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Biodegradable PolymerBased TheranostidNanoparticles: Synthesis, Characterization, and
In Vitro Studies

Theranostic nan@pticlesare ahelpful strategy to diagnose, monitor and treat cancer uming
all-in-one platform Elevatedtumor proteases can be used as triggererdymatcally activated
nanogrticles (NPs) to develop NIR signal that can provide sufficient contrast betweormal and
cancerous tissudn this study,enzymatically activatedNPs loadedwith the chemotherapeutic drug
doxorubicinfree basgDOX) were syithesized as contrast and therapeutic agents for optical imaging
and treatment of cancer vitro. The core of the NPs was used as a carrier of DOX. The hydrophilic
SR O\SH S WiyGit) Sl&ed\ oq the surface thie NPs acts as an anchor for fluorasicaolecules
and mediates their quenchirigroteolytic enzymesgan cleavethe polypeptide providing mobility and
space between the fluorophores. As a result of this, cleaved peptide fragments flMdeepcepared
the NPs from blends of amphiphilic blodopolymers by nanoprecipitatioR.R O-\ysjne) was used as
a model enzymatically cleavable polypeptide which is an anchor for the NIRdtent molecule
AlexaFluor750. MDA -MB-231 metastatic breast carcinoma cedlbich overexpress and secrete high
amounts of trypsinvere used to monitor fluorescea developmentby fluorescent microscopand
therapeutic efficacy of NPS.he diameter of spherical NPs was in the range @850m The zeta
potential of the NPs wagl.27+5.58 mV. Rkiorescence activation of the AFZ&beled DOX loaded
NPs by treatment with trypsin resulted in the range ofta 23-fold optical signal enhancemewntthin
180 minutesiependhg on formulation ofthe NPs.A drug loading of 3 wt%{mg drug/mg NP) DOXn
the NPs was achieved. NPs showed fluorescent development of AF750 as well as fluorescence from
DOX released into the cell¥hese results suggest that enzymatically activated doxorubicin loaded NPs
are an attractive platforfior image-guided cancer therapy.
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Toward Protein Recognition with Oligopeptide-Containing Imprinted Hydrogels

Molecularly imprinted polymer@IPs) have emerged as an active area of researttiein
biomedical domairbecause of thesuperior affordabilg and environmental stabiligs
comparedo natural proteins andntibodiesFor applications in medical diagstics and drug
delivery, it isideal for these materials to recogmisingle proteins inomplex biological fluids.
We synthesized MIPs far sries of highisoelectric point exhibiting model proteins (trypsin,
lysozyme, cytochrome c) in order to assess the satgd¥lliPs for their template, as opposed to
alternative proteinstrypsin MIPs comprised of poly(methacrylic aet-(diethylamingethyl
methacrylateco-acrylamid¢ bound50% or greatemoretrypsin, lysozyme andytochrome ¢
thancontrol norimprinted polymers (NIPs)while excluding large or lovisoelectric point
exhibiting proteins (bovine serum albumin, trypsin inhibitor type I, hemogloile)
hypothesized thgiolymertrypsin specificityamongshigh-isoelectic point exhibiting proteins
could be achieveldy incorporating egineered oligopeptides, screerfedtrypsin affinity,

within MIP networls. Peptide ligands were selected through random generation, followed by a
genetic algorithrike mutation seriesIrypsinoligopeptide affinity was screened using
molecular docking simulations in the commerciallyailable GQD software.From 7,2®
screened peptides, gixomisingsequencewere selected. Selected peptides docked trypsin in
high affinity, lacked arginine anlgisine residues, and containegsteine to permit polymer
peptide conjuddon via thiol coupling. Thaffinity of selected peptiddsr trypsin, as opposed to
alternative cationic proteins, was screened experimentsilhg surface plasonresonance
(SPR) techniques. pPedes selected trypsin withicronolar affinity and were conjugated into
MIP and NIP networks &% efficiency.We believethese peptiddIP hybridsposea
promisingmaterial strategfor protein recgnition indrug deliveryand biosensag applicatioss.



3D Printing Vascularized Tissues: Closing the Loop between Computational and
Experimental Models

Samantha Paulsg¢Bagrat Grigoryart andJordan Millet
Rice University, Houston, TX, USA

3D printing offers unique potential to advance the field of tissue engineering by
providing a method testablish asascular spacwithin large 3D tissueslhe objective of
this work is to close the loop between computational and experimental models involving
flow and mass transport in vascularized tissue engineered constiigtsleveloping
reliable computational models for our tissue engineered systems, we can rapidly optimize
vascular geometries to maintain cell viability throughout constructs on a physiological size
scale.

We first printed branching channel networkgh a fourrung ladder designn
polyethylene glycol diacrylate hydrogeMle thentrackedthe flow d fluorescent beads
throughprinted channelsat a physiological flow rate of DOuL/min. After collecting a
series of images witframe ratesipwards ofL00 frames per second, we used plaeticle
image velocimetry package PIVIab calculate flow rates of beads within the channels
This step provides basis against which we could compare our computational models.
Then, to develogomputationamodels for flow, we first used a Bruker miecomputed
tomography scannéo scan thesame channels we used in the bead tracking experiments.
Using Mimics software we used these scatw reconstruct 3D meshdsr our printed
channels We imported these meshes into tkemputational fluid dynamics software
COMSOL Multiphysics,to predictflow ratesand patterns through individual channels.
Preliminary evidence has demonstraaetirongagreement between the computational and
experimental model Furthermore, computational models predicted -abwious flow
patterns through the ladder channel netwofRsliable computationalmodelsare an
invaluable resource in making high throughput optimizations in vessel geometries, flow
rates, and cell seeding densities to ensure the viability of cells within a large scale tissue
engineered construct.



Using 3D Hydroxyapatite-Collagen CompositeScaffolds andSpatial-Temporal
Variation to Promote Vascularized Bone Tissue Regeneration
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Bonefractures are quet common and kile most heal naturally, severe bone injuries such as
those caused by trauma often do not leeatheirown andrequire a tissue grafor repait Many of
these grafts fail We to a compromised blood supplyence, a means to promote vasdakd bone
regeneration is neededs such, spatialemporal seeding variations of -calture cells in3D HA
collagen composite scaffoldaere evaluate in this study forenhancemenbf osteogeasis and
angiogenesisComposite scaffolds were prepared dasting 4 mg/ml collagen hydrogeisithin a
porous3D HA scaffold Optimized concentrations diuman embryonic palatal mesenchymgells
(HEPMs) and luman umbilical vein endothali cells (HUVECS) were seeded witlspatiattempaal
variation(Group 1 HEPMs seeded 7 days before HUVECs seeding, GraugERMs seeded 6 hours
before HUVECs seeding, and Group BEPMs and HUVEG cast in the composite scaffo)ds
Production ofvascular marker (VEGF, Ang-1, and angiogeniniand an early osteogenic marker
(alkaline phosphatase (ALR)vere measured aegular intervals using ELISASroups were compared
using 2way ANOVA acrosdime and TukeyOs tesk(.05).Results showed th&roups 1 and Bad
similar trends in ALPthroughout the duration of the experimeamd vascular markeiss well asan
initial peak of ALP, which is indicatie of osteoblast differentiatiotdowever, Group 2 had reduced
and fairly consistent ALProductionwhencompared to Groups 1 and fuggestig delayedHEPM
attachmeh on compositescaffolss. All Groupsshowedan initial early increasen vascular marker
Ang-1 (essential for organization, integritgnd maturation of neeasculaturgand angiogeninpptent
inducer of neovascularizatian vitro). However, vascular marker maturation lewsisre observed to
decreaseover time,suggeshg the entrapment ofvascular proteins in newly formed ECM. Hence,

results imply both bone and vascularization are occurring.



Connectosomes for Dire€ytoplasmicDrug Delivery
Avinash K. Gadok, David J. BuscBrian Li, Silvia Ferrati, Hugh D. C. Smyteanne
C. Stachowiak

Diffusion of drugs across the cellOs plasmembranearrieris an irefficient process. In
particular, the requirement for membrane permeadbdilityts drug accumulation in the
cytoplasm undermining therapeuticefficacy and oveconstrainingdrug design. In
contrast, gap junctions, transmembrane prettiat connect the cytoplasm of adjacent
cells, bypass the plasma membrane, permitting diversall moleculesincluding
chemotherapeutics to mobetween cellsOur work addressthe challengeof crossing

the plasma membrangith a new strategyhat usesgap junctionsto transportdrugs
directly into the cytoplasmSpecifically, we developedConnectosomes, catllerived
materialsthat contain functional gap junction channels and can form gap junctions with
cells Connectosomes are harvested frompllasma membranaf cells thatoverexpress

gap junctios (a). Theseengineered materiatsansferreddyes anddrugsdirectly to the
cellular cytoplasm (c, d)Quantitative analysis revealed thating Connectosomes to
deliver doxorubicin reduced thberaputically effectivedose by more thahO-fold (d).

This remarkable increase intherapeutic efficacy has the potential to boost the
effectiveness of drugsnd to addresi®ng standing problems with chemotherapy such as
toxicity and multidrug resistance. Further, in bypassing the plasma membrane,
Connectosomes remove a key constraint on therapeutic design, enabling the delivery of
membraneampermeablalrugs

a, Connectosome formation b, & __ __ e
Connectosomes transpedttdye to recipient O) 4 %
cells. ¢, Recipient cell fluorescence 3 s
histograms Treated cell fluorescence R L WY

increased @old compared to untreated Gap Junction Blebbing Connectosome
cells. In the presence ofCBX, a gap _
junction inhibitor, transfer was significantly [
reduced illustrating that gap junctichased
interactionwas responsible for transpod,
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LD50 of doxorubicinby more than 18old.
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Multi -Functional Transmembrane Protein Ligands for CeltSpecific
Targeting of Plasma MembraneDerived Vesicles

Chi Zhao!, David J. Busch Connor P. VershtlJeanne C. Stachowiak
'University of Texas at Austin

Nanoparticlebased drug delivery systems have the potential to target diseased cells on the basis
of their receptor expression profiles. Toward this goal, synthetic materialggateq with

antibodies against specific cellular receptors have been shown to concentrate in solid tumors.
However, chemical conjugation reactions are difficult to control and frequently compromise the
affinity of receptor binding. Further, the difficulof implementing multiple distinct attachment
chemistries effectively limits the number and complexity of targeting ligands that can be used.
To overcome these limitations, here we demonstrate that plasma membrane vesicles (PMVs)
derived from donor cells oabe engineered to express transmembrane protein ligands that
precisely target cells on the basis of the expression level of a specific cellular receptor. In
particular, PMVs expressing ligands for EGFR bound with high specificity to breast cancer cells
expressing distinct levels of this receptor. Furthermore, PMVs can express various other natural
and engineered transmembrane proteins to selectively target cell surface proteins. As an example
of the generality of this approach we created PMVs expressimgi@ domain antibody against

GFP and showed specific binding to Gfelgged receptors. Our results demonstrate the

versatility of PMVs as targeted drug delivery systems. Further, PMVs provide an approach to
insert intact and functional transmembrane girat into liposomal materials. Moving forward,

these capabilities will enable the demment of multifunctional bionaterial systems that

control the fate of cells and tissues by participating in cellular communication and signal
transduction.
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TETHERED MICROPARTICLES FOR BMP-2 DELIVERY FROM COLLAGEN COATED
HYDROXYAPATITE SCAFFOLDS
Gaviria, L}, Guda, T4, Ong, J.L1
!Department of Biomedical Engineerinfe University of Texas at San Antonio

There is a stronglinical need to develop synthetic matettiased scaffolds [1Pelivery of bbochemical
cues to stimulattKk RVW V QDWXUDO Kdddré3sir@wbaddks UfSRmnY &ppRolches for bone
regeneration [2]. Bone morphogenetiofg@in (BMP)}2 is currently the gold standai®], delivery
metods experiencaitial high-burst release ahinsufficient local retention [2]. ®sical adsorption of
BMP-2 to ceramic surfacas aconcern because riésultsin denaturing of the protein and poor activity
[2]. Polymeric drug delivery systems hapetential to protect drugs from degradation, amahtrol
release at the targeted si@]. The purpose of this study was to develop a combined platform of
biodegradable hydroxyapatite (HA&pllagen scaffold tethered with polymerioicroparticles (MPS)
which will allow for the sustaineslow release of BMR2. Methods:HA porous scaffolds were prepared
by coating polyurethane spongesa waterdbased HAslurry and subsequent sinterinfaree BMPR2
release MP systems were preparedsing watefin-solvert emulsion evaporation: (a) Poly(lactic
acidPLA); (b) PRoly(DL-lactic-co-glycolic acid(PLGA)/poly(L-lactic-acidYPLLA), and (c)
PLGA/polyethylenimin€PEI). MPs were tethered to scaffolds by immersing the samples for 30 minutes
- 1 hour in0.05% collagen/MP solutiorMP attachment was confirmed IS8EM. ScaffoldMPs were
immersed in 1RBS and HC[24h) andBMP-2 released was measured by ELI4ological activity of
rhBMP-2 was assessed using human mesenchymal stem(M&8I8s) After 24h of incubation media

was replaced withmedia supplemented witBMP-2. Alkaline phosphatasactivity of the @lls in the
presence oBMP-2 was detemined after 3 daysResults SEM pictures confirmed MP attachment to
HA/Collagen scaffoldsEncapsulatiorefficiency of ScaffoldMPs on the scaffolds afte80 min and 1
hourwas measureduggesing burst release of BMR at 24h hours in P8 for PLGA/PEI group. 24h
acidic degradation suggest higher loading efficiency for PLA and PLGA/PElI compared to
PLGA/PLLA group. Biological activity of BMF2 was confirmed at day 3 by measuring Aaétivity,
conpared to controlConclusions:Polymeric MPs ecapsulating rhBMR2 were preparedsing water
in-solvent emulsion evaporation technigaed were successfully attached to the HA scaffolds via a
Collagen coating for further release of BAP This platform is suitable fgorolonging growth factor
delivery and maintaining the bioactivity and stability of growth factors for applications in bone tissue
engineering based on porous calcium phosphate scaffolds.

References: [1] Guda, T. et al. J Mater Sci: Mater Med. (2011) 22:-688;[2] Vo, T.N. Adv Drug
Deliv Rev. 2012 September ; 64(12): 129209 [3] Kirby, G. T. Polymers2011, 3, 571586, [4] Xu,
Q. Biomaterials. 2013 May ; 34(15): 3968D11.
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Bioorthogonal Conjugation of Bioactive Proteins to ThiolEne Click Microgels

Hydrogel microparticles are attractive drug delivery vehicles for tissue engine@fimig covalently
tethering growth factors that have short Has to microparticls allows for sustained therapeutic
presencea major challengés maintaininggrowth factorbioactivity. The use of click chemistrwhich

offers fast, efficient, specific, and mitdactions has emerged as a powerful synthetic to@ircumvent

this issue Particularly, the use of bioorthogonal tetrazm@bornene click chemistry, which proceeds
spontaneously wlhiout a catalystand is compatible with biologics, is complementarythwihiol-
norbornene click chemistry and amenable as a facile tool for bioactive growthtédbtring Here, we

utilize a thiolene hydrogelmicroparticle platform for delivery of bioactive growth factors through
bioorthogonal tetrazine conjugatioBriefly, PEG-based hydrogel microparticles were fabricated using
thiol-ene click chemistry([thiol]:[norbornene] ratio of 0.75:1and an electrospraying wateroil
emulsion technique?olymerization was achieved usiby light and an efficienphowinitiator. Thiol-

ene click enabled rapid hydrogel photopolymerization and electrospraying resulted in low polydispersity
microparticles.Subsequentlya tetrazine modifiedproteinof-interest (Tzprotein) wasincubated with
thiol-ene microparticles to yield gteinfunctionalized microparticlevia tetrazinenorbornene click
chemistry Two model proteins, alkaline phosphatase (ALP) and glucose oxidase (GOx), were explored
to demonstrate protein tethering ability and maintenance of bioactingg, untetheredz-ALP and
Tz-GOx were demonstrated to be equally bioactive compared tduneationalized (NFALP and

GOx, respectively. TTALP and TzGOx functionalized microparticles showed a ddspendent
bioactivity response compared to MEP and NFGOXx counterpds. Havingdemonstrated the utility of

this approach with model proteins, \&ee now extending this platform bmne morphogenetic protefh
delivery, which has relevance for bone tissue engineering. Future studies will investigate the efficacy of
this miaoparticle platform for inducing osteogenic differentiationvitro and for promoting bone
regeneratiornn vivo.
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Cardiac Differentiation of Reprogramed Amniotic Fluid Derived Stem Cells within a

Multifun ctional Fibrin/PEG Hydrogel for Congenital Heart Repair

Statement of PurposeCongenital heart defects are the most common type of birth defettteand

leading causef infant death.Currentrepair strategies involv&urgeryusinginactiverepair materies,

which canrequire repeat surgeries due to their inability to grow with the pafibetgoal of this study

is to create an autologous, implantable cardiac patch that promotes the differentiation of reprogrammed
human amniotic fluid derived stem celSHSC).

Methods: Cell source:AFSC were attained from amniotic fluid. Stem cells were isolated and sorted for
cKit+ and reprogrammed through mRNA transfection of Yamanaka factors.

Mesoporous Silica Vectors (MS\WISV (1 wn in diameter; 51% of porosity) wel@aded with GSK3

and Wnt inhibitors separately and encapsulated in PLGA microspheres byisalater (S/O/W)

emulsion method. PLGA thickness is altered to tune release mechanics. The releaseSar@SKnt
inhibitors from PLGAMSYV, in vitro, was pediormed in PBS (3T, under mild agitation).

Fibrin/PEG hydrogelFibrin/PEG hydrogels are formed by dissolving fibrinogen was combined at a 1:1
ratio with a bifunctional NHS poly(ethylene glycol) (PEG). After conjugation, reprogrammed AFSC
with MSV weremixed into the solution. Thrombin was combined with the cell solution at a 1:4 ratio to
initial fibrinogen.Cells within hydrogels were maintained in pluripotent stem cell media for 3 days and
assessed for embryonic pluripotency markers. Directed canffi@edtiation of reprogrammed AFSCs
was accomplished by MSV release of small molecules inhibiting the GSK3/Wnt signaling pathways.
Results AFSC 3 days after seeded into fibrin/PEG hydrogels maintain viability and markers of
pluripotency Oct4, TRAL-81(Fig 1). Preliminary release studies of GSK3 containing MSV show
delayed release characteristics from different formulations of the hydrogel and vectors (Fig 2).
Differentiation studies within fibrin/PEG hydrogels loaded with nanoparticles show an increase in
brachyury expression day 1 after the start of differentiation suggesting mesendoderm lineage. With
further inhibition of the Wnt signaling pathway, encapsulated cells express early cardiac markers
Nkx2.5 and Isll.

Conclusions:The current study shows muttial for a completely autologous cardiac tissue patch for the
repair of congenital heart defects. Successful reprogramming and differentiation of AFSCs proves that
functional cardiac cells can result from amniotic fluid. Reprogrammed AFSCs in 3D show tha
pluripotency is maintained and directed cardiac differentiation can occur by delivery vectors releasing
small molecules of the GSK3/Wnt inhibitory molecules.



Novel Nanocomposite tdetectViability of Mesenchymal Stem Cells
Kabir S. Dhada, LauraJ. Suggs.
University of Texas at Austin, Austin, TX.

Mesenchymal stem cells (MSCs) are used in angiogenic therapies for regenerating ischemic tissue. It is
not fully understood whether the primary role for MSCs in vivo is a paracrine effect or if they are
retained and differentiate towards tisspecific cdls. Detecting MSC viability during therapy will

provide crucial information in determining their role and developing more effective therapies. Current
methods to detect cell viability are limited to fluorescebased tools, which do not have the reqgeisit
penetration for deep tissue in vivo imaging. PDh.ysine (PDL) is well suited as a viability marker
because it is readily hydrolyzed by reactive oxygen species (ROS) in apoptotic cells while remaining
unperturbed in viable cellsA novel viability prdoe is being developed which integrates PDL into a

gold nanoshell forming sensitive degradable nanocomposites. Upon ROS degradation of PDL, the gold
shell loses stability and breaks apart thereby creating a detectable change in absorbance. Degradation of
this shell due to ROS species will all@ontinuous tracking of onlyiable stem cellsThe

nanocomposite was found to have maximum absorbance in tH@50ntn rangeDegradation of the
nanocomposite wasstedoy additionof hydrogen peroxidever 20 hour&nd was found to reduce the
absorbancéy 3.5 fold.This system will be able to accurately detect viability of injected MSCs by
measuring changes in spectral absorbance using photoacoustic inBsgnggable to actively detect

cell location and viability will preide useful information for developing more effective cell therapies.

References:
1. Lee, S. K., Mortensen, L. J., Lin, C. P. & Tung;HCZ.Nat. Commun5, 5216 (2014).



Engineered tissues with perfusable vascular networks created by
sacrificial templating of laser sintered carbohydrates

lan S. Kinstlingef David R. Yalackit andJordan S. Millet
!Departmenof BioengineeringRiceUniversity,Houston, TXUSA

Engineered tissues densely populated with cells rapidly develop a necrotic core in
the absence of convective transport of oxygen and nutrients through vascular networks.
Here, we introduce laser sintered carbohydrate materials and their use as biocempatibl
templates for vascular networks. 3D fluidic networks can be created by encasing sintered
carbohydrate templates in diverse hard and soft materials, then dissolving away the
templates. This approach provides 3D geometric control, speed, reproducibdity, a
flexibility with respect to materials.

Based on our experience using carbohydrates as sacrificial vascular templates, we
hypothesized that sintered carbohydrates would provide improved control over the
architecture of 3D vascular templates. Indeed,deenonstrated that carbohydrate starting
materials can be sintered into 3D filament networks (Figuré/gé)have demonstrated
that carbohydrate materials can be sintered into 3D filament networks, which are self
supporting, watesoluble, and cylindrical ahsmooth after pogirocessing. Laser
sintered carbohydrate filaments were amenable to sacrificial templating in a variety of
bulk matrices to yield open, perfusable chanfigigure 2) Specifically, 3D perfusable
networks were formed in cdiden fibrin, polycaprolactone foams, and PDMS. Thus,
this approach is expected to be useful for patterning vascular networks in diverse soft
tissues, bone, and microfluidic devicAdready, we hae observed that cell activity in
thick hydrogels is improved with flow perfusion through sacrificially templated channels.

This novel approach has the potential to meet a major need in the field for
reproducible perfusable vasculature within engine@issde. We expect this technique to
be useful for sustaining high cell densities inside lacme engineered tissues.

Independent control of vascular architecture, ECM material, and cell populations also
makes this an ideal experimental platform to stagiogenesis, vasculogenesis,
interaction between vessels and parenchymal cells, and the effects-pEfifusion on
these phenomena.



CAD model

Figure 1. a) A 3D square filament lattice was designed and b) laser sintered from powdered carbohydrates (scale bars = 1mm). Sintered
filaments were efficiently fabricated (9 in ~90 mins) with high reproducibility and fidelity on a custom laser sintering platform
(github.com/MillerLabFTW/OpenSLS).

Open
Channels

Fibrin hydrogel + HEK cells
(cross-section)

Figure 2. a) A laser sintered carbohydrate
ladder network is used as a sacrificial
template for open, perfusable channels in
diverse materials. Encapsulation in and
subsequent dissolution out of b) fibrin
hydrogels, c) cell-laden fibrin hydrogels, d)
PDMS, and e) PCL foams highlights the
flexibility of this approach (scale bars= 1mm).

PDMS PCL foam (X-ray image)



Time-course of Matrix Stiffening Drives hMSC Differentiation in vitro
Shane C. Alleh Alexis C.Antequerd, and Laura J. Sugys
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Human mesenchymal stem cells provide an exciting and readily available avenue for potential therapies
ranging from wound healing and cardiac graftdowever, the mullineage potential of hMSCs once
transplanted may haven @ffect on the subsequent population for thetapierefore, it is of critical
importance to understand the thoeurse of this differentiatiom vivo, to do this a dynamic system is
needed to mimic the changing graft environment as healing otd&Cs were cultured in an alginate
matrigel hydrogel with the ability to be dynamically stiffened through-ndeared irradiation release of
calcium from liposomés Cells were allowed to culture 7 days in unsupplemented media then either
adipogenic or ostegenic induction factors were added. A portion of each group was stiffened at various
time-points between 14 and 21 days post gelation to assess the role of stiffeningunseeon induction
efficiency. hMSCs within gels which have not undergone stiffgna@xhibited characteristic induction

when exposed to the strong factors in the supplemented media. Interestingly, culture in all conditions of
the soft group led to positive Oil Red O staining regardless of media composition. Brightfield images
additionally show a rounded cell shape typical of adipogenic differentiation. Staining with alizarin red
was less conclusive as strong staining only occurred in the group induced towards osteogenesis in the sof
condition.Positive Oil Red O staining and rounded padjenic shape in all media conditions for soft gels
support the conclusion that hMSCs cultured in environments of low mechanical stiffness te be pro
adipogenic. This is additionally supported with reduction in alizarin red staining in the osteogenic non
induced group relative to thet@ogenic induced groupaKen togethethis reinforces thgaradigmthat

matrix stiffness, and the tiraurse of stiffness changesea strong drives of hMSC differentiation.

References: 'Picinich, S.C. et al. Expert Opin Biol. Ther.2007.2Pittenger, M.F.et al. Sciencel999.
3Stowers, R.S., et al. 2015.
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Photopolymerization of Microparticlesinto Porous Scaffolds for Tissue Engineering

Hydrogels are widely used as scaffolds in tissue enginedrgxause their-B structure
more closely mimics thenatural extracellular matrixcompared to2-D biomaterials. In
conventional hydrogel€ell migration and spreading are dictated bydtaffolddegradation
rate, with lower crosslinking densities being more favorable. Howeker,coupling of
scaffold degradation and cell infiltratioconflicts with maintainingsuitable mechanical
propertiesdesirable fotissue enginaeng applications. Here, we introduce a porous hydrogel
scaffoldprepared by photopolymerizing poly(ethylene gly¢®lIEG) hydrogel microparticles.
The key desigaof this scaffoldarethe porous structureecessaryo provide space for cell
growth andhenon-degradable building blocks that support cells with a constant stiffagss.
tuning themicroparticle sizes and thus the hydrogel pore sizs well asmicroparticle
stiffness we aim todevelop celinstructive scaffolds that enhance cell spreading, migration,
and tissue formation. Briefly, microparticles were fabricated using thiol-ene
photopolymerizatiorof PEGtetranorborneneand PEG-dithiol ([thiol]:[norbornene] ratio of
0.75 to 1)via an electrospraying techniqu&ubsequery, PEGdithiol wasincubated with
thiol-enemicroparticles and use® crosslinkthemvia photopolymerizatiorio yield porous
hydrogel scaffoldsLow polydispersity ntroparticleswith a size range of 16800! m were
obtained through electrosprayiragnd mechanical propertiegere manipulatedby varying
PEGtetra norbornenendecular weight In vitro studes showed that mouse3T3 fibroblasts
spreadwell and elongatedoetween microparticlesas evidenced bgseudopodigafter three
days culturing onscaffolds.Future studies will investigate the potential floese scaffoldso
be used asin vitro modebk to study cell migration andwill be cultured with human
mesenchymal stem cells itovestigatetheir effects on acceleratittigsue repair



Effects of Antimicrobial Treatment on the Induction of an Osteogenic Membrane in an
Infected Bone Defect
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Poly(methylmethacrylatg(PMMA) is a polymercommonly usedo induce the formation
of an osteogenic membrarfer large bone defect reconstructiorhis osteogenic membrane is
enriched in osteogenidactors, angiogenic factors, andcytokines that contribute to the
development of healthy bon&urgical site infection bystaphylococus aureus a common
complication ofbone injuryand is known to inhilbithe healing of bone. Because PMMA can also
be leveraged to locally deliver antibiotics, Wwave develogd an antibiotiereleasing porous
PMMA constructto simultaneously resolve infection and promote the formation of a pro
osteogenic membrane. We hypdtize that local delivery of clindamycin in an infected segmental
rat femoral defect will resolve infection and restore the osteogenic potential of an induced
membrane compared to untreated infected defects.

Porous PMMA constructthat release clindamyciaver 28 dayswere fabricated and
implanted into an 8nm rat femoral segmental defect infecteith either 0 or 18 CFU of S.
aureus according to the following study groups: 1) No Infection/No Antibi¢tmntrol), 2) No
Infection/Antibiotic, 3) Infection/No Antibiotic, 4) Infection/Antibiotic (n=8/groupAfter 28
days, defectswere cultured and membranes were harvested for evaluation by quantitative
polymerase chain reactiqgqPCR) No animals in the nemfected groups cultured baate all
cultures fromanimals in the infected untreated grouprew S. aureus One animal in the
infectedfreated group cultured®s. aureus Membranes harvested and evaluated dBCR
demonstrated a significant increase iRlIE TNF D, and IL-10 in theinfectedlntreated group
compared to other groups. No significant differences are seen in the levels, &MP-2, VEGF,
Runx2, or BMP5.

Preliminary results from this studgdicatethatwhile angiogenic and osteogenic growth
factor expression were not sigedintly affected by persistent infectidocal antibiotic release can
significantly reduceinfection and restore the normal inflammatory profile &m induced
membrane.
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Dynamic whole blood study of siliconemodified with PEO-silaneamphiphiles
Mikayla E. Barry* Marc A. Rufin! Melissa A. Grunlah
!Department of Biomedical Engineering, Texas A&M University
A blood-contactingmedical devicerapidly adsorbs plasma proteins which initiates clot (i.e.
thrombus) formationAntithrombotic drugs mayreduce clotting and associated device
dysfunctionand ischemia, but put the patient at risk for hemorrhaging. extreme
hydrophobicity of gicone, a commomedicalblood-contactingdevice materialmakes it highly
prone to protein adsorption and clottifply(ethylene oxide) (PEO) tughly protein resistant
but its function depends critically on its presence asilmnewaterinterface. To enable rapid
and substantiahigration of PEO to thsilicone surface, v prepareda PEOG-silane amphiphile
(Figure 1) asa surfacemodifying additive.Fibrinogen adsorption was substantially reduced,
even at low concentratisnof the incorpaated PEGsilane amphiphile. In order to assess
thromboresistancemodified silicones were exposed to whole blood under dynamic conditions
using aChandler Loop Clotting was evaluated in terms of occlusion time and thrombus
generation for silicones mod#d with varying levels of the PESIane amphiphile. Finally,
these results related to protein resistance and the ability of modified silicones to undergo water

driven surfaceestructuring.

(OEt);S /\/“ll‘ éo % %%%i \/J\\/Oﬁ/\o%/
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Crosslinking Siloxane Tether PEO
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hydrophobic hydrophilic

Figure 1: PEO-silane amphiphildor modification of silicones



D. Spencer D. Beckman, B. Luu, N.A. Peppas
The University of Texas at Austin
Co-delivery of multiple therapeutic agents to liver cancer

Off target toxicity and drug resistance are two major factors that currently limit the
effectiveness of chemotherapeutic regimens. Drug resistance is particularly prevalent in
hepatocellular carcinoma, a disease that currently has a 17% 5 year survival rate, for which
death rates have increased over the past 20 years. A promising strategy for overcoming both
off target toxicity and drug resistance is through intelligent nanoscale drug delivery systems
that co-deliver both a chemotherapeutic and a sensitizing agent, such as short interfering RNA
(siRNA). Here, a set of biodegradable tertiary amine methacrylate nanogels with varying
hydrophobic comonomer composition were synthesized and investigated as optimal carriers for
siRNA and chemotherapeutics.

Nanogels were composed of 2-(diethylamino)ethyl methacrylate and varying ratios of tert-
butyl methacrylate and benzyl methacrylate with polyethylene glycol grafts and a degradable
disulfide crosslinker. Monomer incorporation was confirmed via FTIR and reaction kinetics
were observed in real time using Raman spectroscopy. All formulations exhibited pH
dependent swelling and zeta potential with critical swelling transitions at pH 6.5. Loading of
siRNA into nanogels was optimized with respect to N/P ratio, buffer ionic strength, and pH.
Loading of doxorubicin was optimized and co-loading studies of doxorubicin and siRNA are
ongoing. The nanogels were not toxic to human hepatocellular carcinoma (HEPG2) cells after
48 hours at concentrations up to 0.5 mg/mL. Initial transfection studies demonstrated 50%
knockdown at N/P ratio of 32. The nanogel framework presented here is a robust intelligent
drug delivery system designed to address the major challenges plaguing liver cancer therapy.



Janet K. Vela Ross Kyle Walsh and Tania Betancourt

Texas State University

Doxorubicin-Loaded Conductive Polymer Nanoparticles Designed forLaser-Induced
Photothermal Therapy and Drug Delivery

Methods for norinvasve, localized cancer treatment are of great importance to theranostic
nanomedicine. The successful design of method&fgeting cancer cells while keeping healthy
tissue intact encompasses areas of drug delivery, release, and efficacy. Photothermal therapy, a
process that uses near infrared (NIR) light and converts it tbtbegblate cells is a widely
researched areah& development of nanoparticles made with polymers that exhibit photothermal
properties (i.e. that can absorb light in the NIR region and generate heat to ablate cancer cells) and
that can act as depots for delivery of anticancer drugs is the main fabis sitidy. In this work,
the chemotherapeutic drug doxorubicin free base (DOX) was encapsulated in nanoparticles
prepared using 3;éthylenedioxythiophene (EDOT) monomer in a iswfactant emulsion
polymerization process. The DOX loaded PEDOT nanopestiere characterized using dynamic
light scattering (DLS), UV/Vis/NIR absorption and fluorescence spectroscopy, zeta potential
analysis, and transmission electron microscopy (TEM). The percent loading of DOX was studied
for these nanoparticles at diffatestarting concentrati@in order to optimize its encapsulation.
Results showed that the nanopatrticles have a @g2100 nm in sizepresent strong absorption
at 790 nmand are able to encapsulate DOX at different concentsatiprio 1.83% w/w (wh
respect to polymer). Further studies of these tivaged nanopatrticlesill include drug release
andin vitro therapeutic efficacy in order to demonstrate their promising applisatiohght-
triggered therapy.



Comparing Mechanical Properties of SilkCoated and CollagerCoated Hydroxyapatite Scaffolds
for Subchondral Regeneration
Diana Castillo'?, Victoria Vega'?, Sergio Montelongo'?, Joseph Pearson'2, Joo L. Ong'?, Teja Guda'*
"Department of Biomedical Engineering, University of Texas at San Antonio,

2Joint Graduate Program in Biomedical Engineering, University of Texas Health Science Center.

Extensive interest has been given to various fabrication techniques of scaffolds to seek different
means of restoring volumetric bone loss. Studies demonstrate that scaffolds act as temporary
matrices at the site of injury to promote cell proliferation, which in turn promotes tissue
regeneration [1]. Various coatings, architectural factors, biomechanics and porosity are taken into
account when enhancing the biomaterial design. Scaffolds with pore size of 100um-300pum wide
were found to be best suited for cell migration, bone regeneration and capillary formation [2].
Collagen has been used to coat scaffolds, as it is the main protein component in bone and reveals
exceptional biocompatibility [3]. Silk films are also used as coatings, as they have superior
mechanical properties [4]. This study focuses on constructing porous, structural hydroxyapatite
scaffolds with different coatings to identify samples with optimal mechanical properties to mimic
trabecular bone like structures for subchondral regeneration. Scaffolds were constructed by
sintering porous cylindrical polyurethane templates coated with a hydroxyapatite (HA)
slurry. Two scaffolds groups were formed: one group consisted of collagen type I coated scaffolds
of three concentrations (0.05%, 0.1%, and 0.25%) another group was composed of silk coated
scaffolds of three concentrations (3%, 5%, and 7%). Two techniques were used: dipping the
scaffold into the coating solution 6 times at 5 minute intervals, or soaking the scaffold into the
solution for 30 minutes. Scaffolds coated with 0.05% collagen for 30 minutes showed the strongest
trend for an increase in toughness compared to uncoated scaffolds (p=0.082). Scaffolds coated
with 7% silk for 30 minutes had an increase in ultimate stress (p=0.001) and toughness (p<0.001)
compared to the uncoated control group. It was identified that the trabecular thickness and pore
size of each scaffold was not significantly affected after collagen or silk coatings, and they retained
their open porous architecture after each coating (p>>0.05). Referencg [1] Dhandayuthapani, B
et al. Polymer Scien 2011; Hindawi Publishing Corp, [2] Karageorgiou, V et al. Biomat 2005;
Elsevier, [3] Glowacki, J et al. Biopolymers 2008; Wiley Periodicals, Inc, [4]'Wang, Y et al.

Biomaterials 2006; Elsevier.



Heidi R. Culver, Nicholas A. Peppas
The University of Texas at Austin
Differential Protein SensingUsing |l onic Polymer Coated Gld Nanoshells

Synthetic polymers can be designed to differentially bind proteimsdoyporating monomers théirm
non-covalent interactions with spedfresidues on protesurfaces. We have found that complementary charge
charge interactions between ionnonomersand proteis havea greater effect odifferential bindingthan
hydrophobic interactions or hydrogen bindirfsuch ionicpolymers can be synthesized on the surfate
nanomaterials to develop receptors with builsignal transduction. For example, thedtized surface plasmon
resonance (LBR) of noble metal nanomateriats sensitive to chages in local refractive index arwn be
exploited to detect metular binding events near the nanomatesuafaces. In particular, nanomaterials with
high aspect t#os, such as goldanoshells (AuNSs)have enhanced LSPR sensitivdgmpared to colloidal
gold. In the current work, we synthesize ionic polymers on AuNSs and take advantage of their enhanced
sensitivity todifferentiate among proteins with varyirgpelectric points

Hydrophobically modified ANSs were encapsulated in poly(maleic anhydrak-1-octadecene)
graftedpoly(ethylene glycol) methacrylatéPMAO-PEGMA) va solvent displacement. PMABEGMA
coated AuNSsvere combinedwith N-isopropylacrylamideNIPAM), methacrlic acid (MAA), and N,NO
methylene bisacrylamidand purged wititrogenwhile heating to 7(0C before initiating polymeriation
Poly(NIPAM-co-MAA) coated AuNSs were incubated wittwo high isoelectrigoint (pl) proteins, lysozyme
andcytochrome cand me low pl proteinpovine serum albumin (BSA). Absorbance spectra were measurel
detect LSPR response to increasing protein concentrations.

Successful gpwth of poly(NIPAM-co-MAA) on AuNSs wascharacterized by dynamic light scattering
and tansmission lectron microscopyBare AuNSsand PMAO-PEGMA coatedAuNSs showed negligible
LSPR shifts upon incubation witany protein. Howeverpoly(NIPAM-co-MAA) coated AuNSs exhibited
concentration dependeshifts in LSPR wavelength upon incubation with highl proteins (lysozyme and
cytochrome g for concentrations down to 175 nMut no shifts were observed ftire low pl protein, BSA,
demonstratinghe importance ofttargecharge interactions differential protein sensing



Chelsea A Kraynak Laura Suggs
University of Texas at Austin
A Gold Nanoparticle-Based Transfection Agent to Direct Macrophage Polarization

Macrophages of the innate immune system dramatically influence muscle recovery after
injury [1]. The relationship between pmaflammatory, phagocytic M1 macrophages,-pro
regenerative M2 macrophages, and muscle recovery is highly dependent on the timé&oof pro
antrinflammatory macrophage phenotype sflt Supplementing ischemic injury sites with
polarized macrophages can imypeanuscle functionality; delayed treatmenth M2-polarized
macrophages significantly improvesiscle recovery following ischemic injuand reperfusion
[2]. Macrophage polarization is characterizedhiymetabolism of arginine: M1 cells will
metabolizearginine into inducible nitric oxide synthase (iNOS), while M2 cells will synthesize
arginasg3]. We have developed gold nanopartickeasedsilencer RNA (siRNA)}ransfection
agent to knock down iINOS expression and prortied@ro-regenerative M2 phenotype during
musclerepair. Usinga gold nanopartickeased agent may promote endosomal eseéhe the
macrophage via laser irradiation at the gold nanorod peak absorbance waVéledhrefore,
this transfection agent can bsed to temporallyegulateinjected andchost macrophage
polarization upon lasing.

Gold nanorods (NRs) wesynthesized thhave an LSPR wavelength of 808 nanometers
with a 20 nanometer silica coating. NRs were coated in a laygr kiD linearpolyethylenimine
(PEI), to positively charge the pigle and help transfection efficiency via the proton sponge
effect. SIRNA was electrostatically bound to the PEI intermediate IB¥#rand siRNA coating
of the particle was confirmed with zeta potential measurements and gel electrophorésis.
evaluation of transfection efficiency of the NR age#ith and without irradiationvas compared
to thecommerciallyavailable transfection agent Lipofectamimée widely adaptable nature of
this particle makes it an effective tool to both improve macrpgbased therapies and to
elucidate the role of key inflammatory markers in muscle degradation and recovery.

Tidball & WehlingHenricks,The Journal of Physiology. 2006. 578(1), p. 32336.
Hammers et aljournal of Applied Physiology. 2014. 118(8), pL067-1074.

Rath et al. Frontiers in Immunology. 2014. 5(532).

Chen et al.Journal of the American Chemical Society, 2006. 128(11), p. 3763715.

PwpE



Ultrahigh -throughput generation and characterization of cellular aggregates in laser
ablated microwells of poly(dimethylsiloxane)

Jacob L. Albritto, Jonathon D. Royb3lSamantha J. Paulsehlicholas J. Calaf3tJose A.
FloresZahef, Mary C.FarachCarsoi®, Don L. Gibbon% and Jordan S. Millér

Aggregates of cells, also known as multicellular aggregates (MCASs), have been used as
microscale tissues in the fields of cancer biology, regenerative medicine, and developmental
biology for many deades. However, small MCAs (fewer than 100 cells per aggregate) have
remained challenging to manufacture in large quantities at high uniformity. Forced aggregation
into microwellsforms uniformaggregates, but commercial sources of microwells are expensive,
complicated to manufacture, or lack the surface packing densities that would significantly
improve MCA production. To address these concerns, we cusiaiified a commercial CO
laser cutteto provide complete control over laser ablation and directly generate microwells in a
poly(dimethylsiloxane) (PDMS) substraté/e overrode native laser cutter microcontrollers to
implement aropensource 3D printing microcontroller workflow, aaxis stag, and a vacuum
to prevent ablation debris accumulati¥vie achievediltra-rapid microwell production speeds
(>50,000 microwells/hr) at high areal packing densities (1,800 microweflstuar large
surface areas for cell culture (609nPDMS substrateistance from the laser focal plane during
ablationgenerated microwells with\ariety of sizes, contours, and aspect ratios. MCAs of
hMSCs murine 344SQ metastatic adenocarcinoma cells, and humarpfostate cancer cells
were generated in oonicrowell system with high uniformity within 24 hours. For 344SQ cells,
we generated more than 100,000 MCAs with low diameter polydispersity (62.0 £ 10.8 um
diameter) when seeding at 25 cells/microwell cell density. Moreover, MCAs formed in our
microwell system matained invasive capabilities in 3D migration assays. 344SQ MCAs
demonstrated epithelial lumen formation on Matrigel”, and underwent EMT and invasion in the
presence of TGF Given the applicability to multiple cell lines, we expect our technique for
high-throughput fabrication of customized microwell structures will find broad utility in the
generation and cultivation of multicellular aggregates for use in regenerative medicine and tumor
engineering applications.
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Kiheon Baek, Alexander David Noblett, Dr. Laura J. Suggs
Department of Biomedical Engineering, The University of Texas at Austin
OStudy ofcharacteristicsof Fmoc-FRGD peptide hydrogel and its depsipeptidederivativesO

Short peptidébased selhssemblingnaterials show poteial for biomedical applicatioby their ability to form
self-supportinghydrogels micro- and nanoparticle$iowever, few studies have been démanalyze the
molecular interaction between peptidiat results in selhssemblylong-term biocompatibility and
biodegradabilityall of which areimportant for practical applicatioRecent work by our grougnd others
proposes that depsipeptglen which anamide bondn the peptide backbonkas been convertéd anester
bond,can interact specifically with cells in a way that is dependent on the side chains, yet has distinct gelat
and degradation behavidrhese results suggest that depgijues can be a appropriateanoleculefor analyzing
themolecular interactiomfor sdf-assembly as well as being a platform for supporting 3D cell culfore
investigate the capability of depsipeptdee synthesized FmdeRGD, which carorm a hydrogel and
promote cell attachmerdnd its depsipeptide derivatives, FRERGIcD and FmodGIcRGD (vhereOGIcG
glycolic acid), and analyzed their gelation and degradation charactefsgdts from thgelation study
demonstrated th&mocFRGD and Fmod¢-RGIcD formed gelsising either g@H or solubility change when the
concentratiorwasabove 3mg/mL. However, FmaeGIcRGD only formed a gel by solubility change when it
the concentration wasbove 10mg/mLForthedegradation study, two depsipeptidiesnonstrated slow and
highly linear degradation profile, but Fm&&GDdid notshow any degradatio@onclusively, weshowthat
the ester bonds in depsipeptidamnenhancédiodegradabilitpf the formed hydrogeandgelation and
degradation may be reguldtley controlling thdength of molecule ankbcation of ester bond ishort pgtide
structure.



A. Kristen Means, Ruochong Fei, Alexander A. Abraham, Andrea K. Locke, Gerard L. Coté,
Melissa A. Grunlan
Texas A&M University, College Station, TX
Ultra -Strong, ThermoresponsiveDouble Network Membranes for Implanted Glucose
Biosensors

Ultra-strong, thermoresponsive hydrogels have the potential to increase the lifetime of
implantable glucose biosensors by improving durability and reducing membrane biofouling.
Membrane biofouling *the adsorption and accumulation of proteins and cells - limits glucose
diffusion thereby disabling the sensor in typically less than one week. In this work, we evaluated
the performance of ultra-strong, thermoresponsive double network (DN) hydrogels based on
poly(N-isopropylacrylamide) (PNIPAAm) and electrostatic comonomer, 2-acrylamido-2-
ethylpropane sulfonic acid (AMPS) as implantable glucose biosensor membranes. The hydrogels
were comprised of a tightly crosslinked, negatively charged first network [P(NIPAAm-co-AMPS)]
with varying levels of AMPS (100:0to 25: ZW UDWLR RI 1,3%$%$P $036 L H 3
AMPS) and a loosely crosslinked, neutral second network comprised of PNIPAAm. For such
PNIPAAmM-EDVHG PHPEUPQHINQEQHOPD\ EH DFKLHYHG E\ F\FOLQJ
and below the volume phase transition temperature (VPTT, ~35 ). The incorporation of the
AMPS comonomer led to a dramatic enhancement in both swelling kinetics and ultimate
compressive strength (~17.2 MPa for 75% AMPS). Compared to a PEG control, the DN hydrogels
were confirmed non-cytotoxic using LDH assays and were permeable to glucose at similar
diffusion rates to permit rapid sensing. To examine the Xelf-cleaning ~functionality, in vitro cell
adhesion and release were studied. Cell adhesion was most prevalent on the 50% AMPS hydrogel
due to cells exhibiting a greater affinity to negatively charged surfaces. However, the 75% AMPS
hydrogel showed poor cell adhesion due to the increased surface hydrophilicity seen with greater
AMPS content. Moreover, the most cell-adhesive composition (50% AMPS) demonstrated cell-
release after two thermal cycles, confirming the membranes fhbility to %elf-clean “and potentially
extend biosensor lifetime.
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Ligand Size Regulates Membrane Receptddptake within Clathrin -Coated Pits

Clathrinmediated endocytos{€ME) is adominant processf interndization of membrane
receptorproteins which enable=ells to controteceptorévels on the membrane. Understanding
this pathway is key to manipulating the link betweeatracellular stimuli anchtracellular
signaling. Because these receptaisareconservedidaptor motifs facilitating entry into
clathrincoated pits (CEs), targeting thessdaptor motifs to control receptor membrane levels is
inherently norspecific. Recent findingsom our lab anathers however, indicate that steric
bulk can exclude specific receptors from CME wgtieater specificity. Ere we show thad
large sizetunablePEGpolymercan cause a similar effesthen conjugted to gproteinligand.
Fluorescentlyaggingclathrin pits,a smallmodelreceptor anda proteinligandreveas
decreased incorporation of ligand and receptio pits with increasindgound ligandsize This
decrease@€CPincorporationincreaseseceptor levels on the membrane, demonstrahat
large semisyntheticligands can be tuned to specificalyget areceptor for embrane
retention Further a linear relationship betwedme number of bound ligandsn the membrane
and receptoincorporation into CCPwas revealedFitting a statisical lattice model to the
experimental trendeveals that loading of @model eceptor into CCPs norrcooperative.For
receptors known to require dimerization or other cooperativity in order to be effectively
endocytosed, w expecthatthis platform will enable further probing oME loading dynanics
Moreover the ability to retaimeceptors at the mabraneopers avenuedo modulatespecific
signaling pathway# vitro. This precise control over receptoggealing is useful in elucidating
receptorsignaling dynamicanddevelopingnovel theapeutics for diseaseaused by reduced
receptor signaling
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Protein Resistance of Silicones Modified with PEESilane Amphiphiles: The Role of PEGSegment
Length and Concentration

Silicone is commonly used forldnd-contacting medicatlevices but its high surface
hydrophobicity makes it susceptible to protein adsorption and subsequent thrombosis. To improve
protein resistance, poly(ethylene oxide) (PEO) can be incorporated into the silicone; however, this
requires the PEO chains to hble to migrate to the surfatéological interface where protein
adsorption occursWe have recently shown that PEBflanesare unableto serveas efficient
3 \iIfdce modifying additives | R U V L @ kéhRaEBtHRESilane amphiphiles developed in our
lab show a high capacity to, under aqueous exposure, undergednagegr surface restructuring
to present PEO to the silicone sudand confer protein resistanddée amphiphile is comprised
of a hydrophilic PEGsegment, a flexible hydrophobic siloxanetether, and a reactive
trialkyloxysilane group: D(EtO)Si(CHg)2-oligodimethykiloxanes-block[PEG,-OCHs]. When
amphiphiles ovaryingPEO-segment lengths (R 3, 8, & 16) were incorporated into silicones at
a single concentration n = 8 showed thegreatest rate and extent of watkiven surface
restructuringln thisstudy,we variedthe concentration of the PESlaneamphiphile to determine
the minimum concentratiomeeded foenhanced surface restructuring and protein resistahee.
amphiphile was incorporated into a medigehde silicone (MEBEL137) at concentrations ranging
from 5-100 pmol/g MED1137. Concentrationsas low as10 pmolg MED-1137 achieved
significant surface restructuring and protein resistai¢e results indicated thamphiphile
restructuring behavipdepends more on PESegment length than concentratibature work will
focus ondetermininghe stability of these modified silicone surfacesler prolonged exposure to
an agueous environment.
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Tunable, “Self-fitting” Shape Memory Polymer Scaffolds for Cranial Bone Defect Repair

Currently considered the gold standard in cranial defect treatment, the transplantation of
harvested autologous bone tissue is limited by graft availability, donor site morbidity and
complex grafting procedures. A particular difficulty is shaping and fixing the rigid autograft
tightly within the defect in order to promote osseointegration and lower the risk of graft
resorption. Tissue engineering has been explored as an alternative strategy, although a scaffold
for cranial bone tissue engineering must still be able to conformally “fit” within the defect. Thus,
to overcome current treatment limitations, we have developed a “self-fitting,” porous shape
memory polymer (SMP) scaffold able to be “fitted” into a confined, cranial defect upon the mere
application of warm saline. Previously, we have reported SMP scaffolds prepared of a
polycaprolactone diacrylate (PCL-DA) SMP network that exhibited high, interconnected
porosity, strength, and degradability. Developing upon this work, in this study, we have prepared
semi-interpenetrating networks (semi-IPNs) of PCL-DA with rigid, biodegradable poly(L-lactic
acid) (PLLA) seeking to enhance tunability of scaffold mechanical properties and degradation
rate. Porous scaffolds, via a revised solvent-casting particulate-leaching (SCPL) method, and the
corresponding solid films were prepared, and, by varying PCL:PLLA ratio and PCL molecular
weight, the impact on thermal properties (i.e. crystallinity and Tp,), mechanical properties (i.e.
stiffness and strength) and the degradation profile was systematically studied. Notably, solid
films exhibited highly tunable mechanical properties and degradation rate, and shape memory
behavior was maintained. Initially, porous scaffolds have shown high pore interconnectivity of
controlled pore size. In future work, porous semi-IPNs will be further investigated as “self-
fitting” scaffolds for cranial bone defect repair.



The 2 for 1Silk Enthesis
Joseph J. Pearshaul Dowelt, Joo L. Ong, PhDandTeja Guda, PhD
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Introduction: Recrating the native transitioregionsbetween tissues, sualsbone to ligament
(the enthesishas been aomplex task for biomaterial researchekdost approaches seek to
take two separate materials and combinenil®ich aselfassembled monolayefsr joining
layers Overall thesepproaches have not prded a stronger enthesis than the gold standard
autograftanchors The drawbacksf autologousnedial patella tendofor anterior cruciate
ligament reconstructigmnclude donor site morbidity arad20% incidence adecondary surgery
in the first 6 year¢l). Our chosen material,lkj has been utilized fdsone ad ligament grafts
with varyingtreatmend, leveraging its tunableechanicaproperties. Using this informatipn
we seek t@reate a 2 for 1 transitipmatchingthe properties a2 tissues \Wwh a continuous graft
of 1 material. This initial study provides information on the treatment timeframes needed to
createmechanical propertiesmilar to theboneligamententhesis

Materials and Methods: Bombyx morsilk cocoons wreprocessed teemove sericin leaving
only fibroin. Then the silk was eithedissolved m hexafluore2-proparol for porous scaffolds
through salt leaching or lyophilized in cylindrical molds for fpmrous scaffolds. Ae silk was
treated withmethanol2, 4, 8, and 12 hours) to show the ranfjmechanical properties that
could be obtainedThe samples were then fully chetexrized usingarious techniquesicluding
mechanical testingind scanning electron microscopy

Results: The stiffness valuesanged fron®.79+3.120 18.12+5.40 N/mm for #h 2and 12hour
treatments respectively, with the 4 and 8 hr treatments having intermediate properties.

Conclusion: By varying themethanokreatment tines of the silk scaffolds, wereatel different
mechanical properte E\ OHYHUDJLQJ W khtedbbhiDa@i\ptoih Eo@foividioD
This serves as a proof of concept towards creatisiogle material with an elasticigyadientto

mimic the bondligament enthesis
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Development of a Tissue Engineered Periosteum for Bone Regeneration

Nearly 2 million patients undergo bone repair annually to treat critical-sized defects caused by
trauma or infections. Unfortunately, current bone grafting procedures often fail to achieve natural
healing stimulated by the periosteum such as controlled, temporal delivery of multiple growth
factors resulting in insufficient regeneration. Therefore, we propose to develop a tissue engineered
periosteum wrap that can deliver multiple growth factors with independent release kinetics to be
used in combination with bone grafts. Various in-situ crosslinking of electrospun gelatin will be
used to modulate release kinetics. In-situ crosslinking of electrospun gelatin was performed using
a double barrel syringe (1:1 barrel ratio). One barrel was loaded with a 10 wt% solution of bovine-
derived gelatin in 2,2,2-trifluoroethanol (TFE), and a 1,4-diazabicyclo[2,2,2]octane catalyst at 5
wt% of solids. The second barrel was loaded with a solution of hexamethylene diisocyanate
crosslinker in TFE at a concentration equal to 5X ratio of isocyanate/amine. The solutions were
dispensed through the mixing head at a rate of 1 mL/hr with 10 kV being applied to an 18 gauge
needle placed 12 cm away from the collector. Electrospinning uncrosslinked gelatin was
performed similarly using a single barrel syringe. Release kinetic studies were conducted by
incorporating a model protein, FITC-albumin, into both gelatin solutions prior to loading the
solutions into the syringes. The electrospun grafts were then soaked in PBS for up to one week
with release kinetics analyzed up to 7 days. Electrospun 5X in-situ crosslinked gelatin grafts
demonstrated sustained release kinetics up to 7 days compared to electrospun uncrosslinked gelatin
grafts. This research underscores the potential of a tissue engineered periosteum wrap to enhance
the regenerative potential and bridging of bone grafts.
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3D Printing of Emulsion Inks with Thiol-ene Chemistry

Tissue engineeringas emerged as a promising solution to limitationthe current treatment
options for bone injurieEmulsiontemplating $ afabrication technique used to produce porous
scaffoldsvia polymerization of high interngdhase emulsions (HIPEsDur lab has adaptddis
platform to3D printingof emulsion inksand demonstrated fabrication of graftghapredefined
geometries and hierdncal porositiesExtruded HIPEs aregbymerized via exposure of specif
photoinitiator to UV While this process is relatively quicieaction of radicalsvith molecular
oxygen can result in formation of unreactive peroxy radicals whichpoamaturelyterminate
polymerization. Uncured material may cause incredisedspreading, decreasing the fidelity of
the primay layers of printed constructt this study, we present a recent development to our
material, incorporation o multifunctional thiolene molecule, to increase material resistance to
oxygeninhibition. HIPEswere fabricatedising ecific macromerscludingpropylene fumarate
dimethacrylatepentaerythritol tetrakis (Bhercaptopropionatepnd pentaerythritol tetraacrylate
mixed with surfactant and photoinitiatdihe homogenized mixture was emulsifiedhwitate to
form a Jscous paste. To determine |l@Wear viscosity, rheological studwsre performed on all
samplesWe were able to demonstrate thEsed HIPEmatched thappropriate viscosity needed
for extrusionfrom 3D printer.Future work will involveprinting single lines to look at differences
in line spreading, gel fraction, effects of tetrathiol on cytocompatibility, and characterizing
mechanical properties of printedonstructs. Thiebase chemistry hafe potential toimprove
resistance against oxgyg inhibitionin our emulsion inksBy limiting premature érminaton of
polymerization prints will cure rapidly allowing for instantaous retaining of shape, tréating

to increased print fidelity and construct shape integrity.



3D Printed Haversian Scaffolds for Critical Bone Trauma
%405 XA IVRQDG' U0 DN SSBIRG 876$

Introduction : KHD DD DARIWIMWY XVHG W [L@D ERH GH HAWSDIHON P RH R WD FRP STIQ
CERXAMAH VHFRRQG \KUHY VWM \KDQ \WH LQWIOLOMY 7 KH VHRRQE \KUHY DR LQNRGAHY
KO |RU FRP STEDIRY RU IQHANRY YRHQILGHIG BRH JWOW RU \AIR®/ KDYH EH
GVHBSHG IQ RGUW WP H3 WY SUREGP 6 XA XOEUGILQ) KDV BHH) RVHYHG LQ\FDH R/
POGHIURP KGR \DSDMW +$ DPLICHDOMMIHWR ERH B ZD R SROPHJFDWGY 7KH
DURRMHR \WWHHVADH RTY KRZ HHJ UWAHP EGVWEEHRXQUERGHDQG\WHH RUMCGR GRAKDYHWH

K | LHHMP HRKDQFDO SUIRSHWY W \XSSRWERH P HRKDQEDOGDAQ)  $ AKRXIK FRP STFWRU
FRMWFD BRCH KDV KLIKHJUP HKBQFOSURSHWWAY  \WH DURKIWWRMUA LV QLLEXOWR WHBTFDM DY \WH

LQMFRQGHAMG -+ DYHMDQFDYDHRQWHR GHUR P LFURP HAMY

Methods and Materials %3 XMQ WWUHHQAP HQUURDOSUQNY \WHQH DYH\VETHHZ MLIQ FRWHO
ERCH FBQ BH P BGHLQR D FDWV7 KLY FDWZ LOOWHD EH T LA@BG Z W DR+ $ VoW DG KD QMIHG
TKH+$ Z1@BQG W \WH WDV WHMQMIQ) RAEXY GDNQ) DR+$ VHIIRG Z WK P LRUIRSRIRXV
+ DrHMDBQ WKRXMUH 7 KHWH VO IR®Y Z 1@ WHD XQEHJIR ARP SIHMRQ DG 1 ®f XUH WY R
GNP LKH WH P HFKDQADO SIRSHWAY R \WWH P DAMUIDO DG DUAKWAMUH 7KH AP HMU R \WH
+ DYHMDQ AR Z LOEH YDUCE®! WY | RUWWH UHIMNRQWKLS BHAT HQLQMFRQHAMWMWY YROP H
R A BQGWHP HHKBQAXCEURSHWY

Anticipated Results 7KH HRIRQAMNIRQ R \WH + DrHMDQ AOQDY LV H SHAMG W KDYH D

LI QU LFBQAH | HRARQ \WWH P HRKBQADOSURSHWY R \WWH VARG $ Vv \WH FDQBoM] H GHRHDHY WY
H SHANMGWDAWH SUQMUCARXUIR  Z LODOR G-HRBDH

Conclusion: $ QLG-DOSUQEEGI\RKAMUHI RUBRHIWDWDIBZ VI RUH | HARMHPXRP 1] DARQ
\KURKIK WHDWIMMGXVHR P HAFDOP DILQ) WRKQRB\ - YRGHJI U WAKDNFDQ\XSSRWP RUHIN
PD GOGWRERWUMEET LQ) WKQTXHY 7 KRHILQAQIVZ LOKHS GHYHES DWBIRELA] HEFRWDD
FRHVFD | RG\RLP SIRYHKHIIQ) R ERGHGH HAWSRWMDP DRVKUIHY
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Influence of Molecular Architecture in the Design and Development o& pH-ResponsiveNanoscale
Hydro gel Platform for Tumor-Targeted Drug Delivery

The lack of specificity in traditional chemotherapeutic administration leads to significant dose-limiting
toxicities and requires patients to wait for long periods between treatments. During this time, cancer cells have
an opportunity to recover and develop drug resistance'. To improve treatment and reduce toxicity to healthy
tissues, we have developed a novel, intelligent nanoscale hydrogel carrier (nanogel) for targeted delivery of
multiple chemotherapeutic agents.

Here we show that the nanogel molecular architecture can be tailored to carry a variety of cargos with widely
varying physicochemical properties, and release the cargo only in response to an acidic intracellular
environment. Nanoparticle-mediated combination therapy offers many advantages including the ability to
signal different pathways in cancer cells, maximize therapeutic efficacy against specific targets, target different
phases of the cell cycle, and overcome efflux-driven mechanisms of resistance?. Further, it allows PK/PD to
be dictated by the in vivo distribution of the nanogels rather than the physicochemical properties of the free
drugs, ensuring optimal ratios are delivered to the cytosol.

The nanogels are comprised of: 1) hydrophilic, cationic monomer 2-(diethylamino)ethyl-methacrylate, 2)
tetracthylene-glycol-dimethacrylate crosslinker, and 3) surface-grafted poly(ethylene-glycol)-methacrylate.
To improve drug-polymer interaction, we investigated the impact of hydrophobic alkyl-methacrylate monomer
inclusion through systematic variation of monomer chain length and steric bulk. The physical properties of
the resulting nanogels were compared using dynamic light scattering, zeta potential, titration, pyrene
fluorescence, and red blood cell hemolysis to elicit the influence of polymer composition on swelling ratio,
surface charge, pKa, hydrophile-hydrophobe phase transition, and erythrocyte membrane disruption
capability. The therapeutic delivery potential was analyzed using model hydrophobic and hydrophilic agents.

The nanogels resulted in well-defined and controllable particle size, morphology, and composition. Varying
both the chain length and steric bulk allowed for precise control over the thermodynamic response (swelling
ratio), dynamic behavior (pKa and membrane disruption potential), and drug-polymer interaction (therapeutic
delivery potential). Nanogels synthesized with cyclohexyl methacrylate demonstrated both an improved ability
to mediate endosomal rupture and enhanced ability to co-load and deliver multiple drugs.
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Optimizing the Surface Properties of Hydrogel Nanoparticles to Enable the Deliveryof
Therapeutic Agents for the Treatment of Ovarian Cancer

Currentovarian cancereatment plangypically include chemotherapy with radiation or surgical removal of
the tumors.However, traditional chemothesagoes not distinguish between healthy and canserells and
typically leads to significant side effect§o improve treatmentye aimed to evelop longcirculating,
biocompatible nanogels that respond to the acidic intracellular environment for controlled delivery of
chemotherapeuticsThere areghree major requireemts fornanoparticle to delver their payload to the
tumor.Theyneed to: 1pe stable in the circulation without releasing drug prematiidywade opsonization
andaccumulate in the tumor efficienflgnd 3)intelligently release drugnside the tumor cellsThis means

the nanogel mustavesufficienttime inbloodcirculation to reach intendesites of the bodgndaccumulate

in and around thamors videaky vasculature

The Peppas lgtreviously developed intelligent, nanogsdaydrogels (nanogela)d demonstrated success in
loading and releasing chemotherapeutic agémtis work,we optimizedhe ranogelsurfacepropertieso
avoid the body$§ naturalclearance mechanisms and inceeagcuation time while still maintaining the
necessargharacteristico promote cellular uptakelhe nanogelaresynthesized usingUV -initiated free
radical polymerizationand are comprisedof 2-(diethylamino)ethytmetharylate (DEAEMA) and
tetra(ethylengglycol)-dimethacrylate (TEGDMA) DEAEMA is a hydrophilic monomer witionizable
amine pendant groupsat enabléhepH-activated swellingagndTEGDMA is a hydrophilic asslinking agent
that forms3-dimensional polymer network$o optimizea stealth coatg, we synthesized a series of nanogels
with varying levels of surfaegraftedpoly(ethylae-glycol)}-methacrylate (PEGMAgnd analyzed the impact
to thenanogephysicochemicabroperties PEGMA is a hydrophilic monomer that is used to provide stability
duringcirculation in the bloodstrearilVe demonstrated that the zeta potential changes drastically as a function
of PEGMA coverage on the surface of the nanoghlle the isoelectric point remains constértte volume
swelling ratio (VSR) of the nanogelss significantly influenced by the amount of PEGMwh an increased
percentageelating to a decreased V3Bltimately, we found thatdjusting thePEGMA leads to varying
nanogel surface characteristics timatybe exploited to enable lowmiyculation and effective transport of the
nanaels to the tumor site.



Mechanically Stiff Nanocomposite Hydrogels at Ultrdow Nanoparticle Content

Manish K. JaiswalJanet Xavier, James K. Carrow, Prachi Desai, D#dgd, Akhilesh K. Gaharwar*

Dept. of Biomedical Engineering,
Texas A&M University, College Station, TX-77801

Although hydrogels are able to mimic native tissm&roenvironments, their utility for
biomedical applications is severely hampered dudiniited mechanical stiffness and low
toughness. Despite recent progress in designifigaeti tough hydrogels, it is still challenging to
achieve a cell friendly, high modulus constructréjeve report a highly efficient method to
reinforce collagen-based hydrogels using extrenh@ly concentrations of a nanoparticulate-
reinforcing agent that acts as a cross-link epare(figure 1). Extraordinarily, the addition of
these nanoparticles at a 10,000-fold lower cone&ntr relative to polymer resulted in a more
than 10-fold increase in mechanical stiffness a@@-éold increase in toughness. We attribute the

high stiffness of the nanocomposite network to the
chemical functionality of the nanoparticles, whic
enabled the cross-linking of multiple polymer <7 S~ MNPs-nitro dopamine-PEG

AL . \(: ’O QW" T

Nanoparticle as a Crosslink Epicenter

chains to the nanoparticle surface. The mechan/
stiffness of the nanoengineered hydrogel can
tailored between 0.2 and 200 kPa simply

<L\ > 1050 —
manipulating the size of the nanoparticles (4, . £ 900 *‘: L Reported
and 12 nm), as well as the concentrations of é;gg ™ v

. e ’I /I
nanoparticles and polymer. Moreover, cells can £ 40| /R °
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reinforced hydrogel network, showing hig ol
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viability. In addition, encapsulated cells wereeal Nanofilerierossinker (wt%)

to sense and respond to matrix st,ffness. Over ugopg () *+.& "+ 0,12"3# 3.314.96/"+¢

these results demonstrate a facile approact ;3644 /87 2/ -$5/"45&" 4158-8%"+ + ."309"
modulate the mechanical stiffness of collage ;$0089:"3#.0'+%1005"3;'8.4"+&3/&%)'<87%1#&5=0"
based hydrogels and may have broad utility = -"+94141%1$0' 0/%$+/$%&' . *>?' .37 .
various biomedical applications, including use +1-4.%./":&'451/'1@"'3+%&.0&"3'-17$5%$0'$0"3#"
tissue-engineered scaffolds and cell/prote :.%"1$0'+%1005"3;&%0)"

delivery vehicles.
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Multicomponent Nanocomposite-Interpenetrating Network Hydrogel Bio-inks for 3D Bie
printing !

Advanced bioinks for 3D printing are rationally designed materials intended to improve the
tionality of printed scaffolds outside the traditional paradigm of the OObiofabrication windo
While the biofabrication window paradigm necessitates compromise between suitability fo
rication and ability to accommodate encapsulated celtent developments in advanced bioir
have resulted in improved designs for a range of biofabrication platforms without this trade
this paper, we describe a new multiple-component bioresorbable hydrogel bioink for low-c
extrusion bioprinting of freestanding 3D structures (>3cm tall) while retaining high encapsi
cell viability. This bioink uses ionic-covalent entanglement interpenetrating networks comp
of gelatin methacrylate and kappa carrageenan to strengthen the gel and stabilize printed
tures. The laponite nanosilicates imbue the bioink with shear thinning properties that redu
shear stress on cells during printing, improve the mechanical stability of printed structures
help direct cell fate3D bioprinting is an increasingly popular strategy in tissue engineering

cause of its potential to replicate the precise microarchitectures and cell distributions of ht
tissue. However, progress is being hamstrung by a lack of suitable bioinks. To our knowle:
this is the first bioresorbable hydrogel bioink that can be used to print freestanding human
3D structures while maintaining high cell viability and biocompatibility.

Keywords: Nanocomposite, Bioink, 3D Printing, 3D Bioprinting, Nanosilicate, Laponite; Int
penetrating Network, lonic-Covalent Entanglement, Hydrogel, Bioactive



Gelation of Bio-polymers by Active-Center Rich Hiearchical
Nano-assemblies (ACRiIHN) of 2D-Transition Metal Dibalcogenides
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Two dimensional (2D)-Transition metal dichalocogkss (TMDs e.g. MoSand WS) have
gained unprecedented attention in recent due to tiéque physical and chemical properties
associated with atomic arrangements and well-deéflagered structures. Nanosized 2D flakes
offer exceptionally large aspect ratio, higher glat density and easy access to lattice atomic
defects for further manipulation. All these fasting properties by 2D TMD flakes, significantly
divergent from their bulk counterpart, have laidvdothe platform for researchers to explore,
understand and realize their wide-variety of tratishal research. The defect sites on lattice plane
act as active center for chemical conjugation tgrmper and induce gelation without any catalyzing
agent. However due to lack of enough active centamsjugation and thus gel formation with
singular sheets cannot simply be realized. To mreecthis issue we propose active center-rich
hierarchical nanoassembly (ACRIHN) of TMDs as ateraltive whereby due to presence of
umpteen number of active centers thiolated polyroansbe easily conjugated and hence can form
hydrogel (Figure 1). In the present work we show dptimization of ACRIHN synthesis for
gelation of multi-arm thiolated polyethylene glyo®EGSH) and their properties studied for
mechanical and rheological robustness. Microstratanalysis of transverse section of hydrogels
by SEM confirms the regular pore formation of theef approx. 10 pm. Compressive modulus
studies revealed that the

. (a)  2-D TMDs hierarchical (b) Macromolecule ~ 2-D TMDs hierarchical nanoassembly
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Introduction: Bone marrow mesenchymal stem cells (BM-MSCs) are a common treatment of
non-union fractures due to their ability to immunomodulate the microenvironment as well as
enhancing osteogenesis. To improve the functionality of recruited BM-MSCs in a wound healing
environment in vivQ, a cell culture substratum referred to as High Performance Micro
Environment (HPME) was generated using bone marrow stromal cells. Previous studies
indicated that HPME is primarily composed of extracellular matrix proteins such as collagen
types I, VI, XII, fibronectin, tenascin and transforming growth factor beta inducible protein.
HPME significantly increased the yield of BM-MSCs, the expression of IL-10, and the
expression of stage specific embryonic antigen (SSEA)-4 when compared to tissue culture plastic
(all p<0.05).

Materials and Methods: In the current study femoral segmental critical sized defects were
created in Sprague Dawley rats. Groups analyzed were: A) Defect filled with Medtronic™
Mastergraft® (HA+TCP-8) granules B) Defect filled with Mastegraft and HPME. Each group
also had a Cytoplast collagen wrap around the defect site. Both groups were allowed to heal for 4
and 8 weeks (n=7) and analyzed by ! CT (9! m resolution). Data was analyzed using ANOVA
followed by Tukey’s test for post hoc analysis of significance.

Results: Functional regeneration was measured by the polar moment of inertia (PMI) from ! CT
analysis, and it was found that both groups exhibited significant increases in their PMI (p<0.01).
There was significant increase in bone regeneration from 4 to 8 weeks in the presence of HPME
(p=0.017).

Discussion: Results suggest that the while the bone growth trends are similar in the first four
weeks, continued regenerative activity is maintained in critical sized defects in the presence of
HPME.

Acknowledgments: This study was performed at the University of Texas at San Antonio and
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Introduction: Polyvinylidene fluoride (PYDF) is an electroactive polymevith excellent piezoelectric
propertiesand biocompatibility however,drawbacks fo regenerative medicine applications include
hydrophobicity and poor drug release capabilitigese limitits applications for direct use as a substrate
for electrically stimulatedigsue engineering applicationgariousmodificationshave been attempted
improve its biological properties includirthe preparation ofomposites and surface modificatioh
PVDF. Poly-pyrrole (PPy), a bi@wompatible polymer is an ideal candidate to elicit such responses
because of its conductivity and electroactivity the regeneration of multiple tissugsluding bone
nerve skeletal muscleandcardiac muse

Materials and Methods: In this study, PVDF electrospun microfibelnave beerprepared through
conventional electrospning, coated with PPgnd characterizedising Scanning Electron Microscopy
(SEM), attenuated total reflectance Fourier transform infrared specpp$@d R-FTIR) and Sessile
Drop contact angle measuremeatl experiments were performed on a minimum of 6 replicates to
ensure repeatability.

Results: SEM imagesexhibit in situ polymerization of PPy on PVDF fibertn addition, fibers are
aligned afterthe polymerizationATR-)7,5 UHVXOWYVY VKRZ WKDW UDWLR LV
polymerization of PPy on PVQHReaching optimal coating polymerization after 18 hodvancing
contact angle resulteveaédan increase in contact angle after the polynagion during first 12 hours;
however, it has decreasadd a decrease with continued polymerization after 12 hours frorf tb20
11C.

Conclusions: We demonstrate the synthesis of a #DF system with uniform coating and
demonstrable electroactivitfthese results can serve as a basis for manufactsymityetic grafts for
encouraging cell migration and differentiation using electrical stimulation.
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