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Field of the Invention

The present invention generally relates to methods for preparing a skin graft without

culturing or use of biologics.

Background

Skin is the largest organ of the human body, representing approximately 16% of a
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.

A problem encountered when using an autograft is that skin is taken from another area of
a person’s body to produce the graft, resulting in trauma and wound generation at the donor site.

Generally, the size of the graft matches the size of the recipient site, and thus a large recipient
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Summary

The present invention generally relates to methods for preparing skin grafts without
culturing or use of biologics. Instead, methods of the invention use mechanical techniques to
produce a graft that can repair a recipient site that is larger than a donor site from which the graft
is obtained.

Methods of the invention involve harvesting a skin graft from a donor site, preparing the
graft for transfer to a recipient site without culturing the graft or applying biologics to the graft,
and transferring said graft to a recipient site. Preparing may include placing the harvested skin
graft on a first substrate, generating a plurality of micrografts, and stretching the first substrate.
In certain embodiments, methods of the invention further include transferring the graft from the
first substrate to a second substrate.

Another aspect of the invention provides a method of treating vitiligo, including
harvesting a skin graft from a donor site, preparing the graft for transfer to a recipient site

without culturing the graft or applying biologics to the graft, and transferring said graft to a
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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
removal of the assembly cap having the second substrate and expanded micrografts from the
expansion device. Panel I shows removal of the second substrate having the expanded
micrografts from the assembly cap of the expansion device.

Figure 4 panels A-B are drawings showing a device of the invention for raising a suction
blister.

Figure 5 panels A-D show different devices of the invention for raising a suction blister.

Figure 6 is a process chart showing steps for treating vitiligo using methods of the

invention.

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
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lymphatics, and some epidermal appendages. Surrounding the components of the dermis is the
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In a graft, the characteristics of the donor site are more likely to be maintained after
grafting to a recipient site as a function of the thickness of the dermal component of the graft.
However, thicker grafts require more favorable conditions for survival due to the requirement for
increased revascularization. It has been discovered, however, that a substantially epidermal graft
according to the invention is more likely to adapt to the characteristics of the recipient site.

The present invention generally relates to methods and devices for preparing a skin graft.
In certain embodiments, methods of the invention allow for preparing a skin graft for transfer to
a recipient site without culturing the graft or applying biologics to the graft. Rather, methods of
the invention use mechanical techniques for preparation of a skin graft.

In certain embodiments, methods of the invention involve harvesting a plurality of skin
grafts from a subject, applying the grafts to a first substrate, stretching the first substrate, and
transferring the grafts from the first substrate to a second substrate for application to a patient
recipient site.

Harvesting of the skin grafts may be accomplished by any technique known in the art,
and the technique employed will depend on the type of graft required (e.g., epidermal graft, split

thickness graft, or full thickness graft). An epidermal graft refers to a graft that consists of
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plurality of different portions of skin being pulled through each hole array 211 in each of plates

203, 205, and 206. Such action results in generation of many microblisters. The blisters may or

may not be fluid-filled. Any type of raised blister may be used with methods of the invention.
Once the microblisters are raised, actuation components 208, 209, and 210 are engaged to

move cutter plate 205. The movement of cutter plate 205 disrupts the alignment of the hole

arrays 211 in each of plates 203, 205, and 206, and results in cutting of the microblisters. The

cut microblisters are captured on the first substrate 207 that is above top plate 206. In this

manner, there is provided a spaced apart array of micrografts. The amount of negative pressure
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trauma of the donor site, and to aid patients who have only a spmall anount
of ti SeveragRAaNdABrRigmeRtaten ok tha geciRipndes Formicpaisag BHES o ulcerteddissug dicon,

€. 0., hitRofAsi 1R} 8fn % Q%G%Qt%q diSSHE LofC@mab&l i 8BA1NE thieppar ed
to an area of gar%get&?ﬂ' Ssue renove fr%‘énla }jont ‘!r%s? te, agay %e 500X or nore.
| n pardistowkabetentioaljment microgreftamen boereaigpafisi wretamng dfehd fiohsaoate. 10X t o
about 1Q0x, which praovides a nore uni.form cov e and/ or repi ntati on of
fhe. r SETpR BT aP RO B TG BN PO ooy BUPSoE T BayEE el

ni crogr af t 3, GBY¥r BRbSARIch&rant RaFenilRSH M afhidRl beMRiirs Qthehtd ¥Refaiafn danaged
ti ssue, and thus the distances between adjacent mcrografts nmay be greater

af t er th first subistigfe of a sineicliddroonfigeotion miag resul is siecdss gn thexabplicate thadpplot cat i on,
an area.expapsi.on of about 1000x. or re may. be .used, .n_other

erbou RUEE S cafn R AT e RliplPe SpdTi Ffu R smepmmarrhih 1€

mai Nt @inkrdichedenfisuratiors oixse Figdt Subsirare, BE.I Rtleleshicoohirgeteadticonuomys resul t in
stress on the substrate that is not optimal. Additionally, the stretched
first Physalreveopmgniabandrerigrmanasehampieripicsseridibeqafigsted by thyratdinmeld
conf i giyr 'st?éle.ofxdaﬁ%nlﬂw SRR Efnaihiiaﬁi the SARAAR! A %éémﬁé@éo%ﬁﬁﬁh'nz& €S,
such as physical, envirdonnental and perfornmance characteristics could-be
af f ectbeghbyicdiyecuatbeeionatei ang podvehhenituinsipphtaion Ad thet mznadrafys tormetackinised to

mai ntain the_substrate in its stretched conditiaon y be physically
cunber¥BHEs ad QU plEFERD e&{hofigﬁﬂt%ﬁﬁﬁ G4t AR PR ghdtsthe sPasiidven
skin %Pﬁlft REED erafQ YR drdhsfebleclidd B &TRQ LRI S 1B’}pt?é}1‘§fetnt?§%{h'ern§it:r Hrgtp gt e has
been s retcheé, the spaced apart mcrografts are transferred to a second
subst msatond sBYsttateanetlexds iof thetilveentios nogmzf¢ matipukitise awhsiressibSthe atlestrategthitods
of th%to'kg\{ nt i &Q g} ninmze ni pul ati on and stress of the substrate that

hol ds g‘?%ﬁl t S REPFaLt! fent site. ~ After stretching the first
substrate, Ahe seeRnd 1sUst §dk@att ShOEQBENLuESHER 16 BRuaRTinM doltabhRitBiRf t s on
the stretched first substrate. Transfer is facilitated by the second

subst rezafes dnathe nigetefreddiretrsubstidtai Tyangfer indralintildyithe sdcond sutsowahdvinge

R G A R e g e R e EU o o o
first embodinicitE theSsew@id RBstvité I cdafel With Shigdo@siovbiedr i0sthar &atbddi@eo] thé i on.
Wetting the mcrografts and the first substrate provides |ubrication

bet we dRsttsHBStigtcaip tectigd ovithrellyif sueh asumaien etassaipdisAriPnsWEBINZ dbgspiarpHART er  of
the gr I g tting
the frraidCibhige bidiles PHgRAFH feih ol 1 SARARA (OS] LA e dhd o

subst rfait easy hamsféde the giafts Gobsthe fire subJdd@xe0 12 @tONPRBETAtRISAGEL VOt g 41ie

first substrate, the grafts have greater affinity for the second substrate than the first substrate.



The wetted first substrate is then renoved fromthe second substrate and
the grafts remain attached to the second substrate. The di stance between
the m cr ogoaht2a1p@snai nt ai ned after transfer of the m cPogrstaig/ofigrem t he
stretched first substrate to the second substrate. The first
substrate may be made fromany material that is bioconpatible and capabl e
of being stretched upon application of a noderate tensile force. The second

substrate may .be made from an rial kno in the art that is. conpatible
wi th BENSGRS St BUg 1 T Todeb engks sape weyar ood s wdbasnen; bei ng
str et Ghechel RO theABRHAGAbItRIRe, OTheldiRAG Rt Gedn@RS hi& o bAFS & mEnGMRldakK, mat eri al s
for the first and/or second substrates include nedical dressings, such as
TEGADERM{Eneidhe alicrdgraéts ifrog the sirptehasd falst subavate tathesedandrsuBitatest . Paul , MN)

or DUCDERM di.cal .dressi 0 rcially.avail.able fr 3 St ., .Paul ,
W - the trireralb it Eaal RS me ERRL FL ity ARl Betohb R e g EB
cer t aibaingnbedhe® i sh appli€atfonrcFta ndeHb Q€ tehSICOfEeS Uhﬁtseadrﬁ%ubmdwﬂﬁ% a8 nadbesi ve

on one side that facilitates attachment of the grafts to the substrates.
The sdiest prt @aterekleionn irdhe aathat isropipagble vadrdsiogisaltissper Thesgconst

mat or {0y thay BaTh GBI A BMATL AL o e BT ol e BRSBORREL LR,
Cer marBkemplany aerdraistoetheditraadios sedohe sfibstiates amdudeanatichl de3sinpgtech ar e t he

sane material. In other enbodi ments, the first and second substrates are
di f f erdiffARERM (medical diesgiag s commeridyakukble fromSMettefaubi MNP t he first and

Secong5YPE ﬁ\@‘(ﬁédi@él%ré‘s@ﬁ%?&rﬁrﬁe%?aglhr'a%i‘l’&b‘?e FOANISSt. PLull D) TRE pgdial ts from

the first substrate to t secon bstrate. For exanple, I'n certain
enbodiangfot sgcondheubstites imaly atdodseas pameble. fi r st substrate has a weaker
adhesive than the terial chagsen for the second subsirat . I n.

er tai i entiodr e oo e o g ST PO oA D Tl hesiveft SR o
non- r gt lrh @it elBt & hinRht oﬁhelgfa@{sr{@hieesueﬁmés.e%lslsgmra@h%ﬁﬂl miehfks to a
material that may be mani pulated, e.g., stretched or expanded, froma first
conf i guriasic edhastyegprepesrsdocdieinagivelat f oide ohfhd sobsiratd may he trsatedmweth an

confi ation, there is_no residual .str bst r at h materials
. belbBhe e it el b e KD S ARG o e 1

ori gi m@rmshye.In aachih BSodimehiese fenadiseantisubdrates aftOthe RAGE BREIM].L B
transfer the mcrografts froma first substrate to a second substrate.

| nst e&ther epbodivisatid B firptrand seeamdispbitatas feg dififierrgt materigise Mo gerddies is applied
to a regjpj |t . f - jJ.Lent i tend to
be cor oGl B Baerols of et 1F PR AP AR o Sl RIS P

dur onehemicseahies frém tx firgpkebsahitezodie secomt @wibktadte.i Boraexanipte, inrtain

2012/ 019098PCT/ US2011/.046741 pol yur et hane. soft pol yurethane is pr.oduced
is as CP%O%Q@FS’F*WWF%%I RS fghthﬁgﬁ%trs&g“ S|ayW §pk e flffeﬁﬁa thegmgterial
segmen}Seen FHEHPALD§EGHEALS are due to the presence of phenyl bridges. In a
soft polyurethane, the phenyl bridge is switched out for an aliphatic,

whi ch i s noneertdiexinbbdinmastsi the nfateraal lob therfirsigpuhstsatap adtefivineblrormaisiesilib@r ef or e,
all the se n are soft. .On the ronet er Scal.e,. a soft pol.yethylene is
at ed TSR SHSTRTEOR M SRR T e eE b B 0 bt U B A HGE St of ¢ he
I nventsielhéd 6 dxg@ndeaWrd@nstikycR@loy@tiby tEnscohd BEBTgukMYnIBRSICY in the

pol yet hyl ene, pol yester copol yners, pol yam de copogl ynmers, and certain

si | i copeond cppfigireise, drapo th npensidual shiessexphhelddiriter Suclsmbictialstreayzevi ng t he

m cr O%{r%fc Sd troea:[naeixngnc{et Sc I?f)l( ui%gtgoend Rl? Suit tre': Qnir\lNi ttOQRéJu; or‘fi1 an lrs?zsei grlljcﬁlhués }nrt%fszsse’ and
t he expandéed first substrate is ‘gpp(?le& NRo) reci pi%n? Site.

Ul t i mabh@odimdnieit gy rh hecessily sopaisfarttiee @aicto @pfd e of frsesubegitpientecohd sit e of
a patient. Prior to applying the grafts to the recipient site, the site is
pr eparsBeptiafs. lagtead, ghey %@a@i@égﬂg syt BelpdinecthamiciegiefsiimppHed e etpient
Necrotjc, fibrotic or avascular tissue should be renpved. The technique
used to prepare the site will depend on danage to the recipient site. For
exanpl e, epPudkedefialmibls aoieresilfenpmaseints tedd tolbe spicitipt entbotls kdéfeandaiif.be r enmoved
to pr re the area for receiving the mcrografts. Burned or ulcerated

Si tesesr%gtye%f MGRREES IhibG Hrasrete s ewmgfﬁsualmﬂ@{?@%%&n% cl eani ng of
the site or other preparation of the site may be perfornmed. Wunds shoul d
be debrided and then allowed to granul ate for several days prior to
applying the graft. Most of the granulgalti on tissue should be renoved since
it has a tendency to harbor bacteria. "Applying silver sulfadiazine to the
wound for 10 days prior to grafting reduces the bacterial count greatly.



The size of the area at the recipient site can be about the sane size as
the area of the stretched first substrate having m crografts adhered

t her et 0. Whi2e1diig@sgenerally will be greater than the area/uskoiiiogs7ari gi nal
graft tissue that was renoved fromthe donor site to formthe mcrografts.
The depi gnented or danaged skin can be dermabraded w th sandpaper or

anot her rough nmaterial. Alternatively, the epi dermal tissue can be r enoved

fromth ient site by form ng one ore m)r ers.over reato
be tr &% Q&tﬁaép A soft RoPXyrethang 1siRge e%isaa?f’r’]rl%‘@%l q fftf‘%‘teéﬂn geé]ﬁEP Ffb”‘ Pai sed

epi demngad oot étrﬁitlﬁa'ird Eég%%ﬁ?s CAfR HaheR BRnIsENONEToRNe FldtdicB 1 PRendBLIRE. In a
procedure. The substrate haV| ng the mcrografts can bé pl aced over
t he arsefi pplyutsthaneethe lienyd bﬂdgqnsawaitpb@b@utéor M Piphaticowhath is meors dosibleatsats

havi n e mcrografts n t|o over he ar b ired,

oo "B PSRRI e TR b R Pefle il B T B ERE  erove
for r@@h}gn@mfapcbmahyf&ﬁ@lsmaahb@ltehsmd@e ®th>seﬂ1ateﬁamlsaﬁ@01@v@rusé herht r eat ment
ar ea, go using tape or WD 2012/ 019098PCT/ US2011/ 046741 the |ike. The
subst regteodsoh ﬂtfemveww(éerladq lew degsity peluethylengrdinpydow|dgpsepalyetiaylensy

attac e g
severgjgﬁggaﬁs%owﬁ%@{k &LWLH&CBBO%;IR&%%?%gllrtglgénggﬁés ? h % F%\{}gcﬁ ﬁts thF ovi des
har veskpaigled fisit eghseragrtaf ingfthomiaogaftoretsing &s emﬁheca}msarbnemﬂdﬁnt tm;lv regrdaﬁlt
generating an_array of mcro?rafts fromthe single graft, placing the graft
on a PIESt 2B erranded High sHRIFAG iHaRAISH 42 ECRIEMaER the nicrografts on a
first SUbStlflﬁfn%teh“t dgfa ﬁcPleEt"ﬂ eﬁ}eCJ ?H&f‘{otasref:l R bPGtel dfaSarishP FhoRip tO a
second substrate, app yi ng t (P ografts o a recipient site. Figure
3 pr omppl@mgahsgmﬁum thrc rocflplant sebcelrhplsaa:;smcmﬁlsw rf:quahegeafismgmg agki n graft
accordi ng. t o, met hod e inventi.on. Met hads t he i nvention

ool e sk E SRV TGt N E o R ProrE Gt Lr Hov Rty e B der
gr af t .tednaque stdd@ pRépatd e Skt RilWAGIhS oNRMmASe ACHE FRRljish e bFoad¥dmpRChNi que
known in the art, "and the techni que enployed will depend on the type of
graft ep@qumﬂédm(ee lfg)reseepatdlefr mipleglt sifq, casp femaviil ¢kprepare glneaffrt:a fagredeting

t hi ckngess tain odi nent s harves r af vol ves
ot ot A i @aled BlRe® B bR TREC AT Bbiect PNERE bEFhiR L B Ay bobihie

blist ebmer&wabmg@ftﬂelmeo‘r btHeeprephiatibeof the sge may b @k Gifindal. IWb@ﬂci)s shbuld®kher
enbodi nents, the blister is not fluid-filled. Any type of raised blister

may belebiadad andtthermadionwsddo aranplage fiopyevisal gays prior to appiyiee theagratte Miséphiat s,

suct i r i sing
SUCE! PR LB o oo L O L PP ARG, MRIHESER

bli st e’alfghazfnhd mghé eohind fpud Oidayspromrto igmnfiwgactdudddehdarbicadriabusunt greatly.
34(9):1186-11 008), the content, of ich is incorporated by reference
herein in .1115§ f@ta;rea ARG TeGIPGNE pike %ﬂ“g@ R YPT BRI PRl Bed ¢ o
form %Hg&:h&f‘ﬁl@t éLﬁ)rsﬁ:'ﬁté haﬁn% 'ﬂﬁf‘:ﬂo%fhft@ LR HARVS. C?hl's %12@ §1Qergl%5€7m E’eegreht@r
Kennedy et al. (U t he content of IS i'ncorporated by
refer elnmﬂhhelremoﬁthemrlglml erufi tmththaAwasavcarqyb@ﬁxbndtbvidoeon sste ¢ofomertbe al |y

available fro ctronlc Di versiti Fi.nksbur " A device for
rai sing %?géaé'é%ﬁ BPiRaYREd ) Apagqdys %ﬂ’ @gﬁ%eg[) ‘%S‘fh ARAPIRSH OE A
that as@mahheaNedhtednAivEBL iR Encﬁrrﬁlﬂl tf&sue%hnltié%ﬁlﬁ{‘z@l frorh YR fediplicht Si@Byai NS a
power source, a vacuum punp, tenperature controls and all related controls

to opé@ramiegnmoﬁepnereévdi@nersmvetﬁlamb@rtg beTiseted g i v puctionbbetesorr Bewarmect ed t o
the C%Ii‘t%t%% eang¥he Ia {slec? e%l Bpggrctgslsgfp ¢a Etﬁgrp b }ce to@%ii%h H%%é;or Iar?otﬁf(:)rnt rolled by
a preset venper af 0 provi an opti rmng

t enperpaddetigre. Bot h chanbers share an adj ust abl e conmon vacuum sour ce t hat
affects all_chanbers equal ly..

The substrate having the micrografts can be placed over the area to be treated to form a
dressing. A portion of the substrate having the micrografts can be positioned over the area to be

repaired, e.g., the area from which the epidermal tissue has been abraded or removed for

repigmentation. The substrate can be fixed in place over the treatment area, e.g., using tape or



Blister formation is acconplished by attaching the suction blister device
to a patient's skin. Typically hook & | oop fastener straps are used to keep
t he devi cwoizn1plio®e. The chanber WO 2012/ 019098PCT/ US2@CT/UB4@iAds7Tarat i ng
system provi des a slight warm ng of an orifice plate of the device, which
isin direct contact with the patient's skin surface. The application of a
noder at e negative pressure fromthe instrunent console, to the chanber

oo 8 RS PP b e b B o MY
openi I . ers,
appr oxkSRherYnd M rSdra®s A thé H@atﬁﬁﬁﬂr@% €S, sePerhl®y9td § tGewWRbIAt €. The skin and
blister area is generally not damaged and patient disconfort is mninmal.

The negat i Vengthesgspeceoicthamyentionspibaides bavestingfa singde gpftprans & ideneoitponweht s,
with two removabl e .1 hr eaded caps. The u cap.s.fitte i t.h cl ear
Ui o 15 O SRERYRR fut U RARGE GOy e el RREs P Sl baf Mabie e bR
opposiche aRckuBltritl@xphiiies distinéd bdt®dertMht Midrob R \GARI fr-sOdubfirte, tRindfeliddhat
is placed on the patient's skin. Since this pFate is sinply threaded onto

t he chigipegrogalds framg the B syhsgaiedo piseepndistpsraim andprying theanicergiaftcian be
e . ! . ot J Par 9
1 o ap B e HRRR b Bibvides ascndBftic dtaRiex Ay Bl IR B B MUERATT

i s cont¢mtingdo friedivdt bethenstahtio®nt consol e tenperature controller, cycling
as needed, to nmaintain the set point tenperature, The heat from these |anps

i s radiat eMahadeEﬁ%%ww%_nmge BHVFIUEE A1 G2 AT Uh A CRBOT SWar YD £hen
pat | ebidral!ghat TG ERANRRTIN Sif gﬁ%?ﬁaggo]etaeqcﬁrg@i&e@ﬁ9 bty ¥cRnifuCRIRASH €

vacuum an vol t age ctrical syst connect1ons are used for
t he valcuarmaad theeteduiiquecaplsyestt veith depericaan thiettgiceofreeaforegirech . S1 apidagmal

The Ne ive Pressure Jnstr t console is a self-.contaj ned fan cool ed
It P ERPT TGRS E £b MUp BRA e et Do0n GResT BB REd Dy MR BhoRe

suppl iggght B oRBs 4GNS E blidkr Midalutiing tHé BRAEAIACEYRE e MBEMHBIRUTR blGRPARL ®cOf a
typi cal vacuum of 20 in Hg (0-65 kpa) at O CFM An anal og controll er that

i s predbtdfidledbligeniecy r dessiontdisteenge ottea pabedintents) thedliseaismos tlotd-olied.
chanbey . Thisﬁgyogkﬂﬁs accurate cgntrol .fice plate tenperature.

- Ary type of raise &r may be used with me odgfftﬁlgenv%rii]o
The i n8PreReRt E6hsdTe has f hi%erhal s jus9nen%s &t allow the user to

recal i br at @n théaih enpedigicdtsesiwéibh biget draflidgiis edd. Qubesn bR atitg G5 oban be
preset if desired. The front EaneL i ncl udes a vacuum gauge and vacuum
bl eedépisiagjadisieprind thenreigingafethepaisedlineh o pemplay svgiiopdlisteharafigigsol e

front DaRRhe A SBwWHARTARNAS (HLAYIEE BUR)S 186)1 1551088 A TR onAS SFPhic 3
incorporated by reference herein in its entirety. This article also shows various devices used to
form suction blisters. A suction blister device is also described in Kennedy et al. (U.S.
6,071,247), the content of which is incorporated by reference herein in its entirety. An
exemplary device is commercially available from Electronic Diversities (Finksburg, MD).

A device for raising a suction blister typically operates by use of suction chambers that
are attached to a patient's skin. An instrument typically contains a power source, a vacuum
pump, temperature controls and all related controls to operate multiple suction chambers. The
suction chambers are connected to the console by a flexible connection. Each of the chambers is
controlled by a preset temperature control to provide an optimal skin warming temperature. Both
chambers share an adjustable common vacuum source that affects all chambers equally.

Blister formation is accomplished by attaching the suction blister device to a patient's

skin. Typically hook & loop fastener straps are used to keep the device in place. The chamber
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Once the suction blister is raised, it is cut by nethods known in the art
(see e.g., Awad, Dermatol Surg, 34(9):1186-1193, 2008), and placed on the
first subsorat2ni19@sce on the first substrate, an array @CTriSesloguaits are
generated fromthe single graft. Figure 3 panel A shows an excised skin
graft on a first substrate, with a sterile cutting tool above the graft. In
certain enbodi nents, rather than being applied directly to the first
substrate, the cut blister is placed W) 2012/019098PCT/ US2011/ 046741 onto
a st eMPHEISUFERHREOVISHEh st 2 ﬁgmo\éﬁce i qliee i?ve%fngfc%ﬁm Afts is
gener abgecfitt e pati&itls|sRinSMFHAC ThPhpAicalibn bf ARDHEAtRAMDR frbdstfe BoASt rat e.
I n other enbodinents, the cut blister is trapped between two aligned netal
scr eenke inFitemens cersede, &0 thephambel ingyet, lvenses hequatienth ekib|td be gentlyrdrawan arr ay
of mcrografts. The m crogr.aft re. the ushed out of t.he screens d
depos D SHEEETre R MhehO Rt Pafl Fut RG CHE Ne e R GRS B e ana
spaci nge G2 6BPopchiids)tinehd®ifde (4 ER¥Sskid dhdC@isteRiafead kdIB Mo dahhgedc ut
blister is harvested directly between the two screens for generation of the
ar r ay 28¢ pasient gigentost is minimaly n ot her enbodi ments, the cut blister is
harvest ed dhr i . ’ i Vi ) i on of
m o1 ogr af t S AL et R TR FPUREEoPRG.A BadRciboh e ML
pi st onehbkdlcthmdatodps. Thauppdricap isobteddywitinh olebhdewpRriemgs that the aebadl
screen/mesh. In this enbodi nent, the cut %raft is harvested onto the array
fO

of pi AigksiorBAGORFI ARAsGREH TheePRPTIRPIFT HiesthemoeaiditeAevitht BB1VARSh. The
Scr eeniiRs Blatethat RPRLe YR thelgifiefdiski, S8 ihidPlie K1Y BurfRRU AR he L he
p e t e n the

array o st ons. pi stons push rough the ho screen/ mesh and
i n t hehpmboresd, mphiptd gatss eithtdiffeast apering patdresd coube mteorhanped opkenirelys of t he

screen/ mesh_ and de jted.on a substrate, .produci ng an array. . of mcrografts
on 5 Subst rHEANCETET LT SrETER G P EheBUY THAGHSE on of ¢ he
array i&fanﬂés@érﬁgirﬁﬁrst. ThaNdmpanasiddoatonid £b8 B A¥uEntboaiAg i Jefat@iRt 0 t he
substrate. he array of mcrografts can be generated by nmaking cuts

or usicagtreidierycphngaoressied, tto mfagrtam threses peiay teofperatee obfredfeas fromghesehiamps ingl e

g af t \ J1e, G 0 Y RASTRARLL ALY (B CRIPLELE] Y LREOUID L hey gLl g sSue.
For exanpfe®™t or"Hepr ghent I ng® 8K 1 ssue’ e mecrografts used may have a

pr eseregntedteidn@pyslesia AcHASRitOghotuntarddabaraltagh SERELARYyQEmSQEitk
m crografts can be between |less than about 1 mm e.g., 200 to 1000 m crons.

Ot her ceReaspay afe ypedder feaapapmaadeleciocalriystanoo fadlitaisgempya agd sirage. t he

m crograft th(é‘NE&QEV@FI%%?@H@E&:%MQ?OQé‘olgﬁgahs%ﬂdcoﬁlp.?rh%ltfgr% g{)ﬁed Iﬁl‘?wﬁi&%ﬁ?' ary

Si zes can provi de mcrogra arge en suc mcrograft is
| i kel yetign&iowtopeitesant2MéAGICHE: swely tacsumlid suppediby droinduasaldgakityl ar ge
nunber of mcrografts froma part%cul ar piece of graft ssue, (\)/\@i ch can

. t
faci | i(H3OESE SPGNRFIERPHTRIEGPEUC BF 2 BREZhEIYHTIH L HB }b?r@fgts et O CEM. - por
tr eat | g A DaRbIE ARIIS 195 80 PLERANER AORnRfelihibRbAIA0: Acnkeldl nOCYL es

is inmportant, the mcrograft sizes may be smaller. For exanple, a lateral
di mrenshambaf This progdeafacsure@rrbairoli af ghkenfade plate yarggeratare. hbe bstrument @beele 50

BT O BT KR T
2012/ Q&ﬁ&&&ﬁ@%%gg %ﬂe/s&ziﬁaéﬂred. The front panel includes a vacuum gauge and vacuum
bleeder adjustment to regulate the vacuum to both chambers. The console front panel also
contains the connections for the chamber assemblies.
Once the suction blister is raised, it is cut by methods known in the art (see e.g., Awad,
Dermatol Surg, 34(9):1186-1193, 2008), and placed on the first substrate. Once on the first
substrate, an array of micrografts are generated from the single graft. Figure 3 panel A shows an
excised skin graft on a first substrate, with a sterile cutting tool above the graft. In certain

embodiments, rather than being applied directly to the first substrate, the cut blister is placed
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M2 and about 1 mR. The exenplary size ranges provide micrografts |arge
enough to contain viable and undamaged keratinocytes, and small enough to
facilitatworepailposwf a | arger area of damaged skin. PCTRiSgun@4@4panel B
shows an exenplary cutting tool. The cutting tool may be configured in any
manner, and such configuration will depend upon the size of the mcrografts
to be produced and the desired array pattern. The cutting tool includes a

plurality of .adjacent bl ades. The arrangenent. of the blades wll depend
P bon ot et P iSR! bR s H0% RS PRIFTN DL pitro kit X SERelian whSOAN ¢
Fi gur %uﬁa&%?ﬁjlr tBrrhSfG O UG bER O ROMESE: e%ftﬁ)_qﬁﬁérﬁs,gﬁé éht_@iist@} f%rtﬁ@ﬁ&f It s (See

Figure 3 panel C). The spacing of the blades in the cutting tool W
dependebreen heo digiadanetsl seeceos. Thesongens otgrpfshesd toEgthergr anpihe blistaeintd ailes may

be spaced about 100 2000 m.cro apart, qr .about 500 1000, m.cr.ons

opar S o Ritbenl: 56s Aoy PhE hE el ARbiL o Rlo BB W hren® Pl Sl AF IRDS ¢ e
first feubsbdtateudits & QICH fubiReratvhale Die MIGHEGHatdisespSREIoRhGHeal dcrbaiRel s B
and C). O her exenpl ary devices for producing an array of mcrografts

i ncl ude cersam crbodigests. hacht phsts igbyvested dirrerly detwerg e, (Wi SE6APEL bl e

mat er i era@%(:&tﬁéaﬁlrtfb%?&@ Skeel . The nmesh includes a plurality of

openi r%gs. e openings are Sized to provide an array of mcrografts of a
desi red si 4epthetieibadinleatsethalcushlizes ibietrwaenal dilzotly intd®@ sheat bo penchnadalixout

1000 microns or about 300 mi crons to about 500 mcrons. Simlar to the

cut ti H§VERHT sgBRTPhemicsev/alls thehere ShPrRehisfieiiskidentn radse! Ihdwee ot he
skin Q{kéch)miané?ﬂsOﬂlHtCﬁt c%l&%ﬂﬁhfoaﬂll QECI{HI "9 Al thiScreen/mesh PO Certp RS S D |
show renai ni ng steps of the et hoa. ce the array of mcrografts are on

t he f ithestutguisishatvested betodhs tiamce! pgbneend siksebetveanate afrésofi msterpanicdbe.
Expansi on resul in increased djstance between .the individual mcrografts,
ot GRS bal e SHFRBEN T FE T pIGRIC IO BF Taresk fPoJrdit e ey Ban
repai pidodse AhRipRAdnsSHukie tHrHdh the hbRE Gethe kbadh/kbeh sRNANhShbBed! Riigh the
grafts were obtained. Expansion may be perforned as described above. After
expangisene ao¢ petivbed putsirors tlissepeaings of He sswer/hsk abbdepasided @ bsuhaghte. i nt o

cont aCtrocyl\iic}nh tnhae ?ro?f tisroor%ftts r(])(ral Sst E%a?eheéjucilier S[;[odsnlljeb %[ ) tefofr%{m&l{ ans fser of

t he m'pcrogréfats omn[%ﬂegexpanﬁeb1 P st > SUsseateo e $&tPhd"sUbst rat e.
Tr ansfoeherhioh SathPefipsmMitrésafeserddpodtiaborvte afie oflintdranafts bebween t he
mcrografts is maintained after transfer of the mcrografts fromthe

stret HRWY rst substrate to the second substrate. Once the grafts have
been transfeLr - r f - are
appl i cd To SEraty S a8 AR B A e e BB B Bl e P en
Si t e douh éeplriiagaf noerogifafts fi@nathe aingtf graftc Tagrak hmytpasd heetigiyeqatoatlatelgi pi ent
site may be perfornmed as descri bed above. W) 2012/ 019098PCT/ US2011/ 046741
In ot KEPughis ety FP%?%@F@!IC’?% TEPISBEBHRE SUbSt AL eﬁgcrﬁégﬁ%élé@s@é}_‘y_
becauﬁﬁvé Qg\rers@{c@r& ﬁlela‘?lfo&t@?. A&Jo?&in%l??éIa&&&lﬁiihﬁnﬁor@@f QLAaALS fh@ﬂg_'cﬁl?ﬁél I ent
mat eri al . deformabl e non-resilie mat eri al referstoan‘éterlal t hat may
be mameprdeatied thap. apoyt snetecheOde 186pemdens. @thenexenfplarg sizeomEibgweahi on t o

a seco C igurati and ce.in the seco conf i tion; there |s no
oo ool 67 Bhb SRt plheafiorhy fricSaef® sat B PenESTa a0 oiB: adiotn! an
expangggd? CoR dxQuipRiry O eyedn(REVidE BlittoBiaRg 14r8e EiiRich s@¢H @hi@kh Hli&@grakignpl ary
materials are described above. In these enbodi nents, the expanded first
subst dely thaoitaig some melarasyreas Yot smekl anerghite pravidranidest podlier pomicpgiabat any
residuyal stress,  and the expanded. first substrate.is | i to a recipient
G ve. ol kbR Tan PR oriGaR ORI Bhichichf LaciER ainirical 3R Skl of

m cr oghadihf site. t he prepared recipient site may be perfornmed as described
above. In certain aspects, nmethods of the invention maintain a proper

ori ent at i odobfredingiugnsgerafeers, paleHRepigEAnce RIhPIOHE HERIOTXCEINGE YIRS i or neum
| . . . t
of ¢ ndtBEiAS BlicioBUsiac iy Hel HMR. SR ASUIRIEC Bl ol ko DU S0 MY 00

fill edomfatninglerainoeytewbarche bawaadsoup5®mideadarcielbost 10td@tmicane, eritgtvadead up
fromt stratu ranyl osum This |ayer is conposed nmminly of dea | 1's

t hat |1§§Kmﬁli%ﬁ ahd %ﬂ%%%m&ﬂ% SMhsrargel Sueh YTRYRDS AL %Wﬁ%a%&gpﬁf%g to
t he anbunt of protection and/or grip required by a region of the body. In

general, the stratum corneumcontains 15 to 20 | ayers of dead cells, and
has a thi ckness between 10 and 40 pm 12



The basal |ayer (or stratum germ nativum or stratum basale) refers to the
deepest | ayer of the 5 |layers of the epiderms. The basal layer is a

cont i nuousOl2a12em9®B8 | ive cells and can be consi dered t hecCstusaoiamhdrsl of t he
epiderms. These cells are undifferentiated and proliferative, i.e., they
create daughter cells that mgrate superficially, differentiating during
m gration. Kerati nocyt es and nel anocytes are found in the basal |ayer.

For a graft.to b con§e ed .at a reci Jent Sit the graft nust. be
abl e t %‘E’e"#\?@t ﬁHFPr i‘?&%“@%@né%% B8 ISFntlﬁf@gHS%‘frg?S &9 £

cell's,yigd @rﬂittiﬂ@lgnﬁgec?@rﬁjtﬁfo@?ﬂes Qtlhafsﬁlaﬁ‘éﬁgu%hn@tfaélhﬁtetléﬁﬁf of AMBler bR QFact s
with the recipient site allows the graft 1o receive nutrients, and thus

r emai dayiagdsl &kin.l n contrast, since the cells of the stratumcor neum are dead
cells, orientin Zé)herma rat sg Q? lt1 tftr%tgm rne | a
interacts w$He rl'i)gner1 ¢t &Wénatneg T8 a{r‘t‘éu dikg of-p Ehgeutine Prhmay 88 |V|gﬁ16e i’

NUt i @RY snanh&@$ bid 4ued coffideaidh Wil ddpendi@ii the k56 uemnﬂicgrgeetfts tb @k pkd@iced

Met hods™ of the invention ensure that duri ng the grafting process, the basal

| ayer 28¢ the dgsiaed aran rattgen: sThei quitingrfeokiaelngesenpluglifyeofordjage plahladent Thal | owi ng

2012/ QTaBeBberh LB S b Fudsnd Ubn BRUCLRFRAEHPLR e B8 B ittt The

epi denoalshskn in Bivafet3 paetBap@dnfigneedtth @ratuicel e siqure gkd bf gii@dgrafto(Seertégirpi ent
site such that the basal |ayer of the skin raft makes direct contact with
the r &3prldnt Hersgacipg pl bebiadgs tafe Sléttlaéé‘tﬂlrﬁi‘f SRy the depited §izg obthest er
such ti t e.

- onaT st TofeRlmaL Ahe bHElh A OB E gl PO Lo i CRe SRR AT, L he
bl i st &00 tavh@@hmeamnskapart e Toa settinghoeh is fressbdl asleast onee ide:pths iskiegrafnbw theHest

cutting, surface. In other nbodl ter, the is has been rai sed
and prioyae to(?ﬁ?qqcﬁgletar@y |n§fr8|gr ﬁ§éaedﬁ§§te\ﬁepa§te]c§$ substrate is placed
in contact OwhédexbRBlas) HALMKDIEOFB8HIThE &Y 8itaybf thiteodratkSiREIuBE hidbigleviddRON
cutting the blister, the stratum corneum l'ayer of the graft beconmes adhered
to t héuslbwsh é@\ecesamduqldwleglﬂalga¢omw@ie ngtegal, suvhas é@lrémytefet ohhetthesh

subst rlr?‘(;[t?desa rafit %CO erll uSe %SOUI'CSISH gares CB%O aOS?A[ ! ra o?mltr%e I’SaO ta s
or|ente& >P1f om ¥ 8 YUBkst rat @aNd® i's “4vts® BV aable VS THE'SPEEY “Witt h t he

reci plderitedsmieeswh a3 Ipahai €pds.between ab&uhmo rfﬁetch@dﬁd abodthe0) miadhd @fhbioﬂt\/0| ve
harvesting a skin graft froma donor site, placing the skin graft on a
first 390Baeioas b dhoehShmicronss Alimaar togheeutting tag describedabonp rtBe meglvist act wi t h

the fi i F f rst substrate to a
second Ee:sg%ég#?g%s{ %Cgélﬁt%ttﬁg??(ﬁ’fealfgg (?ﬁmg ﬁfe atrrc?& ho 1&1@%%!& |y contact the
second subdiiguat 8 paasis Dapghloyi Rairieg aepsnfdhcsmbﬂltodamcé theara@oif piierokrasist €.

Har vesting y be acconplished by cre |ng a Ilster such as.a suction
bli st &fe OBhE| r%mumtraéftélrecartarqe.h%r?@t BRETPHAHS Kisopaiden Expsiangesyles ig yt

and thﬁcr@a@é@hm’taﬁl’@f)et@%eﬁ ﬁ'l% ngcﬁ%fdhal' rﬁlcpﬁ?af?sch{%% GhéA a Syf'gﬁd %@ulﬁhgﬁl of a

first substrate. The basal layer of the graft ecorre adhered to the first

subst mpatduction of hekis gradit that @oremwm teaipemt sise i ie fira¢ratlarathaylofioroite thiwen f i r st
and is avajl abl.e for inter t|o rate

s aust B St e BblRr e aas: b bR E L et TGt ¢ he

st rat YRpHERIAIH IR AXESubRfratk NBe MR sitidhtel 1§ bﬁﬂgﬁtﬁﬁ% doBtadch@ith ieSdrayBs theat e.
Transfer to the second substrate is acconpl i shed as descri bed above.

Bri ef Isretched ﬁmés@rsrmtdrfmtmnsfer héthferrmstOgsafbsfrmaﬂ@ qxsamdedtfe@t substrateawfth@r d such
as water qr [ qut| tt| t he fl ISt.supstrate
provi de ﬁsrtrcag |ch1)rﬁn gtheen” PHE ITgnrecain‘a?desc b?({t‘% b rsﬁe diy an e ?tge g’ “al | ows
for easiyroorARSE eran@ztmédﬂﬁt@ rtlaﬁtfelf sfafe b€ ofiafts frosihe tsfrat:leed ﬂDrst {iBstae e
substrate. After wetting the first substrate, the graft has a greater

af f i nisesPnESpbatee. drssibe sihs t%tt keep fansteried 1o the ﬁecea%tbrsgﬁe theggafifernged
first sﬁtétglﬁa d AL g}gﬂl?édttgﬁr}e&@@%v itk 695‘?@&%5&%85\%@#8%& Al %@mug fgorafts

remai n red he sec rans e stratum
cor neupplh@ylen obthetanay gf aﬁctrogﬁﬁ@ m&e@ddspereeldetlplehhﬁteaempMpaﬂhmbd ate, and the

basal acy% orientated away fromthe second substrate. Such a techni que
descri eda ove.
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WO 2012/ 019098PCT/ US2011/ 046741 ensures that the basal |ayer of the graft
is oriented away fromthe second substrate and is thus available to

i nt eract wotzhizdeosseci pient site of a patient. AneCimars2@aspecil of t he
i nvention provides a devices for obtaining a skin graft. Devices of the
invention include a hollow body having a distal end configured for

pl acenment on skin, a nmechanismfor raising a blister, and a cutter
integrated.in_the bo for cutting the blister. produced qn the skin. .

I cor & n 1B RHSHFREIen, HaHo 40 S5ccOR AHPTAeH Bl ieca oA 0 ik o
obt ai Ryt eheStikkNsuBERdid is RBYOERLAODH-RENUAESa@rif0IA eWoRRMe AGHLrANdnemARERANT sSM
for raising a blister 402. Holl ow body 401 includes a distal end 403 that

i s confepup edndtenal that ceayewtmanpulped.okg. nstre@ihedl onexfiagted. fromda hiesy i ncl ude an
orifice fl at e 404. Oridfi Cﬁ FI aLe 404 det etém' nesdth@si ze a&ld t.he shape of
the bIPStEFAE 814 ST PHET AP B Fal"s8a GPT YR e e t54° RBy be any
shape reyidiail 2eesa B th dubste@PESEhaRattAsls BlalyPe@ireRhedlol Mlc&pande@ cbgfigdhiad.
Generally, the dianeter or |ateral dinmension of the blister may be from

about vEthewt fesralg e thep ariginad sizpobgemplangaptespls gredaseibadl sbever Ingheses may be
used. . i i S e . monent ,
o heatTRg g AR PA AR A b A o BT 1 AR SR
conpondttout snyarekidgditstrsguieithe kxpandpdfitst sublsattedsrhgdicdent recipiedtaitesm 402 is a
conbi nati on  of a vacuum conponent and a heati n% conponent . The hol | ow
body 48AP3Fationied the iseipisab siteAnd appHeation ST thArey of uiriegedts coithedrensiret e 406 and

a hol g, 4 Znt(slfﬁe%‘iﬁeﬁ)e%%ﬁﬁéd B) desDEVdICH 400 further includes an actuation

bl ock 408, actuatio r 409, and actuation bl ock guides 410. Actuation
conponent s 1408 taid 0Pecandedd@s cfthe moknthovi@attin efprapeeogertitem of@skin graft.

Blister.for .on | s acconplished attaching.the distal end 403 of holl ow
body FridePuEsib keSS SRR Rl My ol S bl phef b SR CBren sReront
Hook apthel RRRmMbISHENRRF (Rt dpARSmIBYoRFosE8 81k &, Kge go yReddE platelikdleRlepfpes The
heati ng conponent of blister raising nechanism 402 provides a slight

war mi fgledfwidykefatye whiicht ie mpd4 up whidedd dedls that Hivegoigraehvmbomyhe hirathe pati ent' s
skin surface., THe ﬁgé’r' ikeatbon of ;a noder At e negat | ve r egsupe,to the .

chanb | n% error %r m fﬁe Bacuum cgnponen% O% ab Irster rarsi ng mechani sm

402, rsgstuht Sorhéunt b&iRakt@ding3o el dndi@t 80proRtiby akl/averig R Gikghbyt Heecamesti ng
inorifice plate 404. The result is a blister or blisters, approximtely
the sithebesty. tIhacrspainihegirmbrarRguER cotaing 126420 yers of denscesdis binddeer my be

F1ui dfbk d S 9pQ5eBRY0 B 40 pm.

The basal layer (or stratum germinativum or stratum basale) refers to the deepest layer of
the 5 layers of the epidermis. The basal layer is a continuous layer of live cells and can be
considered the stem cells of the epidermis. These cells are undifferentiated and proliferative, i.e.,
they create daughter cells that migrate superficially, differentiating during migration.
Keratinocytes and melanocytes are found in the basal layer.

For a graft to become integrated at a recipient site, the graft must be able to receive
nutrients. Since the cells of the basal layer are live cells, orienting an epidermal graft such that
the basal layer interacts with the recipient site allows the graft to receive nutrients, and thus
remain viable. In contrast, since the cells of the stratum corneum are dead cells, orienting an
epidermal graft such that the stratum corneum layer interacts with the recipient site prevents the
graft from receiving nutrients, resulting in death of the graft tissue and graft failure. Methods of
the invention ensure that during the grafting process, the basal layer of a graft interacts with the

recipient site of a patient, allowing for the graft to receive nutrients and thus remain viable.
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WO 2012/ 019098PCT/ US2011/ 046741 contain any fluid, i.e., a blister having
air wwthin. The skin and blister area is generally not damaged and pati ent
di sconf orwoi2s1zn1msal . The cutter 405 is positionedTius2¢walokew body
401 such that upon raising the blister, at least a portion of the blister
protrudes through hole 407 in cutter plate 406. The actuati on conponents
408, 409, and 410 are engaged to nove cutter plate 406. The novenent of
cutter plat 406 srupts the alignment of hole 4 th the other
Conponent o CGriduY BaIBEoI G APl P R T 0 NP RS 8 cBe e

Fi gur gxin PARE a I%Cﬁ)t@i@@u@s&ﬁ\fh&%é@ﬂalt 1B off W RET grlafiGhardedirdctehbaadarinpll for
capturing the cut blister. Chanber 511 is p03|t|oned in hollow body 501 and

above thameripiens 0. I@h‘a@ﬁb@g r@ﬂl&flbermyomehshedbv atflading p bhistde videaszo0cti@hanber 511
may in Iudesngltlﬁﬂg con uratlgqfl)For exanpl e, chanber 511 may include a
ret r allSST S BEPRE Se&ﬁ@ R8T P°YF open position when chamber 511 is

i nserted i nhendehbenmdady vé&ih.m Isiskd & 1€ theP@SHin Sdineih slber tHelblistes, abl e to
receive the cut blister. Once the cut blister is in chanber 511, the bottom

of thevhietaeandie plsased geen the Blsterris ﬁ@wtsmd otp Sheequtting wasbel ®her.  Chanber 511
nmay t%grp)u gﬁnén?MMgldtP ﬁﬁé@% %%% ! apd prior r{o%&flﬂl%ttﬂeetélﬁs‘%gﬂoa’%c{@%e S@Q%ﬁmer

511 i es a’'su ure devi ce
500 i = sobstfatgidiptated ucdfbritzh-am&ub:s ttroaiie c5ﬂr12umsla3m$)|f tlieaniBed bhsteh aﬁmmrcu&ﬂ@ so
t hat upon ra|S|ng the blister, Eortlon of the blister contacts th

subst B Rlisigidthp st arcosmeuay heer ofghe prafthgpamesadbered i thersubgeats. pad ﬂahaéalt he
bl i St §fyer ?s%eﬁé%%ea%aybﬁ&ﬁfﬂ% su%%am%a%&ég}hﬁgﬁé AshRE 1Y BRtRE a;fe%%f iR
chanber 511 anber

511 is then renoved devi ce 500, an strate 512
may b@nﬁémuwedwﬂmmmyéhmnﬁemuﬁmhwand19ﬂhmmvdb@kﬁesnwumVthﬂnnempsmeaw(ﬁf a
substrate, is used to hold the cut blister within the chanber. In
certalﬁ’EW%odlnents devi ce 500 does not use a chamber, rather a substrate

512 is di r qRhbsmbRb@USAbEyBhiidh iHENVE Bar8Qink sqzﬁfigrafttf&n?@aswr%u& f}ﬁa&ﬁg
blister (Figure 5 panel D). Once captured, substfate 512 having a

attac hJ@deI@m grafyl ansy faist srdbyptrige su@ntbvté@salrcom olethe geafemake direct convast h\adllsth@f t he
I nvent E%%te ?rangffe:rglnt (%heo m ﬁlesﬂ(rtstho ét"ra‘%t to: ar(zselz:(()alri)d?l subs{}é{e suc th ferent

types 5 i'ndatage. xanp € rnvention nay Betsed to

pr epamasgeéaid o id dh’é@@i cdmarcn the(secdhd, subgffe, bhe apElingrikk soemd adktrkdns) ,
blistering, dernmatological conditions (e.g. ep |dernDI{S|s bul | osa or
py odermPRAPIgRirdie e SRS Manbaasemal by crantenerashlisirapish jag a spetgndlisiesc heni ¢

g'o(li S/r S;Tg%rg@@ﬁ}l%%%fsb%%%ﬁ%o% PRI A B8 tHeSalal 1aybh b e Qs is VO

contacted to an adhesive side of a first substrate. The basal layer of the graft becomes adhered to
the first substrate and the stratum corneum layer is orientated away from the first substrate, and
is available for interaction with a second substrate.

An adhesive side of a second substrate is brought into contact with the stratum corneum
layer of the graft that is adhered to the first substrate. Transfer to the second substrate is
accomplished as described above. Briefly, in one embodiment, the first substrate is wetted with
a fluid such as water or a saline solution. Wetting the graft and the first substrate provides
lubrication between the graft and the first substrate and allows for easy transfer of the graft from
the first substrate to the second substrate. After wetting the first substrate, the graft has a greater
affinity for the second substrate than the first substrate. The wetted first substrate is then
removed from the second substrate and the grafts remain adhered to the second substrate.

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
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In particular enbodi nents, nmethods of the invention are used to prepare a
skin graft(s) to treat vitiligo. Vitiligo is a chronic disorder that causes
depi gnentwi2ore/apodpat ches of skin. It occurs when nel an®@cytuss)iiogscel | s
responsi bl e for skin pignmentation, die or are unable to function. Al though
patches are initially small, they often enlarge and change shape. Wen skin
| esi ons occur, they are nbst prom nent on the face, hands and wists. Sone

| esi ons have h r-pj gne tion .arqund. the edges. Depi ntation i s
bar t | earde Gantl Pab e o Bt sar a8y oY pr e Eomals froatd PRTHE AR s
NOST I igh §ilab®ediihR}dcBwhR dhdEBipldn€ g of a patienVi tiligo is generally classified

into two categories, non-segnental vitiligo and Segnental vitiligo. In
non- segnentfalother rifecyel thinBWentierhporidesa deueds! fyr syaminzor shimgragty ieyiaeyof n t he

| ocation. of the patch of . depi gnent atjon. Ne at,ches _al so. appear_over
time fcindsniqldngligs B hog0h e Jalabaid sonblet B TPl B Bcar 2ea (o
a par th@Hh@kmaseaising 4 blist@Oanthes et ididdrae®upieBbE e kuingeR@blngeri S referred
to as vitiligo universalis. Non-segnental vitiligo can cone about at any
age, wirduced segweskital vitiligo which is far nore prevalent in teenage
years. VAR i f. ' I .1 ol ogy and
preval enceI r %%ggglgggﬂhlg%&elg’ %P?ﬁ%éasﬁ?a%lo g’:ntljé %{%"% (raéa{]] Regrge?%lalss %g‘lgcﬁoeoﬁ)gérl]ff QF frglgm t hat
of normsegmenicald00iididega.hollowtbeddd0t andf frechandine &8 roikingkiblistend02.ar e

associ ated with dorsal roots fromthe spine. It spreads nmuch nore rapidly

t han hénloselidyt0dinglpdes s digalgnd, 40Ritha digontigrred danplacenient gn fhecKinypush a

stabl Qi ghahl ayInGQU SPoANE S1AL 4B8SOFIRL Bl Md4UA TG, HSRESED.
Figure 6 is a process char t 'show ng stepS for treating V|t|?|go usi ng

met hods thefblistee oi bhreers itton willT be taigeat Quifidel flge 40 mag e agy alidpeios sjize and deldl t o

the site of depignented. skin. The graft includes nel anoc s, and thus upon
the r kP e pHRER RIS e et prert e Gt ¢11Sso dter Br gl eq
skin %ﬁist%h&a?%@'f&hﬁﬁﬁo@ﬁnﬁnt&%o’iﬂf‘@%ﬂl,rhlﬁlbg [ Rrdr oRsHRNG blistet 8-&fm#B) urent ed
skin is aseptically cleaned prior to harvesting of a skin graft. Standard
met hodisedar e used to clean the donor site. A typical donor site is an inner
t hi gh, but ;any area of. pi gnmented. skin may be used. After cleaning, a
skin grar t AR rehyE S ety s St MO0 v Colipopentsa b E EPRRSET S o
and cuiticogbimeoRtiesdofr AnlR¥inpRSy Hesiag icobR@oRal & Nlighyolee UBRpdrocdlai se and
cut the blister. Alternatively, comercially available blister devices may
be usémbodiantdnechaning 403iiyaepmbinplipnsefey vicyum| copwaneiapd 4 hedtdrg | e cutting
appar?%Hloﬁgg divided into an array of mcrografts. The mcrografts are
transferred to a first substrate for expansion. Transfer nmay occur as
descri bed dewrellowbodeddhiurtherbetlidee ntsttertdds, which bddislee cutites ppdtad@6lat 4 ect | y

onto th i.rst substrate and t rray.of mcrografts are generate
di r ectPl b Fiawe T pencT B Dbvice dBo chinelslgs & pdusip ':é%a‘}l%eacwwnqbar _
2012/ Q9 0RRRET G2 BibLl Qdédd RSAL DS FU AR Be Rt 888 Hool iRl 4l ShySubstrate is

expanded. The expanded m crografts are transferred to a second substrate.
Fi gur en®ecstronsf thacetscedfbary substrate, TEGADERM (nedi cal dressing,

comercial Ly. avail able. from 3 . Payl. . However, bj ocommat i bl e
cubstrate MyRbLERaT i «eShpirhsTay el bR At kr AT hOS IR

reci pigeRér teld®h patidntNueRas 8dlinhBF ﬂh&glfbfﬁhz;ﬁalﬁkht@ %&%ﬁﬂ@oﬁ&%ﬁ@&%@ ﬁﬁ%@é‘- The
second substrate including the expanded m crggrafts is applied to the

der malysediodkeep dieplesive ig plage. Thechagng coperenapidblistrs raisioR prashanish@2ar e

dress %Criovellcﬁ]eds amslfilﬂgﬂg ng%’liigg bf ogtrigevﬁlgt%%()& which is in direct contact with the patient's skin

surface. The application of a moderate negative pressure to the chamber interior from the
vacuum 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
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| ncor poration by Reference Ref erences and citations to other
docunents, such as patents, patent applications, patent publications,

j our nal s,wbaolemi19@apers, web contents, have been made t IrCOMSR@U447Ai S

di scl osure. All such docunents are hereby incorporated herein by reference
in their entirety for all purposes. Equivalents The invention may be
enbodi ed in other specific fornms without departing fromthe spirit or

essential . characteristics thereof. .The foregoi ng enbodi nents e therefore
o b coBRE g D s - S e LGRS & it T A R St e eI am f he

| nventgapR deskrddaest N&ORIH iSaaR@a0f the invention is thus indicated by the
appended clains rather than by the foregoing description, and all changes

whi ch come Thetchiter 408ds pesatined imhdllovahgdy #91 sghitheaivporcipiofe thadlisteniatdsasir e
et AP B B AR AT il L il
ski n a08f409 LA E) FevREagsH t®move cutter plate 40N ERANbEnh@belci@feablatd 406 t r ansf er
to arecipient site without culturing said graft or‘apBIying bi ol ogics to
sai d @iseRts therpdignment 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
511 may be removable from device 500. Chamber 511 may include multiple configurations.
For example, chamber 511 may include 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).
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transferring said graft to a recipient site. 2. The nethod according to
claim1, wherein harvesting conprises: raising a suction blister; and
cutting tweeaup@a blister. 3. The net hod accordi ng t oPCTAiSa011/046vhEr €i N
preparing conprises: placing the skin graft on a first substrate generating
a plurality of mcrografts; and stretching the first substrate. 4. The

nmet hod according to clain13 further conprising transferring said graft

fromsaid first. subst e to a nd. substrate. 5. The nethad a rdin
Lo 0 oo 4 h pieRp S phEliRehS, AaREISaasR (et fped! hichiben an s E9Lrnoe.

6. Theehelinasb. avmfg@upgcmnfelcﬁgdﬂa&,th%%s%g BefiB@ehhfist opfyh@ch%%pﬂén qubst rat es
are the same nmaterial
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
generalized over large portions of the body or localized to a particular area. Vitiligo where little
pigmented skin remains is referred to as vitiligo universalis. Non-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
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7. The method according to claim4, wherein the first and second substrates
are different materials. 8. The nethod according to claim1, wherein the
graft is woarogroaft. WO 2012/ 019098PCT/ US2011/ 046741 pC3/USTha/omeshod
according to claim1l, wherein the recipient site is an area of depignented
skin that has been prepared to receive the skin graft. 10. The nethod
according to claiml1l, wherein the skin graft is selected fromthe group
consistiing of: an epitheli skin graft split thicknes raft, and a
FUlT EhiEase Gartihe By st Atpored Su Prghord i G fe Srettmae to
conpr iaSkedehdtBstei€ PSioBfe 6 MW @a kk&bpRrSkibtr At afEGADERM (Hemes] dékhie, |
preparing said graft for transfer to a recipient site without culturing

sai d graiergallppysilblagras Mo §i.dsut, &N ki dowe it anydmerompatible 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.

Incorporation by Reference

References and citations to other documents, such as patents, patent applications, patent
publications, journals, books, papers, web contents, have been made throughout this disclosure.

All such documents are hereby incorporated herein by reference in their entirety for all purposes.

Equivalents

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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transferring said graft to a recipient site, wherein the recipient site is
an area of depignented skin that has been prepared to receive the skin

graft. 12vO0The/arewRod according to claim1ll, wherein haP¢edaiSeeig/oecyapri ses:
raising a suction blister; and cutting the suction blister. 13. The net hod
according to claim1l, wherein preparing conprises: generating a plurality
of mcrografts placing the skin graft on a first substrate; and stretching

the figst .suibstrat.e. 14. The method according to claim 14, further
conpriﬁﬁés—?—ﬂ%@f—léﬂi ng said graft fromsaid first substrate to a second
substrate. 15. The nmethod according to claim 14, wherein the first and

second substrates are nedical dressings. 16. The nethod according to claim
14, wHer ei i\ misthofliof skingmftispcbatetivd somatising shestereofsane materi al .

harvesting a skin graft from a donor site;
preparing said graft for transfer to a recipient site without culturing said graft or
applying biologics to said graft; and

transferring said graft to a recipient site.

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

cutting the suction blister.

3. The method according to claim 1, wherein preparing comprises:
placing the skin graft on a first substrate
generating a plurality of micrografts; and

stretching the first substrate.

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

first substrate to a second substrate.

5. The method according to claim 4, wherein the first and 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 graft is an autograft.
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WO 2012/ 019098PCT/ US2011/ 046741 17. The met hod according to claim 14,

wherein the first and second substrates are different materi al s.

18. The

met hod acwordizg9ise cl aim 11, wherein the skin graft ispramuspiidensral skin

graft.

9. The method according to claim 1, wherein the recipient site is an area of depigmented

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 epithelial skin graft, a split thickness graft, and a full thickness graft.

11. A method of treating vitiligo, the method comprising the steps of:

harvesting a skin graft from a donor site;

preparing said graft for transfer to a recipient site without culturing said graft or

applying biologics to said graft; and

transferring said graft to a recipient site, wherein the recipient site is an area of

depigmented skin that has been prepared to receive the skin graft.

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

cutting the suction blister.

13. The method according to claim 11, wherein preparing comprises:
generating a plurality of micrografts
placing the skin graft on a first substrate; and

stretching the first substrate.

14. The method according to claim 14, further comprising transferring said graft from said

first substrate to a second substrate.

15. The method according to claim 14, wherein the first and second substrates are medical

dressings.

16. The method according to claim 14, wherein the first and second substrates are the same

material.
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17. The method according to claim 14, wherein the first and second substrates are different
materials.
18. The method according to claim 11, wherein the skin graft is an epidermal skin graft.
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