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1. KERBIEEESEICH T 2FHREHORER

AR BB BEEEAE ISR U, REIRIE A O Lo KRG EAZE LT (CD) 1 EEstsdEik o
EEAREL, FHOMEZ RIS, FHEOTEEZ S AREERH HIRFIETH S, TF, KR
HEREEIC KT AR A B & LT, BIGHRE-OMIRTIEIE &2 - o AR R R ORGE LT %
ATOIN TV DN, CDOBRICHFLIZH AT 2 i 72 R IC OV TERZH B TlidZewn. fi72H
DM N—T1%, RV 7w Z 7~ (PCL) LBV vE=JLr v s (B-TCP) Z#EHZ 3D
TV —E AT, WmEITERE, RIS O & AR AT 23X EREE S 72 H 1
R OBREREES (FGS) Z1ER L7z, Z LT, HEFROFRAT oA Nif MBS SEEE L
ETNEANT, MABIK LIZFGSVEHAREZAT LI EA2ME L. Lo Lens, MigE
WA T 28, DaiOFGSTIL RS BIRICHlaZ BT 5 2 LR TE RN &, Miazgic
BH LIS, BANOHMH LT LEY 2R EOMBESN b=, Z0kd, ZhbORERE
BET L, RSO RICILZBT, Mli R TE 5 X ) HimRFGSER#RE L. &5
2, XV EEALRESELIRERKILRICOVTHET 5L, 30%E7-1360%D KA EREAT
LFGSO2FEME A ERL L 7= (Figure 1). £ L C, FRAT 1A R KIREEEET L& H
W, ZNHRIENED 2 DOFGSZ O L7z KERFEAZ LT OGN RISV TRET L 7.
~A 7 aCTTHHT L7oAER, CDHM L N, 30%E L 060%DRILELH T HFGSITWVTNLEF
LNDOETE (bone ingrowth) MMEE I7- (Figure 2). FRERERTIL, 30%DXILEEHFT D
FGSD 5 1360%DXALEEZ AT HFGS LV bIREN -7 (Figure 3). H&EZAIZIB W T,
30%DKALE A H T HFGSOJEFITITNE, B LT E RIERD R S 20y, 30% DK ILEE
HT HFGSOJE PRI ITEFE DR BRI R Sz (Figure 4). b0 LY, 30%
DERILEEZETHFGSITEHAZIEHESE, BANOREZEMNIES Z L0 5, CDDOIREHE



Zm ESELAREMEZ R Lo, 2 OWFERCRIZERMEES IS Lk S 7z (M. Maruyama, et al.
Effect of porosity of a functionally-graded scaffold for the treatment of corticosteroid-associated
osteonecrosis of the femoral head in rabbits, J Orthop Translat 28(28) (2021) 90-99.)
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Figure 1. 30% and 60% porosity functional graded scaffold.
A functionally-graded scaffold (FGS) was made of 80% polycaprolactone and 20% B-tricalcium phosphate,
created by our in-house-built 3D printer. The FGS was cylindrically shaped (3-mm diameter, 30-mm length)

with 1-mm central hole, consisting of three segments of spatially graded porosity, including 1-mm length
proximal segment of 0% porosity, 22-mm length middle segment of 30% or 60% porosity, and 7-mm distal
segment of 15% porosity.
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Figure 2. Representative microCT reconstructed images and analysis results.

(A) Mineralized tissue was noted in the CD group. In both the 30% and 60% porosity FGS groups, mineralized
tissue was confirmed inside the FGS. (B) The area inside the CD. Bone volumes in the CD group were
significantly higher than in both FGGs groups. While bone ingrowth ratio in the 30% porosity FGS group was
significantly higher than in the CD group (*p < 0.05 by Tukey’s multiple comparisons test). (C) The area
outside the CD. No differences in BMD and BVF were found among the three groups.
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Figure 3. Mechanical testing results.

The indentation testing for the surface of the femoral head. No difference in stiffness was found among the
three groups. The push-out testing for FGS in the middle segment. The stiffness in the 30% porosity FGS group
was significantly higher compared to the 60% porosity FGS group (*p < 0.05 by Student’s #-test).

30% porosity FGS

60% porosity FGS

Figure 4. Representative H&E staining photomicrographs of the femoral head.

H&E staining (Magnification: 40x and 200x) showed that trabecular bones in the area inside CD were seen in
the CD group. In the 30% porosity FGS group, thick trabecular bones were noted around the porous FGS. In
contrast, in the 60% porosity FGS group, trabecular bones around the porous FGS were thin, and newly
immature bones were confirmed. The empty spaces inside the bone tunnel in the FGS groups are artifacts left
behind by scaffold struts detached during the staining process. Blue dash line: the area inside the CD.

2. FRBEXETNVCHTE S LarTF s vasy 7 L MERBMARE - I18EFRE L
ILARFRIEAMERBAROZE

AR, BRI X 2B HAORENREIN TS, ZD1o0FEE LT, BIH®ERT
(CHZER ML (MSC) A RIEMEY A NI A TR S EMSCOERIERE LM Lxws 7 L=
Fava=mryIRhb5. £, PIRIENYA P IA 2 ThHDHILAE G FRZEIC LV iBRIEAT S
MSC (IL4-MSC) #fEHTHZ &2k v, RIEELHET 2 HERHSH. LirL, ZThbHDHIEICK
7 BB BEEEAE. (ONFH) (2% 9 DIREDIRICOW T LTl 2y, AREDOHMIE, 7L



VT 4 a=r7 L7=MSC (pMSC) & 721ZIL4-MSC% (fH L7z /B BEJ LT (CD) DIREhFIC
DNWTHERAT 1A FifFEME R BT V2 W TaA L7z,
In Vitro#ff 4t
FRMSCEHEAL, Lo FUANAEHNTILAMSCEER L. VAR v hTA R

(LPS) & TNFaZ I L 7= 5 Hi TMSCH L ONLA-MSCAE3HEE L 7L ar T v a = 7 %17
VPMSCH L NLA-pMSC A 1ERL L 72. MSC, pMSC, IL4-MSC, 1 X TNL4A-pMSC D45 DAl ISR,
ILAGE B &, HorfbREZ#Hl L7z (Figure 5) . MIEIEFEREIZILA-pMSCH MDD & L~ & im0 >
. —F, Frars a=r 7% LT-pMSCE L DILA-pMSCIEZ N ZHMSCE & TIL4-MSC &
EAHIRREESREE DMK T L7z, ILA-pMSCDILAFEBLEIFILA-MSCIZLE KL, FravT s va=r
THRICILADFEENMET L2, BOLREIZpMSC3 S - & b &<, IL4-MSC, IL4-pMSCW 4L b
THERE TR D o 72,
In vitrofiff 7

FRIZATFNT LV R= v sk, FIREITO6 AR L. 1) CDEf : Ao
KIEEEEICX LCDZ %EfE, 2) /N1 FrZ L (HG) #f : CDHEAWNICHGZ f£tE, 3) MSCHEE : 5
RMSCEHGIZIREHFLNICE G, 4) pMSCHE : MSCA# LPS+TNFox N L7-85#c 3 HE 7 L =
VT4V a = THBICEE, 5) ILA-MSCRE 1 Lo F A LA E W THERL L 72 1L4-MSC % {5 .
6) IL4-pMSCHY : IL4-pMSC % #¢ 5. itk S I KRB 2 L, ~A 7 aCT, Rk, BI O
TR PRI 24T o 7. 2 OFER, p MSCRAILKIRE IO FH E 08 BIARBPENCDRE L Y b F
BlZm»o7= (p<0.05, Figure6) . —J7, ILA-MSCRETBILNOEEESCH EIREENEN-7 (p
<0.05) . MFEFARHmIZIV T, pMSCREIZCDII YL Al ME 1N % < Blgt S hi=. —J7, IL4-MSC
fEiZempty lacunaeE 3 OREL W L HEREICIKETH - 7= (p < 0.05, Figure7) . SEEEFERCTIL 6 RE
W CHERAEN R T.

Zbinvitro B X invivoifFED#ER L W, pMSCITE 3 LEEZ et L, pMSCZ f#fH L 7=
CDILREREEEAN O M FriE 3 L OVE FA2MEdE L7, —7, ILA-MSCIEMaigFE 4 (et L, 1L4-MSC
ZOFH L7 CDIZ KRR EBEN OB 30 s & b S8 7. L7223 > T, pMSCE L NL4-MSC % i H
L 7-CDIE F-HIONFH D VR AR 2 7] | S8 2 ATREMEDS R Sdv7z. Z OMFEA I X EB MRS IS L
HHETETH S (M. Maruyama, et al. The efficacy of lapine preconditioned or genetically modified 1L4
over-expressing bone marrow-derived mesenchymal stromal cells in corticosteroid-associated osteonecrosis of
the femoral head in rabbits, Biomaterials 2021. In press)
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Figure S. Results of in vitro studies.

(A) Cellular proliferation was measured by PicoGreen dsDNA quantitation assay. Cell proliferation of the IL4-
MSC group was significantly higher than all other groups at days 3 and 7 (p < 0.005, in each). In addition, cell
proliferation of the IL4-pMSC group was significantly greater than the MSC and pMSC groups at day 3 (p <
0.005, in each) and was greater than the pMSC group at day 7 (p < 0.05). Moreover, cell proliferation of the

MSC group was significantly higher than the pMSC group at day 7 (p < 0.05). a: the [IL4-MSC group vs the



MSC group, p < 0.005, b: the IL4-MSC group vs the pMSC group, p < 0.005, c: the IL4-MSC group vs the
IL4-pMSC group, p < 0.005, d: the IL4-pMSC group vs the MSC group, p < 0.005, e: the IL4-pMSC group vs
the pMSC group, p < 0.005, f: the MSC group vs the pMSC group, p < 0.05 (B) IL4 expression level at day 3
in the IL4-MSC group was significantly higher than IL4-pMSC group (p < 0.005). (C) IL4 expression level-
dsDNA ratio at day 3 in IL4-MSC group was significantly higher than IL4-pMSC group (p < 0.005). (D, E)
ALP staining demonstrated that the percentage of stained area in both the MSC and pMSC groups was higher
compared to both the IL4-MSC and IL4-pMSC groups (p < 0.01). Similarly, both the MSC and pMSC groups
showed higher percentage of Alizarin Red staining area compared to both the IL4-MSC and IL4-pMSC groups

(p < 0.01). Furthermore, the pMSC group demonstrated higher percentage of Alizarin Red staining area than
the MSC group (p <0.01).
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Figure 6. Representative images of MicroCT and data analysis
For the area outside the CD, bone marrow density (BMD) and bone volume fraction (BVF) in the pMSC group

were significantly higher than in the CD and MSC groups (p < 0.05). Furthermore, BMD and BVF in the I1L4-
pMSC group were significantly higher than in the CD group (p < 0.05). Interestingly, for the area inside the
CD, BMD and BVF in the IL4-MSC group were significantly lower than in the HG group (p <0.05). *p <0.05,
*p <0.01, *p < 0.005.
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Figure 7. Representative images of H&E and CD31 staining of the femoral head and the data analysis
(A) H&E staining. Empty lacunae and pyknotic osteocytes were seen within the subchondral bone area in all
groups. However, the IL4-MSC group showed that normal osteocytes were widely distributed in the trabecular

bone, and empty lacunac were less. In contrast, all the other groups demonstrated that empty lacunae



widespread in the trabecular bone. The percentage of empty lacunae was significantly less in the 1L4-MSC
group (p < 0.05). (B) The CD, pMSC, and IL4-pMSC groups had a greater number of CD31 positive stained
microvessels than the HG group (p < 0.05). The IL4-MSC group had a lower number of CD31 positive stained
microvessels than the IL4-pMSC group (p < 0.05). *p <0.05, **p < 0.01



