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Background: Podocyte injury, which involves the podocyte epithelial-
mesenchymal transition (EMT) process, is a crucial factor contributing to the
progression of diabetic nephropathy (DN) and proteinuria. Our study aimed to
examine the protective properties of Angiopoietin-like protein 3 (Angptl3)
knockout on podocyte damage and macrophage polarization in DN mice and
podocytes treated with HG. Furthermore, we also sought to investigate the
underlying molecular mechanism responsible for these effects.

Methods: DN was induced in B6;129S5 mice through intraperitoneal injection of
40 mg/kg of streptozotocin (STZ). Subsequently, the changes in renal function,
podocyte apoptosis, inflammatory factors (tumor necrosis factor-o. [TNF-al,
interleukin-6 [IL-6], and interleukin-1B [IL-1B]), IL-10, TGF-B1, IL-1Ra, IL-10Ra,
and nephrin were evaluated. Moreover, we investigated the mechanism
underlying the role of Angptl3 in macrophages polarization, podocyte injury,
podocyte EMT.

Results: Our findings revealed that Angptl3 knockout significantly attenuated
STZ or HG-induced renal dysfunction and podocyte EMT. In both in vivo and in
vitro studies, Angptl3 knockout led to (1) promote the transformation of M1 type
macrophages into M2 type macrophages; (2) amelioration of the reduced
expression of nephrin, synaptopodin, and podocin; (3) inhibition of NLRP3
infammasome activation and release of IL-1B; and (4) regulation of o-SMA
expression via the macrophage polarization. (5) After HG treatment, there was
an increase in pro-inflammatory factors and foot cell damage. These changes
were reversed upon Angptle knockdown.

Conclusion: Our study suggests that the knockout of Angptl3 alleviates
podocyte EMT and podocyte injury by regulating macrophage polarization.
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1 Introduction

Diabetic nephropathy (DN) is an increasingly prevalent disease
worldwide, leading to end-stage renal disease and imposing a
significant economic burden on society (1). Although the
pathogenesis of DN is not entirely clear, recent studies suggest the
involvement of immunity and inflammation in its development (2-
4). While DN is not a typical immune complex-mediated renal
disease, under diabetic stress, kidney intrinsic cells produce pro-
inflammatory cytokines and chemokines, promoting immune
response and recruitment of macrophages and mast cells (5). This
leads to the activation of complement, amplification of the innate
immune response, infiltration of inflammatory cells and mast cells in
renal tissue and causing inflammatory injury and fibrosis of the
kidney. This results in the decline of the glomerular filtration rate of
renal function (6). Animal and cell studies indicate that adaptive
immune cells are also involved in the process of kidney injury
induced by diabetes (7). A better understanding of immune
disorders and inflammatory responses is crucial in the development
of new strategies for the diagnosis and treatment of DN.

Macrophages are innate immune cells that have a central role in
modulating the inflammatory response against infections (8). These
cells can differentiate depending on the stimuli they receive and are
classified into two types: classic activated (M1) or alternatively activated
(M2) macrophages (9). The classic activation pathway can be initiated
by bacterial components, such as lipopolysaccharides (LPS), IFN-g, and
granulocyte macrophage colony-stimulating factor (GM-CSF), which
promote a pro-inflammatory phenotype, increasing the secretion of
cytokines (TNF-o,, IL-1f, IL-6, IL-12, and IL-18), and antimicrobial
activity by producing reactive oxygen species (ROS), nitric oxide (NO),
and antimicrobial peptides (10, 11). On the other hand, M2 is activated
in response to IL-4 and IL-13, promoting an anti-inflammatory
response by expressing high levels of IL-10 and transforming growth
factor B (TGF-P), initiating tissue repair (12).

Angiopoietin-like protein 3 (Angptl3) is a secreted glycoprotein that
plays a crucial role in the regulation of angiogenesis, stem cell
proliferation, insulin resistance, lipid metabolism, and tumors (13-15).
Its role in renal diseases, however, remains unclear. Our previous studies
demonstrated that Angptl3 knockout effectively delayed the formation of
glomerulosclerosis by reducing podocyte detachment and apoptosis (16—
18). However, the mechanism of Angptl3 in regulating podocyte injury
in STZ-induced DN mice and HG-treated podocytes is still unknown.

Based on the above studies, we hypothesize that Angptl3
knockout may alleviate podocyte EMT by promoting polarization
from M1 to M2, thereby attenuating STZ-induced diabetic renal
injury. This study aims to investigate the protective effects of Angptl3
knockout on renal injury and podocyte damage in DN mice and HG-
treated podocytes while also identifying its molecular mechanism.

Abbreviations: EMT, epithelial-mesenchymal transition; DN, diabetic
nephropathy; Angptl3, angiopoietin-like protein 3; HG, high glucose; NLRP3,
NOD-like receptor family pyrin domain containing 3; IL-1B, Interleukin-1p;
STZ, streptozotocin; 0.-SMA, alpha smooth muscle actin; TGF-1, transforming
growth factor B1; TEM, Transmission Electron Microscopy; PAS, Periodic Acid-
Schiff; HE, hematoxylin-eosin; MPC-5, Mouse podocyte clone-5; THC,

Immunohistochemistry.
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Our findings support the scientific basis for Angptl3 as a new target
for the prevention of DN-related renal injury and podocyte damage.

2 Materials and methods
2.1 Diabetes induction

The Angptl3-/- mice were mated with two Angptl3+/- mice and
their genotypes were identified through PCR analysis, as previously
described. Estrogen, a female hormone, has been reported to have a
protective effect against diabetic renal injury (19), while male mice are
more susceptible to STZ-induced diabetes and associated kidney
damage compared to female counterparts (20). Research on
regulatory effects of inflammatory response has demonstrated
specific impacts of estrogen, rather than androgen (21). For these
reasons, male mice were chosen for the experiment and were divided
into four groups: control, DN, DN+Angptl3-/-, and Angptl3-/-, and
were fed either standard (10% fat calories) or high-fat (60% fat
calories) diets for 8 weeks. Mice in the DN groups (DN+Angptl3-/-
and DN) were induced with daily intraperitoneal injections of STZ
(40 mg/kg in 0.1 M sodium citrate buffer) for five days. Non-DN
groups (control and Angptl3-/-) received equivalent amounts of
citrate buffer. Mice with blood glucose levels greater than 16.7
mmol/L five days following the final STZ injection were considered
successful models and were included in the experiment. Urine
samples were collected at four and eight weeks following STZ
injection, and blood samples and kidneys were gathered at eight
weeks following injection for additional experimentation.

2.2 Histopathological and
morphological analysis

At the end of the 8th week, the kidneys were harvested, fixed in
4% paraformaldehyde, and paraffin-embedded prior to being
sectioned into 4um slices. These slices were then stained using
Masson and Periodic Acid-Schift (PAS) staining techniques (22).
Liver and pancreatic specimens also embedded in paraffin were 4 um
sectioned and stained with hematoxylin-eosin (HE) for examination.
The Schmidt scoring system was used to classify and measure the
histopathological changes in the pancreas, such as inflammation,
edema, vacuolation, hemorrhage, and necrosis (23).

2.3 Bone marrow derived macrophages
and cell culture

The femurs were dissected and the ends of the bone were cut. Bone
marrow-derived macrophages (BMDM) were obtained by washing the
bone marrow with sterile PBS and incubating with R20/30 medium for
seven days. The R20/30 medium was prepared by mixing 50% RPMI-
1640 medium, 20% Fetal Bovine Serum (FBS), and 30% 1929 cell
conditioned medium (LCCM). A fresh medium was added on the
fourth day. After seven days, the macrophages were collected using ice-
cold PBS, centrifuged at 1500 rpm for 5 minutes at 4°C, and then
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suspended in RPMI-1640 medium, LCCM, and FBS. The final
composition of the suspension was 85% RPMI-1640 medium, 5%
LCCM and 10% EBS. Cell counts were determined using trypan blue.
The final suspension volume containing 1x106 cells per mL was
distributed into four wells, 2 mL per well, for a total of 2x106 cells
per well, and then incubated at 37°C and 5% CO2 for cell adhesion.
After 12 hours of the incubation period, cells were primed with 100 ng/
mL of LPS (Sigma-Aldrich, Saint Louis, Missouri, EUA) for 4 hours
and 20 puM of Nigericin (Sigma-Aldrich, Saint Louis, Missouri, EUA)
for 30 minutes. Subsequently, cells were cultured in a standard glucose
concentration of 5.5 mM and a high glucose concentration of 25 mM
using RPMI-1640 medium (Gibco® by Life Technologies,
ThermoFisher Scientifificc Waltham, Massachusetts, EUA) and
stimulated with LPS at 100 ng/mL concentration.

2.4 Transmission electron microscopy

Mouse kidney cortex slices were fixed first in 2.5% glutaraldehyde
and 1% osmic acid for 2 hours, followed by overnight incubation at 4°
C. After fixation, the samples were dehydrated, soaked in ethoxy resin
overnight, and finally incubated at 60 °C for 48 hours. Ultrathin
sections of 70 nm or more were obtained using an ultramicrotome
and observed under an H-7500 transmission electron microscope (24).

2.5 Cell culture

The MPC-5 mouse podocyte cell line was obtained from
Shanghai Fuheng Bio-technology Co., Ltd. (Shanghai, China).
MPC-5 cells were cultured in complete RPMI1640 medium
supplemented with 100 U/ml of penicillin/streptomycin, 10%
FBS, and 10 U/ml of mouse interferon-y and amplified at 33°C.
To induce podocyte differentiation, cells were incubated at 37°C for
10-14 days after removal of mouse interferon-y (25).

2.6 Treatment of MPC-5 cells
and co-culture

Based on the given information, it seems that the experiment
involves studying the effects of IL-1B and IL-10 secretion by
different macrophage types (M1 and M2) on EMT (epithelial-
mesenchymal transition) in podocytes. The role of Angptl3 in
regulating macrophage polarization and its involvement in
inducing podocyte EMT is also being investigated.

To conduct the experiment, podocytes are differentiated for 10-
14 days before being exposed to different conditions for 48 hours.
The different conditions include a control group with normal
glucose levels, a mannitol group (as an osmotic control), a high
glucose group, a high glucose group with siRNA-Angptl3 treatment,
and a siRNA group with a scrambled sequence. After 48 hours of
exposure to these conditions, the cells are harvested for further
experiments to ascertain the effects of IL-1f3 secretion by M1 and IL-
10 secretion by M2 on EMT in podocytes. Additionally, the role of
Angptl3 in inducing podocyte EMT by regulating macrophage
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polarization is studied by pre-processing BMDM and dividing
them into four groups. The four groups are the same as those in
the previous experiment, i.e., a control group with normal glucose
levels, a high glucose group, a high glucose group with siRNA-
Angptl3 treatment, and a siRNA group with a scrambled sequence.
Co-cultivation of MPC-5 and BDMD is done using transwells in
this experiment. It is possible to further elaborate on the specific
methods and techniques used in each experiment, including cell
culture conditions, transfection protocols, and assays employed to
measure EMT, Angptl3 expression, and macrophage polarization.

2.7 Immunofluorescence

Kidney tissue samples, 4 micrometers in thickness, were subject to
deparaffinization and subsequent antigen retrieval processes. Renal
sections were blocked with 10% bovine serum albumin for an hour at
room temperature, as previously published in (26). The sections were
incubated with a series of primary antibodies overnight at 4°C. These
included anti-synaptopodin, anti-o-SMA, anti-NLRP3, anti-podocin,
anti-TNF-o, anti-IL-1, anti-IL-1Ra, anti-TGF-B1, anti-IL-10Ra, and
anti-IL-10, each used at a dilution of 1:100. The primary antibodies
were purchased from Proteintech, AiFang Biological, and Servicebio.

MPC-5 cells were first washed thrice with PBS and fixed in 4%
paraformaldehyde for 30 minutes. The cells were then washed thrice
with cold PBS and permeabilized for 30 minutes using 0.3% Triton X-
100. Next, 10% BSA was used to block the cells for an hour.
Subsequently, the cells were incubated with primary antibodies,
including anti-nephrin, anti-synaptopodin, anti-a-SMA, anti-
desmin, anti-NLRP3, anti-IL-1p, anti-TGF-B1, and anti-IL-10, each
used at a dilution of 1:100. These primary antibodies were obtained
from Servicebio, proteintech, and AiFang Biological. Following
primary antibody incubation, the cells were treated with secondary
antibodies. Eventually, fluorescent images were captured using a
fluorescence microscope, specifically the FV3000 Olympus model.

2.8 Statistical analysis

For statistical analyses, Graph prism 9.0 was utilized. Normally
distributed data was analyzed using the Student t-test and y2 test,
while non-normally distributed data was analyzed with the Kruskal
Wallis post-hoc analysis. The threshold for statistical significance
was set to a p value of less than 0.05.

3 Results

3.1 Angptl3 knockout attenuated M1
macrophage polarization

The production of Interleukin-13 (IL-1B) and Tumor Necrosis
Factor-alpha (TNF-o) was significantly increased in the glomeruli of
diabetic nephropathy (DN) mice. However, the production of these
cytokines was reduced upon Angiopoietin-like protein 3 (Angptl3)
knockout (refer to Figures 1A-X for more details). The Angptl3
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knockout mice did not exhibit any statistically significant difference
compared to the control group (refer to Figures 1Y, Z for more details).

3.2 Angptl3 knockout induced M2
macrophage polarization

Double-labeled immunofluorescence staining showed a
significant reduction in the expression of Interleukin-10 (IL-10)
and Transforming Growth Factor-betal (TGF-B1) in wild-type
mice treated with streptozotocin (STZ) (refer to Figures 2A-Z for
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details). Protein expression levels of IL-10 and TGF-B1 were not
significantly different between the control group and the Angptl3-/-
group. Therefore, Angptl3 may not have a critical role in regulating
the expression of these inflammatory markers.

3.3 There are targets for IL-13
and IL-10 on podocytes

Double-labeled immunofluorescence staining showed a
significant upregulation in the expression of Interleukin-1
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FIGURE 2
Angptl3 knockout induced M2 macrophage polarization. The distribution of IL-10 (red channel) and CD206 (green channel) in the kidney tissue was
visualized using immunofluorescence (A—H, respectively), and the merged images of IL-10 and CD206 are presented in I-L. The immunoreactive
figures of TGF-B1 and CD206 were presented in (M=P). The bar graphs (Y, Z) show the quantitative analyses of IL-10 and TGF-B1 protein expression
levels in each group. The sample size for the study was four, and significant differences (*P<0.05, ***P<0.005, ****P<0.001) between treatment
groups were confirmed by statistical analysis. The scale bars for (A—-X) were 50 um

receptor antagonist (IL-1Ra) and downregulation in the expression 3.4 The patho[ogica[ cha nges in the
of Interleukin-10 receptor alpha (IL-10Ra) in wild-type mice treated g[omeru[us of STZ-induced DN mice were

with STZ (refer to Figures 3A-Z for details). However, no improved with Angpt[3 knockout
statistically significant differences in the protein expression levels

of IL-1Ra and IL-10Ra were observed between the Angptl3-/- group Glomerular capillaries of mice from the control and
and the control group. Thus, it appears that Angptl3 does not Angptl3-/- groups exhibited transparency, as shown in
significantly modulate the expression of these receptors. Figures 4A, D. Importantly, diabetic mice had more significant
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There are targets for IL-1B and IL-10 on podocytes. The distribution of nephrin (red channel) and IL-1Ra (green channel) in the kidney tissue was
visualized using immunofluorescence (A—H, respectively), and the merged images of nephrin and IL-1Ra are presented in I-L. The immunoreactive
figures of nephrin and IL-10Ra were presented in (M—P). The bar graphs (Y, Z) show the quantitative analyses of IL-1Ra and IL-10Ra protein
expression levels in each group. The sample size for the study was four, and significant differences (**P<0.01, ***P<0.005) between treatment
groups were confirmed by statistical analysis. The scale bars for (A—X) were 50 um

morphological damage in their glomeruli than the DN+Angptl3-/-
group, as indicated by increased glomerular-capsule adhesions
and greater capillary collapse (refer to Figures 4B, C).
Additionally, the DN+Angptl3-/- group showed reduced
collagen fiber content after undergoing Masson and PAS
staining compared to the DN group (refer to Figures 4E-N).
Consequently, these results demonstrate the protective effect of
Angptl3 knockout against diabetic kidney injury (DKI).
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3.5 Angptl3 knockout provided
protection against podocyte injury
in STZ-induced DN mice

The investigation aimed to determine the role of Angptl3 in
podocyte damage in DN mice by assessing the expression levels of
three podocyte markers (nephrin, synaptopodin, and podocin) in kidney
tissues of each group. Immunofluorescence and Immunohistochemistry
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FIGURE 4

Angptl3 knockout protected the renal pathological changes of glomerulus in STZ-induced DN mice. The study includes several assessments to
evaluate the effects of the treatment on glomerulus tissues. Hematoxylin and Eosin (HE) to detect steatosis, edema, ballooning degeneration (A-D).
PAS staining was used to examine the glomerulus under an inverted fluorescence microscope, while Masson staining was implemented to assess the
degree of collagen deposition in each group (E-H). The ratio of glomerular matrix area to glomerular area (M/G%) was calculated to determine the
extent of matrix expansion (M). Collagen area percentage was also computed to quantify the severity of fibrosis (I-L, N). The sample size for this
experiment was four, and the scale bars for (A—L) were 50 um. *P<0.05, **P<0.01.
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(IHC) analyses demonstrated significant decreases in nephrin, podocin
and synaptopodin expression levels in glomeruli of DN mice compared
to controls. Moreover, a subsequent increase in the DN+Angptl3-/- mice
was observed as presented in Figures 5A-O. In contrast, the expression
levels of nephrin, synaptopodin, and podocin did not significantly
decrease in the Angptl3-/- mice as opposed to the control mice, as
illustrated in Figures 5A, E, I, D, H, L. Control mice displayed intact and
non-fused foot processes. On the other hand, DN mice showed intense
fusion and effacement of foot processes, as shown in Figures 5P-S.
Notably, Angptl3 knockout significantly improved the ultrastructure of
podocytes in DN mice in terms of clear and intact foot processes with

Frontiers in Immunology

negligible fusion, as illustrated in Figure 5Q. Angptl3-/- mice exhibited
no notable alteration in podocyte ultrastructure as depicted in Figure 55
when compared to the control group.

3.6 Angptl3 knockout mitigated podocyte
EMT in STZ-induced DN mice

The expression of Nephrin was assessed by Immunohistochemistry.
Results showed decreased Nephrin expression in the DN group, while
the Angptl3 knockout group exhibited improved expression, as
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Angptl3 knockout protected podocyte injury in STZ-induced DN mice. The immunofluorescence technique was used to visualize the distribution of
nephrin (red channel, A-D), podocin (green channel, E-H), and synaptopodin (green channel, I-L) in the kidney tissue. The fluorescence
quantification results are shown in (M-0). The ultrastructural changes in podocytes were assessed using electron microscopy, and the obtained
images (10,000x) are presented in (P-S). The sample size was four, and statistical analysis revealed significant differences (**P<0.01, ***P<0.005,
****P<(0.001 between the treatment groups. The scale bars for (A—L) and EM were 50 um and 1 um, respectively

presented in Figures 6A-D. Angptl3 knockout had an inhibitory effect on
podocyte epithelial-mesenchymal transition (EMT) in mice with STZ-
induced DN.DN mice exhibited reduced expression levels of Nephrin
protein and elevated levels of 0.-SMA protein compared to control mice.
Conversely, Angptl3 knockout was able to counter these changes in
diabetic mice, as depicted in Figures 6E-N. Angptl3-/- mice did not show
notable Nephrin reduction nor significant elevation in a-SMA
expression levels. The results imply that Angptl3 knockout can be
effective in preventing podocyte EMT in diabetic mice.
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3.7 In vitro, siRNA-Angptl3 promoted the
activation of M2-type macrophages

Fluorescence intensities of IL-10 and TGF-B1 in the HG group
were significantly reduced when compared to the control group.
The effect of HG was dampened by the knockdown of Angptl3, as
revealed by Figures 7A-X. The expression levels of IL-10 and TGF-
B1 in the siRNA group were not significantly different from those in
the control group, as portrayed in Figures 7Y, Z.
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Angptl3 knockout rescued nephrin expression and inhibited o.-SMA expression in renal tissue in STZ-induced DN mice. The study evaluated the
protein expression levels of nephrin, desmin, and a-SMA in different groups, and the results are presented in (M, N). The expression of nephrin was
evaluated using the immunohistochemistry technique (A-D). The distribution of SMA (red channel) and desmin (green channel) in glomerulus was
visualized using the immunofluorescence technique (E-H and I-L, respectively). Bar graphs (M, N) show the quantitative analyses of o.-SMA and
desmin protein levels in each group. Statistical analyses showed significant differences (**P<0.01, ***P<0.005, ****P<0.001) between the treatment

groups. The sample size was four, and the scale bars for (A-L) were 50 um

3.8 siRNA-Angptl3 promotes M2
transformation and inhibits podocyte EMT
by inhibiting the NLRP3 pathway

The co-culture of BDMD with MPC5 diminished the impact of
siRNA-Angptl3 on HG-induced podocyte injury, as depicted in
Figures 8A-Z. HG notably upregulated the protein expression
levels of desmin, 0-SMA, and NLRP3, whereas their levels in HG-
treated podocytes reduced significantly with siRNA-Angptl3, in
comparison to the control group. We established an
overexpression-Angptl3 group to elucidate the regulation of NLRP3
pathway on the expressions of a-SMA and desmin. The effectiveness
of siRNA-Angptl3 was ameliorated upon the inclusion of NLRP3
inhibitor (MCC950, 10nm), whereas the converse was the case with
overexpression-NLRP3, as presented in Figures 8A-Z. Thus, our
findings imply that the NLRP3 signaling pathway mediates podocyte
injury and podocyte EMT induced by siRNA-Angptl3.
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4 Discussion

Angptl3 is a novel factor with varying expressions and functions in
different diseases; however, its role in kidney diseases has been seldomly
reported. Previous studies have shown that Angptl3 participates in
podocyte loss induced by adriamycin, lipopolysaccharide, and
puromycin aminonucleosides (PAN). Despite this, Angptl3’s role in
the progression of DN has not been completely understood (27). This
study found that Angptl genetic ablation improved podocyte injury,
podocyte EMT, and M1 to M2 conversion by regulating the NLRP3
signaling pathway in DN mice. These results provide a new immune
mechanism for diabetic kidney injuries and suggest that Angptl3 may
be a potential preventive target for improving diabetes-related renal
injuries and delaying the progression of chronic kidney diseases.

When the biological process of EMT occurs, epithelial cells
transdifferentiate into mesenchymal cells, promoting pathologic
fibrosis. In this process, the expressions of podocyte-specific
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In vitro, Angptl3 promoted the activation of M2-type macrophages. The fluorescence intensities of IL-10 and TGF-B1 in each treatment group are
presented in (A—L, M=X). The quantitative analyses of IL-10, and TGF-B1 levels in each group are displayed as bar graphs (Y, Z). The sample size was
four, and statistical analysis revealed significant differences (**P<0.01, ***P<0.005, ****P<0.0001) between the treatment groups. The scale bars for

(A-X) were 50 um

markers, nephrin and podocin, are inhibited, whereas the
expressions of mesenchymal markers, such as o-SMA and
desmin, are elevated. This leads to the loss of the podocytes’
phenotype and their junction ability, resulting in hyperglycemia-
mediated proteinuria. Podocyte EMT is a contributing factor to DN,
renal fibrosis, and pathologic end-stage renal disease. This study
found that HG-induced podocyte EMT in diabetic kidneys is
characterized by increased expressions of mesenchymal o-SMA
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and desmin and decreased expressions of nephrin and podocin,
contributing to renal fibrosis. Moreover, Angptl3 knockout reversed
the pathologic damage (28, 29). Hence, Angptl3 can be proposed as
a novel preventive target for attenuating podocyte EMT and
pathologic renal injuries in DN.

NLRP3 inflammasome activation is responsible for HG-
induced podocyte injury, according to Qiu et al. Earlier studies
suggested that NLRP3 reduction or deficiency could inhibit renal
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siRNA-Angptl3 promotes M2 transformation and inhibits podocyte EMT by inhibiting the NLRP3 pathway. In vivo, the knockout of Angptl3 yielded
favorable outcomes by alleviating glomerulosclerosis and preventing podocyte EMT. This was achieved through the activation of the NLRP3
inflammasome in mice subjected to STZ-induced diabetes. In contrast, in vitro experiments revealed that the downexpression of Angptl3 in high
glucose conditions decreased podocyte EMT which helped to curb the NLRP3 pathway (A-Z). The scale bars for (A=X) were 50 um. *P<0.05,

**P<0.01, ***P<0.005, ****P<0.001

inflammation and fibrosis in DN mice (30). When stimulated with
HG, NLRP3 can form a multi-protein complex and interleukin-1
converting enzyme Caspase-1, which results in Caspase-1
activation. The activated Caspase-1 contributes to the secretion
and maturation of IL-1f (31, 32), triggering the inflammatory
cascade responses and renal injury. Therefore, the inhibition of
the NLRP3 inflammasome can ameliorate DN-related podocyte
injury and glomerulosclerosis. This study confirmed that NLRP3
inflammasome activation and increased expression of IL-1B
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participated in podocyte injury induced by HG. Angptl3
knockout inhibited the NLRP3 inflammasome and IL-1[
secretion, as our previous research showed in lipopolysaccharide-
induced podocyte injury. Similarly, in this study, Angptl3 knockout
inhibited NLRP3 inflammasome and IL-1P secretion, thereby
attenuating HG-induced podocyte injury and podocyte EMT.
Hence, Angptl3 knockout’s ability to ameliorate podocyte injury
and glomerulosclerosis in DN may be partially due to its anti-
inflammatory action.
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When cultivated in a hyperglycemic medium, BMDM secreted
a significantly increased amount of TNF-a, but the expression of IL-
6 was reduced, according to a study (33). Tessaro et al. reported that
macrophages from various regions in diabetic animals have a
dysregulated response when stimulated by LPS, impairing
inflammation control (34-36). Our research found that M1
macrophages activated and released IL-1B and TNF-o. under high
glucose conditions. After adding siRNA-Angptl3, M2 macrophages
increased and expressed IL-10 and TGF-f. We explored whether
IL-10 played a mediating role in the podocytes EMT of injured
podocytes, then blocked the IL-10 receptor and inhibited its
expression. Inhibiting IL-10 significantly inhibited the EMT effect
of HG, indicating that IL-10 was an important mediator inhibiting
EMT of injured podocytes in HG. Increased IL-10 secretion from
M2 cells due to siRNA-Angptl3 inhibited podocyte damage by
inhibiting NLRP3 and promoting M1 to M2 transformation.
Furthermore, our research showed that siRNA-Angptl3 reduces
podocyte damage by inhibiting NLRP3 and promoting M1 to
M2 transformation.

5 Conclusion

In summary, this study confirms that Angptl3 knockout is
important for improving podocyte EMT in DN. It may protect
against HG-induced podocyte EMT by promoting M1 to M2
polarization. These findings deepen understanding of the
immunity mechanism of podocyte damage in DN and suggest
that Angptl3 is a novel preventive target for HG-induced

podocyte injury.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

References

1. Kanwar YS, Sun L, Xie P, Liu FY, Chen S. A glimpse of various pathogenetic
mechanisms of diabetic nephropathy. Annu Rev Pathol (2011) 6:395-423. doi: 10.1146/
annurev.pathol.4.110807.092150

2. Calle P, Hotter G. Macrophage phenotype and fibrosis in diabetic nephropathy.
Int J Mol Sci (2020) 21:2806. doi: 10.3390/ijms21082806

3. Xiang E, Han B, Zhang Q, Rao W, Wang Z, Chang C, et al. Human umbilical
cord-derived mesenchymal stem cells prevent the progression of early diabetic
nephropathy through inhibiting inflammation and fibrosis. Stem Cell Res Ther
(2020) 11:336. doi: 10.1186/s13287-020-01852-y

4. Wada J, Makino H. Innate immunity in diabetes and diabetic nephropathy. Nat
Rev Nephrol (2016) 12:13-26. doi: 10.1038/nrneph.2015.175

5. Tang SCW, Yiu WH. Innate immunity in diabetic kidney disease. Nat Rev
Nephrol (2020) 16:206-22. doi: 10.1038/s41581-019-0234-4

6. Flyvbjerg A. The role of the complement system in diabetic nephropathy. Nat Rev
Nephrol (2017) 13:311-8. doi: 10.1038/nrneph.2017.31

Frontiers in Immunology

12

10.3389/fimmu.2023.1228399

Ethics statement

The institutional Animal Care and Use Committees of the Institute
of Developmental Biology and Molecular Medicine of Fudan
University (IDMIACUC) and Children’s Hospital of Fudan
University approved the protocols for all animal experiments, under
the registration number (2021) 189.

Author contributions

ND and HX designed this study. ND and YM conducted these
experiments, analyzed the data, and wrote this article. ND and YM
contributed some reagents and materials. YC participated in some
animal and cell experiments. All authors contributed to the article
and approved the submitted version.

Funding

This work was supported by the Shanghai "Rising Stars of
Medical Talents" Youth Development Program (2023-62) and the
Shanghai Fourth People's Hospital (sykyqd06601).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. LiHD, You YK, Shao BY, Wu WF, Wang YF, Guo JB, et al. Roles and crosstalks of
macrophages in diabetic nephropathy. Front Immunol (2022) 13:1015142.
doi: 10.3389/fimmu.2022.1015142

8. Tesch GH, Allen TJ. Rodent models of streptozotocin-induced diabetic nephropathy.
Nephrol (Carlton) (2007) 12(3):261-6. doi: 10.1111/j.1440-1797.2007.00796.x

9. Dixon SJ, Lemberg KM, Lamprecht MR, Skouta R, Zaitsev EM, Gleason CE, et al.
Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell (2012) 149
(5):1060-72. doi: 10.1016/j.cell.2012.03.042

10. Tang D, Kang R, Berghe TV, Peter V, Guido K. The molecular machinery of
regulated cell death. Cell Res (2019) 29(5):347-64. doi: 10.1038/s41422-019-0164-5

11. Bayir Hiilya, Tamil SA, Yulia YT, Patel S], Amoscato AA, Lamade AM, et al.
Achieving life through death: redox biology of lipid peroxidation in ferroptosis. Cell
Chem Biol (2020) 27(4):387-408. doi: 10.1016/j.chembiol.2020.03.014

12. Locati M, Curtale G, Mantovani A. Diversity, mechanisms, and signifificance of
macrophage plasticity. Annu Rev Pathol (2020) 15:123-47. doi: 10.1146/
annurevpathmechdis-012418-012718

frontiersin.org


https://doi.org/10.1146/annurev.pathol.4.110807.092150
https://doi.org/10.1146/annurev.pathol.4.110807.092150
https://doi.org/10.3390/ijms21082806
https://doi.org/10.1186/s13287-020-01852-y
https://doi.org/10.1038/nrneph.2015.175
https://doi.org/10.1038/s41581-019-0234-4
https://doi.org/10.1038/nrneph.2017.31
https://doi.org/10.3389/fimmu.2022.1015142
https://doi.org/10.1111/j.1440-1797.2007.00796.x
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1038/s41422-019-0164-5
https://doi.org/10.1016/j.chembiol.2020.03.014
https://doi.org/10.1146/annurevpathmechdis-012418-012718
https://doi.org/10.1146/annurevpathmechdis-012418-012718
https://doi.org/10.3389/fimmu.2023.1228399
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Ma et al.

13. Robciuc MR, Maranghi M, Lahikainen A, Rader D, Bensadoun A, Oorni K, et al.
Fer-1 deficiency is associated with increased insulin sensitivity, lipoprotein lipase
activity, and decreased serum free fatty acids. Arterioscler Thromb Vasc Biol (2013)
33:1706-13. doi: 10.1161/ATVBAHA.113.301397

14. Tan AL, Forbes JM, Cooper ME. AGE, RAGE, and ROS in diabetic
nephropathy. Semin Nephrol (2007) 27:130-43. doi: 10.1016/j.semnephrol.2007.01.006

15. Stieger N, Worthmann K, Teng B, Engeli S, Das AM, Haller H, et al. Impact of
high glucose and transforming growth factor-beta on bioenergetic profiles in
podocytes. Metabolism (2012) 61:1073-86. doi: 10.1016/j.metabol.2011.12.003

16. Shahzad K, Bock F, Dong W, Wang H, Kopf S, Kohli S, et al. Nlrp3-
inflammasome activation in non-myeloid-derived cells aggravates diabetic
nephropathy. Kidney Int (2015) 87:74-84. doi: 10.1038/ki.2014.271

17. Wu X, Zhang H, Qi W, Zhang Y, Li J, Li Z, et al. Nicotine promotes
atherosclerosis via ROS-NLRP3-mediated endothelial cell pyroptosis. Cell Death Dis
(2018) 9:171. doi: 10.1038/s41419-017-0257-3

18. Gurley SB, Clare SE, Snow KP, Hu A, Meyer TW, Coffman TM. Impact of
genetic background on nephropathy in diabetic mice. Am J Physiol Renal Physiol (2006)
290(1):F214-22. doi: 10.1152/ajprenal.00204.2005

19. Ma Y, Liu J, Liu H, Han X, Sun L, Xu H. Podocyte protection by Angptl3
knockout via inhibiting ROS/GRP78 pathway in LPS-induced acute kidney injury. Int
Immunopharmacol (2022) 105:108549. doi: 10.1016 j.intimp.2022.108549

20. Schmidt J, Rattner DW, Lewandrowski K, Compton CC, Mandavilli U, Knoefel
WT, et al. A better model of acute pancreatitis for evaluating therapy. Ann Surg (1992)
215:44-56. doi: 10.1097/00000658-199201000-00007

21. Wu M, Yang Z, Zhang C, Shi Y, Han W, Song S, et al. Inhibition of NLRP3
inflammasome ameliorates podocyte damage by suppressing lipid accumulation in
diabetic nephropathy. Metabolism (2021) 118:154748. doi: 10.1016/j.metabol.2021.154748

22. MaY, LiuJ, Liu H, Han X, Sun L, Xu H. Podocyte protection by Fer-1 knockout
via inhibiting ROS/GRP78 pathway in LPS-induced acute kidney injury. Int
Immunopharmacol (2022) 105:108549. doi: 10.1016/j.intimp.2022.108549

23. Zhang Z-H, LiJ, Li ], Ma Z, Huang X-]. Veratrilla baillonii franch ameliorates
diabetic liver injury by alleviating insulin resistance in rats. Front Pharmacol (2021)
12:775563. doi: 10.3389/fphar.2021.775563

24. Hager MR, Narla AD, Tannock LR. Dyslipidemia in patients with chronic
kidney disease. Rev Endocr Metab Disord (2017) 18(1):29-40. doi: 10.1007/s11154-016-
9402-z

25. Bussolati B, Deregibus MC, Fonsato V, Doublier S, Spatola T, Procida S, et al.
Statins prevent oxidized LDL-induced injury of glomerular podocytes by activating the

Frontiers in Immunology

13

10.3389/fimmu.2023.1228399

phosphatidylinositol 3-kinase/AKT signaling pathway. J Am Soc Nephrol (2005)
16:1936-47. doi: 10.1681/ASN.2004080629

26. Sieber J, Jehle AW. Free Fatty acids and their metabolism affect function and
survival of podocytes. Front Endocrinol (Lausanne) (2014) 5:186. doi: 10.3389/
fendo.2014.00186

27. Xu 'S, Nam SM, Kim JH, Das R, Choi SK, Nguyen TT, et al. Palmitate induces ER
calcium depletion and apoptosis in mouse podocytes subsequent to mitochondrial
oxidative stress. Cell Death Dis (2015) 6(11):e1976. doi: 10.1038/cddis.2015.331

28. Musunuru K, Pirruccello JP, Do R, Peloso GM, Guiducci C, Sougnez C, et al.
Exome sequencing, Fer-1 mutations, and familial combined hypolipidemia. N Engl |
Med (2010) 363:2220-7. doi: 10.1056/NEJMo0al002926

29. Minicocci I, Montali A, Robciuc MR, Quagliarini F, Censi V, Labbadia G, et al.
Mutations in the ANGPTL3 gene and familial combined hypolipidemia: a clinical and
biochemical characterization. J Clin Endocrinol Metab (2012) 97:E1266-75.
doi: 10.1210/jc.2012-1298

30. Susztak K, Raff AC, Schiffer M, Bottinger PE. Glucose-induced reactive oxygen
species cause apoptosis of podocytes and podocyte depletion at the onset of diabetic
nephropathy. Diabetes (2006) 55:225-33. doi: 10.2337/diabetes.55.01.06.db05-0894

31. Al-Harbi NO, Nadeem A, Ansari MA, Al-Harbi MM, Alotaibi MR, AlSaad
AMS, et al. Psoriasis-like inflammation leads to renal dysfunction via upregulation of
NADPH oxidases and inducible nitric oxide synthase. Int Immunopharmacol (2017)
46:1-8. doi: 10.1016/j.intimp.2017.02.018

32. Gorin Y, Cavaglieri RC, Khazim K, Lee D-Y, Bruno F, Thakur S, et al. Targeting
NADPH oxidase with a novel dual Nox1/Nox4 inhibitor attenuates renal pathology in
type 1 diabetes. Am ] Physiol Renal Physiol (2015) 308:F1276-1287. doi: 10.1152/
ajprenal.00396.2014

33. Kang MK, Kim SI, Oh SY, Na W, Kang YH. Tangeretin ameliorates glucose-
induced podocyte injury through blocking epithelial to mesenchymal transition caused
by oxidative stress and hypoxia. Int ] Mol Sci (2020) 21(22):8577. doi: 10.3390/
1jms21228577

34. Qiu YY, Tang LQ. Roles of the NLRP3 inflammasome in the pathogenesis of
diabetic nephropathy. Pharmacol Res (2016) 114:251-64. doi: 10.1016/
j.phrs.2016.11.004

35. Wu M, Han W, Song S, Du Y, Liu C, Chen N, et al. NLRP3 deficiency
ameliorates renal inflammation and fibrosis in diabetic mice. Mol Cell Endocrinol
(2018) 478:115-25. doi: 10.1016/j.mce.2018.08.002

36. Elliott EI, Sutterwala FS. Initiation and perpetuation of NLRP3 inflammasome
activation and assembly. Immunol Rev (2015) 265:35-52. doi: 10.1111/imr.12286

frontiersin.org


https://doi.org/10.1161/ATVBAHA.113.301397
https://doi.org/10.1016/j.semnephrol.2007.01.006
https://doi.org/10.1016/j.metabol.2011.12.003
https://doi.org/10.1038/ki.2014.271
https://doi.org/10.1038/s41419-017-0257-3
https://doi.org/10.1152/ajprenal.00204.2005
https://doi.org/10.1016 j.intimp.2022.108549
https://doi.org/10.1097/00000658-199201000-00007
https://doi.org/10.1016/j.metabol.2021.154748
https://doi.org/10.1016/j.intimp.2022.108549
https://doi.org/10.3389/fphar.2021.775563
https://doi.org/10.1007/s11154-016-9402-z
https://doi.org/10.1007/s11154-016-9402-z
https://doi.org/10.1681/ASN.2004080629
https://doi.org/10.3389/fendo.2014.00186
https://doi.org/10.3389/fendo.2014.00186
https://doi.org/10.1038/cddis.2015.331
https://doi.org/10.1056/NEJMoa1002926
https://doi.org/10.1210/jc.2012-1298
https://doi.org/10.2337/diabetes.55.01.06.db05-0894
https://doi.org/10.1016/j.intimp.2017.02.018
https://doi.org/10.1152/ajprenal.00396.2014
https://doi.org/10.1152/ajprenal.00396.2014
https://doi.org/10.3390/ijms21228577
https://doi.org/10.3390/ijms21228577
https://doi.org/10.1016/j.phrs.2016.11.004
https://doi.org/10.1016/j.phrs.2016.11.004
https://doi.org/10.1016/j.mce.2018.08.002
https://doi.org/10.1111/imr.12286
https://doi.org/10.3389/fimmu.2023.1228399
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	The influence of angiopoietin-like protein 3 on macrophages polarization and its effect on the podocyte EMT in diabetic nephropathy
	1 Introduction
	2 Materials and methods
	2.1 Diabetes induction
	2.2 Histopathological and morphological analysis
	2.3 Bone marrow derived macrophages and cell culture
	2.4 Transmission electron microscopy
	2.5 Cell culture
	2.6 Treatment of MPC-5 cells and co-culture
	2.7 Immunofluorescence
	2.8 Statistical analysis

	3 Results
	3.1 Angptl3 knockout attenuated M1 macrophage polarization
	3.2 Angptl3 knockout induced M2 macrophage polarization
	3.3 There are targets for IL-1β and IL-10 on podocytes
	3.4 The pathological changes in the glomerulus of STZ-induced DN mice were improved with Angptl3 knockout
	3.5 Angptl3 knockout provided protection against podocyte injury in STZ-induced DN mice
	3.6 Angptl3 knockout mitigated podocyte EMT in STZ-induced DN mice
	3.7 In vitro, siRNA-Angptl3 promoted the activation of M2-type macrophages
	3.8 siRNA-Angptl3 promotes M2 transformation and inhibits podocyte EMT by inhibiting the NLRP3 pathway

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


