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Optimization of preparation of rat kidney decellularized
scaffold by combining freeze-thawing with perfusion

Dong Hu, Deying Zhang, Bo Liu, Yu Zhou, Yihang Yu, Lianju Shen, Chunlan Long, Xing Liu,
Tao Lin, Dawei He, and Guanghui Wei

Department of Urology, Children’s Hospital of Chongging Medical University, Chongging Key Laboratory of Children Urogenital
Development and Tissue Engineering, China International Science and Technology Cooperation Base of Child Development and Critical
Disorders, Ministry of Education Key Laboratory of Child Development and Disorders, Chongging Key Laboratory of Pediatrics,
Chongging 400014, China

Abstract: We explored the improved method to prepare decellularized kidney scaffold and provide experimental basis for
kidney tissue engineering and renal pathology and toxicology in vitro research. We perfused rat kidneys with PBS (group control)
and prepared the decellularized kidney scaffolds with sodium dodecyl sulfate (SDS) (group S), Triton X-100 combined with SDS
(group TS), and Triton X-100 combined with SDS after repeated freezing and thawing (group FTS) in different flow velocity.
Meanwhile we measured their fluid distributions and vascular resistance. We examined the degree of decellularization of acellular
scaffolds by HE, DAPI staining and DNA quantification. We examined the retention of main composition and structural integrity
of decellularized scaffolds by Masson, PAS and immunohistochemical staining. We also detected the ultrastructure, cytotoxicity
and the level of growth factor of the scaffolds by scanning electron microscope, MTT and ELISA, respectively. The results
showed that the time of decellularization in group FTS was less than that in group S and TS. The vascular resistance of scaffolds
decellularized at 10 mL/min flow velocity was lower. The fluid distribution in groups S, TS and FTS was different from that in
control group. No residual cell was detected by HE and DAPI staining. DNA content was less than 50 ng/mg. Masson, PAS and
immunohistochemical staining results showed that there was extracellular collagen, polysaccharide, type | collagen, type IV
collagen, fibronectin and laminin in the decellularized scaffolds, and the scanning electron microscope result showed the scaffolds
had the honeycomb structure. The cytotoxicity level of decellularized scaffolds was between grade 0 to 1. The level of VEGF,
EGF, IGF-1 and PDGF-BB in group FTS were significantly higher than those in group S and TS. In concluding, combining
freeze-thawing with perfusion can produce more ideal and effective whole organ decellularized scaffold of rat kidney, and make a
foundation for the study of kidney tissue engineering and in vitro pathology and toxicology of kidney.

Keywords: tissue engineering, kidney, decellularized scaffolds, freeze-thawing, perfusion
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Fig. 1 The gross morphology and weight of kidneys during decellularized process. (A) Gross morphological changes
in the decellularization process of the kidney. (B) Time of the decellularization process. (C) Dry weight of the
decellularized kidney scaffolds. ** P<0.01; NS: no significance.

http://journals.im.ac.cn/cjbcn



R SFEMBESETENCXR SERABSTRNENE

B4 mLU/min 2> (& 1B). 45 41 ' M R 400 i <2 40
wILHEZER (B 1C),
22 HEMAFHWNER

B B kA E AL I B0 I 5275, 10 mL/min
UL P 4 LS S HR KRR 8% 4 mL/min ZHAIG,
SH4l. TSHl. FTS 4l [m 3 Zehk B )1 L B 4t
S (B 2A). Wil Ess )RR, %
21 I 400 Y S R A 2 KA A28 B HNRE B HE
MM g 25. SEREMEL, S450
JIGE 241 S 4 2 5 AR RE Ugs H EL I AN 12.22%3% i =
54.98% (&l 2B).
23 HARSFEFRI

HE 4 €0 i 7 45 21 ' JUE 58 240 A S 28 5 Bz o
FRAL AL R R WL 5% B8, Control 21 ' Bz 5T

A

(=)
(=]
T

50

Pressure (cm H,0)

e ) Q ™ Q Y QD
p Q’GO & %\ &Ca &%\ Q&C; &%\
C {
B
100 .
e Renal vein and ureter

3 80t == Outer kidney wall
& NS
o
S 60y NS : :
2
Z 40+t
.8
E 20
b |

SR I DD SedDek Qe D
TR 75 &%&%Q«%&%

B2 BHERMBMIREDNFERMNER (A: BER
NEMER; B: RIADHHRMLER)

Fig. 2 The biodynamics results of decellularized kidney
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results of fluid distribution. * P<0.05; ** P<0.01; NS: no
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Fig. 3 The HE staining of isolated kidneys and decellularized kidney scaffolds. (A) The HE staining of renal cortex. (B)
The HE staining of renal medulla. Scale bar=100 pm.
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Fig. 4 The DAPI staining of isolated kidneys and decellularized kidney scaffolds. (A) The DAPI staining of renal
cortex. (B) The DAPI staining of renal medulla. Scale bar=100 pm.
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Fig. 5 The Massion staining of isolated kidneys and decellularized kidney scaffolds. (A) The Masson staining of renal
cortex. (B) The Masson staining of renal medulla. Scale bar=100 um.
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Fig. 6 The PAS staining of isolated kidneys and decellularized kidney scaffolds. (A) The PAS staining of renal cortex.
(B) The PAS staining of renal medulla. Scale bar=100 um.
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Fig. 7 The scanning electron micrographs of isolated kidneys and decellularized kidney scaffolds. (A) The scanning
electron micrographs of renal cortex. (B) The scanning electron micrographs of renal medulla. Scale bar=30 pm.
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Fig. 9 The immunohistochemical staining of the main structural protein of extracellular matrix in isolated kidneys and
decellularized kidney scaffolds. (A) The immunohistochemical staining of renal cortex. (B) The immunohistochemical
staining of renal medulla. Scale bar=100 um.
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The growth factors concentration of isolated kidneys and decellularized kidney scaffolds. (A) The

concentration of VEGF. (B) The concentration of EGF. (C) The concentration of IGF-1. (D) The concentration of
PDGF-BB. ** P<0.01, compared with group FTS4; # P<0.05, compared with group FTS10; ## P<0.01, compared with

group FTS10.
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