PARACRI NE SI GNALS FROM MESENCHYMAL FEEDER CELLS AND

REGULATI NG EXPANSI ON AND DI FFERENTI ATI ON OF HEPATI C
WEROSENITIORS US| NG SAVE CROSS- REFERENCE TO RELKTEDS2008/007483

PATENT APPLI CATI ONS [ 0001] This application clains

priority fromUS Provisional Application No.

60/ 944, 435, filed June 15, 2007, incorporated herein

by reference in its entirety. FIELD OF THE | NVENTI ON
SYSPER, METHRIESAND APPARAPOS FOR REPHIRSOR!COMPONENTS

ex Vi vo propagatlon and/or differentiation of hepatic
progeni tor cells. r t he present

i nvention rel ates to@ﬁgg #@H’ﬁ%atl on and sel ection
of Tiedp et apdnctaﬂml ¢l§||n§s e Iperiafi of tiritedl Statey Pateht
from nesench | s and their application in

Applicatjon Na. §§/ aﬁa ﬁiﬁd alNBeok2, d00F eW&iah igtinesrperatad herein by
re&ﬁgﬁggenltor cells, including hepatic stemcells, in
BACKGROUND OF THE | NVENTI ON [ 0003] Hepatic stem
cells and their progeny (e.g., hepatoblasts and
.commi tted progenitorsTeélawieat Bieldder abl e expansi on
potential. For this reason, these cell populations are
desirabl e candidates for cell therapies, including
bi e technigahfield relates geneeally torrgpaipiohhitaniumrpartseand more
this prom se, however, the full potential of |iver
partiadally tthemab excleisdiehs repaib ef titaaium grts] G0 gas Tirbinenengine.
vitro propagati on of hepatic stemcells and their
progeny has proven to Backfpdhidgi ng, in part, because
invitro culture conditions are not always optimal for
transition fromthe Iaboratory bench to the clinic.

I:Gllfhe f/%'gﬂj & 1t p#ﬁg ylf ggﬁ t% ﬁ&%&ﬂf&oﬁ%h %%C}ﬂe{a?r

can grea
ééfagﬁ e.cell dlffere tl%& tomards unge5|red fat ”
pow osit '°§‘of§e RAWR I} dMVEHE Y RGSEPEGARAY %88???%5” er
of factors erun) that can introduce

from ésne@lrﬂﬁ%mb@clsmonHenEanliahl@ Prerassessio netAevsien a4 repair
treati ng humans. [0005] Mai ntenance of normal cells,

with agprepriatd migroesjruaturer suchr thqtithesrepagredepast afea maintains the
mesenchymal conpanion cells, known to provide

tensilkastesrigthand fatighé chBiddterdtics @t ahuorginally archufaiatedopart.
of the progenitors. There is a need to identify

Amoﬁgkﬁ@%fsu% fs to@ﬁ}g’@p %1 sekeftepocalsed BSVerB rHiefo-

emas no e e| r paracrine Si gna S

/ I
porofffL p g st B 4R, oL ﬁo"ﬂ?. e sarih ot assioh
c fates, iff ren atl n of

subsfRECRIME NS RAth A PHORHCEMATA e S&PdeTPPW in the

epi thel i a andhepatocytes. Defining the signals enables
neartemartcsiun@g repairshatiminish the part Im@f the fepairgdgaapponent in
' conmbi nations and without the feeders to elicit the
the ades surdubdiogdbe capair.eTherkawbacksiin terértpyaavailable repair

progenitors and that includes survival, expansion,

systdmg andpartictilariyCads i puRs dsataartaict arsershbleld convenient
ifferentiation to mature liver cells. Thus, there is

mspe%tlBﬁeﬂ'\aftt%EeﬁlEtrtga(? tﬁé’?%ébt@ﬂ%érﬂ@%@%@ d?‘i]f\é g‘éﬂ §ﬁdﬂﬁ that

obvia ereto e requir eeder cel
may ?#@%Blﬁ? ey i %Iéa%%%%ép%&e@?ﬁﬁéga@%*%e%{e. g
demid Rtarps: Hmﬁ'véé%a%\%@dar'@%n%‘i{e'g‘ﬁw@osisL| turing a
popul ation of isolated hepatic stemcells in
serumfree culture nedia and on a |ayer of nmatrix



conponents sel ected fromthe group consisting of

hyal uronans, other unsulfated or poorly sulfated
w@bkopsosams nogl ycans (GAGs), unsul fated or poorP@I/US2008/007483

sul fat ed proteoglycans, enbryonic collagens (e.qg.,

type I11) and enbryoni c basal adhesi on nol ecul es, and

conbi nations thereof, in which the layer is

essentially free of mature collagens (e.g., type I),

and in which the culturin tes the hepatic stem

cells wi thout inducing thg§$ﬁ%ﬂ$$€rentiation. [ 0007]

Pt e o DB oGRS B4 it

feeder cells, HUVEC feeder cells, or a conbination .. .
embegigtenss iNclyde YAGKE MatodSoRYHIBMS: NG APREJALS 48 reRar titanium
i sofornms of lam nin found predomnantly in fetal

and titapiune allay gompenentss, Furtherr embadinmgnis uiosmanebiestsy fertures,
forms of chondroitin sulfates. The hepatic stemcells

advamtagdse abpeets, and bebefitsnstalif bevonie bpparent dnoa the following
pediatric or adult liver. The lam nin may be supplied

descAptién aABGRAWIRYS. on between about 0.1 to about 2
ng/ cn2, preferably at a concentration of about 1
ng/cn. Simlarly, the type Ill or IV collagens can
be, individually, at a concentration between about 0.1
to about 15 ng/cm . [0008] In another enbodi ment of
the present invention, a nmethod of differentiating
hepatic stemcells in vitro to hepatoblasts is
provi ded conprising: culturing a popul ati on of
i sol ated hepatic stemcells in serumfree culture
media and on a layer of matrix conmponents sel ected
fromthe group consisting of enbryonic coll agens,
basal adhesi on nol ecul es, CS-PGs, and conbi nati ons
thereof, in which the layer is essentially free of
mature col |l agens, and in which the culturing
propagates the hepatic stemcells w thout inducing
their differentiation. [0009] Any or all of the matrix
conmponents may be supplied by activated endothili a,
activated hepatic stellate feeder cells, or both. The
enbryoni c col |l agen can be a type |Vcollagen and the
basal adhesi on nol ecul es may conprise fetal isoforns
of lam nin, supplied at a concentration between about
0.1 to about 2 ng/cnR, preferably at a concentration
of about 1 ng/cnR. In sonme enbodi ments, the |ayer
further conprises hyal uronans. The hepatic stemcells
can be obtained fromfetal, neonatal, pediatric or
adult liver, and preferably from humans. [0010] In yet
anot her enbodi nent of the present invention, a nethod
of differentiating hepatic stemcells or hepatobl asts
invitrointo commtted hepatocyte or biliary
progenitors and progeny thereof is provided
conprising: culturing a population of isolated hepatic
stemcells in serumfree culture nedia and on a | ayer
of matrix conponents selected fromthe group
consi sting of sulfated proteoglycans, nature
col l agens, fibronectin, and conbinations thereof, and
in which the culturing induces the differentiation of
the hepatic stemcells or hepatoblasts into commtted
hepatic or biliary progenitors and progeny thereof.
Any or all of the matrix conponents may be supplied by
stromal feeder cells, activated hepatic stellate
feeder cells, nyofibroblast feeder cells, or
conbi nati ons thereof. In sone enbodi nents, the |ayer
I's substantially free of hyal uronans and the sul fated
pr ot eogl ycans can be heparan sul fate-PG or hepari n- PG
or bot h.



[0011] In still yet another enbodi nent of the present

i nvention, a container for propagation of hepatic
w@emgamosdrs or differentiating themis provi ded/u31ves/007483

contai ners conprise a layer of matri x conponents

sel ected fromthe group consisting of hyal uronans,

ot her unsul fated or poorly sulfated gl ycosam nogl ycans

(GAGs), unsul fated or poorly sulfated proteogl ycans,

embryoni ¢ col | aggpfefak G IP B the Bralvirggesi on

nol ecul es, and cOmprmatrons tnereor,;, wherein the |ayer

I s-.essentially fre mat yr e . : rein
¢ 91 by soreta b iansB o Xy SsdRE Rty i 2,
| east one surface of the container. [0012]
compn&ifat i vel y, the layer may conprise matrix
conponents sel ected fromthe group consisting of
erfig y2Aiis an dlusicptinn, of kst shie gavigsl ecul es, CS-PGs,
and conbi nati ons thereof, wherein the layer is
eign2B ad by ilusteatioh ofd secondodieldengsdevdoe. wherein t he
| ayer of matrix conponents substantially coats at
| qa§t 2001 afuNistreion oftdthirdiosHialingy deviceral |y, the | ayer
may conprise matri x conponents sel ected fromthe group
c I Std £ | I ture
Qﬂg 55d Q%cﬁ{egﬁ%&@é%sﬂ%&ﬁéﬁ% %&ﬂﬁ:neﬁa

col Yagens, . I nat1ons thereof,

rejn the | r_of matrix caonpopents tiall
cdagct & o uisP e 2 arGarmuced M TRERASES ai Bt Her Vaiue
container may be a tissue culture plate, a bioreactor,
assogiategdhwitb|an axiabpesitior Bf 8 N foRBINGARA. t hose skil | ed
inthe art will appreciate that the conception upon
wiighb isha schesatiodlomechart diagsanilystrating & procedureferzed
as a basis for the designing of other structures,
repaifigEotitaniumd copsgiarnamtf or carrying out the several
pur poses of the present invention. It is inportant,
t fmg.eé ¥ 8§ schBAaticTRWEERAMBidiRamefastiRthgdSpératibHE ong
such equi val ent constructions insofar as they do not
conn%ﬁgﬁrt fromthe spirit and scope of the present
I'rnventi on. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]
Figure 1 shows a colony of hHpSCs and human
hepat obl asts in culture: Both hHpSC col ony (A) and
human hepat obl asts (B) expressed EpCAM (shown in
green). NCAM (shown in red, A) was expressed al ong the
peri pheral region and the center of the col ony.
Hepat obl asts strongly expressed al pha-fetoprotein
(AFP, shown in red, B). Both cells were stained with
DAPI (blue). Scale bar, 100 mm [0015] Figure 2 shows
that cells surrounding a colony of hHpSCs are aSVA+
hHpSTCs: A typical human hepatic stemcell colony (A
Is positive for NCAMinside the colony (B, D) and for
aSMA in the conpanion cells at the edge of colony (C
D). Magnification, 10x. [0016] Figure 3 shows a
primary culture of hHpSCs wi th angi obl asts: KDR+
selected cells cultured in EGW2 for 7 days expressed
VWF (green) (A and B). CD31+ selected cells cultured
in EGW2 for 4 days expressed both VW (green) and CD3
1 (red) (C. Scale bar, 100 nm Angiobl asts associ at ed
with hHpSC colony in culture (D). Magnification, 10x.
[0017] Figure 4 conpares quiescent with activated
hHpSTCs: Qui escent hHpSTCs express |ow | evel s of
desm n, oSMA+, CD146, type | collagen, and other
matri x nol ecul es (fibronectin, proteoglycans). Injury
processes-for exanple, exposure to serumor to certain
factors (e.g., PDG- and TGF-Bl)- cause hHpSTCs to
activate and to transition to nyofibroblast-Iike
stromal cells and el evate production of oSMA and
matri x conponents,




and to rel ease various gromh factors such as HG-.

Shown is a colony of hHpSCs encircled by nesenchynal
weeovpamioah cel |l s (angi obl asts and qui escent hHpSETTS)008/007483
expressing low |l evels of CD146. On the sane plate, an
adj acent colony is showmn with the nesenchynal
conpani on cells that have undergone activation
resulting in high |evels of CD146. [0018] Figure 5

shows the norphol ogy Mem stry of
different feeders: A T B . CGD human
( 05 rulip88Es SEpio 6 B refatauB S printiples B tné

. i mmunosel ect ed KDR+ cel |l s -F) and. superpatant ..
inventign, g@é&r&eew"mow ibﬁr@ﬁp%é 51? @ﬁ?ﬁq"ne s liistrated in the
conditions were positive for oSMA (F and H). .
drawingshand specifie Jangoage] Wity usedite describledhe same. It will
i mmunohi stochem stry on fi brobl ast -depl et ed
nevesthptsscieaohdestdad that horlmitationEsitheé scede wihtheinvénties ss
Cells were positive for desmn (B and H), oSMA (1),

therdThtindedChuch bReRRALIdhd folthef AlddiRitiohk e $he illubirateed
IV (E), and negative for endothelial marker vW (K).

devi%ﬁrdgs  fIRhEr ggpii&t%egpgﬁﬁ?gﬁg@gié?&tﬂsﬁm tidn

e
i mage each Ining I's shown (A,

. D. and J). Bar, 50 002 Fiqune 7 shows s .

iustteg a8 bhing orermBATY ab APl bR ofel B Sea in
A-F. hHpSCs cultured alone (A ), co-cultured with

the ME@E'CB@? invastionrelatesr human fetal |iverderived
feeders (D). Magnification, 10x. [0021] Figure 8 shows
hurign1 fitp SChematicullusirationaftehsyetem+1 Qs rapaiing titanium
derived from human fetal |ivers, from which

comporizmd! Taesystam 1000heludds alsempdnéritetd2 haeidgtisanium. The
resulted in lineage restriction to hepatobl asts.

compdREmaltRshag Bermabeout of gm)ﬁmﬂ, aAFﬁParqnmlwwa awﬁyt fncluding

stemcell colonies (A and B) and on co-culture o

(A an :
sl SR bR 8B5S g hen
o Y BBk M 1 e B G 1,

each cel| type were narmalized to ribosopmal RNA §18S
embegdimests. the companant 10 inclugdss a napoanforming egien dAdwd he
t he behavi or of hHpSCs on substrata of purified matrix
non-canfponingt regidrtHp@Cmawmbeaxdamagedregibh, @ nisdoarufastured
on plastic or on type Ill collagen (A and B). hHpSCs
regioni agagn with & charigednsreifiation relative to the brigiaeal manufacture
of type IV collagen or on lamnin (C and D). hHpSCs
of thé EbiripRnefit ﬁb?,r%/bﬁthngthﬁﬁh% Aol POREQSY hhurdttired

cultured atop type | collagen. H gher magnification

| wher%ﬁg%é)e s{e%ogﬁhfe':riﬂg% c@l}rerbrf&’{(—%l ggﬁ\r@p}%ﬁw Ys Qflaéé?‘?n%tal

es Tnnmatri X chem str X receptors i

the hHpSCs and their nesenchynmal cell partners durjng,..
deposftondreaiinest; ARy TRLSSTORNGE BoioT 1psPauLRg matettal Sddition
compari son of human cyt oki nes produced in co-culture
for apn guUrResEUR@AIST eeriemnpigted hatein. cul ture. Concentrati on
(pg/ M) of human cyt oki nes produced in human fetal
| i Ve sysdein E0Ghfyrtharuncludes arl@séndepositidnt dedcel 06T ®efer to
feeder cells and hunman fetal liver cells at |ow (top)
the La8d Pateght Appiication ehtitted $Sydtéf4nd iedhod fdrgmpondrdsnaterial
conpari son of nouse cytokines produced in co-culture
and in STO feeder cell culture. Concentration (pg/m)
of nouse cytoki nes produced in STO feedercell single
culture and in co-culture of STO feeder cells and
human fetal liver cells at |ow
4



(top) and high (bottom Ilevels. [0027] Figure 14 shows
the cytokine effects on colony formation of rter

W@ 20088540€0] ony nunber (top) and area (in pixel BCT/US2008/007483
botton) of rat hepatic progenitor (rter) cells in
hornmonal |y defined medium (HDM with or w thout

- cytokine are shown. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON [ 0028] I n one enbodi nent of the present

addifidl, efileli%h JGd 9?%@?8 ahalindBtbbtated DYRERGBHEe PRY&EINDRR AN

I de , e

ntified acilitate the attachnent, survi-va

[ vo.proljf. [ . : L X C
exarfig o deaifLber Eh ThafiR At e P eCATB Eir e
and their progeny. The termhepajlc. progenitors," as
appligatien n Bt geain GmEpdmANyS dbf deuis 1OE 2 laer 1083
hepatic stemcells and their progeny. "Progeny" nmay
metal pewdies detiveryrigyige ¢16tand pesitien actuaterst bld that sonlipt the
pl uri potent progenitors thereof, and conmtted
positjorogfethiet depositiomt device dD6f dhentositien ofithe depasitioredevice 106
lineage |l eading to particular mature cell type (e.g.,

include$ aRAHXYItE )positiiiedid/oFh poedini ¢f ths RRPDsRIdN defies $06 0

the growt'h property of cells that can expand from a

relati%'iﬁ e £6hpomaMit ?923%? e bR tﬁ@?)o%ﬁ%ngtﬁgafo‘?fqa& ntrol
W t t cell.

retention of the phenotype o e parenta

" Col on orpation' refer t he . r £. di pl oj d

the posfiof hEIdEpas REn e 106 By fyBodhs debodlioflfhle1ge. by
cell divisions (typically 5-7 cell divisions) wthin a

moviggdhe @pmnmeaﬁag?nga@%&é@w'eg ANOHE | th%@dnabgﬂwg}) that
undergo subcul ture or passaging. "Pluripotent”

controlgythief pesitiore bf thet deposition deviee dABANer thel campenertlr 102
than one fate; "unipotent” or "commtted progenitors”
arkhec Biskes depasitioa\devices1 08mayadilize rhetaépowdesthetal wire,
Hepatic stemcells (HpSCs) are pluripotent cells found

metal Ribbb8, é’f‘}’d‘/bﬁlnté’%;r%‘l AfetaplviE® theabbmpohe 102as Rl Rle@shatefial for
fetal and neonatal livers and in the Canals of Hering

o ned . _ Dy . . of
depoliop 15} sy T8 ifHkes oY B th 3R cih e
. bei ng capable of formn ture liver cell. 0.,
iradphdn PRRoEY 2 Hetelb et dSas e ialaiRg Ao R iitation &
CK8/ 18+, CK19+, CD133/1+, and are negative for al
CO--hare dasariand predymiwgdapedy/tifium giEniniumpgarneipaser
CD14), mesenchymal cell markers (CD146, VEGFr, CD31)
(Nd:¥AG)f bm certpinesrmbodinéntpatbedaser t0Glscan BldoBAG lasar oradiber
HpSCs have been found to give rise to hepatobl asts and
lasert using BN itripeegfated fibee bplic pablgeas ther gain[rHdia]for the laser 108.
Hepat obl asts (HBs) are bi potent cells found throughout
In cetBfh BALBAFMYAR, 8INJ: St |RRH pReitdis?h bbhtPiih @¥dvafable light

single cells or small aggregates of cells tethered to

i _ I . . .
wave B0 I P oo HISL ek, A Rty
andt g buSRE b Py s Sl ARED S cphB SBaimens,

signi ficant amounts of al pha-fetoprotein and fetal

the lasgrikd4omapssoa solighstate liser gily sertakeempodinaents e ogtal
progenitors, the commtted hepatocytic and biliary

powderatsdinetyodavicg 008z cceptainetal ponslentfiam ar powden stoage €14,
uni potent progenitors of either the hepatocytic or
biliary lineages. Their antigenic profile overlaps
with that of the HBs; however, biliary conmtted
progenitors express CKI 9 but not AFP or ALB, whereas
t he hepatocytic commtted progenitors express AFP and
ALB but not CKI 9. Conmitted biliary progenitors
derive directly fromhepatic stemcells and al so from
hepat obl ast s. 5



[0033] Mesenchymal cells (MCs) include cells at
various |ineage stages of the many different

wore®ensfoysal cell types (listed as the mature BPEI/US2008/007483
and, in parentheses, their precursors): including
stroma ( nmesenchymal stemcells), endothelia
(angi obl asts), stellate cells (stellate cel
precursors), and various henopoietic cells

whicg{?ﬁé?aggié?ﬁrja%eﬁ Rk Mdrbeaki@P34t 161 1R cepain furfherot

f the discussion and exanple? of hepatic
y t . t
emb AT e JadTeahierdan,1 B feitnt net Sachi ngs herein
ondiGedia SrBOdAnts, hesPystee 1O sl & 5 BT seyice ot

teachi ngs herein to the expansion of hepatic
ensuse® §efixygen coptant framainssbelguna fiegt |t19re@59§1. andghthat a wates,
dogs, etc.). Accordingly, the scope of the present
vapor roatent oemams nelondze decond troesileld e pdarget@aregofither s
of any and all mammals. [0035] It is also noted that

comf 1020 e trger sredtintrRidee gt &adt the hbhaopferpdegtregion
in accordance with the instant invention are not

104, :Od'n@' ih Pdélrtfg?l %H\{Bﬁggﬁé@ls%%%get ia?@é‘?ric‘lt%d& R éHW? component

10 oA B B DO S e cpmsemer

.No. 069, 005 and USP Applicati on Nos /487, 318; .
deviem] 18 ot steVarmOaR ToBYaBINeT Be SaHL RA e oHEpRforming
are incorporated herein in their entirety by
regionet @4 aha sate] fogpntHepaeet tha exyasn cantemandpateiapa’s
have characteristic antigenic profiles and can be
contérstchedshd!dsy Pheirmerbfas deame 12dimayehe argany helfom, an argon-
exanpl e, hepatic stemcells and hepatobl asts share

free HHEBHAME, AT¥HAIEN YacSdlirce Rithakelmdrt barrr gh8, 118)@r b9y other
al bum n, CD133/1, and epithelial cell adhesion

eSS LRt 00 REAP S EETRES 3 o
o R PR ST e 0 B oo

_hepat obl asts can bhe distin%uished fromeach ot her by

partigify,gegled Or englased|in @ ¢RMEaNRG my t he hepat obl asts are
10-12 mm), by norphology in cultures (the stemcells _
f dnmemuhsemh@dirpaots(ame;gmt yhreaholdrargoaximuss oxygen gatent in
t he hepatoblasts formcord-1ike structures

the targjet asgeissasbuliyl (Cpadpecimailioal (ppny) rof oxggen.v én certain further
canaliculi), by distinctions in the pattern of

embSHRIHS thB fRét thpEdHld i@@ﬁélﬂ@ﬁﬁ)rﬁﬁ&%%i STHRX8N&%aIsIE oxygen
t hr oughout the hepatic stemcells but is confined to

sl RSB TR AR LS, ot B 4o
e GHT5hoE s S5 550 L BB B, B, 855y Bkt o

neonatal livers, the hepatic stemcells are in_the.
sensiflygttqioxyogn dian athesst altisa meshanical sten farane of sbinethe art,

the hepatobl asts are the dom nant parenchymal cell
consjsigsingdhedaatureD of a specificdirabedinent @nddbe disglesuredereine to

hepatic stemcells are present in the Canals of
detetrainergfirstttaeshsidi-h fortexaatplb lonet of skilkindbeé last matyhdilied 250ppm

the ends of the Canals of Hering. The hepatobl asts

consi st of small nunbers of cells in normal tissue but

found in large nunbers (e.g., nodules) in diseased

livers (e.g., cirrhosis). [0037] The present invention

provi des nethods to control ex vivo mai ntenance of

HpSCs, preferably human HpSCs (hHpSCs), in vitro. Mre

specifically, the inventive nethod enabl es propagati on

of HpSCs (1) without inducing differentiation (i.e.,

self-renewal ); (2)



i nducing differentiation (i.e., "lineage restriction")
of the HpSCs to hepatobl asts; or (3) inducing nore

w0 eooBemisve” differentiation (e.g., into comm PCEUS2008/007483
progenitors) (collectively referred herein a "ex vivo
mai nt enance"). The nmethod is enabled, in part, by the
sel ective use of specific types of nesenchynal feeder
cells used in co-cultures. The invention al so provides

oxygbﬂﬁﬁlth@{ ;;é?al%a aﬁﬁ%ﬂﬁgé‘ﬂ%@ﬁﬂé't BrbsRO iPHeiroBesEyidlds a

cyt oki nes) conponents that alone or in conbination
I 1. 954y
repaf it ipsBficlch cBRORGE ThedfLor TR o IR EREN2S ppld
i,nsol ubl e, fact di s¢ vered r evant o aff
proviges Adeaiere fauthios Wide ands oEIBRD aliGvE anf Gomigonent 102
Three distinct classes of feeders have been identified
applicatiarsepi ng with the three nodes of ex vivo maintenance
outlined above. Co-culture with feeders of endothelia
priacersin emiodimgntsh khees secdndethreshdid meay beplefined as a dew
stellate cells (hHpSTCs) (or, in the alternative,

pomtqemb"éréwe fAHERSFPNK alidwrp6int tethpemithiRr oft B8 EXRagativafifty-
SCs without inducing their differentiation.

e A28 B o
o5 o o S S T 0

differentiate into nature arenchymal cells
powderriciduern eler gepesition meﬁeganddpeﬁem@eraty;e and cpgling rate of
presently believed that the behavior of the cocultures
the lasersiepositionfopedatiom.aln alcompuatentfoe exanhplri (butgvithoudr
devel opment, which is governed by paracrine signals

limitdtioPNWIRSE fisd koM paficAt €02 wilbbe estaed ek ilodationdRa] is not
Matri x chem stry can be relevant to enbryonic

ame’SIE 1O RBRVEnichflingp Ecﬁ&ﬂ’%&gr{hﬁ%rﬁﬂ%én@"l@?twm%pe?é‘@ near

present I nventors have fo at extracellular mtrix

M T e T

mnthout i nduci ng differ |at n better th i sting
comRaii P Joaypsy selse Sussigadatueil B8 cavesrentolia Blf: on
havi serial no. 11/560,049 fil ed Novenber 15/
unexpeg )héhei cogIpesent 182 may teauire higbdusidy and@ ST @isruckre
its entirety by reference-cells cultured on the matrix
with cenydittte misro-parosity andanoddaitre-fusiony ame thereforelthe &irsts
stemcell niche, aggregate to form spheroid-Iike

threshbld/ahd 68808 tHre8Roldfmay Bergdlt viely RAPONent s (e. g.,
| am ni ns) and spread i nto nonol ayers on others (e.qg.,

tﬁﬁ%elrljakn gmbloﬂgﬁ@ﬁts ﬁ%egﬁteﬁ ‘L OPRFH i 8@§§h |Mla§[né;

rx corrponens found 1 n the stemce ni cne

e _si nals r..ne | t
devictoF 2 1) TR STl 5 okSehv’, tﬁﬁ%ﬁn@&rﬁ‘ﬁ%@mw‘*
that is symetric, cell divigsions e daughter cells
beforer@d/eéﬁpf/ IRAP T6Paj SREF AT &4 P@ i magiggdevice 122
cells). [0040] It is further believed that the
may hetstiustured tonviave te nensosfaroing seaien 04 thipugihedfrentyof the
with a unique conbination of matrix conponents which
deviadi 1@2 andatr theagh foousiag toptich é¢not showrdrafrthe daser.08Sone
extracel lular matrix conponents are perm ssive for
hepatic progenitors to undergo expansi on associ at ed
with asymmetric divisions, that is expansion al ong
with some differentiation. Yet others, |located in
regions of the liver tissue in which fully mature
liver cells are found, elicit growh arrest and ful
differentiation of the cells. [0041] Al the feeders
produce nmultiple categories? of matrix conponents and
that include basal adhesi on nol ecules (fibronectin
and/ or lam nin) and several collagens. Fibronectin
proved to be a natrlx conponent that was not expressed



hHpSTCs but was expressed by all other feeders
studied. It was produced at the highest |evels by
wheovans4udi | i cal vein endothelial cells (hUVEGBQT/D81008/007483
the HpSCs do not attach well to it. [0042] So, its
presence in the matrices appears to be irrelevant to
~ the biological responses induced by the feeders. The
feeders that induced self-replication expressed type

I ; S ay i
(o SRR SrbRAASALS the SPEPLO0 gl s 4 PtyESsing subsystem
feeders that ,in ed-l ine restr.icti .
that ng Bt GURtolhd 43 e BRRRFIL 724 hENERE Melngny augeessing
type 1V collagen and lam njn but not type Ill, some .
and iy ewMARLe 2645 o e CeBRURTGI44 furiir (dlades BiashiRS can
(primary cultures replete with activated HpSTCs,
structuredttp foesiormyopsiratians forirepairingsf cosprnany? (5)231 4B contygller
feeders that induced the maxi rumdifferentiation
124 mapbess sihdiendebicgrrsd plarality o distribrted idevived, ahdtmay include
i ncluded high levels of type | and IV, lamnin

deviddsthanE6mirilinicatd VP Rtwark [ HtSIinK, WiRISEs Eamiendrii€in, and
Chondroitin sulfate proteogl'ycan (CS-PG protein was

the IiF(\-.‘.I ﬂ?@értéfﬁ Qﬁbgdi 8 fheiMoRsSt 104k mrﬁﬁﬁightes with various
rver-derived cells and bone marrow derive
nmesench |l stemcells (h . _These two.types,.of
sensPEuaa SN e sxsrt A0DTS bend BF Feailg dRAigh and to
hepat obl asts. Hence, CS-PGs |ikely signal, at |least in
sendgmmangs: Thegammunjgations o tee caftioieicid mayhediredie
stemcell niche is donmi nated by gl ycosam nogl ycans
sighg|8ash asieléctranic,| pnewnatic, sulhydrawic sigralsaer theal ur onans
and these mnimally sul phated CS-PGs coul d, therefore,
comri@hications ety besoftwareor daglink papieetsrsat i on of
signals to the stemcells. As the stemcells are

FC)BZ'\EGS f&%ﬁagﬂémﬁndtrﬂénﬁl ﬂhﬁco%ESMeW s'YePafredtacthetasdy

and proteoglycans wth nore extensive sulfation
' - AL
depof IR Uedioh i\ dhd, AL BirbirelXonitfight s 4 PRRGrhaes il
| i neage, re jction to various differentiated cel
valug el a0 0% i@ TR CORROIRET pEMaTh e HdeX YaE wlbe
observed in hHpSCs pl ated onto STO feeder cells, upon
perfofmiapge indexnypeesompisesatdeastanaola fensile slength value and a
differentiated i nto hepatobl asts and uni pot ent
fatigue pgdoimamce Yalue. ,In centain fustthebiehitndiments, kg sepairad c
progenitors). The STO feeders produced the highest

compdiieeit hasfa peiforasaidelindex value greaitart than D036 of wemew
uni que in producing HS-PGs. [0045] Type | coll agen was

. . s :
com;gﬁe?g ?gﬂ‘%ijméﬁcé iHHEsevdInE. MWevRr! Sihet BBrformance index values

ntiation. The extent of differentiation was
f j 2r dependi ng on whether the cells were -
anacsﬁggﬂ%ﬁgﬁﬁb%%ﬁif or enbedded into the type | collagen
gel . Indeed, cells rphol.ogj cally simlar, t tur
hdpceBE sabRaiEeRisu I Fantidlist d 24 n¢lifes SdnpbeabmpAule. a
the collagen (Fig. 10). This phenonenon is |ikely due
tool pasitipn oguls, redepesitiet corditionpmadule| a tejeperatideal so an
indirect effect via stabilization of HS-PGs by type |
deterouihatigre modul®) 461d/6t gdemmpédatsrenoentraasodile. ditecuseotohodules
sequential changes in matrix conmponents and matri X
emphifsi2sy PieSstidtatrad idependehcé be the agsedts o tid cbihip&fes 124, and
t hrough hepat obl asts and ultimately to mature
parenchymal cells. The invention thus defined can
all ow the propagation of HpSCs in "feeder-free"
cultures. Table 2 provides details on the
extracel lular matrix conponents produced by different

feeders studied.[0047] The scope of the present
i nvention should not be Iimted to any one matri X



conmponent, sol ubl e conponent, or conbination thereof.
In keeping wwth the teachings herein, the present

w0 pooens40eh descri bes and teaches the use of anpCEHOM208$/007483
sol ubl e and insol ubl e conponents and their conbination
in the generation of substrata and nedia that can be
utilized for ex vivo mai ntenance of cells either for
expansion or for differentiation. Wiile nany of these

|IIustFé¥€§)8H8r§r§uH\h 'of%e@é%érﬁﬂr&@dh‘éﬁbﬂft@s dftRe TokEoRér 124,

ins, type IV collagens and/or type |11

Otheggtc#t%gsag Fﬂgtl erthd%,.ﬁﬁré?%@Q #ico ﬁﬁﬁoﬁ?g fﬁﬁ%@iédﬁeﬁntﬂfn the

race &1 Omat onen
fOl#nd in or.in Bg@oabundance in enbryonl c tissues or
scopppf the presant applf [ 0048] Non-1li ni t| ng exanpl es of

enbryoni c matri x conponents include: eC| fic t
cdiigagéman illustratien e adist a@@mngrglgwce 02t uthenEirs shleldlng
including al , a2, a3, a4, a5, a6) and Cbllagens Type

devidd includasi anpartia 'encllosdrewao4 andga flow o inerb@as 20%; The partial
hyal uronans; forns of chondroitin sulfate

encldwaé 20d! reaabss oSy traxisféniai the gbyionssthe eempsent HARred,
d forns of heparan sul fate-PGs or their

comtﬂb¥§ MM FREERY ﬁ&fv ?‘ﬁwe@?gi&; 282 ﬁ{)&\%@s %)ﬁ"tﬁ%%ﬂsc)ontent

Imting exa onent S fOUI’]

belo@%??stttb%éﬂﬁ? %ﬁ& Pw&e? ﬁﬁére%&ﬂ%nﬁt?&% %@g f,j;tplz'ﬂenshold
i Bis pedhuhyon H 3 feqdtelsisBi 40 3” : second

sulfate-PG; and elastins. [0049] In additi o
shielfingglamiseinclusdesra seal@nmcéosgm\mﬁ ansha diow of mert gas 212.
differentiation factors can influence the rate of cell
The sealéd feachisuom 240dEduces ass dranséeri iniihe Fegion aditipd epmploaent
addi tion of serumcan slow growth of the hepatic

102 MPIVMBiAEE wittds grRdient oW eAUee IrRsit gas Ri 2iprovides & dxygen
hepat ocytic fate and, in parallel, cause rapid

cont&ﬁ ?Re ﬂfst'fﬁr%%ﬁﬁm’amw ?ﬁétler Fc)QBZﬁ'l1 %ht@ﬂfbélﬁw PRBsAd

ot el'1a) associate scar tissue formation. The

oo 160 T R R R g e

Pr ef er abl i n_sone errbodl ments, the matri nponen

gas 12 9dued ThahBintA RS GRIY) B0 MRTED B A IR L faRTEMents.
serumfree nmedium A serumfree nedia was devel oped
priawinelembodimeniptiesshialdingdeviee 1298tis asraled enslosure g0
in U S Patent Application No. 09/678,953, the

filled dvithch fisstrieert igashan loxygen scavergertsedhies 2izeolite axygen
entirety. [0051] The present inventors have found that

adsol'tSErG(hb?EiKan)lthbt tétaoled tragd %x;ygéh &ond the Bédlieti@ntlosure 210,
factor (LIF) pronoted colony formation of rat hepatic

anct B RG4S i cvis | o iy BRI BecEibRiot oo
212 MH ) e 08 S STEEY S AR o e

progenitor cells in vitro. EG- reduced cqgo Y,
enC'QSM@ra@”%H‘ LPXYIRN $RAYSNIST IAYSTEHAVE PEYASIsiERMdbe sfyFlosure
formation of diploid adult rat hepatocytes but with
210 andhpeadedicaly reganesate: (egrheatingpatrelepse adspdoedaxygen)@nd

of biliary epithelia. As well, TG--Dbl increased col ony
vent trapped oxygdenragayofromtthe eneldsureVadn. grown atop STO

feeders, but inhibited growh of Hep& cells on

plastic. [ 0052] Co-culture of hHpSCs and STO feeder

cell s induced hi gher expression of several human and

nouse cytokines including in majority the inflammtory

signal s and sone factors

9



known to be hepatic growmh stimulating. Interleukin-4

(IL-4) is one of the inflammtory cytokines that
web@saseds dramatically in the co-cul ture. ThesECEHOS2008/007483

ot her soluble factors are discussed with greater

detail herein. [0053] Wthout being held to or bound

by theory, it is presently believed that the matrix

conponents and sol ubl e conponents of the present

'aﬂn/‘%%trdagf ?H{b‘b\diirﬁénf@We ﬁfst‘irgﬁ?'t §44 Wct@es &igdn' dR1/8F hekum,

ferentiation signals™generally provided by
and R GRpnEAEa e bR TR On SsPURTE BB Bidscons
inert 36 aReY BE 25800 RBOTRI I T B SRIAPE OfesB et 2s may

Enbodi ments of the instant invention will now be
depeamgsparbeestignd eiies commmenciaticonsigeeatians, asd fergrmay depend
Kubota's Medium (KM [0055] All cultures were put into
uponiiile reeat ¢ransfdrreharaetdristicy oh¢actsinettrgas)ianed espeedlly the heat

tailored for hepatic progenitors. The nedia is

transt@setdrBe@ristics bPthecsddticEinel.gas PHE fhakt bivpd HRéétiyoon the
havi ng serial no. 09/679,663 filed Cct. 03, 2000, the

; . U9re Cod herein iniy
com&r%{t%;ﬁﬁggé%%lmbﬁ%réé i ncorporated herein inits

entiret erence. Sourcing of cell lines [0056]
hNECs re optaine om. 6- - 0l. l,e f g
nuvEcRC S po iR £ i e iR ot By, H¥ira shietding
(University of rth Carolina; Chapel H |Il, NO. A, 6 .

devicg BRILASS HiAchReL RB9gHG Seuks 246 TRelIpehlizedbadsing slevice
was prepared from STO cells obtained fromthe ATCC

216 soluces mpsst transfenin thegiegionsefiibe[wosmneani i and, slombined
livers, 16-20 weeks gestational age, were obtained

with §ufficiepd lewasfdhBiinerd gas &1 8REsvides e (AN Qntent below the first
Francisco, California). Isolation and cul ture of

thredhoRBSSd BORSERT vBBRBoAEhabelow BieSseond thfeuRidethawuse of a
not ed, supra. Freshly isolated parenchymal cells were

ocaRER A B R il BEaRR ApURl o i Rdilea o
) uIt_ures of hunan fet al Iiveir-derived c?lls at a _
maingain the, Xyger AN WAISE Ve CHtPRl BRI el s were i n

KM pl us 2% FBS overni ght and then sw tched hﬂﬂ KM ;
t g ed g aschematie nleck diagramaf aseoniralled 124 i sentipller 124
col oni es of hHpSCs surrounded by angi obl asts and
inclutiep 8Tteoppatbumedule 302struetueechist interprat deposiierpdevicedaol
of feeders [0059] All stocks of nmesenchynal feeders
path\894e The tool pdthomodluld 802 nyaisterpretitbe idepbsifiohidsviaed tool path
Gowth Medium (EGW2) (Canbrex, Wal kersville, ND)

| ' ' 58 ERAMK, I9NBoKi
304 4 €l blod Paupob rersepniagcamyidane seathy, tyeckng

oo GETo B BV S o bkl 15 o

and then switched fo KMfor use in co-cultures with.
304 Gagsd F Seledestornd BreomrBimiafed Raatistis oF i dfbhsiton
onto tissue culture dishes with DVEM plus 1% . _
devigmtoohpath 3e4 ingludas? plylality, of ipah Rassest306, Rddenasitiomvgevice
FBS.
velocity specification 308, a laser power specification 310, and/or a specified

delay time 312 between each of the plurality of tool passes 306.
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Purified preparations of HpSTCs fromadult rat and

adult human livers were prepared by Dr. Yi Wi Rong.
wabmsaseeks of feeders were cultured on plasti BCHOS20081007483

KM + 5% FBS. ST feeders were cloned from STO cell's

obtai ned fromthe ATCC and were tested for their

ef fi cacy on rodent hepatic progenitors. Frozen stocks

of STO6 were thawed and grown in KMto which 5% fetal

bqui ' d it t4] '

CSI?‘- tdé‘?ta?r'? Eﬂﬂﬁ%ﬁeﬁ%éﬁgﬁ d?&%ltl&‘i Bedice C}bﬁgpée’thcﬁ/‘in@l%fu\des at

ures o uman I ver-derive S
'eastﬁﬁbhfd;a b‘e%%és%ﬁﬁj@i% ?%%V {f%‘ﬁéﬁiﬁway%}n%%ﬁi%ﬂgﬂ%ﬁkﬁ%ﬁe@e
comRaraigPons Q31 By UTes SIRREIETIG. ACH GATRERY DG pass 306

excess enzynes, the cells were put through three
overlaparadgrevious tonl passebly at least 80%at The useeixnylfipledioobpasses
m nutes. The supernatant was coll ected and resuspended
306 inreddPMiepdsitich layes, corhisined withLotheMfeatlibésoof thbideposition
and 0.1% BSA. The cells were then plated onto culture
operBlig¥d dEsctbed RerkM, TORBIRAB RS fSinihg thd Q¥ &P midiestructure in
mesenchymal cells attached within mnutes to hours and
[ 0 0 lagalgl
the g G ATSLICRE ML ol (HPecThb @AY o 267 BEeSEBR, 17 Efdin
of. deirrip] CD146 and odyA .L{DR+ o CD3 1+ cella Were
embodiglelta.dhe rERAY FEST Bl deppQfion Biqets QL F¥RE;XTEeHS the
_ma?neti,cal ly activated cell sorting. (MACS) system
physigal spesifipatiansnef thahaserrampongnt 1dzu dclygjog t?'@ﬂel strength and
Sci ences, Canton, MA), goat anti-nouse |1gG coupled to
weanldgneti ¢ m crobeads or usi ng nonocl onal anti-hunman
CD31 nouse 1 g3 conjugated to magnetic m crobeads.
Pl iatdenairtl enbodiménts, eRdorapdnEhBB162 elelstedrate2BeEposition
cells/cn2. Feeders depleted of stromal cells were

at a SHERA0H P¥alP IR Y9581 & MiddMunPExpésteaBRsEJoats For
nonocl onal "anti-human fi brobl ast nouse | g&Ra

J C . C . .
exarfiiR 3% ErpBoBRRLF: e Bk R HFLAS i EnE uting engine
). The plating,density for fibroblast-d e "

may be snsraeatat % ePTU TGRSR CBEE cerTSaRad St OFF Bfje maximum

Matri x Substrata [0060] The preparation of matrix . :
expestaskstregsalopdron theblisko- whichuipdypisabergipes dll bg an eperating

pat ent application having serial no. 11/560,049 filed
pointNbatsigaificabtly 2R66eds HeYdoftbeaatadtusibinatengine power.

i ncorporated herein in its entirety by reference.

[ QR&krtaim furthes Gnibodifricpts epérfornisanmdek (8 gejermased for the
coated onto di shes at concentrations of 0.5, 1.0, or 2

com;{@;r(érﬁ?l 02Nshd/Befor %ea’éz%c?éiti Z&ifbdnCoftHe Cofnpdrit A2l arReidposit

mnin (S gma, L20 was coated onto di shes at

ner .| .
coupfiigg ket Siadted yfihg ndgfPogRitn Hoefdlich dnd LABGF e
repar.ed on dishes at 1 of 5 different protein
sam® GRRgHoNs aRde dEpostion opergtion. wire Tk oGS <hyponspay be
Matri x conmponents were added in acidic buffers to the
testedifonaperfonmange indexalierthes@eair: d he vsrAf 8 @epogit coupon
10- hour period at 37C and 5% CO2. After 10 hours, the
allowdi & befomparce estimbte efitheyrepdired cadipanent 108rwithdus subjecting
and then rinsed 3X with PBS. Collagen Il (Signmg,
C-351 1) was forned with pH 3 acetic acid and Col | agen
IV (Sigma, C5533) with 0.5M acetic acid.

11



[0064] Col | agen, type | : Vitrogen 100 (Cohesion

Technol ogies, Palo Alto, CA) was nodified into liquid
wa@oloBasws t ype-1 by addi ng specific ratios of ROKRUSNESA07483

and 0. 1M NaOH. Because air bubbl es can make gels

unstabl e, the formation of air bubble formations was

prevented. The collagen | was used both for nonol ayers

of cells or as a "sandwi ch" to enbed cells between two

the Céo nen®h02ab 'vé"&‘r_rbdr ddsge iR Pleatest, arefl allewd mopd Acr:gmplete

agen I : Liquid collagen I was maintained at

Dl . ' Lyt : j Il of a
tes“@ (N%MQI"&P g#%ﬁﬁé\ﬂéeiﬁggggtoﬁl%g d%'ﬁ%&cg agﬁe/'\ﬁ was gel | ed
at. 37C and 5% CO2 for, 1-hqur. [006 Sandwi ch .. .
(nisedasembadyenisre Pedpiiales BB R AHREIPHLR veen
| ayers of collagen. After a 10-hour perjod for cell o
representativeseftthponppnant d024ensile steengthwiatiguesapability, gimilar
a second 0.4 m |ayer of collagen | added. The system
charaeterizatiowefitheccareporent3ii2 as dpéegifie@Dforftbe applioation.oln certain
solidify the top collagen | ayer. | munohi stochem stry

emb&dimfEME 1t Redstbirfinedogeéthed thes pélférnedritelinaer foethe! component
liver-derived feeder cells [0067] After 1-2 weeks of

102 EMldedsS géﬁb}n%ar‘(\?é fhrESQE, WhiRe the Pk Srhesne f%édmgﬁd 4

I mmunost al ni ng. A anti bodi es used were as fo

v AL S A B, e
e T T EEC AN TN T A N

San Jose, CA), anti-human aSMA nouse | g&xa, anti-hunan
repairggheompesenia@nd thewrsrfargancedhtesheichenay g a valye of 70% of

col  agen nouse I1gd, anti-human | am nin nouse |1gQd, _
the temdile-stremngih of &i revelyirhanefaptuoéd cgnpoaentroDepehdivg upon the

(Sigma, St. Louis, MD, anti-hunman fibronectin nouse

applibSﬁ%n,(t@‘ifé@t%‘ﬁrﬁaﬁ@é%ﬁfe%holﬁm@yﬁégre%ﬁlhbﬁ%ouh@b% of a new

rabbit anti-human type IV collagen IgG (Research
r?ﬁ% | ; anders, NJ), rat anti-human
com per e?§ﬁ°f@&‘2§§d’l%§!'w sion, Frenmont, CA), rabbit

)
anti - human AFEP. | d- 1 nvi t r,oaen, So .
i cePe rBaimdis: i Fisneshied HEHER velit Spiftfhcation 308
- Sciences, Canton, MA), Al exa Flugr 48 oat _
the Iminomeﬁstﬁnecﬁ@aﬂom%z@aapﬁ d_ﬁ@ see@'ga%a*@?aaﬂvmer%"@oﬂe 1 9G,

Al exa Fluor 568 goat antinouse |Igd and Al exa Fl uor
configg@dgysuch that therdepesitefaretlvnatecial egols at a cooling rate between
Probes-1 nvitrogen, Eugene, OR). Quantitative Real -Tine
a lowPEddIngOG%e 3Tataald RNyhesolimgtnate 8¢8. Mhensandinggatesoftipe

RNeasy(r) Mni (Q agen, Valencia, CA). The extracted

depoShéd WasteFiBPand B¥EpRBehea bt tdkosUmpiirities fne!ghs&s
Superscript(r) 11" RT (Invitrogen, Carl sbad, ) .

surrd?)‘ﬁﬁ'ingfﬂéed%d&'ﬁ?dﬁ B%éﬁé%oﬁ%te‘émngef@é ﬂﬁgﬁﬁi\iéfﬁ!-giﬂlcture of the

sequence spgecitic priners and probes shown in the
Tabl e 3 bel ow, and,anal vzed byt Bl Pri 7Q00. .

repaly GEMPONBB ol Dot Bao TR 1B BvalApoTale! isiq-gorosity
Cty, CA USA). Ribosonal RNAqg18S) from ,achcell )

and/erithe deyelepyeantef @ graip Aaundaht #lha Phirse ipflsais@ cesling rte
level s relative to 18S were determ ned and the fold

that istao digh andier the presanse afdmpyrities dmpoctieswande detected
Primers used are tabled bel ow "Native" feeder cells

directip andHEBGHerE6DE efindsatied dassacatss ohMptRfated ettt removal.
Vivo on tissue culture plastic in KM when the
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cells were in the presence of angi obl asts (VEGFR2+,
CD31+, CD133/1+, CDI 17+) and qui escent hHpSTCs

w@ gog4sokow, desm n and oSMA) (Figs. 1-3). Colpei/Es2008/007483
hHpSCs consisted of cells tightly bound to each ot her
on their lateral borders but with m ninmal attachnent
to the culture dish e se. However, at the perineter of
the colonies, the site at which the angioblasts cells

The 463l gnr%?@kﬁﬁ ’bet%uﬁgeiﬁlcﬁﬁ@ﬁgsen%eﬁgév@r $Pecifibafon 310,

attachnent was ei't conmpani on

(
the shEpiTeiudl tmecfiZ e 3RpBSIRh RYRRS Qaab st Sb.

cells us . nodel the "native" feeders [0070]

and/ef:the ke (f‘%'ré‘?g'v@fy EHBr3¢fni ¢ nesenchymal cells, either
primary cultures or cell lines, were prepared as
mobfe €0Qiing' ke dueng tee depesition glepeadgiupendbe depogition
HpSTCs). hHpSCs were -cultured on these feeder cells in

devidéWeldbity, ¢helaseripowey ditiped,uthe deday imenbetwveesndeal passesa306,
stave off spontaneous differentiation of hHpSCs,

the abRRE aﬁméwémbsﬁémrrﬁafeemu td absadt tpedadsonuseatilived @lg.
survival. To overcone this technical hurdle, the

tltan|BW§€%Brbh NF 501%'5 én@@@(ﬁw?r@ﬁ{@ cémé 8§ h'}’d’fﬁé d§e9§§éd

Um suc sup mant serum

s ch n 0. Serum
'aserﬁ ] B ticPRangr e Hmt?m'é{m%%féaaﬂef@' Bkg® L%&ég Slowly
[0Q71] V\hen mai ntained in serumfree nmedi um
and qacls dowRJaere siputY- f TimaoRisolR! the lasss awerutiize ‘g§?ﬂd>e
| ow | evel s of CD146, desmi n and aSMA. Upon exposure to
eithes byLmqilrerziMrpovee/recmramalndwe(gL 18 Wattep padier o oy utilizing a
days, resulted in activation of the hHpSTCs as
pulseviidtmedulatech(RINM)dastrs Bdr éXdivple, dbene a laser les\Vé 350 Watt
(Fig. 4). Exposure to serum al so i nduced prinary

base%vt/éﬂéﬁd 975 Vehtd atd Méédé@lé PWMIIdutiTey BIRsET 5804 o Eaks @ net
i.e., KDR+ or CD31+ cells, discussed hereinbelow, to

f t HpSTCs. [0072] Feeder cell [lines
p°w‘$e‘;sft1e %lrﬁg&’ﬁ iAhgus g. 5A) hUVECs (Fig. 5B), and

rine enbr lc stro ceIJ ©) fte ed .for
lhieRB T BimbaR e tisC AR ashecial i emtsdthits wRF Frfed
were prepared fromcell suspensions of 16-20 vveek ol d
companants AetdAr whesemateyiaj paiygfdhe compenent 1Pd is 'mportant the
expressing KDR (a.k.a. flk-1/VEGFR2) or CD31 (a.Kk.
depobiticAMevies 102 dioes nedinaledmarcoppen chilgdt ns\asrrmhtanwgl step for
fibroblasts thereby reducing or elimnatingstronal
one éfadKilbinheearsd emitesl thy aVAilable \¥avhmeters én fighoofithe fixed
0.5% and 1% KDR+ and CD31+ cells, respectively. These

pararh@f@f@%ﬁﬁﬂ tﬁé%ﬁ%l@@t%' RerefSF&f e%?hbfé R Sorﬁbbhéﬁﬁt‘ﬁldk'hess is

medi um [0073] I mmunosel ected KDR+ cells changed
geneﬁ%B} ﬁt%)t?/aoggr(\:taﬂatbll‘é ﬁarérﬂ?t}eg Z)ﬁicég% tl‘(@@gmgbhgnf%i design is’

. ts_or endot hel ells ( B

typicdfig il nRE BRoSISAN, SPECHgd RIS edi%ﬁ&f te%ﬁd%wfg%&?i path 304
I ndeed, the cultures were confluent at 11 days,

is defasaynes. Biailary, the fnecoidaset and CPB\POQSM\maéerr'\%lr ﬂ@‘i’ tlﬁemefore
hHpSTCs and negative for vWF, an intracellular marker

the absorptiodoraeffiGient, a‘:setypi;:aalyisg@ciﬁsa kefdre-therde@sitiomidegice tool
Even if the cell suspension was negatively

path 804ds deteatrged.0o el i m nate stroma prior to plating, the
same phenonenon was observed (Figs. 5CGE and G.
[0074] CD31+ cells appeared as cobbl estone-like cells
i n norphol ogy for the first five days
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in culture and were positive VW, indicating that the
cells were endothelial cells. After 5-7 days of
W@ osus®45 however, hepatic stellate cells (strpeigyUg2008/007483
expressi ng oSMA and desm n) dom nated the dish and
qui ckly reached confiuency by day 9-10. The results
demonstrate that EGW 2, though specifically designed
for endothelial cells is neverthel ess perni ssive for

Oufrﬂ{%‘é%g pBlve? 'éﬂézﬁéatl&\"@%%ﬁgrtt g@g?l% cP{n RBUGAR, %%HS

renal as stem cel ation an

enj f.h cul,ture and
cnangg BTG dreehoRs brse oo I sxanile of HaPhEred e el
i obl asts and qU| scent, HaSTCs resulted in cell
repraSERtaNE i MRSIANY % Visegibya demarTalire seRsAr 126 Gafer to
Fig. 3). The hHpSC col oni es can be seen 2 weeks after
Fig. $). alhergepasitian sleviss toolpathci04umay| becpalemated befara operations
9 and CLDN-3 and negative for AFP. hHpSCs cultured in
begifVhay headetprridedGet leastparti@iyinfettdach-aekdHearntropdiratian v
after .sorting also nmaintai ned hHpSCs as stemcells

wheré"—érgopgr%lor\’\édﬂlrcﬂé‘ tﬁ’é‘&éﬁ@ﬂh@n Beeick! T20hraddith %}QMT path to
-, AFP-, CLDN 3+. hHpSCs cul tured on feeder

e f°“é%§?%ﬁ“ﬁ%¢@°ﬁ5ﬁﬂa@@s“ﬁi"ﬁpé e P2 b e

Cs ,caused ra transitio
spatif] Basecns & 2 5P S0tA s hu8fed HonettBn didted s,
ei ther hMSCs; primary humanfetal Ilver stroma cells;
meagirefRaameters qur radwcaﬁétﬁors@wﬁﬁoea |'s depl eted of
fibroblasts; primary KDR+ cells; or prinmary CD31+
ceThescantsalleri@dsin cernain erobedipentslinsludeats tool position
than a week in culture. After 8-9 days of co-culture
moduiet320athat 0bntrbiethe fpesifionsactudterdiépatin cegpargertotthe deposition
col ony norphol ogy consisted of cord-1ike structures

dev.de%%! PR 364 W Ebrtsih@hbEdiAEMed the 66! pUITAHTRIdIUR 320

liary canaliculi (Figs. 7 and 8) and with an

mter;ﬂ%}ﬁ\/g%ﬂ @%%&bélﬁgh%@\lfﬁ% b&ﬁtic?'f g?g?a\'ié\g r8§fd%ﬁ ﬁ%%%actuator
comgBgiaSn0 Sk c@iﬁ@eﬁ3'Z?ﬁ“aﬁﬁ?b%@q%éf“éaism'ﬁownditions

eval uated by bright field (Figs. 7 and 8) possi
modulg 322AhgY Cﬁmf?'ﬁpﬁ poydeedelivery é%tﬂ F4an arlaa%rcm%wleﬁ 326
of extracellular matrix. hHpSCs plated onto STO
in resporserte the@ieppsition desicketoalpath 364 andrthe slepositiog device
the maximum differentiation proved to be STO feeders.
positlrd¥& pl ated onto these feeders significantly slowed
their growth and then gave rise to hepatoblasts and
C B xlaftble! PREdS S Sittor! HEVILE T&IW#%OQ%W%PEQ Hivaiable

Cene expression of matrix nolecul es by the ers

s e ST S BTSSR €

e ( EC cel | differentiatign t "
condﬁ@aam%%'&@%WH%@@W felgreroiusr vallh) ShaB position
cells_and CD31+ celhb% or lead to nore
328 mﬂlegdodm depesiticatdeyicedionhpaie3ddpln eeYainfughehway
(fetal liver-derived endothelia cultured for nore than
embedimenits, thetdepasitiopattvice velogitpspecificationnBd8 mayHiewdse vary
: were the dom nant cell population). Using real tine
alond®@fength ofale ftoolnrhsisIBO6. f Fbrtiosre tHe laseRpAwen valliend26 bad the
type | nodule of the fibronectin nolecule was the
hi ghest - expressed nmatri x conponent anong the three
feeders assayed, especially in hUVECs (Fig. 9). The
hUVEC f eeders, supportive of

14



mai nt enance of the hHpSC phenot ype produced col | agen
type IV, lamnin (o4, /31 and | chains), and little or
wo0sns40apen types | and 11, lam nin chain i sBEDUAR08/007483

ot her than those aforenentioned, or proteoglycan core

proteins. Those that induced |lineage restriction to

hepat obl asts (human fetal |iver-derived oSMA+

fibroblast-like and CD3 1+ cells) produced type I, |11
depoemn'c}é\ﬁéé {/é\laerﬂy spa&itieatior 868 may Vary fR% da@ttoepbés?éasoe toa

V, other lamnin chains or "any of

'aterﬁioﬂtp%%g @g@as@&ggg%@s 2 '%%3%%“%%%%32%%%@?%@0
r|x nD ec the f ede S

many 9ENEES 'yv%%SELPPWP}&JH'%:S%@@“& than
feedersfor 7d|fferent matri x nol ecules: type I, 111

50 Watts will preyide geifficientpnawenfor deee@h@r@@smesgﬁaeﬁe hacarain
sul fate proteoglycans (HS-PG (i.e., perlecan and

embadimeads ithe daserclidnasoa tnawerldtﬁmtd)qu393cajiqm afdVatts and
(CS-PG. Al feeders produced a m x of extracellul ar

aboufRIOJOWERIsE Blthésgh ht?hetr Raldeawaay bearttized o ceaainl
matri x nol ecul e production were found in prinary

embcﬁcﬁbﬁfﬁ =S rfé?ﬁélﬁ'feﬁﬁéséhsegﬂéﬁg 'a"’\aséphb\&ﬁfgﬁlﬁﬁ gggﬁﬁ_}i&below

Ine or primary cultures |
en culture selected. The highest |evel of matrix

abouﬁgﬁggﬁﬁﬁg wer e produced by STO cells. The

basal adhesi on pol ecul. e, fibron s found in all

o in CREaTLEmEP RRRIowINE CEDIRT d Redredes e Tssetird

STO cells. Interestingly, collagen tchoe 11 was found
detergsipatiess gubde p32Ahatiaterprats thevdepesited majgrial repiegentative

ot her feeders by RT-PCR [0080] Wthout being held to
tempeatulo8n8. OThettbmpeyatundidefermimatidramodules882 jriterpretsothe

when cultured on an extracellular matri x contai ni ng

depo&@écﬂ'ﬁmélénél%@b?éébﬁwt‘i\ié iemh@eratuie A8 B Ebddifg atvadge fridm a
agen CS- PG and no -PGs. Matrices that induce

sens{) ee‘}%‘"g%gt\)a% r8£§m§/'98tﬁ?g§té§@vﬁy et }? no 04

electg%uq[,%n'a agg aI ? {a'gle Cg\gd Oﬁ aﬂ%ﬁ]@ténq ﬁbe ﬁ%@?sqped materlal
strlk,lng{ dlfferentlatlon i.e., beyond the
repregeptatygitagweraiug é) 8élt@é'”EaQIBe%\Pinamet?F%aw{%h'@('" the system
conponents nentioned but |evels higher than observed
100. anong ot her feeders. These matrices, however, were.
uni que in containing HS-PGS (Fig. 11). Effects of
puthef depbgitedrmateral espregsntativé phipsratares8$8 may be any
hepat obl asts [0081] hHpSCs were cultured in KM and on

temp@aflrelin th@%yfsférh aqWoNHdieatiVe o tHY e drature UTRRE @BpSsited
coated onto plastic dishes: fibronectin, |lamnin and

oo POl S o
102'{1 P%?ﬁé”na'ﬂg' B hPales ergégf@@é%ﬂ%m' Refiniaty The' '

pl ated on a surface of type | caollagen gel (Fig. 10).
depowm malgdaldearesantativestenperatyra 48, mﬁM@qm%%tysbe correlated
differentiated the nost, with the norphol ogy and
to theanoolipgniate of ta depasitechmateriab i for exarpithaimgherpaakof
mat ur e hepat ocytes. [0082] Matrix conponents within
temptlgtureegénenalipipravides artiigher ¢dutingi rate,'ahdsthersouding ratecdifethe
are distinct fromthose found in association wth the
mat ure parenchynmal cells and elicit distinct
bi ol ogi cal responses from purified subpopul ati ons of
human hepatic stenf progenitor cells. These differences
are likely to provide diverse signals that nodify cell
responses and activate 15



dynam c expressions. By determ ning how distinct

cl asses of extracellular matrix conponents induce in
woRws/1sMds i n vitro cell activities, mcroenvi rpCrEs1088/007483

can be reproduced in vitro to expand and differentiate

HpSC popul ations for the replacenent or repopul ation

of diseased tissues. [0083] In addition to matrix

proteins, feeder cells are thought to provide sol uble

depdsited ‘?ﬁaQ‘tefls &ayﬁé’%ﬁéﬁ!}ﬁﬁ oothé1 dedbhek Haﬂﬂ@tutﬁiﬁﬁg the

essenti a pro Iferation,

depq%i{%{i S &%&%T%%T\k% %B@”é&#ﬁé

R OF COVPONENTS Cr oss Ref rence The
cooligspiech e FenOSItRY AT BLEN e CATRRILG e disosRat apterial
Application No. 60/934, 257, filed June 12, 2007, which
representatiierteoparatura 18 by afunatios; erleekuprtabie baged pnseyeral
The technical field relates generally to repair of
sampletdata poirtsy érstheowy hsintlap anethods antgrstbod imtite art.
exclusively, repair of titaniumparts of a gas turbine

engideftaiPRMHEr @msodiRfente RAE cofifroliér F2Y IHBlukRYs & temperature
t hrough | aser deposition, such as netal powder

contr%?ﬂﬂﬁidlé 984 that lhﬂé?%tg % '?%&ﬂ'hger ’Y@% ﬁ@ﬁ%ollng rate

repair processes S romse dra

Curr nt | i labl e sse not eve
315, G RE Sod e e, 866 23ETafFdng st BiEL g 12
repaired part area maj ntains the tensile strength an
responYs tube tedrmaterial representabvey F%PPWM?%@PG#B% low
part. Anong the issues with current repair processes,
coolingeaier Yt end @ highalogtingirateopthr. oot §xamplenthe tsmiunoetilon
. area, fail to develop sufficient mcro-fusion with the
modelelBA0 mag isdue pesitien mcheatdr, camrhanasr3Bluvededreasalthe velocity
peaks and gradients in the nearby part during repair

of thé ié!éf;o@'u'tlﬁh Hevitd 162 I?ﬁféspbh§€ t®thd Beposia matkri MesreeBhtative
in the area surrounding the repal r. The drawbacks in

temp;egétp?é‘gw |ﬁ(¥|?é r‘?gﬁk tﬁﬁ@ﬂbé&ﬁl ﬁél%o@ﬂﬁ kg iarly

e1n are n to conveni ent

in t hat,. opera narthe ecte g
apprpaing ihe RisnSRInGERlg 875 TapeliaD f@ﬁﬁseem ot the
failure if the part _fails unexpectedly. Accordin
deposmnecqr@téprweweﬁalq 322 captrelsrthe pomsies dlefivaryirate ﬁgﬁ and/or
area of technol ogy. Summary One enbodi ment i s a uni que
the lases owartvalluel 886 3n résponsedodbe deppsided sraterialrepresentative
i ncl ude uni que net hods, systens, and apparatus to
tempeegtare 31 8 tamal thmIGWdedlihgniamm hny actigh@oetihg rateLd tSeFor
enbodi nents, forns, objects, features, advantages,

exanﬁ’pﬂ@ eﬁbsde;%%‘ﬁld?\eé@ﬁd itién$ hﬁ‘idul@%@ e PP S A5 ther gwdére

1 ow ng description and draw ngs.’Brief Description

deuvgrysﬂyagcg %\Norf&sred'uge e ol r@%@%ﬁdé 3bg wﬁé@%egg\%e

or repail UWIConponen

indicgﬁné il’lla'ﬁ %telpgglté)c]; maténarllséoo'?ng ra% |s%pproac§:n|ng the high cooling

rate 315.
Fig. 4 is an illustration 400 of a component thickness 406 and laser power

value 310 associated with an axial position 410 of a non-conforming area 104.
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Fig. 2Bis an illustration of a second shielding

device. Fig. 2Cis an illustration of a third
wa@bioshisiomy device. Fig. 3 is a schematic bl ockPdi/ag0881007483
of a controller. Fig. 4 is an illustration of a

- conponent thickness and | aser power val ue associ ated
Wi th an axial position of a non-conform ng area. Fig.
5is a schematic flow chart diagramillustrating a

The ﬁéﬁ%&fi‘b’ﬁ Belice tbﬁpﬁ’éthim Mal/igréhidey @ggggaﬁe} valed. 6

schematic fl'ow chart di'agram rating
soecRBBRb O Ep RE 24 lr, BBl RSP 0 Biue 26

rinciples of. the .inv ion, reference wll. now be
as a o P ALK AbBI M A4 0 NI e AP SO R RENABAEAGIO4. The
and specific |anguage will be used to describe the,
non-gamferming aveal 10kinstudes! & §est igxial gad i arsgecond axial end
limtation of the scope of the invention is thereby
404, iwitrevalads farithe laddérqyaweroraluaB3@6fspectied thoalighowht iTbedaser
inthe illustrated device, and such further :
powetPRliiE 8pbéMsatiin 81 niy BE iah¢rhinal sﬁ@@ﬁtéti&nfddfust@@ by the
illustrated therein being contenplated as would
2 . .
temp'é‘?é@ﬁ% E¥n§’<9r°‘r‘2'6 fe%d%%lﬁlés#é'{ ekgﬁwglé‘. rhe tﬁi.rcknéﬁ “ieudes

I nv Ion rel ates. schematic | ustration

of ,a. tem1 for repailfi [ tan C one T
shoug & AFHER360 o2 Pewele e Moot b R i g e
The conponent 102 nmay be nade out of titanium a _
varytthlrpaah%apnogﬁznf%malaerfﬁg'qnnﬁum%gﬁﬁ NGRS CYFVefRG may
materials including titanium In one exanple, the
vary otipeaaimsubisgziuest depositied lajies Knot' shaven)'gs rdeuissefdhe

in a turbine engine. In certain enbodi nents, the
built-eprgumsmrient 022 ¢iedngdes a non-conform ng regi on 104.
The non-conform ng region 104 may be a danaged region,.

a iy ss 18 Wehehidtie fione8h i digyrafollastratinidia prédediae $00 for
speCification relative to the original manufacture of

repafsi# B Sonhtierf a2y 1% pR2e8lrd 760 i idudton ¥peration
of the copponent 102 is a lager netal deposition

502 & Rigv e IR ST AY SBMBRNERY | iy protsdyre 500
material additign for any purpose is, also ,conéanj at ed

furthgeingludesaorgratiemta providedassa dapostigadeyvice ddé. The
deposition device 106. Refer to the U S. Patent

procégyriei 5240 fusthee indludesian Speratinradb tepravide arshigldipgrpaans.
materi al addition,” filed on June 9, 2008 and

The prozedpas 808 dudtheriatiadesan daration 508rtoalepesi mpinetalipoavder
deposition device usable in certain enbodi nents of the

on thef &5BPénéittly &érafing o Iaséteﬂéﬁ%égti@rﬂ’@@dibgemzsalohb%1 tool path

device 106 i'ncludes a | aser 108, a netal powder

del i ver e 0 iti . .
304. e ftibeciions, tnEPodiie 80dckuey ahiorbtgint 81p o
dete D814, 58RI TS r S PR PR 10 TRE ERORI ¢ i on

device 106 relative to the conponent 102. For exanpl e,
perfarmansedndex rangcan aperatiom14tneerppare the performance index to

the performance threshold.
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the position of the deposition device 106 by noving

t he deposition device 106, by noving the conponent
waomg/1std¥ or by novi ng anot her object (not shorel/Us1va8/007483

controls the position of the deposition device 106

and/ or the conponent 102. The | aser deposition device

106 may utilize netal powder, netal wire, neta

ri bbon, and/or integral netal with the conmponent 102

as |§‘ é?seg s@ﬁéﬁgdél@'ﬂoﬁlpﬁhé’ﬁ BRRIrainSlustidting é‘ﬁ%bﬁﬂiﬁﬁlg process

i ncfudes any er wmth a sufficient power
000 4 PR {44 T PIARs iR o, 581k P10 reroret

neodym um d rium al um ni.um gar net ser .
depasR@mARYCE (o) Bett 3P ARTPRRIALST GRS ISP e Gelopscapfing
Nd: YAG | aser or a fiber |aser using an inpregnated
rate 314and@phigh cngling rate 3He The ProgassbIdfurthes inglydes aps.
In certain enbodi nents, a Nd: YAG | aser produces a beam
operatidrh606 tairmerdveta Idiepbtsitemmtemnytrbpfe:senmmei teghperature B3h8.
(and/or alloys) powder, reducing the conplexity and

The proiRESY 600 fitRefineludesedr ¢ b?ér%\lﬂ@bl 608 tbrtﬁarﬁmbegmbaqactuators
certain enbodi nents, the | aser 104 nay be a sol

112, gd P&ﬁtrélaaq QBWdEP d%%érg | D554 41 t% cd %se?%% r value

Ivery device ccepts met a

s20 SR8 el B A A, @% Htbgen

carrier gas 116 is helium |n certain enbodingents, the
and & Dighe¢eralhg '"laF%%ée@,”%t%fr@'tmgﬁo‘ﬂé@m@@?th'é? 3g§sur es an
oxygen content remains below a first threshold and
t Hfs iszevidendifrompbe figuraseand textpresenied @hovesayerigty of
threshold in a target area of the conponent 102. The
embdédinmgsits acesrdingtoithespretehicaséntidreareocortenfpdatetng
region 104, and in certain enbodinents the target area

| ¢ hedREd i98iseisetSna0aRestratiés foWép@hh@' #led@ponent.

device, I1n certain enbodlnents i ncludes an inert gas

The AEHIEME %Sw’%fgns%&n Y fchudifg Jnfeoamﬁ%.gﬂ%ﬁd a

gas source € nori-co orn1ng reglon

suf fi ci,ent et t o en c nd wat er
t'tamvgb%}ove BFR GG, 2 23eh BEbgt lon deV ey P 2Lo0s fibifhggnent
be argon, helium an argonfree gas souyce,
to engee ga QX¥@ERCORtant Eemainis belaw:a gﬁSt feshaldl araﬂ a@ﬁ)ﬁ water
- other inert gas source which is essentially free of
vapooxzgugtent serdainst kelowapsecondhthseshald in artargtasea of thehe
conponent 102 may further be seal ed, encl osed, and/or
compuenit alThg rﬁé&io@ﬂfuﬂheemdludwldenbsatlng)airmtwmatémal on the
certain enbodi nents, the first threshold or maxi mum
compBheR, Mﬁ@f@lﬁme H@péilﬁné HAGesPHESratifg I depdSition device

part-per-mllion of oxygen. In certain further
t
a'oniéﬁé%' PRTcIRg 2 b lﬁé'"&%@? PE3E. Aiin el pafh further
onent stren uctj

compises; 4 depqialiog SaulosanciBt shatcelifon e s sgeciication
(e. certain titaniumalloys are nore sensitive

and mﬁyg@rﬁhewaﬁltﬁlﬂﬁemmf ied dp?vé'm@ﬁaﬁe%%ﬁa%@é tfﬂ%P'%ﬁ'éty of
of skill in the art, considering the features of a

tool passes il cenauuembodinentst the miethadkuther irgledes testing the
deternmine a first threshold - for exanple one of skill
in the art may utilize 25 ppnoxygen in the target
area, and reduce the first threshold if the process.
yields a
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repair with insufficient ductility. The use of 10 ppm
or alternatively 5 ppm provides adequate results for
w@2msdstonmnge of titanium alloys and conponent PADBS2008/007483
applications. In certain enbodi nents, the second
threshold may be defined as a dew point tenperature,
for exanple a dew point tenperature of -55C (negative
fiftyfive degrees Celcius). The threshol ds for oxygen
comﬁéh”’éﬂt'a‘?% ?Féss"t@é& rgréé‘ﬁé?'thé?rp‘?b?ﬁ&f sl ARsifubPexpédid stress
material fornulation of the conponent 102 and the
dpovvder 114 or other deposition material, and t he
tenperature and cooling rate of the | aser deposi tion
eration. In a co nent, for xa b t
T ceitals Ry ReaPE o 8 BHPBRBRDT S0BPlSeS SR ARH do
|_n a location that is not amenabl e to conveni ent
certaimephodimantsiihe Bserbas speweneutpypbaiwaenalewt: 0 Watts and
t he expected working | oad of the conponent 102, and/or
2,000 atts, aarfdain| aertain further erobpdiments ikdudasya pawes ovitpsti below
failure if the conponent 102 fails unexpectedly, the

abou BoRONERS. 19 3deftBin éMBBUINGerts Otheldsértig eeselidistate laser, a fiber
m cro- structure with very little mcro-porosity and

|ase,gggg,dpaq1r af qﬁs f@and therefore the first threshold
second thres ‘?d may be set very low. In certain

S [
[tﬁgq%r%‘?@éérb@g”tﬁé% Wk pabt sl fes: dleatiguE boL pagses for

the non- conf rmn |on 104 before an r durr
eachfilileay ?Rﬂ?'t aerF%rta'f‘t?émi) eﬁgs &%’92

may be structured to view the non-conform ng region
pluratlmottnpbn@@ﬁqsrw@/erlayﬁta previous ipel path lyoat @ﬁQ? 8P % hingegytain

focusing optics (not shown) of the |laser 108.1n
embodinenits) thetiastrmpower, spduificafishenclad€s anariathésslaser power value

processi ng subsystemthat includes a controller 124.

alond BQeﬁQﬁtcrf@th@ast% biMBEUEEISAERER! b cartaln @pabaWiments the
I nput/output interfaces. The controller 124 further

depdsﬂranwsﬁc&vérébg% sﬁéeme%@ dqrﬁgeggﬁ{vrgg ﬁ;@aﬁé.ﬁtdrp hd &7

airing a er 124 may be a

ey o A T S

wor k, datal.ink, wreless ti
such{thibihe deRASBH S Ak BAETELRaoTS ha CogNY & Pé}eqwsﬁn alow
comuni cates with various sensors and actuators in the
coolipg sateranhg high sealingrateecei ve i nformation and to send
commands. The conmuni cati ons of the controller 124 may
bandiertaii esibgaahentsy the sisiekdirg Meamsdnclpdes @ahelium gas
hydraul ic signals, or the conmunications may be

strea?'ﬁ’fé I&bﬁzé& bﬁ?%ﬁ‘lb' devide rppEtial Enclbukebhadidt a sealed
nbodi nent s e conponent 102 is repalred by the

enclesab?gr I#@?Rﬁasérgﬂogﬁr;!érﬁ§ ﬂw%ﬁfrstaﬂ‘ﬁjesﬂtﬁ iSRG %r%%lnter th n about

onen or mance I ndex va ue greater

10 pér%?aﬁ%r@a%@%ﬁ@@%%ﬁ%?&" okl Rasieelt it 34 8352“-
tensile strength val ue and a fa}‘ u erfor nmance
certajfurther ismiqd mgnis e SeePnd sahakHpG udeg@ deypqiPf about

conponent has a performance i ndex val ue 3reater than
-55°Q09s oertainr@mbodiments, the shreldrng means includes an argon-free inert

loa

gas delivery means.
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conmponent performance i ndex val ue. However, other

performance i ndex val ues are contenplated herein. In
w@egosas44enbodi ments, the controller 124 incl uPEBEUS2008/007483

tool path nodule, a tool position nodule, a deposition

conditions nodule, a tenperature determ nation nodul e,

and/ or a tenperature control nodule. The use of

nodul es enphasi zes the structural independence of the

as&%g%t%n?fs &lQEIOQQHtlr'i&balﬁg c?lr eSBgﬁgﬁlﬂbhéﬁbfr@ ﬁ’t%nﬁ]?'ﬁe where the

grou P? of operations a Ifirties of th F
comiiaschaptitontniba el Bt/ oAl Belldfs flpeer
deposiiar Sevighingl oG 2daseb.2 met! pomser deveu il a8

device includes a partial enclosure 204 and a fl ow of
pluraliteet pegitiorpeetuators stmctured tesontseLia @osdionreidhe depasision

transfer in the region of the conmponent 102 and,
devicmnPhasgstent furtherfincludes afdhislidinlg rnbans lﬂmttermmegéﬁ oxygen

provi des an oxygen content below the first threshold

conté’fﬁtdremé/i\ﬁé BElowra ¢"rst<?tﬁfésﬁfdld BAY Sati @ asaroaipbridohtsi bmhains

2B is an illustration of a second shi el ding
be'°§§é%@%réﬂ®r%%“&?%ﬁ§§8%%%*% fLiR fbsRhoh i,
om0 SRR AT 5 R i e

sufficient flow of the inert gas 212 provides an
functipnallyexeshteapensirpate ﬁ@?'!ﬁ?tcc{’ﬂ?%% d and a water

vapor content bel ow the second threshold. The use of a

s dalcettaimembodiraentso thmgonteal et éncludesiadaat path madule

gas 212 required to maintain the oxygen and water
structieredrtodmtetsret ardepaisitiomedévice tovl path, avierdi the depositien device

shi el ding device 208 is a seal ed enclosure 210 filled

tool a&thhnauaeg atplUrAity ofRBI paSsed WARShSERILAEAEe Yefdtitys a
zeolite oxygen adsor ber (not shown) that renoves trace

specg?é}élﬂ@@,ré 'i%@vtplagvei%%le%ﬂc?ﬂ&r ga\lj*lﬂ{jg speLific@HbIA) |Ha%65étvs)%

rce es a streamo Seco n

e QT T A o S o

t he oxygen scaven er may renmove oxygen fromth
includas adgggeoszw Uhe sirytused ch/cqa@@%'ﬁbmoeﬂtw dctuators in
heating to rel ease adsor bed oxygen) and vent trapped
responsaytenthevdgpdsition déce tao!gath,carkl 9 depositionaganditions module
enbodi nents, the first inert gas includes argon and/or

strucheredUBIcont ol ahowait aetivenefate gad d laskupewehehluerin résponse
certain enbodi ments, the second inert gas may be argon

to théaggegmaﬁldé%ee ﬂSBaépﬁﬁJ &%d tr@dé’éos@ﬁ&hdéﬂ@étpcﬁﬂﬁ)my

upon cost and ot her conmmerci al consi derations,

e ﬂgrégi{air? Eé}tﬂl@gmgﬁ&emng %S{Qtetrﬁ‘ ethgeoae?o%ftﬂﬁlséﬁlc oes not

eac ert 'gas, espec
. eat transf char ristics of. th nert as
incluge 3 3RRe B Blsln qr%ere fvﬂzﬁ{ SRS BlaimaRe Harer Hying 3 Power
deposi tion area. is an illustration of a third

oUtpEbEeR AR B0V anth2 ODAWatlsAnd t ¢ayale Freisodiments the

i ncludes a | ocalized baggi ng device 216. The | ocalized
lasertzama powhe duteutiedowahout S0 stts r imsédaini embadimeands dhe
of the conmponent 102 and, conbi ned
laser is a solid state laser, a fiber optic laser, and/or an Nd:YAG laser.
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with sufficient flow of the inert gas 218 provi des an
oxygen content below the first threshold and a water

wo apenswaent ent bel ow t he second threshol d. Thep@pESwWHS/EN7483
| ocal i zed baggi ng device 216 may reduce the anmount of
inert gas 218 required to maintain the oxygen and
wat er vapor content requirenents. Fig. 3 is a
schemati ¢ bl ock diagram of a controller 124. The

CORtIRir® snﬂ)%ﬁlmeﬁ{suﬁ?éc@nt‘i'&@r fRAhEr ieRides etnp erature

struct Ere to-interpret a deposition device tooT pat h

304. .. T
ool ML 6 g P g e
tempggRonR 206 (SRATEBUE SOy Baskiio P HEER FomterRrei oy

calculating the tool path 304 based on sensed, stored,

cooling retamﬁa?mgreeopbmmrﬁ;teea@d thentpal epsitioniraadulevs Serthesol
path 304 includes a plurality of tool passes 306, a

structieedtotdontrotithe pesitieh actuajorsprcespares tnrthé@&poaitédmterial
power specification 310, and/or a specified delay tine

representdRie/Rfipetatite Andithe IO Wodlihg Yakf atdalhigiaessting rate. In

306.1n certa| n enbodl ments, the deposition device tool

ceﬂa?ﬁE&ng%éH oﬁltrollleefafﬁfthérol%lu}d%gla %ﬁ&%nﬁr@%é@(mmatlon

ep03| ayer appliéd i'nrepairing t

W T M R T A

pass by at | east 30%  The use of rrultlp ? t ool Easse
and @Wpﬁraéa@wamgnwwﬁ strglired do iEFRIGT QilPW coplag rate and a
features of the deposition operations described
high lseolkingratepand thrideposition candigjions enerdye isturther structured to
m cro-structure in the non-conformng region 104 at
contiohthecpowtiet delivery ratecartipotiet laser pdwerealueiin response to the
enbodi ments, the repair area after deposition neets or

depddnted reaefsre gr@@erﬂam fethp Sfdgrel A richtHeoB ey @olﬁr@&a‘ﬁ@éﬁd a
conmponent 10 I ncl udi ng tenS| | e strength and wear

. certain enbodi nents, the conponent 102 is
h'ghtcétsjﬁ%lé{?ter the deposition at a stress |oad greater

h n 700/ cted str l.oad. For . :
frapBarays B o oRE e Paing 2505 85ouSh gV inpiyring 2

v enlne the turbine engine may be gperated at a

lasero armetd Braleriak daliveBedeVisecand SNl ofPortign ACkators
maxi mum expected stress load on the blisk - which in

structyneiddalcoetrgl agwsitidn ofitbe alepopiioatdeviceol he apparatus further
significantly exceeds 70% of the rated turbine engine

inclugeyehielding eeadrid that ensbirrs ambryljereodstentrgrraingrbeiowe first
index is determ ned for the conmponent 102 and/or for a

thresHORPENE tﬁé?t‘@%té}fvéd& coRfa femainOBeloW ® séet$ threshold ina .

coupon nay be material created during the deposition

targeg%gég‘z) ?{)én&g}ggpﬂfﬁtg nltnh%wer ed F@%&%ﬁ%gg‘?%éaégﬁtus ingludes a
contiglg fvind uuBity b TiEHTes fEoRoRoRAIM exsule B Tubeedido

of the repalred conmponent 102 wi t hout subj ecti ngthe
repai gheUARARENM02 to wear or danmge fromthe test, and

all ows nore conplete testing including destructlve

t datdentaimemtbiodirdeptss the contpaller includes adpeal pathadodwet s,

the performance index is a description representative

structdirette interfrenardepbstidredeiite tad! pattytwhereathe gigposition device
capability, or simlar
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characterization of the conmponent 102 as specified for

the application. In certain enbodi nents, it is
waledsnsiomed whet her the performance i ndex for PEEUS2008/007483

conmponent 102 exceeds a performance threshold, where

the performance threshold is a threshold greater than

70% of a new conponent performance i ndex. For exanpl e,

the performance i ndex may be an exhibited tensile

tool &étﬁ‘?ﬁ‘&h&e@% ﬁlﬂr%luff@ﬁob?ﬁa%@@%osﬂﬁﬁﬂdéﬂ@e velocity

performance 't hreshold nay be a value of 70% of the

spec@%%@ %Eésg?g)%%gpeelf Sf%ﬁ( m&%@&&m&&% éégﬁ%e&ttween

applrcat'ion erfor

Mt e T —

t he dep05| tion deV| ce vel oci ty specification 308, the
includes artopbprsitienatadule sirueiyren to conteolithe PosEONaGHAloEs 5}/

time 312 are configured such that the deposited netal
respornesta thie depuisiticat device todlpath,zrel deeposition donditionsi magule

rate 314 and a high cooling rate 315. The cooling rate

strucfiretig cdnnokA pelvderidlively rafslahtie Insespower valubdn kesfonse
inmpurities in the gases surroundi ng the deposition

to thé B‘ég@&hgﬂ Sl l@bf‘ﬁaﬁh‘%‘n& {HEPdepBstidt 8EViLE (PYsRionl the

conponent ertaln enbodi nents, the

eI open r. Y/
ST RSt gf’ep%*ié'éﬁi% B ntgeg %JS%F’?"’E%
rateth t oo high and/ or, resen
streanmtqc@fé%d Bpaga ddics. copartal ek BE B 200 corealgd gRglosure.
can thereby be elimnated as a cause or mti %at ed by
In cepain embodiraenals, theeshisdinghgeaasdneludepanaipostieas Wrt gas
changi ng the | aser power specification 310, the :
deliveyermiebngd Il eeetgint émbo&tlﬁentshtbemittdmde\dee velocity
vel ocity specification 308., and/or the powder

specﬁi%btltéﬁ rthellaéér poider Jé&lﬁdwlbhngnd sl specified deley time between
deposi ti on depends upon the deposition device

eachvcﬁltﬂé g'ierta lg/rlff tbé‘ﬁ%ss%%"@ré dﬁh?gg?{hdsuéﬁ‘%a@ tHéepbdifed metal

asses t he conponent -

mateﬂﬁi SihR e At il g %ﬂgﬁf#@%‘é‘é s Bigh sqplioo

than a CO2 based | aser), and the thickness of the

rate.mmt eri al (thicker nmaterial heats up nore slowy and
cools down nore slowy). The control of the |aser
pdneertain ernb@dnroantst;éweatqqheaﬂbfyuﬂ@ed inchedes akleashione tool

_ command (e.g. 175 Watts) and/or a by utilizing a

passps fereeadhidhatiedst eiedep&3Mpn ler In Eertavdantplee emiiosireents,
a laser has a 350 Watt base power and 175 Watts are

eachrtﬁqﬁé g)lurgm@vw tdol pasueel sveplay s AprevdUsdes| pathely aoieast 30%.
Watt's conti nuous In"certai n enbodi nents, and

ﬁé @%we%ns éeé’é‘,rfb PQH'cbhﬁéEn&r?W?tﬁﬂﬁ s

ere nma er| urlty of the conponent
[t { d Ry
pres%nf%@yzwzsﬁé@ﬁp@s S el PRl SP e
be uRderSIag thaf iegverien Sar B i T dsPBsBeur o
herei n. For exanple, the conponent thickness is
embegimeani(s) ybutqan theceontrasy| isintengdad densouer wadeussmodifications

conmponent 102 design is
and equivalent arrangements included within the spirit and scope of the
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typically, but not necessarily, specified before the

deposition device tool path 304 is determ ned.
w@ovsliaeoky, the type of |aser and conponent naRPEF/U81008/007483

and therefore the absorption coefficient, is typically

speci fied before the deposition device tool path 304

is determ ned. The | aser power specification 310 can be

calculated in real-tinme, and changed during operations

appendRatiSihs chl’?ééﬁ%éé ;%attoﬁt?égsg{i&%@%%ﬁ'@é%éﬁt interpretation so

representétlve te provi

SEH T N —

bef ore operations pegin etermn | east
undesthe faw.| § urthegmore.4 shoylre ﬁagﬁfs?%ﬁ ViieheSef the

operator controls the deposition device 102 through
word: prefesphte, areferably: or prefersed swihe dradription @beyeindaates that

operations while the controller 124 records the
featus@abiddscrbed maybe mameddesisablelrit hemetheleadjmay edt based

on cal cul ated or neasured paraneters during deposition

nece@@ﬁfyaérhdJBﬁy thfbdiM@hf Rickfig thé%samé n¥dyf béicBntemplated as within
nbodi nents, includes a tool position nodule 320 that

the s&BBé P IR nﬁGﬁ' tth'aggféﬁé tBEFn%Bﬁefﬂ-fe% t‘)cje‘trfeeéigf?ﬁbsﬁ\att olld¥. In

ositiron eV|cet tarn

oo B L BE S BB 25 S e

osition actuator commands, 330, The controller 124
and ‘falleasta portipngate useghsra isdie beRrtian eHynithe Flaim o only
that controls a powder delivery rate 324 and a | aser
one ifemeaunless specikallyrstatesidortbe contraneindbpaiaim. ohudeer, weéhen the
tool path 304 and the deposition device position 328.
langlrage &tdeadten potienti apdort" aqortiev' is &iseddhe filehhmzdinotede a
specify a variable | aser power value along a | ength of "
portlérli" 9n8Rﬁ|th@@ﬁﬁ%9|t§9ﬁjnlé§@| shEEfiCHROsthtdo thetdntrapps
nodul e 322 provides the specifiéd | aser power val ue at
each position 328 according to the deposition device
tool path 304. In certain further enbodinments, the
deposition device velocity specification 308 nay
i kewi se vary along a length of the tool pass 306.
Further, the | aser power val ue 326 and thedeposition
device velocity specification 308 may vary from one
tool pass 306 to a later tool pass 306. As descri bed,
the | aser power val ue 326 depends upon nmany factors
and tradeoffs, but generally a | aser power val ue 326
greater than 50 Watts will provide sufficient power
for deposition as described. In certain enbodi nents,
the | aser 104 has a power output between about 50
Watts and about 2,000 Watts, although hi gher val ues
may be utilized in certain enbodinents. In certain
further enbodi ments a | aser power value 326 is bel ow
about 500 Watts. In certain enbodinents, the
controller 124 includes a tenperature determ nation
nodul e 332 that interprets the deposited materi al
representative tenperature 318. The tenperature
determ nation nodule 332 interprets the deposited
material representative tenperature 318 by reading a
val ue froma
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sensor 126, by reading a value froma nmenory | ocation,
by interpreting an electronic signal such as a

wo iBas®4s and/ or by cal cul ating the deposited PEX/E81088/007483
representative tenperature 318 utilizing other
paraneters available in the system 100. The deposited
material representative tenperature 318 may be any
tenperature in the system 100 indicative of the
tenperature of the deposgﬁgﬁngaterial, i ncluding a
melt pool tenperature an enperature of the
conponent 102 at a location in sone thernmal contact

i th the deposited material. The deposited nateri al
yyﬂgﬁ%#ﬂ%@@¥¥5¥ive tenperature 318 nay general Iy be
correlated to the cooling rate of the deposited
nat-efimethods 6pPMPKISAG e a hi gher peak tenperature
general ly provides a higher cooling rate, and the
c qwbviding atcemponemné inghuding ememfttdaniam ang adéadiunealioy
tracked in a feedback manner utilizing the deposited

mairevidilg & tauer stepiositionaddvieger at ure 318. The
tenperature and/or cooling rate of the deposited

BRI Rlg tRBYCIPSp St ed @hsdre &n "ogggélﬁ RBAtdrE femmirR bélbw a

representative tenperature 318 a function, a | ookup
st it AR thlh ARG P SRt BRI ool 2 3eobfi ol
. further enbodi nents, the controller 124 includes a
ina @é@ﬁi&fﬁ?&?&%ﬁﬂ?‘}weﬂ@mﬂe 334 that interprets a | ow
cooling rate 314 and a high cooling rate 315, and the
t &ﬁpo&gmgta getabmateriat 20 tg@ pompananiewherin thmdepositing
actuators 112 in response to the deposited materi al
compriseseseaTating the deppsition devicBlidonga tobkpatbvincludingray plurality
rate 314 and a high cooling rate 3 15. For exanpl e,
of todllpasses! whesdith ittwtdm%ulrefuﬁﬂﬂerrmyndrma gdeposition device
actuator commands 330 to decrease the velocity of the
J kel ey i CHRYEH t he deposited
Vebéﬁﬂ%ﬁﬁcmd%pgg?%@ﬁﬁﬂé%%'éﬂY%nperétu§Eﬂ31s i ndi cating
that the deposited nmaterial cooling rate is
approaching the high cooling rate 315. In certain
fuyrther enpodi ts,, the depgsition conditions nodul e
25" Dinaanod cheimi e eren e toof Bett hthes FammTsee
| aser power value 326 in response to the deposited
specifigdalglay timehetwaengachofttbapiurality ef tooBPasRes he | ow
cooling rate 314 and a high cooling rate 315. For
exanpl e, the deposition conditions nodule 322 nay
i ncrease the powder delivery rate 324 and/or reduce
t I ThE piethOURN ckainUE widreirmtHeesdrapsrentoccdmprises a bladed
indicating that the deposited material cooling rate is
disk.@pproachi ng the high cooling rate 315. Fig. 4 is an
illustration 400 of a conmponent thickness 406 and
| aser power value 310 associated with an axi al
position 410 of a non-conform ng area 104. The
deposj tion, device .topl path 304 may .provide a | aser
o e 808 s EfaichowisTen the deeasiforh dewge dacifidesa taser
is provided as a | aser power value 326 as a function
having a pewstiodtpwdatvesn apoot 6AMYals ande2, ABAWetts$ or ni ng
area 104. The non-conform ng area 104 includes a first
axi al end 402 and a second axial ‘end 404, with val ues
for the | aser power value 326 specified throughout.
The | aser
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power val ue specification 310 may be a nom na
specification, adjusted by the tenperature sensor 126

wo e@dbawks for exanple. The thickness curve 40PCT/BS2008/007483
shown for illustration of how the material thickness
of the conponent 102 may vary through the
non-conform ng region. Further, the thickness curve
406 may vary with each subsequent deposition |ayer

( ggt 60 %hog%f EI{mC‘P WR&keh e 1658r RirHet indludsy™a gir?ﬂg‘frﬁf

change IS a schematic flow chart dia
il ratin edure 500 for repairing a titani um
°“““€éﬁﬂ éﬁpuiggavgﬁggprocedure 500 i ncludes an operation
502 to provide a titaniumand/or titanium all oy
conmponent. The procedure 500 further includes an
operation to provide | aser deposition device 102. The
préo c Balemetbod of glaimiet, wirreirnithe lagenise selichatate Bses.
provi de a shielding nmeans. The procedure 500 further
i ncl udes an operation 508 to deposit a nmetal powder on
t he conponent by operating a | aser deposition device

162 PheRktAod Plcldmdt ! wireirl theQaséringlugieRastileBstiche &
procedure 500 includes an operation 510 to determ ne a

fberEE%%%ﬁH@ﬂFﬁdt;ﬁéﬁggép an operation 512 to determ ne a

ornmance in and an operation 514 to conpare the
perfornance index to the performance threshold.Fig. 6
is a schematic flow chart diagramillustrating an
operating process 600 of a controller 124. The process
660 The mathed d &f clavar hewhereisothertaol patd fyFtber gomprises at least
deposition device tool path 304 and an operation 604

four tool passesgfoeeaahlobat taast ong deposit®ndayerd a hi gh cool i ng
rate 315. The process 600 further includes an
operation 606 to interpret a deposited materi al
representative tenperature 318. The process 600

f oy t1es nidiRbY e eI PRANETEIP8a&P8f t‘h@ aergnwampbsgés

actuators 112, to control a powder delivery rate 4,
I r wer val ue 326 in
overlggéjégﬁg\élgygq@%'edg(}htb&s?ttllél%% 3&9& ce tool path 304, the
Iom;coollng rate 314 and a high cooling rate 315, and
the nelting pool tenperature 318. As is evident from
t he flgures and text presented abaove, a variety of
erfSodl iemethed ebel@m tf'érﬂi“hrec%f*léri%ﬂg teﬁm&heoqpra%nent ata
contenpl ated. A nethod is disclosed including
stress peadchgreatar than 7086 «if i mgxmnworgxpeeted stiess loadhod
i ncl udes providing a conponent including one of
titaniumand a titaniumalloy, providing a | aser
deposition device, and a shielding the conponent to
ENJUIEhE eI B cltil € Hrth&MBdrsridiRg @etérntihingl a performance

t hreshol d and that a wat er vapor content remains bel ow

mdefr‘%ﬁgﬁgt{](gn u r t ﬁ%rl?tué Sggitegeg?@oﬁ O'Ié I&?tffé’?@r‘ﬁ%ﬂént, and
onent, whereij depositin
deterigagdieBae Pﬂé%@n%mgm Sieaieihen S patgadnes
ath including a plurality of tool passes, wherein the

thresg@@h, wﬁ@rﬁlnftbemrwamﬁhgé@r@rmg.IW%C@@W@@S

vel ocity specification, a | aser power specification,
impleamehtingyatfleasthene test Isetteted frpaca ténsiledirength test ansk adatigue

each of the plurality of
cycle test.
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tool passes. In certain enbodi nents, the nethod
further includes testing theconponent at a stress | oad
w@e@ati®t43 han 70% of a maxi num expect ed str essPCDHS2008/007483

certain enbodi nents, the conponent conprises a bl aded

di sk. In certain enbodi nents, the | aser has a power

out put between about 50 Watts and 2,000 Watts, and in
certain further enbodi nents includes a power output

bel ow about 500 Watts. In certain enbodi nents, the

| aser is a solid state laser, a fiber |aser, and/or an

i e Pigthpe f il 7 Sy FeREERE o) Aysrih
comprias s IMTERRSIBIGIPalSr e Popi! Ot SoByBmagETY Peiformance

_ previous tool path by at least 30% In certain

indexnbodi ments, the | aser power specification includes a
vari abl e | aser power value along a |length of at | east
one of the tool passes. In certain enbodinents, the
deposition device velocity specification, a | aser

POVEr Th® Btdthbé df icliim PNdvisereitihel parforeiRinte threshold
bet ween each of the plurality of tool passes are

[ it '
com e B G e R R e BpBBaT! O A ori il Ferformance
a high cooling rate.. In certain enbodinments, the
§hie|ding means includes a heliumgas stream a
| ocal i zed baggi ng device, a partial enclosure, and/or
a seal ed enclosure. In certain enbodinents, the first
threshold is not greater than about 10 ppm and in
cet4. al he mathad of @?ﬂmm hereimthe fifskHreshald iy nabaigater than
ppm In certain further enbodi nents, the second
about MOggdmal d i ncl udes a dew point of about -55C. In
certain enbodi nents, the shielding nmeans includes an
argon-free inert gas delivery neans. A systemis
di scl osed including a conmponent including titanium
whey eTﬁ%‘ ﬁm%“tﬂgﬁ%?% imhﬂswﬁer%?rpt‘rf‘eolﬂ'gf’fmé%lﬁ Y hSF%reEI?@f than
system further 1 ncludes a laser deposition deviCe
b i%cluding a laser, a nmetal powder delivery device, and
a oug dﬁﬁpality of position actuators structured to
control a position of the deposition device. The
system further includes a shielding neans that ensures
an oxygen content remains below a first threshold and
t Htg. Bhevmethod gf slaimohtwitereinethe secand thiesthodd isomdew point of
threshold in a target area of the conponent. In
aboute55°@.n enbodi nents, the systemincludes a controller
havi ng nodul es configured to functionally execute
operations to repair the conponent. In certain
enbodi nents, the controller includes a tool path

rof PnS IR T 4 TSGRIFhtenani befcd S Gy
coecRolE S heR UL Skl AR e JERGBY i tveen

speci fication, and a specified de]ay tjinme between each
eachqif the pIypliyAtitegl RASSE§AATe pREERUred S einahihe depesiiad metal

enbodi nents, the controller includes a tool position
materiatiod@ls t agnalingdatebetwaarod laveopling faterandca highoeecling

inde

rate.
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response to the deposition device tool path, and a
deposition conditions nodule structured to control a
wWpowdasdodel i very rate and a | aser power val ue PEI/US2008/007483
response to the deposition device tool path and the
deposition device position. In certain enbodi nents of
the system the deposition device does not include a
copper chill. In certain further enbodinments, the
| aser having a power output between about 50 Watts and
2,000 watts, and in certain enbodi nents the | aser has
a 0,
rﬁ\grtﬁ%m&%@ ’agl)g{eff) %ﬂer@ﬂm h@ﬁﬁ&@ng r4 é,jlgcgrtrnﬁhge? a cooling
and/or an ertain
rate BRb bl ieic ah AHRSACRES O ¢ BFARBOLRERY ABMBHESS:
tenperature determ nati on nodul e structured to
interpret a deposited nmaterial representative
tenperature and a tenperature control nodul e
st1ucThe enethod ioficlimpr Btwkereowthedasenpowet speciticatian gh
cooling rate, and the tool position nodule is further
comsrigeldCd Hufeyicte fiTd palselwigtipafidulzed dsdarat ors in
response to the deposited nmaterial representative
tenperature and the |l ow cooling rate and a high
cooling rate. In certain enbodi nents, the controller

h ' . t det i nati dul
KA SRR T T o
tat t t t trol
SRS RE bGP i STRSBPRH e

a high cooling rate, and the dep05|t|on condi tions
confofoing éegionf urt her structured to control the powder

delivery rate and/or the | aser power value in response

t @ laser detalspavede mdeposition deyice sealuding \eelasenpemetalpowder

and the |ow cooling rate and a high cooling rate. An

dellvéﬂlpdé\ﬂéél saricba Plsraligssfpdsitidnugitogtors seaeturde to sohiroina
dévice including a | aser, a netal material delivery -

posmgﬁéﬁﬁ %smdwdgﬁ%éty of position actuators

struc to contr a position of the deposition
The_a r.at u [ pncl [ j
Xvéiéwgdrsgngﬂ?%%r&@ﬁé%sh P SRR BRefl hopw I
reshol d and that a water or co tent rema
thresholcEemh inati waligIanos Camient JenemisapIoy 4 RecOhieaid n o
In certain enbodi nents, the apparatus includes a
target anea oftr@rcmappngntaapdur ality of nodules to
functionally execute a procedure to repair a
canporitesiter, tompesingi n enbodi nents, the controller
i ncludes a tool path nodule structured to interpret a

depesl Pbﬂﬂn%\ﬁlecﬁtr&étgl'e@&i interphatr£dépesitiem deviceasol path
devi cet ool path includes a plurality of tool passes,

wherggpm@r%'i péel% c cé{ %aﬁi@%guﬁgﬁsﬁggﬁ%ﬁﬂ&ﬁobﬁéﬂses a
deposgiol evide,ealty téﬁ%‘a@?ﬁ’@?a{'{ nty @ lased B R ckfoni o 4

tool position dul e structured to control th

pastad! 8RS TPdHle atwqttggsdﬂscentfePEh?eP%B% afugtors in

device tool path, and a deposition conditions nodule
respansaite theedepasitiohee\ice fogJpatiarantt| i very rate and a

| aser power value in response to the deposition device

tool path and the deposition device position. In

certain enbodi nents, the shielding neans includes a

hel i um gas
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stream a localized bagging device, a partia

encl osure, and a seal ed enclosure. In certain
wepdsds4ment s, the shiel ding neans includes an PCT/US2008/007483

argon-free inert gas delivery neans. In certain

enbodi nents, the deposition device velocity

specification, the | aser power specification, and the

speci fi ed del ay tine bet ween each of the plurality of

trreoé)hep’@éﬁgﬁ .c@fiﬁiti‘oﬂ IS ‘etrﬁﬁfd?ea 'F@thf? | §'pBR%et ﬁglivery rate.

eriral Co0O a Coo rate et ween a

olin ate, and a m
and & s PRuie o3I teaspﬁfi%?%ﬂi%{i‘%i Hidige '8§35éﬂ5‘i{€e?&d a
four tool passes for each of at |east one deposition
deposiipgrdeviee Besitiann furt her enbodi nents, each of the
plurality of tool passes overlays a previous tool path
by at | east 30% Wile the invention has been
descri bed in connection wth what is presently
casi Tiee egstemn beclaim 200 sihapeircthe depositibnpdesfics dods not
enbodinent, it is to be understood that the invention
inclugé anégrgﬂé? dagrlimted to the disclosed enbodi ment(s),
ut on the contrary, is intended to cover various
nodi fi cati ons and equival ent arrangenents included
mithin the spirit and scope of theappended cl ai ns,

e IS to be he. br oade
L1 phe Sittelh ot Sl 22 ok Efphating 4 Pefieh output between
nodifications and equrvalent structures as permtted
about f@dMVaits @nda00@\Verer nore it shoul d be under st ood
that while the use of the word preferable, preferably,
or preferred in the description above indicates that
feature so described may be nore desirable, it
n@get Tike %Z§teﬁ’&i¢f claim 29, tee Rseahyviagth powee olfplit etdw about
| acki ng the sane may be contenplated as within the
500 WemRe of the invention, that scope being defined by
the clains that follow In reading the clains it is
intended that when words such as "a," "an," "at | east
one" and "at |east a portion are used, there is no

ionto limt.t claimt .one | ess

e TheBysigmpEbiain 2. WeBrEl e JH5# 4 sl Tafi oSS
Further, when the | anguage "at |east a portion and/ or
"a portion" is used the itemmay include a portion
and/or the entire itemunless specifically stated to
t 125. cOine sgstenCbhclasn \Bawheseiolthe hageriiscludes At fesshode of a
conprising: providing a conponent including one of

fiber {dder@indrardNd: YAG ihasi.um al | oy; providing a | aser

deposi tion device; shielding the conponent to ensure
an oxygen content remains below a first threshold and
that a water vapor content renains bel ow a second

t ' [ :
d%ﬁﬁii‘i’ie syt ol Gt tarel e e Sheer s 2
e depositi ng. conpr,i ses 0 atin the deposi tiaon

tempgEAiHES B IeT A T UTDIH B rISRAOSP Rt quitesfm?i%ia'

passes, wherein the tool path further conprises
repraseptativei tempesatuce, and adempesiues eoptsel rﬁﬁdul@rﬁirta:tw&getp

power specification.
interpret a low cooling rate and a high cooling rate, and wherein the tool position
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2 . The nethod of claim1, wherein the tool path
further conprises a specified delay tine between each
we@booshatopd ural ity of tool passes. 3. The net hoRICD1S2008/007483
claim1, wherein the conponent conprises a bl aded
di sk. 4. The nmethod of claim1l, wherein the deposition
devi ce includes a |l aser having a power output between
about 50 Watts and 2,000 Watts5. The nethod of claim
. r ?
mod%igllow alﬁ%&t?%r‘eaztﬁtcgnﬁy ﬁﬁ‘é’ ngéé’iﬁﬁ%r?‘%@ﬁ.la?or@%‘?és ) st the

od of claim1,

roprshenii e PRerAts o B Rk BoltF1Ee 4ifhe b Bing sate

one of a fiber laser and an Nd: YAG | aser. 8. The

met hod of claim11, wherein the tool path further

conprises at |east four tool passes for each of at

| st Toasysteposf claim A0aydherein the peatrpieniyther ingludes a,

wherein each of the plurality of tool passes overl ays
temperatuesy detesntimatiorpraobiuley statictl ssasto iBfEYpret @ dapesitest haterial

of claim9, further conprising testing the conponent

repredentatiie’ teAfpdrafifle 949 haempRadturd ko Rtrolanbaulenatractured to
expected stress |oad. 11. The nethod of claim1,

interéﬂéﬁ E'E‘?fecﬁ%@pt%bﬁié?gtﬁétr%%,rﬁr@wﬁeﬁgﬁ [ H@ES&‘ltin Q:giﬁd?fﬁgs

ast ‘one of e conpone and a posit coupon
modl R RS 5t AR ol e Bt Pr L Bt FeRGes, 1o the

the determ ning the performance i ndex nprises

repraseptativertenirerature aagkthg dewcosling sated thel yh £ooling rate-
strength test and a fatigue cycle test.12. The nethod
of claim 11, wherein the performance threshold
conprises a threshold greater than about 70% of a new
c@@oTkeaypent of om0, ndexeinlte cohtroltet furthenfinclldesra
11, wherein the perfornmance threshold conprises a

tempehatBfd abfrdieatic modalke sbetured0f inferpralevdgsoaiedanhterial

performance i ndex. 14. The nethod of claim1, wherein

R i e G
vy R Bl e 838 R Pt 47 GeBEEH sons

of about -55C. 17. The nethod of claim2, wherein the
modige e fyrthesstawiured toQontiol fhesigser PPwsE Valie ig regpyse to the

power specification, and the specified delay tine
reprasentative temperature madthadewicopling ratecandieskighaogling rate.

configured such that the deposited netal materi al

cools at a cooling rate between a | ow cooling rate and

a high cooling

28. The system of claim 20, wherein the tool path further comprises a

specified delay time between each of the plurality of tool passes.
30. The method of claim 20, wherein the shielding means includes at

least one member selected from the group consisting of a helium gas stream, a

localized bagging device, a partial enclosure, and a sealed enclosure.
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rate. 18. The nmethod of claim 17, wherein the cooling

rate conprises a cooling rate that prevents an
wappeasarte of a grain boundary al pha phase. 1BCT/Ukm®08/007483

met hod of claim11, wherein the | aser power

speci fication conprises a duty cycle for a pulse-wdth

nmodul ated | aser. 20. A system conprising: a conmponent

i ncluding titanium wherein the conponent has a

nonconform ng region; a |laser netal powder deposition

device including a | aser, a netal powder delivery

deyj c an I i LL t .
st¥hiotte S Bas it 24, heRirlie el RS comprises an
devi ce; shiel ding neans that ensures an oxygen content
argopdfag IRErtAASHE!YEFY Manshr eshol d and that a water vapor
content remai ns bel ow a second threshold in a target
area of the conponent; and a controller, conprising: a
tool path nodule structured to interpret a deposition
de3d.cAntapplargtas hcompesiaign t he deposition device t ool
path includes a plurality of tool passes, a deposition

dey| ];@_r Wepesitibl deRfe ihckalinda lasttda métapélivedydevice, and a

speci fication; a tool position nodule structured to

. Lt r i t .y
plurff {5817 g Bl s M RRIE 6 ol 4 BRBRBRL the eRosition
.conditions nodule structured to control a powder
‘E%Iivery rate and a | aser power value in response to
the deposition device tool path and a de ositLon
deshieldingoBrans thatensureh anygemeontentaemats belaw: a first
t he deposition device does not include a copper chill.
threshld aha thatst waterfvapasicontEnt remainsabelowraseeondithseskeld in a
out put between about 50 Watts and 2,000 Watts . 23.

targethges ystientarhpohantiand, the |aser having a power
out put bel ow about 500 Watts. 24. The system of claim

20, cohebIRirncdhprisipger is a solid state laser. 25. The
system of claim20, wherein the |aser includes at

l e ] : . .

o s) 85 o sEEw b infPrétth QEpddiion BRTiee (60t path.

i ncludes a.tenperatyre deternination ule structured
wherel i depsiloTh iR S Stpthdnelifet = PlyRb g wassed, 8

tenperature, and a tenperature control nodule
depositiancdemiegivelocity seepifisation.|and 2 iaser pgwesspesiigaioni gh

cooling rate, and wherein the tool positionnodule is

f La tdod positionchodale structunedrtolcontre! thespesition actuatersris

in response to the representative tenperature and the

respbidié &0Mlel depositioh aevicé isollpagi;, arbl i ng rate. 27. The
system of claim 20, wherein the controller further

i %bé?@ﬁtié‘n CBRBGDAS Wh&d I8 istriuttutad ite BoRRELA pofider deIN &Y rate

to interpret a deposited materi al
and a laser power value in response to the deposition device tool path and a

dev

deposition device position.

33. The apparatus of claim 32, wherein the tool path further comprises a

specified delay time between each of the plurality of tool passes.
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representative tenperature, and a tenperature contro
nodul e structured to interpret a specified tenperature

WO 200ga5408hd wherein the deposition conditions POOUS®08/607483
further structured to control the powder delivery rate
in response to the representative tenperature and the
| ow cooling rate and the high cooling rate. 28. The
system of claim 20, wherein the controller further
i ncludes a tenperature determ nation nodul e structured
to interpret a deposited material representative

t e r . t ;
stPbo] 0 SBpuIR oL elsiRez, FrEirr el F laE el includes =
and erei ], the deposjtion conditions nodule. is
sealqd eosigRuG i Wit 8 it ioBoas: SPiuyBRRatassnanoyaPaRs fat
response to the representative tenperature and the | ow
remayes|tiacg ¢>@@@nafrmnttﬁe seRlgd enlesurg, aad @ gassdelivsy syeansHhat
of claim 20, wherein the tool path further conprises a
providps @ $tream dflassedandenbrtgasen each of the plurality of
tool passes. 30. The nethod of claim 20, wherein the
shi el di ng neans includes at |east one nenber sel ected
fromthe group consisting of a heliumgas stream a
L . . tial
s ol'E sRP AL e TR, vihdrBir g ofigeh A ngRignBans
incl t.he shi?{din neans nprises an argon-free inert gas
incluges A A5G RXYIEN GISOTRAT- -, har at us, conprising: a | aser
deposition device including a |aser, a netal delivery
device, and a plurality of position actuators
structured to control a position of the deposition
de36. c Ehe epparatus f n@ans;%p iwehereinsthedistines,gageerroprsesmene
remai ns below a first threshold and that a water vapor
of argomaadtheliamiangl Whemin thessecomnd inkriegasotamprises haliwst
area of the conponent; and a controller, conprising: a
tool path nodule structured to interpret a deposition
devi ce tool path, wherein the deposition device too
0 ol i ' g
Qa7 o TG e a8 letn, 33 vHiorb RO RS RA oAU SARE SbidoRy
ecification; a tool si.tion I [
specilBafipn: MereSHade crpeiatbhr nd 1 sBadhed G fiub between
deposition device tool path; and a d Ssitio .
eachcqmaeﬂlwagwrﬁfdepbog%eearaﬁ@@ﬁeer%wq?ﬁf?\aaﬂafoase?sﬂed metal
delivery rate and a | aser power value in response to
materiabcoelp @ iat canlinggate betwasin g iavh canlingrateasst a high cooling
devi ce position. 33. The apparatus of claim 32,
rate.wherein the tool path further conprises a specified
delay tinme between each of the plurality of too
passes. 34. The apparatus of claim 32, wherein the
shi el ding neans i ncludes a sealed enclosure filled
Wi [ r : g
(R T shRerqtE ol B o WU St FRgh Ty ABfgreater
as delivery neans that provides a streamof a

d
thanggeUﬁaQPW@Pt gas.

39. The apparatus of claim 32, wherein the second threshold is a dew

point of about -55°C.
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35. The apparatus of claim 34, wherein the oxygen
scavengi ng neans i ncludes a zeolite oxygen adsor ber.
w@a0sThw4mppar at us of claim 34, wherein the fiPCI/USIV68/007483
gas conprises one of argon and helium and wherein the
second inert gas conprises helium 37. The apparatus
of claim 33, wherein the deposition device velocity
speci fication, the | aser power specification, and the
specified delay tinme between each of the plurality of
tool passes are configured such that the deposited
mejal teri | 5 .at ' r t
s T AbaRatug o0 Bl o2 el et o oy AHGEr BomBlises at
aratus of claim32, wherein the first threshold is
Ieast?fEBr@pigggwst @agbd%tati%aﬁiﬁrﬂe @osﬂp@ I3¥B5r at us of
claim 32, wherein the second threshold is a dew point
of about -55C 40. The apparatus of claim 32, wherein
the tool path further conprises at |east four too
pakk eShé appaeatbs of ciml 43 wwherain elsghosi theqrlutadifyeof tod! passes
The apparatus of claim40, wherein each of the
overlawraaéﬁeku@ftobl)@éthnﬂﬁéﬂéa@ww%ays a previous tool path
by at | east 30% 42. The apparatus of claim 32,
further conprising a conponent repaired by the | aser
deposition device, wherein the repaired conponent has

a r ' I . 709 -
o TR FBREFarlP Sl 4 5 bl & SOrihefert¥paired
performance index val ue conprises at |east gne of a
by thedager %egqsamgﬁvw WBeEs the FepaiTg &%@?mm&?@@
val ue. 43. The apparatus of claim 32, further
performapce dndex valuergieataithar gl etia bgw ¢rmpagent performance
deposi ti on device, wherein the repaired conponent has
indexavplaef wheeein ¢hé peefiormahoe ingtexatatue chmpris@$oab least mew of a
conmponent perfornmance i ndex val ue, wherein the
tensiRestteigtANGRud 8A@> falihUe pefBRhaAes valuel east one of a
tensile strength val ue and a fatigue performance
val ue. 44. An apparatus, conprising: a |aser
deposition device including a |aser, a netal delivery

dey c and a_plurali.t f Lt t uat .

st caneaprgalls oftriny SRuuPRE Ko dP iy 8 efhhanens repaired

devi ce; anda degqsition naterialfcooliqg control neans
by thelaserdarasition deviceovharein die paiigdeaspen i ed

nmetal such that the deposited netal does not form
perfofinancp dndex valuargreatssshan 0foeha aeyrcompedemiRefOrmanes

phase. 45. The apparatus of claim44, wherein the
indexieslae| whereindhe pedormanteé inglexovalue compaises iat téasdene cf a

shi el di ng neans that ensures an oxygen content renains

tensikesPendgthvialid ahdaerabiglé pardrhblAte gal@t er vapor cont ent

remai ns bel ow a second threshold in a target area of
t he conponent; and

44. An apparatus, comprising:
a laser deposition device including a laser, a metal delivery device, and a
plurality of position actuators structured to control a position of the deposition

device; and
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a controller, conprising: a tool path nodule

structured to interpret a deposition device tool path,
wWob@Ba54043 he deposition device tool path incl uBEBUS2008/007483

plurality of tool passes, a deposition device velocity

specification, and a | aser power specification; a tool

position nodule structured to control the position

actuators in response to the deposition device too

patdepogiidnandtias cboling comebitrheass spdatiueedto cottrsledcoaling
control a powder ‘delivery rate and a | aser power val ue

rate df % d R84 ?r&ét%l 50én ﬁﬁﬂ‘fﬁé epBsit&y hictall s MaifBrrMicro-

I'tion device position.
porosity and does not form a grain boundary alpha phase.

45. The apparatus of claim 44, wherein the deposition material cooling
control means includes:

a shielding means that ensures an oxygen content remains below a first
threshold and that a water vapor content remains below a second threshold in a
target area of the component; and

a controller, comprising:

a tool path module structured to interpret a deposition device tool path,
wherein the deposition device tool path includes a plurality of tool passes, a
deposition device velocity specification, and a laser power specification;

a tool position module structured to control the position actuators in
response to the deposition device tool path; and |

a deposition conditions module structured to control a powder delivery rate
and a laser power value in response to the deposition device tool path and a

deposition device position.
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