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BRI BFARR TR EER DA TFERBRERREET 5B, ¢ RALBMELBEZRERSE S
FUTi-6A1-4V # & | B b3 A S b 47 R S0 BR AR AL 32 (AE 41) , KLJG | ¥4 2 K 5 2 8% & & ( nano-hydroxyapatite, nHA)
LR ERRAL RN ERER, BT EZH 7 XAAR SLLEMP (AN 4A), B AN AR Z AL
CaCl, &k W, F) A AR B IRAEIRAE BRI Ca™ . /6 , ¥ 382 40 W g A T & % ( doxorubicin, DOX) #) A%
B (SPEKREIR) B B ER RO ELE AN AR A @ (AG 4), K A3k -F 2 44% (scanning electron micro-
scope, SEM) | = 4 3t I8 B0 B AAE Ak A B AL AL TAE3E A MESO 2 & F 77 Ak X B L st B 284 % 89 &
& S A AR R R A AR R A A AT R, B IR R B e S R K 0 T R e e T
ik B FiR4E DOX #9R SN 3 B, & AE 4840 AN 20k & 32 4c X 8B 84 18] & R - %8 4 ( bone mesenchymal
stem cells, BMSCs) , %l JL 25 3 78 B 405k ) /2 AE #84e AG 284 % 3% /- AR P 9% 49} (human osteosarcoma,
HOS) B X BB 85 18] 70 Jt T 4w it | 345 2 30 Y 9% 2R R am Al 2 BALB/c ) SUMLF 2 Wb i BE AL | f2 b 963 40 22 &
FRHN AE Fo AG BAFHNAR  IRERR AR B AR AEMZAN, 4% SEMOWERET AEAHFLET
ZINH A HEMAB YIS EN AN AL P T AWM ZIAA T EILEM PO RBEERALELSEA L L
RIEH R T HBMEREGRILAE AG AN R EABENRRGBMILEH ILATLETEE LS A K728
MY, BT HRT XK ZEREAWILWE N, L @A E 5 LY, AE 5= AN 4009 R f Ak B 3 1
4~5 umiE B W, AG 6 R Bk EEAKE 2.180 pm, B AMRKXLERET, AEKBRO ABEZRIAT
AE 204F 50 08 F KM | fa Sh B KB IR i i B0 AR FE R e A T I, w4 S X R A A R K BRI A AR R B
B, AT 0 AR AR AR AT B BRI AR A R SR I A N BB IR AREL TN B R ERIR R I FAR A IR K e e
GIRRAEREE RINEMBERD N FHRE T, DOX R ZNM AR E X BRI L THEFRAT
10d, MR EkhER AW, 5 AE A4k AN 412 2403 T K KB 860 R T 49 e 6d 25 3% 75 ( P<0.001) Fe 210
(BB FHEREEG 2 FEHREG P<0.01;545%.:P<0.05) 4 71; 5 AE A48t AG A3 AR A 75 48
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Abstract: Objective To explore the construction of a time-sequential coating system on the surface of 3D-printed
titanium alloy implants, which can sequentially deliver dual functions of anti-tumor and osteogenic promotion for the
treatment and repair of bone defects following osteosarcoma surgery. Methods Porous Ti-6Al-4V samples were
fabricated using selective laser melting (SLM) , and the samples were first subjected to flow acid etching treatment ( AE
group). Subsequently, nano-hydroxyapatite (nHA) was mixed with agarose solution to form an internal hydrogel,
which was then infiltrated into the porous structure through mechanical interlocking mechanisms ( AN group ).
Subsequently, the AN group samples were then immersed in a calcium chloride solution to facilitate calcium ion
adsorption through hydrogel swelling. Finally, a composite solution of sodium alginate, gelatin, and doxorubicin
(DOX) (outer hydrogel) was applied to the surface of the AN group samples via a layer-by-layer crosslinking method
( AG group). The surface morphology, roughness, wettability, corrosion resistance and mechanical properties of each
group were characterized using scanning electron microscopy ( SEM), three-dimensional confocal laser microscopy,
contact angle measurement, electrochemical workstation and MES0 electronic universal testing machine. The swelling
ratio and degradation rate of the inner and outer hydrogels were determined by the immersion method, and the in vitro
release kinetics of DOX were evaluated. Rat bone marrow mesenchymal stem cells (BMSCs) were cultured on the
surfaces of the AE and AN groups to evaluate their adhesion, proliferation, and differentiation capabilities. In order to
evaluate the antitumor efficacy and toxicity of the samples, human osteosarcoma cells (HOS) and rat bone marrow
mesenchymal stem cells were cultured on the surfaces of the AE and AG groups. Tumor-bearing models were established
in the subcutaneous tissue of BALB/c mice. In these models, AE and AG implants were surgically positioned at the
tumor tissue base. This approach was used to systematically evaluate the in vivo antitumor efficacy and biosafety profiles
of the implants. Results SEM analysis revealed the presence of micron-scale pit structures on the surface of the AE
group samples, exhibiting uniform distribution. In the AN group samples, agarose and nanohydroxyapatite were clearly
observed to be present within the porous structure, forming a large-pore network on the scale of hundreds of microme-
ters. The AG group samples exhibited a surface with larger micropores, showing wrinkle-like features caused by the
loading of DOX, while the interior exhibited a significant number of millimeter-scale porous structures. Surface
roughness analysis revealed that the roughness of the AE and AN groups remained within the range of 4-5 wm, while the
roughness of the AG group decreased to 2.180 wm. Contact angle measurements demonstrated that the loading of the
inner hydrogel significantly enhanced the hydrophilicity of the AE group samples, whereas the loading of the outer
hydrogel slightly reduced their hydrophilicity. Electrochemical tests demonstrated that the sequential loading of the
double-layer hydrogel led to a substantial enhancement in the corrosion resistance of the samples. Swelling and degrada-
tion experiments revealed that the inner hydrogel exhibited a lower swelling ratio and slower degradation rate compared
to the outer hydrogel. In vitro drug release kinetics studies indicated that DOX release exhibited an initial burst release
profile, with sustained release lasting over 10 days. Cellular experiments demonstrated that, compared to the AE group,
the AN group significantly promoted the adhesion, proliferation ( P<0.001), and differentiation ( alkaline phosphatase,
bone morphogenetic protein 2 and osteopontin; P<0.01; osteocalcin; P<0.05) capabilities of rat bone marrow mesen-
chymal stem cells. In contrast, the AG group exhibited significant killing effects on human osteosarcoma cells ( HOS)
compared to the AE group (P<0.000 1), while showing only mild toxicity toward BMSCs. Tumor-bearing animal
experiments confirmed that the AG group achieved effective antitumor efficacy while maintaining biosafety. Conclusion
The double-layer hydrogel is methodically loaded into the 3D-printed porous Ti-6Al-4V implant, and it synergistically
delivers dual functions of anti-tumor and osteogenic promotion based on a temporal sequence.
Key words: 3D-printed porous Ti-6Al-4V implant; Double layer hydrogel; Time-sequential; Contributory bone

function; Antitumor function
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ALBR . YKFRFEWE JK AT (nano-hydroxyapatite, nHA )
V)2 ARG SR A Y (H B — A BRI R KA TR 2
Ja AR 732 BN A IIVE I 25 5 77 HE R EBOT Y i
RAFEIRZE R LRI e e h1t .
BT, R E R R AN THLE G W )Z B R
W o[RS T S 28 ey ¥ v A e B R B e LA AR &
BRI K

PR S AR Z AL A A T Ry i 24 1y a8t 26 2 e e
1I7 4 B B A R 1E . B % K (doxorubicin,
DOX) J&: 1 ) Z i 2y =z —"' B 1
¥R B DOX i it 1 il 41 ¥ S 44 il 11 20 DNA
Z4LL R 7= e 6 PE 4 (reactive oxygen species, ROS)
F MR AT LR LA A . O B
B 1 24 ) BRI AR A 2 W AR L B R
JEAR L 98 K J0URE 55 22 Bl 30K T AT 25 4 i
LU BRI 3 A7 A 2R 2 R RS B e ) R
IRBE IS 2 B KA 1) 3D A W45+, nl BEAK Sk
AN AN S L A B R K B S
LuS SRt EAL VST N e (BN (MR OR VIR R e = 2o (Aot
JIEHE (agarose, AG) i MZL3E 42 HUAY R AR A= W) R
G, R EE AR AT S BEADL 1 40 M Ah L BT (extra-
cellular matrix, ECM ) F14& 2 20 itd 55 5 %) §E 17 11 7
AT ARG | 51, ™ A 1 S 48 WoR B A%
SHIAEFH B,

A WA I 2 0 L0 3 5 0 FLAB I 2
AN 38 5 R A A R T AR S TR A
BCEA TR R T ET R, WO — ] A= W R )
BT, 238 A T A 1 ) 4 3R A 2 i i A AR
PESRAFIY , B 2 (B HAERIR T A e LU FH:
TR PEBR & T R T Ve SRR A T LA R
HR I RE 1 ABAGHE 138 A M BH 25 38 5K 11 1 35
PRI 7K B s T AN S TR S B 5 2 TV A
MELLSEH R AR BB IT RO . o T e IR 2R R
il ) FH B Jie ) 0 4/ L A 5 16 T DA SEE K 7K 358 e 1 e
fife L HESRALST 2 Y TE K B A R Th I 2 SR
XA B IKBERAE AT LI A B w8 g i, b A
AT 0 2 W R 3 DL S S 1) 24 ) R TR T
A5 ARG S ARIB T, DLy 25 W] DARS A 457
25 BE AR

H HiF B RIS 22 8 rh e AL ] i 2 FE 0 e A i

BCE D RE IR AA | SR A 1 i 96 200 B - 0 12
PSSR B B, W 2 AT — 8 I 0 It
XA AMRAELE—E R BRTE , ABFE 3R T T —Fh
BB RUZ 25 YR Z AL ALY, AT LA SE IS
HNZ T R AR AE AT, T BRI 4 S R A
JE B3 SRR R R, 3 AR A AT DL AN [+
HRERL > R AEAE TR IS [ o T G, A5 il
PSS 71 2% nHA SRR Z LR AR, T
HAE FAC TS R 3l HA IR vERE , i 2 17
3 Ca™ JHH 713 DOX FIE 52 IR B/ W e &2 & K
WEAEANZ A R AT . KR A A B 2 THDAFLA B2 | 5% K
PE T B P AT RAE  JF i — 250l T A A X [
725141 Y ( bone mesenchymal stem cells, BMSCs)
K5 JEAFNRLE o A 52 e LA R A A ) e e
RORFNA: W2 4, f ) il 3 sh ) S e B ik 1 A A
ENINEAN LR E N

1 #R57E%

1.1 ##
1.1.1 SEEX4

10 2 BALB/c F 38 fift e /N BRI [ At 50 2 38 F)
eI B F AR A BRZA ], K BB 1A) 7 5 40 i
P LU ZR KA S 5 B 2 B TR 8, A TR 4 e g 1
DO R A IR A A, S e E i LA K2
FEE R B 10 B 22 Bt o At o (45 DWLL-
202500106) .
1.1.2 EZRH

5 2F 1L W T B DO 3 R A IR A

DMEM ( Dulbecco’s Modified Eagle’s Medium ) 1% 3%
TR 55 [ BE BR K\ ] ; Caleein/PI ( Calcein-ace-
toxymethyl ester /Propidium Todide ) £l A 75 14 5 41 ffg
BRI G0 H 3 KA A B R T
AN [ BT TR0 A BR A 1 5 BRI i 2 v
MRAACAT BRAS )  BOBE B I 4 28 3 A R AN W] 4
KRR AW A LG5 E R A RA R 2
PHIARIC % 25 38 K F DAPI (4, 6-Diamidino-2-Phe-
nylindole ) 7AW F b5 K3 R A BRA 7 5 1 i
B CCK-8 ik &I [ 22 AR A PR A
1.1.3  FEUAS

3D fTEI#HL ( ProX DMP 320,3D Systems 2\ ),
KM ; Fl T 4 (JSM-7610F , JEOL A A, H
) s ZHEBOG IR A 5 (VK-X200K , Keyence
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OS], HAS)  $fl f 0 A A ( SL200KS , 3¢ [ RL#
M) HLfkaE TR (CS310, RHEAHX A, )
Y UR THAL (LGI-60E, b i 35 WAL A BR 2 ], o
[5) ; 2155 A AL AR A 5 52 ( EnSight, PerkinElmer
OS] TN ) 5 v A 4 3 5R AR 1B S5 ( Dragonfly
200, Andor 2~ Fl, 9% [# ) ; 43 )% % & 1T ( Nanodrop
One, Thermo Fisher Scientific, 3¢ [# ) ; SZHf PCR ¥
(LightCycler 96 ,Roche A ), Fii 1) .
1.2 FHi&
1.2.1  FESHIE

Ti-6A1-4V ZfL{4 H ProX DMP 320 # 4T ER
MLIE 3 BE P8 PE 3O 15 Rl ( selective laser melting,
SLM) ARG %, FTERE FRLAE L 2 10 ~53 pum
KB SR, TASHBCE B0 88 W,
B 620 mm/s, A9 44 2 1A i PR A A
SRR A BRI W (HNO,/HE/H,0 =10 :1:39) fig
W15 s, FHSFEMFR N AE, 2 w/v% BAE A
WTRA S w/v%(1 nHA , JIT#AE] 90 C K AE 2
vl JISC R ) R R 2 v e TR S R W A BE
JEE A B =R, AR SR AN, R A
AN 7E 2.5 mol/L 58 ALF5 AW iR L 15 min J5 I
PR R G A S A BEI ZE K 10 w/ v B
I B R MR 5 T W AN BE I 28 vh A2 B, W I 5 1
PR B o4 1, ISR A 1.25 mg/mL
DOX, JRAFHIREM AR N AG,
122 FEMRERE

Ry E PR 2 24 K B IS TN 2T IS 22 LA A A
BRSO 235 ) RN 2H R ) A2 AL | 38 1k 451 4 B 8% ( scanning
electron microscope, SEM) Xf#£ i #EAT4G I . Fr F
FEMTE-80 T T UR, JFTER R TR ALTh . e
J& il SEM B R B 2, 43 B /i FF i 547 i
SACPE, I 3D oL R AR WA X R Y 3D
TSR AT RAE , 73 TR i Y1 2 2 TDRLRES 32 ( surface
average roughness, Sa) ., i & 2 fikt /1 I A S0
oty 22 T PRl Ay DA SR AR LK Pk, A ot %) T
PP o F Al A T I a0 A R AR I
B AE0.9% NaCl ¥ A2 ARG E 1Y T il
i, HALZ TR KRR E T 37 CHEER B #ER T,
BEEWAR AL 0.8 V, 21k LA R +2 V, FH
o2 mV/s,
1.2.3 W ANZKEER RN

FHFRE 25100 7 W R T /K BEIRETE 37 C B BERR

Eh 2% Wi ( phosphate-buffered saline, PBS) (pH=5.5)
HIR L 24 h I KR, JE X AR R T /K BE R AT
FREJF OSSR Bl K A PBS w507 1 h X
WK EBERE , FHUEARI L3R 1H 2R K5 I5 , SE BV
R HE R R, K BE I ) F 4 12 K EE (equilibrium
swelling ratio, ESR) 315 /A =041F, ESR = (W, -
W,) /W, x100% ,Heorr, W, Mg Bk 5 B9 7K B8 % 5 1,
W, AR TG R K eI T

Ry T A KB G o gk () 2o R T P K O A
37 C FiZ A 250 mL PBS(pH=5.5) W, & R iE4T i
BAFRER , T3 BT ) A8 A P FR A /K BB S ot 1 0 L

HAKEER Y DOX BECAE PBS Hab A7l 2 .
B35 A 1.5 mg/mL 1 0.5 mg/mL DOX HIHE A
A 3 mL PBS(pH=5.5) H, FIEIRFERLE 37 CF
PES, BERE 2 mL BEEOA W, IEE R VIR AW
TG it (0 6 22 o, ol FH 58 90— AT D3 1 3
fh KB ) DOX F i, SRR E 43 LU AR 3
LAY DOX 3145,

TREEIE e 3 ZH A A ARFE S AT Ak 1 fig 0 3k 78
MES0 # i F 7 REIR IS AL F b A7, sfbEAs | B2
PR AT LM 7 — 07 A8 fh 2 v 4R A5 S A o
2R A%, W7 24 500 P P R0 L 7 — Ry A il 2k 1 R
3,

1.2.4 AR A2 K EE I Y 22 FLAE AR 9 1R S0 e i
TR A A Y Ak

AT BV HOS 11 BMSCs 78 AE il AG |-
AT RS | MR A i 1 7 A DB HEA T T 15/ e £,
¥ HOS = BMSCs 5 AE M AG 7 24 fLH h 5555
48 h, S E S R AL T e e )5 PR YL i, F
PBS V¥, i FH iy o % 48 41 R A5 1 S8R ( confocal
laser scanning microscope, CLSM ) WLZLHE S, 2 (4
fRAETE AL, 27 AR R AEAN M . 3 3 Imagel #1775
SRR EE ST

4 HOS #F7E 24 LR Y AE Il AG |, #5
3% 2.d J& , i PBS PRIk PILLAE AR K B B AR AR
LA 4% 2 KW ETE 4 C R [EE 25 min,
PBS ¥4 3 ¥k, 3 0.2% TritonX-100 X £ Jif 175 1k,
10 min,

T H SEM WARANMIE A | 1 e B EE 2 ext
YAEIEAT KA BE . T A BORAE S JF it
SEM EAE4IEIEA

PR YL, 1 e P P bR e R
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JERXGT 240 i 1 24 e € 40 B 60 min , 43 % 7E BB 5

DAPI X4 ffIAZ Y4 €5, 15 min, P9 Fh Y 824 78 B IS 4%

PR EAT, BJn il CLSM RIS

1.2.5  fAERANZ 7K EE I 1) Z2 LA AR B 14 3 e i
JERCR A Y2

TE/N BRI 78 5T HOS 40 g B 7k, 4 iys 1R AR
KE] 60 mm® 2247 B IFURIG YT . X/ BROPR 2 9 Bl
Lo W (B2 5 H) B BN BRAE P s
B R AU S — A1 01, SR 5 7 iR 2 20 R A
A AE #l AG W Fl AR, FARE S0 0, 1%
1 hid SEETAIRTT 41/ B I AR FRURN BT o, 4R
FA IR TT AN BRI AR I | AT IR K - 4L
( hematoxylin and eosin staining, H&E) | 7 ¥iii il %
W MR R [ A S 19 dUTP & 1K 3 bR 30 ( TAT-
mediated dUTP nick-end labeling, TUNEL) I Ki-
67 HiikgL a3 A,

1.2.6  BMSCs 7£ 1 £k N JZ2 K BEIE 1) 2 FL A AR 3%
AT 8 5 34 58 AN 20 FR B 1 ARG

# BMSCs 5 AE J AN 7£ 24 fLBH 1757 48 h,
/et M SR RS 1.2.4 AR Y
i,

T LSS A AR M e BRI 3 R R A Y
FrUETJr 5 ffi ] CCK-8, # BMSCs 5 AE AN 7
24 fLBCR LR E 1 4.7 d, BIAAEERE] S S B
fLAnA 100 pL CCK-8 ¥ F1 1 mL 1% 57 2, 78
37 CHAMFEFE | h, WIBUR & J5 W 3 96 FLik
22 BB L AR I 2R G2 7 450 nm %K T K
T S B

RSB 22 1 5 A W 5% 0 (RT-gPCR) 434
BMSCs i 3 H i £k, MMERE3E 7 d, H TRIzol
R $2 B4 i B RNA, il 43 0% Ot JE i
260,280 nm4h I £ B 4> FE i 21 7 RNA W E, Bl
Joi AR Tl T A 1 ol R 3 A SR G0 RNA
JUf sk cDNA , BE#E B A G LK) ALP .BMP2 |
OCN OPN fE R0 58 i 17 53 M, UL GAPDH 1R
NS L R i R 3k, SE9R 7 52 I PCR X
AT, S5 OR AR R H R (27T 1A
B BEE SHEA T 3 E R TSRS .

ALP:

F:ACAACACCAACGCTCAGGTC

R:GTGACCTCGTTCCCCTGAGT

BMP2.

F.AACACAAGTCAGTGGGAGAGC

R:AACCCATGGTTGGTGTGTCC

OCN:

F:ACTGCATTCTGCCTCTCTGAC

R:GTAGCGCCGGAGTCTATTCA

OPN’;

F:GAGACCATGCAGAGAGCGAG

R: TTGACCTCAGTCCGTAAGCC

GAPDH :

F.GGTGAAGGTCGGTGTGAACG

R:CTCGCTCCTGGAAGATGGTG
1.3 Sit=ZaE

X Fl GraphPadPrism10 317 4b ¥ | 774 1E 454
B L xxs e, P 4LIR] 22 5 Ho 85k I ph ST pf
A ¢ K, =4 K L A A 25 S L ORI R
25T, X I A0 A 7 52 I B R} SR R A N
Z0Hr, KEbRE =0.05,

2 & R

21 HAREFRE

K1 R/ Tk SEM R AE 1) £ fLEK & 4 1
AR E 5 AN 2 K 8 e 0 2 T2 30 AR AE 76K
B T, 1A B AT A 2 41 28 Bk & & 21k,
P R R HE S 2 ALEs R B 1C R T
DA 2 7K B T T N 25 4, R TR B B T
KRR R LI &%, I f A B 0 JF 2 X nl fig &
HI nHA 3R T 80 78 @ 558 T, AE R 1Al L
51 23 A0 B WK e T 454 (1] 1A) | AN 41 7]
T AT UL 22 1) 471 2% nHA /7K 88 B8 1) R (R FL B v A7
TE KBRS K i AR nHA FUki (1 1B) , H N2 K
BEE B W 22 2] nHA | 2 W] nHA R 3) 138 T
T ARFLBR K BERE (18 1C) . B 1D BoR
AG HE G M B R EBR KM ML, LN
Al UL H DOX 2% 512 A9 K8 4% 4% 4F DL % U b &5
g, 3% AT RE A R Ay B g 2% (A TR HLART ) 5 T 9 TR A
(A SR HL AT ) P R 35 (01 ) 0 3 5 A BK | S BUE
G D) 445 ST 448 5 T A 9 F R A X 3R AT AL R e R
MR A, T BCAE 50 B T, J5c 26 32 B0 kg 4 1T 44
DOX a5 , KB Lt (& 2) . FEANZK
BE RS PN, T L 2% B R = R AL BR &5, H R
JE AR (E1E)
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A: AE41;B: AN ;C: WIZ/KEEK;D: AG 4;E: SNZKEEIZ,
Figure 1 SEM images of each group of samples
A: AE group; B: AN group; C: Inner layer hydrogel; D: AG group; E: Outer layer hydrogel.

A

K2 AJC DOX fsisZEKEEIE
A: A3 DOX HSMNZKEEIE ;B : 7128 DOX [MANZEKEERL o
Figure 2 Outer hydrogels with or without DOX loading
A; Outer hydrogels without DOX; B: Outer hydrogel with DOX.
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T AT W Z i 1 2 TR A5 2 TR RS B (R
3A) ,AE RV LOUEE 2] 3D 1B 2 rh Ot IE
Rl AR RS | % T MR B 4 4,897 wm, AN 4 T 7%
nHA JKEERE TR , FLER A nHA JE B ks, 36
AT REDRE 5 ARG g 4.006 o, A8 AR 26 187 473 B 4 5 %
290 60 2885 B A R o 2 REDRRE 2, DA T 2 ) e o T 4
ML ZERE . AG ZH3R1H [R1FE 3 SEM 57 A 8 40
H A TR BE R FAAIC S 2. 180 wm , DT 41 il i Jee
LR G B

25 LHLRF i 2% T M AR S SR AN K] 3B TR
AE ZH ()3 fil /1 oM (59.49°+£2.38°) . AN HA1ET| A
BREHE A nHA J5, 425 fil /A BRI 2 (26.13°+2.18°)
(P<0.000 1), 3% V5 A T %2 FL B K A rh (4 728 5L Al
PO, SLPA BB 57K 43 F KA A EAE T, NI 37 44
BRI . AG 4L T 5K M 25 ) B 5 2 1
T B fbf b TFE (42.39°+1.34°) , HiE KPR
AN 4 FF&(P<0.001) ,

L0 3 W AR B ZR AN IR 3C Bf s, M
AE 4R UL, AN 41 J65 [t e o7 3720 3 184 K T8 ol ot o) 9
/No GIA, AN AL AN | U T HL R ol AR A
I, WM = . AG ZL Rl K BERS IR 2 it — 25
TE R, FLif S ph AT B — 254 e
22 HNERKERRAE

WIE 3D Ji7n, A1 2 7K BE IR N 2 K 8 R T
PBS H1izifl 12 h J5 , RS 20 R L W/ 16
R A A AR A Bk, ANl 3E iz, 02 K B i
F14) 2 i B BT P 2 K B A6 )2 3 2 7K O e e
AR (0~2 J&) F=Z R BT IR D) 6, H %
R R AR AR E AT 20%,, ILET
WZ BB E KB I m R EIF R EEN, 2
AW LIRS 3~ 4 JE A AR A 3 Al o B
T I B B3 ) 7 J55 200 L ri i ok, LA
() 5 B AR OGP BOKS MEVC E . (A5 1 = )
&, &l 3F 8 75 N 2 /K 8 e B BT A A % i I T
Z5 12 FMPBYERE 20% LI E 5% Ay B X Fh 28 By
PRI BB A 22 4F FH T 5 18 & Y 34 5 10 OF 42 i %
HEBHE 5 IE R S &2 I AL A
Ao DA AL BE R IE T BT R 96 T R B
R R, SO T B A T i S A
Yy .

308 3 A U0 ASE 4L e R i L A R M R B B v DOX

W B ok 3T Al DOX Y 1A Ab B Bl T 2, B 4R
1.5 mg/mL DOX R ZH7E R E 43 b )7 T R B i 4%
R0 L 8 2 255007 RN 18 I R T R (1] 3G) o, 2K
M, FE RS & 5 T, EAESS 1 RN R I 35 i)
L R FITHE vy ) RE A 3 (8] 3H) . Fifis DOX 7
BRI I, v B B o, DA BRI DOX Jif =
B4,

3 2 R I R TR A A AR A LR I E
I, ZKBE A C N FH I IR I PR A FH A 2R 1
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Figure 3 The physical and chemical properties of each group’s surface and the properties of hydrogels
A : Surface roughness and three-dimensional morphology of each group; B: Surface contact angle of different samples;
C. Potentiodynamic polarization curves for each group of samples in 0.9% NaCl solution; D: Swelling ratio of inner and
outer layer hydrogel; E. Degradation curve of inner and outer layer hydrogel; F: Long-term degradation profile of the
inner hydrogel layer; G: Release curve of the outer hydrogel DOX, expressed in percentage release; H: Release curve of
the outer hydrogel DOX, in units of release mass; I. Tensile stress-strain curves of inner/outer hydrogel layers; J: Com-
pressive stress-strain curves of three experimental groups.
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Figure 4 AG group exhibited enhanced killing effects on HOS cells while demonstrating minimal cytotoxicity toward BMSCs
A Live and dead fluorescence staining of HOS on two groups of samples; B: Live and dead fluorescence staining of
BMSCs on two groups of samples; C: Proportion of living and dead cells in A; D Proportion of living and dead cells in
B; E: SEM and CLSM images of HOS cell morphologies.
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Figure 5 In vivo antitumor effect of AG group towards the osteosarcoma model
A: Tumor volume in mice treated with AE and AG; B: Tumor volume in mice treated with AE and AG; C: Photographs
of excised tumors; D.: The body weight of mice in the AE and AG treatment groups; E: H&E, TUNEL and Ki-67
stained images of tumor sections in the AE and AG treatment groups.
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Figure 6 AN group promoted the adhesion and proliferation of BMSCs and had good biocompatibility
A Live and dead fluorescence staining of BMSCs on two groups of samples; B: Proportion of living and dead cells
in A; C; SEM and CLSM images of BMSCs cell morphologies; D; Cell proliferation of BMSCs on the surface of each
group after 1, 4 and 7 days of culture. * P<0.05, """ P<0.001.
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