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IBSTRACT

6ASCULARIZATIONIS CONSIDEREDTOBE ONEOFTHE KEY CHAL
%WNGINEERING SUTURABLE VASCULAR GRAFTS CONTAINING PO
TISSUEENGINEERED CONSTRUCTS MAY PROVIDE ANINSTANTA
IMPROVING CELLINFILTRATIONAND THUS ALLOWING RAPID VA
AIMOFTHIS WORKWASTODEVELOP SUTURABLE TUBULAR SCATF
CONSTRUCTS ENABLINGTHEDIRECT CONNECTIONOF THE BI10O|
STREAM PROVIDING ANIMMEDIATEBLOOD FLOW INSIDE THE C(
CUSTOMIZABLE SHAPES TUBES 9 SHAPE CAPILLARIES AND C(
HUNDREDS OF MICRONSTO FEW MM ARE FABRICATED BASED ON
ALCOHOL 06! ELECTROSPUNSCAFFOLDS &URTHERMORE AN
ORDERIOVFWAS MACHINEDBY LASERFEMTOSECOND ABLATION |
AND LASER MACHINED TUBULAR SCAFFOLDSELONGATED MORE
SUTURE RETENTION BEINGRESREDTIVEMW 40 DEMONSTRATE T
APPLICATION THELASER MACHINED POROUS GRAFTS WERE EN
HYDROGELS RESULTINGINELASTOMERICPOROUSTUBULARG
WERETHENCO SEEDEDWITHOSTEOBLAST LIKECELLS - AT
UMBILICALVEINENDOTHELIALCELLSINSIDE FORMING ABONE
NETWORKALLOWED ANIMMEDIATEENDOTHELIALCELLFLOWTC
AND ENDOTHELIALCELLSTOINTERACTAND FORM $STRUCTUR
BE APPLIED NOTONLY FORBONETISSUEREGENERATION BUT

C Y/OOUBLISHING ,TD
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JNTRODUCTION PATHOGENS FROMTHE ANIMAL SOUR
7, = 4HEREFORE THERE IS A NEED F
6ASCULARIZATION IS CONSIDEREDABQ B & HDENEABR MHAET KEN OF CUSTC
CHALLENGESINTISSUENDNREWVERAARIBNITTHESE CHARACTERISTICS
PRINCIPLE OBSTACLE THAT IMPEDIHE EHE O RRAOISEMNINONGOFECHNI QL
MOST TISSUE ENGINEERED CONSTRETOBSING OFIRIEAICROEAGSTIC S(
TICE,!'FTERCONSTRUCT IMPLANCRODRORERISEUSHNI ARHIGH ELAEND RO
NUTRIENTS TO CELLS ON ABIOMAFEERS. ASVAIMUABDEBBEGGONDO PROD!
ATHICKNESS OF APPRAXNIMACTEURSRVIEAFFOLDS WITH SIMILAR ARCIH
INTERSTITIAL FINNHD-D BFIFUISIDINEREGEINESR E ENG INEBPRMENGER TRADI
ATIONAPPLICATIONSREQUIRE CORBRDARAMELSYTCHECKBERENGENELECTF
EERED CONSTRUCTS AS FOREXBMBED ONTBIIRELSEEQAERERBEGNPINNIN
ERATION AFTER TUMOR SURGERRYO BRFTONTGANEIGEE WA CH IMXRSTLY C(
INGROWTH IS OFTEN LIMITED TOISIEA/ERAINDENTAS RANMDERED 4HE MA
METERS PERRDWHICH IS TOO SLOOADEDROY IMA OW REMOVING OF FII
ADEQUATE NUTRIENTS TO CELLSSINCK B NNTHR COCR. P& & T GOEFRAINRER IZ €
IMPLANT LEADINGTOCOMPROMIBSEDPWERIMNBOQTING THAT THE PROC
"IOFABRICATION STRATEGIESIHAVE BEENBASEDO ANREFICIENT FII
VASCULARIZETISSUE CONSTRUCRAS E BDE & & TNRIAH EDCAIIES GEIMIAFHGTYOR S
THE CREATION OF HOLLOW CHANNEL=S WIIHKABNATLISED BEERQREPIORTED
ITSELF THAT CAN BE SUBSEQUENN GYAPBEREFWLSAHD SHIAMEVASKE BE PROD
LARCEL(GWEVER THEMOSTFUNWARENNGCQUESCTOR WITHA CYLIND
PRIOR TO THE CLINICAL TRANSLWIAGNYCH XHIETBE A NOASST IFT GENSEARRL A N
IS HOW TO CONNECT SUCH ADELTBEBTESNSE SWORK BMEHMN MHEE DOES NC
HOSTBLOODVESSELS ' MICROSURGLCANCCREMNECD UCNBSLNTDOY OF THE
ACHIEVABLEDUETO THEINSUFFUHES TTMEGCABRICAT PROGERUBULAR
TIES OF ABIOFABRICATED VESSEILEETWO&KIMANDNECOFNHADMRADREL S
GELS AHEREFORE ASTRATEGY TWEONEHERENDMA ERESEAING BWFESY MILLIM
MAY BETOINCLUDE ASTRONGERBSPEHIULAARYGRAEN WHEHERDPREROSPU
CHANNELS INSIDE A BIOFABRIC MIAD NO® NISAIRWCIT EWMRBGEBNBLE TO R
THE DIRECT CONNECTIONOF THEHIKEBDASTRECTORI TN ODRPERTO ADDRE
BLOOD STREAM PROVIDING AN IMMEDINBESADND EVERWUOTITUBULA|
THECONSTRUCT PRODUCEDBY SIMPLY FABRICATING .
4HE SUCCESS OF AVASCULAR GRABPIANNIOWIWGE MHE IKAPUBTHER R
VASCULARIZATION OF BIOFABRICRA BEN EROANSNRUTITESS| S GO TECHN
ERNED BY SEVERAL CHARACTERIENTFABRICA MW OAFKEMPLEX NI
EXTRACELLULAR MATRIX %#- PRAOWEDBRGSMA ADER) THAANE PRIOP OSE
ENVIRONMENT SITE #OB THE KAWESSE SUCH TECHNIQUE WHICH IS N
SMALLDIAMETERINORDER TO BOBRTOARENNOTRAREBD MNBADEON IN E
BIOFABRICATED TISSUES INCREARINSGTTEN OASOBRARIZASTIOANFOLD !
AREA ; C TO BE BIODEGRADABSESMAN LERDEBRANGBW MICRONS WHIC|
REMODELED INTO A=NEW VEOSSSEEETURNFILTRATION THROUGH THE S(
ABLE SOIT CANBE ANASTOMOSEDRHEHBHZEHEFHEQETVROGSBUN SCAFFC
LATURE PROVIDING AN ANCHORIAVE BBDENIENB EGSGHABGRTEATENDCLUDIN
GRAETE ANDTOHAVEANOPEN PORRROGGCENBHERNSPOREBATTERNED CO
DIAMETER IN THEPORDE RIOFOW VIABNCMIGARHE FIBER MNIAMEANEIRELET RA
CELLMIGRATIONANDTHUS FAVORIENGT MENYANDCRILEARTRFROASNCNNING W
ING TOWARDS BIOFABRICGAAEDRMEERVESAHOUGH INTERESTING THES
APPROACHTO OBTAINVASCULARI®GRAFASERIAHPEREEE FEEAOMNJRES. OF
IS BASED ONTHE USE OF DECELLIIZARNED NES SEH 5EYORAGRAOFTEE D E\
; = (OWEVER SUCH STRATEG Y KANOEAOAIFFONDEENRSURING ANID
ABLEIMMUNE RESPONSESFROM 760 ABDRESETCAUSEIMFTPAOISON LASEI
SIBLE ANTIGENS OF RETAINEDAGEBRLATARNREMINNANETRSMACHINING CAN
THE COMPLETE REMOVAL OF IMMIWIENCHBIEQUE RO REIGN BERRED AS A PR
MOLECULES IS CHAINENGHR®[SADVARREBGEE COMPLEX HOLLOW MIC
ISTHELIMITED SUPPLY OF HUMANREELEUWN $ICARERZEDINGESMMBEBIERIAL IS
$ECELLULARIZED MATRICES DERWED MROMANTMERBGURBKAGE ;
COULDBEUSEDBUT MAYRESULT INOMWISWMATCEERMESEBAWCATE 0'3 |
ICALPROPERNIEB,VOLVE A RISKOHMER AMNS K HTT ANG ENGRIANDEORGALPY O E R
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AND SEBACIC ACID METABOLITEREMRPARNATRRALNSIDXISAT NASS R
THE BODY MINIMIZING THE DURGDINONNEG F EHHBD BO ANGHLAASVS TUBE TO ALL
MATORY RESPONEEBVEVER THE DWNREEREREEGCLTED FROMTHE P0'3 SYN
TROSPINNINGOFTHECROSSLINKESBO'BALECWALUENGEHNGEDANEORATIO!
TOITSINSOLUBILITY RESULTINGTEREWIAS P MGEROWMAO MECROWAVE (
ULAR NETWORK STRUCTURE A4HEBAPRANWODIMEMBERNIMHESIS WAS CARR
P0'3 CAN BE EASILY DISSOLVED T® ®ABAMAXANEAE € DRUE R 7 UND
SPINNING SO+ UHOWNEYER THE PORSTERIHCUTIME ATRANSPARENT P/
LAR WEIGHT IS NOT SUITABLE TCOGBODUTEDMAR OBHFAUNER ANDIT
ENTANGLEMENTS NECESSARY TONBTAERGCOMI D AYWEHETE WAXY PA
TROSPUN EFIBHEORNSSEQUENTLY THEPG'WNEYSTBEED ATROOMTEMPERA
ASSOCIATED WITH A CARRIER POLYMER FOR THE INITIAL PRO
CESSING BY ELECTROSPINNING 4HHERNE APOSYNRHERIINMENT
IS REQUIRED TO CROSSLINK THEAME3EHN-ORREROIOYMETRAIGIELATIN ME
ELASTOMERICO0'3 BASED FIBROARPRECAREDLIASSP YBEFRIREOBLEYFORE (E
;, =DEVELOPED ASIMPLE METHOWASRABIREICAREBBIWNHEG IRECT RE.
P0'3 SCAFFOLDS USING POLY VIWIOWALEQOHIOUTEDGATAS IN SULBECCC
CARRIER POLYMER WHICH ALS®BWRADN TS NIS E HFEOR IB/RDAUISHE METH
MORPHOLOGY AFTERTHE CROSSRM.KCNAGNHYDPRKDER FHE RO BRAT 4HE
06!'ISHIGHLY WATER SOLUBLE AREAMOISDO N ANTAHE INMTERRUPTED BY DI
BEREMOVED BY WASHING THE SCPRODUOTNWATERMBEB TRIN'3 4HE S(
ING AO'S BLEND TUBULAR SCAFAROUZIEW INHJ PROPERREBSBATER WITH A
CLOSEASPOSSIBLETOTHENON MODI$EAEDOOREMOVE LOW MOLECULA
4HEAIMOFTHISWORKWASTO PREEL-OPSHEHMRABREAMABAS ALLOWE
CULAR TUBULAR SCAFFOLDS WITH AM3MALQLINNERGI AIMHETERLUTION
TO BE INTEGRATED IN BIOFABRICMOD EBENBISUW ASNSHURERERAD TILIZAT
CONSTRUCTS 4HE TUBULAR SCAFFOLDS WERE DEVELOPED
TO CONNECT THE CONSTRUCTS TO JIBROYWBS GCLAR NEDISVVONRKXFIBROU
PROVIDING IMMEDIATE BLOOD P MRNWUFIONTURBWPLOYED
0'3 COMBINED WITH 06! TO OBTAIN A Bd OBETGRRADPA BINEN G
TUBULAR SCAFFOLD WITH SUIT ASBILEE TEOL ATSSTOOME MICLMEQOHAR WEIGHT
ICALPROPERTIES FORAPPLICATHORCAIRO SRS UWNIAIRK QRCAARR MER PO LY
DESCRIBE A FAST AND SIMPLE MCCIHINO QUAR T BBITGIKDNEAIBILESSNECESS A
THE FABRICATION OF VASCULARTEBRR EKTROEEQMELEHETROSANN O 0'3 .
NING WITH A CONTROLLED DIAMETE®R OHRA CARRHERPREYMER OF CHC
OF MICRONS &URTHERMORE A NEOWIORBKORA PORIACMEANNIENG TEMPET
WAS MACHINED BY FEMTOSECONDRIOASEIRNMKTE O PABRATURE DISSOLU
INTENDED TO FACILITATE THE ENB GCTGHVEM OAN. TZA THENPOAS CH ISARGGE S
IZATION FROM THE VASCULAR GRAFEFIRAHEEMOEABRDCOSTRAB CARRI
CONSTRUCT 4HE GRAFTS WERE OHASEANOTERIZED7/REGARDENEBEROUS
THEIR MORPHOLOGY THERMAL ARPOWMEOHSEIEAIBEBAPBPSE IT HAS A
ERTIES AND VHERRXICITY 40 DEMODINS TRHANETHE ONE REQUIRED FOR
THE POTENTIAL OF APPLICATION PGS AND TUBUBARI I GRRAEN OB BLE |
THE ARCHITECTURE OF AN OSTEDOONPAHEBONES OUMETOV6CRBEMAINS IT |
STITUTED OF BONE LAYERS ARONONND QAIREN K OTCLHN INSANNAXTHESY | ALE EM P
CULAR CHANNEWAS SIMULATED HEXAFTLE@ONRISOPROPANOL (&)0 #0V
LIKE CONSTRUCTS WERE OBTAINEDABRROGOMMIMEONOSOUVENREOR BOTH
OSTEOBLAST LIKE CELLS -' ANREARARRAN SOBUTIOANLFOR ELECTRO
VEINENDOTHELIALCELLS (56%#S ANREIENCA®RDITFEIMADNEG SOLUTION
OF GELATIN METHACRYLOYL 'EIGESHEDBEGERHS RVEBYW SORE MODIFIC
GRAFTSYSTEM 4HE PO'3 06! AT A W W RATIO WE
W V IN(&)0O ANDTHE SOLUTION W
WXPERIMENTAL SECTIONNETIC STIRRING AT ROOM TEMPERA’
TO ELECTROSPINNING 7EEMPLOYEL

PO'SSYNTHESIS MACHINE ASSEMBLED INHOUSE WITH
7E PERFORMED THE PO0'3 SYNTHESUREAS YIGOTEAGB YOF K6 HAS BEI
MICROWAVE "RIEFLY A MO LPAHRRRATGIID AOFFOGLYIG/EREOLECTRODE CH

G 3IGMA 'LDRICH AND SEBEGIEINGIHERETGELECTROSPHUBNING

3IGMA 'LDRICH WERE MIXEDTOOGHH EBDRLATC RO®MVHICH WAS PO.
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THE SPINNERET 4HE SOLUTION WABWPBITIANSDDE BEEYTRARGEED DIMET!
WHICHHASBEENCONNECTED TOLYESMBRNERED BE REPEOQF ESTERIFI
TETRAFLUOROETHYLENE 04&% WASEALBB IFATBD RAT RRORODCSE R BM.
KEPT BY A SYRINGE PUMP (ARVARBQRRARANUS=z AT

ML'H CONTROLLING THE HUMIDITY AT AROUND

BY INJECTING DRY AIRINSIDE THE ELECTROS{S/QLN-)KHNG CABIN

WHEN NECESSARY 4HE P0'3 06! FIBERS WERE &bLLEC

TED OVER PARCHMENT!PARBR" FIGAREAT BOMN

4HE STANDARD COLLECTIONTIMR/PERAMPHES RSBEMREEONNDF THE
TUBES WAS MIN FOR THE ESTER nAND JHE THE
INTEGRATION OF THE PEAK FOR T
ISSEMBLY AND SCAFFOLDS C@ﬁ@/UtNM”NI@HIGHER THE $% THE |
'S NON CROSSLINKED PO0'3 06! BPLRIG/INREOBIZUNIMEM '3 )N THIS STUL
BRANESARESLIGHTLY STICK WEATTCHQEK\ADN R NOBGLESOFETHIUSVFAIAENT T (
TURE TO STACK VARIOUS LAYERSIPE THIORNCARD FER R SRAHER ERD SSL
TOGETHER IN ORDER TO ASSEMBLY TUBULAR SCAFFOLDS BY
SIMPLY ROLLING THE ELECTROSPUNZRANNAMNESEAEEIRDN MICROSC(
CM WIDTHCM LENGTH AROUNDORIRHVOROBECAL ASPECTS OF THE E
FIGURE OF AND MM OF DIAWEODER HOTUBULAR CONSTRUCTS \
INVESTIGATE MHSWARROMPIERN DE SSEQGYAT O4%3#!. 0 3AMPLES WERE CU
TOXICITY FLATSAMPLES HAVE OLVERBEHBUMWMERON STINKE B 14HECONDU
ASSEMBLED SCAFFOLDS WERE PLAEN PHEVWWRRE B OMENWITH GOL
(ERAEUS 4HERMO 3CIENFORCupPAIMETER WAS OBTAINED USING )MA
FIGURE UNDER THE MINIMUM PREAS8WRB AGRIBNRAR )NSTITUT OF (EAI
ASSISTED BY A SUCTION PUMP ANSE OAAER E BEASMEEEMENTS FOR EA(
n" " MBARS ASMEASURED BYW/ARESNYREEREMNS
DUCER 7EALSOCROSSL#NIORD SAMPLES AT
THENABFOR H FORCOMPARISON PARBQDES
7E EVALUATED THE REMOVAL OF 06! A
3AMPLES PURIFICATION LOSS 3AMPLES WERE WEIGHTED AF’
4HE SAMPLES WERE WASHED BYAMMERRHODNI FNM DRENTLWASHING STE
LATED WATER WITH GENTLE AGITOAMPAREIDROOM TEMPERAT
URE FOR H TO REMOVE THE 06! THE CARRIER POLY
MER 4HEN TOREMOVE THE NON CROBECSHANEBIORBROEERTIES
THEPO'3 THESAMPLESWEREWAEEBHBNNEAIHPR@PERTIES OF ELEC
THEN INDISTILLATED WATER &ORLENDRBAGERENDEAR ARBD BYESNIAX | A
THE SAMPLES WERE LY®PHILIZEDHEIRUREPTURE USING A HYBRID RH
(2 4!')NSTRUMENTS WITH A PRE L
,ASERMICRO ABLATION AND SPERIDMOSAT ROOM TEMPERATUR
YN ORDER TO PATTERN THE TUBULMREDCAFF @URSFWEDHTEBBLAR SAM
OUS STRUCTURES ALLOWING ENINOQTHEIORE NEDR LSNDIGRREFQUN.LY CU
WE EMPLOYED A NM FEMTOSBEONMMAEERTAMMND MM WIDTH 3
LITUDE SYSTEMES TO PERFORMNRSE R/ NSCROASBIRED OWNTOIRA CALIP
LASERMACHINING AND CREAT | OWNFOEFFAROOHRE/SM PA K RMEEFSEWCEERTEA INE D A N
LOADED INAROTOR STAGE AND SPYH\ECMRONUREME 8 MG EOMIRE RETE|
PUTER SOFTWARE OPTEC LASERVABSMEASU RODFRM LNSERTMERBN n S
THE TUBULAR SCA&FO4PE LIASEHREENERGE OF THE LONG MM ISAOFP LM 4
EMPLOYEDWAS 7 WITHAFREQANINSYRAINED(ZARDPTURE 323 WA
LASERBEAM SCANNING SREHEDPORIE MMMOSAD S UT U REAMIRIMEETTHEIRC K N E
DRILLING WASPERFORMEDBY PAMMNG ACIRCLE OF APPROX
IMATEWW INDIAMETERBY LASER BEAOMTFESITSESESINEERFACIAL ADHES
SPOT ARQWN®F DIAMETER TIMEBUMNOIRAGERS THAT FORM THE TUBUI

PLETEDRILLING FORDELAMINATION CHARACTERIZAT
STACKING THE ELECTROSPUN SCAF|

#HARACTERIZATION SPUN SAMPLES WERE USED AS CONT
OROTONNUCLEAR MAGNETISREBOBNANCECTROSPUNLAYERS CC
ANALYSIS STACKED WITH A PARCHMENT PAPEF

40 DETERMINE THE ADVANCEMENAYERBHERER THREIBPIRATIDELECTRO
REACTION SAMPLES OF THE P 0 "BRASS B YNNNIHNESSS LA MCHROES WERE COl



10P Publishing

"IOFABRICATION # & "ELEAMIL

PAPER FOR MIN THEN A STRIPEOFORARABMBONEHQREBABRNY WAS PER
WAS PLACED LONGITUDINALLY TO THAANOODLIAHOERRRCEVEREBIHE NG
SAMPLE 4HE ELECTROSPINNING WAS CARRIED FOR MORE

MIN 4HESE SAMPLES WERE SUBZEGT VR E NG MHENCE
AGLASS WEIGHT OVER THEM AND WITH PARCHMENT R
BETWEEN THE WEIGHT AND THE SAMR '

WERE CURED IN A VACUMRORVENMAT ( N FLUORESCENBRASKZURIN
AND THEN PURIFIED AS DESCRIBED ORIOR TO MECHAN

ICAL TESTING THE PARCHMENT P APRRAJ X@NEW-AVEPN PERELATIVE
THE SAMPLES OBTAINED HAD ATRBSASHURPYE 4 PEEL

$ELAMINATIONTESTS WERE PERFORMED ONTHE HYDRATED
4 PEEL SAMPLES '"EL-'TPOLYMERIZATION

ORIOR TO THE POLYMERIZATION
AHERMOGRAVIMETRIC ANALATSQ8 4OLUTION 0) WAS PREPAF
40 ESTABLISHIF THE SAMPLES COUMBGBEXWUTORYRREHBVIRGXRETHOX
THERMAL STABILITY WAS ANALYMEDH\.RRER MIPHEANDINME T3SIGMA !LL
RIC ANALYSES 4'!l USING A OERKNINWBQ ME RTRHAPRINRG WATER VORTE
ANALYZER MODELOYRIS 4HERMEGERMNSIEAREERRRRD RBIED WAS DILU
FROMROOMTEMPERATHAREADING RMTEJN 0"3 AND THIS SOLUTION W
'# MINUNDER NITROGEN FLOW OF# RMQRVWNLEAST H INORDERTO C
THE PRE 'EL-! CREATING THE STOCH
#ELLPROLIFERATION CYTOTORWING THE DISSOLUTION STEPS A
#ELL PROLIFERATION CYTOTOXAGITY 4WR & REE'AS U'RSED. BMON WAS M
RESAZURIN #AT .0 2 3IGMA INBRIEEH®) SOEIMION TO A FINAL COl
POUND THAT IS REDUCED AND FIMUMRESEFERBRIN EHE! BREOSLK SOLUTIC
ENCE OF VIABLE CELLS AND CORNINWGOGURUEEET RIRABEFERNLTURE M
TION=S 40 PREPARE THE RESAZURHNS PRIEUTEIONSOEWIHON WAS TRAN S
RESAZURIN POWDER WAS DILUTET N WEIOF URARAPARENTWMEDB PL
WATER IN MAGNETIC STIRRINGAOYERMIIGFHWABRPOBGEPNGISIDE A 56
THE FIRST RESAZURIN STOCK SOLUNMON WE ANBNTBELBPEMMERIZAT
THE STOCK SOLUTION TO IN AGRMEDRPRVAMEN THEN
FILTERED IT CREATING A SECOND STOCK SOLUTION READY
TO EMPLOY WHEN DILUTED AT V (58MAELL GUWT CRETURE ON 'EL-
MEDIA 4HE CELL VIABILITY CYTOTOXCUOTVURENG WA SEEROBLASTS
FORMED ACCORDING THE )3/ HASBBEDWRDE W RIEPORAEPDERIVE
BIOMATERIALS EXTRACT 4HE ERRR NMCGATMWAA SGNREFATREMDORYAND RE T,
INCUBATING OVERNIGHT MG OF WRE® UHNGHB '3 DABLE IMMORTAL
SCAFFOLDS PER ML OF CELL#CWHAYRETNERDEEERNTUSED WITH A NUMB
(56%# WERE TRYPSINIZED COUNNBOARARNDARSEIGEBEKBEEDS ARE WIDEL
AT CELLS WELL #ELLS WEREANGUBGERE SNSSMO-DELINOR VRSCULA
6ITROCELL¥Y*%BRPAEIMENTED W4HHE 'EL-! WAS POLYMERIZED AS
FETAL BOVINE SERUM PENICIDEINCRINBED ANDEPFOCCULTURES OF
MYCIN MG MQR H A# #/ ENDOTHELIALCELLSWERE SEEDEDD
&OLLOWING T THIS CELLSWEREINZEBAHIE-D VBIMUTAE INGAFHBD SEE DI N
EXTRACT $-%- ONLY NEGATIVE EPRAGRPV EOR W E THANASISEMBLING O
POSITIVE CONTROL FOR CYTOT'EXICINTYTEOBE AXTRWEREGHERBS SEE
MEDIUM OR METHANOL WERE CHRRNEDDEABR Y "-D BIBIELET KIT MEDIA
CELL PROLIFERATION ASSAY WASPERRQRUWE B Y ONACHBRARENGGN 'EL-!
WITHpL RESAZURIN $-%- SOLUMEDNAWR SVEHLEN REMOVED AND THE
7E USED FOUR WELLS FOR EACHSE'BDEEOTRBEIL Y WEITLVBEOUBLE THE
AND NEGATIVE CONTROL SAMPLES -ANBECRESENBERENELLS ARE L
ENT ASSAYS TRIPLICATE 4WO EWEP EYIWELICFWEREAIBEER ASMIN TO /
REAGENT BLANKS CONTROL OF ADIEERSHOANZND NAT IHE SEMIESTIME T
WERE INCUBATEDAMIMOSPHERE RAPROEMBNNAOEZELL CULTURE MEDI
TEDWITH ©6R/H !FTERINCUBADIESGCH WELL 4HESE STEPS WERE P
MEDIUM WAS TRANSFERRED INTRREP WHHE MAZORPTADE (56%#S IN Tt
ANDpL OF REDUCED FLUORBSYIERIOGRESHMZWEIBROULD CREATE A
OBTAINEDBY AUTOCLAVING ASTDESARDSEDHR OSUSEBLMSAS FTEF
REFERENCE FORTHE ASSAY 7E WERABE REXEDHENPLY TR EESOERNSOE WILL
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&LUORESCENT STAINING
#ELLS WERE FIXEDWITH OFPA|
FOR MIN AND WASHED TWICE \
PERMEABILIZEDINASOLUTION C
0"3FOR MIN 4HEWELLSWEREW
#ELLSWEREINCUBATED WITH $!
'LDRICH AND OHALLOIDIN #YT
I&LUOR #AT .o ! BCAM®=
WITH "3'/'ASPERTHE MANUFAC
ATIONS IFTER MIN THE SAMP|
WITHO"3 &ORTHE LASTWASH S
VENT SAMPLE DEHYDRATION 4H
IMAGES FROM SAMPLES WERE T
6ERT ! INVERTED MICROSCOPE
4HE IMAGES WERE SUPERIMPOS
TERS AND THEIR SUPERIMPOSIT
SCOPY IMAGES AS ILLUSTRATE
ONLINESAACKS IOP ORG "&
.OISE REDUCTION AND CONTRA
WERE APPLIED

%NDOTHELIALCELLS SEEDIN
GRAFIMN XNMEOWEL OF BONE VASC
OSTEON LIKE FROMTHEO'3VAY
EMBEDDEDIN'EL-!
ISONEOFTHEHYPOTHESES OF T
OUSSTRUCTURE CREATEDBY L/
0'3 06! SCAFFOLDSALLOWSTHE |
THE SCAFFOLD TOWARDS A BON
CONSTRUCT WIRNGRHEBDED ANH I C
ULATES THE RAPID CELLPERFUS
FOLDSTOA $BONECONSTRUCT
ENDOTHELIALCELLS MIGRATE T
A $BONE LIKEBIOFABRICATED |

4HIS CONSTRUCT WAS DESIG
; = CONTAINING THE CENTR
REPRESENTED BY THE VASCUL,
LAR ENDOTHELIAL CELLS (56%
RIC OSSEOUS LAMELLAE REPR
IN OVERVIEW OF THE ASSEMBLY
&IRST TRANSVERSAL SECTIONSE
MICROPORES AND LASER PAT]
MICROPORES WERE EMBEDDED

'"EL-! PRE 'EL-! IN A WELL OF /4
FIGURESND " 4HE '"EL-! COUL
LINKED FOR MIN FIXING TH
FIGURE 3USPENDED -' WER
" PER WELL OVER 'EL-! OU
GRAFT 4HE -' WERE ALLOWED

# & "ELEAMIL

A Filling wells plate with liquid Pre-GelMA

B Placing scaffolds sections inside filled wells

\ or
Pre-GelMA
(Liquid)

Non-machined Machined

main do)

C UV light Crosslinking

g | A
Cl-

GelMA (Gelified)

in-vitro model of bone vascularization

M3IA 3pIS
w

D Cell seeding

LY S \
77 (_l? Osteon T

\ y
1 i Simulation ] 7
(! 4 - 3 i/

Z R y
B ® la

K machined Machined

&IGURN VINROEL OF BONE VASCULARIZATIO
OSTEON LIKE FROMTHE 0'3VASCUITAR GRA2
'"EL-! ! &IRST EMPTY 4#03 WELLS OF A W
WERE FILLEDWITHLIQUID 'EL-!PREPOLYME
TRANSVERSALCUTS OF TUBULARSCAFFOLD
MACHINED WEREEMBEDDEDINTO LIQUID 'E
INTHE MIDDLEOF THE WELL # 4HE 'EL-! WA
BY56 LIGHTWITHTHE SCAFFOLDINSIDE $
SEEDING ASSIMULATIONOFANOSTEON TH
WERE SEEDED INSIDETHE TUBULAR SCAFFO
OSTEOBLASTSWERE SEEDED ATTHE EXTERI
CONSIDERING PROPERTIMES FORCELLS TC

SUBSTRATES FOR MIN PRIOR TO (56%# SEEDING

" WELL SUSPENDBEF KNELL CULTURE

MEDIA CREATING AGRADIENT OF (56%#S AND -'

FIGURE &OR THE MACHINED SCAFFQITATBISITIEWIORNALY SIS
POINTING OUT THAT INEVITABLWBT(ASIEAIEASICACEMFRROIMONS WERE
THE SCAFFOLD AND -' ENTEREDWBRWAGH/BHEARIRIEE® OUT WITH 'R/
PORES DURING SEEDING !FTER SBFTWRARE MNDRUKH SOWFHERRONI| M
FIXEDAND STAINEDWITHPHALLOIBPIWANDED) AS REEERERCONSIDERE
TED ANDOBSERVEDBYAFLUORESEENGBGEAMMTROSCOPE
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2ESULTS

&ABRICATIONOFVASCULAR(
JN THE CONTEXT OF RAPID VAS
ENGINEERING VASCULAR GRAF
COMPLEX BIOFABRICATED $ CC
IMMEDIATE BLOOD FLOW FROM |
CONSTRUCT 4HUS INTHIS WOR
ORATIONOFFIBROUS TUBULARE
WITHPORES OF ADIAMETHEHR IHHI
SEVERALSTEPSALLOWING T THEH
ARE DEPICTED IN TRHEFL® UR K A
SCAFFOLD WAS FIRST ELABORA
SOLUTION OF A PO'3 AND 06! AS
USING A ROTATING COLLECTOR
DEPOSITION OF THE!FI RER3 OFWG
TUBE WAS ASSEMBLED BY ROLL
AROUND A 04&% MANDREL WITH
FIGUREAND THEN IN A 9 S HA PARN
MOVIE 3 4HE PRESENCE OF PO
ADHESIVE ALLOWED A SIMPLE |
WHILEKEEPINGITS SHAPE AFTEI
THEASSEMBLED TUBESWERETH
VACUUM IN ORDER TO CURE THE
ALSO LEADS TO THE WELDING O
OF THE SCAFFOAD 4AHGURETAIN
WERE WASHEDOIRENOVE THE CAI
06! AND IN ETHANOL TO REMO\
P0'3S 4HETUBESWERETHEN BRE
%LASTOMERIC FIBROUS TUBUL/
CALIBERS"AS SMALL AS MM~ A
ANT LENGTHS COULD EASILY BE
DESCRIBED ASSEMBLY PROCES!
LIBERTY OF FORMS E G THE IL
LAR SCAFFOKD ANDG WMROE/ IE 3 &|

A Electrospinning

i PGS +PVA

#"C. Crosslinki ng

] PPGS + PVA PPGS + PGS + PVA

# & "ELEAMIL

| D. Purification
Serial
20 "\, Wash rd N

Parchment paper

— occusic
/
/ E

\ TS
)

AFT

B. Assembly

/ Laser Beam
Rotation ¥/}

~ e [

&I GURZERVIEW OF THE FABRICATION PROCE
BIOABSORBABLE ANDELASTOMERIC)VASCUI
| %LECTROSPINNING OF PO'3 AND 06! ON A N
PARCHMENT PAPERUSING AROTATING COLL
HOMOGENEITY OF THE SCAFFOLD " ISSEMI
SCAFFOLDSBYDETACHING THEELECTROSP
THEM AROUND 04&% MANDRELS # #ROSSLI
INTOO0'3 WHICHALSOLEADSTOTHE FUSING
LAYERSOFTHE SCAFFOLD $ OURIFICATIO!
D(/ TOREMOVETHE 06! THENBY SERIAL WA
ETHANOLTO REMOVEPOSSIBLETRACES OF |
FREEZE DRYING THE OBTAINED SCAFFOLDS
TUBULAR SCAFFOLDS CANHAVE VER]Y SMALL
CLINICALLY RELEVANTLENGTHS AND SOME |
9 SHAPE & ,ASERFEMTOSECONDMICRO
POST PROCESSING WHICHDOES NOTMELT"
THISPROCESS TUBULARSCAFFOLDS WITH £
THE MICROSCALE WERE PRODUCED

MICROMACHINING POST PROCESSING WAS PERFORMED IN

ORDER TO CREATE A NETWORK OF PORE CHANNELS OF DIA
METER IN THE ORDEHR PO TENTIAHE CARRISSLINKING OF 0'3 06! SCAFF
MOTE VASCULAR BRANCHING INBRDAVBNDE MBRR K REPETRABHDOBR E'E G R|
STRUCTS &&IGURROUGH THIS PRTEDEYARFOBIBOCUBRING TEMPERATUR
ELASTOMERIC TUBES WITH APATURNKNIHNE RB'BOCREBEHMBRVYWHNAS UNDE
DIAMETER IN THRHNAWNERE(PRODUCEGNCAHWBED THAT THEBEST CONDITI
DETAILEDRESULTSOFEACHOF TANISCRAS TPTHPGPER TIES ARNDCIRIMBEDRITY
WAS'# FOR H;7EINVESTIGATED TH
#HARACTERIZATIONOFELASTONKEHRIGCC CBNDBRIOWSIN OUR LAB AS
SCAFFOLDS '# FOR H FOLLOWHEDIDRY MORE
0'3FIBROUS SCAFFOLDS CROSBRINKORG ORMNERAPH ITNNOUR CASH
' P0'3 WITH A SOFT WAX ASPECTA £3 RENSE B TEEEPDCOER¥ AHLAOWED TO OB
ET Al WAS SYNTHESIZED WITH SAMMRLHB ATEBE PUWAFFORM MORPHOL
AS MEASUREDR BSYEE FIGURE 3POROBITY #IGWRELE A FILM OR FUS
LOWING PO0'3 WAS EMPLOYED T OVEREGEDQUETFAPNEDOBOR THE TWO OTHE
WEIGHT RATIO FIBROUS SCARGORESBDEEFECRROREPCNIVELY 4/
NING FROM WV SOLUTIONSINH&EWOLLOWING FIBROUS SCAFFOLD
AHEMORPHOLOGYOFTHE ELE WRFOSCR O SEIA NKEDDSWDIERR/ AGBUUM
OBSERVED BY 3%- AFTER THEIR CAoHE BDGT PAUNRR IF-NCRPARCN EFFICIENC
MENT PAPER!FIGHRER CROSSLINEKYNGAINDLPESBR FROM THE DIFFEREN
ENT CONDITIONSNn BIGUIFRESOWED EWBHEIBURZHE REMAINING#VMASS |
D(/AND SERIAL %T/(WASHINGS T QHREM®DV E I@6N AANATS H 1 G M E RHTAINMIN FC
UNCROSSLINKED P0'3 CHAINS 4HE'@OND | RIONERABQ DM WUGTER AND E
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120°C 48h

{c 120°C 24 h, 150°C 24h F

0.750 um
+0.99

EZEd Water Washing EE Ethanol Washing

m) {0 JREQL:Y

*

100+

80+ e— oo

60+

40+

Mass Remaining (%)

20+

{120 C 24h, 150 C 24h} {150 C 48h}

&IGURR- IMAGESOF | ELECTROSPUNPO0'3 06! SCAFFOLDS AND CROSS'L#NKED AND F

H # '# H THEN¥ H AND $# H 4HEOVERALLMORPHOLOGY OFTHESCAFFOLD
THEELECTROSPUN AND#CRID B\GAGNEKSE D AR AVE SAGE DARMDEITERIATION OF THE MEAN AR
% 3CAFFOLDS PURIFICATION EFFICIENCY CAL G L ANFEETCERYERAKCH AWARAIGIE FSHM R | NV A T
AND ETHANOL SERIAL WASHING INCOMPARISONWITHTHE CROSSLINKED SAMPLES
N

INDICATINGTHATASIGNIFICANTWM CCUHNM @WFTMAKE IRERMEAVMMEES THE 06
AFTER THE WATER WASHINGCPORTHIEN WATER ! SIGNIFICANT AMOUN
TIONINCOMPARISON WTH#HBEH AFTER THE WATER WASHINGPOR ITH
CONDITION 4HISTHERMAL ANN ERION GNVQQY NCROARTIFS KBN WH FHDRH H

06! INSOLUB#LDTE;TO ITS POSSIEIOINORQOSILENKALLY THE MASS LOS!
ING WITH THE RESIDUAL CARBOXAWN.OC CSRAOUSFOSLOMTEHREIRO'BE CASE OF
; = &@OR BOTH CROSSLINKING CAND'I#IPWNB THENMOSATSNG THAT LES
NIFICANT MASSLOSS WAS MEAS IPREDHAWST E REMNNARTEENROWEDHAN GHIS STE




10P Publishing

"IOFABRICATION # & "ELEAMIL

&IGURBRPHOLOGICALPROPERTIESOFTHETUBULAR SCAFFOLDS ACCORDING TO THE
SCAFFOLD SHOWINGITSINNERPOROSITY ANDTHEINTERLAYERCONNECTIONBETW!|
" #ROSS SECTIONS OF TUBULARGRAFTSWITHINNERDIAMETEROF | MM 11

ELECTROSPUN SCAFFOLDS WRAPPING AROUND 40&% MANDRELS"ARE SHOWN # 4HE
PATTERN RESULTING FROMTHE LASER MACHINING 11 $ 4HELUMINAL INTERNAL S
Il % 4HE ABLUMINAL | ANDTHELUMINALPOREFACE Il RESPECTIVELY |IIl THE
MELTORFUSETHE FIBERSONTHEIREDGES

WLASTOMERICTUBULAR GRARERABROMINIBIR®IDE SIGAREMELY D
WITH PATTERNED POROSITY FR OMIEASIERRPHEIRFACEEOONNG CURING
ABLATION ! PATTERN OF PORE CHANNELS H
%LECTROSPUN SHEECTM OWEREMBBRIESER MICROABLATIONMASISEEN
ATED IN ORDER TO PRODUCE TWB\ES OF -ORE IMEONFGPTHHOLO GICAL ASH
"Y SIMPLY ROLLING THE ELECTRAREPENGCPW N INSIFEGWBIOENVING THE PO
FOLD AROUND VARIOUS 04&% ROINSTHELRANGED BF THEMICRONS WIT
ING STEP TUBES WITH VARIOUS INVERONATHE ABETURERNANDEXTERNAI
THICKNESS WERE OBTAINED ! 3%~11GMAEEI O A MIBMEFTGRANISE LUMINAL I
VERSALCUT HIGOWBE HOWTHE WELD ENGROFKCEONUBE IFIGWREH DROP S
SECUTIVES ELECTROSPUN LAYERS OCSSFURRED BEYONWME REIMMPASHEL
HIGHLIGHTED IN RED DASHED LIAEHATIMHNEPFROOLESCGWED NOT AFFECT
THROUGH WITHIN THE LAYERS AQR WEGBTEROBHE INKIEDMERRAT THE E
ING SCAFFOLD CURING RESULTPOREN ARIBORDLIT-OIKETRBUIMAGES S
LAR SCAFFOLD FROM THE ELECTROSFUANDCMOE RE IMDBRPTHOAMKINBC AL F
#ROSS SECTIONS OF TUBULAR SCAEERED XADFIGURESANTB

MM  ARE SHOWN ON FIGURAEND IWHEREFORE THEO0'3 06! TUBULAR
RESPECTIVELY ILSOFROMTHISBNEICASHRBHOITOKMBRETIWBNUHAVE TWC
LAR SCAFFOLDS INSPIRED ONTHEY/28 W BYOIRAISVASFROMTHE ELE
CULAR GRAFTS COMMERCIALLY ANGITABINNUAROBMNTDORENBOGROWTH F/
ICAL WHICHARENEITHER B10O D EAGNRDA BA B HE NOAROMIM NCFIRHEM THE LA S
NATIVE %#- WASEASILYPRODUCEGCALILMIGCRBENEENGOMNENTIALLY /
FIGUBRE AND ON MOVIE 3 BRANCHING TOWARDS BIOFABRICAT!|

4HE ABLUMINAL THE EXTERNAL SIDE OF THE TUuBU
LAR SCAFFOLD AND THE LUMINAL THEHWNHEBAAIBEDIWHERMAL CHATF
FACES WERE ALSO ANALYZED#THWRAOSIOGH. AR GRAGURBES
AND $ RESPECTIVELY /N THEESHISUWHREPBRFBDRMEDINORDERT!
FIBROUS ARCHITECTURE WITH AANREJERPVEIDPARCHESEXCFT URE O'B 06!
FIBERS AND POROSITY AFTER CRO &E¥IAINKANE MHESROBOGEBRREBILITY £/
FIGUREI 4HE SMOOTH SURFACEGOGH HAHESKAFAIOLD LAYERS 7E A
SIDE FIGUWRIEN COMPARISON WITHFARECISURFAEBE QASER ABLATION Ol
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A Delaminataion testing B visual demonstration
= . Simulations .
E 6- Directly Electrospun [ Stacked layers Assembled
§ """""""""""""" Tubular Scaffold
£ —
% 4
£ o
< :
g Directly
x 0- - Eledrﬁquun
TN b e
v ‘
C Tensile testing D Suture retention
I Stress Modulus Strain . [ 0.75 mm Grafts B 2 mm Grafts
4 —_— 1% T 2 2 mm Machined Grafts
* £
e 7 . r 29
£ 3 5
T T g E 4
i »
it 50 =
7} 14 3 4
= o 2+
2
o T T 0 @
Non-Machined Machined 0
E Cyclic measurements F Thermal characterisation

—x—Cycle1 ——Cycle2 —=-Cycle4 Cycle10 400
After autoclave 121°C, 20 min

Stress (MPa)

Weight (%)
w
o
Autoclave temperature domain

N

=3
N
o
I
8

200 300 T(0) 400 500 600 700

0
Strain (%)

&IGURIHERMO MECHANICALPROPERTIESOFTHEELASTOMERICTUBULARSCAFFOLD!
DIRECTLY ELECTROSPUNAND STACKED LAYERS 4 PEELSAMPLES ASILLUSTRATED ¢
LAYERS FUSING RESPECTIVELY " 6ISUALDEMONSTRATIONOFTHELASERABLATED
GRAFTDEFORMATIONISDEMONSTRATEDBY ARED LINE # S5LTIMATETENSILE STRE:
UNIAXIALTENSILETESTING OF NON MACHINED ANDLASER MACHINED GRAFTS %RR
"0 VALUES $ 323 FROMUNIAXIALTENSILETESTING OF VERY SMALL MM  SM/
TUBULAR GRAFTS MM % #YCLIC STRESSNnSTRAINCURVES OBTAINED FORCYCLES
SCAFFOLD & 4''OFTHESUTURABLE GRAFTS WHICHDEMONSTRATES THEPOLYMER
APPROXIMATELY INDICATING THE SCAFFOL'D!S CANBE S§H E RIR AZNEIEBAADTIOOLBNTES
TEMPERATURE RANGING OF ACONVENTIONAL VAPORAUTOCLAVE 4HE3%-PICTURE
SCAFFOLD STRUCTUREITISNOTAFFECTEDBY AUTOCLAVING

IS WORTH NOTING THAT THE PROPAERT ESBDIISARU SERAP HEIRES BEHA\
WERE OBTAINED FROMHYDRATEMACERFAOLD SF MSBOREESVBILABE 3 .
HYDRATEDINTHE ORGANISM AF TMERCOMNMINLIEANANDIOANSER ABLATED SAN
$ELAMINATIONTESTS WERE FIRSTEMRIREEDEGUB WHAMEIPRESENTE
PEELSAMPLES SIMULATING EITHERNEHEIGIARB KNG THNESRNSIDIMATE T
ELECTROSPUN SCAFFOLDS OR TBLET BIOW D HNAGP B R DW BEMEANT EAVYO " O-T0OKA  F
STACKED SCAFFIOLBSEFSGAREKESANBFHIEDS WERE HIGHLY ELASTIC
DIRECTLY ELECTROSPUN SCAFFOOI®ME@RE NHOAINPREGENHESRGORIGIN
NIFICANT DIFFERENCES BOTH FE®ISG AN GONARBMREAKIAN OFTHE AB
UPTO M. MMEMONSTRATING THEEREESEDVEREEIHE NON MACHINE
OF THE BONDING BETWEEN THE BA¥ERC DHET HE ASENGE DEDPORES |1
SCAFFOLDS SAMPLE THE APPARENT 9OUNG MODU
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+ -0A NON MACHIN(ED T@A

MACHINED INEXAMPLE OF THE Resazurin Assay
WHEN HANDLING IS SHOWN IN MC _—

&INALLY BOTHNON MACHINEI
LAR SCAFFOLDS HAVE SHOWN Sl |, TCFS ==
ENTLYOF THE CALIBER®F TEWEN B TCPS Methanol | [
THE SUTURE RETENTION FOR TH
ISLESSERIN COMPARISON WITH
FOLDS .MM AND + .MM
RESPECTIVELY WHICH WAS AT
STRUCTURE FACILITATING THE
THE SUTURE )N ORDER TO GAINM :
VISCOELASTIC BEHAVIOR OF N N > % o
LIC STRESSNSTRAIN MECHANIC/ Q i

A O 9@
T § 7

Relative Fluorescence (%)
N
o
[
i
<4
_'
-
(0]

=)
|

0@ o"s Q |
FIBROUSCROSSLINKEDMEMBRA & |GURESAZURINCELL VIABILITY ASSAY FOR
BETWEEN AND UYF I GIURIERON G PROLIFERATIONWITHO'3EXTRACTS 4HE ER
ESISCANBE OBSERVED DURING $:E(?‘TBAENXDTARRADCI':T'ETIV??I?NFSSBMMQEDﬁ?:!gg;CELl
TWO CYCLES THE STRESSnSTR,
STRATINTHATNO MOREENERGY ISLOST 4HISPHENOMENON
CAN BE QUANTIFIED BY THE ENERGY RECOVERY CALCULATED
FROMTHERATIOOFTHEAREABEUOW WHE-STREESGETIR RRACGUREBREATIO
DURING RELEASE OVER THE ARBAGAUSW OHE U RNME TDRIRSPACE OF
ING STRETCHING !N ENERGY REGOVERYNORON MODFAED MEDIA CON
CULATED FOR THE FIRST CYCLELWHRRAFASAN R REACHEEKEY RASNMILAR F
GING BETWEEN AND WAS CRAB LS AN WD THOIRHEHWE3 06! EXTRACTS
CYCLES n 4HE LOW RECOVERY BRER P IRELCALY I DNPAN BH MEMBRAI
EXPLAINED BY FIBER IRREVERSIBIGRUREBRRANGEMENT INDU
CINGHUGEENERGY DISSIPATION 4HEN FORTHE THIRD AND
THE SUBSEQUENT CYCLES THE EFFI®IENT A& NERGY RECOWERNURIA R G
DUETOTHE ELASTICINTRINSIC BEHREONRLOKETMEECRIOSSLINKED
0'3AND THEPRESENCEOFAHIGHAMOAONT OIFTFUBE RFF(IBER# AND -' |
CROSSLINKED DOMAINS ALONE DETERMINING THE EXPECTIN
ORIOR TO BIOLOGICAL ASSAYSOMGCIRODERTUREVAPURPEOSES ITW
THE SUITABILITY OF THE VASCUIHER-'GRAOUSFRRMAUNDASIMED IN THI
ING SCAFFOLDS WERE ANALY ZEMEBYA4 %+*FROUIRET KIT MEDIA -' S
4HE MATERIAL DEGRADAFIONBTR@RR EATAEAST FOURPASSAGESAND
CARBONIZATION BEG AN !STTAEQBWDIE TOTHOSECULTUREDIN $-%-ME
CLAVESTERILIZESMATERIALSURBPRENREDRVTENPEHRATURBO%# CO
'# THE 4'' ANALYSIS INDICATEBEMWMINTTHEEYS CAERUQATWRE MEDIA
ARE SUITABLE FOR AUTOCLAVING (48®RSFONRE - THIWRRS OBBTLY $
STERILIZATIONMETHOD PRIOR TOEPHARRAIMTELOYGA N SICAFSEOYS FREE HY
CULTURE H THEENDOTHELIAL CE
#ELL PROLIFERATION CYTOTOXACE IMYBAH ARACHRERFHIOWRIDIN! FIGURI
&OR THE CELL PROLIFERATION WYTHhSOMEPFYTHEARRESERPAKRATELD
TION RESULTS SHOWED THAT ENDDIMEHEHLAL CTE WMESR EIBRGANIZED IN |
PROLIFERATED OVER TIME WITH BOOQWBVEB6IVEHERAN AMIEDS 6% # AND -
EXTRACTSANDCELLCULTUREMEXACPRDUWREG THHEY ABSOCIATED
DOES NOTRELEASE HARMFUL CO MIFGOIRED SMINER TOIEREEDREBY (56 %
HASNOCYTOTOXICEFFECTS CORROBEORAGHNERHE ANBUEETEDBY Al
*EFFRTBMITH 4 CELIAS:SEEN IN AHEPEEOBSERVATIONS CORROBORA
SNTIL THE DAY THE CULTURE WABSNSWHBGCH TWEHYODHEWARIBE A MORP
EXPECTED FOR BOTH 0'3 06! EXMERNC 1O AND COHNELRAL NETWORKS F
SINCE WE STARTED WITH A RELANNGTMELIGH CELIESDAENSBITY ;
" CELLS WELL FROM A WELL PLATE (OWEVER
AT DAY FROM CELL SEEDING THE (FSPEORRIOKEHERMEL
TION RATE WAS SIGNIFICANTLY HYGCHEREPORLTKE OONGAIRUCT WAS P
EXTRACTS THAN FOR THE CONTEGP A VA DAXYLAROGIREFTHEMBEDDED |
(56%# CELLS CULTURED WITH 0'THWENEEEEDIS IHILL'EDAT THE EXTER
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@ Expected Cell Organization (GelMA only)

) w - ®

-

Vascular Grafts + GelMA

bl :‘“ =
/)
g‘y Osteon lag /\a
§ \ §
; W7
¥ r 92 2

\lqs
T g;; Simulation

@Results (48h)

Non- |
Machined

I DAPI (Nuclei) [0 GFP (cytoskeleton)

&IGURE $CULTUREIN'EL-!CONSTRUCTS INORDERTODEFINETHE EXPECTED $ STR
CHARACTERISTICTUBE FORMATION WITHSOMEOFTHEMINDICATED BY RED ARROWE
COLONIES # (56%310 CULTURES WITH THE ASASOEUARFONORAMAJLONIE.S IMAGE ZOO
DASHED AREAIN # SHOWINGTHE STRUCTUREWHICHCONNECTSTHECELLCOLONIE
STRUCTURES WERE OBSERVED INANINVERTED MICROSCOPE &ORTHE NON MACHINI

BY ENDOTHELIALCELLS THEDASHED SQUARE IS AMPLIFIEDIN ! SHOWING THETY
POINTEDBY RED ARROWS " ITTHEEXTERNAL SIDEOFTHE SCAFFOLD THE|EXPECT
HIGHLIGHTED AT THEDASHED BLACK SQUARE ZOOMED ON " &OR THE MACHINED S

FLOWTOWARDS THEOSTEOBLASTS THROUGH T THE MACHINED CHANNELS EXCLUSIVE
OSTEOBLASTS AREOBSERVEDIN # AND " AND AMPLIFIED IN # AND $ RESPECT

GRAFT AND WITH (56%#S AT THE OBTHER ORDOE TTRHECWTAIRES FROM THE |
LAR GRAFT AWV®OUHREDS OF OSTE OMBWEDE IMI WAERRRAS OBSERVED FOR T
STUDIED 4HE FIRST ONE WAS BWUTTWRHRA YABSLCRARRLERAFT
WITHOUT PORE CHANNELS AND THECGWEVORNR WWBBNITAR ISEGBAFFOLD
ALASER MACHINED VASCULAR GRAIFOWED THE ENDOTHELIAL CELL T(
&OR THE NON MACHINED SCAWEATBDBS THEHEXTERMNAE. SURFACEOF
ABSENCE OF PORES THE (56 % #NRERACNED WRARPHE OSTEOBLAST
INSIDE THE TUBULAR SIC AFORNI NKEGABREE MAGNIFIED IMFIGURE AN
SOME TUBES INDICATED BY'AN OBREWVE HGWRHE - SPROUT WH
(OWEVER DUE TO THE HIGH CELEURF}SNMPIHER EIQHAELGEREAITE SQU
EMPLOYED FOR ALL EXPERIMENZSGOMHE A ERICSREBRFERABCYOSE CE
AGGREGATED INTO LARGE STRUCAURE SSRIGTHERTTNGNKAPORMRTIOI
IES s INSIDETHE VASCULAR GRAGSTHOBLEASX EEARNNDA(L 6 ¥HS OBSERVI
OF THE VASCULAR GRAFT REGIONONHME GLUSREMSINE®%#S CAN BE S|
AGGREGATED INTO CLUSTERS OWHICHBEIRSG AN ZHEIS GMHTEDSINERS AN
FIGURE WHICH IS MAGNIFIED INLFKEWRER LSS FIGURE 4HEREFORE
AS PREVIOUSLY OBSERNEGR THEIGARER ABLATED PORESOFTHE VASC!
BLASTS SEEDED ON 'EL-! WITHOURHENDOBYHEARGREELEFLOW AND T
4HEREFORE DUETOTHE ABSENGREOFOMWNAWHNINEEBP OREISS THEHE BIOF.
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$ISCUSSION LONGER TUBES OR POTENTIALLY B¢
CREATECONTINUOUS TUBULAR SCAF
A4HE CURRENT STRATEGIES TO CREATEMWRALSIMHM BWEABW SGERSENDN AC
BIOFABRICATED TISSUES COMPRISBESNHEDCREATIONOFHOLLOW
CHANNELSWITHINHYDROGHEHLS POFREBLATTTEHMBPYTEBELILG FABRICATE TUB
(OWEVER THE ANASTOMOSE OF BHENETEBDANMNNES WOTH TOBWEVER TI
HOSTVASCULATURE INORDER TIOYENABVLEIERTEDTIANATIAANEWMBABL AMO
BLOODPERFUSIONINSIDE THE S EEHEANAFNER MTSHEEMNERIALCA NIGWIN OF
POSSIBLEBECAUSE OF THE LACKBIIEM BE HANESH RROWPLERSTCEOR ROBO
OFHYDROGELS; *EFFRTASE 7HO SHOWED THE DIFFICL
)N OUR STUDY WE PROPOSEDTTHEINRGBRIEREMAMNNING@GOG6! EMPLOY I
SMALL SUTURABLE VESSEL GRARIYBASEDONASHEHEE A TURMERTRANS|
AND BIODEGRADABLE 0'3 06! COMPIPY T&S )DBSIMTHRERA AS THE 06! |
BY ELECTROSPINNING "Y EMBEDARIENG|MHESE [ELWOROMPRIGITING OU
TUBULAR GRAFTS IN BIOFABRICANGDOGNIISSSNNES HAR M N ETO@RBRCESLTHE
OSISBETWEEN THE ENGINEERE D T3 S0 ESANMONI i@ XICSBMABEGRADAE
CULATURECOULDBEPOSSIBLE DEGRADEINANY HARMCOMMPOUNDS -
LECTROSPINNING ENABLES BHESBEBRERISENDODRIBBANTURES ACS
LAR STRUCTURES WITH A FIBROED TOBERPPREEDI MFIBAR ABDSORBAE
THE NATIVE %#- AND IMPROVED MEOHRPRNOM®MALT E TAREASTBLAR BRANCH
TO 0'3 06! PARTICULARLY THE SGUUIUNRRE REAENTOMWNARDS THE INTERI
(OWEVER TO OBTAIN SUCH TUBUILARBH RWE CRERIFHBIRAWAIHERN OF
ELECTROSPINNINGWITHA DIAMBTHERW MIALL DERTHEANU BAWIISR GRAFTS
CHALLENGING (ERE WE ADDRESSSHIDOND ABSATEBY FOECARER MACH
SPINNINGOVERANON STICKY SUBRFAGEDP NRVHIMBNT BANPER ENDOTH
AND THEN ROLLING THE OBTAINED=F | BIRMOW SDM A TASN ARIOW NBN G EH ;
04&% TEMPLATES 4HE CONSECURBSEPDRER IBNIGI AMSOOMWNS THEREF (
BONDS THE SUCCESSIVE LAYERSSWUAPPIORTUBNDRLARHERAATSELL MIGR/
4HE COLLECTION OF FIBERS QALER W BROKWNMEN.TO WARPNER THUS CREA
FACILITATED THE DETACHMENTNEGRFVAQRKINE MEVUBRIANEBASCULAR
WITHOUT TEARING THE FIBERS ENAMWBNHNGMMEANRO DV EVER IT IS \
OF TUBULAR SCAFF O LICA FFIGIUIRREGFWBHRIEEVASCULAR GRAFTS WITH TF
ATEDOVERCONDUCTIVE SURFACEESHMEH OINCEND REC®OORBCUED TO
MINUMFOIL FOREXAMPLE CANNCONDBW BDETAER EDWMLTHAOWUDW ANGIOC
LEAVING ALARGE AMOUNT OF THEHERCABRCC AONEERTIBBE SEENGINEER
FACE $UE TO THIS REASON WHENXMPHREMEXWW®BUED TROSPTNGATE HO!
NING A TUBULAR SCAFFOLD A PERBEEGAD NGETHPAGF WANL THICKNE
DRELSISCOMMONLYEPEP LTHLS; STER IBRMNICHING (OWEVER IS WOR™
NECESSARY 4HIS STRATEGY ISTNEEGED/NRIRBEESICOBND IANDVERSE
TERMS OF PRODUCTIVITY WHEN ICQAM PREOPE RTTHSTOHHETBIIRVASCULAR
ECT ELECTROSPINNING ON A SMAHATCWAISINB R IECILAOO@ORLEW BRI TSID
AND MOREOVER IT ALLOWS THE WREK THERAVSFHEIRRALONSSUA T WILI
TUBE WITH THE DESIRED THICKNAS I WH CCHAIGLEL M LFORMMMTION IS P
TROLLED BY THE NUMBER OF EMPC® DEMEICHO GENEBUYNARAGEHFHE ;CO
ERS )T HIGHLIGHTS THE EASILY. EUIOMNO MIZIKOEH. E HE MALCRENED PORE
THIS STRATEGY &OR EXAMPLE AIQNGEIRINKINGBUHRARSNAMFOOB ANGI
WITH INTERNAL DIAMETER RANGUAR BFRRAONVC H | N B INNH\SISYIBMEIRE SF OVHE S U (
THE MOVIE 3 AND BEYOMD> WEITLGABSREVIOUSLY SOAKTHESE TUBUL/
DIVERSESHAPESTOBE OBTAINEERNAAANDOECONGTRANEDHBATTEEN PRE V|
FABRICATION OF THE 9 SHARD THEENANSUBE THE LUMEN OF THE VAS
MOVIE 3 AND CLINICALLY RELEWRAT RESBONSE FRUNFORE ORGANIS
OUR PROTOTYPES WHICH IS CONSIMERED CANNALSIOLENRHEARYE ENDC
ANIT CM ;= 4HIS IS OF CRUCIALNEMROR AAEGCMP@OR HLUMINAL SURFA
THE CLINICALAPPLICATION OF TBESEIEABKCRUARRGRAARSOEDISHERN B
FORITS POTENTIAL APPLICATIONUFRR RMPUDFEATENIUARLXAHTHONING T
OF TISSUEENGINEERED GRAFTSBORENT TRIEAOD ABECWLAR THEURCAFF
IES SINCETHE SCAFFOLD CALIBBE EMPBEPEBRBIAY VASTUMAREBRAFT
ACCORDINGTOTHEVASCULARHOBY SIOEETDMER IB MAANWBEEPOIBERE IS
SIBLETOEMPLOY LARGERELECTNREEIPON SNAEEDLAE HTERBWASIC UL A
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TO TREAT VASCULAR DISEASESCRG SEORNLIKINVRRENALRSYL BROERD® AN N (
BYPASSGRAFTING AND SOME PERHFHERRLOVYEBENT OF CIGEASHI RE S°
= THE SCAFFOLDS WITHOUT"ASERABINATTHEATP ORMAY BE LIKELY |
CAN POTENTIALLY BE APPLIED AMEMBLLI DYAOWETHER VASCULAR GRAFT
GRAFTS FORSOME VASCULAR TREACHIEINSECRERGDGHRPUABH FACTC
STATIC AND CYCLIC MECHANICABGAN/SLWSEHIESHSBEIMEMANES THE CEL|
STRATED THE SCAFFOLDS HAVETANEINASERMEELIAED € BREEHAALLOW
VIOR THANKS TO THE 0'3 AND FIBIRMNSGSARCHINBDEEUNEFESTIGATION:
THE SCAFFOLDS BEING POTENTHAMEYTSUBEABAEHEF DB BABNCMODMARAE INS
TISSUE ENGINEERING (OWEVERTFODNR BHIBREFEOREI REBRRIZING POT
ATION MORE MECHANICAL TESTBOEBMUISSEBE EREGRNEBRNG WHEN |
ORDER TO EVALUATE THE COMPIMER OE TOUMBTHRARKREGCFCAHHFROWDEH LASE
COMPARING THE DESCRIBED GRRIOFABRTEANADURGANEA RTMBERPRESEN
IES AS WELL WITH PREVIOUSLY OWEOREKRNEEDAAYRINIE REIAEEARHERBRONE F
IES 4HE CAUSES OF THE INCREBS®SEENCEELE RRYLIPRRARTBONE TO IM
FOR (56%# CELLS TREATED WITH A8'SCEXNTARAIRTES|I RARD YINNA MOR EBNER®
FIGUREEMAINS UNCLEAR &OR FIURHA& BBEBENRRKEPOWETED THAT NOT C
SUGGEST DEEPER INVESTIGATIGBNUST AATLEO IAEQIRIEARTLEORTAE TGWITH |
QO0#2 IN ORDER TO STABLISH AAIRNGOIMNMHESIESFFERTIGINSTHE ALKALIN
OBSERVATION OFOSTEOBLASSI®DES THISVASCULATF
40 DEMONSTRATE THE POTEINATER SERVEHASTAMPRATE FOR OSSI
MACHINED PORES ON VASCULARTBRAMKSI I G ORETHENERIXKI®OHC INTER.
RAPID VASCULARIZATION OF BIOHIABRNE ANDPCECIORNI HEU CANLSCBMA_ S ;
CREATED AN O VEMROBKHEHAT SIMOUSTHES O WORTHY TO POINT OUT
THE RAPID ENDOTHELIAL CELL FOBRFHEI®NAFR O MDTSH BNECMEN FIND S
FOLDSTOWARDSA $BONE LIKERTOOCKNBRIFC(ABEEHEON SITRIGAHBREGH LE
FIGUREHROUGH THE PORES &ROEBVHEBECEDERVAN AONTSHE EXTERNAL
ON -' AND (56%#S CO CULTURIBEBG ONEEL-! SEEDING SOME CELLS |
HYDROGELS WITHOUT THE VASCUHRRUMVEAFTHROGUEREBHE LASER MAC
AND $ COMPARED WITH THE T AOWEIDLTHIEAS ETQWCIATION FOR FI
TURED SEPARATELY ON 'BND FIGHREBOBIOPRINTTHEBONECONSTR
WE HYPOTHESIZED THAT BOTH CEHE ASPE6 WOIWDINDAR TEEIRAREND OSTE
AND FORMEXCLUSIVE AGGREGATBIONSKOFNNHERES TL EMBERIBD ING T
THAT WOULD ALLOW THE ENDOTIHNESUDE. TOEE ST RWEBTWUHRBWERP TO PEF
SEEDED ATINSIDEOF THE VASCUWRAIR G BAFITHRO B GE VW BOOWRERACT OR
THE OSTEOBLASTS SEEDED AT TBESHRTEBTORNO® FTBIE FAGEIULL AIRN E S
GRAFT #ONFIRMING OUR ASSUMHTSIOSYS GGESENDCGARAHEAINMG THE TW(C
CELLS PERMEATED THE EXTERNM®OIFSURREGE ONCIEHW HYIDRFCEGCHEIC CE
THANKS TOTHE LASER MACHINEDYFERECGRED®V HR ENO INBEERRVE FILOI
ACTED WITH THE OSTEOBLASTS ATA HSEFRXTHRNRAISP RES EGHR MNC M NG R
ING CONNECTED CLUBSBTERB FIGNIRESELECTRON MICROSCOPY CAN B
WITH SPROUT -' AROUND THEWO®R¥S TDUISIVMERBRS IGATE THE CELL |
FIGURE 4HESE INTERACTIONEAREERIVDVRIL RESARE IMPLANTINC
THEPROLIFERATIONAND SUR¥IVIADORIBPRHE VRAISICUOLRARS$ZED CONSTR
ACCORDING AG=3HHE -' PLAY A RPOSEHRBEAND THEYRWONCTION
ROLE IN (56%# CELLS PROLIFERAT KBNS WHOIRKKEG DAETSH BENIFHXAMPLE
CELLS ARE KNOWN TO SECRET OBHEOGEN ITCHERIRERAH IIOANCOP R8I OST
THAT ENHANCE THE SURVIVAL ANODEHECHFRROAPVRR SUVIOANNRIXFATION CI
OSTEOBLASMS THE OTHER HANDI OIS TEWWOBBTABRBORE COMBINING OU
SECRETS6%'& INENOUGH QUAN TG RIERTESOWNTHR DASERHBECEABRICATI
PROLIFERATIONAND SURVIVATEOTFEENTINOQOMHESIBUCHIAISSEREEFORM RE
SUGGEST INVESTIGATING THIS ISTERER D EDNHAACORRDEIMIPE RGTUED T1S ¢
LARLEVEL | E POLYMERASE CHRARNNREVRE RVBERTIRENSICRERXHD NS TRUC
OR 0#2 RT TO BETTER UNDERSTEONDLBORBWDT HOREQOEB TALKHOUGH 0
WORKS AND THEREFORE TO BEDEERRRENDGCHONHIE BEHABIORE FOR
ONCE THE CONSTRUCTS ARE SUTITUBHRDB SNNTOOH AFBECHEQ B TF REOBMA R TE R 1AL
PLEX CROSSTALKS OCCUR IN A COBENO K% WRAATIENDT HE ABREAMANYIFA BE D L L
ISM WITHHUNDREDSOFCELLTYPEBREGUW RAFRNGEALIINEG DHFRROM SAL
INHARMONYHE IMPORTANCE TO REPIRENTCH NHERNYELOP OF ELECTRO
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IN ORDER TO INSURE THE MECHANEIALHXDRGOGRBELYS OWHTEH WAS DYN
COMPOSITEGRAFTALONGONE YRARIDE NDRDLTANTAALONE I5ISSNSSIDE TH
EXACTLY THE SAME STRATEGY OWR 81365 RAFAISKOUQDI NESICASER M/
BE EMBEDDED IN A PROTECTIVEERNIECTHREOSARUN EHES CBN PERMEATI
WITH THE ADVANTAGE OF THE PRESFSENE K AFCTHRAR AGRANEDAND INTE
PORESTHAT MAY FACILITATE THEWVRBE ©OFLABTAEAOBDASTIS AGENERATIN
TION MODIFIED 0'3 COULD BE SAHNHRERSORED AHNEDCRUBRTOMIZABLE Bl
THER PROCESSED BY ELECTROSMINEMNG SUTOWABGE MASOWIEAR GR/
ADJUSTMENT OF THE PROPERTIBMSORRK TMHTGHONS TERNIGO NRAERKEDG PATTE
ITS DEGRADATION &EGR BXKUDFEMEBHANEGD PORES CANBEEMBEDDED |
EFFECTS OF GRAFTING POLYETHEREDECONGCAUONSO'IN @WRDER TO F
THE MECHANICAL AND BIOEO®IRERA PROIPARBRANCHING INSIDE THE C
RECENTLY PALMITICACIDMODIFAEBRNBHOARSSERDAUMEROBYNG THE INT
&ETROR THE FABRICATION OF ABRTRRCGRWRFTS BMHHBDSALAHIS APPR
LEACHING TEEHAHEUWIRAFTING CSPELRBOXYITUSSSUE ENGINEERS TO IM
ACIDONTHEFREEHYDROXYLGRODORDOANGETEG®W EDIINOWAL TRANSL/
THE OVERALL DEGRADATION OFTIBEWEGDIFIED 0'3 GRAFT

WHILE INSURING LIMITED INFLAMMATORY RESPONSES AS
WELLASGOOD MECHANICAL PROP@RN'@W&.@@‘@MFEEI\PrEé}RAD

ATION PROCESS 3IMILARLY ELECTROSPINNING OF PALMITIC

ACID MODIFIED 0'3 COULD BE ENYIGAGER | M@RBERARK aR+D+RIC -E
FABRICATE ELECTROSPUN MEMBRS’%/]\IéE%WI:yAgg&ﬁF&\IGB%EHﬁCE FOR T
THER PROCESSED AND LASER MAGHYRR B3 G REAYMASHEBR s TRUC

GRAFTSWITHPATTERNED POROSITY

#ONCLUSION &UNDING SOURCES

4HIS WORK
7EDEVELOPED A SMALL SUTURAREEHRE
BIOMIMETIC VASCULAR TUBULARy{GAFRQLI

IN $BIOFABRICATED TISSUE ENGINEERBERSRAPERPPIPSENENTO DF
TIALLY PROVIDE AN ANCHOR SITEG:] R RIGASED H5B8HRT 2N/
5] E

AND AN IMMEDIATE BLOOD PERFHEPION BAENCE .ATION
SIMPLE AND FAST METHOD TO PRQRUCE/EEARTRMBREECAND #%
BIODEGRADABLEO0'3 06! VASCULAR®&NR PFRPMARGETE &%I PROJEC
SPINNINGTHATCANBECUSTOMIZED REGARDINGTHEIRIN

DIAMETER BEING AS SMALL AS s NM|_ |IWALLEFHIGE RES T
NESS LENGTH ANDEVEN THEIR SHAPE STRAIGHT TUBE AND
S

9 SHAPE O0ORE CHANNELS IN THE{GRDOFRI®R s D ERRESNO COMPETI
WERE MACHINED BY LASER FEMTOSECOND PHOTOABLATION
ACROSS THE WALL OF THE TUBULAR §GAEFOLD 4HESE PORE
CHANNELS WERE OPENED IN ORDER TO PROVIDE AN IMME

DIATEBLOOD PERFUSION AND ALSRRAPUR ¥ARPAHARIZBIRON ORG
4HE TUBULAR SCAFFOLDS HAVE ABIOMIMETIC ARCHITECTURE

THATRESEMBLES THE NATIVE %#\QRELEMANARY MEBHANS ORG
ICAL CHARACTERIZATION HAVE SHOWN THAT THEY STAND THE

MECHANICAL REQUIREMENTS FORA\RGTNBABRI FIRY% AR ONELADRITI
CITY FORPOTENTIAL APPLICATIQNASYASRYLARGRAFTS BEING g

SUITABLE TO BE INCORPORATER UNVQ NEHSNE €NGINEBREPR G
GRAFTS AND TO BE DIRECTLY CONNECTED WITHIN THE HOST

BLOOD STREAM -OREOVER THEYWMAYHAWLSSEE APPRAEED ORG

AS BYPASS CONDUITTO TREAT VASCULAR DISEASES AS THERE

IS ACRESCENT CLINICAL NEED OF SMALL DIAMETER VASCU

LAR GRAFTS .EVERTHELESS SUYRPAEMENTARY MECHANICAL
CHARACTERIZATIONS NEED TO BE CARRIED OUT IN ORDER TO
EVALUATE THE FRV¥EBECRADFABILITY =0ONJHE MR# +LEINHANS # AND +LUGER O *
STRENGTH AND CONCLUDE ON LON@A‘{?ELRLMRNWPTLQGASTT'CDE\K§Y4:O*ALLENGE

DEMONSTRATE THE POTENTIAL OF ',ZLPdff ng*"*FH?\IVIEf FﬁY&'DQI&J;s%'EIINII oA
LIKEMODELFORRAPID ENDOTHE'—'ANI!)ZL\/NE|@<£\EWE°S$9A1§$|%MLBEL£\J%|NEERH\
FROM THE INTEGRATION OF THE VA SCU NARMAGRABTSaHNS LD E
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; =#HARMELIET O -ECHANISMS OF ANGIOGENESCStANPAXFIELD -7 "EST#! $EAN®% 7 A

ARTERIOQGENE®DISn "REUER # 4N VIN®PLICATIONS OF ELECTROS

; =*AIN2+ IUO 4AM* SUDA $'AND &UKUMURRASSSUE ENGINEERED VA3CIHWARIGNRAFTS A

%NGINEERING VAS.QULARIZEDHT ISSUE n

; ANNAN 29 3ALACINSKI(* BALES + "UTHHHBHANDO AND #OSGRIFF (ERNANDEZ % -

BEIFALIAN! - A4HE ROLES OF TISSUE EN\®IWENERENE KN IN ELECTROSPINNING DES
VASCULARISATIONINTHEDEVELOPMENTEQNEMERRINGACPLARAIONMED AAREWRIBEW S
NETWORKS"IORNMRAWVIERMNALS n

; 2O0UWKEMA * 2IVRON . # ANDVAN"LITTERBSWNIK$AND #HANG * %LECTROSPINNIN

6ASCULARIZATION IN FIRENDESENGNTIEEEBROUMREE DIMENSIONAL NANOFIBROUS TUBES®

n ARCHITEAN® REIST n
; =HLARK % 2 AND #LARK % , -ICROSCOPI3IONBSBRVAILIAORS6OMNAL ' $ERMIGNY 1 $ENO
THE GROWTHOFBLOOD CAPILLMRIESIN FAPLANNG WAMHESB#H AND -ARIN & $ MULT
INAT n Bl FUNCTIONALIZED SILKELECTROSPUN C

; =AFARIAN - %SLAMINEJAD -" +HOJASTENERVE REGENERHTIBDNAV "IOMED -ATER

-ASHHADI!BBAS & $EHGHAN - - (ASSANIZEDAEMRERND 3CHLATTER' (*BRAUD! -ARIN
(OUSHMAND " -ARROW DERIVED MESENXKPCMASEVTAEWCHELLE "AND %GLES # U
CELLS DIRECTEDBONE REGENERATION INERMEDGUWE MAANDOEELENBUIT DESIGN ADAPTI
COMPARISONBETWEENBIPHASIC CALCIUMMPLHANTSEBAAOH B8B 2EP

NATURAL BO NFEEAMINERA L/RAL -ED /RAL OAAMOL(URANIG 9 '!GARWAL 3 AND ,ANNUTTI *

2ADIOL %NBOD CELLULARINFILTRATIONINELECTROSPUN
; ™ARNES#0 3ELL3! "OLAND % $ 3IMPSON® ROMEBISYUE % N G
"OWLIN", .ANOFIBER TECHNOLOGY BHSMVWHR®@ Z HEBFEAXUD ! .EDJARI3 AND 3CHL
GENERATIONOF TISSUE HDNG SNEER$EGISCBEIF @IRIGSANIZED $ NANOFIBROUS COMPO
2EV n COOPERATIVEEFFECTSBETWEENELECTR(
= ANGER 2 AND 6ACANTI *0 3CSIENE ENGEN E E RRNOGE® RAM ENRG
n 7 ARCIA'ARCIA! (*BRAUD! $UVAL* , 7ITTN
=#LEARY -! '"EIGER % 'RADY # "EST# .AITOAWTANBURRBER #GLES# "EDOUI & 3CHLA
6ASCULARTISSUEENGINEERRNGI DIHE NGEXTICCHRERACTAPRDLACTONE HYDROXYA
-OL -ED n HONEYCOMB SCAFFOLDS FORACELLULAR

=3EIFU$' OURNAMA'! -EQUANINT + AND - AADTAOPVTAEND $O MAXILLOFAC | B3B OONNEARTEEGRO N ¢
3MALL DIAMETER VASCULAR T25% WARNMGIN E BN GS G
7 =30LIMAN3 3ANT3 .ICHOL*7 +HABIRY - 4F

=#RAPOO- '"ILBERT47AND"ADYLAK3 & +HWOEHRINWVIESEINI! #ONTROLLING THEP
OF TISSUE ANDWHOLE ORGANDECELLUL3ARAFADIONSPEROMESBESTING THE FIBER DIA
"IOMATERIARS DENSITVOMED -ATER 2ES

=3HIRAKIGAWA . AND )JIMA ( $ECELLUIEAIKIABNGGTH SN 4 ,IAO0 3 #HAN # + AND 2AM
ENGINEBDRIANIES IN"IOMATERIALS FOR "IOMEBIRARATION OF ELECTROSPUN NANOF
IPPLICATEBNIN 3PRINGER PP n WAVE LENGTHULTRAVIOLET RADIATIONTR
=fTANG: ,IU, -ITHIEUX3-ANDT7EISS!3 APNBIR OAATTONNGS IN TISISIBRIENANGE EERING
ORGANIZED ELASTINAREWODSCIBL'ABGTEHECARTGKERY - 'EE!/ -ETTER 2" .ATHAN!3 -ARY¥
sEYH2' 7ILHELMI- 7ALLES 4 +ALLENBACHRD2EBEIOAND -AUCK 2, 4HE POTENTIA
/IBERBECK! (ERDEN4 (AVERICH!AND -ERESCHNNIGTRATIONINCOMPOSITE FIBER A
ICELLULARIZED PORCINE HEART VALVE SETOAFROQAIDBSFEORTHEARHLNEALMEE REMOVAL O
TISSUEENGINEERING AND THE RISKOF CROBA TSHREIGRhSS TRANSMISSION
OF PORCINEENDOGEMMWORNRRETR BARPIWCGYBECUDAHEON ( 7ANG! 9AN: 9U* 'RIGORO
3URG n .13 &EMTOSECOND LASERABLATION EN|
=(ASAN! -EMIC! INNABI. (OSSAIN- OAULNFILTRATIONINTOTHREE DIMENSIONALE
$OKMECI-2 $EHGHANI & AND +HADEMHOIESRAINOMATER
%LECTROSPUN SCAFFOLDS FORTISSUEENIMEERHNG OF V AECU AR GRAFIGCN $ &
ICTA"IOMATER #HOI (7 AND ,EE , * -ICROPATTERNING Al
=2IM." 3HIN#3 AND 3HIN ( #URRENT APRPHRARACHERTDATION O FCEALHEROOIRACCSTROUNNEP O L
ELECTROSPUN NANOFIBER'$SGRD | SASTERREBNICANBENENRANGFIBER TISSUE SCAFFOLDS B
ABLATIONFOR T TISSUE ENGQNTHEERHNGIAPP L |

=*IA, ORABHAKARAN-0 1IN8AND2AMAKRISENA3 n 3TEM
CELLDIFFERENTIATIONONELECTROSPUB-ICHANICENBRO'UBTARISIT R ATIEISERROOR2Z 00URI
VASCULAR TIS S UATENRG BICE E%RNNBG .ARAYAN 2* AND ,OBOA %' ,ASER ABLATI
=IBDAL HAY! "ARTNIKOWSKI- (AMLET 3 ACONYRODIVESIKMICRO SCALE PORESINELEC

%LECTROSPUNBIPHASIC TUBULAR SCIABBOEEWGTN ERRIANCARPMEDA PANGE S
MECHANICAL PROPERTIES FORMAIERULAR TISSUE ENGINEERING
3CI %NG n 7 =3RINIVASAN 2 IBLATIONOFPOLYMERS A
=7U ( &AN* #HU # # AND 7U * %LECTROSKININTR &\VOBC EMNICAESERS
SMALLDIAMETER $ NANOFIBROUS TUBURARSGAEEAWDS WRIMGHORE ! AND "OCCACCIN
CONTROLLABLENANOFIBER ORFENTATIONYSNAGE §ASS PRIOPEEGRMEFSITAND BIOMEDICAL
-ATER 3CIl -ATERDN-ED POLY GLYCEROL SEBAORDES 0GLYMREWIE)
=XERRARIO& !LIAKBARIAN" ,AGAZZO! 4AMAYOL! OALOMBO $
AND OEREGO 0 AAILORED ELECTROSPHTANNS®ALIMEPERME THREGFRARD "* AND ,ANGER
FORVASCULARPROSOHEMISATER OOLYM OUGNHABTIE® EGRADABLEELAGAOMER

n ; =BHENOY 3, "ATES 7% &RISCH (, AND 7NEK"
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-ATER -ED n
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=*EFFRIES % - !LLEN2! '"AO* OESCE - ANE{GANIGIER 3 * OOROUS SCAFFOLD DESIG
(IGHLY ELASTIC AND SUTURABLE ELECTRENSINERBDILINMSGER CEROL

SEBACATE FIBROUA"$SCWMARAERDS ; IRNAOUTOVA) 'EORGE* +LEINMAN (+ AND
=ILBERTS" "RAY $ (OPKIN+ *OHNSON! EMBEENDRAFHELIALCELLTUBE FORMATION /
20BERTS + AND 7AMASERNIT IAL #ELL "IOLOGMEMBRANE TURNS STATEOF THE SCIENC

.EW 90RK 'ARLAND 3CIENCE INGIOGENESIS
=TEINER 3 AND 7TAGNER ( $ AHE MATERIAOBOMNBEN! 2ITZ5 6ERRIER3 %GLINS$ ILIN
STRUCTURE MECHANICNNRUREVIOANTEERHARKPMWI RICK #* AND 20MMENS O - 4HE E
3ClI n HUMAN OSTEOBLASTS ONPROLIFERATION .
=OQUE + 4RUJILLO DE3ANTIAGO"' 'LVAREZFORMMPAYVOLOF HUMAN UMBILICAL VEIN ENL
INNABI. AND+HADEMHOSSEINI! SYNTIHENSGSTERUPERDIESLTURE ONPOLYURETH
AND BIOMEDICAL APPLICATIONS OF GELATONMMEERAALHRSYLOY L
'EL-! HYDROGMASERIALS ; =0AUTKE # 3CHIEKER - 41SCHER 4 +OLK! .E
=C+EE-' 7ILKES', #OLBY 2 (AND ,ONG4 %WTSCHLER 7 AND-ILZ3 #HARACTERIZA®
#ORRELATIONS OF SOLUTIONRHEOLOG YOSITHCEIARCROS EEN IFLBNERS - 3A0S AN
FORMATIONOF LINEAR ANDPAERAONVCHEIL RO DWEPATFERON TO HU MAIN OSNEBPBREST S

n 7 ==ORONI, "URDICK*! (IGHLEY # ,EE3* -OF
=#HAOUAT- ,E6ISAGE# "AILLE7 % %SCOAKETDTCHHAAMBEI@EO * * "IOFABRICATION
-ATEESCU -! AND ,ETOURNEUR $ I NOVIRLVCRBRO E LIS MKPIRE G EN EARTA RIBAE METHR I N |

POLY VINYLALCOHOL O6!'DAVMORWMESTULARGRAFTS
-ATER n ; =HLYNE!- 3WAMINATHAN 3 AND ,ANTADA!S$
=18 (ONG'!4, .ASKAR.AND#HUNG ( * "#*AFABRIICATION STRATEGIES FOR CREATI
FORQUICKAND CONSISTENT SYNTHESI|IS OFNPRULHOGLYBREGRATLI®SBRBACATE
FORTAILORED MECHAQMVALCIRRORVOPIEHERCTU EBSS0 ' +IM"3 *ANG *AND #HO $ 7 2ECENT
n INEXTRUSION BASED THREE DIMENSIONAI
#ZEKANSKA % - ISSESSMENT OF CELL PRGIAIN BRAHMBN MOIWMAIDENR 3CIn% NG
RESAZURIN BASED AMWORESIC EROIDMEBFL(EYREEBX AL (UMANTISSUE ENGINEERED |
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4ISSUE % NG ;7 =&ATIH#ANBOLAT - 4ANG # "ERNACKI 3 ( 0C
=+YRIAKIDOU + ,UCARINI" :1ZZ1! 3ALVOL#NA¥ 3-ATTIMMALIAN CELL VIABILITYINEL
"ELMONTE - -OLLICA & 'LORIA!AND !MBRIIDAMOOSITE NAN O FMBEROM®RWU CTAUREIS
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ENGINEERINASCT #OMPAT MOOLYM AND ,UONG * (4 %FFECT OF SURFACE CH
=3HI" INDRUKHOV/ "ERNER 3 3CHEDLE ! WRDAKEIASINCH GRYAMDF OXICITY OF FLUORESCE
4HE ANGIOGENICBEHAVIORS OF HUMARNOIGRH#HEMHNVEINTER )NTERFACES
ENDOTHELIAL CELLS (56%# INCO CULTURKEEWRI-TH DAATHOBL BEHWIKETZ : AND "OYAN
CELLS -' ONDIFFERENBENTANAUMEM S UREACE® OF POLYVINYLALCOHOLANDITS U
n ORTHOPEDIC APRADICEDIOANTER 2ES
=5NGER 2 % 3ARTORIS! OETERS + -OTTA-'TURGIEARESI # #ORNEALCYTOTOXICITY OF
+UNKEL- "ULNHEIM5 2YCHLY *AND +IRKIPRARURSCK EHICLES BNRFNRFPFHERNMNAMUYUE S
41SSUE LIKE SELF ASSEMBLY IN COCUL FYREROQ FSENDOND BEC HONEKHR $ 2 2EVIEV
AND OSTEOBLASTS ANDTHE FORMATION DGXMOOIRD OAPIQ L X R M @ OKEEIH#EERO B OXa!C O L
STRUCTURES ONTHREE DIMENSIONALPOROWNS BIOMATERIALS
"IOMATERIAQS ;7 =TANG - ,19 7U* 8U & :UO 9 AND M N STERNO* !
=HANG 9 3CHEDLE! -ATEJKA- 2AUSCH &ANIS WISMUDY TO THE BIOCOMPATIBILITY Al
INDRUKHOV / A4HE PROLIFERATION AND P HFHERENTARAMNBOPOLY VINYL ALCOHO
OSTEOBLASTSINCO CULTUREWITHHUMANMEBIEACERVEES
ENDOTHELIALCELLS ANIMPROVED ANAZXBIBUSNNG-AENZ3 OHAM 4 B3ETTMACHER'!
FLUORESCENCE ACEFBRMATEDOILCEIQALS OIRTTTINANOW * AND "OSSERT * JMAGE ANALYSI
MICROSTRUCTURE AND ENDOTHELIAL CELL
=#LOVER * AND '"OWEN - 'IRE -' AND (/3BARTERIES A PRELIDM NARG SRUBR
HUMAN OSTEOSARCOMACELLLINES REPREGWDRERTAVEEOMB MANS @QNDHERIE 3SHEPHEF
OSTEOBLASTICCPNHEENO@TYPE HEMOSTATIC SYSTEM AS AREGUQATOR OF
=ASTERS * 2 (UMAN CANCERCELLLINESHEMCT AND FANTASY
.AT 2EV -OL #ELL"IOL ; =3ARKAR 3 3ALES +- (AMILTON'AND 3EIFAL
=OODWIN!- )NVIABOHAYS OF ANGIOGENESDDREBSING THROMBOGENICITY INVASCUI
ASSESSMENT OF ANGIOGENIC AND ANTI ANDGI DD ERMEARGERNT S
-ICROVASC 2ES 7 ="OUCHET- "AUTHIER - -AIRE - !JJI!TAND ,E
=(ASSAN#AND OEPPAS . STRUCTURE AMDWRRDIEBADNOMNI OFT SMALL DIAMETER VA
POLY VINYLALCOHOL HYDROGELS PROBWGEDY BIXCAED NDDNETI-ANIE R XPER ANENT S
CROSSLINKINGORBY FREEFOROG LAYHWMBRISIG METHOD S
06! (YDROGELS INIONICOOLYMERISATIGCANLANREQMPE®ROIHESVE , "AREILLE 2 AND IM

"ERLIN 3PRINGER PP n OF HUMAN ENDOTHELIALCELLS ONHUMAN |
=.GADIMAN . (! .OORDIN-9 )DRIS!AND +URELIAWHRNO TY P E* RCELLHE O'R ® &H&E M
'REVIEWOF EVOLUTIONOF ELECTROSGRRN MABUEELZSEENEER+tN®AI! .ISHIDA +

SCAFFOLD FROMTWO DIMENSIROGC NOSHABHEDHVENNCOONS( AND .INOMIYA 9 6ASC
-ECH %NG n ENDOTHELIALGROWTHFACTORPRINCIPAL


https://doi.org/10.1016/j.actbio.2015.02.005
https://doi.org/10.1016/j.actbio.2015.02.005
https://doi.org/10.1146/annurev.matsci.28.1.271
https://doi.org/10.1146/annurev.matsci.28.1.271
https://doi.org/10.1016/j.biomaterials.2015.08.045
https://doi.org/10.1016/j.biomaterials.2015.08.045
https://doi.org/10.1021/ma035689h
https://doi.org/10.1021/ma035689h
https://doi.org/10.1002/adfm.200701261
https://doi.org/10.1002/adfm.200701261
https://doi.org/10.1021/acs.biomac.5b00018
https://doi.org/10.1021/acs.biomac.5b00018
https://doi.org/10.1089/ten.2007.0022
https://doi.org/10.1089/ten.2007.0022
https://doi.org/10.1177/0883911508091905
https://doi.org/10.1177/0883911508091905
https://doi.org/10.1016/j.dental.2014.05.005
https://doi.org/10.1016/j.dental.2014.05.005
https://doi.org/10.1016/j.biomaterials.2007.05.032
https://doi.org/10.1016/j.biomaterials.2007.05.032
https://doi.org/10.2478/s11658-010-0026-0
https://doi.org/10.2478/s11658-010-0026-0
https://doi.org/10.1016/8756-3282(94)90305-0
https://doi.org/10.1016/8756-3282(94)90305-0
https://doi.org/10.1038/35043102
https://doi.org/10.1038/35043102
https://doi.org/10.1016/j.mvr.2007.05.006
https://doi.org/10.1016/j.mvr.2007.05.006
https://doi.org/10.1177/0954411917699021
https://doi.org/10.1177/0954411917699021
https://doi.org/10.1038/nmat1421
https://doi.org/10.1038/nmat1421
https://doi.org/10.1007/s10456-009-9146-4
https://doi.org/10.1007/s10456-009-9146-4
https://doi.org/10.1016/j.biomaterials.2008.07.024
https://doi.org/10.1016/j.biomaterials.2008.07.024
https://doi.org/10.1088/1758-5090/ab0621
https://doi.org/10.1088/1758-5090/ab0621
https://doi.org/10.1021/acsbiomaterials.8b00691
https://doi.org/10.1021/acsbiomaterials.8b00691
https://doi.org/10.1038/nm1364
https://doi.org/10.1038/nm1364
https://doi.org/10.1002/jbm.b.30901
https://doi.org/10.1002/jbm.b.30901
https://doi.org/10.1002/mabi.201100108
https://doi.org/10.1002/mabi.201100108
https://doi.org/10.1021/am1006222
https://doi.org/10.1021/am1006222
https://doi.org/10.1002/jbm.b.32694
https://doi.org/10.1002/jbm.b.32694
https://doi.org/10.1016/0039-6257(80)90072-7
https://doi.org/10.1016/0039-6257(80)90072-7
https://doi.org/10.1016/S0278-6915(02)00258-2
https://doi.org/10.1016/S0278-6915(02)00258-2
https://doi.org/10.1002/jbm.a.31585
https://doi.org/10.1002/jbm.a.31585
https://doi.org/10.1002/adem.201080076
https://doi.org/10.1002/adem.201080076
https://doi.org/10.1074/jbc.275.3.1521
https://doi.org/10.1074/jbc.275.3.1521
https://doi.org/10.1002/jbm.b.30710
https://doi.org/10.1002/jbm.b.30710
https://doi.org/10.1016/j.msec.2019.03.023
https://doi.org/10.1016/j.msec.2019.03.023
https://doi.org/10.1002/1097-4644(20001215)79:4&lt;672::AID-JCB150&gt;3.0.CO;2-2
https://doi.org/10.1002/1097-4644(20001215)79:4&lt;672::AID-JCB150&gt;3.0.CO;2-2

10P Publishing

"IOFABRICATION # & "ELEAMIL
ANGIOGENIC FACTORINTHE EARLY STAGEAOF IIKWMANAND 4OWLER $! /ISTEOGENIC
OSTEOBLASTOGENEMIS VASCULARCALCIFICATION ANHXBLOLPERSES

; =+IRKPATRICK#* 7TAGNER - (ERMANNS ) %INDON@RINOL%@ETAB
+-HLER ( /TTO- 6AN+OOTEN4'AND "ITHHESBERANO -2 +0JIMA3 !PPLEWHITE $! 'El

OHYSIOLOGY ANDCELLBIOLOGY OF THE BNDICKNINE 14 UMN B DOYRIASM I'C ,AMELLIPODI
INTERFACEFORCE)NTOMMUROCARON FILOPODIALMODE OFTHE ACTINNANOMAC
n THE FILAMENTH#HEARBED END

; +ANG 9 +IM3 &AHRENHOLTZ- +HADEMHQOBSEN4 FAMDLERAT 1 OALCHESKO 2. 0AR
9ANG 9 /ISTEOGENIC AND ANGIOGENIC'RODEZNOKALS BHUE ( * 2AMADAN-( (UDSO
MONOCULTURED ANDCO CULTURED HUM&ARI BBEINEG ! 7 4HREE DIMENSIONAL PRIN
MARROW DERIVED MESENCHYMAL STEM BEQRLS@GNMAL STRUCTURESBY FREEFORM R
HUMAN UMBILICAL VEINENDOTHELIALCEUIS®PENDED HXYIDROBMGELS
THREE DIMENSIONALPOROUSBETA TRICALENE2W RHOSRP\HAREGENERATION AND ELA

SCAFEJUDIOMATER FORMATION WITHIN POLY GLYCEROL SEBA
; =GUYEN, ( 'INNABI. .IKKHAH- "AE ( "INAARTERRALIGRAFTS ONE YEARPOST IMPLAN
+ANG 9 9ANG 9 AND +HADEMHOSSEINI! "1 MSACTUELRA RILSE D
BONETISSUEENGINEERING APPROACHEZA3RNGR PIUTERANAGL: :HANG * :HU* -A9 9AN
IMPROVBMENJIE %N Gn 9UAN 9 /IPTIMIZED SYNTHESIS OF BIODE(
; =3TAHL! 7ENGER! 7EBER( 3TARK'" IUGHISASNQMENRDO%'YLATED POLY GLYCEROL S
&INKENZELLER" "I DIRECTIONAL CEL IBCOMHA A ICCTA D EORCE NOVEENRTO N

REGULATIONOF GENE EXPRESSION BETWHENEINBBTHBEOMAE IOEA %S4 7U 9 , AND 7TANG

AND OSTEOBLASTSINATHREE DIMENSIOONEAGRMHERBMPIOAY GLYCEROL SEBACATE D

COCULTURBOMEBEHML "IOPHYS 2ES #OMMWMSCULAR GRAFTREMODELINGINARATCA
n MODEOMATERIALS


https://doi.org/10.1093/jb/mvg081
https://doi.org/10.1093/jb/mvg081
https://doi.org/10.1159/000179235
https://doi.org/10.1159/000179235
https://doi.org/10.1016/j.actbio.2012.08.008
https://doi.org/10.1016/j.actbio.2012.08.008
https://doi.org/10.1089/ten.teb.2012.0012
https://doi.org/10.1089/ten.teb.2012.0012
https://doi.org/10.1016/j.bbrc.2004.07.175
https://doi.org/10.1016/j.bbrc.2004.07.175
https://doi.org/10.1152/ajpendo.00552.2003
https://doi.org/10.1152/ajpendo.00552.2003
https://doi.org/10.1016/j.cell.2004.07.019
https://doi.org/10.1016/j.cell.2004.07.019
https://doi.org/10.1126/sciadv.1500758
https://doi.org/10.1126/sciadv.1500758
https://doi.org/10.1016/j.biomaterials.2013.09.081
https://doi.org/10.1016/j.biomaterials.2013.09.081
https://doi.org/10.3390/polym11060965
https://doi.org/10.3390/polym11060965
https://doi.org/10.1016/j.biomaterials.2020.120251
https://doi.org/10.1016/j.biomaterials.2020.120251

