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ARTICLE INFO ABSTRACT

Keywords: Chronic kidney disease has been recognized as a major public health problem worldwide and renal fibrosis is a
Extracellular matrix common pathological process occurring in chronic renal failure. It is very promising to find the strategies to slow
Proteomics

or even prevent the progression of fibrosis. This study focused on whether renal fibrosis decellularized scaffolds
has the potential to be a model of cellular mechanisms of tissue fibrosis or donors for tissue engineering. In order
to evaluate the feasibility of decellularized scaffolds derived from pathological kidneys, histology, proteomics
and ELISA will be used to analysis the changes in the structure and main components of fibrotic tissue. The
fibrosis model in this paper was induced by adenine-fed and the results showed that the structure of fibrotic
scaffold was changed and some protein were up-regulated or down-regulated, but the cytokines associated with
renal regeneration after injury were remained. In cell experiments, endothelial progenitor cells proliferated well,
which proved that the fibrotic scaffolds have non-cytotoxic. All these conclusions indicate that the renal fibrosis
decellularized scaffolds model has the ability to study fibrosis mechanism and the potential to be engineering
donors as well as normal scaffolds.
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1. Introduction sclerosis, tubule atrophy and irreversible damage of parenchymal cells

lead to progressive deterioration of renal function, and eventually to

Chronic kidney disease (CKD) has been recognized as a major public
health problem worldwide, the global prevalence of which had reached
9.1% [1]. Developing countries such as China had a higher incidence of
10.8% [2]. CKD will eventually progress to end-stage renal disease
(ESRD) which is a serious disease threatens human life, and the best
treatment for most patients with ESRD to improve survival rate and the
quality of life is kidney transplantation. However, the huge donor gap
and the high cost make it impossible for many patients to receive
treatment, making it crucial to find more strategies to slow or even
prevent the progression of CKD to ESRD.

The progression of CKD is the progressive accumulation of renal
fibrosis, characterized by excessive extracellular matrix (ECM) deposi-
tion and myofibroblast accumulation [3]. At the same time, glomerular
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ESRD. In general, renal fibrosis is thought to be a failed wound healing
process [4]. They usually begin at a specific focal point, where inter-
stitial fibroblasts are activated, proliferate, and produce a large amount
of ECM components [5,6]. Based on these events, the pathogenesis of
renal fibrosis can be artificially divided into four overlapping phases:
priming, activation, execution and progression [7,8]. In the dynamic
process of renal fibrosis, many of these events happened at the same
time, but in the end, excessive accumulation of connective tissue,
including interstitial collagen (type I, III and IV) fibronectin and some
glycoprotein, leading to changes in normal renal structure. Due to the
immense complexity of renal fibrosis and the low repeatability of in vivo
models, there is a need to develop an in vitro biological platform to
provide a reliable test means for clinical transformation of drugs,
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biomaterials and tissue engineering products [9-11].

Recently, decellularized scaffolds derived from animal tissues have
been provide a new platform for detecting cell function and differenti-
ation [12-15], and fabricating tissue engineered organs [16,17].
Traditional cell culture did not mimic the way cells grow in vivo, while
decellularized scaffolds provide a contact surface and a room for cell
growth and migration as a three-dimension culture system. In previous
studies, researchers reported the application of human adipose
tissue-derived extracellular matrix scaffolds or decellularized lung
scaffolds for the investigation of the growth, migration/invasion,
morphology, and drug response of breast cancer cells [18,19]. Even
more remarkable is that tissue scaffolds with intact blood vessels and
ECM structure have a great therapeutic prospect in the field of organ
reconstruction. Previous study had reported that they successfully
cultured rat donor kidneys induced by acellular scaffolds and success-
fully transplanted them into rats with certain physiological functions
[20]. However, the current research is mostly limited to healthy kid-
neys, and there is not much research on kidneys under pathological
conditions [9]. In fact, most of the donors obtained from the clinic were
older or already have kidney disease. Thus, it is of great concern that
scaffolds in pathological conditions can be used not only as models for
disease research but also to study whether diseased organs have the
potential to be tissue engineered kidney donors. Studies have showed
that matrix scaffold prepared from diseased kidney retained diseased
ECM characteristics and promoted greater ex vivo fibroblast prolifera-
tion than did scaffolds prepared from healthy kidney [21].

Currently, there were many methods for the preparation of kidney
failure models [22]. The main methods to induce renal fibrosis are drugs
or poisons (mercuric chloride, cyclosporine A, nephrotoxic drugs, ami-
noglycoside drugs, etc.), surgery (unilateral ureteral ligation, 5-stroke 6
nephrectomy model, renal ischemia-reperfusion, etc.), unilateral ne-
phrectomy combined with AnglI and transgenic model, etc. An excessive
adenine feeding to rats (Yokozawa Method) was an excellent method to
make the model of renal fibrosis because of the similar metabolic ab-
normalities in human chronic renal failure compared with the rat’s [23].
However, there have been no reports of scaffolds using this fibrous
kidney model.

The goal of the present study was to engineer decellularized fibrotic
kidney scaffolds and analyzed the changes in structure and major pro-
tein component of fibrotic scaffold. We hypothesized that the fibrotic
scaffolds was a good model to study mechanism of renal fibrosis and a
potential source of tissue-engineered donors.

2. Materials and methods
2.1. Preparation of renal fibrosis rat model

All procedures involving animal use, housing, and surgery were
approved by the administration of Wenzhou Medical University. Forty
male Sprague Dawley (SD) rats initially weighing 200 g were used, with
a certification number of SYXK (Zhejiang) 2019-0009. The animals were
divided into two groups randomly (n = 20). The first group was pre-
pared for renal fibrosis model as the experimental group, whereas the
second one was the normal group. According to the Yokozawa method
[23], rats were given 200 mg/(kg - d) adenine (Shanghai Bojing
Chemical Co., Ltd., China) suspension (freshly dissolved in distilled
0.9% saline) by gavage continuously for 4 weeks to establish models of
renal injury, while the normal group were treated with an equal volume
of 0.9% saline at the same time.

2.2. Preparation of decellularized kidney scaffolds

The method of decellularizing the kidneys comes from previous
research [24]. Animals were anesthetized with an intraperitoneal in-
jection of 10% chloral hydrate (3.5 ml/kg body weight) (Beijing Solar-
bio Science & Technology Co., Ltd., China). Venous blood collected with
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anticoagulation tube from lower cavity veins and the serum obtained by
centrifugation (3000 g, 10 min) will then be measured blood urea ni-
trogen (BUN) and creatinine (Cr).

Decellularization program were as follows: inserting 24 G cannula
into the abdominal aorta near the lower pole of kidneys; injecting
heparinized in saline to wash the residual blood; finally perfusing hep-
arinized phosphate buffer saline (PBS), 1% TritonX-100 (Sigma, USA),
PBS 500 ml each, 0.8% SDS (Sigma, USA) 1000 ml, PBS +1% penicillin
2000 ml in sequence at 37 °C (Deionized water was autoclaved by high-
pressure steam). The content of deoxyribonucleic acid (DNA) was
detected by spectrophotometry (Nano Drop One).

2.3. Histological examination

Tissue samples were excised from native and fibrotic kidneys and
their decellularized scaffolds for morphological analysis. Tissues of a
proper size were fixed in 4% paraformaldehyde for 24-48 h and partly
dehydrated in 50% ethanol prior to dehydration in a graded series of
alcohol concentrations. Samples were then immersed in xylene and
embedded in paraffin. Paraffin blocks were cut into 4-pm. Slides were
cleared in xylene and rehydrated before staining with either haema-
toxylin (HE) and eosin, Alcian blue and periodic acid-Schiff (AB-PAS) or
with Masson’s Trichrome according to the manufacturer’s recom-
mended procedure. All images were captured on a Leica upright mi-
croscope. Collagen fibers were stained blue with a cord-like structure in
Masson trichrome staining and collagen volume fraction (CVF) was
calculated using the Image J software (National Institute of Health,
NIH). For AB-PAS staining, acidic mucin and proteoglycan were stained
blue, the glycogen was stained purple, and the areal density in blue and
purple were calculated by Image J software.

2.4. Immunofluorescence analysis

For immunofluorescence, tissue sections were incubated with the
following primary antibodies: mouse anti-a-smooth muscle actin
(a-SMA; 1:5000; Abcam, UK), rabbit anti-collagen IV (Col IV; 1:200;
Abcam, UK), mouse anti-laminin (LN; 1:200; Abcam, UK). After being
washed in PBS, sections were then incubated in 488- or 594-conjugated
species-specific secondary antibody (1:1000; Chemicon, USA) for 2 h at
room temperature. Slides were observed with an Olympus fluorescent
microscope and images were captured using Olympus image viewer.

2.5. Immunohistochemical analysis

For immunohistochemical staining, tissue sections were incubated
with the following antibodies: mouse anti-a-smooth muscle actin
(a-SMA; 0.034 pg/ml; Abcam, UK), rabbit anti-collagen IV (Col IV;
1:2000; Abcam, UK), mouse anti-laminin (LN; 1:2000; Abcam, UK).The
stained sections were scanned on a microscope (Leica Microsystems,
Wetzlar, Germany).

Areal density was used for analysis of a-SMA, Col IV and LN. Five
images were randomly taken for analysis in one section of each animal.
The brown yellow was used as the standard to define the positive
staining via the Image J software. The pixel area were measured in each
photo.

2.6. Scanning electron microscopy (SEM)

To observe the structure of scaffolds, we firstly put the specimens in
2.5% glutaraldehyde fixation fixed in 4 °C for 24 h. After dehydration
through an ethanol gradient (30, 50, 70, 90, and 100% ethanol for 15
min each), the samples were freeze-dried in a vacuum dryer. Subse-
quently, dry samples were coated under vacuum with platinum alloy at a
thickness of 25 nm. Gently with forceps clip sample profile, the samples
were then observed under a scanning electron microscope.
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Fig. 1. Preparation of renal fibrosis model, detection of renal function and characteristics. (A) (B) Macroscopic appearance of normal and fibrotic kidneys
after blood removal. Representative photographs of haematoxylin and eosin staining (HE), Masson, AB-PAS staining results in NK and FK group. The brownish-yellow
granules were crystallized adenine and deposited in renal tubules. (C) (D) BUN and Cr test results. The levels of serum BUN and Cr of the fibrotic group were much
higher than the normal group. **, P<0.01; ****, P<0.0001. (E) The content of collagen volume fraction (CVF) in NK and FK. (F) the areal density of AB-PAS staining.
(G) (D) the immunofluorescence and immunohistochemical micrograph of collagen IV and a-SMA. G1-G2: collagen IV, NK; G3-G4: collagen IV, FK. I1-13: a-SMA, NK;
14-16: a-SMA, FK. Especially, 12 and IS were in cortex and I3, I6 was in the medulla. (H) (J) the positive area contents of collagen IV and a-SMA. NK: Normal kidneys;
FK: Fibrotic kidneys.
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Fig. 2. Characteristic of normal and fibrotic scaffolds. (A) (B) Macroscopic appearance of normal and fibrotic scaffolds after decellularization. Representative
photographs of haematoxylin and eosin staining (HE), Masson, AB-PAS staining results in NS and FS group. The brownish-yellow granules were crystallized adenine
and deposited in renal tubules. (C) SEM images showing the three-dimensional microarchitectures of the NS and FS. The white arrow points to crystals. (D)
Comparison of DNA content in normal and fibrotic renal tissue before and after decellularization. ****, P<0.0001. NK: Normal kidneys; FK: Fibrotic kidneys; NS:

Normal Scaffolds; FS: Fibrotic Scaffolds.

2.7. Engyme-linked immunosorbent assay (ELISA)

Samples were collected for tissue homogenization, and the super-
natant was obtained by centrifugation (5000 rpm/min, 10 min) to detect
cytokine levels by ELISA. The content of transforming growth factor-
(TGF-p), platelet derived growth factor (PDGF), hepatocyte growth
factor (HGF), Vascular endothelial growth factor (VEGF) and fibroblast
growth factor (FGF) (n = 5) were measured according to the manufac-
turer’s instructions of commercial ELISA kits (R&D Systems, Minnesota,
USA).

2.8. Proteomics analysis

2.8.1. Sample preparation and trypsin digestion

The samples were grinded separately in liquid nitrogen and lysed in
8 M urea, 1% Triton X-100, 65 mM dithiothreitol (DTT), 1% protease
inhibitor, 3 uM trichostatin A (TSA), 50 mM Nicotinamide (NAM) and 2
mM ethylenediaminetetraacetic acid (EDTA). The remaining debris was
removed by centrifugation at 20,000 g at 4 °C for 10 min. Finally, the
protein was precipitated with cold 15% TCA for 2 h at —20 °C. After
centrifugation at 4 °C for 10 min, the supernatant was discarded. The
remaining precipitate was washed with cold acetone for three times. The
protein was redissolved in buffer (8 M urea, 100 mM TEAB, pH 8.0) and
the protein concentration was determined with 2-D Quant kit (GE
Healthcare, Fairfield, Connecticut, USA) according to the manufac-
turer’s instructions. For digestion, the protein solution was reduced with
10 mM DTT for 1 h at 37 °C and alkylated with 20 mM IAA for 45 min at
room temperature in darkness. For trypsin digestion, the protein sample
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was diluted by adding 100 mM the triethylammonium bicarbonate
(TEAB) to urea concentration less than 2 M. Finally, trypsin was added at
1:50 trypsin-to-protein mass ratio for the first digestion overnight and
1:100 trypsin-to-protein mass ratio for a second 4 h-digestion. Approx-
imately 100 pg protein for each sample was digested with trypsin for the
following experiments.

2.8.2. iTRAQ/TMT labeling

After trypsin digestion, peptide was desalted by Strata X C18 SPE
column (Phenomenex) and vacuum-dried. The peptide was recon-
stituted in 0.5 M TEAB and processed according to the manufacturer’s
protocol for the iTRAQ/TMT kit (AB Sciex, USA). Briefly, iTRAQ/TMT
reagent (defined as the amount of reagent required to label 100 pg
protein) was thawed and reconstituted in 24 pl acetonitrile. Peptides
were labeled with iTRAQ/TMT reagent by incubation at room temper-
ature for 2 h and then freeze-dried under vacuum centrifugation.

2.8.3. Fractionation based on liquid chromatography-mass spectrometry

The labeled peptide was then fractionated by high pH reverse-phase
high performance liquid chromatography with Agilent 300 Extend C18
column (5 pm particles, 4.6 mm ID, and 250 mm length). Briefly, the
peptide gradient was from 2% to 60% acetonitrile in 10 mM ammonium
bicarbonate pH 10 over 80 min into 80 fractions. Then, the peptides
were combined into 18 fractions and dried by vacuum centrifuging.
Finally, Thermo Scientific™ Q Exactive™ Plus mass spectrometer was
used for proteomics analysis.
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Fig. 3. (A-C) the immunofluorescence and immunohistochemical micrograph of collagen IV, LN and a-SMA. (D) Quantitative assay of cytokines in NK, FK, NS and
FS. The level of HGF, VEGF, TGF-B, FGF and PDGF in four groups in the legend were determined. NK: Normal kidneys; FK: Fibrotic kidneys; NS: Normal Scaffolds; FS:

Fibrotic Scaffolds.

2.9. Cell culture and proliferation assay

Endothelial progenitor cells (EPCs) isolated from rats’ bone marrow
were cultured in endothelial cell growth medium-2, and then labeled
with CD133 and kinase insert domain receptor (KDR). For better culture
together with cells, the samples were cut into 100 pm thick and
following attached to 12 mm cell climbing (Hong-da Medical Equipment
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Co., China). In addition, the control group with only an equal number of
cells and no scaffold was set. The scaffolds in experiment group were
sterilized before seeding the cells, using the previous protocol [25]. EPCs
were seeded into a 24-well plate at a density of 2.0 x 10* cells/cm?.
Cell proliferation was measured by Cell Counting kit-8 (CCK-8)
(Beyotime, Shanghai, China) according to the manufacturer’s in-
structions. Cells were incubated in 10% CCK-8 that was diluted in
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normal culture medium at 37 °C until the visual color conversion
occurred. Proliferation rates were determined at 1, 3, 5, 7 days after cells
were cultured with DC kidney scaffolds.

2.10. Statistical analysis

Quantitative results were reported as mean + standard deviation.
Independent samples t-test was used to compare the levels of two
experimental groups, and One-Way ANOVA was used to show a com-
parison over two groups. The significance level was set at 0.05 and SPSS
18.0 (SPSS Inc., Chicago, USA) was used for statistical analysis.

3. Results
3.1. Preparation of renal fibrosis model

Rats were administered with adenine according to the Yokozawa
method [23]. In fact, when 20 rats were used to prepare renal fibrosis
models, eight of them sacrificed, and the 12 alive rats were randomly
divided into two groups: the fibrotic kidney group (FK) and the fibrotic
scaffold group (FS). The same number of rats were then taken from the
normal control group as the normal kidney group (NK) and the normal
scaffold group (NS). The rest of rats will be used in other experiments.

The degree of renal function was determined by the evaluation of
blood urea nitrogen (BUN) and creatinine (Cr). BUN levels in FK (31.93
+ 5.46 mmol/L) markedly higher than NK (4.83 + 0.46 mmol/L)
(Fig. 1C), and the Cr contents in FK (236.34 + 45.9 pmol/L) were also
significantly increased (NK, 55.77 + 19.76 pmol/L) (Fig. 1D). From the
general, the fibrotic kidney showed marked hypertrophy and visible
spots on the surface (Fig. 1B). HE staining, Masson Trichrome staining
and AB-PAS staining showed that the detailed histological alterations
were observed in FK (Fig. 1B1-B3). Although the glomeruli were struc-
turally normal, many brown black crystals (2, 8-dihydroxyadenine) of
various sizes were deposited in renal tubules which were observed in
renal cortex area and the tubular dilation was a result of this. Masson
trichrome staining showed that the extracellular matrix increased
considerably and the collagen fibers deposited in the renal interstitium
(Fig. 1B2). CVF calculated in FK were significantly higher than that in
NK (Fig. 1E). AB-PAS staining displayed the approximate content of
mucin, proteoglycan and glycogen (Fig. 1B2). The purple area decreased
while the blue area increased. This could be a massive loss of glycogen.

The immunofluorescence and immunohistochemical staining results
showed that the expression of collagen IV, which were the important
component of extracellular matrix, markedly no difference between NK
and FK (Fig. 1G and H). However, the proliferation and differentiation of
fibroblasts into myofibroblasts is the central cellular event in renal
fibrosis and a-SMA is a marker protein for myofibroblasts [26]. Gener-
ally, the expression of a-SMA was mainly located in the small arteries
(Fig. 1I1-3). Nevertheless, there were significantly positive in renal
interstitial in FK, especially in the medulla area (Fig. 115, 16). These
results demonstrate the successfully establishment of renal fibrosis
model by using adenine-fed methods.

3.2. Characterization of fibrotic scaffolds

Normal and fibrotic kidneys were decellularized to remove cellular
components. Post decellularization, normal scaffolds (NS) had a trans-
parent appearance (Fig. 2A), while fibrotic scaffolds (FS) were milk-
white (Fig. 2B). HE staining showed that no blue-stained nuclei was
observed in either NS or FS (Fig. 2A1, B1). DNA content determination
results showed that the DNA removal rate of both FS and NS reached
more than 97.72% (Fig. 2D).

The morphology of the glomeruli in fibrotic scaffolds kept well, the
dilated renal tubules were noticeable, and the 2, 8-dihydroxyadenine
crystals deposited in the renal tubules were not removed post decellu-
larization. Masson trichrome staining and AB-PAS staining of paraffin-
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Table 1

Subcellular localization categories statistics of identified proteins and differen-
tially expressed proteins. All proteins identified by mass spectrometer were
classified six categories according to UniprotKB Subcellular localization data-
base. If a protein was matched to more than one category, its predominant
subcellular location was used for functional grouping.

Subcellular Number of proteins Percent Fisher’s
localization Identified  Different  Identified  Different exact test P
value

ECM 52 6 1.59% 1.34% 7.37E-01
Secreted 146 34 4.47% 7.59% 9.26E-04
Cytoskeleton 157 20 4.80% 4.46% 6.77E-01
Nucleus 350 36 10.71% 8.04% 9.83E-01
Cytosol 51 10 1.56% 2.23% 1.51E-01
Membrane 835 150 25.54% 33.48% 3.20E-05

embedded tissues showed collagen, mucin, proteoglycan and the
glycogen observed was kept but disordered (Fig. 2A and B). By scanning
electron microscopy, the extracellular matrix structure of NS was
smooth, round and uniform, while the FS was rough and angular with
disordered three-dimensional structure (Fig. 2C). All of these can be
indicated that our decellularization protocol maintained the structural
excellular matrix components intact.

To clarify the several main ECM structural proteins in both NS and
FS, immunofluorescence staining and immunohistochemical staining
was performed. The collagen IV (Col V) and laminin both locating in the
glomerular basement membrane was remained both in NS and FS
(Fig. 3A and B). As for a-SMA, there was no positive signal on either
scaffold because only the well-structured extracellular matrix was pre-
sent (Fig. 3C). To assess the difference of biological activity between NS
and FS, we performed an ELISA analysis to quantify various growth
factors. As shown in Fig. 3D, the cell factors including HGF, TGF-$, FGF,
VEGF and PDGF were found to be retained in the decellularized scaf-
folds. Thus, although the rat kidneys had been completely decellular-
ized, some cell factors were remained within the scaffold which might be
sufficient to contribute to renal regeneration after injury. Based on the
above results, this decellularization method did not negatively affect the
amount of retained protein.

3.3. Differential proteomics of normal scaffolds and fibrotic scaffolds

We hypothesized residual protein content as determined by mass
spectrometry would differ between normal and fibrotic scaffolds. In
iTRAQ/TMT high-throughput proteomics studies, we analyzed extra-
cellular matrix-related proteins, secreted protein-related proteins,
cytoskeleton-related proteins, nuclear-related proteins, cytoplasm-
related proteins, and cell membrane-related proteins in normal and
fibrotic scaffolds. The majority of statistically significant differences
appeared between groups in secreted protein-related proteins and cell
membrane-related proteins (Table 1). The heat map results of specific
protein up or down-regulation were shown in Fig. 4. Compared with
normal groups, 81 proteins were up regulated and 31 proteins were
down regulated in FS (Table S1). Gene Ontology (GO) distribution was
used to analyze the differentially express protein. Half of all differential
proteins were related to cellular process, single organism processes,
biological regulation and metabolic process (Fig. 5). Most of the down-
regulated proteins were associated with the body’s energy metabolism
among the rest. For example, enzymes related to glycolytic amino acid
metabolism were obviously reduced, which also explained the slower
weight gain in fibrotic groups compared to normal ones. Differences in
these differential proteins may account for the structural and functional
differences between normal and fibrotic scaffolds. These up-regulated or
down-regulated proteins can be studied to explore the signaling path-
ways that cause renal fibrosis. Up-regulated protein (integrin) were
mainly related to cell adhesion and migration. The results showed that
the Cateninp-1, an important non-biodegradable protein associated with
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Fig. 4. Heat maps of differentially expressed proteins from six subcellular localization categories (ECM, Secreted, Cytoskeleton, Nucleus, and Cytosol). NS1,
NS2 was the normal scaffold and FS1, FS2 was the fibrotic scaffold. The combined heat map and specific heat maps for each of the designated protein categories were
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average strength.

fibrosis process, was significantly rise. Studies have shown that the
expression of Cateninp-1 can lead to spontaneous skin fibrosis in mice,
accompanied by fibroblast proliferation [27,28]. In addition, inhibition
of the Wnt/catenin pathway could prevents renal and dermal fibrosis

[29,30].

3.4.

Cytocompatibility of fibrotic scaffolds

onto the scaffolds-coated cover slips and cultured to assess the cyto-
compatibility of FS. Double labeling of CD133 and kinase insert domain
receptor (KDR) identified the cells after extraction, and the double
positives indicated that the cells were indeed EPCs (Fig. 6A). CCK-8 was

used to detect the proliferation and apoptosis of EPCs. The results
showed that the cells in blank control group, NS and FS have no cyto-
toxicity to affect cell proliferation (Fig. 6B).

Scaffolds were cut into 100 pm-thick sections, and EPCs were seeded
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Fig. 5. (A) Distribution of down-regulated and up-regulated proteins in GO secondary annotation in the comparison of NS vs. FS. The horizontal axis represented the
number of enriched proteins, and the left y-axis represented different biological process. The red bars were up-regulated proteins and the blue bars were down-
regulated proteins. (B) The relative abundance of matrix proteins was shown in a pie chart after the proteins were classified. GO: Gene ontology.

4. Discussion

Our previous studies had reported decellularized renal scaffolds
could mediate renal regeneration for repairing of partially resected
kidneys [31,32], since ECM is not only a good biological scaffold, but
also an important signaling molecule that regulates cell growth, meta-
bolism and differentiation. At present, the preparation of renal scaffolds
under pathological conditions was deficient. During the development
process of renal fibrosis, the typical features of renal fibrosis is the
excessive deposition of ECM proteins, and the rate of ECM production
exceeds its degradation rate [33]. Both of the preparation of two groups
used the same protocol [24], which removed renal cells, retained the
normal vascular tree and continuous extracellular matrix and preserved
the three dimensional structure of the cells.

Due to the complexity of renal fibrosis, the renal fibrosis model was
prepared by unilateral ischemia-reperfusion injury [34] or ureteral
obstruction [21]. Adenine induced renal failure can be progressively
aggravated with the prolongation of feeding time. The fibrotic kidney
induced by an adenine rich diet was observed the destruction and
obstruction of renal tubules, and eventually the loss of a large number of
units. Four weeks of modeling is a suitable time to achieve a certain

2194

degree of fibrosis and the livability of animals was guaranteed. Besides,
although some cytokines may be lost during fluid perfusion, the cyto-
kines affecting cell proliferation and differentiation were reserved in our
scaffold. For instance, the substantial retention of TGF-p in fibrotic
scaffolds can not only increase cell adhesion to ECM but also regulate a
variety of cytokines, which is an important regulator of renal fibrosis.
Previous study indicated that VEGF receptor exists in renal tubular
epithelial cells, and proved that VEGF can promote the proliferation of
renal tubular epithelial cells and improve their anti-apoptosis ability,
which is an important cytokine for the survival of renal tubular
epithelial cells [35]. Moreover, both VEGF and FGF can promote the
formation of new blood vessels. HGF has a wide range of biological
functions including kidney development, acute injury and regeneration.
The retention of these important cytokines provided a more realistic
microenvironment for cell growth, whereas the artificial model in vitro
did not. The cell experiments of EPCs also confirmed this. The reason
why we used EPCs to judge the biocompatibility of fibrotic scaffolds
because EPCs can form new blood vessels in the ischemic injury area of
body under certain conditions, promote blood flow recovery and repair
wound. In this study, we used the natural spatial structure of extracel-
lular matrix for cell growth and assessed the cytotoxicity of residual
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Fig. 6. Identification and proliferation of EPCs. (A) EPCs labeled by CD133 and KDR. The cells like triangles were EPCs and almost all cells in the field of view
showed double positive, which were CD133 (green) and KDR (red). Scale bar = 100 pm (top), 50 pm (bottom) (B) The result of CCK-8 cell proliferation. The cells in
the normal group, the fibrotic group and the control group had proliferated. NS: Normal Scaffolds; FS: Fibrotic Scaffolds.

crystals in scaffolds.

Proteomics was used to better understand the changes in extracel-
lular matrix protein caused by renal fibrosis and screen out proteins with
different expression levels, for laying a foundation for further study on
the pathogenesis of renal fibrosis. After KEGG pathway enrichment of
the up or down-regulated proteins, the glycolysis/gluconeogenesis,
glycine, serine and threonine metabolism, sulfur metabolism and
biosynthesis of amino acids pathways were mainly affected. For
example, the protein domain enrichment analysis of up-regulated pro-
teins (FS/NS) showed that the catalytic domain of tyrosine-protein ki-
nase was the most obvious differences. In addition, the expression of
Catenin-pl and integrin associated with Wnt/Catenin and TGF-p1
pathways were up-regulated. Several studies have explored the key role
of the Wnt/catenin signaling pathway in the fibrosis process [36] and
TGF-B1 could regulates the expression of integrin by increasing the
adhesion of cells to the matrix. Some scholars have showed that the
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increased concentration of TGF-B1 in hepatic fibrosis patients was
correlated with the severity of liver fibrosis [37]. The further analysis of
signal pathways and the verification of landmark proteins need a lot of
work in future research.

The high proliferation potential of EPC cells is a promising source of
seed cells for tissue engineering blood vessels. An important indicator of
tissue regeneration is the regeneration of blood vessels. If EPC cells can
adhere and proliferate well on scaffolds, it will provide help for future
research on tissue engineering kidneys, and may expand the application
scope of fibrotic renal scaffolds. Moreover, there were no significant
changes in cell proliferation. we hypothesized that the factors affecting
cell proliferation were not only cytokines but also spatial structure. The
spatial structure of the fibrotic kidney has changed significantly
compared with that of the normal kidney. In addition, the hardness of
the tissue has an effect on the growth of cells. The factors affecting cell
growth are very complex, so it is necessary to use the biological origin of
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the original spatial structure and the main cytokine model, to study the
process of the occurrence and development of fibrosis. However, our
research was still in its infancy, whether more stable, comprehensive
and positive results can be obtained remains to be further studied.

5. Conclusion

In summary, we prepared and detected the decellularized adenine-
fed renal fibrosis model, and analyzed the difference between normal
and fibrotic scaffolds through proteomics and cultivation with cells. The
fibrotic scaffolds was a good model to study mechanism of renal fibrosis
and a potential source of tissue-engineered donors.
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