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Abstract

Background/Aims: There is increasing evidence showing that innate immune responses
and inflammatory processes play an important role in the development and progression of
diabetic nephropathy (DN). The potential effect of innate immunity in the early stage of DN
is still unclear. Toll-Like-Receptor 4 (TLR4) is vigorously involved in the progress of kidney
diseases in a sterile environment. The activation of the interleukin 17 (IL-17) pathway produces
inflammatory cytokines, appearing in various kidney diseases. Unfortunately the relationship
between TLR4 and IL-17 has not been investigated in diabetic nephropathy to date. The aim of
this study is to investigate whether mammalian target of rapamycin (mTOR) inhibition may be
dependent on TLR4 signaling and the pro-inflammatory factor IL-17 to delay the progression
of DN. Methods: Streptozotocin (STZ)-induced diabetic rats were randomly assigned to 3
experimental groups: a diabetic nephropathy group (DN, n = 6); and a diabetic nephropathy
treated with rapamycin group (Rapa, n = 6) and a control group (Control, n =6). Body weight,
fasting blood sugar, and 24h urine albumin were assessed at week 2, week 4 and week 8.
Renal tissues were harvested for H&E, PAS staining, as well as an immunohistochemistry assay
for TLR4 and IL-17. TLR4 quantitative expression was measured by Western-Blot analysis and
RT-PCR. Results: Our results demonstrated that the expression of both TLR4 and IL-17 were
upregulated in early stage DN and reduced by rapamycin. TLR4 and IL-17 both increased and
positively related to 24h urinary albumin and kidney/weight ratio. However, neither TLR4 nor
IL-17 made a significant difference on fasting blood sugar. Conclusions: Taken together, our
results confirm and extend previous studies identifying the significance of the TLR4 and Th17
pathways in development of early stage DN. Furthermore, we suggest this overexpression of
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TLR4 might be involved in the immunopathogenesis of DN through activation of Th17 cells.
Rapamycin may attenuate DN via reduction of the TLR4 signaling pathway and Th17 cells
signaling. Although the underlying mechanisms need to be explored, the observed increase of
TLR4 and IL-17 during the early stages of DN and their suppression with rapamycin treatment
suggest the importance of TLR4 and IL-17 in DN pathophysiology.

© 2016 The Author(s)
Published by S. Karger AG, Basel

Introduction

Diabetic nephropathy (DN) is one of the most common causes of end-stage kidney
disease (ESKD). Twenty to 40% of diabetic patients develop stage 5 chronic kidney disease
[1]. Itis well known that diabetic nephropathy can be attributed to multiple factors, including
genetic mutation, hyperglycemia, and hemodynamic changes [2]. Even though DN is
generally considered to be a non-inflammatory disease, there is increasing evidence that the
innate immune response and inflammatory processes play a major role in the development
and progression of DN [3, 4]. Inflammation is considered to be crucial to the pathogenesis
of diabetic nephropathy [5, 6]. In addition to increased macrophage infiltration and over-
proliferation of leucocyte adhesion molecules [7, 8], kidney proximaltubular cells can release
cytokines, chemoattractants, and matrix proteins into the interstitium when stimulated,
accelerating the inflammatory process [9-11]. The etiopathology of DN is still not completely
understood to date, and more effective forms of therapy are needed.

Toll-like receptor-4 (TLR4) is vigorously involved in the progression of kidney diseases
in a sterile environment. This molecule recruits both the MyD88-dependent and MyD88-
independent pathways during TLR4-mediated proliferation of inflammatory cytokines
[12]. TLR4 expression is upregulated on tubular endothelial cells (TECs) and podocytes in
glomerular injury, and TLR4-induced inflammation can possibly mediate the progression of
DN [13, 14]. Recent experimental studies suggested that knocking out TLR4 attenuates renal
inflammation, fibrosis, and podocytopathy [15]. Previous studies have shown that in T1IDM
patients there is an increased expression and activity of TLR4 on monocytes, which appears
to be further accentuated in DN patients [16]. Furthermore, they have shown that genetic
deficiency of TLR4 reduces systemic and macrophage inflammation in T1DM [17].

Interleukin-17(IL-17) is a pro-inflammatory factor that is produced by a number of
cells, including T helper 17 (Th17) cells, CD8+ T cells, and NK cells. IL-17 acts as a pro-
inflammatory cytokine, recruiting neutrophils and monocytes to the inflammatory site. This
process induces production of downstream cytokines including IL-1f, IL-6, transforming
growth factor (TGF)-B, tumor necrosis factor (TNF)-a, and interferon (IFN)-y [18]. A
recent study demonstrated that the development of end stage kidney disease was affected
by the polymorphisms of IL-17E and IL-17RA genes [19]. The activation of the IL-17
pathway produces inflammatory cytokines appearing in various kidney diseases, such as
kidney ischemia-reperfusion injury (IRI) [20], lupus nephritis (LN) [21], and acute renal
obstruction [22]. However, the influence of IL-17 expression on diabetic nephropathy is still
not completely clear.

Mammalian target of rapamycin (mTOR) is a serine/threonine protein kinase that
regulates cell growth, cell proliferation, cell motility, cell survival, protein synthesis,
autophagy, and transcription. mTOR belongs to the phosphatidylinositol 3-kinase (PI13k)-
related kinase protein family. mTOR integrates the input from upstream pathways, including
insulin, growth factors, and amino acids [23]. Alterations in the mTOR pathway have been
reported in several human diseases, such as diabetes, obesity, and certain types of malignancy
[24]. Rapamycin inhibits mTOR by associating with its intracellular receptor, FK506-binding
protein 12 (FKBP12). The FKBP12-rapamycin complex binds directly to the FKBP12-
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Rapamycin Binding (FRB) domain of mTOR, inhibiting its activity [25]. The activation of
mTOR has been shown to enhance TLR4 signaling by formation of the mTOR Complex 2, a
protein complex that regulates the cellular metabolism through Akt/PKB (protein kinase B)
[26]. However, the mechanism of mTOR signaling in DN is still unclear.

The purpose of this study was to test the potential effect of innate immunity in the early
stage of DN. Specifically, we tested whether mTOR inhibition rapamycin was dependent on
TLR4 signaling in order to stimulate pro-inflammatory factor IL-17 and demonstrate renal
protection against diabetic nephropathy.

TLR ligands are known to play a role in the development of chronic inflammatory
reactions, especially those containing a robust Th17 component [27]. Accordingly, high
expression of inflammatory mediators as Myd88, interleukin-1 receptor-associated kinase
4 (IRAK4), and nuclear factor kB (NF-«kB) are reported to release high levels of IL-1, IL-
6, IL-8 and IL-17 [28]. NF-kB is stimulated in response to TLR4 production in the high-
glucose environment of the proximal tubular cells [29]. Upon activation, NF-kB regulates
the expression of a great number of cell adhesion molecule proteins, chemokines and pro-
inflammatory cytokines, including IL-17. Unfortunately the relationship between TLR4 and
IL-17 has not been investigated in diabetic nephropathy to date. We hypothesized that mTOR
inhibitory may be dependent on TLR4 signaling and the pro-inflammatory factor IL-17 to
delay the progression of DN.

Materials and Methods

Animals

Fifty-four 8-week old specific pathogen-free male Sprague-Dawley (SD) rats were purchased from
the State Key Laboratory of the Sichuan University (Chengdu, China). Animals (220-260g) were housed in
temperature controlled rooms (20-22 °C) with constant humidity (40-70%) as well as 12 /h light and 12/h
dark cycles for one week. Rats were provided free access to water and to standard rodent chow.

All animal experiments were performed with the approval of the Animal Ethics Committee of the
Sichuan University.

Induction of diabetes

Rats were randomly divided into 3 groups: a normal control group (Control, n = 6); a diabetic
nephropathy group (DN, n = 6); and a diabetic nephropathy rapamycin treated (Rapa, n = 6). After one week
of acclimation, the DN and Rapa rats were fasted for 12 hours then injected intraperitoneally with 55 mg/kg
streptozocin (STZ) [30]. Seventy-two hours after STZ injection, the rats with a blood glucose level over 16
mmol/L, urinary albumin excretion >30mg/24h, and urine volume >150% were considered to be diabetic
with nephropathy [31]. Diabetic nephropathy rats were then followed for 8 weeks; the DN group received
a saline placebo (1ml/kg body weight QD PO for 8 weeks saline), and the Rapa group was treated with the
mTOR inhibitor rapamycin (1 mg/kg body weight QD PO for 8 weeks) [32].

Sample harvest

Six animals from each group were sacrificed at week 2, week 4 and week 8. Body weight, fasting blood
sugar, and 24h urinary albumin were assessed. Blood samples were collected from the tail vein of overnight
fasted rats. Urinary albumin was evaluated as a renal function parameter. Urine samples were collected by
placing the animals in metabolic cages. Upon sacrifice, kidneys were harvested and weighed: left kidneys
were fixed for immunohistochemistry, right kidneys were snap frozen in liquid nitrogen for western blot
analysis and PCR testing.

Histology

Immediately after harvesting, the renal tissue was fixed in 10% formalin-buffered solution, embedded
in paraffin, and sectioned to 2-pm thickness. Hematoxylin and eosin (H&E) and periodic acid Schiff (PAS)
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staining were then performed. Glomerular cross-sectional tuft area (GA) was enumerated by light microscopy
using an image analysis software (Image-proplus 6.0, Media Bybernetics). Mean glomerular volume (GV) of
30 consecutive fields (at x400 magnification) was calculated using the formula: GA = (/k)x(GA)3/2, where
k = 1.1 (size distribution coefficient) and 8 = 1.38 (shape coefficient for spheres). In each glomerular tuft,
mesangial area was defined as positive staining with PAS and mesangial matrix expansion index (MMEI) was
calculated as follows: MMEI=Glomerular PAS positive area/GA. Glomerular basement membrane thickness
was measured in at least 3 glomeruli per sample by means of electronic microscopy (x15000).

Immunohistochemistry

For TLR4 and IL-17 detection, slides were incubated overnight at 65°C, then deparaffinized in xylene
and dehydrated via a series of alcohol gradients. Endogenous peroxidase was deactivated by incubating
with 3% H,0, at room temperature for 10 min. Sections were then incubated with primary antibodies:
rabbit anti-rat-TLR4 antibody (1:100)(Abcam, Cambridge, US), mouse anti- rat-IL-17 antibody (1:100)
(Abcam, Cambridge,US) in moist chambers for 45 min at 37°C. The slides were then washed in phosphate
buffered saline (PBS) (pH 7.2-7.4), and incubated with the secondary antibody Envision™ Detection
Systems Peroxidase/ Diaminobenzidine (DAB), Rabbit/Mouse (DAKO, Denmark) for 45 min. DAB kit
(ZSGB-BIO, China) was applied for 2 min and then removed by rinsing with distilled water. Slides were
counterstained with hematoxylin (Sigma, St. Louis, US). Sections were then mounted, and examined under
light microscopy. Twenty randomly selected fields (x 400) were scanned per glomerulus. The epithelial
cell membrane expression of TLR4 and IL-17 was quantified by using an Image-Pro Plus Image Analysis
Software 6.0 (Media Cybernetics). The total integrated optical density (IOD), a parameter representing the
expression levels of TLR-4 and IL-17 in renal tissue, was determined using a Bx41 cast-grid microscope with
DP10 camera (Olympus, Tokyo, Japan), according to the method developed by Xavie et al [33]. Briefly, an
area of interest in each section was first selected at 40x magnification. Optical density was calibrated and
the area of interest was set as follows: hue, 0-30; saturation, 0-255; intensity, 0-20000. Then the values were
counted [34, 35].

Western blot analysis

Renal tissues were incubated for 30 minutes in ice cold lysis buffer. The soluble fraction was then
separated by centrifugation (12000 g for 20 min at 4°C), and protein concentration measured using the BCA
Protein Assay Kit (Pierce Biotechnology, Rockford, US). Proteins from lysates (30 pug) were separated by 10%
sodium dodecyl sulfate - polyacrylamide gel electrophoresis (SDS-PAGE) under non-reduced conditions,
transferred to polyvinylidene fluoride (PVDF) membranes. Membranes were subsequently incubated with
appropriate primary antibodies TLR4 (rabbit anti-rat-TLR4 antibody (1:100)(Abcam, Cambridge, US)into
5% bovine serum albumin (BSA)/tris-buffered saline (TBS) for one hour at room temperature, followed
by one hour incubation with biotinlyated anti-goat, -mouse or -rabbit IgG (1:2000 dilution; Dako) and
HRP-conjugated streptavidin (1:1000 dilution; Dako) for one hour. Immunoblotting was performed with
peroxidase-labelled specific antibodies and visualized by Supersignal west pico chemiluminescent substrate
kit(Pierce Biotechnology, Rockford, USA).

Reverse transcription-polymerase chain reaction (RT-PCR)

Primer sequences used for PCR amplification of cDNA are mentioned in Table 1. Renal tissue was
homogenized with Trizol Reagent (Invitrogen, Grand Island, USA). The cDNA was amplified with specific
primers for TLR-4 and GAPDH as a control. RNA was reverse-transcribed into cDNA using a Reverse
Transcriptase ¢cDNA Synthesis kit (Promega, Madison, USA) with oligo (dT) primer. The sample was
incubated at 70°C for 5 minutes. After cooling down by placing on ice, the sample was incubated at 42°C for
60 minutes, and the M-MLV PCR Thermal Cycler (Promega Biotechnology, Madison, USA) was run 25 times.
The cycles lasted for 30s at 94°C, for 30s at 52°C, and for 40s at 72°C for TLR4 and the control gene GAPDH.
The final incubation was at 72°C for 8 min. Amplified PCR products were separated electrophoretically on a

Table 1. Genes Rats’ PCR Sense primer Rats’ PCR Anti-sense primer
TLR-4 5'-AGAAATTCCTGCAGTGGGTCA-3" 5'-AGAAATTCCTGCAGTGGGTCA-3’
GAPDH 5’-AACGACCCCTTCATTGAC-3’ 5"-TCCACGACATACTCAGCAC-3’
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Table 2. Biochemical parameters in experimental animals
Control DN DN with rapa
(n=6) (n=6) (n=6)
body weight (g) 420.0£8.92 230.11+9.62* 200.20+7.50*
Glucose (mmol/1) 4.60+1.21 30.2+10.21* 29.41+8.7*
urinary albumin (mg/24h) 0.04+0.06  100.50+7.71* 50.7+8.19*#
kidney K/W (mg/g) 0.23+0.10 0.42+0.03* 0.27+0.02#

The results are presented as the means + SEMs. Rapa group treated with
rapamycin. Glucose had been collated by fasting blood sugar. *DN and Rapa
vs. control, P <0.05; # Rapa vs. DN, P <0.05

1.0% agarose gel at 80V for 20-30mins, and bands were visualized with ethidium bromide under ultraviolet
transillumination. Densitometry of PCR product to determine relative mRNA expression was performed
with a System Sensitive Chemiluminescent Imaging System (FluorChem TM HD2, Alpha Innotech, San Jose,
USA)

Statistical Analysis

Results of biological parameters were expressed as means + standard deviation. Groups were compared
by one-way analysis of variance. Q-test (Student-Newman-Keuls multiple range test, SNK) was performed to
compare multiple samples pairwise. Statistical analyses of differences between mean values were evaluated
using a T-test. Pearson's correlation tests were performed to determine the degree of correlation between
K/W ratio and body weight or urinary albumin level in all the rats. The significance of differences in total
10D values was tested by Kruskal-Wallis analysis. P<0.05 was considered statistically significant. Statistical
analysis was performed using the SPSS 17.0 software (IBM, Cambridge, USA).

Results

Rapamycin attenuated albuminuria

All of the DN animals gained weight over time, although to a lesser extent than the non-
DN control animals. The body weight of the Rapa group slightly increased at the first 2 weeks,
but somewhat dropped in the following weeks. At the end of the experiment, we observed
statistically significant levels of 24h urinary albumin and kidney/body weight ratios in the
DN and Rapa groups compared to the control animals. Significantly reduced albuminuria
and kidney/body weight ratios were observed in Rapa group compared to DN group. The
DN and Rapa animals had significantly higher glucose levels compared to the control animals
(P<0.05); there was no significant difference between the DN and Rapa group (Table 2).

Rapamycin reduced glomerular hypertrophy and kidney injury

The results of histopathological tests of the renal tissues from 2 to 8 weeks of age are
shown in Figures 1-5. The glomeruli, tubules, and interstitial were studied by H&E and PAS
staining in the control, DN and Rapa groups. Glomerular hypertrophy is one of the early
histological manifestations of DN. Glomerulosclerosis was characterized by an increase in
size of the glomerulus and the mesangial expansion from 2 week of age. Pathological renal
lesion significantly worsened with time (Figure 1). At the end of experiment 8 weeks of age,
glomerulosclerosis was characterized by an obvious growth of GV in DN group while MMEI
distinctly rising (Figure 7). All these differences have statistical significance (P<0.05). The
collapse and occlusion of glomerulocapillary wall, showed partly diffuse thickening and
segmental fibrosis in severe cases by electron microscopy (Figure2, 7). Rapamycin relieved
glomerular hypertrophy and mesangial expansion (Figure 1). Tubular lesions included
tubular regeneration, dilatation, and hyaline casts, and interstitial lesions included fibrosis
and inflammatory cell infiltration.
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Fig. 1. The pathologic ch-
anges on renal tissue in 3
groups (A-F: HE staining,
a-f: PAS staining. x 400).
A/a: normal glomerulus
of control group; B/b:
glomerulus of 2 weeks
of age in DN group; C/c:
glomerulus of 4 weeks
of age in DN group; D/d:
glomerulus of 8 weeks of
age in DN group; E/e: glo-
merulus of 4 weeks of age
in Rapa group with the
dose of 1mg/kg/d; F/f:
glomerulus of 8 weeks of
age in Rapa group.

Fig. 2. The electron
microscope results of
glomeruli. A: normal glo-
merular basement mem-
brane,(GBM) , B:GBM of
DN, C: the collapse and
occlusion of glomeru-
locapillary  endothelial
cells.
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A: Control
group; B,C &
D: respectively
showed DN 2,
4 and 8 weeks;
E & F: severally
denoted 4 and
8 weeks after
rapamycin tre-
atment.
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Expression of TLR4

protein and mRNA

was upregulated and
reduced by rapamycin
in early stages of DN.

A spot of TLR4 was ex-
pressed on the normal ren-
al tissue from control rats,
positioned on renal tubular
epithelial cells. Compared
with controls, TLR4 pro-
tein expression of DN group
was distinctly upregulated,
pitching on mesangial cells
and renal tubular epithelial
cells (Figure3). TLR4 pro-
tein quantity was tested by
western-blot  semiquanti-
tative analysis. In compa-
rison with controls, the ex-
pression of TLR4 gradually
increased in the DN begin-
ning 2 weeks after diabetes
induction. Samples at 4 and
8 weeks had a significantly
higher expression of TLR4
protein (P<0.05). After 4
and 8 weeks of treatment
with rapamycin, the expres-
sion of TLR4 protein decrea-
sed in the Rapa group (DN
vs Rapa P<0.05) (Figure 4)
TLR4 mRNA expression in

DN RAPA

control 2w 4w 8w 4w 8w

'ILR_4 — - .
ﬁ-ﬂCtiﬂ —— S E—
- * *
"F_,
3
|
2
: “w
=
., . _ _ II_II
coatrol m M W 4N M
—— DN RAPA

Fig. 4. The results of all 3 groups were detected by Western-blot me-
thod. Control was normal group. DN mean diabetic nephropathy group.
Rapa stood for rapamycin treatment after setting of DN model. The
data were analyzed by relative band intensity. * DN versus control and
Rapa group, p<0.05.

the whole kidney was also elevated at 2, 4, and 8 weeks in DN rats compared to controls
(P<0.05). In the Rapa group the level of TLR4 mRNA was not statistically different from the
control group (P>0.05, Figure 5). IOD was used as a parameter of quantification TLR4 pro-

tein expression.
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At 2,4 and 8 weeks,
the average TLR4 10D
of the DN group was
significantly increa-
sed compared to the
controls (P<0.05). At 4
and 8 weeks, the Rapa
TLR4 10D was marked-
ly reduced when com-
pared to the DN group
(P<0.05, Table 3).

Kidney Blood Press Res 2016;41:55-69

DOI: 10.1159/000368547 © 2016 The Author(s). Published by S. Karger AG, Basel
Published online: February 07, 2016 www.karger.com/kbr 62

Yu/Bo/Villani/Spencer/Fu: The Effect of Rapamycin on TLR-4 and IL-17 in DN

Table 3. 10D expression of TLR4 was upregulated and reduced by rapamycin
in early stage of DN

Control DN Rapa
2W  7361.7+1327.4 9654.5+2144.3* /
4W 77423421328 12793.541898.2* 8675.3+2295.4*#
8W  7593.6+1973.2 13972.4+2930.7* 8189.1+2743.6%#
The results are presented as the means + SEMs. Rapa group
treated with rapamycin. *DN and Rapa vs. control, P <0.05; #
Rapa vs. DN, P <0.05
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Fig. 5. TLR4 mRNA level were tested by PCR. Control was normal group. DN mean diabetic nephropathy
group. Rapa stood for rapamycin treatment after setting of DN model. * DN versus control and Rapa group,
p<0.05.
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Fig. 6. Immunohistochemical result of IL-17 in all 3 groups (x400). G: Control group; H, I & J: respectively
showed DN 2, 4 and 8 weeks; K & L: severally denoted 4 and 8 weeks after rapamycin treatment.
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Fig. 7. Histogram showed the comparison of GV and MMEI between DN and control groups, *p<0.05. The
comparison of thickness of glomerular basement membrane (GBMT). The mean of DN group’s GBMT is ob-
viously greater than that of control group, p<0.05.

Mean GV MMEI GBMT(nm)
400000 700
600
300000 +—————— sl
400 -
AR B Mean GV WMEEI | | 300  GBMT(nm)
100000 ——— 200 1
' 100 .
o - ‘ 0 ;
Control DN Control DN
Table 4. 10D expres-
sion of IL-17 was up- Control DN Rapa
regulated in diabetic 2W  5285.0#1139.6 8236.5+1148.9* /

groups and reduced  4W  5749.2+1386.4 9337.4+1022.2* 7071.4+1105.8*#

i’tya;aepjf“];y;in mearly  gw  5952.4+1832.9 10834.7+1730.0* 6942.3+1537.6*#
The results are presented as the means + SEMs. Rapa group
treated with rapamycin. *DN and Rapa vs. control, P <0.05; #
Rapa vs. DN, P <0.05

Expression of IL-17 protein was upregulated and ~ Table 5. Correlation Analysis between

reduced by rapamycin in early stage of DN. TLR4, IL17 10D and renal function index
Similarly to TLR4, IL-17 expression was also
increased in the DN group at weeks 2, 4 and 8 _TLR410D R1 P
(P<0.05). Rapamycin administration significantly IL17 10D 099 <0.01

reduced the degree of increase in IL-17 IOD at weeks

_ urinary albumin 094  <0.05
4 and 8 (P<0.05, Figure6, Table 4).

Fasting glucose 0.67 >0.05

Correlation ~ Analysis: Pearson correlation ~ Kidney K/W 0.99  <0.01
coefficients between TLR4, IL-17 10D and renal IL17 10D R2 P
function index TLR4 10D 099 <0.01

TLR4 and IL-17 IOD of rats’ renal tissue were
analyzed by Pearson correlation coefficients. TLR4 )
and IL-17 10D level positively correlated to the  Fastingglucose 059 >0.05
renal functions index including 24h urinary albumin ~ Kidney K/W 099 <0.01
(P<0.05), kidney/weight ratio (P<0.01). Also there
was a strong correlation in TLR4 and IL-17 values (P<0.01). However, neither TLR4 10D nor
IL-17 IOD correlated with fasting blood sugar (P>0.05,Table 5).

urinary albumin 090 <0.05

Discussion

The high glucose conditions are coupled with increases in proinflammatory cytokines
from macrophages, monocytes, and dendritic cells [36]. Our study showed that DN rats
upregulate TLR4 in glomeruli, and have an increase in the expression of pro-inflammatory
factor IL-17 along with an increase of urinary albumin. 24-hour urinary albumin is
a significant clinical hallmark of early stages diabetic nephropathy. The histological
correlation of albuminuria includes glomerular hypertrophy, mesangial expansion,
glomerular basement membrane thickness, glomerulosclerosis, and the collapse and
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occlusion of glomerulocapillary endothelial cells, all of which were observed in our model.
One limitation of our study is that these changes are present to a lesser degree in rodent
models of diabetic nephropathy as compared to human samples. This has to be taken in
account when interpreting our experimental findings. However, even though the severity
of the histological lesions is less severe in rodents as compared to humans, rodent models
can still provide useful mechanistic insights in the development of diabetic nephropathy
in humans. Several findings based on STZ-induced rodent models of diabetes have been
confirmed in human patients [37]. For this reason our findings will need to be validated in a
study based on clinical human samples.

Our study provides additional evidence in support of the hypothesis that inflammatory
and immunological processes play a fundamental role in the development and progression
of DN.

TLR-4

Previous studies revealed that hyperglycemia induced expression and activation of
TLR4 mediated inflammatory pathways [38]. Since TLR4 is a classical immune receptor,
a previous study demonstrated TLR4 knockout DN mice leads to a dramatic reduction in
circulating and macrophage biomarkers of inflammation [17].

Interestingly, we found a spot of TLR4 was expressed on the normal renal tissue from
control rats, positioned on renal tubular epithelial cells. This result confirms with the
previous study that there was minimal staining in the kidneys of the STZ-TLR4 knockout
mice [17]. Compared with controls, TLR4 protein expression of DN group was distinctly
up-regulated, pitching on mesangial cells and renal tubular epithelial cells. With respect to
TLR4, data also support increased expression of in the DN mice appeared to be mostly in
the tubulo-interstitial area [17]. After treatment with rapamycin, the expression of TLR4
protein decreased in the Rapa group. Consequently, our novel findings of a beneficial effect
of rapamycin on early stage of DN via TLR4 pathway in vivo, confirms a role of TLR4 in renal
fibrosis, a dangerous factor of DN. Our findings also support Luo et al who suggest that TLR4-
driven mTOR signaling plays a vital role in innate immune responses [39].

Here we have demonstrated the activation of TLR4 in renal tubular epithelial cells in
DN rats. This result is compatible with a recent research in humans where upregulation
of TLR in renal tubules correlated with monocyte and macrophage gathering in DN [13].
Hyperglycemia is known to stimulate TLR4 expression in monocytes from patients with
diabetes [40, 41]. TLR4 can initiate NF-kB-dependent inflammation via MyD88 signal
pathway. All these changes were reduced by mTOR inhibitor rapamycin in our study, which
is consistent with a recent study showing the TLR4-mediated production is dependent on
the PI3K/mTOR/p70S6 kinase pathway [42].

TLR4 has an important impact in the innate immune responses in sterile inflammation
of diabetic nephropathy. In this study, we confirmed that TLR4 signaling pathway was
activated in DN rats which were induced by streptozocin. DN rats treated by rapamycin were
protected from kidney inflammation, glomerular and tubular injury, interstitial fibrosis
and albuminuria. Taken together, our study suggests that activation of TLR4 has a striking
effect on the early stage development of DN, and could be suppressed by mTOR inhibitor
rapamycin. It opens up a new avenue of research investigating strategies aimed at reducing
renal inflammation and fibrosis through TLR4 inhibition by rapamycin.

IL-17

There is rising evidence that the inflammatory role in DN involves the activation of both
innate and adaptive immunities [43, 44]. However, the role of pro-inflammatory T helper
17 cells in the development and progression of DN is unclear. Some studies reported the
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essential function of Th17 signal pathway is not only through inflammation but may also via
chronic sterile inflammation in metabolic disease [45].

Our result showed that similarly to TLR4, IL-17 expression was also increased in the
DN group at weeks 2, 4 and 8. The mesangial cells and proximal tubular cells have IL-17
receptors and secret downstream cytokines by responding to IL-17 [46-48]. These cytokines
accelerate renal recruitments of monocytes and lymphocytes, which may be linked with the
development of immune-mediated renal damage. This result indicates that T helper 17 may
play an independent role in the progression of DN and modulation of IL-17 is a potential
immunologic therapeutic target. Interestingly, the effect of IL-17 regulation in the Type 1
diabetes (T1D) is equivocal. The literatures had shown that increased Th17 cells, which
were induced by bacteria or by adjuvant immunotherapy can postpone the onset of T1D
[49-51]. On the other hand, some researchers reported that pediatric diabetic patients who
have newly diagnosed T1D have an increased number of Th17 cells [52, 53]. Furthermore,
blocking IL-17 after the early stage has a robust protective effect in T1D mice [54]. One
explanation for these contradictory findings may be that Th17 cells initially play a protective
role. However, after playing a beneficial role initially, high levels of Th17 cells can then
contribute to the development of disease at a later time point.

Our data also demonstrates that 8-week old Rapa group rats have a noteworthy
decrease of IL-17 on renal tissue when compared with 8-week-old DN rats. Targeting IL-
17-producing cells by rapamycin in DN attenuates mesangial sclerosis, tubulointerstitial
fibrosis, and urinary albumin excretion independent of glycemic control. The IL-17 positive
cells were notably amplified in the kidneys of diabetic rats compared with the kidney cells
modulating Th17 by rapamycin is related with a reduction in albuminuria. It is exciting to
find that intrarenal Th17 was augmented, and it was suppressed by rapamycin treatment
during the early stage of DN.

Correlation between TLR4 and IL-17 in DN

TLRsignaling pathway may enhance the process ofautoimmunity by several mechanisms.
TLR signaling promotes the antigen-presenting capacity (APC) to CD4+ T cells via increasing
of HLA-DR [55]. CD4+T cells are divided into Th1, Th2 and Th17 cells as charcterized by
the secretion of cytokines IFNy, IL-4, and IL-17 [56-58]. Activation of TLR2 might induce
Th2 immune response, TLR4 induces Th1 and Th17 immune response, and TLR9 induces
Th1 immune response [59-66]. We showed that the expression level of TLR4 was higher
compared to controls and had a significant positive correlation with IL-17. This result
suggests that the overexpression of TLR4 might be involved in the immunopathogenesis of
DN through activation of Th17 cells.

According to recent studies and to our data, the possible immunopathogenic
involvement of TLR4 and Th17 cells is the following: (1) overexpression of TLR4 induced
by microbial pathogen, endogenous molecules, and inflammatory cytokines contributes to
activation of CD4+ T cells resulting in up-regulation of IL-17; (2) overexpression of CD4+
T cells cytokines induces the inflammatory response, leading to an increase of various
inflammatory cytokines and endogenous molecules; (3) overexpression of CD4+T-cell and
inflammatory cytokines, including IL-17 induces the overexpression of TLR4, causing the
vicious cycle of amplification of chronic inflammation in the renal tissue in DN [37].

Conclusion

Our results confirm and expand previous studies identifying TLR4 as a mediator
of development of early stage DN. Our data and also suggests that TLR4 may affect the
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Th17 pathway function in the progression of renal damage. In addition, during the
immunopathogenesis of early stage DN, the overexpression of TLR4 might be induced by
activation of Th17 cells. Rapamycin may attenuate DN via reduction of the TLR4 signaling
pathway and Th17 cells signaling. Given the contribution of TLR4 pathways and the pro-
inflammatory function of IL-17 in these essential stages of diabetic nephropathy, future
studies on TLR4 and IL-17 signaling will be essential to develop effective therapeutic
strategies for the treatment of early DN.
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