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Abstract

Inflammation and lipid disorders play crucial roles in synergistically accelerating the progression of diabetic nephropathy (DN). In this
study we investigated how inflammation and lipid disorders caused tubulointerstitial injury in DN in vivo and in vitro. Diabetic db/db
mice were injected with 10% casein (0.5 mL, sc) every other day for 8 weeks to cause chronic inflammation. Compared with db/db mice,
casein-injected db/db mice showed exacerbated tubulointerstitial injury, evidenced by increased secretion of extracellular matrix
(ECM) and cholesterol accumulation in tubulointerstitium, which was accompanied by activation of the CXC chemokine ligand 16
(CXCL16) pathway. In the in vitro study, we treated HK-2 cells with IL-13 (5 ng/mL) and high glucose (30 mmol/L). IL-1B treatment
increased cholesterol accumulation in HK-2 cells, leading to greatly increased ROS production, ECM protein expression levels,

which was accompanied by the upregulated expression levels of proteins in the CXCL16 pathway. In contrast, after CXCL16 in HK-2
cells was knocked down by siRNA, the IL-1B-deteriorated changes were attenuated. In conclusion, inflammation accelerates renal
tubulointerstitial lesions in mouse DN via increasing the activity of CXCL16 pathway.
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Introduction
Diabetic nephropathy (DN) remains the leading cause of end-
stage renal disease worldwide. Although glomerulopathy is
considered the main feature of DN, it is the extent of tubuloin-
terstitial injury that ultimately determines the rate of depletion
of renal function!. A growing body of evidence indicates that
the tubulointerstitium plays a critical role in the pathogenesis
of DN However, the pathogenetic mechanisms of tubuloin-
terstitial injury in DN, which are fundamental to the develop-
ment of a more effective preventive or therapeutic strategy,
are undetermined.

Many studies have shown that inflammation is a cardinal
mechanism in the pathophysiology of DN, The increased lev-
els of tumor necrosis factor a (TNF-a) in the serum and urine

are correlated with the progression of DN °.

The expres-
sion level of monocyte chemoattractant protein 1 (MCP-1)
is increased in the diseased kidney, and genetic knockout of
MCP-1 also alleviates albuminuria in diabetic mice®”.

Recently, abnormal lipid metabolism and excess lipid accu-
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mulation in kidneys have been observed in diabetic rodents
and have been presumed to accelerate the pathogenesis of
DN®?. However, the potential mechanisms of lipid accumu-
lation in kidneys have not been completely elucidated.

CXC chemokine ligand 16 (CXCL16), which is also consid-
ered a scavenger receptor for phosphatidylserine and oxidized
low-density lipoprotein (SR-PSOX), exists in two forms: sur-
face-expressed and soluble. As a surface-expressed molecule,
CXCL16 can act as a scavenger receptor for oxidized low-
density lipoprotein (oxLDL) and promote adhesion to CXC
chemokine receptor 6 (CXCR6)-expressing immune cells"" ',
Soluble CXCL16 can be released from the cell surface by
proteolytic cleavage via a disintegrin and metalloproteinase
domain-containing protein (ADAM)10 and ADAM17"> ],
In recent years, studies have addressed the critical role of
CXCL16 in kidney disease. Importantly, Gutwein et al found
that the expression of CXCL16 was increased in kidney
sections of diabetic mice and patients with DN suggesting
that the activation of CXCL16 may induce excessive oxLDL
uptake and aggravate the progression of DN.

Studies have shown that inflammation disrupts cholesterol
homeostasis by increasing cholesterol uptake, inhibiting choles-
terol efflux and impairing cholesterol synthesis"?. This study



aimed to evaluate whether inflammatory stress exacerbates
tubulointerstitial injury by inducing lipid accumulation and to
further explore the potential mechanisms of this process.

Materials and methods

Animal model

Eight-week-old male db/db mice (C57BL/Ks] genetic back-
ground, Grade III) were provided by the National Mode
Animal Centre (Nanjing, China). The animals were studied
according to standards and procedures approved by the Ethi-
cal Committee of Southeast University. The db/db mice were
randomly assigned to receive subcutaneous injections with
either 0.5 mL of distilled water or 0.5 mL of 10% casein (Sigma,
St Louis, USA) every other day for 8 weeks (n=10). Casein was
subcutaneously injected to induce systemic and local inflam-
mation according to our previous studies. Casein injection
significantly increased the plasma levels of serum amyloid
protein-A and TNF-a, increased the expression of MCP-1 and
TNF-a and increased macrophage infiltration in the kidneys
of db/db mice™. Twenty-four-hour urine samples were col-
lected once a week from mice housed in metabolic cages.
Upon termination, blood samples were collected for biochemi-
cal assays, and kidney samples were obtained for histological
assessments and Western blot analysis.

Blood and urine measurements

Serum levels of triglycerides (TGs), total cholesterol (TC),
high-density lipoprotein (HDL) and low-density lipoprotein
(LDL) were measured by automatic analyzers (Hitachi, Tokyo,
Japan). Albumin and creatinine in the urine were determined
by ELISA (LifeSpan BioSciences, Seattle, USA) and a clinical
biochemistry assay to calculate the albumin-to-creatinine ratio
(ACR). The urine samples for albumin measurements were
diluted by sample diluent with a volume ratio of 1:1. The
urinary N-acetyl-B-D-glucosaminidase (NAG) levels were
detected with an ELISA kit (Jiancheng, Nanjing, China).

Histological examination

Paraffin sections (3 pm) of kidneys were used for periodic
acid-Schiff (PAS) staining. Tubulointerstitium damage was
quantified by Image-Pro Plus software. A total of 10 fields in
each section were randomly selected to determine the inte-
grated optical density (IOD) of lesions. Data are presented as
10D/ area.

Electron microscopy

To observe ultramicrostructure changes in proximal tubular
epithelial cells using transmission electron microscopy (TEM),
the kidney tissues were fixed in 2.5% glutaraldehyde. After
ultrathin sectioning, the samples were observed with TEM in
the VCU electron microscopy core facility.

Immunohistochemical staining

After deparaffinization and rehydration, paraffin sections
(3 pm) of kidneys were submerged in 10 mmol/L sodium
citrate buffer (pH=6.0) and microwaved for antigen unmask-

www.chinaphar.com
Hu ZB et al

1023

ing. Endogenous peroxidase was blocked with 3% hydrogen
peroxide for 15 min at room temperature, and nonspecific
antibody binding was blocked with 10% goat serum. Sub-
sequently, sections were incubated with primary antibod-
ies against TNF-a (1:100 dilution, Santa Cruz, Dallas, USA),
MCP-1 (1:100 dilution, Santa Cruz, Dallas, USA), CD68 (1:100
dilution, Santa Cruz, Dallas, USA), fibronectin (1:100 dilu-
tion, Santa Cruz, Dallas, USA), a-smooth muscle actin (1:200
dilution, a-SMA, Abcam, Cambridge, UK), CXCL16 (1:100
dilution, R&D, Minneapolis, USA), ADAM10 (1:100 dilution,
Abcam, Cambridge, UK) and CXCR6 (1:200 dilution, NOVUS,
Littleton, USA) overnight at 4°C, followed by incubation with
biotin-labeled secondary antibodies. Finally, slides were incu-
bated in diaminobenzidine staining solution until a brown
color was detected.

Immunofluorescence staining

After deparaffinization, the sections were placed in citrate-buff-
ered solution and then microwaved for antigen retrieval. Sub-
sequently, the sections were incubated with primary antibodies
against CXCL16 (1:100 dilution, R&D, Minneapolis, USA) and
Aquaporin-1 (AQP-1, 1:100 dilution, Santa Cruz, Dallas, USA)
overnight at 4°C, followed by incubation with Alexa Fluor-
labeled secondary antibodies (1:1000 dilution, Invitrogen,
Carlsbad, USA) at room temperature for 2 h. After washing,
the samples were examined by confocal microscopy (x400).

Cell culture

Human renal proximal tubular epithelial (HK-2) cells were
obtained from the China Center for Type Culture Collec-
tion (CCTCC) and cultured in DMEM/F12 containing 100
U/mL penicillin, 100 mg/mL streptomycin, 5 pg/mL insulin,
5 pg/mL transferrin, 0.4 pg/mL hydrocortisone, and 10% fetal
bovine serum (Gibco, New York, USA). The cells were main-
tained in an incubator at 37°C with 5% CO, and saturating
humidity.

siRNA transfection

At 70% to 80% confluence, cells were synchronized with
serum-free culture medium for 24 h and subsequently incu-
bated with 30 mmol/L glucose (Sigma, St Louis, USA), and
stimulated with 5 ng/mL recombinant human interleukin-1§
(IL-1B, R&D, Minneapolis, USA), siRNA and transfection
regents for another 24 h. The siRNA for CXCL16 and trans-
fection regents were purchased from Invitrogen (StealthTM
RNAi and RNAiMax reagent). The nonspecific sequence
siRNA (StealthTM RNAi) was used as a negative control.
HK-2 cells were transfected according to the manufacturer’s
protocol (Invitrogen, Carlsbad, USA).

Filipin staining

Lipid accumulation in HK-2 cells or in the kidneys of db/db
mice was evaluated by Filipin staining. Briefly, samples were
fixed with 4% paraformaldehyde and then stained with Fili-
pin (50 ng/mL, Santa Cruz, Dallas, USA) for 30 min at room
temperature. The results of Filipin staining were examined by
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laser microscopy (*200).

Quantitative measurements of intracellular free cholesterol/
cholesterol ester

The lipids in kidney tissues or HK-2 cells were extracted by
adding chloroform/methanol (2:1) to the samples. After
ultrasonic treatment, the lipid phase was collected. Then, the
samples were dried in a vacuum centrifuge and were then dis-
solved in 2-propanol containing 10% Triton X-100. Cholesterol
ester hydrolase (Sigma, St Louis, USA) was used to hydrolyze
cholesterol esters to free cholesterol in order to determine the
amount of total cholesterol. The concentrations of total and
free cholesterol per sample were determined using a standard
curve and normalized against the total cell protein. The quan-
tity of free cholesterol was subtracted from the total choles-
terol to calculate the concentration of cholesterol ester.

Intracellular reactive oxygen species (ROS) measurement
Intracellular ROS in the HK-2 cells were detected using the
cell-permeable probe dichlorofluorescein diacetate (DCFH-
DA) dissolved in anhydrous ethanol. The cells in 12-well
plates were loaded with 10 pmol/L DCFH-DA and then incu-
bated in 5% CO, at 37 °C in the dark for 10 min. Subsequently,
the cells were washed with phosphate-buffered saline (PBS)
three times and then examined by laser microscopy. The fluo-
rescence intensity was quantified using Image J software.

Immunocytofluorescence staining

HK-2 cells cultured in chamber slides were fixed with 4%
paraformaldehyde for 30 min, permeabilized with 0.25% Tri-
ton X-100 for 10 min, and then incubated with 5% BSA at room
temperature for 30 min to block non-specific antigens. The
cells were incubated with primary antibodies against CXCL16
(1:200 dilution, R&D, Minneapolis, USA), ADAMI10 (1:200 dilu-
tion, Abcam, Cambridge, UK), and CXCR6 (1:200 dilution,
NOVUES, Littleton, USA) overnight at 4°C, followed by incuba-
tion with Alexa Fluor-labeled secondary antibodies (1:1000 dilu-
tion, Invitrogen, Carlsbad, USA) at room temperature for 2 h.

Real-time quantitative polymerase chain reaction (real-time PCR)
One milliliter of Trizol (TaKaRa, Kusatsu, Japan) was added
per well to extract total RNA from HK-2 cells, which were
cultured in six-well plates. The reverse transcription reaction
was performed using a commercially available kit (TaKaRa,
Kusatsu, Japan). After cDNA synthesis by reverse transcrip-
tion, separate aliquots of cDNA were used to amplify target
genes using specific primers (shown in Table 1). SYBR Green
dye was used to combine with double-stranded DNA. Real-
time PCR was executed on an ABI PRISM 7300 Sequence
Detection System (Applied Biosystems, Carlsbad, USA) accord-
ing to the manufacturer’s protocol (TaKaRa, Kusatsu, Japan),
and mRNA expression was normalized to that of f-actin.

Western blotting
The total proteins were isolated from kidneys or cells and
then denatured for future use. Equivalent aliquots of pro-
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tein were added to each lane of a sodium dodecyl sulfate-
polyacrylamide gel for protein separation by electrophoresis.
Protein was transferred from the gel to a polyvinylidene
fluoride membrane. After blocking with blocking buffer for 1
h at room temperature, the membrane was incubated with pri-
mary antibodies against TNF-a (1:500 dilution), MCP-1(1:500
dilution), fibronectin (1:500 dilution), a-SMA (1:2000 dilu-
tion), CXCL16 (1:1000 dilution), ADAM10 (1:2000 dilution),
and CXCR6 (1:2000 dilution) overnight at 4°C. This incuba-
tion was then followed by incubation with the appropriate
horseradish peroxidase-conjugated secondary antibodies for
another hour at 4°C. Finally, the images were captured using
an ECL Advanced™ system (GE Healthcare, USA). Protein
expression levels were normalized to that of B-actin.

Data analysis

Statistical analysis was performed with SPSS 20.0 software.
Comparison between the two different groups was performed
using unpaired Student’s t test before expressing the results as
a percentage of the control value. P<0.05 was considered sig-
nificant.

Results

Inflammation exacerbated tubular interstitial damage in db/db
mice

Compared with the results for the db/db mice, there was
significantly increased ACR in the db/db+casein mice as diabe-
tes progressed (Figure 1A). Additionally, the level of N-acetyl-
B-D-glucosaminidase (NAG) in the urine, which was consid-
ered a marker of proximal tubular injury, was also apparently
increased in the db/db+casein mice (Figure 1B). PAS staining
demonstrated that inflammation exacerbated necrocytosis
and cell detachment of the tubulointerstitium (Figure 1C, 1D).
Transmission electron microscopy showed that inflamma-
tion aggravated mitochondrial damage, reduced the number
of mitochondria and increased the number of vacuoles in the
endochylema (Figure 1E). Moreover, there was increased pro-
tein expression of TNF-a and MCP-1 in the tubulointerstitium
of casein-injected db/db mice (Figure 1F). Inflammation also

Table 1. Sequences of human primers for real-time PCR.

Gene Primer sequences

Fibronectin 5’-GAGCTGCACATGTCTTGGGAAC-3’-sense
5’-GGAGCAAATGGCACCGAGATA-3’-antisense

a-SMA 5’-GACAATGGCTCTGGGCTCTGTAA-3-sense
5’-ATGCCATGTTCTATCGGGTACTTCA-3’-antisense

CXCL16 5-GACTCTATGTTGCCCAGGCTGTTAT-3'-sense
5-GCAGTGGCTGGTTAGTCCTATGTT-3 -antisense

ADAM10 5-GAACTCTGCCATTTCACTCTGTCAT-3"-sense
5-GCATGTTCTTCTTGAGGTATCTGTG-3"-antisense

CXCR6 5’-CAAGAGCCTACTGGGCATCTACAC-3'-sense
5-TGGCCTTAACCACTACAATGAAAC-3 -antisense

B-Actin 5’-AAAGACCTGTACGCCAACAC-3’-sense
5’-GTCATACTCCTGCTTGCTGAT-3"-antisense




significantly increased the protein expression of fibronectin
and a-SMA in the kidneys of db/db mice (Figure 1G-I).

Inflammation increased lipid accumulation to accelerate
tubulointerstitial injuries.

To investigate the underlying mechanisms of how inflam-
mation intensifies tubulointerstitial injuries in db/db mice, we
evaluated the effect of inflammation on lipid deposition in the
tubulointerstitium. There was no significant difference in the
serum levels of TC, TG, LDL and HDL between the two groups
(Figure 2A). However, Filipin staining and a quantitative cho-
lesterol assay both showed that more cholesterol accumulated
in the tubulointerstitium in db/db+casein mice than in db/db
mice (Figure 2B, 2C). An in vitro study confirmed that IL-1(3

A 500-

-o- db/db
- db/db+casein

400+

3004

2004

ACR (ug/mg)

1004

www.chinaphar.com
Hu ZB et al

1025

treatment increased cholesterol accumulation in HK-2 cells
(Figure 2D, 2E). These findings suggested that inflammation
may exacerbate hyperglycemia-mediated tubulointerstitial
damage by inducing intracellular cholesterol accumulation.

Inflammation-induced lipid accumulation increased ROS
production and extracellular matrix (ECM) excretion in HK-2 cells
To evaluate the effects of lipid accumulation on tubular
epithelium injuries, we examined ROS production and
ECM expression in HK-2 cells. DCFH-DA showed that ROS
production was significantly increased in the presence of IL-13
(Figure 3A, 3B). Moreover, the mRNA and protein expression
levels of fibronectin and a-SMA were significantly increased
in IL-1pB-stimulated HK-2 cells (Figure 3C-3E). These data
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Figure 1A-E. Inflammation exacerbated tubular interstitial damage in db/db mice. Eight-week-old diabetic db/db mice were randomly assigned

to receive subcutaneous injections with either 0.5 mL distilled water (db/db) or 0.5 mL 10% casein (db/db+casein) every other day for 8 weeks
(n=10). Albumin to creatinine ratio (ACR) was determined at each week in the mice (A, n=5). The quantitative analysis of the urinary NAG in the mice
was conducted each week by ELISA (B, n=5). PAS staining of kidney. The arrow indicates damaged renal tubules (C, original magnification x200).
Quantification of tubulointerstitium damage using Image-Pro Plus software, and expressed as 10D/area, ‘P<0.05 vs db/db group (D, n=3). The change
in the tubular cells was examined by transmission electron microscopy. The arrows indicate damaged mitochondria and vacuoles in the cytoplasm (E).
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protein expression levels of fibronectin and a-SMA in the kidneys of the mice were measured by immunohistochemical staining (G, brown color, original
maghnification x400) and Western blotting (H and I, n=3). The histogram represents the mean+SD of the densitometric scans of the protein bands from
the mice per group, normalized by comparison with B-actin; "P<0.05 vs db/db group.

suggested that inflammation accelerates tubular epithelium
injuries through lipid accumulation, which may be correlated
with the increased ROS production and ECM excretion of
tubular epithelial cells.

Inflammation activated the CXCL16 pathway to induce lipid-
mediated tubular interstitial damage in vivo and in vitro
Immunohistochemical staining and Western blotting showed
that casein-injected db/db mice exhibited an increase in the
protein expression levels of CXCL16, ADAM10 and CXCR6
(Figure 4A-4C). To clarify the location of CXCL16 expression
in tubules, immunofluorescent staining of CXCL16 and AQP-1
(a specific biomarker of proximal tubules) was performed.
The results showed that CXCL16 co-localized well with
AQP-1. This suggests that CXCL16 is expressed in the proxi-
mal tubules (Figure 4D). Moreover, the mRNA and protein
expression levels of CXCL16 pathway were increased in HK-2
cells under the stimulation of IL-1p (Figure 4E-4H). These
results indicated that the inflammation-induced activation of
the CXCL16 pathway may contribute to cellular lipid deposi-
tion and subsequent tubular interstitial damage.
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CXCL16 siRNA reduced lipid accumulation and consequently
decreased ROS production and ECM excretion in HK-2 cells
Specific RNA interference was applied to knock down CXCL16
expression. As shown in Figure 5A-5D, CXCL16 siRNA sig-
nificantly inhibited the mRNA and protein expression levels of
the CXCL16 pathway-related molecules in HK-2 cells. Inter-
estingly, lipid accumulation in HK-2 cells induced by IL-1p-
stimulation was effectively reduced by CXCL16 siRNA (Figure
5E, 5F). Moreover, HK-2 cells cultivated with IL-1p exhibited
a reduction in ROS production (Figure 5G-5H) and expression
levels of fibronectin and a-SMA in the presence of CXCL16
siRNA (Figure 51-5K). These data demonstrated that the
inflammation-induced activation of CXCL16 pathway might
be involved in the lipid accumulation and tubular epithelium
injuries.

Discussion

Inflammation and lipid disorders are critical pathogenic fac-
tors in DN. However, the precise mechanism of how inflam-
mation and lipid disorders contribute to renal interstitial
injury remains uncertain. In this study, using an inflamed



A Wl db/db
4 dbldb+casein
g T
o 31
€
£
8 2
5
a T = -
T
2
.}
TG LDL HDL
B dbldb dbldb+casein

c . W db/db
= dbldb+casein *
£ -_
S
Q.
£ 10
=2 Q9
82
n O
s 2
S 9 051
gL
Ko}
o
A o
O
0.0

Figure 2.

Inflammation increased lipid accumulation to accelerate tubulointerstitial injuries.
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Eight-week-old diabetic db/db mice were randomly

assigned and received subcutaneous injections with either 0.5 mL distilled water (db/db, n=10) or 0.5 mL 10% casein (db/db+casein, n=10) every

other day for 8 weeks.
glucose plus 5 ng/mL IL-1B.

measured both in vivo (C, n=5) and in vitro (E).

diabetic mouse model induced by casein injection, we for the
first time demonstrated that inflammation accelerated lipid
accumulation in the tubulointerstitium and contributed to
tubulointerstitial injury in db/db mice. Further study revealed
that inflammation mediated lipid accumulation and tubular
damage through upregulating CXCL16 pathway.

Although glomerulosclerosis has been regarded as the pri-
mary feature of DN, tubulointerstitial injury is also correlated
with renal function and plays a critical role in the pathogen-
esis and progression of DN Inflammation is emerging as
an important modulator of tubulointerstitial injury in DN.
Monocytes, macrophages, T cells and mast cells mainly infil-
trate the tubulointerstitium of DN. Inflammatory cytokines
secreted from the tubulointerstitium significantly accelerated
renal failure™. Proteinuria induced an increase in the expres-
sion levels of proinflammatory cytokines, chemokines and
adhesion molecules, which consequently increased the infil-

HK-2 cells were made quiescent using serum-free medium for 24 h, and treated with 30 mmol/L glucose (HG) or 30 mmol/L
TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein (A).
was used to examine lipid accumulation both in vivo and in vitro (B and D, original magnification x200).
The results represent the mean+SD. “P<0.05 vs db/db or HG group.

Filipin staining
The concentration of cholesterol ester was

tration of inflammatory cells and contributed to local inflam-
mation and tubulointerstitial damagem. Diabetic substrates,
such as high glucose, proteinuria and advanced glycation end-
products induced tubular interstitial damage by activating
multiple inflammatory pathways, including nuclear factor
kappa B, p38 and extracellular signal-regulated kinase 1/2".
Increasing evidence suggests that cellular receptors, including
peroxisome proliferator-activated receptors, kinin receptors,
protease-activated receptors and toll-like receptors, mediate
interstitial inflammation in diabetic kidney disease!"”. Our
previous study showed that casein injection induced systemic
inflammation and local inflammation in the kidneys of db/db
micel™. Of note, the secretion of urinary albumin and NAG
were increased in inflamed db/db mice, suggesting that inflam-
mation induced by casein might have a damaging effect on
both the glomerulus and tubulointerstitium. Interestingly,
there was a loss of body weight in db/db mice. The possible
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Inflammation-induced lipid accumulation increased ROS production and extracellular matrix (ECM) excretion in HK-2 cells.
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HK-2 cells were

made quiescent using serum-free medium for 24 h and treated with 30 mmol/L glucose (HG) or 30 mmol/L glucose plus 5 ng/mL IL-1B. ROS staining

was performed using DCFH-DA (A, original magnification x200).

The fluorescence intensity of ROS was calculated using ImageJ software (B).
time PCR (C) and Western blot were used to evaluate the expressions of fibronectin and «-SMA (D and E).

Real-
The histogram represents the mean+SD of

the densitometric scans of the protein bands per group, normalized by comparison with B-actin. “P<0.05 vs HG group.

reason could be correlated with insulin resistance induced by
inflammation” ! or reduced food consumption.

Diabetes mellitus usually exhibits abnormal serum lipid
metabolism, which is characterized by high triglycerides and
LDL cholesterol levels, with predominantly small-dense LDL,
and low HDL levels. Diabetic dyslipidemia has been shown to
be associated with the development of cardiovascular disease
and kidney dysfunction™. Studies have revealed that dyslip-
idemia might contribute to the progression of DN via Toll-like
receptor 4 signaling, the renin-angiotensin system, transform-
ing growth factor-p signaling, and oxidative stress™"
et al proposed that inflammatory stress plays an important role
in contributing to ectopic lipid accumulation!.
tion promoted the transportation of cholesterol from plasma

. Ruan
Inflamma-

to peripheral tissues. In peripheral tissues, inflammation
induced an increase in cholesterol uptake, a decrease in cho-
lesterol efflux and an increase in endogenic cholesterol syn-
thesis. Our previous studies also showed that inflammatory
stress exacerbated lipid accumulation in hepatic cells and vas-
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cular smooth muscle cells as well as multiple organs of db/db
micel”*. We also have revealed that inflammation-induced
lipid deposition accelerated podocyte injury of db/db mice,
which was mediated by dysregulation of LDLr®* 'L Tt was
found for the first time in this study that inflammation signifi-
cantly increased lipid accumulation in the tubulointerstitium
of db/db mice; however, we did not observe a difference in the
plasma lipid profiles between the control and inflammation
group, which might be explained by the lipid redistribution
induced by inflammation. Ruan et al™ and our group™ " **
demonstrated that inflammation induced lipid redistribution.
In response to inflammation, lipid redistribution and accumu-
lation in tissues might occur at several levels and sites: from
circulation to tissue, from tissue to tissue, and from organelle
to organelle.

It is widely accepted that scavenger receptors on macro-
phages play a critical role in foam cell formation. Surface-
expressed CXCL16 can work as a scavenger receptor for
oxLDL, which was shown to facilitate cholesterol loading and
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Figure 4. Inflammation-activated CXCL16 pathway induced lipid-mediated tubular interstitial damage in vivo and in vitro. Eight-week-old diabetic db/
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db+casein, n=10) every other day for 8 weeks. HK-2 cells were made quiescent using serum-free medium for 24 h and treated with 30 mmol/L
glucose (HG) or 30 mmol/L glucose plus 5 ng/mL of IL-1B. The protein expression levels of CXCL16, ADAM10 and CXCR6 were measured by
immunohistochemical staining in vivo (A, brown color, original magnification x400) and Western blot (B and C, n=3). Immunofluorescence staining of
CXCL16 with AQP-1 (D, original magnification x400) or CXCL16 pathway-related proteins (E, original magnification x400), Real-time PCR (F) and Western
blot (G and H) were used to evaluate the expression levels of CXCL16, ADAM10, and CXCR®6, and the location of CXCL16 expression in tubules in vivo
and in vitro. The histogram represents the mean+SD of the densitometric scans of the protein bands per group, normalized by comparison with B-actin.
“P<0.05 vs db/db or HG group.
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Figure 5A-E. CXCL16 siRNA reduced lipid accumulation in HK-2 cells, which consequently decreased ROS production and ECM excretion.
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cells were made quiescent using serum-free medium for 24 h and treated with 30 mmol/L glucose (HG) or 30 mmol/L glucose plus 5 ng/mL IL-1p.
Immunofluorescence staining (A, original magnification x400), real-time PCR (B) and Western blot (C and D) were used to evaluate the expression levels
of CXCL16, ADAM10, and CXCR6. Filipin staining was used to examine lipid accumulation in each group (E).

lead to cell injury via generation of intracellular ROSE¢ 371,

Wouttge et al demonstrated that aortic CXCL16 levels were
increased when ApoE-deficient mice were fed a high choles-

B8 In our study, we

terol diet, resulting in foam cell formation
found that inflammation significantly increased the expres-
sion levels of CXCL16 pathway-related proteins, and this was
accompanied by the increased production of ECM and ROS in
vivo and in vitro. Interestingly, with the application of CXCL16
siRNA, the lipid accumulation and production of ECM and

ROS excretion in HK-2 cells were decreased, and cellular dam-
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age was alleviated accordingly.

Notably, an increase in the levels of soluble CXCL16 was
shown to be pro-inflammatory and was associated with the
plaque formation in patients with metabolic syndrome®. The
expression of proximal tubular cell CXCL16 was upregulated
in a tubulointerstitial inflammation model, and CXCL16 pro-
moted an inflammatory response by stimulating the expres-
) Wang et al sug-
gested that knockout of CXCL16 attenuated acetaminophen-

sion of cytokines in the tubulointerstitium

induced liver injury by reducing chemokine formation and
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Figure 5F-K. The concentration of cholesterol ester in each group was measured (F).
The fluorescent intensity of ROS was calculated using Image J software (H).

magnification x200).
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ROS staining was performed using DCFH-DA (G, original
Real-time PCR (I) and Western blot (J and K) were

used to evaluate the expression levels of fibronectin and a-SMA. The histogram represents the mean+SD of the densitometric scans of the protein
bands per group, normalized by comparison with B-actin. "P<0.05 vs HG+IL-1p group.

neutrophil accumulation™. These studies, in accordance with
our findings, suggest that the inhibition of the CXCL16 path-
way alleviates renal tubular interstitial injury by suppressing
inflammatory response.

Moreover, we found that compared with controls, there
were higher blood glucose levels in casein-injected db/db mice,
which might result from insulin resistance induced by inflam-
mation® ?. Thus, inflammation might indirectly accelerate
kidney damage through increasing blood glucose level. Our
previous study confirmed that high glucose accelerated DN
by inducing lipid accumulation and cellular damage in podo-

cytesPl. Thus, in addition to inflammation, higher blood

glucose levels might be partly responsible for the increase in
tubulointerstitial damage. To confirm the sole effect of inflam-
mation on tubulointerstitial damage, by in vitro study, we
demonstrated that inflammatory stress induced lipid deposi-
tion, ROS production, and extracellular matrix accumulation
in HK-2 cells through upregulating CXCL16 pathway.

In summary, in this study, we demonstrate that inflamma-
tion-induced activation of the CXCL16 pathway contributes
to lipid accumulation in the tubulointerstitium, which results
in tubulointerstitial injury and progression of DN. These data
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suggest that inhibition of the CXCL16 pathway might be a
promising new strategy for the treatment of DN.
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