 hours, and 24 hours, IL-1B
expression was increased by 1.85 times, 3.04 times, and 4.14
times, respectively; NLRP3 expression was increased by 2.20
times, 4.62 times, and 8.32 times, respectively; caspase-1 ex-
pression was increased by 1.60 times, 2.72 times, and 3.67
times, respectively, as shown in Figure 1.

Expression of NLRP3 inflammasome-related proteins in DN
rats of different age

The expression of nephrin in DN rats was decreased signifi-
cantly with an increase in age (p<0.05). Nephrin expression
of the eight-week rats and the 12-week rats was 49.60% and
21.20% respectively, compared to the four-week rats (Figure 2).

The expression of renal IL-1p, NLRP3, and caspase-1 in DN rats
was increased significantly with an increase in age (p<0.05).
The IL-1B expression of 8-week rats and 12-week rats was
2.57 times and 4.17 times that of 4-week rats, respectively.
The NLRP3 expression of 8-week rats and 12-week rats was
1.29 times and 2.17 times that of 4-week rats, respectively.
The caspase-1 expression of 8-week rats and 12-week rats
was 3.37 times and 4.16 times that of 4-week rats, respec-
tively (Figure 3).

Serum IL-18 and IL-1J3 of DN patients at different stages

There was significant difference in Alb, IL-18, and IL-1p between
groups (p<0.05). Alb, IL-18, and IL-1B of the healthy control
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Figure 1. Influence of high glucose on the expression of IL-13, NLRP3, and caspase-1 in mesangial cells. (A) Proteins IL-1B, NLRP3, and
caspase-1 determined by Western blot assay. (B) The relative change analysis of the Western blot result. * p<0.05, compared
with 0 hours.
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Figure 2. Expression of nephrin in DN rats of different ages. (A) The protein nephrin determined by immunohistochemistry. (a—c)
Nephrin expression of DN four-week rats, eight-week rats, and 12-week rats. (B) The expression of nephrin determined by
Western blot assay. (C) Analysis of the result B. * p<0.05, compared with 4-week rats. Bar: 50 pm.
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Figure 3. Expression of NLRP3 inflammasome-related proteins in DN rats of different ages. (A) The NLRP3 and caspase-1 expression
of DN rats determined by immunohistochemistry. (B) IL-1f3, NLRP3 and caspase-1 determined by Western blot assay.
(€) Analysis of the result of B. * p<0.05, compared with 4-week rats. Bar: 50 pm.

group, the pure DM group, the mild DN group, and the mod-
erate and severe DN group were increased gradually (Table 1).

Discussion

The concept of inflammasome was proposed by the Tschopp re-
search group in 2002. They pointed out that inflammasome is a
compound composed of multiple proteins, and it is an important
part of innate immune system of organism. Pathogen-associated
molecular patterns (PAMP) or other risk signals of organism may
activate the inflammasome. The activated inflammasome may
promote the activation of multiple inflammatory factors through
regulating the activation of caspase-1 protein, or perform the

immunization effects through inducing the inflammatory necro-
sis of cells [10]. NLRP3 inflammasome is currently one of the most
studied inflammasomes. It is mainly composed of NLRP3 protein
which identifies pathogens or risk signals, caspase-1 effector
protein which promotes the secretion and activation of inflam-
matory factors, and ASC protein which connects NLRP3 receptor
protein and caspase-1 effector protein [11]. Gross et al. [12] con-
sidered that in fungus, NLRP3 inflammasome may be activated
by the signal pathway mediated by tyrosine kinase. Meanwhile,
in the human body, influenza virus may activate the NLRP3 in-
flammasome through changing the M2 ion channel inside the
cells [13]. The persistent high glucose and high acid environment
of DM patients was identified as “risk signals” by the NLRP3 in-
flammasome, thus the NLRP3 inflammasome was activated [6,7].
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In the present study, it was found that after mesangial cells
were stimulated by high glucose for different time points, the
expression of NLRP3 and caspase-1 was increased significant-
ly, and increased with the rise of stimulating time. These fac-
tors indicate that a high glucose environment may serve as
a “risk factor” to stimulate the expression and activation of
NLRP3 inflammasome in human mesangial cells, and that the
expression and the activation of NLRP3 inflammasome de-
pends on high glucose stimulation time.

In the further animal experiment, with the increased age of
DN rats, the nephrin expression in the kidney was decreased
gradually, and the expression of NLRP3 and caspase-1 was in-
creased gradually. Nephrin is a protein specifically expressed
in the glomerular epithelial cells, which is essential for the fil-
tration of glomeruli. A previous study on DN rats indicated
that nephrin protein was one important index of kidney inju-
ry of DN rats, and was involved in the occurrence and devel-
opment of proteinuria of DN rats [14]. The present study found
that the expression of nephrin protein was decreased with in-
creased age of DN rats, suggesting that the older the DN rat is
the more severe the kidney injury will be. DN rats of different
ages are similar to DN rats at different stages to a certain ex-
tent. It was also found that the expression of NLRP3 and cas-
pase-1 was increased with the increased age of DN rats, which
suggests the followings: NLRP3 inflammasome is significantly
different in DN rats at different stages; and the expression of
NLRP3 inflammasome in the kidney tissue is increased with
the increased severity of kidney injury of DN rats.

Our study also found that IL-1p content in the culture medi-
um was increased with the extension of high glucose stimu-
lation, and that IL-1B expression in the kidney tissue was also
increased with the increased age of DN rats. IL-1 is a cytokine
synthesized and secreted by monocyte-macrophages. There
are two forms, i.e., IL-o. and IL-. Initially, the form of IL-1f is
a 30 KDa precursor, i.e., Pro-IL-1B. After the NLRP3 inflamma-
some is stimulated by pathogen-related factors or “risk sig-
nals”, Pro-IL-1p is degraded into IL-1p by the effector protein
caspase-1 of the NLRP3 inflammasome. IL-1f is an activated
17 KDa cytokine composed of 153 amino acids. When IL-1
is secreted, it performs its effects outside the cell [15]. IL-1B
is an important inflammatory factor, and high IL-1p content
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indicates strong inflammatory reaction [16]. It has been shown
that high glucose stimulation can activate the NLRP3 inflam-
masome inside the cells or the kidney of DN rats. The acti-
vated NLRP3 inflammasome may promote the secretion of
inflammatory factors such as IL-1, leading to persistent in-
flammatory reaction of cells or DN rats. Yuan et al. pointed
out that NLRP4 inflammasome may aggravate disease pro-
gression by upregulating the IL-1f of DN patients [17]. NLRP3-
inflammasome activation in non-myeloid-derived cells ag-
gravates diabetic nephropathy [18]. This indicates that NLRP
inflammasome and IL-1fB play an important role in the pro-
gression of diabetic nephropathy.

After we analyzed the content of inflammatory factors such
as serum IL-18 and IL-1f in DN patients at different stages,
we found that serum IL-18 and IL-1p were increased with in-
creased urine Alb. Alb is a normal protein in the blood. Since
it can be blocked by the kidney, there is only a minute quan-
tity of Alb in the urine under physiological conditions. In clini-
cal settings, microalbuminuria is regarded as the symptom of
early kidney injury, including DN and hypertensive nephrop-
athy. More Alb in the urine indicates more severe kidney in-
jury [19-22].

Conclusions

For DM patients, a “risk signal” is a persistent high glucose en-
vironment as it stimulates the activation of NLRP3 inflamma-
some. The activated NLRP3 inflammasome may promote the
secretion of inflammatory factors including IL-1B. Persistent
inflammatory reaction leads to kidney injury in DM patients
and the development of DN. NLRP3 inflammasome activated
by high glucose is involved in the development of DN through
mediating the inflammatory reaction inside DN patients. The
limitation of this study was that we could not obtain renal bi-
opsy samples from patients with DN. We only detect the in-
flammatory factors in renal tissue in the animal model. In order
to get more information there is a need for further research.
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