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Conclusions

NP/HA SHEAR-THINNING HYDROGELS
Provide dynamic range of mechanical properties and

Results
Self-Assembly of Stable NPs Grafted with AD

Introduction

Injectable biomaterials are a promising therapeutic delivery
platform for small molecule drugs and therapeutic stem cells,

Synthesis of HA Grafted with -CD
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Capable of protecting encapsulated cells from
cytotoxic ROS and mechanical shear stress

NP/HA Hydrogel Provides Injectable Delivery of Cells
and Protection from Shear Stress

NP/HA Hydrogel Demonstrates Range of
Mechanical Strengths and Shear-thinning Behaviors
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NP/HA Hydrogel is Susceptible to
Oxidative and Enzymatic Degradation

Retention of therapeutic cells?:3 small molecule drugs?®

Overall Objective

Develop NP/HA shear-thinning hydrogel as an
injectable, wound-filling platform for sustained delivery
of small molecules and retention of therapeutic stem

(C-D) Viability of encapsulated mMSCs following injection at constant flowrate
maintained by a syringe pump indicates that NP/HA hydrogels protect cells from shear
stress during injection compared to injection of cell suspension in PBS.

NP/HA Hydrogel is Capable of
Cellular Encapsulation and Protection from ROS

cells to promote repair of chronic diabetic skin wounds A DaagADagy, 1CD/1AD B rooueany,rcomw G HAHA 1CD/1AD A " B seonny zcmnaD” 1CDIAD
30005 < 1 mM H,0, 30007 « 1 mM H,0, 3000y ¢t mMuo, 0 e S D i PRO-INFLAMMATORY CYTOKINES ANGIOGENESIS
= = :: rl:mI;ll?-lEgSE 7 U HDEASE :: ﬁ“?—lEgsE 7 U HDEASE Mo 200 —
N P / H A Shea r-th | n n i ng Hyd rOQEI 5 2000 x}“\;-:_\ § 2000, 202 T g000] 1m0 T U HDEASE ] REACTIVE OXYGEN SPECIES GRANULATION TISSUE FORMATION
o f % % + -------- % o © __150.] x MATRIX METALLOPROTEINASES ECM GENERATION/TISSUE REMODELING
1000 “ S
GueSt AD _> Host B-CD ! N . z ] . ABNORMAL TYPE 1 MACROPHAGES ACTIVATED TYPE 2 MACROPHAGES
Triblock Self Assembled <_ Hyaluronic Acid 0 — - § 100- EE
Copolymer Nanoll\::rtlcle (HA) D Time (days) E Time (days) Time (days) § ; p © Refe ren ces
(TBC) PBS (NP) D309-AD,,, 1CD/1AD PCL D,;,-AD,,,, 1CD/1AD HA/HA 1CD/1AD 50- 2 ’
m m 1 mM H,0,- | 7 o -
s 1, se 1 HH| 1. Correa S, Grosskopf AK, Lopez Hernandez H, et al. Translational
s ™ . w0 g Applicati f Hydrogels. Chem Rev. 2021;121(18):11385
% ? 1:13' :IZD%ASE Y AVAVAVE lr;l“jl :S‘EZSE DR AVAVAVAN Y HSE?ASE' | JAVAVAVE \"f)'f’Q%Q?s@ \"f)'f’Q°a°?\Q°Q \"fa‘f’Q@?&@ 1 52;;3 Ions 0 y roge > em ev. ! ( )
H ° H OH o o n% 42 S 0% 4% ,sb NI S o> A ,sb o o 8% q° »° 0¥ A® @6 H,0, Concentration (uM) . ] . . o .
H o Ho 2. Muir VG, Burdick JA. Chemically Modified Biopolymers for the
C4H9'S(/\fs)1\35/\0ww}§§3/ ?-IO | o : G D 305-AD 505, 1CD/1AD H PCL D.,;-AD,,, 1CD/1AD I HA/HA 1CD/1AD Flgure 5. (A'C) Vlab”lty of encapSUIated MMSCs indicates that NP/HA hYdrogeIS Formation of Biomedical HYdrogels_ Chem Rev.
CHy~ M€ o7y o'y O H@ ptoonl w NG 000, +1 0, 3000) +1mi 0: 200 1 mu ko, containing PPS provide enhanced viability compared to similar non ROS-responsive 2021:121(18):10908-10949.
|+ 100mm 1,0, 20002__:1oomm H,0, 20001 + 100 mM H,0, shear-thinning hydrogels when subjected to increasing doses of H,0,. 3. Gaffey AC, Chen MH, Venkataraman CM, et al. Injectable shear-
~20007 "TTmTm—ao —— w ] TSsa © ] .. . . .
éﬁ”u","}’,',i’k T 7,’;% ‘f,’:,:,’,',‘,’ c I RN I LE NP/HA Hvd I D dati Profile is Medi db thinning hydrogels used to deliver endothelial progenitor cells,
of B-CD o — ® B = 000 / ydrogel Degradation Profile is Mediated by enhance cell engraftment, and improve ischemic myocardium. J
= =~ N H— A Cellular Infiltration Thorac Cardiovasc Surg. 2015;150(5):1268-1277.
5 § £ 0 Prasansace Fraas 0 s yraae % 20 pr 4. Gupta MK, Martin JR, Dollinger BR, Hattaway ME, Duvall CL.
e — ) ] . w . .
5 = & X=34% J Time (hours) Time (hours) 1 Time (hours) o w — Thermogelling, ABC Triblock Copolymer Platform for Resorbable
- = B b, -ap, 1conap K PCL D55-AD9, 1CD/1AD HA/HA 1CD/1AD < A I Y Hydrogels with Tunable, Degradation-Mediated Drug Release.
(] — Y 8 % 7% . .
= B 1 mM H,0, 1 mM H,0, 1 mM H,0, ! : . . . | | — — | . Adv Funct Mater. 2017:27(47):1704107.
Guest/Host Stoichiometric Ratio 1.5 D D D Agdays D D D AD"“’“S ngn AD ”“;WHA“‘“S
- 150~ 10% 150~ 10% 300™ 20% 300~ 20% 300~ 20%
el 1CD/1AD ALY 10 mM H,0, 10 mM H,0, 10 mM H,0,, g 1CDHAD 2CD/1AD 1CD/AD 2CD/1AD 2CD/1AD 1CD/AD
100 mM H,0, 100 mM H,0, 100 mM H,0,- N
& mb:‘; ‘,‘3;‘; oF T @ T 2T @ | ¥ bl D

Figure 3. Comparison of (A-C) G’ and (D-F) tand of hydrogels subjected to
oxidative (H,0,), enzymatic (Hyaluronidase), and combined degradation (H,O, +
Hyaluronidase) shows NP/HA hydrogels are susceptible to both modes of
degradation. Comparison (G-I) G’ and (3-L) tand of hydrogels subjected to
increasing levels of oxidative degradation (H,O,) demonstrates ROS-responsive
degradation of PPS NP/HA hydrogels.
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Figure 6. Histological evaluation of excised gel/tissue sections illustrates rate of
cellular infiltration (bottom shaded curve) alongside hydrogel degradation (top
patterned curve) and hydrogel biocompatibility with surrounding tissue. Scale bars
represent 100 um.
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