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Introd uc tion
Im agineaday w henchronicdiseasesaretreatedw ithaninjectionofcells...W henfunctioningnerves

areavailabletoreplacethosedam agedby injury ...W hendiseasedorgansareroutinely exchangedw ith

healthy replacem entsgrow ninlaboratories.

O nceconsideredby m any tobethestuffofsciencefiction,regenerativem edicine– andtheprom iseof

grow ingreplacem entorgansinthelaboratory – isstartingtobecom eaclinicalreality.R eferredtoasthe

"nextevolutionofm edicaltreatm ents"by theU .S .Departm entofHealthandHum anS ervices,

regenerativem edicineisalready m akingam arkonclinicalcare.S everaltherapiesarenow inclinical

trials,skinandcartilagesubstitutesareavailablethroughregenerativem edicinetechniques,and

laboratory-grow nbladders,urethras,bloodvesselsandothertissueshavebeenim plantedinpatients.

Inadditiontothepotentialm edicalbenefits,regenerativem edicinealsorepresentsthepotentialfor

econom icbenefitthroughthegrow thofcom paniesandresearchinstitutionsdedicatedtoits

technologies.Accordingtoindustry analysts,regenerativem edicineisataninflectionpoint,onthebrink

ofexplosivegrow th.1 Betw een2008 and2011,theglobalm arketforregenerativem edicineproducts

increasedthree-foldandthenum berofcom paniesofferingproductsandservicesdoubled.Itis

estim atedthattheregenerativem edicinem arketrepresents$16.5 billioninsalesandem ploysalm ost

14,000 people.2,3

W ha tisRe g e ne ra tive M e d ic ine ?

R egenerativem edicineisam ultidisciplinary field,bringing

togetherscientistsfrom m olecularbiology,genetics,cellbiology,

physiology,pharm acology,biom aterialsandnanotechnology,

w orkingcollaboratively todelivertherapiesthatrepair,replaceor

regenerateorgansandtissues.T hefieldiscom posedofthesub-

disciplinesoftissueengineering,celltherapies,andanareaoften

calledhealingtherapiesororganoregenesis.

 Tissue Engineering — grow ingreplacem enttissueandorgans

inthelab.Becauseapatient'sow ncellsareused,thereareno

issuesw ithrejection.

 Cell therapies — usinglivingcellstoprom otehealingand

regenerationfrom w ithin.

 Organoregenesis — ratherthanrelyingoncellsalone,variousstrategiesareusedtoprom ote

regeneration,includingbiom aterialstoaidincellrecruitm entandproteinsandm oleculestotriggera

regenerativeeffect.

1 Regenerative Medicine at an Inflection Point B N A Insights,5L SL R 47 6 (2011)E.H erriman
2 Progress in the Tissue Engineering and Stem Cell Industry: Are we there yet? Tissu e Engineering:P artB ,18 :155(2012),A .Jaklenec etal.
3 Global Regenerative Medicines Market 2013 –2020,M arketResearchReports (2014)
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Ab outW FIRM

R esearchersattheWake Forest Institute for Regenerative Medicine (w w w .w firm .org)arehardatw ork

tom akethefutureofregenerativem edicineareality.T histeam w asthefirstinthew orldtoengineer

hum anorgansinthelaboratory thatw eresuccessfully im plantedinpatients.T oday,these

groundbreakingscientistsareapplyingtheirexpertisetodevelopcelltherapiesandreplacem enttissues

andorgansform orethan30 differentareasofthebody.

T histeam — drivenby theurgentneedsofpatientsalloverthew orld— isuniquely positionedtom ake

exponentialleapsinthedevelopm entofregenerativem edicinetherapiesform any diseaseconditions.

W ithahistory ofsuccessandafocusedstrategy togettherapiesasquickly aspossibletopatients,the

W akeForestInstituteforR egenerativeM edicineistheprem ierresearchcenterofitskind.

O nceanew technology hasbeenthoroughly testedandisready forclinicalstudies,W FIR M isequipped

forefficient"translation"from thebenchtothebedside.A currentgoodtissuepractices(cGT P )and

goodm anufacturingpractices(cGM P )com pliantfacility,w hichm anufacturesandstoresreplacem ent

tissuesandorgansunderguidelinesoftheU .S .FoodandDrugAdm inistration(FDA),ensuresthata

reproducibleprocessisinplace.Andw henthetechnology isready tobelicensedtoacom pany thatcan

com m ercializeitforw idespreaduse,W FIR M hastheuniqueinfrastructureandcom m unity resourcesto

createcom paniesand

developpartnershipsto

expeditethedelivery ofthe

technology topatients.

W FIR M ,partofW akeForest

BaptistM edicalCenter,is

locatedinW akeForest

InnovationQ uarterin

dow ntow nW inston-S alem ,

N orthCarolina.A research

andinnovationcenter

developedonthesiteofthe

form erR .J.R eynoldsT obacco

Co.m anufacturingfacilities,

theInnovationQ uarterhas

beenheraldedasashining

exam pleofacom m unity

transform ingitselfintoa

know ledge-driveneconom y.

W hencom plete,theentire

redevelopm entw illconvertm orethanam illionsquarefeetofrehabbedhistoricbuildingsintoavibrant,

urbancom m unity,m akingitthelargesturbanresearchparkinthenation.Asaprem iertenantinthe

InnovationQ uarter,W FIR M isseenasanintegralfactorindraw ingprivatesectorbusinesstotheregion.
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R egenerativeM edicineInitiatives

S electedS tateP rogram s

CaliforniaInstituteforR egenerativeM edicine(CIR M )

CIR M w ascreatedthroughaballotm easurethat

authorizedthesaleof$3 billioningeneralobligation

bondstofinanceregenerativem edicineresearchand

related researchfacilitiesinCalifornia.CIR M has

aw ardedgrantstotaling$2 billionsinceitsfirstround

ofaw ardsin2006.

N ew YorkS tateS tem CellS cience(N YS T EM )

N YS T EM isa$600 m illioninitiativeoftheS tateofN ew

Yorktoprovidefundingforstem cellbiology research

anddevelopm ent.T hefund,createdthrough

legislationauthorizingtheEm pireS tateS tem CellT rust

Fundandadm inisteredby theN ew YorkS tate

Departm entofHealth,hasaw arded$372 m illionin

researchgrants.

M arylandS tem CellR esearchFund

EstablishedthroughtheM arylandS tem CellActto

prom otestem cellresearchand developm ent,the

M aryland S tem CellR esearchFundhasaw arded$130

m illioninresearchgrantstodate.

ConnecticutR egenerativeM edicineR esearchFund

T he R egenerativeM edicineR esearchFund,form erly

theS tem CellR esearchFund,com m itted$100 m illion

overa10 yearperiodtostem cellresearch.

Role ofSta te Fund ing

Jointgovernm ent-academ icinitiativesareplayinga

pivotalroleinrealizingtheprom iseofregenerative

m edicine,providingcriticalfundingthatis

acceleratingtranslationofscientificdiscoveriestothe

clinic.T heU .S .Departm entofHealthandHum an

S ervicesendorsedthegovernm ent-academ icm odel

forregenerativem edicine,citingtheexplosive

grow thofthenation'ssem iconductorindustry asan

exam pleofhow jointinitiativesaccelerateprogress.

S tatesupportisvitaltohelpleverageeconom ic

benefitsofregenerativem edicine.Accordingtoa

study by BattelleandtheBiotechnology Industry

O rganization,evenduringchallengingstatefiscal

conditions,statescontinuetom akeinvestm ents

designedtoencouragethegrow thofthebioscience

sector,recognizingitasakey driverofeconom ic

grow th.4

North Ca rolina 'sLe a d e rship Role

N orthCarolinaisam ongthem ostforw ardthinking

statesinprovidingcriticalsupporttothesector.T he

S tatehasinitiatedarecurringannualinvestm entto

allow W FIR M tobetterdevelopandm orequickly

translateitsdiscoveriestopatients.W ithS tate

supportofregenerativem edicine,N orthCarolinaw ill

m aintainitsleadershippositioninthissectorby

acceleratingtheclinicaltranslationofscientific

discoveriesandsupportingthedevelopm entandm anufacturingoftheseregenerativetechnologiesin

N orthCarolina.T heresultw illberapidjobcreationandanexpandedeconom icbase.

W hileregenerativem edicineresearchinitiativesareunderw ay globally,few areashavethecriticalm ass

andinfrastructurethatN orthCarolinahastoengageinthefullspectrum ofactivitiesrequiredtom ove

from basicresearchtocom m ercializationandtheclinic.Exam plesofthestate'scom petitiveadvantages

includethefollow ing:

 World-renowned organization.N orthCarolinaishom etotheinternationalleaderinregenerative

m edicine– theW akeForestInstituteforR egenerativeM edicine.W FIR M isthelargestdedicated

4
B attelle/B IO State Bioscience Initiatives 2010
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regenerativem edicineorganizationinthew orldanditscontinuingaccom plishm entshavem eanta

grow ingreputationinregenerativem edicineforN orthCarolina.

 Proven track record.S everalregenerativem edicinetherapiesdevelopedby W FIR M scientistsare

already inpatients,andothersareinthepipeline,ready tobegintestinginpatientsw ithinthenext

few years.P rojectsrangefrom treatm entsdesignedtohelpw oundshealtousingskincellstotreat

burns.T heteam w asthefirstinthew orldtosuccessfully engineerhum anorgansinthelaboratory

andim plantthem inpatients.

 Strong collaborations.N orthCarolinascientistsareinvolvedinnum erouscollaborations– w hich

m akeforstrongerscience– throughoutthenationandw orld.W FIR M hascollaborativeagreem ents

w ithinstitutesin10 differentcountries,andcollaborationsw ithnum erousuniversities.

 WFIRM FDA compliant manufacturing facility.T hroughW FIR M ,regenerativem edicineresearchers

haveaccesstoacurrentgoodtissuepracticesandgoodm anufacturingpracticesfacility thatallow s

forthepreparationoftissuesandcelltherapiesunderU .S .FoodandDrugAdm inistrationguidelines.

T hisfacility helpsaccelerateclinicaltranslationandcom m ercialization.

 A leader in manufacturing.Deliveringontheprom iseofregenerativem edicinew illrequire

significantprogressinm anufacturingtoscaleuptechnologiesandm akethem affordable.W FIR M

startedthefirstinitiativeforregenerativem edicinem anufacturingin2008throughestablishm entof

ajointindustrialengineeringprogram .T oday,W FIR M ispartofa60-m em berconsortium that

conductsresearchtode-risktechnologiesandspeedupthetranslationtoclinicalpractice.

 AFIRM leadership role.S tatefundsw ereacriticaladvantageinW FIR M ’sselectiontoco-directthe

firstphaseoftheArm edForcesInstituteofR egenerativeM edicine,avirtualinstitutethatdevelops

regenerativetherapiesforourw oundedw arriors,anditsselectionassoleleadforthesecond

phase.T heAFIR M program hasbroughtsignificantfundingtoN orthCarolinaW FIR M scientiststo

rapidly developnew treatm entsthatw illbenefitbothw oundedw arriorsandcivilians,acriticalneed

toastatew ithaproudm ilitary history andpresence.

Ac c e le ra ting Re g e ne ra tive Te c hnolog ie stothe W ound e d W a rrior

W FIR M L eadsN ationalP rojecttoA idW oundedW arriors

W FIR M w asselectedtoleadthesecondphaseoftheArm ed

ForcesInstituteofR egenerativeM edicine(AFIR M -II).T hefive-

year,$75 m illionfederally fundedproject,w hichbeganin

2013,focusesonapplyingregenerativem edicinetobattlefield

injuries.Anthony Atala,M .D.,W IFR M ’sdirector,islead

investigatorforAFIR M -II.Hedirectsaconsortium ofm orethan

30 academ icinstitutionsandindustry partners.
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T he m ission ofthe AFIR M isto deliverthe regenerative-

based technologies that w ill lead to functional and

aesthetic recovery from injuries incurred in m ilitary

service.AFIR M isleadingthe developm entofrestorative

therapies for battlefield traum a. By partnering w ith

health professionalsin the Arm ed Forces,AFIR M serves

asacatalystto bring advancesfrom the nation'sleading

regenerativem edicinelaboratoriestothew arfighter.

AFIR M isa"productfocused"program thatnotonly

fundsscientificresearch,butrequiresthatdiscoveriesbetestedandcom paredsothatthem ost

prom isingtherapiescanbebroughttoclinicaltrials.T hetherapiesdevelopedthroughAFIR M w illbenefit

ourw oundedw arriorsasw ellasciviliansw hoincurtraum aticinjuries.

T hefirstphaseofAFIR M ,w hichbeganin2008 (AFIR M – I),resultedinclinicalstudiesofface

transplantation,m inim ally invasivesurgery forcraniofacialinjuries,alow er-doseanti-rejectionregim en

afterkidney transplantation,scarreductiontreatm ents,fatgraftingforreconstructivesurgery andnew

treatm entsforburns. DuringAFIR M -I,severalhundredpatientsreceivedtreatm entw ithAFIR M -funded

technologies.AFIR M -IalsoachievedthefirstdoublehandtransplantintheU .S .T hroughW FIR M ,N orth

Carolinaresearchershaveplayedavitalroleinthedevelopm entoftherapiesthatw eresupportedby

AFIR M -I.T heAFIR M IIcontinuestobuildonthesuccessofthefirstphaseofAFIR M ,transitioning

discoveriestoproductsthatcanbeusedintheclinic.

T heAFIR M -IIteam isfocusedondevelopingclinicaltherapiesinthefollow ingareas:

● R estoration of function to severely traum atized lim bs 

● R econstruction for facial and skull injuries through tissue regeneration 

● R egeneration of skin for burn injuries 

● N ew  treatm ents to prevent rejection of “ com posite”  transplants such as face and hands 

● R econstruction of the genital and urinary organs and low er abdom en including the bladder, anal 

sphincterandexternalgenitalia

Governm entsponsorsofAFIR M aretheU .S .

Arm y M edicalR esearchandM ateriel

Com m and,theO fficeofN avalR esearch,the

AirForceM edicalS ervice,theO fficeof

R esearchandDevelopm ent-Departm entof

VeteransAffairs,theN ationalInstitutesof

Health,andtheO fficeoftheAssistant

S ecretary ofDefenseforHealthAffairs.

T heAFIR M -IIprogram isfocusedongetting

productsthroughadvanceddevelopm ent,so
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thattheinnovationscouldbeusedforpatientsw honeedthem .O necom pletedclinicaltrialinAFIR M II

supportsaproductthatcanbeusedtoenhancethefitofprostheticlim bsby m odifyingtheskinatthe

am putationsite. Anothercom pletedclinicaltrialinvolvesanacellularscaffoldthatcanbeusedtorepair

facialinjuries. W FIR M investigatorsareleadingnovelclinicaltrialstotestm anufacturedbladderand

urethraltissueinhum ans. W FIR M investigatorsarealsoinvolvedinclinicaltrialstostudy skinrepairfor

burntreatm ent,andm uscleregenerationforfacialinjuries.

Investingindevelopingregenerativem edicineintonew treatm entshasbeendescribedby arm edforces

leadershipasonew ay tofulfillthenation’sprom isetoservicem em bersw hoputthem selvesinharm 's

w ay,doingourvery besttotakecareofw arriorsw hocom ebackfrom thebattlefieldw ithseriouslife-

changinginjuries.T hegoaloftheAFIR M program isnotonly developnew andinnovativew aystohelp

ourw oundedw arriors,buttoultim ately leadtonew treatm entstorepairtheirsevereinjuriesand

restorew oundedw arriorstofullform ,functionandappearance.

W FIRM m a ke sSig nific a ntBre a kthroug hsin “Bod yon a Chip”Proje c t

W hetherit’sthethreatofanem ergingvirus,anew chem ical

w arfareagent,oranunidentifiedenvironm entaltoxin,the

key todevelopinganeffectivesolutionishavingareliabletest

platform fordevelopingandtestingcounterm easures.T o

acceleratethedevelopm entofnew therapies,W FIR M is

leadingaunique$24 m illionfederally fundedprogram to

buildsuchaplatform . T hesystem thathasbeendeveloped,

w hichhasbeennam edtheEx VivoConsoleofHum an

O rganoidsorECHO ,representsa‘body onachip’ device. T he

platform iscom prisedofm iniaturizedhum anorgansthat

accurately m odeltheeffectsofharm fulagentsandrespond

toantidotetherapies. T hebody onachipapproachreduces

theneedtorely anim alexperim entation,w hichisexpensive,

slow ,andoftenproducesunreliableresults.

T hefirstphaseoftheECHO program focusedondevelopingm icro-engineered3D hum antissuesthat

closely m im icnorm alhum anorganphysiology.By incorporatingallofthecellularandextracellular

com ponentsfoundinnativetissue,ECHO organoidshavedem onstratedanastoundingdegreeoffidelity

w hencom paredtonorm alhum anorgans.T heheartbeats,thelungbreathes,theliverdetoxifiesdrugs,

andthebloodvesselschangeperm eability inresponsetochem icalsignals.

T hesecondphaseoftheECHO program dem onstratedthatm ultipletissueorganoidscouldbe

successfully integratedintoasinglem icrofluidiccircuitandthattheintegratedplatform w asableto

m odeltheeffectsofdrugsandtoxinsacrossm ultipleorganoidtypes. T hefinalphaseshow edthe

potentialfordiscoveringdow nstream effectsofdrugsby causingtargetorganstoreleasefactorsthat

traveltootherorgansw herethey producearesponsethatw ouldnotbepickedupby singleorgan
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system s. T hesystem iscurrently beingusedtotestevenm oresubtlebiologicaleventssuchas

environm entalpollutanttoxicity andcancer

m etastases.

By utilizing3D bioprintingtodepositthe

tissueorganoids(aW FIR M groundbreaking

initiative)intotheECHO m odules,theprocess

m ay bescaled-upform assproduction.T his

capability w illbecriticalforlarge-scaletesting

ofchem icalagentsanddrugs.T he

breakthroughsachievedby theECHO

program provideahigh-throughputplatform

thatcanbeusedtodevelopandtestavariety

ofdrugsandcounterm easuresw iththe

potentialtoim provethelivesofpeople

acrosstheU nitedS tates.

M ission Drive n Ac c om plishm e ntsDue tothe Sta te Awa rd

W FIR M ’sm issionistoim provepatients’ livesw ithregenerativem edicinetherapiesandtechnologies.As

such,W FIR M ’sgoalshavebeenfocusedonclinicaltranslationw ithem phasisoninnovation,team w ork

andthedevelopm entofplatform technologiesthataddresscriticalandcurrentunm etclinical

challenges.

Additionalcoreresourcesprovidedby theS tateofN orthCarolinahaveallow edW FIR M toaccelerate

projectsw ithintheAFIR M program andaidedinincreasingthevisibility ofN orthCarolinatom ilitary and

federalleadership.S tatesupporthasbeenleveragedtoattracttopscientistsfrom aroundthenationto

N orthCarolina.T heS tateaw ardhassupportedthecriticalw orkandtrainingofscientistsandsynergized

thegrow thandproductivity ofW FIR M anditsR egenerativeM edicineClinicalCenter.

Rob ustClinic a lTra nsla tion Prog ra m

AchievingtheW FIR M m issionm eansgettingnew technologiestotheclinicsafely andrapidly,andthat

requiressatisfyingstrictFDA quality andsafety requirem ents.T hespecificregulatory requirem entsfora

giventherapy aredeterm inedby theFDA andaredependentonthelevelofcom plexity andpotential

risk.R equirem entsrangefrom thebasicregulationsforstoringcellsandtissueforfutureclinicaluse,

know nascurrentgoodtissuepractices(cGT P ),tocurrentgoodm anufacturingpractices(cGM P ).In

addition,therearenum erousrequirem entsassociatedw ithinvestigationalnew drugapplications(IN D)

fortreatm entofcertainclinicalindicationsw ithbiologicalcells,tissues,andconstructs.T heregulatory

pipelineforclinicaltranslation,illustratedintheschem aticbelow ,isacom plexundertakingthatinvolves

aseriesofiterationsofdatacollectionsandFDA m eetings.
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Key totheefficienttranslation

strategy isacentralFDA cGT P -and

cGM P -com pliantprocessing

facility,integratedregulatory

m anagem ent,andstrong

researcherandclinician

participation.T hecGM P /cGT P

com pliantfacility,physically

locatedatW FIR M anddesigned

andbuilttosupportearly phase

clinicaltrialsspecifically forAFIR M ,

ispartofthecom m itm entfrom

thestateofN orthCarolinato

supporttheclinicalprogram sfor

AFIR M .T hefacility of

approxim ately 4,000 squarefeetisfully equippedforprocessingandcryopreservationofhum ancelland

tissueproductsasw ellasprovidingbiom aterialdesignandfabrication.

R egulatory P athw ay forClinicalT ranslation

P rogresshasbeennotable,andtheW FIR M translationprogram reachedseveralregulatory m ilestones

thisyear:

 P haseIclinicalstudy com pleted.S tatisticsshow that50% ofallw om enovertheageof65 and

45% ofallm enw illsufferfrom stressurinary incontinence.A P haseIclinicalstudy hasjust

com pletedfortheuseofm uscleprogenitorcellsinthetreatm entofthiscondition. T hestudy

dataisbeingassessedforsafety ofthetreatm entasw ellasexam iningefficacy ofthetherapy in

secondary endpoints. W ithsuccessfuldata,anIN D w illbesubm ittedforaP haseIIstudy.

 P haseIclinicalstudy underw ay.P haseIclinicalstudy underw ay fortissueengineeredurethra

forurethraltissuerepairduetobattlefieldinjury.A phaseIstudy justkickedoffarecruitm ent
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effort.T hestudy w illbeassessedby prim ary endpointsforsafety andsecondary endpointsfor

efficacy ofthetherapy.

• IN D applicationssubm itted.W FIR M subm ittedtw oIN D applicationsfortheuseofengineered

tissuefortherepairofbattlefieldurologicinjuriesforsoldiersw ithbattlefieldinjury. If

approved,theclinicalstudiesw illbegininthecom ingyear.

• IN D applicationsinpreparation.W FIR M successfully com pletedthepre-IN D applicationand

preclinicalstudiesneededtosatisfy requirem entstom oveforw ardw ithuseoftissue

engineeredm uscletissue.Cleftlipw asselectedasthem odelsystem forinitialclinicalstudies.

P rocessdevelopm entisunderw ay inpreparationfortheIN D applicationtoobtainFDA

clearancetom ovethetherapy totheclinic.AlsoinpreparationareIN D applicationsforatissue

engineeredbladderw ithurothelialandsm oothm usclecellsforbattlefieldinjuries.

• AsanFDA registeredfacility,w eareapprovedtostoretissuesforpotentialfutureclinicaluse.

• Definitivepreclinicalstudiesunderw ay.Definitivepreclinicalstudiesunderw ay.P reclinical

studiesareunderw ay fortheclinicaldevelopm entofbioprintednasalseptum producedw ith

cartilagecells.

• P re-IN D m eetings.S everalW FIR M technologiesareatornearingpre-IN D subm issionsandpre-

IN D m eetingdiscussionsw iththeFDA,includingnasalseptum reconstruction,useofplacental

stem cellsforhem ophilia,andtissueengineeredvagina.Ifthepreclinicalstudy planisapproved

andthestudiesaresuccessful,theIN D applicationw illbesubm ittedtotheFDA w ithinoneto

tw oyears.

Developm entcontinuesonm ultiplecelltherapy,tissueengineeredandm anufacturingandstem cell

bankingprojects.P reclinicalprocessdevelopm entandregulatory subm issionsareunderw ay fora

num berofearlierstageprojects.

S electedP rojectsinClinicalDevelopm entP ipeline

CEL L T HER A P Y/T IS S U EEN GIN EER IN G/BIO M A T ER IAL S

Project Indication

M uscleprogenitorcelltherapy U rinary incontinence

T issueengineered urethra U rethraldefects

T issueengineered bladder Fibroticcontracted bladdersecondary to
traum a

T issueengineeredcorpora Injury tothepenilecorporacavernosa

T issueengineeredvagina U nderdevelopedorinjuredvaginas

T issueengineered nasalseptum N asalseptalreconstruction

T issueengineeredm usclerepair Cleftlipdeform ities

T issueengineeredanalsphincterconstruct Fecalincontinence
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S T EM CEL L /T IS S U EBAN KIN G/BIO M A T ER IAL S Preclinical and Clinical Applications

P lacentalcells

M uscleprecursorcells

S perm

T esticulartissue

Inte g ra te d Inte lle c tua lPrope rtya nd Te c hnolog yTra nsfe r

W FIR M ’sstrategy hasbeenandcontinuestobeovercom ingtechnicalchallengestoclinicaltranslation

throughinnovation.R obustintellectualproperty protectionisessentialtotheeffectivetranslationand

com m ercializationoftherapiesandinnovations,andW FIR M hasintegratedintellectualproperty into

theday-to-day operationsthroughadedicatedtechnology transferteam thatoperatesw ithinthe

Institute.

T hearrangem entprom otesfrequentandinform alcom m unication,betterflow ofinform ationandcloser

w orkingrelationshipsbetw eentheresearchers,com m ercializationteam andtechnology transferstaff,

allofw hichcontributetohigherquality protectionandbetterprospectsforfaster,m oreeffective

com m ercialization.Buildingportfoliosaroundkey technology areas,W FIR M faculty m em bershavebeen

very productiveingeneratingintellectualproperty.T heW FIR M patentportfolioincludes34 patents

issuedinfiscalyear2017 andnum erouspatentapplicationsfortechnologicaladvancesinallaspectsof

regenerativem edicine,from cellandgenetherapy tobioprintingandtissueengineering.

Colla b ora tions

W FIR M strongly believesthatcollaborativeteam w orkisthekey tosuccess.Collaborationscreate

opportunity forscientificexchangesatthevery highestlevels,extendthetranslationofclinical

techniquestothem ostappropriateplaces,and

increasethevisibility andreputationofW FIR M

andtheS tateofN orthCarolina.W FIR M

currently hasestablishedm orethan350

collaborativerelationshipsw ithintheregion,

nationally andinternationally.

Re g iona l

W FIR M hasstrongrelationshipsw ithinthe

W akeForestBaptistM edicalCenterandW ake

ForestU niversity,collaboratingw ithnearly

every departm entandm orethan75 scientists

from acrosstheinstitution.R esearch

collaborationsareunderw ay w ithanum berof

regionalcom panies,includingfourbasedinthe
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P iedm ontT riad.Collaborationscontinuew iththeN orthCarolinaS tateU niversity Centerfor

Com parativeM edicineandT ranslationalR esearchandtheN orthCarolinaS tateU niversity Edw ardP .

FittsDepartm entofIndustrialandS ystem sEngineering.T hesecollaborationsaredirectedatbringing

togetheradvancesinregenerativem edicinew ithcuttingedgescienceinotherdisciplinestoreducecost

andim proveeffectiveness.BothcollaborationsexpandtrainingopportunitiestodeveloptheN orth

Carolinaw orkforceinfrastructure.

Na tiona l
W FIR M scientistsareengagedinactiveresearchcollaborationsw ithm orethan275 organizationsacross

thecountry.T hecollaboratorsrepresentthebestandbrightestdraw nfrom academ ic,industrial,and

governm entlaboratories.

Inte rna tiona l

W FIR M hasestablishedresearchcollaborationsw ithleadinglaboratoriesaroundthew orld.W FIR M
faculty m aintainleadershiprolesininternationalscientificsocieties,includingDrDavidW illiam s,past
presidentoftheT issueEngineering& R egenerativeM edicineInternationalS ociety.

Collaboratinginstitutionsincludethefollow ing:

Austria L udw igBoltzm annInstitute,W ien
Argentina U niversidadM aim ónides,BuenosAires
China S hanghaiT issueEngineeringR esearchCenter,

JiaoT ongU niversity S choolofM edicine,S hanghai
N antongU niversity,N antong
S uzhou U niversity FirstAffiliated Hospital,S uzhou,
Jiangsu

Egypt KasrAlAiny T eachingHospital,Cairo U niversity,El
M anial

AssuitU niversity,Assuit
ZagazigU niversity,El-Zakazik,AshS harqia

Germany European Center for M edicalT echnologiesand
Applications,Cologne

InstituteforT issueEngineeringandR egenerativeM edicineIT ER M ,L ukasHospital,N euss
AachenU niversity InstituteofAppliedM edicalEngineering,Aachen

Hungary U niversity ofS zegedInstituteofS urgicalR esearch,S zeged
Ireland N ationalU niversity ofIrelandatGalw ay andR egenerativeM edicineInstituteofIreland atGalw ay
Israel R am bam M edicalCenter,Haifa
Japan T okyoW om an’sM edicalU niversity,InstituteofAdvancedBiom edicalEngineering& S cience,T okyo
Korea KyungpookN ationalU niversity andKyungpookN ationalU niversity HospitalDaegu

KoreaInstituteofS cienceandT echnology,S eoul
S oonchunhyangU niversity,Chungcheongnam -do

Russia FirstM oscow S tateM edicalU niversity,M oscow
South Africa U niversity ofCapeT ow n
Switzerland U niversity HospitalBasel,ICFS ,Basel
Taiwan T aipeiM edicalU niversity,T aipei
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Ed uc a tion a nd O utre a c h Initia tive s
Sha ring the Prom ise ofRe g e ne ra tive M e d ic ine

W FIR M offersacom pleterangeofeducationalandtrainingprogram srangingfrom traditionalgraduate,
post-graduateandprofessionaldevelopm enttrainingtoprogram sforundergraduatestudents,K-12
students,teachers,andthegeneralpublic.O urgoalistotrainthenextgenerationofscientists,clinicians
andtechnicians,engageourregion’stalent,andattractnew talenttocutting-edgebiom edicalresearch
thatreflectsthestrengthsofN orthCarolina.

Prog ra m sforK-12 a nd the Com m unity
W iththegoaltoengage,inspire,andbroadenlearningopportunitiesforouryouthandthegeneral
public,W FIR M hasanactiveportfolioofbothform alandinform alK-12 andcom m unity outreach

program s. T heseprogram sprovidem iddle-and
high-schoolstudents,teachers,andthegeneral
publicopportunitiestolearnm oreaboutthe
sciencebehindthefieldofregenerativem edicine
andtheim plicationsforhealthcaretechnologies
andtherapiesofthefuture.W ealsooffercareer
andtrainingopportunitiesforyouthasthey begin
toplanandconsidertheirow neducationaland
careerpathw ays.

 T ours:Hosttonearly 1,700 visitorsfrom allw alksoflifetotheW FIR M facility thisyearalone

 L ectures:P resentationsby W FIR M faculty atform alandinform aleventsthroughouttheT riad,
theS tate,andnationally

 VolunteerP rogram :Hands-onresearchexperiences
opentohighschoolstudentsandteachers,
undergraduatestudents,m edicalstudentsand
postdoctoralfellow sfrom theregion,theU .S .and
aroundthew orld

 VisitingInternationalS cholarP rogram :W FIR M regards
thepresenceofvisitingscholarsasofstrategic
im portancetofosteringinternationaleducation,
collaborationandinternationalizationofthefieldto
resultinthedevelopm entofnew regenerativem edicine
therapiesandproducts.T heW FIR M Visiting
InternationalS cholarsP rogram enablesinternational
scientists,cliniciansandphysician-scientiststo
participateasVisitingS cholarsfora3-m onthperiod
eachfall.

 ForsythT echInternshipP rogram :Internshipsofferinghands-onresearchexperienceforForsyth
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T echnicalCom m unity Collegestudentspursuingcareersinbiotechnology.

 N ationalCenterforBiotechnology W orkforceBioscienceIndustrialFellow shipP roject:Faculty
andstafffrom N orthCarolina’scom m unity collegesidentifiedashigh-im pacteducatorsbecom e
Fellow sforonem ontheachyearandgainhands-onlabexperiencestohelpthem createinquiry-
basedcurriculum m aterials
thatintegratevalid
bioscienceconceptsand
processes.

 M iddleandHighS chool
T eacherExternshipsand
Classroom Curricula:In
partnershipw iththeN orth
CarolinaAssociationfor
Biom edicalR esearch,the
M edicalCareersand
T echnology (M edCAT )
P ipelineP rogram ofthe
W akeForestBaptistM aya
Angelou CenterforHealthEquity andschooldistrictsacrossN orthCarolina,m iddleandhigh
schoolteachersgainvaluablelessonsinrelevancethroughexternshipsthatprovidefirst-hand
experienceinthe"realw orld"ofregenerativem edicine,w hichisthentranslatedintolessons,
curriculum m aterialsandeducationalw orkshopsforteachersandtheirstudentsacrossthe
state.

 HighS choolS um m erR esearchExposureR esearchP rogram :
T his5-w eekexposure
program isdesignedforhigh
schoolstudentstoaddress
questionssuchas: W hat’sit
liketobearegenerative
m edicinescientist? High
schoolstudentsattendthe
1-w eekR egenerative
M edicineEssentialscourse,
m eetw ithpracticing
regenerativem edicine
researchers,studentsand
otherexpertsandexplore
regenerativem edicine
fundam entalsand
applications.A m entoringcom ponentprovidesstudentshands-onexperiencesdesignedto
increasetheirfam iliarity w iththescientificprocess,exposuretom oderninstrum entationand
techniques,asw ellaseducateparticipantsonw hatittakestoprepareforacareerin
regenerativem edicine.
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 T heW akeForestS um m erIm m ersionP rogram isahands-onlearningexperience.S tudentsdive
deepintoafieldofstudy w ithaccesstow orld-classfaculty,researchers,andindustry
professionals. W FIR M offershighschoolstudentsdirectexposuretothefieldofregenerative
m edicinethroughpartnershipw iththeIm m ersionprogram ’sBiosciencesandEngineering
Instituteprovidingspeciallectures,dem osandtourstonearly 500 highschoolstudent
participants.

 P ost-BaccalaureateR esearchEducationP rogram (P R EP ):T hisuniquepost-baccalaureate
researchprogram ,fundedby theN ationalInstituteofGeneralM edicalS ciences(P IDr.Debra
Diz),providesatransitionbetw eenundergraduateandgraduateschoolforunder-represented
m inorities.

Prog ra m sforUnd e rg ra d ua te Stud e nts

T heW FIR M S um m erS cholarsR esearchP rogram : S tudentsacceptedintothishighly com petitive,10-

w eekprogram conductanindividually tailoredresearchprojectunderthesupervisionofW FIR M faculty

andstaff. O pentoundergraduatescience,engineeringandm edicalstudents,projectsarefocusedina

variety ofareas,from biom aterialsandcellbiology tobiochem istry andtissueengineering. U nderthe

guidanceofresearcher-m entorteam s,studentsperform theirow nresearchanddataanalysis.

Additionalfeaturesincludeattendingtheim m ersive1-w eekR egenerativeM edicineEssentialsCourse,a

specialsem inarseriesonhottopics,technicalcom m unicationandscientificpresentationw orkshops

andGR EandM CAT prepw orkshops;opportunitiestoengageinroundtablediscussionsw ithm edicaland

graduatestudentsandtoco-authorw ithw ithfaculty;andsocialactivitiesandcom m unity-building. T he

program concludes

w ithafinalresearch

day ofstudent

presentationsw itha

postersession

attendedby fam ily

m em bers,m entors

andfaculty.T w enty-

oneundergraduates

andthreem edical

studentsparticipated

inthe2017 S um m er

R esearchS cholarsP rogram .

From 2007-2017,W FIR M hostednearly 450 undergraduatesduringboththesum m erandacadem ic

year.O fthese,atotalof187 undergraduatestudentsparticipatedinthecom petitively review edand

selectedS um m erS cholarsP rogram ,w ithnearly allcitingtheexperienceaspivotalinhelpingthem

determ inenextstepsineducationandcareerpreparation.N early 80 percenthavereportedcom pletion

oftheirundergraduatecollegedegree,andm orethan70 percentofthosehaveeithercom pletedorare
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currently enrolledinaP hD orM D program inengineering,m edicine,orotherS T EM relatedfields.

NSFGra ntRe c og nize sSuc c e ssfulW FIRM Sum m e rSc hola rsProg ra m : Basedonthestrengthof

W FIR M ’slong-standingcom m itm enttoundergraduateresearch,theinstitutehasbeenaw ardeda

N ationalS cienceFoundation(N S F)granttoengageundergraduatestudentsinresearchattheinterface

ofengineeringandbiology inchallengingareasoftissueengineeringandregenerativem edicine(T ER M )

eachsum m er.T hethree-yeargrantw illfocusonenhancingparticipationandinterestofunder-

representedm inority groups,w om en,firstgenerationstudents,veteransandnon-traditionalstudents

attending2-and4-yearuniversitiesw ithlim itedaccesstoT ER M research.T heN S FandtheDepartm ent

ofDefensehavebothidentifiedT ER M researchashighpriority areas.

Tra d itiona lDe g re e Prog ra m s

T heoutstandingresearchinfrastructure,highly collaborativenatureandexpertiseofW FIR M faculty and

cutting-edgeintegratedtrainingprogram preparestudentsforresearchcareersinregenerative

m edicine.W FIR M studentsinteractandexchangeideasonadaily basisw ithscientifically andculturally

diversestudents,post-doctoralfellow s,techniciansandfaculty inregenerativem edicine.Current

enrollm entis27 pre-doctoral(P hD)studentsand59 postdoctoralfellow s.

NIH Pre -d oc tora lTra ining Prog ra m :Stud ie sin Tra nsla tiona lRe g e ne ra tive M e d icine
W FIR M m aintainsatrainingprogram fundedtheN ationalInstituteofBiom edicalIm agingand

Bioengineering.T hetrainingprogram intranslationalregenerativem edicine(R M )providesanintegrated

m echanism tosupporttrainingofpre-doctoralstudentsinthebroadandexpandingdisciplineofR M

w ithparticularem phasisontrainingstudentstobetterunderstandandutilizetheinter-relationships

am ongbiom edicalengineering,m olecularbiology,geneticsandphysiology inthescienceand,

ultim ately,clinicaltranslationofR M .T heprincipalgoalofthistrainingprogram istoattractandtrain

thenextgenerationofindependentinvestigatorsrequiredforsignificantscientificprogressinthefield

ofregenerativem edicine.T rainingincludestraditionaldidacticcoursew ork,avariety ofW FIR M -w ide

trainingactivities,participationincutting-edgeresearchprojects,traininginonsiteGM P facilities,

externshipopportunities,grantw riting,scientificpresentations,andexposuretoethicalissuesinR M .

T heuniqueW FIR M infrastructureprovidesfacilitiesandexpertisefortranslationalstudiesfrom basic

preclinicalfindingsallthew ay intoclinicaltrials.T heprogram includessixareasofresearchfocus:

urological,cardiovascular,m usculoskeletal,endocrinetissue,stem cells,andbiom aterials/enabling

technologies.Eachareaoffocuscontainsatleastfivefaculty m em bersw ithcom plem entary expertise,

participateinthetrainingandsupervisionofgraduatestudentsasco-m entors.S tudentsareselected

from allfourtracksw ithintheW akeForestGraduateS chool:M olecularandCellularBiosciences,

Biom edicalEngineering,IntegrativeP hysiology andP harm acology orN euroscience.
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4th Annua lRe g e ne ra tive M e d icine Esse ntia lsCourse :From the Fund a m e nta lstothe Future

T he4th annualone-w eekcoursebroughttogetherW FIR M ’sprom inent,w orld-classexpertsw ith

colleagueexpertsfrom acrosstheglobe. S um m er2017m arkedthelargestcoursetodatew ithnearly

300 courseattendeesanddistinguishedcourseinstructors.O rganizedasaninteractive,educationaland

scientificcourse,thepurpose

w astoprom otethe

participationandeducationof

allstakeholders,providing

attendeesfrom N orthCarolina,

asw ellasasubstantial

presenceofnationaland

internationalparticipants,a

firm foundationinthisexciting

field.

T hecourseprovidedastate-of-the-artreview ofvariousaspectsofregenerativem edicineincluding

backgroundm aterial,thekey scientificcom ponentsofthefieldofregenerativem edicine,ethical,

econom ic,regulatory,m anufacturingandotherissuesim portanttoregenerativem edicine.T hecourse

integratesinform ation,technologiesandskillsfrom biologicalsciences,engineering,legal,com m ercial,

regulatory andethicaldisciplines.S essionsaddressthesciencebehindregenerativem edicine,its

applicationtohum andiseaseanditsim portancetom odernsociety.

Additionalaspectsofthe2017 course

includedthree,Into the Lab w orkshops.

T hesew orkshopsprovidedhands-on

interactionanddem onstrationsw ith

cutting-edgetechnologiesand

techniquesforregenerativem edicine

applications.P articipantsw ereableto

review andinteractw iththese

technologiesandleadingresearchersat

W FIR M .T hedevelopm entoftheone-w eekcoursew asindirectresponsetotheneedtoprovidenew

m em bersandstakeholderstotheregenerativem edicinecom m unity afirm foundationinthisexciting

fieldandisyetanotherexam pleofW FIR M ’sproactiveleadershiprole.

Re se a rc h Ac tivitie s

Re se a rc h Applic a tionsa nd Awa rd s
W FIR M faculty subm ittedm orethan100 researchproposalstotalingm orethan$100 m illiontom ore

than20 differentagencies,foundations,andcom paniesduringfiscalyear2017.N ew andcontinuing

aw ardsprovidedm orethan$30 m illioningrantfunding.
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Includedintheongoingaw ardsinFY17 w ereanN IH-fundedBiom edicalT echnology R esourceCenter

projectaim edatadvancingtechniquestocreatecom plex tissuesandpartsforthebody,suchasfor

organsandbone,theN S Ffundedundergraduatesum m erresearchprogram andfederally funded

regenerativem edicinem anufacturinginnovationinitiativeaspartoftheR egenM edDevelopm ent

O rganizationactivities,asdescribedbelow .

Pub lic a tionsa nd Sc ie ntific Re ports
W FIR M researcherspublished141 peer-review edpapersandpublicationsduringfiscalyear2017and

alsosharedtheirw orkatscientificconferences.N otablescientificreportsandnew sincluded:

W FIRM Pla ysLe a d ing Role in Effortto Ad va nc e M a nufa cturing ofRe g e ne ra tive

M e d ic ine The ra pie s

W FIR M playedaleadingroleinthedevelopm entofnew initiativestoapply advancedm anufacturingto

regenerativem edicine.T hegoalistospeeduptheavailability ofreplacem enttissuesandorgansto

patients.T heinitiativesincludeafive-year,$20 m illioneffortaw ardedtotheR egenM edDevelopm ent

O rganization.

“ W eareexcitedtobeattheforefrontofthisnextfrontierinregenerativem edicine,” saidAnthony

Atala,M .D.,directorofW FIR M .“ Justliketheinventionofthem ovingassem bly linereducedthecostof

carsandm adethem com m onplace,thefieldofregenerativem edicinem ustdevelopstandardized

m anufacturingprocessestosuccessfully m akereplacem enttissuesandorgansm orew idely available.”

T heaw ardtoR egenM edDevelopm entO rganization

w asfundedby apublic-privatepartnershipthat

involvestheU .S .Arm y M edicalR esearchandM ateriel

Com m andaw ardedtheproject.T hegoalofthis

partnership,know nastheM edicalT echnology

EnterpriseConsortium (M T EC),istoaccelerate

progressinregenerativem edicinem anufacturing.T he

M T EC aw ardedfundsw illbem atchedby a

consortium ofregenerativem edicineindustry leaders

andnon-profitorganizationsorganizedby R egenM ed

Developm entO rganization.

U ndertheR egenM edDevelopm entO rganizationaw ard,W FIR M w illparticipateintw oprojects.O neis

todevelopstandardized“ bio-inks” thatcanbeusedtoprintreplacem enttissuesandorgans.T hesecond

istodevelopstandardizedcellculturem edia--liquidsthatsupportcellgrow th.T heseproductsareused

inm ostallregenerativem edicineprojectsbecauseofthem illionsofcellsthatm ustbegrow nforeach

patient.
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Re se a rc he rsM a ke Sig nific a ntProg re ssin Eng ine e ring Dig e stive Syste m Tissue s
W FIR M researchersreachesim portantm ilestonesintheirquesttoengineerreplacem enttissueinthe

labtotreatdigestivesystem conditions– from infantsbornw ithtoo-shortbow elstoadultsw ith

inflam m atory bow eldisease,coloncancer,orfecalincontinence.

R eportinginS tem CellsT ranslationalM edicine,theresearchteam verifiedtheeffectivenessoflab-

grow nanalsphincterstotreatalargeanim alm odelforfecalincontinence,anim portantstepbefore

advancingtostudiesinhum ans.AndinT issue

Engineering,theteam reportedsuccess

im plantinghum an-engineeredintestinesin

rodents.

“ R esultsfrom bothprojectsareprom isingand

exciting,” saidKhalilN .Bitar,P h.D.,AGAF,senior

researcherontheprojects,andprofessorof

regenerativem edicineattheinstitute.“ O urgoal

istouseapatient’sow ncellstoengineer

replacem enttissueinthelabfordevastating

conditionsthataffectthedigestivesystem .”

S phincterP roject:T helab-engineeredsphinctersaredesignedtotreatpassiveincontinence,the

involuntary dischargeofstoolduetoaw eakenedring-likem uscleknow nastheinternalanalsphincter.

T hem usclecanlosefunctionduetoageorcanbedam agedduringchildbirthandcertaintypesof

surgery,suchascancer.

“ T heregenerativem edicineapproachhasaprom isingpotentialforpeopleaffectedby passivefecal

incontinence,” saidBitar.“ T hesepatientsfaceem barrassm ent,lim itedsocialactivitiesleadingto

depressionand,becausethey arereluctanttoreporttheircondition,they oftensufferw ithouthelp.”

IntestineP roject:T heintestineprojectisaim edathelpingpatientsw ithintestinalfailure,w hichisw hen

thesm allintestinem alfunctionsoristooshorttodigestfoodandabsorbnutrientsessentialtohealth.

P atientsm ustgetnutritionthroughacatheterorneedle.T heconditionhasavariety ofcauses.Infants

canbebornw ithm issingordysfunctionalsm allintestines.Inadults,surgery torem ovesectionsof

intestineduetocancerorotherdiseasecanresultinatoo-shortbow el.Intestinaltransplantisan

option,butdonortissueisinshortsupply andtheprocedurehashighm ortality rates.

“ A m ajorchallengeinbuildingreplacem entintestinetissueinthelabisthatitisthecom binationof

sm oothm uscleandnervecellsinguttissuethatm ovesdigestedfoodm aterialthroughthe

gastrointestinaltract,” saidBitar.

T hroughm uchtrialandeffort,histeam haslearnedtousethetw ocelltypestocreate“ sheets” of

m usclepre-w iredw ithnerves.T hem aterialisalready approvedby theU .S .FoodandDrug

Adm inistrationforcertainapplications.Inthecurrentstudy,thetubularstructuresw ereim plantedin
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rats.R esultsshow edthatthem usclecellsbeganreleasingm aterialsthatw ouldeventually replacethe

scaffoldasitdegraded.Inaddition,thetubesdevelopedacellularliningasthebody’sepithelialcells

m igratedtothearea.T heratsgainedw eightandstudiesshow edthatthereplacem entintestinew as

healthy incolorandcontaineddigestedfood.

W FIRM SponsorsInte rna tiona lBioprinting Confe re nc e

W FIR M hosted aninternationalconferenceon3D bioprintinginM ay 2017 inW inston-S alem .T heevent,

w hich w asattended by close to 150 scientistsfrom around the w orld,w asthe second international

eventtheinstitutesponsored.

“ Hosting eventslike thisgivesusthe opportunity to share ourinstitute’sscientificadvancem entsw ith

ourcolleagues,butalso allow susto introduce W inston-

S alem to researchers from around the w orld,” said

Anthony Atala,M .D.,director of the institute and a

conferenceorganizer.

T he conference focused on the physicaland chem ical

processesused in 3D printing replacem ent tissuesand

biom edicaldevices.T heeventsaim ed to attractthe best

and brightest early-career researchers to join in

discussionsandpresenttheirw orkinpostersessions.

W FIRM Pa rtofNIH -Fund e d Ce nte rfor

Eng ine e ring Com ple xTissue s

W FIR M ispartofaN ationalInstitutesofHealth(N IH)-fundedBiom edicalT echnology R esourceCenter

aim edatadvancingtechniquestocreatecom plex tissuesandpartsforthebody,suchasfororgansand

bone.T heN IH aw ardeda$6.25m illiongranttothenew ly establishedCenterforEngineeringCom plex

T issues,forw hichW FIR M andR iceU niversity w illserveaskey partnersw iththeU niversity ofM aryland.

Anthony Atala,W FIR M director,andJam esYoo,W FIR M professor,associatedirector,andchiefscientific

officer,w illserveasco-principalinvestigators.

T hecenterw illserveasanationalhubfortransform ingcurrenttissueengineeringand3-D printing

technologiesintonew andim provedplatform sforeveryday usesinregenerativem edicine.

“ W eareproudtobepartofthiscollaborativeefforttoadvancethefieldof3-D bioprinting,” Atalasaid.

“ W ebelievebioprintingrepresentsoneofthem ostprom isingstrategiesforincreasingthenum berof

patientsw hocanbenefitfrom replacem enttissuesandorgans.”
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W FIRM Awa rd e d Ed uca tion Gra nt

W FIR M w asaw ardedaN ationalS cienceFoundation(N S F)granttoengageundergraduatestudentsin

researchattheinterfaceofengineeringandbiology inchallengingareasoftissueengineeringand

regenerativem edicine(T ER M )eachsum m er.

BasedonthestrengthofW FIR M ’slong-standingS um m erS cholarsprogram ,the$366,423 three-year

grantw illfocusonenhancingparticipationandinterestofunder-representedm inority groups,w om en,

firstgenerationstudents,veteransandnon-traditionalstudentsattending2-and4-yearuniversities

w ithlim itedaccesstoT ER M research.T heN S FandtheDepartm entofDefensehavebothidentified

T ER M researchashighpriority areas.

T heS um m erS cholarsprogram isuniqueinthatstudentsareplacedintoaninterdisciplinary,team -

basedapproachto

T ER M research.T he

program alsoboasts

openspacesw here

faculty m entorsand

theentireW FIR M

researchteam

collaborate,allow ing

forsim ultaneous

exposuretoT ER M

researchprojectsbeyondthestudents’ ow nindividualresearchprojects.

“ A significantchallengeinT ER M isdevelopingthenextgenerationofscienceandengineeringexperts,

w hoarecognizantoftheinterdisciplinary challengesandapproachesneededtosolveT ER M problem s,”

saidJoanS chanck,M P A,W FIR M Academ icR esearchP rogram O fficerw hooverseeseducational

program m ing.“ Engineersneedtounderstandthebiologicaldim ensionsoftheirw orktoadvancetheir

ow nengineeringknow ledgeandinteractknow ledgeably w ithbiologically trainedcounterpartsandvice

versa.”

Ne wsM e d ia Cove ra g e

Cove ra g e b yTop M e d ia O utle ts
Duringthe year,W FIR M ’sresearch w ascovered by avariety ofnationaland internationalnew soutlets,

including:

 N ew sw eek

 R &D M agazine

 N BC N ew s

 M ashable

 AAR P Bulletin

 CN N .com
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 Derm atology T im es

 P opularS cience

 Vice.com (T onic– scienceplatform )

 S aturday EveningP ost

 N BC’sM ACH (scienceplatform )

 CN BC

 N ew S cientist

 IEEEP ulsem agazine

 T heS cientist

 T echCrunch

 EdT echM agazine

 M ilitary.com

 S cience

 BioT echniques

 L aboratory Equipm ent

 BusinessT im es

 Industry W eek

 S hareAm erica

 Futurism

 S cienceN ordic(Denm ark)

 CBS .Ca(Canada)

 Espanam agazine

 ElM ercurionew spaper(Chile)

 YT N T V (S o.Korea)

 FocusGesundheit(Germ any)

 EBS T V (S o.Korea)

Se le cte d Ne wsCove ra g e

A A R P Bulletin: T he bulletin,one ofthe w orld’slargest circulation publications,interview ed Dr.Atala
aboutthisw ork.
http://w w w .aarp.org/health/conditions-treatm ents/info-2017/organ-donation-crisis-advances.htm l

T he W allS treetJournal:A round up ofinsightsinto the boom ing stem -
cellresearch arena,w hich included com m ent from W FIR M Director
Anthony Atala.
https://w w w .w sj.com /articles/stem -cell-treatm ents-becom e-m ore-
available-and-face-m ore-scrutiny-1472496352

R &D M agazine:W FIR M ’sDirectorAnthony Atalaischosen asInnovator
oftheYear.
https://w w w .rdm ag.com /article/2016/12/regenerative-m edicine-physician-nam ed-2016-innovator-year
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Fast Com pany: W FIR M w asnam ed thew innerin the Health category ofFast Com pany’s2017 W orld
ChangingIdeasAw ardsforitsw orkin3D bioprinting.
https://w w w .fastcom pany.com /3068873/announcing-the-w inners-of-the-2017-w orld-changing-ideas-
aw ards

N ew sw eek:A W FIR M researcher’sfindingson theeffectsofdeep space radiation and the developm ent
ofleukem iaw erew idely reported.

http://w w w .new sw eek.com /nasa-m ars-space-suits-radiation-
space-radiation-m ars-travel-space-travel-space-584657

P olitico:A com prehensive,in-depthportraitofW inston-S alem ’sdow ntow nw hichincludesT he
InnovationQ uarter,hom etoW FIR M .T hearticlehighlightsW FIR M researchw iththesubhead,“ T he
N orthCarolinacity w asonceam ajorproducerofcigarettesinthecountry.N ow it’sm anufacturing
hum anorgans.”
http://w w w .politico.com /m agazine/story/2016/10/w inston-salem -technology-tobacco-tow n-214377

S m ithsonian M agazine: W FIR M DirectorAnthony Atalaisfeatured asan
Am erican Ingenuity Aw ard w inner for 3D printing w ith the Integrated
T issueandO rganP rintingS ystem ,orIT O P .
http://w w w .sm ithsonianm ag.com /innovation/m iracle-m aker-anthony-
atala-w inner-sm ithsonian-ingenuity-aw ards-2016-life-sciences-
180961121/?utm _source=facebook.com &utm _m edium =socialm edia

Engineering.com :An article thattakesastep by step lookathow organsand tissuesare m anufactured
using3D printingtechnology.
http://w w w .engineering.com /3DP rinting/3DP rintingArticles/ArticleID/13395/W hat-Does-It-T ake-to-
Engineer-a-L iver.aspx

U N C-T V S cience N ow :T hisshow segm ent tookview ersinto the W FIR M lab to see how 3D organsand
tissuesarebioprinted.
http://science.unctv.org/content/video/printing-3d-organs

T heT ranslationalS cientist:A Q &A w ithW FIR M DirectorAnthony Atalaaboutthefutureofregenerative
m edicine.
https://thetranslationalscientist.com /issues/0616/the-organ-grow er/
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The Future

M ovingforw ard,theS tateofN orthCarolina’sinvestm entin

regenerativem edicinew illcontinuetoplay apivotalrolein

theinstitute’sability to“ translate” prom isingscientific

discoveriesintoreal-w orldtherapiesthatcanbenefitboth

w oundedw arriorsandthegeneralpopulation.

Already,statesupportofinfrastructure,includingtheFDA-

com pliantfacility forproducingcellsandtissuesforclinical

trials,isenablingtheaccelerateddevelopm entofnew

therapiesandhelpingtoensurethattreatm entsdeveloped

inN .C.havethepotentialtoleadtonew jobshere.

T heinstitutew illcontinuetoleveragestatesupportto

attractadditionalfederalandprivatefunding– helping

cem entN orthCarolina’sroleasaleaderintheburgeoning

regenerativem edicineindustry.

Form oreinform ation,pleasevisittheW FIR M w ebsite,

w w w .w firm .org
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Wake Forest Institute of Regenerative Medicine

Statement of Revenues and Expenses
Fiscal Year Ending June 30, 2017

Royalties generated from subject projects: 0

Unrestricted Revenues:

Institutional Support 3,416,222

Gift Income 128,812

Other Income 762,565

Total Unrestricted Revenues 4,307,599

Restricted Revenues:

State of North Carolina 7,042,516

Federal Government 18,779,052

Foundation 280,765

Industry, Individual, Endowment, & Other 339,659

Total Restricted Revenues - cash basis, not accrual 26,441,992

Total Revenues 30,749,591

Restricted Expenditures:

AFIRM Expenditures 12,481,562

Other Federal Expenditures 6,328,109

GMP & Translation Related Expenditures 6,938,665

Other Restricted Expenditures 1,403,236

Total Restricted Operating Expense 27,151,572

Unrestricted Expenditures:

Administration, Legal, & patents 3,529,137

Department Research 58,863

Education 71,775

Total Unrestricted Operating Expense 3,659,775

Capital (renovations, equipment, & software) 1,058,487

Funded by Wake Forest, State of NC, & Federal

Total Expenditures 31,869,834

NET (1,120,243 )


