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person’s total body weight. Because it interfaces with the environment, skin has an important

function in body defense, acting as an anatomical barrier from pathogens and other

environmental substances. Skin also provides a semi-permeable barrier that prevents excessive

fluid loss while ensuring that essential nutrients are not washed out of the body. Other functions

of skin include insulation, temperature regulation, and sensation. Skin tissue may be subject to

many forms of damage, including burns, trauma, disease, and depigmentation (e.g., vitiligo).

Skin grafts are often used to repair such skin damage. Skin grafting is a surgical

procedure in which a section of skin is removed from one area of a person’s body (autograft),

removed from another human source (allograft), or removed from another animal (xenograft),

and transplanted to a recipient site of a patient, such as a wound site. As with any surgical

procedure, skin grafting includes certain risks. Complications may include: graft failure;

rejection of the skin graft; infections at donor or recipient sites; or autograft donor sites oozing

fluid and blood as they heal. Certain of these complications (e.g., graft failure and rejection of

the skin graft) may be mitigated by using an autograft instead of an allograft or a xenograft.

One of the causes of graft failure is that a skin graft is applied to a recipient site having an

improper orientation, i.e., the graft is applied such that the stratum corneum layer of the graft

contacts the recipient site instead of the basal layer of the graft. This is a particular problem with

an epidermal graft, because an epidermal graft has no blood vessels; thus, it must receive

nutrients by diffusion from the underlying dermis through the basement membrane. A graft
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graft may include some portion of dermal material). Methods of the invention decrease graft

failure, and are particularly useful in preparing and applying epidermal grafts.

Brief Description of the Drawings

Figure 1 is a drawing showing the anatomy of skin.

Figure 2 panels A-C are schematics showing a device for generating and harvesting a
plurality of micrografts. Panel A provides an exploded view of the device. Panel B provides a
top view of the assembled device. Panel C provides a side view of the assembled device.

Figure 3 provides a schematic of an exemplary process for preparing a skin graft
according to methods of the invention. Panel A shows an excised epidermal blister sitting on a
sterile cutting surface with a sterile cutter tool above. Panel B shows the cutter tool cutting the
epidermal blister to generate an array of micrografts. Panel C shows the array of micrografts that
has been produced by the cutting tool sitting on a first substrate. Panel D shows the first
substrate placed into an expansion device. A second substrate is placed into the assembly cap
above. Panel E shows the expansion process. As the first substrate expands, the micrografts
move apart. Panel F shows that as the first substrate flattens against the assembly cap, the
micrografts are transferred to the second substrate. Panel G shows the completed expansion

process and that the micrografts have been transferred to the second substrate. Panel H shows
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Detailed Description

The skin consists of 2 layers. The outer layer, or epidermis, is derived from ectoderm,
and the thicker inner layer, or dermis, is derived from mesoderm. The epidermis constitutes
about 5% of the skin, and the remaining 95% is dermis. Figure 1 provides a diagram showing
the anatomy of skin. The skin varies in thickness depending on anatomic location, gender, and
age of the individual. The epidermis, the more external of the two layers, is a stratified
squamous epithelium consisting primarily of melanocytes and keratinocytes in progressive stages
of differentiation from deeper to more superficial layers. The epidermis has no blood vessels;
thus, it must receive nutrients by diffusion from the underlying dermis through the basement
membrane, which separates the 2 layers.

The dermis is a more complex structure. It is composed of 2 layers, the more superficial
papillary dermis and the deeper reticular dermis. The papillary dermis is thinner, including loose
connective tissue that contains capillaries, elastic fibers, reticular fibers, and some collagen. The
reticular dermis includes a thicker layer of dense connective tissue containing larger blood
vessels, closely interlaced elastic fibers, and coarse, branching collagen fibers arranged in layers
parallel to the surface. The reticular layer also contains fibroblasts, mast cells, nerve endings,
lymphatics, and some epidermal appendages. Surrounding the components of the dermis is the
gel-like ground substance composed of mucopolysaccharides (primarily hyaluronic acid),
chondroitin sulfates, and glycoproteins.

Methods of the invention are directed to preparing and applying skin grafts such that the
basal layer of the graft is in direct contact with the recipient site to which the graft is being

applied. Maintaining the proper (i.e., natural) orientation of the graft increases the chance that
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layers (dermal) of skin. A full-thickness graft refers to a graft that includes all of the layers of
the skin including blood vessels.
In certain embodiments, a device as shown in Figure 2 panels A-C is used to obtain the
plurality of skin grafts. Device 200 includes a frame 201 and a lid 202. Fitted into the frame is
a bottom plate 203, a cutter grid plate 204, a cutter plate 205, and a top plate 206. The bottom
plate 203, the cutter plate 205, and the top plate 206, each include a hole array 211. Once
assembled, the hole array 211 of each of plates 203, 205, and 206 are aligned. The size of the
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stretched or expanded, resulting in increased distance between the individual micrografts,

moving them apart and resulting in production of a skin graft that can repair a recipient site that

is larger than the donor site from which the grafts were obtained. In methods of the invention,

the individual grafts themselves are not expanded, i.e., the graft tissue is not stretched; rather,
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The ratio of the wound area to the donor site area is referred to as the expansion ratio. A

higher expansion ratio is desirable to minimize the trauma of the donor site, and to aid patients
who have only a small amount of tissue available for grafting purposes. The amount of area
expansion, e.g., the ratio of an area of damaged tissue that can be repaired compared to an area of
graft tissue removed from a donor site, may be 500x or more. In particular embodiments, the
area of expansion may be from about 10x to about 100x, which provides a more uniform

coverage and/or repigmentation of the recipient site. For repairing burns or ulcerated tissue, the



m crografts may be smaller than those used to repair other types of danmaged
ti ssue, and thus the distances between adjacent mcrografts may be greater

after strwOchizgoot the first substrate. In such an exemrplrarsgoiappd7deat i on,

an area expansion of about 1000x or nore nay be used. I n ot her

enbodi nents and depending on the material of the first substrate,

mai ntaining the first substrate in a stretched configuration may result in

stress .on t e substr t hat Addi tionally, the stretched
i r ot Tugtere et e B0 dho el CaRRIET by P el AR terii e ePaCERG

confi gikidHcbOPetRberd RBadeht ﬁﬁcr@%%ﬁﬁi i} Be gheafr aftbCGRADLAOIGRL iFAIRGHLS ISt CS,
such as physical, environnental and performance characteristics could be
af f ectsech fyexemplay rpplidating aofarearxpgurhert elatheut Miflixtor omat mpy beesdtbds used to
mai ntain t bst a it stretche COI’ldl

Tonber soms 1ATEr Bb&ifehRapf Bernkfieritfe BRRGH be R R Hafftiisy en
skin ske fiReQmbstrdtB s a kitet€IRdt@h o @ABSH AR Résalt iV BB s bR eéhd dubstats thsismt e has
been stretched, the spaced apart mcrografts are transferred to a second

subst oafimal. %ddlfla%bew|8ﬁgt0b%flm S AtE May nohIefaig deorienesuprarties a8 theret hods
of th i 0 b e t hat

o e UG PR D SRR B ShICT Reh AR Rl R AL,
subst rpaydcalt dieirsacendl ammﬁoﬁhmde&hbﬁaomgkﬁcslclﬁm teaffifeatet b\ylltlﬁd"lsttelfn&m@g‘ afts on
t he stretched first substrate. Transfer is facilitated by the second

subst rthg BibstERten fdditiensl Sy methqdsiussd igrmatptain thy RERIPE ip o é@etfléﬁﬂaﬁoé ttiea may

m cro r eqﬂtg cond
subst rq% e&fig&l@ﬁd{} Hg?sv?nmteha%g pﬁ%ﬁ%@%ﬁ%& al(? Blglgﬁ%.r&ll n ot e?ﬁé%ﬁlﬁgﬁ%?kﬁfhe
first ssdbssr dhes 1ns:evvemteerd>0dnrn¢nta ohteuihd festchbasiteNsts deeostrescted) thaepaet ut i on.
Wettlnathe m crografts angthe rst ubs ate row%gs | ubri_cation

bet we @R AUCTRAf1E drefrapstens F‘??é‘?cog% t&]a“é the RicRRAI P Anst er of

the graddna shis@md heuidds ot rubwntish %lﬁfauwﬁqaﬁl%ggﬂan anPstdsabehe AlbRlatdMBht | NY
the first substrate, the grafts have greater affinity for the second

subst mhatds thmmfttthélefrﬁ‘rlstensﬂt@strate The wetted first substrate is then
removed frg er s?re ﬁlﬁ nl(lj sPsutbgt?‘teetﬁggec%h s%’s%];‘}e%sﬁ ma‘fltmf% cto%? F 1tf1%1the
second subsAfrate rtance et e &TFOPRE merograres 1's Mt ainey after

trans gedftsctfn thé etrmlferdqqgtas‘ubstrafté OTitahbrer ﬁtfﬁdih@hﬁd)yfthé SdcoBdlbsHstrafehatidgt he
second substrate. The first substrate may be nmade from any nmateri al

t hat igscabiraigmpaarimete aghesivedpeasitewar themigogafte thapdee GisbFnbapyei SuedrBi of a

d ' f I
oder SoBfTKL il BLGR AN REIIASUNS! ARG . TGS EAMARY TS | 2
subst fatteubmaatais swettoé withpafdhiad soth devagr atar @tishedutigao iWapiplitioainioografts a

noderate tepnsile force. ary terials for the first and/or econd
Subst RAE & TNET &éat‘?rBH%VE?P( ?@3@%% WegllOR SAdts R {Urstrte and ks ng,

ComTerf&' @ag{é%a@s\f@l‘ c;fo?é aftE ﬁ%lstM: f1§$tt sul?s‘ft’ﬂd]te toMll\Q se@bnd é@@strate After Wettlnlg the
2012/ 019096PCT/ US20117 046739 DUODERM (nedi cal dressing, comrercia
avai | divbtesubstoun, i grts h@algmatem\dfﬁmﬁhﬁ@r fhersstorsiruibstrats thao itk fsnabstbsmtes may

al so a r ble, . In c ai n enbo e st and/ or

2 econd el BrustRale s dreademniCivl B SERa wbatie iad IR sunhs bafls

at t achiBited @ tHehBcadatibsirdi® TheEdiSHRS Heak &S thd REcro Bkt [Ah&intiarii@l may have
intrinsic adhesive properties, or alternatively, a side of the substrate

may bdransfenelette wiiehgrafts é@he@lﬁ\ﬂéetﬁmdeﬁlﬁsa$ub8@atg fQ th&ﬁemﬁésbsi@t%pr ay such as
LEUKOSPRAY .( Bei er f man t aj n._enbodi nent irst
and second Tglugs% ?Seysatearpe te]r1 aggrrré)mrra Y matelilgﬁ{lat "or ey n%) 1%?%‘2??? att] E

first beng ssecaadusdnbgipliedtRs dnenétct{te teapile foadee th®I sacoddmubﬁfatteamlay be made
errbodl ments, the materials of the first and second substrates are chosen to
faci | iftoRt any maissipkEnosm infke é?abkjrcﬁ%tﬂi’lﬁ Srithe elogicaktissug g weend o t he
secon t I &@‘ﬂ chosen
for t %eﬁ %sr'gl%téu stE ?g%p%%%args% bgm\%esgkﬁ%ﬁé& egaﬂ]hgﬁﬁ %E%O&ﬁgatﬁ%@gﬁg foﬁ%)sen for

t he sé?bcenqblaw bataratsefor the first and/ot e¢doad mulﬁsmﬂa@d imedundeanedited dnatiaps, alictods t he

first s,.a_def or mabl e non reS| n rial. A deformable

non-r é@&)&é@%@?%Id“‘rsélflé’r“ém%eralaﬂﬁta?é%l a&fe éﬂ&"ﬁ%%%ﬂ%m ated, e.g.,
stretched or expanded, froma first configuration to a second
configuration, and once in the second configuration, there is no residual
stress on the substrate. Such naterlaLP may be stretched to an expanded
configuration without returning to their original size, and thus in these
enbodi nents it is not necessary to transfer the mcrografts froma first
substrate to a second substrate. |Instead, the expanded first substrate
including the mcrografts is applied to a recipient site.



Such deformable non-resilient materials tend to be soft, stiff or both soft
and stiff. Softness is neasured on the duroneter scale. An exanple of such
a mat eri avoi2e12201306t pol yur et hane. A soft pol yuret hane PsTArSedumeet3? s as
foll ows. Polyurethanes in general usually have soft and hard segnents. The
hard segnments are due to the presence of phenyl bridges. In a soft

pol yur et hane, the phenyl bridge is switched out for an aliphatic, which is

T L B & S BPunaB S5PE BBL S 5 TR TR, 2L

about ,500F Sec8RfsutHhRRE N LGIHRl &5 pitinicablee for use with nethods of the

i nvention include | ow density pol yethylene, linear |ow density

pol yet hyl ede centrsn y@b@@menbpﬁllein’etragd/%mOpaﬂﬁdestr@twpm@uﬁ@ray adherdvecer orgi yide
silicqnes. .ln these enbo t  subst.rate having the

i or ogr il ATREnRALSCLP RS b BB B BRE ot N MBLHTHE PRE 02, "anc
t he expandeddhdsivetpropededs, at AterSatiFPIY! A Side 'bﬁth% suB&taRd @AY bé titfed Wil an

2012/ 019096PCT/ US2011/ 046739 U timat eI the grafts and substrate are

appl i édhesereanptedalp-gnen adhesivespiay sactpa EHK! SIBM)Y( derappatmytthe grafts
toth I: A si ng any
tech n?%:ﬁrje%@o a rcle%il{‘ grgbg@ﬁeﬁhé ﬁ“pdlhgg gz‘rb‘rigtsfl%t%?e% gbeatﬁgh%‘gr a?efsr%saﬁ eHls houl d
be remﬂwedmbfmlmeﬁqeschmiqu@ndsed)nﬁcsubsrtmmraee diiferesik hatendalsl Inlepesid on damage to
t he reci p| ent site. For exanple, epidermal tissue, if present at the

reci picBodingnss. thegpatggals @ﬁ%\?éasttaadﬁ?@aérse YRS AFechopet torfé‘élléfa\‘ﬁ wepstanef

m cr Ogl'ieaﬁlfé r%tﬂ{]f}Sﬁﬁ tHE fl}‘!slt Q@Jsﬁlaéq et @S0 BNbHPte. nﬁ&dexﬁﬁ‘l & PPl der mal

ti ssue ?10 sonme cl eani ng the site or other preparation of the site

may b@nﬂaedfrnﬂnmadle Mﬂands:hskﬁndbdthbélrstesbbstmmjharadvd:dkelnacﬁjleklw\ﬂdntthn ga@nal at e

for seyera d rior to applying the graft. Mdst of the granul ation

ti ssué g?‘?&f?rdt%%ée‘{% ASU¥d 2 nce it has a tendency to harbor bacteria.

Appl yi ng sith ¥&kais bnbadihRaisNBe@atéid oMt @bstllle AaydeffilBle d-@EiREAT NY

reduces the bacterial counf greatly. The size of the area at the

reci plr@ﬁ@n%4 Bededenmable eavoigsilichenganad rsﬁezseto asnatbrealahaéalayfbetrh@lsmla@qugd

fl rst SLSI‘C'[CISI arte% haciédnﬁ macfli conglt 3 a10n orz?(sjec%h {:oer'{f ur 10n ancf ce?éa&ler ally
will be gre 7 PEN A8 a8 Bt S RE DS o] na]i1 gra%gt at| dsYE T was renoved

f rom ts&ﬁmd@ﬂﬁﬁgﬁhtﬁ@l terd B refieudriseER@hahd substhite. de@ garbBnrbedamaged

skin can be dermabraded wi th sandpaper or another rough material.

Al t er nHeiched tp anteppandsil gepfigiratiqnswiteond spiuming tohgiearigipgrfiachand Bes téﬁ‘te site

by for t

Shot | GRS, PihdTREE ) B SR ml QR ol (5 WEEALE o Fcltd B

t i ssusulantd Hestedik thearxpuwettddirstaubstianginotudanahé eficrpgiaée thtpplied to a reciplitmt

substrate having the mcrografts can be placed over the area to be treated

to forHf-a dressing. A portion of the substrate having the nicrografts can

be posi ti ongdh AYEFmLNIE ndh SRilledt REthiERALI LR beSofl: stiff BEvdth S8kt hiPmephi ch the

epi dermal tissue has been abraded or renoved for repigmentation. The

subst I’Sapftaestsamrbesu{rftd«ﬁdthﬁrdumnaﬁe’ sovler Anhrexatnpieadfivecit a aragaial &.agoft usi ng t ape

or the The s strat can be renove fter, suffjcient ti el apsed
Co al Pelban At Bt Tali b ot N dp g el isa t pafuNiar ea.

€. 0., hafyrednddays sd@nchtd eMMeMRRKSegments are &Ebptbhﬁé prR&IRE bf PhentyNBridddvent 4 on
provi des harvesting a single graft froma donor site, such as an epi der mal
gr af t ,sofj@nbuzthang, @n phemapridge iiswitglrcadutdorf anoiiphhtec, ﬂhw@ngqraﬂtmbkﬂ a&disng
the gr6aft o%nrm I{alsr%tdosﬁhb%t ! t ere%( rgna I H éangén t%gcs;o tb tn ee }oheeter
mcrograftf O EOPrS ubsStY at'e, transterr n stahe m'c ograf1 romthe

first Ssuless sat polpahgzlleﬁeersqatdd abtkiﬁtsmieeeopan(dthapmlawnag suhsvletareghaht s to a
reci pient site. gure 3 provides a schematic of an exerTFI ary process for
H

pr epar§ieds of lth%nwrﬁlrop indudsy lavrlsnsisy pRIYeiBYsNGAingddow sigatity Repyethyhgn
2012/ %ﬂ%?t@? 8%%3&&%%9?5@ copolymers, and certain silicones. In these embodiments, the

expanded first substrate having the micrografts retains its expanded position without any residual

stress, and the expanded first substrate is applied to a recipient site.



Met hods of the invention involve harvesting a single graft froma donor
site, such as an epidermal graft. Harvesting of the skin grafts nay be
acconpl i sWecotzyo1909¢ t echni que known in the art, and thePCealiseéigoes7enpl oyed
wi |l depend on the type of graft required (e.g., epidermal graft, split

t hi ckness graft, or full thickness graft). In certain enbodi nents,
harvesting a skin graft involves raising a blister and cutting the blister.

In certain _enbodinments, .the blister na¥.Qﬁ a fluid-f#LIe blister (e.,g. a
sucti on bl {CHERELY- the FiffeandiHstR FatPPlEh ieried of dtefie RaigRty FIer g,
Any t ypglyRfo thabsed thlHeSt@pichBNtePBe URCH phefdledBLAQGR: BE oFdIR usihgQRY1 On.

In certain enbodi nents, suction blister grafting is used. Suction blister
gr af t iteepnigue hows i tieirtngNegrdiici Ebrotic oaadhstilantisue shawdd of fentaved.r Ahged

blister, An exenplary suction.blister grafti techni que is shown. in Awad,

( Der it BPiog FET S Pt siq B acstion Yanet Blhe EiPa Wipn B RanibLe

i ncor perdimd thyud, afRERACA therelipient Bitd, t8n BO MY to JlRpsre alid 4r6d Roraé@d/iBHows
various devices used to formsuction blisters. A suction blister device is
al so des@iqrozafts. nBuapdh egjylcerated|sitey myagnotgiege remaay of epiderghtisste. abhongl ch i s

i ncor J er - r e is
commer Sar gt of R o BuisP ifblelith bt B0l L b¥ pe A RIC LA figuce 1=
devi celebidedraidshenplbwedad goinulatd o esvetal dagaprior to peyl ging shdoyrafis @t ofSthet i on
chanbers that are attached to a patient's skin. An instrunent typically

cont i SR IIB ST UCSBAr e ram&?m?ﬁe{;hw,a [PRIAREY &t hrRorcIRter 8y épalfY&Inga’?ller o
rel at QeehiliAOloIhd QoAREIA!S dﬁgéyﬁﬂé&ftﬁ PHihd RRUGRAADEIReria DS, UEEliOn Chammber s

are connected to the console € connecti on. e chanbers
i s control Ilhd strg o thpraseit therppialt vitecadrtabobt the spnovizees tha acptdfited  ski n

warm ng t ratuyre. Bot.h chanber.s are_an adjustable c vacuum sour ce
that aitebBeCi bR pavide Gaerys adncted ug & LN BR elad AN ! MEEBHET § ohed
by at tiggth&8reh RE tRWrdh o Rl $k 8¢ hdeWhERnRe@ R theAbn stk kdforfvRé cal | y hook
& |l oop fastener straps are used to keep the device in place. The chanber

heat i mgicrogsatemIhe depigawntgdoF dehagadeskin ¢ag befdeamatoadedi wigh pandpapeopr anghatevi ce,
which i1s.in di.rect, contact wth th atient's skin surface.. The . | i cation
of o MRRHHrE e T B LB PEAR I hedrlinit TR ECFEPPE B chanber

i Nt er ifeiming 3bs 6% rhdle bisfeiseiVies thekirdd th Be BRa@EIN. §.Ya Clicion blibeOsighfrédyeng
opening(s) in the‘orificezglate._The results are t%pical suction blisters,
appr ot ang theyaised gpidesmal Rlsteifdssinieansthen pe femoved py ceéingogaeotharhe skin and
blister apgea is generally not damaged and patient disconfort is mninal.
The negative pressure chanber is fabricated of nostly plastic conponents,

w th two r dievsaltetd invaaded ndapgraftdaen bpplacedcaer it dréd todd tiwated tafatear
viewi ng | ens so that %he act ual blugte[ formati on can,  be observed. The

opposiHE S BAd oot oL BRI eI Mgt tal TUFTP P FUhRRRHEPnehpver the area to be
2012/ Qé%%%@?%{ HSAAL U QA ORI AE EhldEGnRRER HabBlenl sbrRACE kRS eliFE: Patient’ s
skin. Since this plate 1s sinply threaded onto the chanber end, multiple
pl at esepigmbntdiifif. eFletubestpee cargbeplat ddan péace ameitybe irnttercohanged. asingespe ed.

the like. The substrate can be removed after sufficient time has elapsed to allow attachment and

growth of the micrografts in the treatment area, e.g., several days to a few weeks.

Another aspect of the invention provides harvesting a single graft from a donor site, such

as an epidermal graft, generating an array of micrografts from the single graft, placing the graft

on a first substrate, expanding a distance between the micrografts on a first substrate, transferring

the micrografts from the first substrate to a second substrate, and applying the micrografts to a

recipient site. Figure 3 provides a schematic of an exemplary process for preparing a skin graft

according to methods of the invention.



The interior of the device is warned and illum nated by an array of |ow
vol tage i ncandescent |lanps. This lanp array is controlled fromthe

i nst rumrerwoconrsab@et enperat ure controller, cycling as nectas0tio46vad nt ai n
the set point tenperature. The heat fromthese |lanps is radiated and
conducted to the orifice plate, which then warns the patient's skin. The
chanber is connected to the console via a corrposi te vacuum and | ow vol tage

el ectrical j ck connections are use t he vacuum and, el ectri cal
Syetom Lo ARIROGE iRt B A o i b fioha das i og SRt

I nstr %Bﬁi@hnﬁ%ﬁ‘ﬁ@' Haﬂv%stﬁlgiﬁhlfle Q@ﬂi‘% T@%yftﬁ%cg&ﬁkl%@le&'ﬁytany\@cﬁﬁ qbSkiRgl gned to
operate on 120 VAC 60 Hz power acuumis supplied by an industrial quality
di aphrtiyar.tapg éhetachnignepumployedapidlisleperst omthe yymeca] gr&famqum(bfe 20epiderigl (0- 65
kpa) at =M . An_anal roller t IS PrLese 040 r.ovi des the
tompe it BT BitE Pet 2raf 3o B cRar o tn ams e th SRbobRaly e B e

cont r @rafofnvbRes Ridihg €Blifkadnd duampanablidie:. IThertdin %hllbUdiﬁﬁf&ltsC Rk er Hfasj be
internal adjustnents that allow the user to recalibrate t he t enper ature

set t i iglui¢-filed pligter (e@ Asvctioaripisiear Jnethes ambpdinsntss e blistegisgiot Hyid-frifed. £ r ont
panel o v ustment to regulate the
vacuunﬁlr[} tgggﬁﬁra%ﬁaﬁgg%gﬁﬁgg%%%}ﬂ l%gghron?étﬁgﬂg{ené so contains the

connect i ondn teatait bebodiarhser sesise blibteiegafting is use@ﬁ@ﬁcﬁdteblmtgirﬁﬁn@iﬂvsheﬁ is
raised, it is cut by nmethods known in the art (see e. wad, Derrratol

Sur g, 'aisingp:blisigs. aﬂé@n PR ot BidaiprhblEd o %@Hﬁ)ﬂ% ﬁucéwséthﬁféf grafttygce on
the f 'té&ﬁnq@e DS IHoMnEin Aathdag] Hé¥naedl ST rﬂw ahks-1398 9BRLHA & ghefnt vat fisingle
grat re3pane OWs aneC|se skin raf on a Irst su strate,
w th ancsmmratleé bg utteienge hayein ialte ertiretye '@nazfuttlclelaﬂsccshotvalvmn@tmbdlcneuﬂed tor at her

than hein ap .ed direc fi.rst subs th Lster is

ol acedosntu B eligem & St sbifetdiiceds o Jrabedinuindng i Sy ay of

M cr ogy @t 517), ShIEMRERLEAhRA it IRoFoBItéd By R ERCRIA & itd &tﬁé@n%fner to the
first substrate. In other enbodinents, the cut blister is tiapped between
two alekgmplannevide | ls emmqg:lalmaé@ble &0 lélueetr@u@ Ee@rtlbgse(ﬂ‘héfﬁbmr@, ). t he
blister i nto,an raft Tﬁe rafts re hh tPled out

cVICe I‘I‘ Sll’l asuc 10n hSt ﬁ'é)l raets) P/ OfSLlC 101 C CI'St
of the scréens an epo ited onto substrat e Using an" array of

pushensge Wieb&l ®iazgatiat s&pamnrlgstﬁﬁﬁmsmm tconahis apRinal seet€anacudm certain
enbodi nents, the cut blister is harvested di rectl%/ bet ween the two screens
f or g@ﬁématwraétreﬁﬁ@tr%tﬁ @a@aléfd@f?%?@tjwét togoperate multiple BicHeR Ckagphsas- Bt s, t he

cut bl Pét o%rch FHbPAY, Yeeé&aﬁgctgél{ et‘ﬁ% L ¥ndofi ) zi"ﬂé:ﬂﬁ% coﬁﬁecﬂ?ﬁ'?‘aeﬁ%@ fd c%af?l%&lfs&‘? for
generati on of 'm Cr ogra ear or ‘punch die’'includes an array o
flat- fcametdlqdltgzta)psreset With (204t 2/e@GDAO OB ETS WSR2 il dptid4a B Warh&ng;mrrqmmmrEsBcbthat

fit cl |ntoth openings in a netal glfd /rres thls?nbodlment
the c %f?ts e apy Jt}%%‘?léﬁo%‘ﬁtoé? PREAredy© ti‘f? rsapallpet ween the
array Of p']ﬁfs@é’?%tﬁﬁgoﬁ If'seacfégﬁl?ﬁﬁ{eg%gh‘ttta&_ﬁ ﬁl%rsﬁaﬂfnrfﬁﬁtkr H@Vl@é%sae tRUES the
cut blister and force is appli the array of pistons. The pistons push
t hr ougkint H‘eyptuallgahooln&tlhep @(steaemﬁit]mps hreaned forkeeh ¢hepdeyoess plager Thodmndfert i ssue
are punched out frol en| n f the e h.and ,deposited on a
ubst METATE S SIAPRge st P Sl op GETar Ltar G Sonet Mrs gl e
enbodicaRMksSyih {h‘é}@aﬁéﬁt s SkifuHAGE TUS apRINaliah b nRlehRa1c3h RYprofsurd fesROr af t s
and deposition of the array of mcrografts onto the substrate. The

ar r ay tf ingiremergcansode, cahelseagberdnigriet Cbhysesrﬁtq pagjertaislsinge begemly dravier

prot o Ist formt C raf r.om he_.singl e gr cuts
. ootk feiedrit (P ndft BaPl e RRSI S Twe SRt P P Eif bomiie ™ o
repig rtmtlzm@f thK bperih & S)UA thd hiefidd pratodralf dkén atrieslistaRYirdaay gerrally@fe de@agdd

mel anocytes. Accordingly, a lateral dinmension of such mcrografts can be
bet we@hd Paant dR&pMEBLISMINIMAR e. g., 200 to 1000 nicrons. O her exenpl ary
Sizes are P : can be
bet ween aboutevﬂgg% Vlégr)rreﬁS (fﬁgrgb&]tlgga%%%@ J?ﬁgl%ét e g%tlct&%lséggg@gg{é%{ {pv?%w de

m cr ogemabtabld trgdedoapygThs uppertchpis fitachwith e clegr aétvmgselhs doethgt th©adtadit ai n
some nel anpcyt es, mal | ough to provide a | arge. r of mcrografts
f r om RU&F riaiia C%ﬁ@c S%rfveé;eﬂﬁo%wgmd qtmecq%lae@ﬁ“ggtteﬁ.‘tl&aerealog?@ﬁ. fi cant

degree of expansion on the graft site.
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For treating burns or ulcers, where presence and proliferation of
keratinocytes is inportant, the mcrograft sizes may be smaller. For

exanpl e, woOlat2ama96di nensi on of m crografts contai ni ng PeraiSzoonyd’es can be
bet ween about 50 microns and about 1000 m crons, or between 100 m crons and
about 800 m crons. The area of such mcrografts can be between about 0.0025
n? and about 1 nmmR2. The exenplary size ranges provide mcrografts | ar ge

enough in viable and undanmge keratlnoc tes nough to

oot | Prisge PR Ges Gliee ba Paptaiaater Simnigebiga sopty e gniohs panel 8
shows cﬁﬁ‘m@é&f‘e‘ﬁﬁl R0 %lhﬂeggfﬂ‘h‘?@ﬂfereﬂmﬁ)eﬁi‘ﬂ%tp'aﬂ&ng el bdR¥er&ifins Qs h&d i n any
manner, and such conflguratlon w || "depend upon the size of the mcrografts

to be pr olechedntamr aftike dl@swrl@dvaamaéyn%éhltremaﬁed hen away ¢figwivedhed ncl udes a

pl urallt The ment . o t he bl ades wi || depend

P bon tisteRer RIREC T hisTh AP ey HioafhIBMEFMRS pllphpf Bhifle Rnflicinaioron

Fi gur eostr@@nedycBnd §s fe@bd, 3ol iehthia tiy &dg@ﬁt Rnfpekdire. d Kkabfroil thésegirapdis ( See
Figure 3 panel C). The spacing of the blades in the cutting tool wll

dependadipicd ped erisiueied t%thf@nénce phée. whspthep menode patfentissiinl /Tha sirggber is
i or ookt 6% SRR Fua (iR RTINS ARAELFIAN il QR |
pr essedn@ctibeast u@erak:fer th’etwacﬁthﬁ ask electgicalf system tb mﬁ:lﬁthfe&bmsu:ﬁ&hd atoeagteo produce
te'x‘imi‘[ ;% ?&Ft@@nﬂ&f‘ggg‘?%get&u&'ds @gﬁﬁ@ﬂg‘rj&ga‘? %gﬁaagﬁeel f?ﬁogr%%dafan fii §°?1?F%P1H&Iéfhﬁ%§ﬁ
ot ol e B A . N B Bl g
are sidzzqadiratgm p'pcvacdmrrapurap rcapatod o typogt addusmadt 28 id ek O Igiazet 0 €tdYh as
| at bet t 10 d about 1000 . about 300
ko S st LB P 0% I e P A 2R ERE P Shove,
the mMRalmbs& PhRHPAAIAlactBaRlofNSIEIRYE Srifidd1 K itdhniralife. TRe RIsRUMER: dhsolar r ay
of micrografts. Figure 3 panels D-1 show remai ning steps of the

met hodas mﬁ@‘ealtald@sanfrr&s/th@f allrivethe gserfte secatibragmthe krangfeiratyre sstipgt @etsered tQrger
di st ange bet ween the mc rafts,is e ansion resu
Mnor eauter iR e b ButtiabAHRY Tt FoRiBaPE R uo P SRR RabET i Pl apar

and r egdeded fagustienttd® st dtOihe Ghciduns kd Botl eRfrhbdrialheednsole Pvint panel g6b pi ent
site that is larger than the donor site fromwhich the grafts were

obt ai FeBtainskeGesnedHionayoribe phambsy pggmalicdescri bed above. After expansion of
the first S h t c th the
orafts on CHRe e ol BARCRREH B B udfodtIaAlin 'y GOL BThM P

f rom themap Sncke 84®i):n $836-$ LdBs5 LOG] )eaddoplhded metheﬁdst sulsshteatOnce dhalmsfiet nmay be

performed as descriped above. The dlétanc bet ween _t he mgrogrgfts IS
e nt AP REEARR &Y PR A RENGHIE Singtositin 618G hopgan
subst ratiged if g;%fts&%pmt SHREAE Al fh 2 gaﬁfe &l OB v enbeem daapst er red to
the second subStrate, the grafts and substrate are applied to a recipient
of si temboﬂinacnpsatatmntharﬂn@wﬂa:ﬁued diredtlyt teehe Bt pibsmatesthe eutalﬂdteapqnplmralu on of
the arr croqgra stothe edreC| i.ent site rforned as
descr Bt SpFesiat By LGSl SR arRE o Righends W uelolie 65T ot o
| S NOtsuAREaTFRLY trRRESGUS enct M8t Bt ®Ate aln Gherlddghodihdts, Sth@&ﬁlbﬁﬁt@r 1sSragped
def ormabl e non-resilient material. A deformable non-resilient material
r ef er detween tyanbgicy methlatcragny. bee mcmnp aicatushicd @gefher tthrléthe hésteomtexpanded,
froma first.configuration to ond ration 100G t
second"ebRT migiF Rl g T iiPabRe® aE BANRRAT R LR Bn; AR REReA Pl 08, o,
mat er ifgbtSubRatdesind z!irﬁzhﬁd}&ff m@h@mwﬁxwrﬂﬂild@pw‘m gctsraetsp@fm 1ol thélmetal @@bwsnl ng
to their original size. materials are descri bed above. In these
enmbodilfreeftan emh@d@@wna@m ‘Pli%ﬁtf 1%@%?%& EracHy baly e EhenvorsEpeas £ r et ai ns
its e ny residual stress, and the expanded first
subst iégﬁéggt?%l %8‘%% %Ig%p?%k?&%%flt% ent site.

In other embodiments, the cut blister is harvested directly into a shear or punch and die

device for generation of micrografts. A shear or punch die includes an array of flat-faced piston-
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WO 2012/ 019096PCT/ US2011/ 046739 Preparation of the recipient site and
application of the array of mcrografts to the prepared recipient site may
be perforwodomig®scri bed above. I n certain aspecsT/usetihods3of t he
invention maintain a proper orientation of a skin graft. Epidermal skin

i ncludes a stratum corneum | ayer and a basal |ayer. The stratum corneum
refers to the outernost |ayer of the epiderms, conposed of |arge, flat,

pol yhe; | ate-1i ke envel opes filled with kerat i de up of
e dbt rop RSt SRR aR TR oPURIRG Lt P b O Sl e | s
conposRAcurBidi ¥ hafvest@8neahé Srdé¥ piliBeK aRU Gk Sbetwddiné BireKBES SRS addBe

stratum corneum varies according to the amount of protectlon and/or grip
r equi rsergeiynesh. rElgﬁ weenfmeshas ploskd Owen ﬂgeweb]aster atnIdéOIS?t: neappﬂw@m thearray oftt a| ns

15 to cel |.s a_thickness

The bALAMT AR Tor 10T A Etas AMRa O b ST G R ALERE i W0 e
deepesissieair€purthed bex f‘éorhahfeecs@nﬁtgs bhelee@tee@/hmsﬁ andT @& obidsBdn 4 AfLfrateS a
continuous |layer of live cells and can be considered the stemcells of the

epi derpm@cmgr?@wawf Mycraeafty qaiafsp Ryt %ttcwrr&wélrmrm jlfosy farjsipaultanequs  t hey
t dur i
C.rea %%Pigg%@?mfa @J ded @858&& bEng! trX 89&5&?%&&%5&%'@?& urtng

ntgra es a es are asal yer.
For asgbﬂﬁﬁeto becone |ntegrated at a reC|p|ent S|te the graft nust be
able to receive nutrients. Since the cells of the basal |ayer are live

cel I's, ori SmeidHgy Shmigipgraftsaan b ggneratoschy making cs op yeiag Othéyétot?%betpact s
h ith
with the f %'rﬁ&%@tnﬁ‘o%ﬁft@@oﬂi"ﬁletsﬂl%l Iatéeque cﬁtg%;,{gﬁs%ﬁm 8o us

remain V|a In contrast, since th corn re dead
ceIIstmmugeﬁmumgtaﬂuedeenmamkgﬁaﬁtpgumhum@dmnnhmcsheanungm@mmeuhmhﬁyer
interacts with th? |ent S|t§ %ge fnt%I{ raf omrec |ving

nut ri AYS? PFESHF Fﬂj Hé%tt 1 Age uingg g g %1‘3 Paf’togf P [°8Y 8°

Met hodhgtfen 118 thaR\@Bhi PRNE RS rﬁ)ottbqt)o@ﬁﬁéraﬁs thdeos-RMPINY sREPERDwdefe basal
| ayer of a graft interacts With the recipient site of a patient, al [ owi ng

for tHE0gndpb0 microes eThﬁearm@frthemlcsroamﬂs ehiube beswa¢mahougBi0d mm” and ab@et tain
met hOdS t nﬁ% f\:rﬁxeealrrf)aalr’r%//%sz%sl & proYl?iQ mlerograg akrI Cn t%t Iltsfl(ihﬂt?l SRR P}I frogra (15

epldernal 0 a recipren HASR of the

ski n gikafytto dek@m WBifeafiélagdftedClet Wkl eﬁ(bl%hrtﬂfptdihm laBdel smbdR OV BSdrogigfitiay be
acconpl i shed by creating a blister, such as a suction blister. Suction

bl i st dfongp ﬁﬁltUFH]@r piscejelsgipft steaBish can facilitatery sgialieanb dereioft eXPANSIRLYUM i s
used Rﬁ Q%# %he stratum corneum side of the blister, which can be rel eased
when t i"ster is deposited onto the cutting surface. I n ot her

enbodi ment For atitarg Humes dlulstre er&&Spr&eMe ned pretifermibnpofikeratinocyted isi ng t he

blister, adhesi ve |de of b trate is d in.contact with t
strat dWPE%%IHetgﬁff}l‘é{yélfa tSAZEP Yy el E@teéﬁmpﬂg ﬁltegalt ulfnﬁ@swn of microgra s

containing keratinocytes can be between about 50 microns and about 1000 microns, or between
100 microns and about 800 microns. The area of such micrografts can be between about 0.0025
mm” and about 1 mm®. The exemplary size ranges provide micrografts large enough to contain
viable and undamaged keratinocytes, and small enough to facilitate repair of a larger area of
damaged skin.

Figure 3 panel B shows an exemplary cutting tool. The cutting tool may be configured in
any manner, and such configuration will depend upon the size of the micrografts to be produced
and the desired array pattern. The cutting tool includes a plurality of adjacent blades. The
arrangement of the blades will depend upon the desired pattern for the array of micrografts. The
tool shown in Figure 3 panel B is configured to produce a square grid of micrografts (See Figure

3 panel C). The spacing of the blades in the cutting tool will depend on the desired size of the
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WO 2012/ 019096PCT/ US2011/ 046739 the blister, the stratum corneum | ayer of
the graft becones adhered to the substrate, and the basal |ayer is

ori ent at edoaey01p096m t he substrate. Such a techni que engsaras2athateBhe basal
| ayer of the graft is oriented away fromthe substrate and is thus

avail able to interact with the recipient site of a patient. O her

nmet hods of the invention involve harvesting a skin graft froma donor site,

pl aci ng t he ski raft o first substrate s t basal cells of the

O 2 t Tisiedritir 0t Cropisdbe Bt 51 asrd el l FLoh0D dighe shithgt et gr at
from ts08 «f i 6HGF mRYORLApALe ThE cAif LRIt fHQSH halkst SHE it @b skifgriiesfinedrid s do
not directly contact the second substrate, and applying the second

subst sabsratcotopredust teemraysif macrogeatisdSed higureadypanelsdt eushp).i shed by creating a
blister, SLtgtF as a fucti on EI i stgr.. Suct i on pl i sterfsgiralfti 91%1'1% descri bed
above. The BI'T'srSPPlLY darcsda’ RREURE AT Ay &y misfos w1 e "egh E8itBct ed to
an adixesh wRsk ié8chiindudd figt, SubshpAbe mdbRalDagdlaslsayfessQlecl MEnghadht becones
adhered to the first substrate and the stratum corneum | ayer is orientated
away fir@vdespelypligtof oppringsat Ehe epsaings am\sired 49 Peovidsran; yifay 0a SHEigaais vhaa
secon strate. I V. i f . i ught
into 218% acs%lzrewglftﬁ ¥ r%aeterg% Qgﬁsﬁb%ﬂg%lrnnagaﬁfl ayrglrc ro(qﬁjfgaﬁ ﬁg&glrtgp ?@b{l}%@)ﬁsl %Isaggﬁgr ed to
t he fi308tmisthsta foat 50U mitséer Similhh® tbecatite swbdéscabal imvaahemekh 8hed as
descri bed above. Briefly, in one enbodinent, the first substrate is wetted
with 219p5e 3 lebpnogdntaabeskip grajt g prodyse &g Antayoh migeetaftig the graft and the

first SUbStFri%\trg Q)raﬁ’é'ig = shlo'v\blrehﬁﬁﬁlilé)ﬁq%eﬁﬁﬁ@ e{hla& @h@% Eheaa!i‘g tolf'%it:lio%ﬁtfts
substrate and allFows for easy transter of the graft romt%e Irs

subst raat en the firkteubeicitm thesdilisaedtcevecAfthemiamegmhftng dxpendedr $ixpsnsbsteatls,int he
graft .has a greater affinity.for the second subsirate thanp t first

dubst e et befiort ey maReaRy Mo eohot eat PNt HENS S ond
subst rasicabd of Deif LA Bat QAR FhiAOREIRMG! bige thhEis 386ANAaSHUBIbAG @e from  Upon
transfer, the stratum corneumlayer of the graft becones adhered to the

secondviicibde aafts, wandbtahnedb Expinsieyory bepafirewd as descrbed/atfovomAfise second

S u.bSt re?it eﬁsio%uo%f%leafi}sf ?iurf)rs]{rg{g,ethg rs]esc%%g t%ut;s rg‘tte ig greougﬁttslﬁlo clo?i aec{ 9[% tﬁeh%era s[ 8‘15 EheI S
oriente aWway rom € second substrate an | us aval l'abl'e o1 nteract

W th tshetch@rfiBt ambtrae F& tefns®r pathe@fitrografts fronAfRtdxpindREPRGtsubdtratd® thevent i on
provi des a devices for obtaining a skin graft. Devices of the invention
i ncl udecoadsbytig. boaysferananbe perfirsiedas desgribeshihoyar d8e fistangs betwseththeon ski n,

e g R A
devi ceeamdshitnatd. rOkdeghi grafls havicheeA tiagsfusedito the edvoad Rutatiatkl the@ratstandDevi ce

O e oSk U, 0%, 20 2 RSB ST of 5L BLLRg 402

application of the array of micrografts to the prepared recipient site may be performed as
described above.

In other embodiments, transfer to a second substrate is not necessary because the material
of the first substrate is a deformable non-resilient material. A deformable non-resilient material
refers to a material that may be manipulated, e.g., stretched or expanded, from a first
configuration to a second configuration, and once in the second configuration, there is no
residual stress on the substrate. Such materials may be stretched to an expanded configuration
without returning to their original size. Exemplary materials are described above. In these
embodiments, the expanded first substrate having the micrografts retains its expanded position

without any residual stress, and the expanded first substrate is applied to a recipient site.
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Hol | ow body 401 includes a distal end 403 that is configured for placenent
on the skin. Such a distal end may include an orifice plate 404. Oifice
pl at e 404vo0ebevatpeves t he si ze and the shape of the blistPer/useoibloseBer s t hat
will be raised. Orifice plate 404 may be any shape or size and will depend
on the blister or blisters to be raised. Cenerally, the dianeter or |ateral
di mensi on of the blister may be fromabout 6 mmto about 12 nm al t hough

| arger_ or smal | blister. sizes se ani sm for

ot o s e ey B a6 ey SRR OB or a
conbi nadipierk ﬁt@%ﬁa%@epeﬂ%nﬁé&%e%&ﬂbé@l%bwg conponent is a |ight source. In a
particular enbodi'nment, nmechanism 402 is a conbination of a vacuum conponent

and a heat ilpy geltampmeﬁﬂtmethods of tipe mVIq@Mrowam@mIIya@ODpef orri¢riatron crf@l sytegrali.

des |
). Detgnabnf el R PR Haebin e St oy Stk v PR s 200,
and agd ttdudimbkias Yer @ kibaspidbtis, é&hp@sred@ma@%mutn@a ediaﬁplaﬂ@ﬁke el opEd
er

control novenent of the cutter 405 ormation is acconplished

by at tRieHivith keratingwdich) is arpde 20 9f deadiisily Gt bogymigoated wp Hepohe siratemof g
t | t
pati eg@g@ﬁ{% a@lé@ﬁy%ﬂgggnbgégg*}?agﬁlgl fﬁé‘&d Ll%ﬁ's that B iénﬁagl PR ?ﬁé g%gfhes raps

may b nponen ster
rai si ngatuecdandsny4Q2 apcainges tiee &hough bf prateciiog anﬂf/mogrnpt neqarem &t £redvh, ofwhi ch

isin direct contact with the patient's skln surface. The application of a

moder di%ebitgdp ggreryy e stipm %Pr{lfﬁJén eppimine > i hiGlayes of Aead eHe apddatim

corrpoqﬁ@f(neggbﬁ{,vleéﬁ% dam;;H&g mechani sm 402, results in the patient's skin
bei ng gently drawn t rough the opening in orifice pl ate 404. The result is

a blister dhetbhsglaes(orappuoxiammimrkyunive sghwe ofsalehefapenthade¢pesonydriode

pl ate 404. The .produced. bl jster be fl |df|IIed r nqt ntai n any
1 ui o109 3 layers of Bhe Sydarmisa, Ae pasgt Gy £ sptiphasdryes o8 e TSP et pea i o
gener abhyldded ARy ed1saNhPSid SRt s, ANReOBEIRNahe hidiffe@hfi@bd and prolifefiifeCiM. t er
405 is positioned in hollow body 401 such that upon raising the blister, at

| east theypweaté dangbterchlds thhi miceste pupsriicialds differouihinadnengovziriowut ter pl ate
406. ‘I;%g%tact uation conponents 4ogmz}1 %asajgd 410 are engaged to nove cutter

pl at e RS %veman Y Lt PS84 0y G srupts the alignnent of hole

407 with ther @thftoQQU@ﬁélﬁﬂég&at@ﬁ ad@pecqﬁerﬂ@fﬂe tinghaft@suk bs able tetéctiveg of the
rai sed blister. ure 5 panel A shows a device 500 that further
i ncl udegieatse ISargsehe salls Grf éli*e baapltlayar aee lﬂweceéla,tor@mrlgg ai epiderainharafissueh that

2012/ 6Ro00RHEH Qs B L R B0 P Ul Bl RERroi T ARRE s B cnanber

511 maymaincliablke Imdohirpdtesim@nhé gullsal nmnatﬁbomxmkédeadha]mbeheﬁm amy
include a retr cta |l e bottom The bottom.is in a&tﬁ%en posi tion when

chanbé&Pi9saliggalf R thadhg HEBA GPIMEWIEBYR Rt 'Y ISHEFNSHE PESVERS Mehanber
511 i ﬁpfrgmt@cerlﬁﬁg 'nﬂﬁ'lehﬂeregﬁﬁm ? d @éaﬁ{ of R %ﬁftt tﬁ‘gu&éﬁd ﬁ’laft $difilre. i Me't}ﬂ)d§ panber

511, the bottomof~the ¢ hanmber Ts cl osed apturing t I'itster in chanber
511. Ohaimbertioblkhsurayhat kienng)éle@afungdrdwﬂmmwsai day800f a graft interacts with the
recipient site of a patient, allowing for the graft to receive nutrients and thus remain viable.
Certain methods involve harvesting an epidermal skin graft, and applying the epidermal
skin graft to a recipient site such that the basal layer of the skin graft makes direct contact with
the recipient site. Harvesting may be accomplished by creating a blister, such as a suction
blister. Suction blister grafting is described above.
In one embodiment, a vacuum is used to hold the stratum corneum side of the blister,
which can be released when the blister is deposited onto the cutting surface. In other

embodiments, after the blister has been raised and prior to cutting the blister, an adhesive side of

a substrate is placed in contact with the stratum corneum layer of the raised blister. Upon cutting
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I n anot her enbodi nent, chanber 511 includes a substrate 512 (Figure 5 pane
C. In this enbodi nent, device 500 is configured such that substrate 512 is
posi ti onewoi2zn12ahgevber 511 so that upon raising the blis®Per/usaoipoud7don of
the blister contacts the substrate and beconmes attached to the substrate.
Cutter 505 then cuts the blister, and the cut blister becones attached to
the substrate 512 in chanmber 511. Chanber 511 is then renpved from devi ce

500, and substrate 512 nm e & ved_from ch n ot her es

o acuute PRbTedn Sbrug Cumats Boel 1B GaaePan o BoRHes Bt BitGe Gro e H ¢ he-
chambefyer is orientadl £ RSA &S 'ﬁ@gﬂraﬁ@ NS zd@%rﬁﬁué&ﬁm@@ﬁﬁt RRtbakS gayRr 6P@RDEr

r at her a substrate 512 is directly integrated with device 500 i'n order to

capt urzeaft heoricoted awiag freom (hEisgltratetandga thals ap)ilablnieanterust witk the rseibent siteeof512

havi n ag qttached cut blister nmay be renoved from devi ce 500.

Met hodd the invention may be used to prepare a skin graft to repair

numer ous didth&Béthodsyd@abe BivestdninfGN@BSve Dl 18X f froieh 8oty sab, pligng
invention may be used to prepare grafts to treat burns (e.g., bot h thernal

and cHgmikimpragiandsiinst gibissate sigigthatchassheets ogihe arafomakn diresheontect gyith the
epi dergml séﬂﬁ Fmé’%hé%é% g{th&%ﬁﬂ%fdmt}gffgg{]s%a? My a 56%?1‘1@§db99atE Q&%ﬁﬂé{t HLcers,

di abeti c ers ['cers cers ment ati on
(e. g. bawil cells dpojot directly cdmtacp&retsbmﬂdambﬂfﬁin@dndiraml§mgnrm $eooisd ﬂfosttrdite té mventi on

are used to prepare a skin graft(s) to treat vitiligo. Vitiligo is a
chr oni"eCIFRGY §e Hat Yratin g Bg¥ 88 aﬁ?ﬁlﬁﬁ%‘?ﬂ‘é}t?réﬁl%f“ﬂéﬁf‘éh%@ 3f aéR‘ith bligtepecurs
when r i t r are
s SARTPOIAGRTAE CRLl e sapTe i 9o, Sy IR Py R

enl ar gentactdd odwangﬂle&haplelc otV éimtskbstratees?ﬁlmmsaddmr pf nhh gyafabee:orms tdlprahtonent
on the f hands Sts. esi ons h ve hype i nen ation around
Che. eqtel " iR gan B SALTSSHAREN BFaR G eRGE o A A DO PRa cas.
SUCh  2SayaN@bIERSH RierRYiBH wiflOSicbbhBsubg@bt al i a and unbi | | cus . Vitiligo
is generally classified into two categories, non-segnental vitiligo and

Segrrent al VAt @dhﬁgae sidp oharecong melrstrate lvbtqughfgow(mtﬂ)ct thhéheestiaglrmgwbm some

form n th Q Q S of de tat.ion.

bat cnab R PETR it st AL BE R b MEuP XSS 13 SBO PR B 81 Daerao
gener &hd:dh%ﬂlsﬁ&’d?ﬁs de36@idRBb¢. OBSe DY, it Bee 8aBiMend, BedirkZzebsttde B watkt ivath ar
area. Vitiligo where little pignmented skin remains is referred to as

vi ti | iaghid pychers geatgreor aNakhnes ¢ dVeting thej gaft apghthedirgt sabyiate BOVESY age,
unl i k% A?Bftkve&& ?45' 8%&%@&&&%&1%118%%&1 é’e@)} trhﬁhféreo aﬁ%?orn%
Segnen i go rs I N appearance, aetlo va ence

from asesﬁm atbedate ltd thessemd subsratd. eafterendtting thélffrﬁt@lubﬂtaté Itlﬁmgﬁafldnhs dbreater
It ten o affect eas o skln t ha

non-se vitiligo t a t
associd gf{flﬁ ﬁ?v/r the sgerndanbstet hap ﬁﬁrﬁrﬁwbgt&tﬁe ﬂq Pedgst b bRgA ISn&%F% rapidly
t han Q&ﬂo%%ﬂtt@ segbﬁd éu’bgt?at@Qﬁid th@! ﬁ%%mtafnea‘%lthgl%atto tHe seécﬁldrg'dﬁﬁraﬁ@r €

stabl e/static in course and not associated wth auto-i mune di seases.
Upon transfer, the stratum corneum layer of the graft becomes adhered to the second

substrate, and the basal layer is orientated away from the second substrate. Such a technique
ensures that the basal layer of the graft is oriented away from the second substrate and is thus
available to interact with the recipient site of a patient.

Another aspect of the invention provides a devices for obtaining a skin graft. Devices of
the invention include a hollow body having a distal end configured for placement on skin, a
mechanism for raising a blister, and a cutter integrated in the body for cutting the blister
produced on the skin.

In certain embodiments, a device as shown in Figure 4 panel A is used to obtain a skin

graft. Device 400 includes a hollow body 401 and a mechanism for raising a blister 402.
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Figure 6 is a process chart showi ng steps for treating vitiligo using

nmet hods of the invention. To treat vitiligo, an autograft is provided to
the site wbdepgiigovent ed skin. The graft includes nel ano®grasoands78hus upon
the recipient site accepting the graft, the graft will produce pignented
skin at the recipient site. As shown in figure 6, a donor site of pignented
skin is aseptically cleaned prior to harvesting of a skin graft. Standard

met ho re usegd to clean . .the dongr site. A typical donor site.is,an inner
b gh TGy bty S5 B e d O3 g BaPtaceent oplicefin Pl ang. o
ski n gi@fitegd nlay ifaL¥Ees] SHIRY14R1484 NOriFich biatd £54 dSiEfnAIhAsiSdisid @B sipest er,
and cutting thé blister. Devices described herein may be used to raise and

cut t Ioé thsl blistesor blijters theamiil & yaisedo rndiasi pate g0humiy [bahg shdpesr size ded ivglés may

be used. ce,cut.., the epidermal. blister js.placed onto a . sterile cutting
oppar spber g Bhingt A SRR GRS GhRiab? B AFFLeCHudeR BbShR S

t r ansfogikieshal Be &robl Aisfut 6 wih té At | Qe XPABEEOArgeF bARSAIRS bIBY¥r QE&Uhayi5e
descri bed above. In certain enbodinents, the cut blister is placed directly

onto td.-first substrate and the array of micrografts are generated
directly o e : 1 C t r X

surface ar gg%gﬁecph%%ifﬁﬁgﬁg{%sﬁ%%gﬁ ?}};Beeég%ﬁg‘%ﬁ @ﬁgeﬁkgg%ggg Cﬁ’lﬁlgzrngeglrt’af ts
are troansbebiradoi theteot e dardesplasy haitiag chingoiient & slhghwsowmte. ekenréacylar
substrat e, TEGADERM (nedi.cal dressing, comrercially available from3M St.
Paul , SRNPdinghapeshanismAldiiye spmanaEeEOlst RS R ceMpR) e @nd d dgating The area
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r ange soffacqUhy appeieayorndf 4 edah@ingsatdieerédsercad dieechambendedior érobethenbr aced
ther elvgéuum component of blister raising mechanism 402, results in the patient’s skin being gently
drawn through the opening in orifice plate 404. The result is a blister or blisters, approximately
the size of the opening in orifice plate 404. The produced blister may be fluid-filled or may not
contain any fluid, i.e., a blister having air within. The skin and blister area is generally not
damaged and patient discomfort is minimal.
The cutter 405 is positioned in hollow body 401 such that upon raising the blister, at least
a portion of the blister protrudes through hole 407 in cutter plate 406. The actuation components
408, 409, and 410 are engaged to move cutter plate 406. The movement of cutter plate 406
disrupts the alignment of hole 407 with the other components of device 400, and results in
cutting of the raised blister.

Figure 5 panel A shows a device 500 that further includes a chamber 511 for capturing
the cut blister. Chamber 511 is positioned in hollow body 501 and above cutter 505. Chamber
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WO 2012/ 019096PCT/ US2011/ 046739 What is clained is: 1. A nethod for
applying a skin graft, the nmethod conprising the steps of: harvesting an
epi der mlwekore/ge@bt ; and appl yi ng sai d epi e#ernskoigiouer3graft to
a recipient site such that the basal |ayer of said skin graft makes direct
contact with said recipient site. 2. The nethod according to claim 1,
wher ei n harvesti ng conprises raising a blister and cutting the suction

appi yihY T e e B e By UGB Se g Ga TGS COMRAR Ty of

m cr ogoRbtample, chamber 511 may 1nclude a retractable bottom. The bottom is in an open position
when chamber 511 is inserted into hollow body 501. In the open position, chamber 511 is able
to receive the cut blister. Once the cut blister is in chamber 511, the bottom of the chamber is
closed, capturing the blister in chamber 511. Chamber 511 may then be removed from device
500.

In another embodiment, chamber 511 includes a substrate 512 (Figure 5 panel C). In this
embodiment, device 500 is configured such that substrate 512 is positioned in chamber 511 so
that upon raising the blister, a portion of the blister contacts the substrate and becomes attached
to the substrate. Cutter 503 then cuts the blister, and the cut blister becomes attached to the
substrate 512 in chamber 511. Chamber 511 is then removed from device 500, and substrate 512
may be removed from chamber 511. In other devices, a vacuum, instead of a substrate, is used to
hold the cut blister within the chamber.

In certain embodiments, device 500 does not use a chamber, rather a substrate 512 is
directly integrated with device 500 in order to capture the cut blister (Figure 5, panel D). Once
captured, substrate 512 having an attached cut blister may be removed from device 500.

Methods of the invention may be used to prepare a skin graft to repair numerous different
types of skin damage. For example, methods of the invention may be used to prepare grafts to
treat burns (e.g., both thermal and chemical burns), blistering, dermatological conditions (e.g.,
epidermolysis bullosa or pyoderma gangrenosum), radiation therapy ulcers, diabetic ulcers,
ischemic ulcers, trophic ulcers, trauma, or depigmentation (e.g., vitiligo).

In particular embodiments, methods of the invention are used to prepare a skin graft(s) to
treat vitiligo. Vitiligo is a chronic disorder that causes depigmentation of patches of skin. It
occurs when melanocytes, the cells responsible for skin pigmentation, die or are unable to
function. Although patches are initially small, they often enlarge and change shape. When skin
lesions occur, they are most prominent on the face, hands and wrists. Some lesions have hyper-
pigmentation around the edges. Depigmentation is particularly noticeable around body orifices,
such as the mouth, eyes, nostrils, genitalia and umbilicus.

Vitiligo is generally classified into two categories, non-segmental vitiligo and Segmental
vitiligo. In non-segmental vitiligo (NSV), there is usually some form of symmetry in the

location of the patches of depigmentation. New patches also appear over time and can be
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applying the graft to a first substrate; and stretching the first
substrate. 4. The nmethod according to claim3, further conprising

transf errwogordilgnogr afts fromsaid first substrate to aPseaspa1suyserat e.
5. The method according to claim4, wherein the first and/or second
substrates are nedical dressings. 6. The nmethod according to claim4,
wherein the first and second substrates are the sane material. 7. The

met hod accordin o claim4, erein the fjrst and second. substrates are

di f f erERT LS ’élltagg.e Rortiofet g Oéi&%f&ﬁa?‘inta B RYTAULgT A ep. e%ﬁé%oe‘?’lﬁfr‘f Blegrafts
are ayi QA sin rdMRik0d 24OAQPRORCT 1320 - QA8 7 3 n-segmental vitiligo can come

about at any age, unlike segmental vitiligo which is far more prevalent in teenage years.

Segmental vitiligo (SV) differs in appearance, aetiology and prevalence from associated
illnesses. Its treatment is different from that of non-segmental vitiligo. It tends to affect areas of
skin that are associated with dorsal roots from the spine. It spreads much more rapidly than non-
segmental vitiligo and, without treatment, it is much more stable/static in course and not
associated with auto-immune diseases.

Figure 6 is a process chart showing steps for treating vitiligo using methods of the
invention. To treat vitiligo, an autograft is provided to the site of depigmented skin. The graft
includes melanocytes, and thus upon the recipient site accepting the graft, the graft will produce
pigmented skin at the recipient site. As shown in figure 6, a donor site of pigmented skin is
aseptically cleaned prior to harvesting of a skin graft. Standard methods are used to clean the
donor site. A typical donor site is an inner thigh, but any area of pigmented skin may be used.

After cleaning, a skin grafted is harvested by raising a blister, such as a suction blister,
and cutting the blister. Devices described herein may be used to raise and cut the blister.
Alternatively, commercially available blister devices may be used. Once cut, the epidermal
blister is placed onto a sterile cutting apparatus and divided into an array of micrografts. The
micrografts are transferred to a first substrate for expansion. Transfer may occur as described
above. In certain embodiments, the cut blister is placed directly onto the first substrate and the
array of micrografts are generated directly on the first substrate. The micrografts are expanded
as the surface area of the first substrate is expanded. The expanded micrografts are transferred to
a second substrate. Figure 6 shows an exemplary substrate, TEGADERM (medical dressing,
commercially available from 3M, St. Paul, MN). However, any biocompatible substrate may be
used.

The area of depigmented skin (i.e., the recipient site), is prepared through aseptic
cleaning and dermabrasion. The second substrate including the expanded micrografts is applied
to the dermabraded recipient site. The donor site and the recipient site are dressed and wound

care is provided.
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9. The nmethod according to claim1l, wherein the recipient site is an area
of depignented skin that has been prepared to receive the skin graft. 10.
The met howoacrameidng to claim 1, wherein the skin graft PC3/Usediense@ds f rom
the group consisting of: an epidermal skin graft, a split thickness graft,
and a full thickness graft. 11. A nethod for skin grafting, the nethod
conprising the steps of: harvesting a skin graft froma donor site;

pl acing said skin graft on a @l rst s.ubitéaie such that basal cells of said
graft make direct contact wit it = rate;

transferri ngrsahds dhdtiadfon®® sabihidehmehts SR HE ?At@nt& Datend g5 SHbsIEAL €
such that said basal cells do not directly contact sal d second substrate;

and apppbl,wamgnsaoldn@edmnﬁs,mm,r\mtecqn@nas hei hgiee mads ithreughopp thistdieclpstréiod
, L b 1 t t
Focol Rshchaofu B dkneldty 15&2&?%%"%61%%?% 090 DRl o SR RS, ©

wherein the second substrate conprises greater adhesive strength for the
graft than the first substrate, thereby facilitating transfer of the graft
fromthe first substrate to the seE@wWddlsnbstrate.

The invention may be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing embodiments are therefore to be considered in
all respects illustrative rather than limiting on the invention described herein. Scope of the
invention is thus indicated by the appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced therein.
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14. The method according to claim 11, wherein harvesting conprises: raising
a blister; and cutting the suction blister. 15. The nethod according to

cl ai m 11, woteraiimopri or to said transferring step, the merhisdofosd7der
conprises: generating a plurality of mcrografts; and stretching the first
substrate. WD 2012/ 019096PCT/ US2011/ 046739 16. The method according to
claim1l, wherein the first and/or second substrates are nedi cal dressings.

17. ngg met 20d gc.c.ordi ng to claim11l, wherein the first and second
subst 5 - same material .
1. A method for applying a skin graft, the method comprising the steps of:
harvesting an epidermal skin graft; and

applying said epidermal skin graft to a recipient site such that the basal layer of

said skin graft makes direct contact with said recipient site.

2. The method according to claim 1, wherein harvesting comprises:
raising a blister; and

cutting the suction blister.

3. The method according to claim 1, wherein prior to said applying step, the method further
comprises:

generating a plurality of micrografts;

applying the graft to a first substrate; and

stretching the first substrate.

4. The method according to claim 3, further comprising transferring said grafts from said

first substrate to a second substrate.

5. The method according to claim 4, wherein the first and/or second substrates are medical
dressings.

6. The method according to claim 4, wherein the first and second substrates are the same
material.

7. The method according to claim 4, wherein the first and second substrates are different
materials.

8. The method according to claim 1, wherein the grafts are autografts.
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18. The met hod according to claim 11, wherein the first and second
substrates are different materials. 19. The nethod according to claim 11,
wher ei n twe 2gr2fip09ss an autograft. 20. The net hod accordirrus2eie/oed7a® m 11,
wherein the recipient site is an area of depignented skin that has been
prepared to receive the skin graft. 21. The nethod according to claim11,
wherein the skin graft is sel ected fromthe group consisting of: an

epi der mil eq}goacI accorac‘h to ctlalt hl S rf]:?eslr? th rrggli[nenta sqg 1saarf1 grlela o% Qflzp(ignqggtgdgr art.

skin that has been prepared to receive the skin graft.

10. The method according to claim 1, wherein the skin graft is selected from the group

consisting of: an epidermal skin graft, a split thickness graft, and a full thickness graft.

11. A method for skin grafting, the method comprising the steps of:

harvesting a skin graft from a donor site;

placing said skin graft on a first substrate such that basal cells of said graft make
direct contact with said first substrate;

transferring said graft from said first substrate to a second substrate such that said
basal cells do not directly contact said second substrate; and

applying said second substrate to a recipient site.

12. The method according to claim 11, further comprising wetting said first substrate to

facilitate release of said graft.

13. The method according to claim 11, wherein the second substrate comprises greater
adhesive strength for the graft than the first substrate, thereby facilitating transfer of the graft

from the first substrate to the second substrate.

14. The method according to claim 11, wherein harvesting comprises:
raising a blister; and

cutting the suction blister.

15. The method according to claim 11, wherein prior to said transferring step, the method
further comprises:
generating a plurality of micrografts; and

stretching the first substrate.

21



WO 2012/019096 PCT/US2011/046739

16. The method according to claim 11, wherein the first and/or second substrates are medical
dressings.

17. The method according to claim 11, wherein the first and second substrates are the same
material.

18. The method according to claim 11, wherein the first and second substrates are different
materials.

19. The method according to claim 11, wherein the graft is an autograft.

20. The method according to claim 11, wherein the recipient site is an area of depigmented

skin that has been prepared to receive the skin graft.

21. The method according to claim 11, wherein the skin graft is selected from the group

consisting of: an epidermal skin graft, a split thickness graft, and a full thickness graft.
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