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ABSTRACT

Background: Calcium oxalate (CaOx) is the most common type of kidney stone, but
the mechanism of CaOx stones formation remains unclear. The injury of renal cells
such as ferroptosis and autophagy has been considered a basis for stones formation.
Methods: We conducted transmission electron microscope (TEM), reactive oxygen
species (ROS), malondialdehyde (MDA), glutathione (GSH), and C11-BODIPY
analysis to explore whether CaOx could induce autophagy-dependent ferroptosis in
vivo and in vitro. To explore the possible mechanism, we conducted bioinformatic
analysis of patients with or without CaOx stones, Western blot and qPCR were used
to identify the different genes we found in bioinformatic analysis.

Results: In our study, we found that CaOx could induce autophagy-dependent
ferroptosis no matter in vivo or in vitro, which might finally lead to urolithiasis.
Bioinformatic analysis of the GSE73680 dataset indicated that the expression of
caveolin-1 (CAV1) was higher in control patients than CaOx stone patients, the
STRING database indicated that CAV1 might interact with low density lipoprotein
receptro-related protein 6 (LRP6), Gene Set Enrichment Analysis (GSEA) showed
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INTRODUCTION

Urolithiasis is a common disease in urology, affecting approximately 10% of people
worldwide, and increasing yearly (Singh et al., 2021). The 5-year recurrence rate of
urolithiasis is up to 67% (D’Costa et al., 2019). Calcium oxalate (CaOx) stones are the most
common type of kidney stones, the latest literature indicates that nearly 80% of kidney
stones are composed of CaOx (Khan, Canales ¢» Dominguez-Gutierrez, 2021). According
to the classical theory, hypercalciuria and hyperoxaluria could induce the formation of
Randall’s plaque which is the origin of stone formation (Bouderlique et al., 2019; Khan ¢
Canales, 2015). Randall’s plaque is an ectopic calcification, it can gradually grow
subcutaneously to the renal interstitium and urinary tract, and eventually break through
the epithelium, becoming a nidus exposed to hypercalciuria or hyperoxaluria (Wiener, Ho
¢ Stoller, 2018). The injury of the renal tubular epithelial has been confirmed as a basis for
Randall’s plaque (Aggarwal et al., 2013; Liu et al., 2019). Previous exploration of cell
damage caused by hypercalciuria or hyperoxaluria mostly focused on apoptosis and
necrosis (Chaiyarit & Thongboonkerd, 2020; Manjunath, Moeckel & Dahl, 2013). Recently,
more and more studies have paid attention to ferroptosis, a new mode of programmed cell
death. We wonder whether high level of calcium or oxalic acid could promote ferroptosis.
Ferroptosis is a form of regulated cell death occurring as a consequence of lipid
peroxidation. It is an ancient vulnerability caused by the incorporation of polyunsaturated
fatty acids into cellular membranes, the cells have developed complex systems that defend
against this vulnerability in different environment and cells” sensitivity to ferroptosis is
tightly linked to numerous biological processes (Stockwell et al., 2017). Ferroptosis is
widely involved in many diseases, the occurrence of ectopic calcification diseases such as
coronary atherosclerosis is associated with ferroptosis (Zhou et al., 2020). Randall’s plaque,
as another ectopic calcification of the renal papilla, may also be associated with ferroptosis.
Emerging evidence suggests that autophagy can regulate intracellular iron balance and
lipid peroxidation as an upstream mechanism of ferroptosis (Yang et al., 2019). Autophagy
is a self-regulation process in which proteins and organelles are destroyed under the
stimulation of external environmental conditions such as stress, but the cell membrane is
not destroyed (Mizushima ¢» Murphy, 2020). In recent years, more and more studies have
been conducted on autophagy-dependent ferroptosis. Mechanisms of ferroptosis induced
by autophagy include iron autophagy induced by NCOA4-mediated ferritin degradation
(Hou et al., 2016), BECN1-SLC7A11 complex induced inhibition of the system Xc™-GPX4
pathway (Kang et al., 2018), RAB7A-mediated lipid autophagy (Bai et al., 2019), and
biological clock protein specific autophagy mediated by ARNTL (Yang et al., 2019).
There are already many studies associated with autophagy and urolithiasis, our previous
studies demonstrated that CaOx could cause the autophagy of cells, then lead to stone
formation (Wu et al., 2021). However, it is still controversial whether autophagy
accelerates or ameliorates stone formation. He ef al. (2021) have explored that ferroptosis
might cause the stones formation but the concrete mechanism remains unclear.
Our study was conducted to confirm the relationship between autophagy-dependent
ferroptosis and urolithiasis. We also explored the possible mechanism CaOx inducing
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ferroptosis via bioinformatic analysis. Through our study, we aim to identify the relationship
between CaOx and ferroptosis, and try to shed new light on the mechanism of urolithiasis.

MATERIALS AND METHODS

Data collection and bioinformatic analysis

A microarray dataset from NCBI Gene Expression Omnibus (GEO) was collected for kidney
stone disease (https://www.ncbi.nlm.nih.gov/geo/): GSE73680 obtained from three kidney
regions: normal renal tissue of CaOx stone patients, plaque renal tissue of CaOx stone
patients, and renal tissue of control patients. GEO2R (https://www.ncbi.nlm.nih.gov/geo/
geo2r?acc=GSE73680) was used to identify the difference expression of genes. Zero value
genes in more than 30% of samples were filtered out and the data were log2 transformed. A
volcano plot and heatmap were drawn used GraphPad Prism and Network Analyst

(Xia et al., 2013). GO and KEGG analysis were applied through Omicshare Tools
(https://www.omicshare.com/tools/). Protein-protein interactions was explored via the
STRING database. Gene Set Enrichment Analysis (GSEA) was conducted by Omicshare Tools
and the venn diagram was conducted through (http://bioinformatics.psb.ugent.be/research).

RNAseq analysis

RNA isolation and qPCR analysis

Total RNA was isolated from Human Kidney2 (HK2) cells with or without the stimulation of
CaOx using RNeasy Mini kit (Qiagen, Valencia, CA, USA). RNA concentrations were
measured using a Nanodrop ND-1000 spectrophotometer (Nanodrop Technologies,
Wilmington, DE, USA). 2 pg of total RNA was used for reverse transcription to produce
cDNA. qPCR was applied following the instruction of Yeasen Biotechnology (Shanghai,
China). Primer sequences are provided in Table S1.

Animal experiment design

Six male SD rats (8 weeks old, 300 g) were purchased from the experimental Animal
Centre of Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology. Rats were acclimatized to the environment of 12 h light/dark cycle for 1 week
in a specific pathogen-free animal house. Then they were randomly divided into two
groups of three rats each, simple randomization was used through table of random digit.
The two groups included control group and the glyoxylic acid group, rats in the glyoxylic
acid group were intraperitoneally injected with glyoxylic acid (10.5 mg/ml, 6.66 ml/kg,
Macklin, Shanghai, China) every day for 9 days. All rats were given free access to food and
maintained in an environment of 25 °C during the experimental period. 7% chloral
hydrate (0.7 ml/100 g) was used for anaesthesia. All rats were euthanized after the above
treatment for 2 weeks. Then kidney tissues were collected, fixed with 4% paraformaldehyde
or frozen at —80 °C for further use. All procedures were approved by the Animal Care and
Use Committee of Tongji Hospital, Tongji Medical College, Huazhong University of
Science and Technology.
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Transmission Electron Microscopy (TEM) analysis of renal tissues
Rat renal tissues were fixed in 2.5% glutaraldehyde for 2-4 h and dehydrated with graded

alcohol. The tissues were imaged under an electron microscope (HT7800; HITACHI,
Hitachi, Ibaraki, Japan).

Preparation of CaOx crystals

First, a buffer was prepared by mixing 2.8 g Tris-Hcl (Macklin, Shanghai, China), 116.8 mg
Nacl (Macklin, Shanghai, China), and 200 ml ddH,O (Yeasen, Shanghai, China). Then we
prepared a 0.5 mM Na,C,0, solution with 3.35 mg Na,C,0, (Macklin, Shanghai, China)
and 50 ml buffer (prepared above) and a 5 mM CacCl, solution with 36.7 mg CaCl,
(Macklin, Shanghai, China) and 50 ml buffer (prepared above). Finally, CaOx crystals were
collected by mixing 25 ml 0.5 mM Na,C,0, solution and 25 ml 5 mM CaCl, solution
prepared in the previous procedures, then the mixture was centrifuged at 3,000 r for 5 min,
and collected the deposition.

MDA, ROS, GHS and C11-BODIPY analysis of HK2 cells with different
treatment

Cell culture and treatment

The Human Kidney2 (HK2) cell line was purchased from the Type Culture Collection of
the Chinese Academy of Sciences (Shanghai, China) and cultured in RPMI1640 medium
(Hyclone, Logan, UT, USA) containing 10% fetal bovine serum (FBS) (Gibco, Grand
Island, NY, USA) in the ThermoHERAcell150i/240i (Thermo Fisher Scientific, Waltham,
MA, USA) with 5% CO, and a temperature of 37 °C. Cells were exposed to 2 mM CaOx
solution for 24 h after they covered 80% of the well.

MDA, ROS, GHS and C11-BODIPY analysis

Reactive oxygen species (ROS), malondialdehyde (MDA), and glutathione (GSH) levels
were identified under the manufacturer’s protocols. The detection of ROS was conducted
via the Reactive Oxygen Species Assay Kit (S00335; Beyotime, China), the MDA and GSH
levels were identified through the MDA and GSH detection kit (Nanjing JianCheng
Bioengineering Institute, Nanjing, China). The ROS level of renal tissues were evaluated
under a Multifunctional full wavelength microplate reader (M200 PRO; Tecan,
Minnedorf, Switzerland) with a scale of relative intensity of fluorescence (RFU). The MDA
and GSH levels were expressed in pmol/g. The results were an average of three
independent measurements. After different treatments, cells were stained with 2 pmol/L
C11-BODIPY (GC42959; GLPBIO, Montclair, CA, USA) in accordance with the
manufacturer’s instructions. After 30 min at 37 °C in the dark, the cells were stained with
DAPI nuclear stain (Thermo Fisher Scientific, Waltham, MA, USA) for 10min. Then cells
were washed with PBS and imaged by a Leica SP8 confocal laser scanning microscope.

Western blot analysis

HK?2 cells with or without the stimulation of CaOx were lysed in RIPA Lysis Buffer with
protease inhibitor phenylmethanesulfonyl fluoride (PMSF) and phosphoproteinase
inhibitors (Beyotime Biotechnology, Shanghai, China). Then the proteins were collected
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and the production estimated via the BCA protein Assay Kit (Boster, Wuhan, China)
following the manufactor’s instructions. Proteins were separated and isolated

using sodium dodecyl sulfate-polyacrylamide gel electrophoresis with 5% and 12% for
120 V, 2 h and then transferred onto polyvinylidene fluoride (PVDF) membranes for
200 ma, 90 min. The buffer we used in the procedure of electrophoresis and
transmembrane were purchased from Boster (Wuhan, China), and prepared them with
ddH,O or methyl alcohol. The PVDF membranes were blocked with 5% bovine serum
albumin for 2 h. The membranes were incubated with primary antibodies against LC3
(14600-1-AP, 1:2000; proteintech, Rosemont, IL, USA), B-actin (66009-1-Ig, proteintech,
China, 1:4000), BECN1 (Boster, Wuhan, China, 1:2000), P62 (ABclony, Wuhan, China,
1:2000), caveolin-1 (CAV1) (Santa Cruz, USA, 1:2000), LRP6 (Santa Cruz, USA, 1:2000),
and B-Catenin (Santa Cruz, USA, 1:2000) at 4 °C overnight. Then they were incubated
with secondary antibodies (Servicebio, Wuhan, China,1:5000) at room temperature for 2 h;
the proteins were visualized using enhanced developer (Boster, Wuhan, China). The grey
value of these proteins were analyzed with Image-Pro Plus (https://www.mediacy.com/
imageproplus).

Flow cytometry

HK2 cells were grown in a 6-well plate with or without the stimulation of CaOx crystals for
24 h. The cells were stained with 10 pmol/L for 20 min at 37 °C. Then the cells were
washed three times with the culture medium and collected in tubes. The flow cytometry
analysis was applied via CytoFLEX S (Beckman Coulter, Brea, CA, USA), the cytoflex
channel we chose was FITC. The relative ROS level was measured by CytExpert software.

Statistical analysis

Statistical analysis for all data was conducted with SPSS 25.0 (SPSS Inc, Chicago, IL,
United States). All results were performed independently three times. T-test was used for
experiments comparing two groups. All data were shown as mean + standard deviations
(SD), with a P-value of <0.05 considered statistically significant.

RESULTS

CaOx activated autophagy and ferroptosis both in vivo and in vitro
Transmission electron microscope (TEM) analysis showed that the number of autophagic
vacuoles was significantly higher in rats injected with glyoxylic acid. What’s more,
mitochondria of the rat renal became smaller, membrane density increased and the cristae
severely disrupted. Mitochondria was generally considered as a primary origin of ROS, and
ferroptosis was a ROS-dependent regulated cell death. The damage of mitochondria
observed by our study indicated that CaOx could induce the autophagy and ferroptosis in
the kidney tissues (Fig. 1A). The level of MDA and ROS were higher and GSH was lower in
rats injected with glyoxylic acid (Figs. 1B-1D). C11-BODIPY showed that rats with the
injection of glyoxylic acid activated ferroptosis (Fig. 1E). Western Blot results showed the
expression of LC3I/IT was higher in HK2 cells stimulated with CaOx, the expression of
BECN1, a key component involved in autophagy was increased in HK2 cells with CaOx
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Figure 1 Rats injected with GAM could induce autophagy-dependent ferroptosis in renal tissues. (A) Transmission electron microscope (TEM)
analysis of rats with or without the injection of glyoxylic acid. (a) Autophagosome was indicated by red arrow. (b) Rats injected with GAM induced
ferroptosis in mitochondria. (B-D) GSH, MDA, and ROS level of rats with or without the injection of GAM. The scale of ROS level was RFU. (E)
C11-BODIPY showed the level of lipid peroxidation. The data were expressed as mean + SE, *P < 0.05, ***P < 0.001 compared with the control

group.
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stimulation, What’s more, the expression of P62/SQSTM1 was decreased in HK2 cells
with CaOx stimulation (Fig. 2A). The level of MDA and ROS were higher and GSH was
lower in HK2 cells with the stimulation of CaOx (Figs. 2B-2D). What’s more, the results of
C11-BODIPY indicated that HK2 cells stimulated with CaOx showed more lipid
peroxidation (Fig. 2E). These results demonstrated that CaOx could induce autophagy and
ferroptosis both in vivo and in vitro.

Genes profiling of CaOx and control patients

To investigate the genes associated with CaOx stones formation, we examined the data
uploaded to the Gene Expression Omnibus (GEO) database (GSE73680), which performed
a microarray analysis for comparing the gene expressions among renal papillary RP and
normal tissue of CaOx and normal papillary tissue of control patients. Detailed
information of these patients was shown in Table S2. We compared the gene expressions
among renal papillary RP and normal tissue of CaOx patients via GEO2R,the result
showed that there are no significant difference (adj.P.Value > 0.05) between these two
groups (Excel S1). We then compared the gene expressions among CaOx and control
patients, 243 dysregulated genes were identified significantly (P < 0.05), top 50 genes were
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selected to perform in the heatmap (Fig. 3A). When using absolute log2 fold change
(log2FC) >2 as the screening criteria, 41 up-regulated genes and five down-regulated genes

were identified (Fig. 3B).

Bioinformatic analysis of dysregulated genes

To explore the possible biological functions of dysregulated genes, we conducted GO
analysis using the OmicShare tools. Results demonstrated that these genes were mostly
enriched in cellular components (membrane, protein-containing complex), biological

processes (metabolic process, cell killing, immune system process), and molecular function
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Figure 3 Profiling of dysregulated genes comparing between CaOx stone and control patients. (A) With screening criteria of adjusted P < 0.05
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(binding, antioxidant activity) (Fig. 3C). While KEGG pathway analysis indicated that
dysregulated genes were enriched in lipid metabolism, signal molecules and interaction,
cell growth and death, and the immune system (Figs. 3D, 3E). Given that injury and death
of cells are the essential basis for the formation of Randall’s plaque which is the start of
CaOx stones we focused on whether ferroptosis plays some role in stone formation.

Four dysregulated genes were identified related to ferroptosis

In order to find the relationship between ferroptosis and CaOx stones, we compared the
dysregulated genes with genes related to ferroptosis listing in FerrDb (http://www.
zhounan.org/ferrdb/legacy/operations/help.html#), we finally found four common genes
shared both in Ferroptosis clusters and dysregulated clusters (Fig. 4A). The expression of
these four genes were listed in Table 1. Scatter plot showed the expression of these four
genes, STMN1, TXNIP and CAV1 were of significant difference between CaOx and
control patients (Fig. 4B). To confirm these results in vitro, we preformed qPCR of cells
with or without the stimulation of CaOx; CAV1 was of high expression in cells without the
stimulation of CaOx and it was of significant difference (Fig. 4C). For mechanistic
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Figure 4 Four dysregulated genes were identified related to ferroptosis. (A) A total of 243 dysregulated genes were identified between CaOx
stones and control patients, of which four genes were identified involved in ferroptosis. (B) Scatter plot showed the expression of STMNI1,TXNIP,
DDIT4L and CAV1. (C) The fold change expression of STMN1, TXNIP, DDIT4L and CAV1 in HK2 cells with or without the stimulation of CaOx.
(D) The protein-protein interaction network for CAV1. The data were expressed as mean + SE, *P < 0.05 compared with the control group.
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Table 1 Four dysregulated genes.

Symbol LogFC Adj.P.val Name

STMNI1 1.7999 0.032313 Stathmin 1

TXNIP -1.4391 0.034691 Thioredoxin interacting protein
DDIT4L 0.444 0.72333 DNA damage inducible transcript 4 like
CAV1 -1.5722 0.047168 Caveolin 1

exploration, bioinformatics prediction of the protein network was performed on the
STRING database, Low-density lipoprotein receptor-related protein 6 (LRP6) was
identified as a downstream protein that interacted with Caveolin-1 (CAV1) (Fig. 4D).

WNT signaling pathway showed lower expression in CaOx patients
Analyses of the gene signatures of CaOx and control patients via gene set enrichment
analysis (GSEA) indicated that genes of control patients was correlated with the WNT
signaling pathway gene signatures (Fig. 5A). The top 10 core enrichment genes were
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were expressed as mean + SE, *P < 0.05 compared with the control group.

Full-size K&] DOT: 10.7717/peerj.14033/fig-5

shown in a heatmap, of which LRP6 was the most enriched gene (Figs. 5B, 5C). These
results suggested that LRP6 might inhibit stone formation via the WNT pathway. What’s
more, some studies have reported that the WNT signaling pathway could suppress
ferroptosis via high consumption of GSH. We inferred that high expression of the WNT
might prevent CaOx stone formation via suppressing ferroptosis. To validate that the
WNT pathway is involved in the mechanism of ferroptosis, we conducted Western blot
analysis to detect the expression of CAV1, LRP6 and Wnt/B-Catenin. The expression of
these proteins were increased in HK2 cells without stimulation with CaOx which was
consistent with the results of bioinformatic analysis (Fig. 5D).

DISCUSSION

The prevalence of kidney stones has increased worldwide over the past years, but the
mechanism underpinning it remains unclear. Among kidney stones, CaOx is the major
mineral constituent of most stones, which makes up to 85% (Worcester ¢~ Coe, 2008). The
major risk factor is an elevation in urine calcium and oxalate. Many studies have shown
that elevated calcium and oxalate could induce renal epithelial cell injury (Wang et al.,
2018; Qin et al., 2018). The epithelial cell injury caused by autophagy-dependent
ferroptosis has been involved in many diseases, cells have ferroptosis always with ROS
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increased, which indicated lipid peroxidation (Su et al., 2019). Khan (2013) found that ROS
level is significantly associated with CaOx stones formation.

In our study, we found that rats injected with glyoxylic acid had autophagy and
ferroptosis of their kidneys via the observation of TEM. Furthermore, expression of
autophagy markers LC3, BECN1, and P62 indicated that the stimulation of CaOx could
cause the upregulation of autophagy while the levels of ROS, MDA, GSH and Cl11-
BODIPY in HK2 cells stimulated with CaOx crystals and rats injected with glyoxylic acid
also demonstrated the happenings of autophagy and ferroptosis. Previous studies have
confirmed that hypercalciuria and hyperoxaluria played important roles in stone
formation (Song &> Maalouf, 2020). However, the mechanism of stone formation remains
unclear.

Autophagy has been largely considered an upstream of ferroptosis, which might be
induced dependent on the appearance of autophagy (Yang et al., 2019). Our previous study
showed that hypercalciuria and hyperoxaluria could increase the autophagy of cells and
lead to kidney stone formation (Wu et al., 2021). In this current study, we found that
hyperoxaluria could cause not only autophagy, but also ferroptosis which has not been
further explored in urolithiasis. Ferroptosis was found to be important in many diseases,
coronary atherosclerosis was considered an ectopic calcification, inhibition of ferroptosis
could alleviate coronary atherosclerosis through attenuating lipid peroxidation and
endothelial dysfunction (Meng et al., 2021; Yang, Song ¢ Yin, 2021). So we presumed
urolithiasis, a disease based on Randall’s plaque might have strong associations with
ferroptosis. Therefore, it is of great significance to explore the mechanism of CaOx
inducing autophagy-dependent ferroptosis, it might provide new in sights on kidney
stones prevention and treatment.

In order to explore the mechanism in depth, we conducted bioinformatic analysis of the
datasets by profiling the genes of kidney stone patients and non-stone controls. We found
the dysregulated genes were enriched mostly in cellular components (membrane,
protein-containing complex) and biological processes (metabolic process, cell killing,
immune system process), molecular function binding, antioxidant activity), which indicated
metabolism and oxidative stress played important roles in stone formation. This is consistent
with previous studies on kidney stone formation; oxidative stress would cause cells
damage which was the necessary basis for stone formation (Jia et al., 2021). While KEGG
pathway analysis indicated that dysregulated genes were enriched in lipid metabolism, signal
molecules and interaction, cell growth and death, and the immune system. These
demonstrated that ferroptosis played important roles in stone formation for ferroptosis was
essentially a kind of lipid metabolism change (Li ¢ Li, 2020). What’s more, we found that
four out of 243 dysregulated genes were enriched in ferroptosis, we then identified the
expression of these four genes on HK2 cells with or without the stimulation of CaOx.

The expression of TXNIP was found higher in HK2 cells with the stimulation of CaOx when
STMN1 was lower in HK2 cells with the stimulation of CaOx. These were different from the
expression in the renal tissues we used for bioinformatic analysis and they were not
significantly different. However, we found that CAV1 was expressed higher in HK2 cells
without CaOx stimulation which was consistent with the results of renal tissues.
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CAV1 is known as Caveolin-1, it acts as a scaffolding protein within caveolar membranes
and interacts directly with G-protein alpha subunits and can functionally regulate their
activity (Nwosu et al., 2016). Lu et al. (2022) have found that CAV1 could decrease ROS level
and inhibit ferroptosis. Furthermore, CAV1 deficiency could promote autophagy via
improving autophagic flux (Zhang et al., 2020). To explore the interaction of CAV1, we
searched the STRING database and found that LRP6 and CAV1 could interact with each
other. LRP6, also known as Low-density lipoprotein receptor-related protein 6, is a
component of the WNT pathway. A previous study indicated that LRP6 could regulate
autophagy through the Wnt/p-catenin pathway (Li et al, 2020). Furthermore, LRP6 could
regulate ferroptosis in cardiomyocytes through autophagy (Li et al., 2021). Many studies
have demonstrated CAV1 could increase the expression of the Wnt/p-catenin pathway
through interacting with LRP6 (Wang et al., 2020; Tahir et al., 2013).

We also conducted GSEA analysis to find the possible pathway and its core genes that
might lead to kidney stones. The results showed that wnt signaling pathway was enriched
in control groups compared with stone patients. In our current study, we found that the
expression of CAV1, LRP6 and Wnt/p-catenin were decreased in HK2 cells with the
stimulation of CaOx which was a validation of our presumption that CAV1 might be a
protective factor in autophagy-dependent ferroptosis. The Wnt/p-catenin signal
transduction cascade controls myriad pathologies in human, aberrant Wnt signaling
underlies many diseases (Nusse & Clevers, 2017). Liu et al. (2021a) have found that Wnt/
GPX4 would suppress ferroptosis with high consumption of GSH. Liu et al. (2021b) found
that lack of potentiated autophagy flux participated in Wnt/p-catenin pathway regulation,
elevated wnt pathway might suppress autophagy. While Liu et al. (2021a) have found that
the Wnt/B-catenin pathway would suppress ferroptosis via upregulation of GPX4 with
high consumption of GSH.

We presumed that CAV1 could promote Wnt/B-catenin signaling pathway through
up-regulating LRP6, then LRP6/WNT suppressed ferroptosis via alleviating autophagy of
epithelium and finally decreased kidney stones formation.

This study has certain limitations, it was just a preliminary exploration of how CaOx
induced ferroptosis of epithelium, it was an attempt to seek new in sight on prevention and
medical treatment of urolithiasis. To our knowledge, we were the first to explore the
concrete mechanism of autophagy-dependent ferroptosis caused by CaOx. However, more
experimental confirmations still needed to be done. We used only one dataset to conduct
bioinformatic analysis which might make the results limited, but we verified it with our
own samples at the cellular level to increase the credibility.

Our study identified that CaOx might cause autophagy-dependent ferroptosis via
down-regulation of CAV1, CAV1 might co-express with LRP6, while LRP6 increased the
expression of Wnt/B-catenin pathway, alleviating autophagy-dependent ferroptosis, and
finally decreasing stone formation. This theory provided a new in sight on kidney stone
formation, and might be used for medical treatment. However, more experimental
exploration should be done to confirm our hypothesis.
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CONCLUSION

CAV1 was downregulated in CaOx stone patients and the WNT pathway was

positively associated with the control group. We presumed that CaOx could cause
autophagy-dependent ferroptosis via down-regulation of CAV1, CAV1 might co-express
with LRP6, while LRP6 increased the expression of the Wnt/B-catenin pathway, alleviating
autophagy-dependent ferroptosis, and finally decreasing CaOx stones formation.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the National Natural Science Foundation of China
(No. 81974092 and No. 8217032551). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
National Natural Science Foundation of China: 81974092, 8217032551.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Yuanyuan Yang conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

e Senyuan Hong performed the experiments, prepared figures and/or tables, authored or
reviewed drafts of the article, and approved the final draft.

e Yuchao Lu performed the experiments, prepared figures and/or tables, and approved the
final draft.

¢ Qing Wang analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.

e Shaogang Wang conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

e Yang Xun conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

All research was approved by the Animal Care and Use Committee of Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology.

Yang et al. (2022), Peerd, DOI 10.7717/peerj.14033 13/16


http://dx.doi.org/10.7717/peerj.14033
https://peerj.com/

Peer/

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.14033#supplemental-information.

REFERENCES

Aggarwal KP, Narula S, Kakkar M, Tandon C. 2013. Nephrolithiasis: molecular mechanism of
renal stone formation and the critical role played by modulators. Biomed Research International
2013(1-2):292953 DOI 10.1155/2013/292953.

Bai Y, Meng L, Han L, Jia Y, Zhao Y, Gao H, Kang R, Wang X, Tang D, Dai E. 2019. Lipid
storage and lipophagy regulates ferroptosis. Biochemical and Biophysical Research
Communications 508(4):997-1003 DOI 10.1016/j.bbrc.2018.12.039.

Bouderlique E, Tang E, Perez J, Coudert A, Bazin D, Verpont MC, Duranton C, Rubera I,
Haymann JP, Leftheriotis G, Martin L, Daudon M, Letavernier E. 2019. Vitamin D and
calcium supplementation accelerates Randall’s plaque formation in a murine model. American
Journal of Pathology 189(11):2171-2180 DOI 10.1016/j.ajpath.2019.07.013.

Chaiyarit S, Thongboonkerd V. 2020. Mitochondrial dysfunction and kidney stone disease.
Frontiers in Physiology 11:566506 DOI 10.3389/fphys.2020.566506.

D’Costa MR, Haley WE, Mara KC, Enders FT, Vrtiska TJ, Pais VM, Jacobsen SJ,
McCollough CH, Lieske JC, Rule AD. 2019. Symptomatic and radiographic manifestations of
kidney stone recurrence and their prediction by risk factors: a prospective cohort study. Journal
of the American Society of Nephrology 30(7):1251-1260 DOI 10.1681/ASN.2018121241.

He Z, Liao W, Song Q, Li B, Liu J, Xiong Y, Song C, Yang S. 2021. Role of ferroptosis induced by
a high concentration of calcium oxalate in the formation and development of urolithiasis.
International Journal of Molecular Medicine 47(1):289-301 DOI 10.3892/ijmm.2020.4770.

Hou W, Xie Y, Song X, Sun X, Lotze MT, Zeh HJ III, Kang R, Tang D. 2016. Autophagy
promotes ferroptosis by degradation of ferritin. Autophagy 12(8):1425-1428
DOI 10.1080/15548627.2016.1187366.

Jia Z, Li W, Bian P, Yang L, Liu H, Pan D, Dou Z. 2021. Ursolic acid treats renal tubular epithelial
cell damage induced by calcium oxalate monohydrate via inhibiting oxidative stress and
inflammation. Bioengineered 12(1):5450-5461 DOI 10.1080/21655979.2021.1955176.

Kang R, Zhu S, Zeh HJ, Klionsky DJ, Tang D. 2018. BECN1 is a new driver of ferroptosis.
Autophagy 14(12):2173-2175 DOI 10.1080/15548627.2018.1513758.

Khan SR. 2013. Reactive oxygen species as the molecular modulators of calcium oxalate kidney
stone formation: evidence from clinical and experimental investigations. Journal of Urology
3(3):803-811 DOI 10.1016/j.juro.2012.05.078.

Khan SR, Canales BK. 2015. Unified theory on the pathogenesis of Randall’s plaques and plugs.
[Epub ahead of print 14 August 2014]. Urolithiasis Suppl 1(1):109-123
DOI 10.1007/500240-014-0705-9.

Khan SR, Canales BK, Dominguez-Gutierrez PR. 2021. Randall’s plaque and calcium oxalate
stone formation: role for immunity and inflammation. Nature Reviews Nephrology
17(6):417-433 DOI 10.1038/s41581-020-00392-1.

Yang et al. (2022), Peerd, DOI 10.7717/peerj.14033 14/16


http://dx.doi.org/10.7717/peerj.14033#supplemental-information
http://dx.doi.org/10.7717/peerj.14033#supplemental-information
http://dx.doi.org/10.7717/peerj.14033#supplemental-information
http://dx.doi.org/10.1155/2013/292953
http://dx.doi.org/10.1016/j.bbrc.2018.12.039
http://dx.doi.org/10.1016/j.ajpath.2019.07.013
http://dx.doi.org/10.3389/fphys.2020.566506
http://dx.doi.org/10.1681/ASN.2018121241
http://dx.doi.org/10.3892/ijmm.2020.4770
http://dx.doi.org/10.1080/15548627.2016.1187366
http://dx.doi.org/10.1080/21655979.2021.1955176
http://dx.doi.org/10.1080/15548627.2018.1513758
http://dx.doi.org/10.1016/j.juro.2012.05.078
http://dx.doi.org/10.1007/s00240-014-0705-9
http://dx.doi.org/10.1038/s41581-020-00392-1
http://dx.doi.org/10.7717/peerj.14033
https://peerj.com/

Peer/

Li RL, Fan CH, Gong SY, Kang S. 2021. Effect and mechanism of LRP6 on cardiac myocyte
ferroptosis in myocardial infarction. Oxidative Medicine and Cellular Longevity 2021:8963987
DOI 10.1155/2021/8963987.

Li D, Li Y. 2020. The interaction between ferroptosis and lipid metabolism in cancer. Signal
Transduction and Targeted Therapy 5(1):108 DOI 10.1038/s41392-020-00216-5.

Li L, Peng W, Zhou Q, Wan JP, Wang XT, Qi HB. 2020. LRP6 regulates Rab7-mediated
autophagy through the Wnt/B-catenin pathway to modulate trophoblast cell migration and
invasion. Journal of Cellular Biochemistry 121(2):1599-1609 DOI 10.1002/jcb.29394.

Liu H, Ye T, Yang X, Liu J, Jiang K, Lu H, Xia D, Peng E, Chen Z, Sun F, Tang K, Ye Z. 2019.
H19 promote calcium oxalate nephrocalcinosis-induced renal tubular epithelial cell injury via a
ceRNA pathway. EBioMedicine 50(1):366-378 DOI 10.1016/j.ebiom.2019.10.059.

Liu W, Zhou Y, Duan W, Song J, Wei S, Xia S, Wang Y, Du X, Li E, Ren C, Wang W, Zhan Q,
Wang Q. 2021a. Glutathione peroxidase 4-dependent glutathione high-consumption drives
acquired platinum chemoresistance in lung cancer-derived brain metastasis. Clinical and
Translational Medicine 11(9):e517 DOI 10.1002/ctm2.517.

Liu B, Zhou H, Zhang T, Gao X, Tao B, Xing H, Zhuang Z, Dardik A, Kyriakides TR,
Goodwin JE. 2021b. Loss of endothelial glucocorticoid receptor promotes angiogenesis via
upregulation of Wnt/B-catenin pathway. Angiogenesis 24(3):631-645
DOI 10.1007/s10456-021-09773-x.

Lu T, Zhang Z, Pan X, Zhang J, Wang X, Wang M, Li H, Yan M, Chen W. 2022. Caveolin-1
promotes cancer progression via inhibiting ferroptosis in head and neck squamous cell
carcinoma. [Epub ahead of print 19 December 2021]. Journal of Oral Pathology ¢ Medicine
51(1):52-62 DOI 10.1111/jop.13267.

Manjunath V, Moeckel G, Dahl NK. 2013. Acute kidney injury in a patient with sarcoidosis:
hypercalciuria and hypercalcemia leading to calcium phosphate deposition. Clinical Nephrology
80(2):151-155 DOI 10.5414/CN107258.

Meng LB, Zhang YM, Luo Y, Gong T, Liu DP. 2021. Chronic stress A potential suspect zero of
atherosclerosis: a systematic review. Frontiers in Cardiovascular Medicine 8:738654
DOI 10.3389/fcvm.2021.738654.

Mizushima N, Murphy LO. 2020. Autophagy assays for biological discovery and therapeutic
development. Trends in Biochemical Sciences 45(12):1080-1093 DOI 10.1016/j.tibs.2020.07.006.

Nusse R, Clevers H. 2017. Wnt/[p-catenin signaling, disease, and emerging therapeutic modalities.
Cell 169(6):985-999 DOI 10.1016/j.cell.2017.05.016.

Nwosu ZC, Ebert MP, Dooley S, Meyer C. 2016. Caveolin-1 in the regulation of cell metabolism: a
cancer perspective. Molecular Cancer 15(1):71 DOI 10.1186/s12943-016-0558-7.

Qin B, Wang Q, Lu Y, Li C, Hu H, Zhang J, Wang Y, Zhu J, Zhu Y, Xun Y, Wang S. 2018.
Losartan ameliorates calcium oxalate-induced elevation of Stone-Related proteins in renal
tubular cells by inhibiting NADPH oxidase and oxidative stress. Oxidative Medicine and Cellular
Longevity 2018:1271864 DOI 10.1155/2018/1271864.

Singh P, Harris PC, Sas DJ, Lieske JC. 2021. The genetics of kidney stone disease and
nephrocalcinosis. [Epub ahead of print 14 December 2021]. Nature Reviews Nephrology
DOI 10.1038/s41581-021-00513-4.

Song L, Maalouf NM. 2020. Nephrolithiasis. In: Feingold KR, Anawalt B, Boyce A, Chrousos G,
de Herder WW, Dhatariya K, Dungan K, Hershman JM, Hofland J, Kalra S, Kaltsas G, Koch C,
Kopp P, Korbonits M, Kovacs CS, Kuohung W, Laferrére B, Levy M, McGee EA, McLachlan R,
Morley JE, New M, Purnell ], Sahay R, Singer F, Sperling MA, Stratakis CA, Trence DL,
Wilson DP, eds. Endotext. South Dartmouth, MA: MDText.com, Inc.

Yang et al. (2022), Peerd, DOI 10.7717/peerj.14033 15/16


http://dx.doi.org/10.1155/2021/8963987
http://dx.doi.org/10.1038/s41392-020-00216-5
http://dx.doi.org/10.1002/jcb.29394
http://dx.doi.org/10.1016/j.ebiom.2019.10.059
http://dx.doi.org/10.1002/ctm2.517
http://dx.doi.org/10.1007/s10456-021-09773-x
http://dx.doi.org/10.1111/jop.13267
http://dx.doi.org/10.5414/CN107258
http://dx.doi.org/10.3389/fcvm.2021.738654
http://dx.doi.org/10.1016/j.tibs.2020.07.006
http://dx.doi.org/10.1016/j.cell.2017.05.016
http://dx.doi.org/10.1186/s12943-016-0558-7
http://dx.doi.org/10.1155/2018/1271864
http://dx.doi.org/10.1038/s41581-021-00513-4
http://dx.doi.org/10.7717/peerj.14033
https://peerj.com/

Peer/

Stockwell BR, Friedmann Angeli JP, Bayir H, Bush AI, Conrad M, Dixon SJ, Fulda S, Gascén S,
Hatzios SK, Kagan VE, Noel K, Jiang X, Linkermann A, Murphy ME, Overholtzer M,
Oyagi A, Pagnussat GC, Park J, Ran Q, Rosenfeld CS, Salnikow K, Tang D, Torti FM,
Torti SV, Toyokuni S, Woerpel KA, Zhang DD. 2017. Ferroptosis: a regulated cell death nexus
linking metabolism, redox biology, and disease. Cell 171(2):273-285
DOI 10.1016/j.cell.2017.09.021.

Su LJ, Zhang JH, Gomez H, Murugan R, Hong X, Xu D, Jiang F, Peng ZY. 2019. Reactive oxygen
species-induced lipid peroxidation in apoptosis, autophagy, and ferroptosis. Oxidative Medicine
and Cellular Longevity 2019:5080843 DOI 10.1155/2019/5080843.

Tahir SA, Yang G, Goltsov A, Song KD, Ren C, Wang J, Chang W, Thompson TC. 2013.
Caveolin-1-LRP6 signaling module stimulates aerobic glycolysis in prostate cancer. Cancer
Research 73(6):1900-1911 DOI 10.1158/0008-5472.CAN-12-3040.

Wang Q, Hu H, Dirie NI, Lu Y, Zhang J, Cui L, Qin B, Wang Y, Zhu J, Xun Y, Zhu Y, Wu Y,
Wang S. 2018. High concentration of calcium promotes mineralization in NRK-52E cells via
inhibiting the expression of matrix gla protein. Urology 119:161
DOI 10.1016/j.urology.2018.06.006.

Wang X, Lu B, Dai C, Fu Y, Hao K, Zhao B, Chen Z, Fu L. 2020. Caveolin-1 promotes
chemoresistance of gastric cancer cells to cisplatin by activating WNT/B-catenin pathway.
Frontiers in Oncology 10:46 DOI 10.3389/fonc.2020.00046.

Wiener SV, Ho SP, Stoller ML. 2018. Beginnings of nephrolithiasis: insights into the past, present
and future of Randall’s plaque formation research. Current Opinion in Nephrology and
Hypertension 27(4):236-242 DOI 10.1097/MNH.0000000000000414.

Worcester EM, Coe FL. 2008. Nephrolithiasis. Primary Care 2(2):369-391
DOI 10.1016/j.pop.2008.01.005.

Wu Y, Xun Y, Zhang J, Hu H, Qin B, Wang T, Wang S, Li C, Lu Y. 2021. Resveratrol attenuates
oxalate-induced renal oxidative injury and calcium oxalate crystal deposition by regulating
TFEB-induced autophagy pathway. Frontiers in Cell and Developmental Biology 9:638759
DOI 10.3389/fcell.2021.638759.

Xia J, Lyle NH, Mayer M, Pena OM, Hancock REW. 2013. INVEX—a web-based tool for
integrative visualization of expression data. Bioinformatics 29(24):3232-3234
DOI 10.1093/bioinformatics/btt562.

Yang M, Chen P, Liu J, Zhu S, Kroemer G, Klionsky DJ, Lotze MT, Zeh HJ, Kang R, Tang D.
2019. Clockophagy is a novel selective autophagy process favoring ferroptosis. Science Advances
5(7):eaaw2238 DOI 10.1126/sciadv.aaw2238.

Yang K, Song H, Yin D. 2021. PDSS2 inhibits the ferroptosis of vascular endothelial cells in
atherosclerosis by activating Nrf2. Journal of Cardiovascular Pharmacology 77(6):767-776
DOI 10.1097/FJC.0000000000001030.

Zhang X, Ramirez CM, Aryal B, Madrigal-Matute ], Liu X, Diaz A, Torrecilla-Parra M,
Suarez Y, Cuervo AM, Sessa WC, Fernandez-Hernando C. 2020. Cav-1 (Caveolin-1)
deficiency increases autophagy in the endothelium and attenuates vascular inflammation and
atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular Biology 40(6):1510-1522
DOI 10.1161/ATVBAHA.120.314291.

Zhou B, Liu ], Kang R, Klionsky DJ, Kroemer G, Tang D. 2020. Ferroptosis is a type of
autophagy-dependent cell death. Seminars in Cancer Biology 66(9):89-100
DOI 10.1016/j.semcancer.2019.03.002.

Yang et al. (2022), Peerd, DOI 10.7717/peerj.14033 16/16


http://dx.doi.org/10.1016/j.cell.2017.09.021
http://dx.doi.org/10.1155/2019/5080843
http://dx.doi.org/10.1158/0008-5472.CAN-12-3040
http://dx.doi.org/10.1016/j.urology.2018.06.006
http://dx.doi.org/10.3389/fonc.2020.00046
http://dx.doi.org/10.1097/MNH.0000000000000414
http://dx.doi.org/10.1016/j.pop.2008.01.005
http://dx.doi.org/10.3389/fcell.2021.638759
http://dx.doi.org/10.1093/bioinformatics/btt562
http://dx.doi.org/10.1126/sciadv.aaw2238
http://dx.doi.org/10.1097/FJC.0000000000001030
http://dx.doi.org/10.1161/ATVBAHA.120.314291
http://dx.doi.org/10.1016/j.semcancer.2019.03.002
http://dx.doi.org/10.7717/peerj.14033
https://peerj.com/

	CAV1 alleviated CaOx stones formation via suppressing autophagy-dependent ferroptosis
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


