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Abstract: Toll-like receptors (TLRs) may be involved in diabetic nephropathy (DN). Paconiflorin
(PF) is an effective Chinese traditional medicine with anti-inflammatory and immunoregulatory
effects that may inhibit the TLR2 signaling pathway. In this study, we investigated the effects
of PF on the kidneys of mice with streptozotocin-induced type 1 diabetes mellitus using TLR2
knockout mice (TLR27") and wild-type littermates (C57BL/6J-WT). After 12 weeks of intraperito-
neal injection of PF at doses of 25, 50, and 100 mg/kg once a day, diabetic mice had significantly
reduced albuminuria and attenuated renal histopathology. These changes were associated with
substantially alleviated macrophage infiltration and decreased expression of TLR2 signaling
pathway biomarkers. These data support a role of TLR2 in promoting inflammation and indicate
that the effect of PF is associated with the inhibition of the TLR2 pathway in the kidneys of
diabetic mice. PF thus shows therapeutic potential for the prevention and treatment of DN.
Keywords: paconiflorin, Toll-like receptors 2, TLR2, diabetic nephropathy, DN, inflammation,
macrophages

Introduction

Diabetic nephropathy (DN) continues to be the leading cause of chronic kidney disease
and end-stage renal disease,' accounting for nearly 50% of all cases requiring dialysis
each year in many developed countries.? However, with the increasing prevalence of
DN, existing clinical interventions that strictly control hyperglycemia and hyperten-
sion and block the renin—angiotensin—aldosterone axis have been demonstrated only
to delay DN progression, not to prevent or reverse the pathological state.>*

Renal injury in diabetes is multifactorial, and numerous studies have suggested
that macrophage infiltration and activation in diabetic kidneys during inflammation
via the release of related factors, such as inflammatory cytokines, C-reactive protein,
and nuclear factor-kB (NF-kB), subsequently lead to the development and progres-
sion of DN.53

Toll-like receptors (TLRs) are a family of germ line—encoded receptors responsible for
innate immune responses that are expressed on antigen-presenting cells, such as mono-
cytes, macrophages, and dendritic cells, as well as nonimmune cells, such as podocytes,
endothelial cells, and renal tubular epithelial cells.”* The TLR ligands are categorized
as pathogen-associated molecular patterns and endogenous danger signals (danger-
associated molecular patterns). Upon binding with certain ligands, the signaling path-
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ways of TLRs are activated through adaptor protein myeloid
differentiation factor 88 (MyD88)-dependent or MyD88-
independent downstream signaling pathways, resulting in the
transcription of NF-xB, which contributes to the release of
pro-inflammatory cytokines and chemokines.'* Recent studies
have revealed a link between TLR signaling and the renal tissue
pro-inflammatory state associated with diabetes.'®'® Devaraj
et al showed in a type 1 diabetes model that TLR2 knockout
significantly attenuated the pro-inflammatory state, altered
incipient DN, and influenced albuminuria and podocyte loss."
Studies on childhood-onset type 1 diabetic patients showed that
increased expression of TLR2, pro-inflammatory cytokines in
blood leukocytes, and TLR2 expression were associated with
the occurrence of microalbuminuria.”® These data indicated
that the activation of inflammation and the innate immune
system via the TLR signaling pathway in the pathogenesis of
diabetic mellitus and its complications were important. Thus,
we hypothesized that the terminal renal injury known as DN
was resulted from the TLR2-mediated inflammatory state
triggered by certain diabetic microenvironments. Thus, the
inhibition of the TLR2 signaling pathway could be a novel
therapeutic approach for DN patients.

In recent years, DN patients have shown an increasing
interest in the use of Chinese medicinal herbal therapies.?'*
Paconiflorin (PF), a typical Chinese herbal medicine ingre-
dient, is a major bioactive component of total glucosides
of paeony (TGP) extracted from the dried peeled root of
Paeonia lactiflora Pall. As a promising drug, PF has been
shown to have the anti-inflammatory,” antioxidative,* and
immunoregulatory effects.”® TGP has been assessed as a
clinical treatment for rheumatoid arthritis,? psoriasis,?’ sys-
temic lupus erythaematosus,” and mesenteric hyperplastic
nephritis, 3 and its effects are related to PF-mediated
improvement in the activity of immune regulatory cells
and anti-inflammatory effects. Fu et al*! studied diabetic rat
models and found that PF treatment resulted in decreased
urinary albumin and blood glucose levels and attenuated
glomerular hypertrophy, suppressing the expression of
inflammatory factors and macrophage infiltration; these
results indicated that PF might prevent the development of
DN via the inactivation of inflammation. Our previous studies
suggested that PF has strong anti-inflammatory effects on
high-glucose-induced macrophage activation through the
inhibition of the TLR2 signaling pathway.* In this setting,
we examined the therapeutic potential of PF on inflammation
in the kidneys of mice with streptozotocin (STZ)-induced
type 1 diabetes mellitus using TLR2 knockout mice (TLR27")
and wild-type littermates (C57BL/6J-WT) and investigated

whether the effects are mediated through the TLR2 signaling
pathway. The purpose of the present study was to investigate
how TLR2 signaling is activated and triggers inflamma-
tion, resulting in DN, and the value of PF in modulating the
development of DN.

Materials and methods

Drug and reagents

PF (C23H28011; molecular weight =480.45; purity =98.78%
[high-performance liquid chromatography]; lethal dose =9,530
mg/kg; Figure 1) was obtained from Nanjing Goren Bio-
Technology Co., Ltd. (Nanjing, People’s Republic of China).
STZ was obtained from Sigma-Aldrich Co. (St Louis, MO,
USA). The microalbumin assay kit was acquired from Abcam
Biotechnology (Abcam, Cambridge, UK). The immuno-
histochemistry kit (PV-9000) was purchased from Beijing
Zhongshan Biotechnology, Inc. (Zhongshan, People’s
Republic of China). The rabbit anti-TLR2, MyD88, Trif, and
inducible nitric oxide synthase (iNOS) antibodies were bought
from Abcam Biotechnology, and p-IRF3, NF-kB p65, and
NF-kB p-p65 antibodies were purchased from Cell Signaling
Technology (Beverly, MA, USA). The rabbit anti-p-IRAK1
and CD68 were from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Anti-B-actin antibodies, anti-mouse IgG,
and anti-rabbit IgG horseradish-peroxidase were purchased
from Wuhan Sanying Biotechnology, Inc. (Wuhan, People’s
Republic of China). The mouse anti-MyD88 and Protein A/G
PLUS agarose immunoprecipitation reagent were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The
chemiluminescence kit was acquired from Amersham Life
Science (Little Chalfont, UK). Bicinchoninic acid protein
assay kit and crystal violet were obtained from Beyotime
Institute of Biotechnology (Jiangsu, People’s Republic of

Figure | The chemical structure of paeoniflorin.
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China). TRIzol reagent and cDNA synthesis kit were from
Invitrogen (Carlsbad, CA, USA) and Promega (Madison,
WI, USA), respectively. SYBR Green PCR Master Mix
Kit was purchased from Bio-Rad Laboratories (Hercules,
CA, USA). GAPDH and tumor necrosis factor-alpha
(TNF-ov) primers were obtained from the Shanghai Sangon
Company (Shanghai, People’s Republic of China). Prim-
ers for iNOS (MQP029793), IL-1B (MQP027422), and
MCP-1 (MQP027672) were purchased commercially from
GeneCopoeia, Inc. (Rockville, MD, USA).

Animals and experimental design

The wild-type C57BL/6J littermates and TLR27~ mice*
(male, 8—10 weeks of age) were purchased from the Model
Animal Research Centre of Nanjing University and housed
individually in cages under standard raising condition with a
12-hour light—dark cycle, free access to food and water, room
temperature of 24°C, and humidity of 60%. After 7 days of
acclimation, mice were administered STZ in citrate buffer
(0.1 M; pH 4.5) daily at a dose of 50 mg/kg body weight for
5 days to establish the diabetic model. Then, the mice were
randomly divided as follows: wild-type C57BL/6J group
(WT, n=12); WT+STZ group (WT+STZ, n=12); PF treatment
group (WT+STZ+PF, n=12, dose of 25, 50, or 100 mg/kg);
TLR27~ group (TLR27-, n=12); and TLR27+STZ group
(TLR27+STZ, n=12). PF was administered by intraperito-
neal injection once a day for 12 weeks to the WT+STZ+PF
group at a dose of 25, 50, and 100 mg/kg. Other groups were
administered equal amounts of normal saline. All animal
experimental protocols were approved by the Ethical Com-
mittee of Animal Research of Anhui Medical University, and
the mice were sacrificed according to the Guide for the Care
and Use of Laboratory Animals recommendations.

Physical and biochemical analysis

Body weight, kidney weight, and blood glucose were mea-
sured. The 24-hour urine samples were collected from the
mice at the end of 12 weeks in metabolic cages. Urinary albu-
min was assayed by using a mouse microalbumin ELISA kit
(Abcam Biotechnology; Abcam, Cambridge, UK) according
to the manufacturer’s instructions.

Histology analysis

For pathology and immunohistochemistry, 4% paraform-
aldehyde-fixed and paraffin-embedded fresh renal tissues
were cut into 2 um thickness. After deparaffinization, the
slides were stained with periodic acid—Schiff (PAS) reagent
to identify the kidney structure. The glomerular mesangial
expansion index and the tubulointerstitial injury index were

evaluated and graded in 10 visual fields randomly." The
slides were treated with 3% hydrogen peroxide and then
heated in a microwave to enclose the endogenous peroxidase
and retrieve the antigen. The tissue slices were blocked with
normal horse serum for 30 minutes at 37°C and then incu-
bated with primary antibody (anti-CD68, 1:100; anti-TLR2,
1:50; anti-NF-xB p65, 1:100) overnight at 4°C followed by
incubation with polyperoxidase-anti-mouse/rabbit IgG and 3,
3-diaminobenzidine (Sigma-Aldrich, St. Louis, MO, USA)
and hematoxylin staining. CD68-positive cells, represent-
ing the recruitment of macrophages in tissue sections, were
counted in 10 random high-power (x400) fields, and the TLR2
and NF-xB p65 staining was detected by ImagePro Plus
Systems (Media Cybernetics; Rockville, MD, USA).

RNA extraction and real-time PCR

The RNA extracted from the fresh renal tissue via TRIzol
reagent was used for reverse transcription of cDNA with a
reverse transcription kit for RT-PCR using Power SYBR Green
PCR Master Mix and the GAPDH primers (GAPDH prim-
ers: forward primer 5'-ACCCCAGCAAGGACACTGAGC
AAG-3’; reverse primer 5-GGCCCCTCCTGTTATTA
TGGGGGT-3’). The forward and reverse primers for the
detected RNA sequence were as follows: TNF-o: 5’- CCCT
CCTGGCCAACGGCATG-3" and 5-TCGGGGCA
GCCTTGTCCCTT-3"; iNOS (MQP029793), IL-1PB
(MQP027422), and MCP-1 (MQP027672) primers were pur-
chased from GeneCopoeia, Inc. Finally, the relative expres-
sion levels of genes were analyzed by using the 2724 method
with values normalized to the reference gene GAPDH.

Western blot and coimmunoprecipitation
(co-IP)

Proteins from the homogeneous renal samples were lysed and
combined with a phosphatase inhibitor cocktail in radioim-
munoprecipitation assay buffer. The protein concentration
was detected with a Bio-Rad protein assay kit. After boiling,
the protein was separated by 8%—12% sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE).
Proteins were electroblotted onto a nitrocellulose membrane
and incubated with primary antibody overnight at 4°C after
blocking with 5% defatted milk for 2 hours. The horseradish
peroxidase-labeled secondary antibody was added once the
membrane was washed. Finally, the bound secondary anti-
body was detected by enhanced chemiluminescence, and the
protein content was quantified and analyzed using the Leica
Q500IW image analysis system (Leica Ltd., Cambridge, UK).
Proteins from homogeneous renal samples were removed by
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centrifugation at 1,000x g for 25 minutes at 4°C, and the
supernatants were precleared with 30 uL Protein A/G-PLUS
agarose beads for 1 hour at 4°C. Immunoprecipitation with
3 ug/mL anti-MyD88 was performed overnight at 4°C,
and then, 50 UL of Protein A/G-PLUS agarose beads were
added and incubated for 2 hours at 4°C. Equivalent amounts
of protein were analyzed for each condition. The immune
complexes were boiled in SDS sample buffer and loaded on
SDS-PAGE gels for immunoblot analysis.

Statistical analysis

Data were analyzed using SPSS Version 16.0 (SPSS Inc.,
Chicago, IL, USA). Normally distributed data are expressed
as the mean + SD, and all the data were assessed by using
one-way analysis of variance. The difference between groups
was tested by least significant difference and the Levene
method was used for homogeneity test of variance, in which
a p-value <0.05 was declared significant.

Results

Effects of PF on physical and biochemical
markers and pathology in the different
groups

To test the effect of PF on DN progression, we measured
physical and biochemical markers and pathology of mice
in different groups. As shown in Figure 2A, STZ injection
substantially increased blood glucose levels compared with
those of the WT and TLR27~ groups, but PF treatment did
not significantly reduce blood glucose levels, which differed
from the results of Fu et al*' in diabetic rats. Compared
with nondiabetic WT and TLR2™~ mice, mice injected with
STZ showed increased urine albumin excretion and kidney/
body weight (Figure 2B and C). PF treatment reduced urine
albumin excretion levels and the kidney/body weight ratio
of STZ-induced diabetic mice (WT-STZ-PF treatment
groups), although their levels were still higher than those
of the WT and TLR27~ mouse groups. Figure 2D shows the
histological analysis of kidney sections stained with PAS.
In the model group, the mouse kidney volume was increased,;
PAS staining of the glomerular mesangium, inner walls
of the renal tubules, and basement membrane were dark
red; and the glomerular mesangial expansion index and
the tubulointerstitial damage index were significantly
increased, which is consistent with the early manifestation
of DN. In contrast, PAS analysis of the PF intervention and
TLR2 gene knockout groups showed that the glomerular
mesangial expansion index and the tubulointerstitial damage

index were significantly decreased. Previous studies have
clearly demonstrated that the mesangial dilatation index and
tubulointerstitial damage index are closely related to renal
function.*® These data indicated that PF could significantly
prevent the progression of DN.

Immunohistochemical analysis for the
distribution of TLR2, NF-xB p65, and
CD-68 in the different groups

Considering the relationship between TLR2 and the renal
tissue pro-inflammatory state associated with diabetes, we
examined the expression profile of TLR2 in mouse kidney
tissues. As shown in Figure 3A, TLR2 was predominantly
expressed in the tubulointerstitium. As expected, TLR2
immunohistochemical staining was barely observed in the
kidneys of TLR27~ and TLR2""+STZ mice. However, com-
pared with WT mice, the WT+STZ mice showed increased
expression of TLR2 (Figure 3A; WT group vs WT+STZ
group). After PF treatment, the intensity of TLR2 immu-
nostaining was strikingly decreased in a PF dose-dependent
manner (Figure 3A; WT+STZ+PF treatment groups), dem-
onstrating that this treatment can decrease TLR2 expression
in diabetic models.

Next, we investigated the expression pattern of NF-xB
p65. As shown in Figure 2B, NF-xB p65 was significantly
overexpressed in the nucleus and cytoplasm of glomerular
cells and renal tubular cells from WT+STZ mice compared
with WT mice. However, NF-xB p65 expression was reduced
following PF treatment or knockout of TLR2 (Figure 3B).

CD68, which indicates renal macrophage accumulation,®
was occasionally observed in WT and TLR2”~ mouse
kidneys, whereas CD68-positive macrophage infiltration
was substantially increased in WT+STZ mice. Immunostain-
ing indicated a significant reduction in CD68 expression in
kidneys from PF-treated and TLR27-+STZ mice compared
with WT+STZ mice, which verifies the effects of PF on
macrophage accumulation and infiltration and the influence
of TLR2 knockout on the same (Figure 3C).

mRNA expression of iNOS, TNF-o, IL-1j3,
and MCP-1 in different groups

Increasing evidence has demonstrated that the phenotype
of the infiltrated macrophages is the major characteristic
that ultimately determines the sequelae of DN.*¢ To deter-
mine whether macrophage infiltration and inflammation are
induced in the kidneys of diabetic mice, we measured the
expression of iNOS and inflammatory genes in the kidneys
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Notes: (A) Blood glucose; (B) kidney/body weight; (C) urine albumin excretion; (D) histological observations of kidney sections stained with PAS. Data were detected and
are expressed as the mean * SD of at least three independent experiments. n=12 in each group. *p<<0.05, *$<<0.01 vs WT; #p<<0.05, #p<<0.01 vs WT+STZ.
Abbreviations: NS, not significant; PAS, periodic acid-Schiff; PF, paeoniflorin; STZ, streptozotocin; TLR2, Toll-like receptor 2; WT, wild-type C57BL/6) group.

of different groups. M1 macrophages promote inflammatory
responses and tissue injury, while M2 macrophages induce
anti-inflammatory and tissue-protective effects.’’” As shown
in Figure 3, low levels of iNOS, TNF-q,, IL-1§, and MCP-1
were observed, consistent with the transcriptional regulation

of the mRNA levels in WT mice, and were further decreased
in TLR27" mice. In contrast, the mRNA levels of iNOS,
TNF-o, IL-1B, and MCP-1 were significantly elevated in
WT+STZ mice and decreased strikingly following PF
treatment and TLR2 knockout (Figure 4).
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Abbreviations: IHC, immunohistochemical; NS, not significant; PF, paeoniflorin; STZ, streptozotocin; TLR2, Toll-like receptor-2; WT, wild-type C57BL/6] group.

Effects of PF on TLR2 and downstream
signaling pathway expression in the
different groups

TLR2, together with the expression of downstream signaling
proteins in different groups, was further detected by using

Western blot analysis, which showed a significant upregula-
tion of TLR2, MyD88, p-IRAK1, Trif, p-IRF3, NF-kB p-p65,
NF-xB p65, and iNOS in the WT+STZ group compared with
the WT or TLR27~ mice. By comparison, the expression

of the above proteins significantly decreased following PF
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treatment in a dose-dependent manner (Figure 5A and B).
A co-IP assay also indicated that PF could weaken the interac-
tion between TLR2 and MyD88 (Figure 5C). However, the
TLR27+STZ group showed notable attenuation of MyD88,
p-IRAK1, NF-kB p-p65, NF-kB p65, and iNOS, but there
was no significant suppression of the MyD88-independent
downstream signaling pathway, including Trif and p-IRF3,
compared with the diabetic model mice, which indicated that
TLR2 knockout had no effect on the protein expression of
Trif and p-IRF3 (Figure 5A and B).

Discussion

DN is a long-term complication, and the prevention of its
progression remains a challenge. Accumulating evidence
has indicated that albuminuria is a leading risk factor for
the progression of renal disease.’®*° One of the major
manifestations of renal involvement of incipient DN is renal
hypertrophy, defined as an increased kidney/body weight
ratio.’®#° In the present study, although we demonstrated that
PF intervention and TLR2 knockout had no effect on blood

glucose, they attenuated urine albumin and ameliorated the
kidney/body weight ratio, which prevented DN progression.
Glycemic control is critical for DN treatment. However, our
results demonstrated that PF had no effect on blood glucose,
which differed from the findings of Fu et al in a study using
5-20 mg/kg in diabetic rats.*! Another report demonstrated
that PF can strongly reduce plasma glucose levels at | mg/kg,
but the effect was less pronounced when the doses were
increased.*! Therefore, the remission of the experimental DN
mice due to a hypoglycemic effect was controversial. Next,
we focused on the mechanisms of PF intervention and TLR2
knockout in delaying the development of DN.

Li et al*? reported that TLR2 was prominently expressed
in both the glomeruli and tubulointerstitium in human renal
biopsies of DN. In addition, macrophages accumulated in
renal biopsy samples of DN patients and were shown to
play a pathogenic role in DN progression.” In addition, in
a previous report, we showed that TLR2 gene deficiency
alleviated inflammatory cytokine production in high-glucose-
induced bone marrow—derived macrophages (BMDMs).*
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Figure 5 (Continued)
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Figure 5 Effects of PF on TLR2 and downstream signaling pathway expression.

Notes: (A and B) The renal tissue lysates were analyzed for TLR2 and downstream signaling pathway expression by Western blot. (C) The renal tissue lysates were
immunoprecipitated with an anti-MyD88 antibody and immunoblotted with antibodies against MyD88 and TLR2. All data are expressed as the mean * SD from at least three

independent experiments. *p<<0.01 vs WT; #p<<0.05, #p<<0.01 vs WT+STZ.

Abbreviations: IB, immunoblotting; IP, immunoprecipitation; MyD88, adaptor protein myeloid differentiation factor 88; NS, not significant; PF, paeoniflorin; STZ,

streptozotocin; TLR2, Toll-like receptor-2; WT, wild-type C57BL/6) group.

However, until now, limited evidence has been reported
on the functional role of TLR2 in macrophages during DN
progression. Based on the above experiments, we examined
inflammation, the TLR2 signaling pathway, and critical
macrophage biomarkers in our animal experiments using
diabetic mice. Our experiment showed that in the kidneys
of WT+STZ mice, TLR2 and NF-xB p65 signaling was acti-
vated, along with a large number of infiltrating macrophages.
Meanwhile, the mRNA expression of iNOS (as a macrophage
activation marker) was significantly overexpressed, and mac-
rophage activation was predominant in the M1 phenotype;
furthermore, high expression of pro-inflammatory mediators
(TNF-0, IL-1pB, and MCP-1) was observed. M1 phenotype

macrophages promoted the production of inflammatory
mediators and tissue damage, while TLR2 gene knockout
significantly attenuated the above changes. In addition, the
analysis of the TLR2 signaling pathway showed that the
expression levels of TLR2, MyD88, p-IRAK1, Trif, p-IRF3,
NF-«B p-p65, and NF-xB p65 were substantially increased.
TLR2 resulted in a significant reduction in the expression
of MyD88, p-IRAK 1, NF-kB p-p65, and NF-kB p65, while
there was no inhibition of non-MyD88-dependent signaling
proteins, such as Trif and p-IRF3. Although we did not
detect the expression of other TLRs in this experiment and
we did not define whether other TLRs were involved in this
process, we hypothesized that TLR2 regulates macrophage
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aggregation and activation by a MyD88-dependent pathway.
A similar conclusion was reported in our study of high-
glucose-induced BMDMs.*? Thus, TLR2 gene deficiency
attenuated the inflammatory state in the kidneys of DN
mice, reduced proteinuria, and inhibited renal hypertro-
phy. Our data are consistent with the published research of
Devaraj et al.”

While some reports support a positive role for PF in
preventing DN, the underlying mechanisms of its effect
are still unclear despite intense investigation. However,
compelling evidence has shown that targeted inhibition of
abnormal TLR2 overexpression is valuable for alleviating
DN progression.*? Therefore, the purpose of this study was
to explore whether the beneficial effect of PF was mediated,
at least in part, through changes in the expression of the
TLR2 signaling pathway. In the present study, PF interven-
tion showed the same therapeutic effect as TLR2 knockout
in our experiments. We observed that PF intervention
decreased albuminuria and alleviated renal hypertrophy in
WT+STZ mice. We also blocked NF-xB p65 activation and
macrophage recruitment, together with the suppression of
inflammatory cytokines and chemokines (TNF-a, IL-10, and
MCP-1), in the PF group, and the results are highly consistent
with those reported by Fu et al.*! Meanwhile, we showed
that the increased TLR2 levels in DN were suppressed by
PF. PF could also weaken the interaction between TLR2 and
MyDS88 in co-IP experiments, as it may inhibit the binding of
TLR2 to MyDS88 in the renal tissue of DM mice. Notably, PF
treatment reduced the expression of MyD88 and p-IRAK1
and inhibited Trif and p-IRF3. Thus, the expression of non-
MyD88-dependent signaling proteins was also inhibited,
which was different from that of TLR27~ mice, indicating
that the inhibitory effect of PF in diabetic mice may be partly
correlated with other TLR signaling pathways, which should
to be further elucidate.

TLRs are activated through a MyD88-dependent or
a MyD88-independent downstream signaling pathway.'
TLR2 signaling is primarily mediated through the MyD88-
dependent pathway to activate inflammation. Here, we
provide novel evidence using STZ-induced diabetic mice
that TLR2 deficiency substantially decreased inflammation,
MyDS88, and p-IRAK1, but MyD88-independent signaling
proteins (Trif and p-IRF3) were unaltered. Similar results
were found when TLR2 was knocked out in BMDMs under
high-glucose conditions.*? PF intervention was not consistent
with the results of TLR2 knockout, which decreased the
expression of the MyD88-independent signaling pathway.
Therefore, we hypothesized that the therapeutic effect of

PF in mediating inflammation in DN might be mediated
through other TLR signaling pathways. In support of our
data, our previous animal studies suggested that the protec-
tive effect of TGP on DN was associated with the blockade
of TLR2 and TLR4 activation in tubular and glomerulus
cells and macrophages.** In addition, Zhang et al recently
showed that PF abrogates DSS-induced colitis by decreas-
ing the expression of TLR4 signaling pathways.*® Based on
these observations, we concluded that PF can improve the
inflammatory status of DN by inhibiting the TLR2-MyD88-
NF«B pathway, and its anti-inflammatory mechanism is also
associated with other signaling pathways.

Conclusion

In summary, our findings suggest that TLR2 activation initiates
macrophage infiltration and M1 polarization, resulting in the
release of inflammatory cytokines and chemokines, which
in turn exacerbate inflammation and ultimately aggravate
DN. The analyses of PF treatment in vivo for the first time
demonstrate that PF prevents macrophage activation via
the inhibition of TLR2 expression in diabetic mice and pro-
vide support for PF therapeutic strategies in DN patients.
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