THE GEORGE D Printing of Bioactive Graded Nanostructured Scaffolds for Osteochondral Regeneratio THE GEORGE
WASHINGTON WASHINGTON
UNIVERSITY UNIVERSITY

Nathan J. Castro! and Lijie Grace Zhang'?

WASHINGTON, DC WASHINGTOMN, DC

.Department of Mechanical and Aerospace Engineering and 2. Department of Medicine, The George Washington University, Washington, DC 20052

S

Since natural tissue are nanometer in dimension [1], the incorporation of Control Sl sl Graded Total Protei

biomimetic nanomaterials wit 3D scaffolds can mimic the properties of 140 n=3
natural tissues leading to m physiologically relevant implants. Thus, "_g 120
the main objective of thi tudy Is to create novel 3D printed = 100
nanostructured scaffolds forthe induction of directed cell behavior anc = O = 80
osteochondral tissue regeneération. For this purpose, we 3D printed Ec\:mao f
graded and homogeneously distributed nanocrystalline hydroxyapatite %" 40 -
(nHA) hydrogels. In addit bioactive transforming growth factor-f1 a 20 - -
(TGF-B1) was Iincorporate ithin the smooth articulating layer for 0 -
enhanced MSC ChOndrO en Week 1 Week 2 Week 1 Week 2 Week 1 Week 2 Week 1 Week 2
g Control ‘ Homogeneous ‘ ‘Homogeneous/TGF-Bl Graded/TGF-B1 ‘
Cross-section
5 Glycosaminoglycan Contént
A novel table-top stereol ography (SL) 3D printer (Figure 1) was © WSS
developed and used In® the manufacture of bioactive 3D nano % 15
osteochondral scaffolds with spatially distributed nHA and soluble TGF- =
B1l. nHA was synthesized vi @ wet chemistry method with a hydrothermal T_; .
treatment producing particles exhibiting biologically-relevant morphology =
: . _ Bottom & 2
and chemical composition: The hydrothermally-treated nHA and TGF-B1 - i .
were incorporated into the porous poly(ethylene glycol)-diacrylate (PEG- o 0.5 +
da) scaffold and human & l e marrow derived mesenchymal stem cell B e a1 N ?D: . . . | ‘I .
(MSC) adhesion, proliferatic " and two-week differentiation were evaluated 0 -
In vitro. ‘ : Figure 3: Scanning electron micrographs of SL 3D printed bioactive nanocomposite Week 1 | Week2 | Week1 | Week2 | Week1 | Weekguggiicek 18] WeclGoR I L
| * Perspective PEG-da osteochondral scaffolds. Control Homogeneous Graded t Homogeneous/TGF- | Graded/TGF-B1
Scaffold porosity and A _ B
spatial distribution ﬁs 10000 MSC Adhesion Total Collagen
characterized via scanning n=09 80 i -
. UV Laser Source * n=3
electron microscopy for C  axisstepper motor (355nm) 2

60

110 um fiber optic cable
Beam diameter at output (190 +/-50 um) 75 OO

|
40 |
Laser Output
(X- and Z-axis movement) 5000 *%
N EEFE RN
O _
2500 Week 1 | Week?2 | Week1l | Week2 | Week1l | Week ‘2 Week 1 | Week?2 | Week1l | Week 2

Control ‘ Homogeneous ‘ Graded l omogeneous/TGF-Bl‘ Graded/TGF-B1

Z-axis stepper motor (x2) '

Build platform (Y-axis movement) O Type 2 CO”ag en . ’

adhesion and proliferation. =

(ug/mg)

Total Collagen per scaffold

Cells per scaffold

&
&
: . H H#
. Figure 1: Diagram of the table-top SL system for Control Homogeneous Graded = 12 "‘ n=3
' . . . . . ] ] t
. the tabrication of bioactive hydrogel-based 3D | Fjgure 4: MSC adhesion on 3D printed scaffolds. Data are + standard error mean, s | :
. scaffolds. *p>0.05 when compared to all other scaffolds. 2 | '
. . o 2 8 I
W ained MSC Proliferation o £ .
(D) P e o o o m o ) B =2 &
"2 £5 e s e e e 0 5.0E+04 -9 |8~ 3 Kk
o o e e 2 - n= I 4
S - . S T o - -4 —_—
g 8 e B S e e e e O 4.0E+04 T S
ot LL O CEEL L CEe L": IZ
Ao B6 e NN ol 0¥ 5 © * *
R O 3 0E+04 T — 0
S i) Week 1 Week 2 Week 1 Week 2 Week 1 We'ek2 Week 1 Week 2 Week 1 Week 2
“ll ll“ D 2 OE+04 Control ‘ Homogeneous ‘ Graded ‘Homogeneous/TGF-Bl‘ Graded/TGF-B1 ‘
| 0 . . . . . Figure 6. Two-week MSC differentiation study of SL 3D printed bioactive hanocomposite
% 1.0E+04 - osteochondral scaffolds. Data are + standard error mean. “&” Indicate significant
Q) difference between growth factor and non-growth factor containing scaffolds, “** when
0.0E+00 - " . " compared to the highlighted group, “**” when compared to week 1, “#" when compared to
A © A L®) A o /
g = = % = = g 3 E all groups, and “+” when compared to control..
(D) (D) )
S o O S o O S S O '
(@)) (@) (@))
@) @) o
T i E o e, mi = : S
_ ‘ _ _ T = = The author would like to thank the Clinical and Translational Science
Figure 2: (A) 2D CAD model. Photo and SEM images of 3D printed porous hydrogel Dav 1 Dav 3 Dav 5

scaffdld via our novel table-top SL apparatus with (B)-(E) 40%:60%:; (C)-(F) Institute at Children's National (CTSI-CN) for financial support.

60%:40%; and (D)-(G) 80%:20%fill density/porosity. figi%rgé'): I\r/]ISC prolifera;i(:n on :t%DIpri?tSd sgaffolds. Data are + standard error mean,
p>0.05 when compared to controls at Day 3.
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