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Abstract

BACKGROUND: Tissue engineering has brought new hope to the clinical challenge of liver failure, and the preparation of plant-derived decellularized fiber

scaffolds holds significant importance in liver tissue engineering.

OBJECTIVE: To prepare apple tissue decellularized scaffold material by using fresh apple slices and a solution of sodium dodecyl sulfate, and assess its

biocompatibility.

METHODS: Fresh apples were subjected to decellularization using phosphate buffer saline and sodium dodecyl sulfate solution, separately. Afterwards, the
decellularized apple tissues and apple decellularized scaffold materials were decontaminated with phosphate buffer saline. Subsequently, scanning electron
microscopy was used to assess the effectiveness of decellularization of the apple materials. Adipose-derived mesenchymal stem cells were extracted from the
inguinal fat BALB/C of mice, and their expression of stem cell-related markers (CD45, CD34, CD73, CD90, and CD105) was identified through flow cytometry. The
cells were then divided into a scaffold-free control group and a scaffold group. Equal amounts of adipose-derived mesenchymal stem cells were seeded onto
both groups. The biocompatibility of the decellularized scaffold with adipose-derived mesenchymal stem cells was evaluated using CCK-8 assay, hematoxylin-
eosin staining, and phalloidine staining. Cell adhesion and growth on the scaffold were observed under light microscopy and scanning electron microscopy.
Furthermore, the scaffold was subdivided into the non-induced group and the hepatogenic-induced group. Adipose-derived mesenchymal stem cells were
cultured on the decellularized apple scaffold, and they were cultured for 14 days in regular culture medium or hepatogenic induction medium for comparison.
Immunofluorescent staining using liver cell markers, including albumin, cytokeratin 18, and CYP1A1, was performed. Enzyme-linked immunosorbent assay
was used to detect the secretion of alpha fetoprotein and albumin. Additionally, scanning electron microscopy was employed to observe the morphology of
the induced cells on the scaffold, verifying the expression of liver cell-related genes on the decellularized scaffold material. Finally, the cobalt-60 irradiated
and sterilized decellularized apple scaffolds were transplanted onto the surface of mouse liver and the degradation of the scaffold was observed by gross

observation and hematoxylin-eosin staining after 28 days.

RESULTS AND CONCLUSION: (1) The scanning electron microscopy results revealed that the decellularized apple scaffold material retained a porous structure
of approximately 100 um in size, with no residual cells observed. (2) Through flow cytometry analysis, the cultured cells were identified as adipose-derived
mesenchymal stem cells. (3) CCK-8 assay results demonstrated that the prepared decellularized apple tissue scaffold material exhibited no cytotoxicity.
Hematoxylin-eosin staining and phalloidine staining showed that adipose-derived mesenchymal stem cells were capable of adhering and proliferating on

the decellularized apple tissue scaffold. (4) The results obtained from immunofluorescence staining and enzyme-linked immunosorbent assay revealed that
adipose-derived mesenchymal stem cells cultured on the decellularized apple scaffolds exhibited elevated expression of liver-specific proteins, including
albumin, alpha-fetoprotein, cytokeratin 18, and CYP1A1. These results suggested that they were induced differentiation into hepatocyte-like cells possessing
functional characteristics of liver cells. (5) The decellularized apple scaffold implanted at 7 days has integrated with the liver, with partial degradation of the
scaffold observed. By 28 days, the decellularized apple scaffold has completely degraded and has been replaced by newly-formed tissue. (6) The results indicate
that the decellularized scaffold material derived from apple tissue demonstrates favorable biocompatibility, promoting the proliferation, adhesion, and hepatic

differentiation of adipose-derived mesenchymal stem cells.
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Funding: National Key Research and Development Plan Project, No. 2019YFA0110600 (to GQY); National Natural Science Foundation of China, No. 31971263 (to YL)
How to cite this article: HU JJ, HE SL, ZHANG DX, ZHAO S, SHI XN, LI WL, YE SJ, WANG JY, GUO QY, YAN L. Preparation and characterization of 3D plant-based
scaffold based on decellularization method in liver tissue engineering. Zhongguo Zuzhi Gongcheng Yanjiu. 2024,28(29):4645-4651.

0 5|= Introduction

Hr, MaEsmiiasy 7 R B2 NREARIT . AT
BT IR AR A T 25 M RS VR IT I H AT e =
VLW, SR IE RS R SZ AL 5k = S5 DR 3 BRI JCVE TR IR R
JZ R, N AT WA 2 S gt i () B AR B Y VR TT
ToiFEIE B ARG & H i O ARk, HR TR ARMR R,
NIRST IR R T — PR BRSNS, A AT Re S Rk H AT
i R YE T B SR BR B s 7R 5 R A (B 4 M, R A
Fo 54 PR 52 1 2 B A AL RE T R 5 T ARIL, DA e A
IR DAk 2 JIT 453 495 A0 2 8k AT 4H 2 T AR 4 g 0 i 52 B v JE R
MU BRI, I TA) 78 5 T 400 M AR AR 0 L S — B
It 55 A TR SR 4T PR B AR A 5 1 s Oy T R A R TR
FFALZY, W 70N G338 16 F AR AT RLBE & BT 4 R AN 35455
JERAIE,  AFLI% 3R 08 B 1 SRR 2 FFF T 2H 23 T2 B v i ) 2
i) fig

H TR A BT BE 0 2R WA R RLRE AT B 1) 23 AU A4k P ik
B, AR FLISE M nT g AR R A S R S, BRI
BRI A, (Rt & RE s, FF A8

4646 | DERRTIZHR | 5528% | 55298 | 20245108

P X TATEA LR TR, YRR T R A A2
PEAL, I RLEA BT A UL I 2 23 S5 4 AR € = 4E RO,
DL B8 85 5 M AU 28 g o A LA AT 400 % A8 B0 B AR 02
AT EBULEM, M RGEMELECE ", Har, T
3D T BN 7 9 A0 T s W) i 40 B 2 2R 4 07 vk ol T AR AE RS T2
AR B B S AME S ) B, AR R X — ok
SRTTA TR, MBI H LI IKE R G A A BR
e FEA BRARAR N IER 10 2 AL 20K T B AL iz s BE ) B
AR, IFHIREEA L (K 4 B IRk, tEAE
FORHE 2L S A rP A N BT R A0, 2 5 o HL) 25
ARAR M FAE AR A A B AR, H TR S T ERT
AT R A PERT R 2 I8 R SEIHRIE . 41
FISHHEMIIKE RGAK, RN SO BOR S5 AT 5] 340
FUAT R 4ERFANAR AR AE B0, 7R B AT AT (2 M A2 A
TR IL T, REBRFEDBAHREA R A B R
() A AR 2 PR L T iR 70 7% IR, A A e S
B BN TR A R, 35 B AR o 0 I 4%
A



HAREE

PEARTERE @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

S 1 2 A 4 4 R B O 5 3 R T A 3R SR N UL 4
Ky, BB R AT 3R SOOI B AT SR A0 2 A s PO ik 46
s SR JE I 5 0 0 4 P 5 7R 0 A 40 AR 2 A
WA TEREVPAL, IFREAT RSB 3 0. BEAh, SEaeoRs 3¢
RPN SRR AT/ R AER T, 28 d Jea i KA & 5
ARG - PR EZ SR BRI DL, IR TE AR R E A
SULRESCBEM R AT, R TR R I R A i S
R NAE R ST AR G SEaa Wt 7 $ B i Sk A

1 ##F1755% Materials and methods

11 3t BhWpsess, VPN A% 0 S0 SR 4 i S 28 AR Al
R, PUSTREAR KT8, BN R J7 Z 5 W Fl Bonferroni 5
K5 o

1.2 BTE ASbE SZIGT 2023 4 1 H & 2023 4 11 AT H
N BAR TR S & B 5 — 2 2 v o i BT 58 P 56 o

1.3 Ak PrESER, WRe 2FE L, U LREWET.
1.3.1 S23 3% BALB/c H B 10 H, 6-8 J& #5 BALB/c /)
20 R, MEREARR, 0T o E N R AR A AR B S 5
WL, A KAE S SCXK( 5T )2019-0010. S & 43 3| h
BN AR S R BE s W SR 30 A0 B 25 I 2 ik dE, kv 5
2019YFA010600, fiL#ERT[H]: 2019-03-05.

1.3.2 SRIG BT KA AE DMEM/F-12 55773 i 2R i
HEE - HHERNPL(EE Gibco A ); A% 0.25% fif:
E R (£ Sigma A ); CCK-8 X7 ( HARR-AH] );
DAPI 443 ( 22 [ Molecular Probes A ] ); 73 AKS — AT e
W T R BRI (AL REEREAERAT ), 2R
RS (A6 R A IR A | s B IRG S 9% W Bt il 3 7 &
(AEBT AR AR A IR AR ): Actin S22 21 (56 RE ( F
R REWHARAIRAF ); Alexa Fluor® 488 —$i. Anti-
CYP1A1. Anti-Albumin( 9%[E Abcam /A 7] ), Anti-Cytokeratin18
( 3= [ Cell Signaling 2 & ); FA4 H 7 & 8% ( H A Hitachi
S-4800 /A ); EPOCH TAKE 3 fifhsix ( 22 [E BioTek A );
HIL R AE BB ( HA Nikon AH] ) &,

1.4 F¥7ik

141 HIESERALMAMSCEE KRR 3 mm &
R, IR 5T A RA LU A VIR E AN 1.5 cm
MIBITEF o B3R B o 2 41, Horh—41 R RERg £k 22 vy ot
MR, F—4 NSO . BERR Eh 2 N HR 4 B T IR Sh 5%
MR, SCRHE T S B RRE1% + b R ava )
IR ER G M, SR 48 h, B 12 h B4 1 IRIiA.
SR K P AL B T IR sh G2 i P 2R 48 h ATt 5 . Bl
Jei, W3R B 40 S SR 2H 2R 60 S 2R IR S ST RIS,
BUEE 4 CUKFE A fE A 1 . 415 I BERR 3 22 ph i Ak
FRIRSF A 25 i S SR 2 200 TP F R T WSRO 4544
1.4.2 SERA LA AR B M BT A EUR K B A
Ji 5 (S L 2H 4, S B 4 A 3 iy I SE R 2 I RAR TR AS
2R G T R LA WA AN TR T fR B T L 4 M R e

SEI s PR B0 Rt AR S 2R R 4R

TiE MR R

EY U FOEER (MR AL, Sl WERBAT)
amms  dwx
FORUME mELeemmEU, GEEER
BERE ORI KRR R 48 h, AT

W e O LAR Y 48 h B % 1T Ak

S
e ARG = SRR, ISR
RREE  km

SE SRS RO G R R IR A

1.4.3 /NERARWIE 78 T4 4y B RE IR A 5 L BALB/c
HEPE 3d AR 10 K, FELH KM T s A e 28 T
TEEBER - BE RPN ZNch, 25N AR
YR BN S AL, BB 1 em® (REER,
BT 1 mg/mL A T B 5 B 1A B IR 3 22 bl R AT TR AL
IS FREEL LGS, ARE BT 25 com® 55780, N
NIE B R B 10% iR 2 (L7 Y] DMEM/F-12 35972, &
F 48-72 h ik 1 k7R 5. AR5 & H7E B Alss N g2 4l iy
AR, Rl A R L 3] 80%-90% i HEAT B R A2
P3RS . SRV A B A SR 4 2 AT i, K5 IR M4 2 15
NN TR FE A A . JE R A R A R B SR A,
16 4 “C N HERRUEL 70% CBRE[E e 4if . F T4 I BEIR #h 2%
PRROEE SIS, TARE S NN 500 pL R4k R BE Be a5, 37 °C
A N BEL I E 30 mine SRJ5, A 9 X4 B (X (BD FACS
Celesta, USA) #xill, #)5{%iH Flowlo FA4FHEAT 4047 o

1.4.4 ZHMOBERh R KRR B P3 AR AR 1) 78 5 T4 e,
AT BUS BB T B 10 R g i S 2e b, dHR S
1x10° /> / 4, BT 37 CHIMREFRA I E 120 min 541
M ZH B T3 R A S A b, AN S AR 2 5 10% iR 4F 1
) DMEM/F-12 15973 B T 37 “CHIaRE MM =48 h HEAT 1S
I, B0 48 h il 1 Ik, FT R8s,

145 SCEHAANMRETERS I 4 AL IR R AT . 40 R
2000 4™ / SCHAENSERG AL, A E 2 000 4 / FLAE AN G
H(TEH), RlfE 96 fLihRE R 1, 3, 5, 7d 5, ¥X
LRI TR R R R 2 0, SRERFLINANE 10 pL CCK-8
TR SRRy B 10% Jif 4 I35 i) DMEM 1% 9% 2% 110 pL,
BTHERAMRI RIS 120 min 5, TEE5ME 450 nm )
KA S FEE . RRRE S E S AT 3 IRSLES, 45T
BIE.

146 L FABAIFMHE AR S WL iR
BRIEI AT N6 7 R0 70 03 1 40 B H2 P 22 5 SR 0 440 i S B op 3 9
5d 5, DABERRERZZ S VE 3k, BUL R 40 g/L Z K
WSV AT R RE N, [ E 10 min, B 5 DABSRR Eh 22 b i s
e 3, MINIEERER K TAERBE SR, =R
JeYeth 30 min, BEER Hh 2% PR PE I 3 3 J5 NN DAPI e B

Chinese Journal of Tissue Engineering Research | Vol 28 | No.29 | October 2024 | 4647



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

HAEZE

EREN, BERAIE R Yt 15 min, 5 TR B T
%=, REEF.

1.4.7 LM FER TS S R FER T
Y EE Fh A S R A S e R IR 24 h S, IDNERAF S S
BRIREE (S AR5 $ 10% R ZF LT ¥ DMEM R 7L i
50 ng/mL P4 A KR, 25 ng/mL iR B = FEAE KT 4,
30 ng/mL #J8 2 M, 20 ng/mL & EAKFF, 25 ng/mL &
PERCAF AE A0 M A=A PR 5 10 ng/mL BV Rl £ 4 20 B A= K R
Ix JE By WAL AN ) gk 9% 14 d 5, fERREHE NI
S P AF S L. 52 AT T AR BT T 6 b, WS
7555 AU MO REH M I TR, 8k A G 2 W B SIZ 56 A 0 4
Mo b3S A A RIRE AW, XSS 140 ik
TP ARICY) [ A (. 4HAR MR (1 18(CK18), a3
P450 ZXJ% 1 W5KHE 1 (CYP1AL)] feend e th, Al FMOGIL
B AT IEE, I Image ) A ST 9 Y ik R .
1.4.8 SCHETE/NRAR N IIBEARTG DL 6-8 J& % BALB/c /NERUIE
Jl 345 50 mg/kg Ao EL 1% 1 LG AN A B BRI e, S
LA S AN BN BRFFIE R T, JRFER ISR, T o, 7,
28 d HUbF, TEREAN I [R] RO Ik AT 2H 2R K 75 AR - 7t
AR/ SRR P SV =41 3 R MR

1.5 EZAERAEAR SERAL BTG KRB RO L
P S R R gt L, A S SR S R N = 4
£ L 55 77 S S 0T AR I T 7 57~ 400 B 4 D P 48 LK &40 e 1 5
W, 156 4 5 SR S A /)N BRI R T 4D o4 e 17 1O

1.6 %it¥F 54 FH GraphPad Prism 8.0 it &k 4F 34T 45
Mt BRLHER DAL B 7 BRI & RS, THEHEE D
Xts Rono WAL IVEUHE 22 S MO REAR ¢ KT 5G, 2 4 ) 4 ais
7 5 K F B[R 25 7 2243 At #H Bonferroni 5 f5 A5 38 734 . P < 0.05
NEFRABEHER L. CEGFI7% g b =N Rg
ME R ER G K F .

2 Z58 Results

2.1 FRMLBPLILT G 49 RARVLA AL [B] 1A et
SERAELRRMAN, E2AEHR, B 1B Bl 5 g R
MY, RIDEIPIR . 523 G4 SR 40 M AT J5 B 45 4,
RS R, B 1C o 2 40 A B 7 AR,
FALBREE AN B W B 2549, B 1D R n] LB 4 A SR S

REAGHIMZ A AT O .
) A

b 7
Bl B A€oy RA L RANMLET 5 FAW (459 5 mm); B,
D 43 A L 3 S S A I G S5 OS5 44 ( B5 U 50 um). B
M R AR AL B 5, 2RI AL =45 .

B 1 | BR4RAEAI S RE L KR L5
Figure 1 | Gross view and microscopic structure of apple tissue before
and after decellularization
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Figure 2 | Identification of adipose-derived mesenchymal stem cells and
toxicity assessment of decellularized apple scaffold
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Figure 3 | Growth status of adipose-derived mesenchymal stem cells on
decellularized apple scaffold
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