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7 A A
FrHY
ATE 1

o AW Ex= 7w Aol7h A= AHe] @Al e, 1 AlxE AR A EFERAM, 47 £

A7 3 AEE s ol 2 FVINE BE AFAE B o]E9 sy o] HEA AlE FEV] F o]

A7) s o]kl Al A3 B4 5 Holk s EL2-ddE JtEE5AWE HA ((MA-S) ZY-E fE5a,
A7) EFEL, QHA-S, EY(dgdA=gF)-toladdolE (PEGDA) ¥ I+ MXE %%§14°PMDMéﬂ
wAFA Ao =N TP A AFE, 1+ ANEE FHohe stelER2ARA AxH Aola, o] uf CMHA-SS] &

= CMHA-S % PEG-DAY] ¢S 7|50 3o 0.8% WA 1.6%(w/v)el H$] o|Welal, PEG-DAY F=: CMHA S
2 PEG-DAY] FFS 7|Fo 2 3ko] 0.4% WA 1.6%(w/v)el He oltolH, 7] slo]l==AL 25 WA 520 Pa
W A BAASFE 7HA 4L,

7] EEL A7) FAEA doll(onto) = FJFA ol (into) == Aoz, 9% 3 AlXe AHojx
RO AA Wl A (in vivo) 7o) HolE AR Abo] i ok AR Yo AglsiAl Hol 1+ 2R E3dE =
A, E3&

AT 2

A]—z‘ﬂ

A4 3

A&l gloj A,

7] s o) HEA AME SEUE, sk ol dREAXE, HE A AAE HAFA(hepatic stellate
cell precursors), AME, 712 ME, ZAFHAE, U AE A4 2 Vg AXZHEE d9== AL,
E9HE

AT 4

Al 13}kl glo] A

A7) EEES 7R X, g% WA, NE, AT B, AE 9 71E AR e o5 23S ¢ EFste
=3E.

A% 5

Al4ge] Lol A,

A7) Az Bx=, sk o]Ae] AlolEFel, AdfolAlE XA =2 Qlx}H(fibroblast growth factors, FGFs),
714 ME & AF X (stromal cell-derived growth gactors, SGFs), 33 A% <lx(epidermal growth
factor, EGFs), AWM E KA < AH(vascular endothelial cell growth factors, VEGFs), ¢1&# A A
2 9z I(IGF 1), d&d A 448 AAF 1T (IGF-11), =3 ~El¥-M(oncostatin-M), WdH A=}
(leukemia inhibitory factor, LIF), ¢1E]FZ1, TGF-B (transforming growth factor-g), EdxdHH  o4d,
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EY-22 g R2U(T3), E|EAI(T4), FF712, SFIIAZE Fo|=, A T2E(GH), Jd2ERA, t=24,
Al =

=
A o
o 23 TYHE A, EFE.

471 3 A FEA A gE s A, e

AT 7
A6grol] o],
A7 84 wjxe e, EdadY, NF, 24, ofd 2 Agus ¥IsteE, EFE.

) ) )

AT 8
A6l oA,

271 FEA wiAE FRE A E 23, EEE.

71 3 AES] Aok AREL FRREE dojA= A, TFE.

ot

AT 10
A9ghol QJoj A,

A7) FoA= Hl-A7H(non-autologous) FFIAFel, EHE,

A8 11
A9grel o] A,

A7) Folzx= A7F(autologous) &A1, EEHE

AT 12
A9gholl QJoj A,

§7) FelA= Blok, Ao}, ojdle] i AHalal,

o
)
e

A3 13

A&l loj A,
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gige] g
S dst = HA

HAe] 2 e

Bl o AAFe o] glojAd, AW ZAYAY i 7 Folrt = AEHe AVE 2k ddAel, &)
o] AEZE AAA7I= ol AFdET. 7] WS (a) FAARRE A9 ByE AEE de @A (b)
71 AEE Axe] wEH~ oz o)Fofzl A AF EHd dwdsta, dojHor g 4 H/Ee
ANF B (A QA AolER, ZEE)S Etes g, 2 o) A7 AEESE ¥4 Ar)d =9ska, AEe]
232 2 QA A B2 AA el Z7] WE £ 7] 39 £ By AssiAd ngstshs g
2 Z3Itr. A7) ANE 7, GEA(biliary tree), #A, #, &, A, ARA, 59, A, B2 AE
oA g Aok Afe s Bae A A P AbelEZIolar, o) #9] A Q1A (epidermal growth

A

v
N

factor, EGF), AR A% AA}(hepatocyte growth factor, HGF), 7]1& Al } 1A} (stromal cell-
derived growth factor, SGF), @Elx=o]l= (d&Zd, HET A), AFoMHE } =% <&} (fibroblast growth
factor) (FGF, olZ1d] FGF2, FGF10), @3 W3] 447 QlAM(vascular endothelial cell growth factor, VEGF),
A&d A 44 A (insulin like growth factor) I (IGF-1), <1&d FAF A% A& 1T (IGF-1D1), &3
E}el-M(oncostatin-M), &YW <} <lz}(leukemia inhibitory factor, LIF), EdAdH# d4d, FFIAIE
Hols, (47 gfol=mialdE), AT T2E, 999 HsleA s28 (g0, AxRF552E (FSH)),
oﬂZ\_Eizﬂ O}Ciﬂ u] @—/K]—Aﬂ §E£ (oﬂy—];H T3 = T4)° ._Lﬁ‘ﬁé]- :;: oh;}.

i ¥
N I'Il
o
)
o
o

b

O
[e2

Aol AgAY Te 7% Zort de AVIE ARSI HdA, AEY FAAE FAR(EFHol A
allograft)7} AYE 4 i, = Aud AYAY TE 7% o7t = e F7E z2te AP A (A7t
2], autologous)¥d 4 UAIRE, © AH] AR FAY e 75 Fol7t gl FEoERYH A AE7E Ao
Ak, AWE A8 A Bl A2"S GYst] faA, FoA Axe AWs 2, AF s2Ee] A4

AxEsE =7 AE, A% AE, dBRAE(nature cells), W3 ZZA(angioblasts), =3¢ =7 AXE
(mesenchymal stem cells)(49]e] A2 HE, from any source), AAXE, AfFokM|3E(fibroblasts) & °]&
o] EFES ¥ 4 vk, E3H, AA A EFe Fehl, 3§ FAF(adhesion molecule)(BHd, HHZ
9El - YZA(nidogen)), dzt2¥l, T R2H Q. ZFE 7 (proteoglycan), 3]&dF 2\ (hyaluronan), =& ZAR]=F
gz A, 71EA, Ao, H 3 s 2 A A FYHE 23 & vk, s|EFERGS vbe
2 3]

%, FTAEN MEE Estr] Ao A A3 B
g 4 9lal, EE o2, & A (fluid substance) @A) FARE L AYA|
uA A A=, AlEs 7.‘:_]‘33 | 28IAY = 715 Holrt 9}-‘5 x4 &
A (biodegradable covering), ¥ ATAE Z3 T F AT},

wowwe] e AP oA, Aol AeAL £ s gt A gEe 9]
Aol A7) 24e Aushe wgel AgHc. 7]

W, ABA el A (ex vivo) ¥ s}
oM (in vivo) 1832 + Yr}.
Ho) =war, FAL, AESHA

g
=
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oA () A7) AESE st ol Al A% B4 £
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B oage) ® e ANgeel oA, 4719 AEE BA 4719 W A, uR o), mt Erid 24
gholgats ol AFHI, 471 P St olge] solm2A-Fy ATAY §9 @ G| AEE EF
S AAE, FEF uAle] =A sl AA U EH G EW Ao, T FRo] L Erhel w43}
R 18 EW g, U i) Ei Bl Qi A¥E E£ge solew
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[0020]

[0022]

[0024]

A7) AEE 2, A%, wEAL W, A, 0, AR, A, w, e ARY e 24 4719 &

= 12A13F, Aol 24A]3F, Aol oF 48A1%F = Holk o T2A3F

o glojA, 7l FoiA AEE AW
5 2

ey, AR 29 Alxe dwe 43

sloleg A = WHy B84 E3A (parallel insoluble complex)E FAS 4= g+ AA A 22L& F
Abel =28 7F(glycosaminoglycan), E 2|2 28] ZH(proteoglycan), =2} =
B 3lYF 2 o]E(thiol-modified sodium hyaluronate), ©]E¢] WAZE (oA, Azd
ZeS 3 5 ok, ud3te] EgA(trigger)v A3E ¢ Jde A9 A3 = wjEY
8429 F Ug. FtuAlE ZEedAEEE Yoladd olE
fFeAs g 4 . eSS, AlE 2 AR HF B ESA EPAE A
(viscosity)7} oF 0.1 WX <F 100 kPa, vl aA= F 1 WA <F 10 kPa, U vlgrdsiAe of 2 YA
4 kPaoliL, 7} wizhAsiAl= A (stiffness)7F < 11 WA <F 3500 Pao]t}.

=
®
k5
Ty
&

Eoage] & AAFHC JoA, (a) BEE AEE dE @A (b)) A7 AEe A-FA4 A A3
A, JojHo R gt ot T Ag WA, A& FAAPlEZ, AR QX E2E), 9 Axe uEY
2 AE(AAY, sldTFR S Edske WAl @ -90C £ -180ToA ARE Ax EFES FHaE 9
= EFehe, AEE T4 RESE U] AlwHEn. A7) S84 A= CS10 (biolife) = 57k S84
A BHE 43qd 5 vk, AV AE 4= AR ¢ dnk. AE Bx= A A R AfolEZlela, 4
A9 %3 A% AdA(epidermal growth factor, EGF), FHAI2E A7 A(hepatocyte growth factor, HGF), 7]
A NE-F2 A4 AA(stromal cell-derived growth factor, SGF), #E|ol= (e]zd), BlEl A), Ao}
ME A 2 A& (fibroblast growth factor) (FGF, <lZdh FGF2, FGF10), 3 Wy A3 9x}(vascular

endothelial cell growth factor, VEGF), $1&® A} A% <1AH(insulin like growth factor) I (IGF-1), <1
&« A AF AR 11 (IGF-11), =232~e}€l-M(oncostatin-M), W& oA < A}(leukemia inhibitory
factor, LIF), EdAHY, e, FFAFZE T2 (AY slolmmm=2Ed), A% 22 9oe v
2E(AAY, JEAFTEE (FSH)

stA] &2 ), dzE=zA, <=2, 9 dd 282 (A, T3 EE

1S T3 = grk. A EL WEH A RS FE aAn| =FA ol (glycosaminogleyanas), S|YFEY, Zg}

A, AR 2 (Fd, JBR2dYE), 2242z, JEAN, dAUoE, E 3, AR 2 A A3
|

MAE E A A BLY EFES T4 REI] Y&, EFES (1) gHE AEX=(MS0), =EAE, JdE
2=, JdEdr] & et e (ethylenediolethalenediol), 1,2-Z23}elt]e(propaendiol), 2,-3 FElt]<,
YEoh=, N-HEXxEon = 3-HEA-L2-Z2R0E gxRog H o5 oz o]FofF FOoREH

AeE = FaEA Al (cryoprotectant) R/EE (i1) 3, =841, &2id, Zv|dIEgE, IFHo|E, o}¥
EXZ2 A A (apoptosis inhibitor), Z¢, FEH QY o]E(lactobionate), ¥ = (raffinose), HA
(dexamethasone), 3% AF o](reduced sodium ion), F#H(choline), AFFA A, ZTE2E T o]E9
Z3to R o]Folzl FOoRHE AMEHE HIbAY o E£3rE £ vk, ] 3L Ed@Ees, ZE

FHFIL, Ty o5 xFola, v AtshAIAlE vlERR] E, HER A, HE-FIEY, EE olE9 xFY

= -
+ 9.

o
b H

% 2% Kubota?l wiAZ AzH J|IFRdd s F53 FH(rheological measurement)(KM-HAs)S
Azt a) Fd wE Wy wkE AAe F42d, Fetd i (viscoelastic damping) | G"/G' |2 AEET
zF ¥ EY ol (formulation)ol ™3k Fab= HH7} 0.1 Hz -10 Hz Wl FAlsie & AHE<l ¥hHo] | KM-HAs,
7 e Al (shear modulus) G|+ AA8A FA1=L; o8] Hi(error bar): AlE

A A Fre FH49 A

I A EA-e 95% AF FZF. b) KM-HAs© AW 53} (shear thinning), & 234 0.6 1/s-60
1/s Aeg W9 [0.1 Hz-10 Hz 3 (forcing frequency) oA F37F F7istiAr AEE FAdsE A4S
BojEY; 43 2 &8k power law EEA 95% A1F] F7F (Cox-Merz rule assumption, 0.3 1/s - 30 1/s A&

_8_
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0.05 Hz - 5 Hz F3<]olA 2E T EHolHd s R2 > 0.993 ). 7|AE ZE# oM o=t
YA F53 4L # 39 HERA

= 32 KM-HAsollA Q1ZF 3+ &7] AIE (hHpSCs)e] Z7], Fefsr 2 F242 yepich. hHpSCs 32 334 )
d& E53%1a, a) KM-HAsollA] A& djo] 3] efdA £ &3 (spheroid-like agglomeration) (o}l %,
bottom left) i EY(folding)(FZF, 91 LEZ%(middle, top right))& RHoFETh [o]H]A] Ty Y: 900m X
1200¢m] . hHpSC-seeded KM-HAs®] 2 8h2 Fito] tgh x5 FAF @7 (Confocal microscopy) Wi 15
T, Ad ME FollA b) & T, EE ¢) 10-15m 7R A AV|E e, 39 AE FH FAAE S e
Wk [DAPT tin] dAAl=58 AdAQl Az 3, b9k c)o sl A 41<1 EpCAM, b) (D44 H= c) CDH1O| =44
olmx] Z#d b) L c¢): 150mm X 150pm; b) E c)o WA Jlo]glo]E: 15um X 15um].  AlamarBlue
metabolic reduction®l <3l 7% KM-HAsol A hHpSCs®] AEZ&=, wleF 15 WYl 1.6% CMHA-S 2 0.4% PEGDA
£ ZtE KFHA Slol=2AoAe) 7)e4 38 2@ F2& Yeldlth(EEdold E, 3F 3); 24X Wi §
AlamarBlue reduction =%, A9 F(post-seeding) 2-3¥el] F7Aol| Qol- AHA8IE A (normalized); HIlE =
HolE = H + ¥FHAIC

5
1:1_4

=

E4E‘Wﬁl$~% -HA-seeded hHpSCsol|A] &3} w}# <] gz dldo o

el wheh gepA]= W oA hipSCs w3F whAC g e o 18-S vEbick.  Q17F AFPS] thAL
H| &2 KM-HA ZE o] dol mRNA L&z Az gdo] k. NCAM 32 BE KM-HAsoll A EAE]BsARF, (D44
§&, CMHA-S Sh&o] 1.2% o]3s}el KM-HAsolA 7F% FX-3sth(richest)(Z1A1® EEd oA A, B, C, D:
3). CDH1 &2 [G#| < 200 Pag! KM-HA 3fe]=2 Ao XX E]H3}AL, [G+| > 200 Pagl KM-HA 3fo]==2Ao] o
AE] B3, QIZF AFP EH]&9] dHolHE HF BT HXE K. EpCAM, NCAM, CD44 2 CDH1el o3k W
AxAstsl ~eold-e 15-20pm F-EolA A aL(~2 WA 3 hHpSCs F7; hHpSC A7 : 5-7um), FF An7
AALR gt [ovx] =g 100 X 100im]. KM-HA EEo|AL 7=l S718he Ax #dste]
gt (|G<] =25Pa : A, |G<| =73Pa: B, |Ge] =140 Pa : E, |G| =165 Pa : C, |Gx| = 220 Pa :
D, @ |Gx] =520 Pa : F).

{o

AFErt.  hHpSCso] 342 KM-HAs
K

=
'\5

€
Y
v

=1

k

= Y 15 3 KM-HA-grown hHpSCsoll4] 7+ A+ vwlA (hepatic progenitor marker)ol thal] qRT-PCRZ 7
2 i Gis AFeith. hipSCs ¥ o]E9] AA $<& hiBs (FF-5o] % (hepatic-specific) AFP, EpCAM,
NCAM, CD44 %! CDH1)®] v} €] mRNA 23 '8 Afole] wluo| A=, KM-HA-grown hHpSCs7} 15 “&QF SjA|H )
S (passive culture)dll Al HAL ##loAe] hiB 548 WA etk S HoFErh. hHpSCs F (D449 A&
A w2E hiBsolA od WHeE nluErtsitl; o] whre] gk #d fEe AR FHstal, EpCAMS
2k 2-Z2= 74, (DH1S 3-Z= 74, NCAM ®% ¢le, AFPE hHpSCs7F hiBsZ #3tE u] FR&d. ZE

KM-HAsol| A1, AFP, NCAM 2 CDH1ol th&t seeded hHpSCs®] ¥ 3 oMo hHB W19 Z o & hHpSC MY o3
2 o]z H AR, EpCAM 22 v 15 5 ) FE&SXY. K-HA ZEHOIAS Frl S/ Ay #ws)
o L}%fﬂv} (IG* =25Pa : A, |Gs] =73Pa: B, |G¢] =140 Pa : E, |G¢| =165 Pa : C, |Gx| = 220
Pa : 2oGx| =520 Pa @ F). ¥ #A(HA+FFHAF)S GAPDHO| #ale] A=Ak, 7]A1% KM-HA
X EY 1 VU 54 (£ 3)2 FY4S 98 hipSC +F (54) 2 AEA 218 hiBs (FA) 3 vlugict (sHA
9] t-test).

T 62 7AE sARE 9 SlEHe A AAFE Y =4

T 72 3LFEE ofAE o AX dEHo A FUEH FAHA-AAY AX o3 FAHE FF Al A
Y 2AA7E olm R 2R e AxE bt (Figure 7 shows the results from in vivo real time imaging of

luminescent signal produced by luciferin-producing cells both grafted with hyaluronans versus injected
as a cell suspension.).

v

T 82 A7k 9 CCl4 7F &4 Ao o) o M dE oA o2 F 7def Q1 @A A4FE AT
t} (Figure 8 provides serum human albumin at day 7 post—transplantation in grafted versus cell
suspension in both healthy and CCl4 liver injury models.).

A FAAY vhAS) A4 BEE et BE A0 GAPDI BHOE Hgshs
o AgAsad. = A9 Ta5) A2 Y B Aol p0.05% FE thel
g 23 Ax TH WA Abolo] p<0.05h Fo)4 B ohlel 270el AF E7 Abole] freld

M (R M
e Lok o
do - I o
iz
=Y r 2 TN
8o
B
P
1)
8
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%102 Al BE 715 A5 BHoRRY delHE AFach duel duA Azl he 344 3
GdFE2e vl A) EEA, Edadgd, 9 ) 24% Axvig gAsEdct (A) albumin, B)
Transferrin, and C) Urea in three-dimensional hyaluronan culture over time for levels are normalized

N
" 01r

per cell).

T 112 KM-HAsS] 71A1d EAo=2HE dolHE AFsth. a) KM-HAs Hx=+x 54 7leskal, CMHA-S 2
PEGDA FHegell whet gk, Wit dAd ©47A5 16+ £ power-law HEIE whel CMHA-S 2 PEGDA T&S <
THAZIEA FbetER, HE stel=2A £ F KM-HAsO] HF 71AA 549 AY AlelE AlEskil(thus
providing direct control of the final mechanical properties of KM-HAs during the initial hydrogel
mixing): ¥ 3] Ve Z1A® E£Ed ool taT §55 S4e] gk, olg wh F:5 0.05 He 5
Hzoll A =Ao] dis] +£1 F5HAx}F. b) KM-HAsolA E2F(Diffusion). FRAP (70 kDa ZFQHAQA-FAE 9~
E&, fluorescein-labeled dextran)® KM-HAsolA Bl eol SAHL Kubota x| SE=3 A9E] U2 ok
b HAe ® 39] Uehd ZE zEYol Mol o) AsiAct. ole w34 956 Az Tt

H

12 KM-HAs®2 hHpSCs seededel]l 9J&l <17+ AFP, &7l 2 Q49 Bu|E wolsEty.  KM-HAsolA hHpSCs<
TR v WA (KD A BEE = QIZE AFP B 4] RV Frlele 4R 1 Vs, AW $ 7Y (day 7
post-seeding) 24 $A9 HEFLS HolFrh,  QI7F AFP, QIZF 4wl 2 @ 4o thAl EH| &S, 1.6% CMHA-S
2 0.4% PEGDAES 7+ KM-HAsoll A AFP, &% 2 3w Q4 HAd i3k HA v &=A4, KN-HA EEd o)A
Atololl A M) 74 Fof FHEETE (The metabolic secretion rates of human AFP, human albumin and urea are
distinctive by day 7 post-seeding amongst KM-HA formulations, with minimum rates for AFP, albumin and
decreased urea synthesis in KM-HAs with 1.6% CMHA-S and 0.4% PEGDA)(EEde|A E, & 3). H= #A4: Z+
s ANAR ZEG) ] tiEl 24A12F Mg T mid FRE g wiA ]"14 EH/*} TE (£ 3). 5 4§ 24
]7P HiF 5wk Wil A hHpSC w3 B thAl A= 8] &; v A F dlA} A2 AlamarBlue reduction

AEL T 9 AEd 42be] AEHAA 7154 hipSC w9 2 GAIHAT (AE T R=d
fv}@/l Erd 4:12). EE dolHE B+ xFEAE BIEQr).

F

_u ﬂﬁl

T 132 AW 2209 ZAES Y 4 S48 UAEE dA-4e F dERYE HAgela, v Jhegt
A4S 7158 e AS Kol (Figure 13 shows that controlled rate freezing program minimizes

liquid-ice phase entropy preventing internal ice damage and allows for repeatable freezing.). A) 2L
A 2o th3 Ar 22 BolFoh (10% DNSO). B) 52 =¥ H]&-E Cryomed 1010 A]gloll A}

T 14 D) dAF & 54REH "ol 7 AEY AE YEE 9 B) N2 AZE ZAYEEE, 4 2ddd o
3w 35 F 5 (Colony counts)E A&ttt Ayes Htr+HA9 IFAAZE HuEHAT. K= 10%

DMSO ¥ 10% FBSE &3l Kubotas Medium. CS10=cryostor, CS10+sup=KM H.Z=ES 3I+H-3}= cryostorl0.
0.05% % 0.10%= 2t AEel B3E HARE 2t

T 15% GAPDH @ om A/dstel Al mRNA 2dS HojFErh, Hd R e xFEA. A= AEe o
3 oA «p>0.05(Significance *p>0.05 to Fresh samples). KM= 10% DMSO % 10% FBSZ 33} Kubotas
Medium. CS10=cryostor, CS10tsup=KM R.FE3S 3= cryostorl0. 0.05% Z 0.10%= ZF AEd REE5E
HA%E 2ot

Wy A7 Hek A g

AAl, 1F 7HoRRE fHjE AEel #HAE AXE o] dwkH o Hy HRE T FaAva, 1 Ade
dubAl o7 A Al oF 20-30%, E7] MAE 5% HIRke] Mg &F ] A ARl FAE AT, #3hH
Ao, kel A 7] AEZ7F 23 (i o2 10mm v, 5 AE7F & (IRbH o2 > 18um) Apo]Ze 7]
gk Zoltk.  fE9 AdFE o #FHE FAFTAG. Y Ao, oA A 7k =7] AE (hHpSCs) %
RAIE(hHBs) = ¥ (spleen) &2 AEE FARFO 24 W] Alxglo] &44d FE FAEAT. ¥ 1H)
AFdA oz AZAHY] "o, Axs AFRE Aoz oisH= ez S8t (flowed into). I8y, tiF-iE
[e]

AEE A Ao FAG, omahs B o9l 24 (o448 F9l(ectopic site))o] HTFET.

A7 2 BAA A3 RgdS AFdx, Axe] ¢hds] 715 A0 A (fully functional ones) o 2]
32, d#sl(vascularization)9] %, Ao 2F (A5 HAEE oHste A9d), 45 AE7F AHESS 3
71F A AAE FQEHA & Aol Mo =2 W 54 o AE. vE FEze I 539
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2 (sourcing of clinical grade), iF A|E(high-quality cells) @ 524 HEOF Z&A ] 7]eld A&
A Ee® AEE AFEE Z2X(need to use freshly isolated cells due to difficulties with

cryopreservation)g ¥33hc}.

Ha&Ad 2 3Xd 234 oo, 8 HA2E 53 18 7|#oZHE Y AE9 o2 dsitt. 138 7]
2HEO AxE, AES AR wE2A Agstu W EAE zk A H3 B2, o

o < z =
2 A4 @A (tight junction protein)). ©o]#3 TFH 4L AP AP A A

ool whebA, vbgbA g AIE g (cell population), Aol AujAu 7s Folz e F= 24
R/E= AEE ushs "AE (normal)", "AA T (healthy)" =27 B/E= AXE 2 oAl Z5-E A

7 = &

Pold & gk, BE, oldd AL wHe AWl AAAL /1% Felvt Y RO WF W AFgoEY
g, ol AEj7b obd 7| FESEREH 95 4 Uth(such a cell population may be obtained from a
person suffering from an organ with disease or dysfunction, albeit from a portion of the organ that is
not in such a condition). A|X&=, volo] A@glo] Ejol, Ao}, Aof B A9l xS Xgtel= HH3 ¥

-
Fi 2HoEvE 92 & dvh. AW gee 48 wdo] FYs: Agol, AAF 4y FAEE 048

o]
2l fe] Ao A AEE AMEE 4 Q).
U FAAoR, Axs A54 dao] 7|xste] "dE-dA(lineage -staged)" /MAT SZ5EH theFgh g
THE 4 k. dAY, =2 d% ME(late lineage cell)ol aiMnt AFHE 7|5S WaEA d& Fart
A= AL, B Fl A (recipient)7F, dZAd 7 C B FFF vholgaR dojus= F7] AE Z/EE
ATHES $HK oz 7AAIE 5 & vlo]lg]~(lineage-dependent virus)E zte A9, =& WA 9
(later-stage) "< (mature)" AE7} wpghAlsr 4= Q. obf-E, "H Al E(progenitor)"= 78 x#9] <

oJo] g% WA (lineage stages)S Hsl=t] A& 5 AT},

2 HHol ol US E3FEY nos. 11/560,049 % 12/213100=
2ras], el dE AHox s/ AEE dF AT .

e A 3]
ofgfoll ol=ol et @A % g drgo] Alg ATt

¥E A (Lineage Stage) 1: <17+ 7+ 7] A E(hHpSCs)E ®jo} 2 AlAole] 7he] #A(ductal plate) & 4

of & Aol oA &Pl < (canals of Hering) Wlel $1x3t= ©&3k5 M (multipotent cell)o]t).

o5 AXE dukrow Aol 7-10mmelal, AEA o] el 2o ME X Yrk. o5 o YAol

NI, AG FF AT F 48 o) ARt FF ARG A Ad ¢ A, s AER 23 S UeE
= E

Ao BojAle] 7he] AR zA el o 0.5-2F T

2 A 2: 7rRAE(hHBs)E hHpSCse] 2 A %

& = Ho] =% A EZ(liver's probable
transit amplifying cells)o|t}. o]&L2 HlzZ &7
3

o]

S
yzlo] )Xo 9 x5t} (They are located just
Wl A (in vivo), B2 o] AxA

outside the stem cell niche proper). ©°]& AX+=, A 45 74 ax
(10-12pm), o} H AlAJofo] zhellA A x2 A Aol F ARl FlolA &P sHEe] it e A E5
% (near the ends of or adjacent to the canals of Hering in pediatric and adult livers)e] ZE oA ¥
Hh, dolol wah, IRAES] F£E A F 7he] A AEe <0.01% 2 AT AR ol S, A
A GA T 53 Ao Ay, oA7d (HEHSY B AEe] sk S BHoen. R AXE 1A
3 (hepatocyte) () Fi= @3 A A *E(biliary epithelia)(B)eti% 3} @A E(cholangiocyte) & A <3k

Y% oA 3 2 3B: %ol AR (FE3s) 7HAE (Committed (unipotent) hepatocytic) (3H) B w34l
3z FAREY, olg3 didts ATAE 7 el A AxXFES

dHAIGkaL, AR F7] AE §EAAE o ol dstA ZAwF (oA, (D133/1, Hedgehog proteins
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(Sonic/Indian)e] =& Aol WAY §l&), ®Hlof 2224 Aaxd AYPHQl FHAAE HHIT).
2O AE
m®] 3L, PEPCK,
Eilcia=
o] @Ale]l FIAEMB)= ojujAlolaL, AAo] 6-7mo]a, P MY FES wef sojAa, ofFolxrd 1 ¢
4, MDR1, A3 #:E 2|4 E (secretin receptor)s X384 WF, CL /HC03 13+7] (exchanger) W= AwlEE}E

2] A (somatostatin receptor)E E33}x| &= thFdt FAAE L33},

(4 2 b g Ay Al (4B)E 2. A= oufAl(diploid)elal, 2740l 18
A

HE GA 4 © 4B: EF Aol AEAE(Periportal adult parenchymal cell): AthA o
3} oF
connexins 26 & 32¢} & FFHQ ~A A (gluconeogenesis) ¥ #HE thE A/ EAE

d% 94 5H € 5B: o] ©AY Axe Eu oluiAdd Auidoer & ME(GH) 2 HHAEGBE XS
AEL A7) FAo] 9F 22-25 mm©]il, midacinar QY WeollA WAFECY. midacinar HAEE & F£59
dETl 9 g2 ol n-EdaHetolA (TADE W&, 53] adidzx Edxadds Tddddts 5o
ATk (ZLel] WA HE A 1-4% nRNARA T E ).

g% 94 5B: GHAEE F Aol oF 14mmolil, 29T (intralobular duct) Wl $1Xskar, CFIR, A==

2 4E], AvlE~Eld 2408, MDR1 2 MDR3, CL/HCO3 w&7|E wadh),

éé
—1N

dE oA 6l @A 69 o] A M (diploid pericentral hepatocytes)E WlFolA TS

T AR, FAE &0l A aﬂﬂ, *1‘5 ke &5Fo] Ao glrh. olHg HAEE vold wt 3
ghoh (ARRA] A Z7ke} w3, 4R, TAT 2 EdAHEY olix, oEe T
P450s, <Zd] P450-3A, =FERl ¥4 &4(GT), &lutd == e F Xt (heparin proteoglycan), 3 84 &
A BEE FARE A

N
>,
&
bl
1o
&
r__)‘:“
(m
12

% A 7H: o] dAE 9 ol
pericentral parenchymal cell)E& X&3it}. o5 DNA 4 F x3
"ok, o]E2 ufg & AlEola (HAeo] >30 m), ¥& G 56 YeR e ndMe] FHAXE LdAgT).

o e
2
%
>,
M
i)
o
N
X, Mo
¥
o %@
Ir

~
>

=)
2
N
>,
i
i
=,
5]

o

oD

@

o

o

=2

o

o,

dE A 8 ArE A E(Apoptotic Cell): o}EEAAQ tlekdl mpAZ @H&slar, DNA 9 HAIH(DNA
fragmentation)= A3},

Adlo] AgAy = 7l Aolivt dE A7l AAY Tlss ATIEF L7EHE AE o9
graft) S vl SHAE RE 329 MEY 7]|Z(cellular foundation), A¥-wlFAZr AE A
mesenchymal cell relationship)E ¥ 33l AEQ HFE ulhxslA =Hs) X
th G-zt AX A= o As 25 A 1 0}‘3} Fu £7] ME
7} Ha, o5& %A y %

282 7 Al

<
signal)ell ol =44

A, AW 7+ =7] AIE (HpSCs)E A E (hepatocyte) B FoAE(cholangiocytes)S A sk, HpSCs
7+%2] 3tEY (mesenchymal partner): d3+ oFA|l3E(angioblast)o]th. d¥ olHEE W Alx A<}
F AME ATA, W 8F WA 2 AFE 249 1A AE EY, IERAE (HBs)E A%t RS
Y= S747F 20t (There is evidence to indicate that angioblasts give rise to both endothelial cell
precursors and to hepatic stellate cell precursors, the mesenchymal cell partners for intrahepatic
lineage stage 2 parenchyma, the hepatoblasts (HBs)). W3 AX A=, M2 & A 1HF4
FEYZE = Warth E vs 9% 9 Asdd. AV A AlE ATA Axs Y AEE AT
=, 7E Ax, O % ZAFNE, 9F AxY HFH ME SGEYE A SFH(The stellate cell
precursors cells give rise to stellate cells, and then to stromal cells, and then to myofibroblasts,
the mesenchymal cellspartners for cholangiocytes).

2373 (hepatogenesis)oleti e 3f= o] P> A ddd vjote] HFA oA @ oMHEERHY A
Fal =AY, 1 AAFY 27 9 s, AfolAlxE S2Q1AM(fibroblast growth factors, FGFs)7F 4l
A Z9]4 (pre-cardiac mesoderm) > Z2F-¥ ®nr]=E uf w Hej JA i@ (BMPs)o] 752 (mesenchyme) .
2HY dadnt. oF AMEA TFAstE 1 Alxe 3 wEyo] 4 FHoR o)Fsta, I e 714
AFAet A% 283t} (These newly specified hepatic cells then break away and migrate into the
surrounding mesenchyme and interact with precursors to both endothelia and stroma). ZF&EZ A¥X= A

oﬁ )

_12_
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A v 7t AEe) AEsa i,

A7F 2+ =71 AE (hHpSCs) & AES 93 1HF2A Mxete] HFo] asith. o2 A7F HAE Hola, &
T olMEe] YoM HldE = A hHpSCsEA Follth(They will self-replicate, that is remain as
hHpSCs when on feeders of angioblasts). ©l&2 I+ A4 AX FAddA W= 4S5, ARAXZ dF
A $tEA T} (They lineage restrict to hepatoblasts, if cultured on feeders of hepatic stellate cells). ©]
< Asg Ugol A wigEE A A xR AsEa, Ase 71A (dAd, 45 43 Ax e
FRAZ)ANA e A F¥AE(cholangiocyte) & Asdtt. Il og =7] AE

A, & UellA ZHzte] Au-mid7t FeAgolA AdE stetay 45 Aadt el 7)lste] HojF

r ;l BN

o] o AAFe webA, olAHEE HHEsr] faEA, dEE AE 78S TAY fdead A
(known paracrine signal)(o]sfell AmEH) 2 "R (native)" F3]-mI3+ IFEY (epithelial-mesenchymal
partner)$t Z oo wel gAY, wEbA, o|XHE 3y &7] AME(epithelial stem cell), ¥&2] %52
J}E U] (native mesenchymal partner), 83 ofAlES} 3| s = 1 7] AIEE X3y, Hdo] SFH AXE
Yz o]AHE Q& (For a transit amplifying cell niche graft), IIEAXE 1 A Alx 2 Ui A
AFAe StEUZE 2 ¢ k. dF oA Hd QlojA, F MES £3}E vE F

Ao g9S HAgsr] A, 1k 7] A, HEAE, 3@ olE, T A
A AE. AEZF AGEE XoR] oA nA 342 gegtad 4o, EHA 9 7184 AEE o] o
A S o9dar, ol olAHHo AlgEE HEgd WAl AZEH(The microenvironment of the graft into

which the cells are seeded will be comprised of the paracrine signals, matrix and soluble signals,

2
hy A
fn A
Eds

!
-
g
i";
=
o,
>
>
2
b
2
-

that are produced at the relevant lineage stages used for the graft).

R, olAHEe AR dd FHE delshy] Aa stHAE ¢ vk dxd, 7] @Al AdAT § 2
|

Aesl= 8% o|F nlo]#~(lineage dependent viruses) (o,

e
z)ol a3E FHass7] HEl, vlolels e BAE &t A ¥ o % A (Hdl, HAE °]
59 B vEY, WYY (sinusoidal endothelial cells))e] o]2HLS FH|E 4= o}, o]xHE, AY &
mdoA FH FAr|o] o]y o]AHd Ao AH MEE AlEFgoRA AW 2dlS Y= Hot ALE
2 5 .

S AEShE, &7 MXE oA d2=, 1k E7] Alx, g3 of

o, o wEeA, "E Y (native)" I MES o]AHL A A AE], TAE,
X B FME(pericytes)E X8 F k. He] Au-wg it
=

5 =9 no. 11/753,3262 Fxsla, o] Y&E A7} Fx=E &

i
32
O

T8I ER, F# A EFo] Hie fX|o o]AHoof gt} (e,
| AelA, E71 AIE olAHL, o]5e] T4 7, BE A AE FH=E
, Sl gigk o] 5] WA, AHAl A ORFE ol5f &S JhesHl de A, 3w

HAYd S uHElE ), wFghAScH(For most disease conditions, stem cell
grafts are preferred, given their expansion potential, their ability to mature into all of the adult
cell types, their tolerance for ischemia, enabling their sourcing from cadaveric tissue, and their

minimal, if any, immunogenicity).

%3 o]4] AA(Grafting Materials)

2 o] mE A- A A AF B &xe, 24 o E A A ATE =oFE AE AAA Z
A5 27f&E=(a scaffold for cell support and signals that assist in the success of the grafting and
regenerative processes)& AT, Ao ¥ 7o o] I3 fRAHYE FH7| wiFol, A Al
EE A4 B 23 Sl Bele FxE Axshs 4%l Atk AEE sh ool g WA (A,
RPM 1640), 4l ®2H(l7d), l&d, ERxFA, VEGF) 2 sk o]de] Aaxe] =g~ AR (A, 3¢

TR, Fep, U=, Z2H e £33 5 v

BE 25 o]y, stetay Ast AR (Fehs 4% Q4 myriad grovth factor) ¥ HEE) 9 B84
(S MEGAEN A5)E TFAT, 7HEA L (B84 EGE 8k Ao AUA Edh ol4H A
Eol o% 44 % BH WS AN & Ao wEHS JRS JF, 4E, A Fu(ED AE 2A9 =

_13_
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), 54 AEe Azel tidt whes AlZel FHIATIE 2 AE 29 2 Aske] 8 Ad 89l

Emoxhi"ﬂ§7@%EQﬂﬁ~% FHE 2dshes Aos dHA vk A WelA A FARE =

S Arggoz AA| wro|A | d 4= ArH(Tissue-specific chemistries
similar to that im vivo may be achieved ex vivo by using purified ECM components). ©Tthg2] o]&2 A+
dHoz ol& Zhsstal, AA Wold RS EWsle AXE Peo] =&°] Fth(Many of these are available

commercially and are conducive to cell behavior mimicking that in vivo).

X
|
M r
)
o
RO
rlo
ol
2
o
=
S
=
o,
dr H

3} 2 g EA (A AN, AE HE EAF (CAMs), H& AA(tight junction) (FI=
sl™, cadherins), 7] HE &2 (Frd, JBER), b5 AF dH A (gap junction protein) (F9A1,
connexins), AgtA®El, 9 Z2EH O FYZE (PGs) R SHIAM =2t (GAGs) S FAdste FAst tRslol=
Aol E(sulfated carbohydrates)E& 23ttt olE WHF 747 219 F(genus) o2 AoHr., o7d), &
Aste Aol 25 Fpzl Fejrt da, A ZEEY A g8, S5/ 24 9 Ves Z2a JIIdHrt
(there are at least 25 collagen types present, each one encoded by distinct genes and with unique
regulation and functions). 714 AA A EH2E F7], 71EAY Ao E9} e HA &7 #nt
obvg} thekst 4, AwE 2 AA AP EYHE 2. olE 42, € A3} (thermal gelation),
3§ 7}al(photo cross-linking), Bt 38H4 7lal i E249 B84 Fojuls vA $4oz9] & (97
o 2%(high salt))& EFsE= BHE 3 FF LFEHdAd, 2 EE EE8H =22 ).
a2y, ZF el slolM e, Alx A4S 1ed Zevt Ju(dddg FEd 2% WY, iV =), A A%
B4, TAAHOR sdFRG stojmmA §2o] FAIF Aol tisiA=, US 53 &9 no. 12/073,4208 F
3‘—3}3—, o] Y& HATL of7]el FE=E AE&HNU

HEHA o] 54 A8, a7 £7] AX 23 ddso] s s ALoRNEH =& 4% 9 Ax

oF drso] WAE = Adesbxe] del(transition) 7t AA WA W3t (gradient)oll ola] 7hol==d < vt

oA A A 242 nigHsHAlE of4Hdl niEAF 54 dE Ao mEHA sheks 2t (The
r

H
al

graft biomaterials preferably mimic the matrix chemistry of the particular lineage stages desired for
the graft). ®WEZXx i Med 359 A% AAd vlEg 2~ A 2 7184 A& A183le] A
Mol A7E 5 3, o Pak Az B4 wel EGP) ZzEZd md gldew olf e
olalel AuE AA A BAe, MFASAE AFH o4 9 Axel aPHE 44 4% 2 25w
& o] FolHit},

7F Ao #ato], 7+ Ad Alxel B da, E7] AEY F do] FFAE(transit amplifying cell) HX]9
g Qi Ees sete A4 240 Wa EE oE ghel 454 A Aold 95k 99 va

o &Astt}. (Concerning the liver organ, the matrix chemistry associated with liver parenchymal cells,
and outside of the stem cell and transit amplifying cell niches, is present in the Space of Disse, the
area located between the parenchyma and the endothelia or other forms of mesenchymal cells). ZFe] t}
2 99 oA Alx Ao Wl oo, mjEYA s8te] WSyl AS5HAY. 9 (zone) 1914 SR
wlE2l >~ 3}8}(The matrix chemistry periportally in zone 1)< F/HO]—J ol A WHE A FAeEL, EBY
I 2 Es] IV 840, s|dF2d (HA), gvd, 2 F=old dilo]E Z2HFeTte] e o] Fox
Tl 79, By 1, Fe, vredd ) 8l 54 Jeo] a7l B gukyt diolE ZrH e IeRts 3
ol T4 79 394 tgs mEZY 2~ ggto R Ho|stth(This zone transitions to a different matrix
chemistry in the pericentral zone 3, containing type [ collagen, fibronectin, and unique forms of
heparin and heparan sulfate proteoglycans).

el 27] AE AL BEAew 540 i, kst 6-WE 4 e, B 11 2 2 54 e 3
& el Zegold AdolE ZzHeFYt (CS-Pes)st Adshe ehuld Fe (A, ehid 5), JeFE
0 TS Zlo] wASQUTh. olel@d UM B IV Fehae) e AR, By [ Fekde g,

0.

UA sEges e, Aol 3% Ax v gAdn, Bl v 2, B Auas A% ey g
(aBD), &2 %’L 55 ZHe (S-PGs HHIE 238t GAGs 2 PGs e, Hl2viet AW o]E-PGs, 2 |3
A O] E-PGse] &4 FE] (HS-PGS)E o] Fox Ao=2 He]dth(This niche matrix chemistry transitions to
that associated w1th the transit amplifying cell compartment and is comprised of type IV collagen,

¢

forms of laminin that bind to other integrins (a B1) , and forms of GAGs and PGs that include forms
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of CS-PGs with higher sulfation, dermatan sulfate-PGs, and to specific forms of heparan sulfate-PGs
(HS-PGS)) .

Aol FZ AL FF& s d5 AR AHolHar, ZF o]ojx = @A A (with each successive stage), "|E
g2 geke g AR (dAY, oL ekgs Zk), @ Wt (turns over less), TS itstd 3
o] GAGs ¥ PGsE $H3ttl. diFEo M MEE s3Y-PGs (HP-PGs), & vglol= vl o] ujEE 2o

AFstaL, GAGselx A, 54 kst Ay Ags w3l A A 8= + de Fuie FHE T (The
most mature cells are associated with forms of heparin-PGs (HP-PGs), meaning that myriad proteins
(e.g., growth factors and hormones, coagulation proteins, various enzymes) can bind to the matrix and
be held stably there via binding to the discrete and specific sulfation patterns in the GAGs).
wepd, e e, e A8 % Ha Puse) vdE B4 vEs dete 2e 27 AE YA
ANel AR RE (ebA, AT A AR WEeT NEE A4 AT B FS ZAA)
o MRk wlER A sstor(wehbs, AlE ZAC da, As AF #Mo] %) Hol¥vh(the matrix
chemistry transitions from its start point in the stem cell niche having labile matrix chemistry
associated with high turnover and minimal sulfation (and therefore minimal binding of signals in a
stable fashion near to the cells) to stable matrix chemistries with increasing amounts of sulfation
(and therefore higher and higher levels of signal binding and held near to the cells)).

oldl olff®, ¥ WHX wEYXA Ao spehe Ada WA, SAE A", 9 AW Az ¥ststs As e
Sk, AEe BAR 237 o)A zH o o4 QE AES] RS HASA7)AL, o] F-9R A7) ZAts
T Ae WAskaL, A o #HA TAE Hgteta, heetd wE] 24 e AxE FHATIE vEe
FgAAE k. mE, oAH el AR ( actors)—c HgLd ZAE A=A s Adgd s

A7ke] ko] A foll, AExE FEH 2 tellA midd & Advk. A7 7 7] AE EE PAE (hHpSC =
AAZ, = @ oMAE/Y] Ax A 2 AN AE ATA AEete] 2gom ofxdE 4 gl
WA (A E R3te B2 9 slsldow wdEwE HA (CMHA-S, HE& Glycosil, Glycosan
BioSystems, Salt Lake City, UT) % KM (F-RE} wix])olA dAE= I, el FA719] HME F shube] F417]
of mux & vk, ©E FAPIE KM (s A A% 229 BE&AS HolUlRF 875 ) A
28 AbaAl, dan) Ee Rz toladae s B PRAR 2EE & v, 279 FAIE, 279
Folgt A4z Fdo] e Ysol 9&l(by a needle that flares into two luer lock connections) 1Z¥TH.
wpebA | stol= g9l huAl A MEE, FAF A(EE uE el oa Al Ag =2 =84) QHA-SE
AR A&SA 7t AFAL F A=F el UyES B3l veld 4 At} (the cells in hydrogel and the
cross—linker can emerge through one needle to allow for rapid cross—linking of the CMHA-S into a gel

3
F
] o
=

upon injection (or insolubility of the biomaterials by alternate means)).
CMHA-S 2 7luAl & AE dgNe FHY(pouch)E A7) fal e 24& AFSShe] ol o] A =AY E
= Ad FAE g dn. Ee, AlExe, 7] T4 B @898 A A7 =

AR Zhushes tAdgels AFE o

shd 4 Qv B3, tE

718to 24 PEGDA 7} AS AF&3FA] ¥ar 28] 22 (Glycosil) lﬂoﬂ W<

Ble-wy i :
A-DIPH, 2=2ol8l Auo]E-DIPHE Al WA 54 U mE: 3jshs misls 34 UEHIE Al
TIEE A7k vk, o AF dejA, Alz=EHR] BE HE W7s Fshe 2HfEEs 54
FE = A7t slolerdel F3d 4 =S, Izl PE@DAE H7hstr] Aol PEGAe ddd 4 vt
=, dole TEREE, A A £ mERs AR, oOxd ek, gvd, EZYY, Juedd,
o] o} (isoform) sfo]=z oA T3 ZPEHE Aol F54 TIHRS, 7tu do Fad 92 AE
&l H7kE 5 Sl

3 gF2 O]O FEY (HAs)2 &538tE9 6714 & S| IAM =282 (GAG) e dddola, BFe §
EAF 9 oolu-d [1-3]9] ZEvolt}. uE wdels Z==2ol8l MY o]E (chondroitin sulfates) (CS, [&F
?%’&—Q%E/\P{(glucuronic acid-galactosamine)ly), ®|Zv}gt dA#H o] E (dermatan sulfates) (DS, B 3

Absbd [SFFEA-ZEEAN),  dlger A#o]E(heparan  sulfates) (HS, [EFFEA-=FIZAMN
—_
=

(glucuronic acid-glucosamine)lx), &l%# (heparins) (HP, TS A3t [SF22-

Ho
e}

acid-glucosamine)]y) 2 7legtgt A o]E(keratan sulfates) (KS, [ZFHEQA-N-olxEZFFFAMI
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HAsv= B1-4, B1-3 ZAdol <38 dAZdHE= ZFIAW 2 FFENY oFdFHF WUHE o]FofXr.
AEdrog, T34 ST 78l 20,000 oot H& oldF delE 2 Mo MY niERoR o]fojxitt,
HAsE it o=z ¥3 Fol 100,000 DaolA, &&No)A(in synovial fluid) F& 2,000,000, & Z F A
ol A (in umbilical cords and the vitreous) F# 8,000,0009] Wle] &2} AHFS zte=t), o5 & 24

3} WX (negative charge density) whitel, HA® S B3V ol EEQJTHA attracts positive
ions, drawing in water). ©]#3% 4=3}(hydration)= HAZ} w9 &4 EE(Very compressive loads)& *]X]
StEE gt HAsv EE 24 P Ao AAgtar, dgt A4 2o 7P FHeka, A AARS 24
Jejel 7159 dFS xFsle] tE JF8r F=o] AHESlth(HAs are located in all tissues and body
fluids, and most abundant in soft connective tissue, and the natural water carrying capacity lends

itself to speculation to other roles including influences of tissue form and function). ©]H-2 A|3XE
A 2 AE W, AESY mEY AN LA AT

HA ststo] 2 Feje= ohefsith. 73 drbAQl wskes o] dojolrt. AR A grstE HE e
Aol 718t Aol (AZAY, 7 Y FAFHEAA Z BZoA9 Z(those in the coxcomb of
gallinaceous birds and in umbilical cords)), Y& A& &S HE ze= Aol 7|dste] AER=Zo|G (4
At] 2reglol vido ZRE (from bacterial cultures)). HAs9 ¢ Zol+= FEyHE AESEH 7|5 F&

qsre gth, AR HA (3.5x10 kDa Huh)E= wED A Asty gAwa, 27

rr
()

WOl AIEY AL FET 4 Aok REAFE X 10 Ka oS AT FAS olAF 5 ATk A v
X ful =

o] 22, 1-4 kDaollM= A d& A=

Eglzs Ao ]Ur EE%O Aol AFEEA Bt= =)

FeE|(d A, Athel o8] =A== A), 2 29 HAseF 279 Aok (o
At A7) 714 vk o], o5& vtwe 5A Fu(dAd, HE-WE HAsolA tjATtels HEXA
Aol BAIEHAl sk HEW HAsel Fglo] o8] dFFHomw TdEE o8 AEo] Ut(there are forms of

cross—linking that occur in nature (e.g., regulated by oxygen) and yet others that have been

Lo

introduced artificially by treatment of native and modified HAs with certain reagents (e.g., akylating
agents) or, as noted above, establishment of modified HAs that make them permissive to unique forms of
cross—linking (e.g., disulfide bridge formation in the thiol-modified HAs)).

oo webA, Be-wEE HAs B o] Eo] AREE= AR NA L (in situ) T3 7Fs e v s
olEgt 7]ee (MHA-S Ev ZFEIARE 487 Heshd 7tE25AdEs)t 1A tdatel= 7haug XE3Hgit).
tAgle]= Hi= PEGDA 7hale w9 & &4 A7]¢] stel=zAs sy wiedl, A o Ao, AEA
%, oo 70-250 kDag Zb= HAZE AREE 4 AT HE-WEAE 27, EEddZEFE toladdolE
(PEGDA) 7halAl= A Fistel AA Ul FAbel Agsitt. 239 S8 24-PEDA 42 3F W3S 3l

=
Z7balE] 3L, Z(in a matter of minutes) AJA AFstar, ME 4G L F2E& 7FsstA s,

stolegd 24, SIS AA oA £7] MEe 24 T|ed Ego] FHe A 545 gt Y=
Ao FEFFE £E  gola AlE]Y  Glycosan BiosciencesZF-E o]€ 7}e3d  SECM  (semi-synthetic
extracellular matrix) 7]=2] d¥-o|t}. Extracel % HyStem A% 29l thaksh A|FS AldEHLE. ol &
As BA Agsta, A dolar, vHG o).

w3, Felma 2 ExtralinkeE £4 714 £5807 UE BN 223 44 £¢dE & A, HAE 2EER
M2~ 5 (Streptomyces strains) (o],  AAA(Genzyme), TFo]ZHo](LifeCore), =HIEZ A

(NovaMatrix) )& AFgslE weglel @a FE+ IS0 9001:2000 B (B Yo EEI )N TAERM upal
e MBY Y2 (Bacillus subtilis)E A&k vtH 2ol g Moy s B2 FEARFH 95 F A

A TP O FHA WEES A W R 249 AL ARlA WANE AS Ao Gtk ALY EFE
dad A9 A0 ANel Brden wat 44 A B9 f4 R/EE A7 AE) 48 Hsa

FHCF(A mix of cells allows for maturation of progenitor cells and/or maintenance of the adult cell

types concomitant with the development of requisite vascularization). ©]ZA dto], thF mjEZ A A&
2 JF8A AlF XS EIetE BIAY VxEA JUFEALS Agsta, EA AS E dAdA 11EF
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K

A D W AZe] ofe AxHt wetaY A5 4 AR oFeld 54 w8 UAE myses
;e wA @7l

H

o

g E T (a composite microenvironment using hyaluronans as a base for a complex
containing multiple matrix components and soluble signaling factors and designed to mimic specific
microenvironmental niches comprised of specific sets of paracrine signals produced by an epithelial

cell and a mesenchymal cell at a specific maturational lineage stage is achieved).

x 1

Mool thEXel LX| g5

Qe

(REPRESENTATIVE NICHE GRAFTS FOR PROGENITORS)

27| MZE Ux S
(STEM CELL NICHE GRAFT)

Ho| 35 Mz LxX| M5
(TRANSIT AMPLIFYING CELL
NICHE GRAFT)

URNE ZH 48 M=

(Base Medium)

HE 42 hHpSCs, & HopH = B4, 4Ol HE HH
EL 21EE 57| HE)
SmEf HiA Eo Fo| BE
2eEr iR (Y Hemo) xmey  NZA ART SE UHS
Ho|& Hyx| EE 57| qEo B wWxo wym ool el Hii

HiX|(a medium tailored for the specific
category of stem cells)

medium optimal for the
specific endodermal
progenitors tailored for the
transit amplifying cells)

F7HHQ 7t A%t
[Ztoll SR, tailored
for liver]

LIF, VEGF

EGF, HGF, VEGF

CHE HER2 o

HIr

Hlo|A AIIEE HA EE= sECMOZ M BfstMo 2 HAE |HA & sECM2E A
(Base Scaffold) HA slstM oz HHE HA
Er®l I S2p2, 2t0]He| Hyoh ey -

(O 7A0H ab/p4 QIH2I AESt=
2t0|l 5); 2EEZ0|E HI|0|E-PG
(LIKIOfIM EAE At HEl)

Bt IV St &olo| Ch+
&Efo| 2t0|, CS-PGs,
HS-PGs

X2

d=ot AE MZEO2| THENO LX| H=
(REPRESENTATIVE NICHE GRAFTS FOR MATURE PARENCHYMAL CELLS)

dE T 4 M=
(Lineage stage 4 Hepatocytes)

88 A 5

ZHL EEM =

(Lineage stage 5, Intrahepatic
Cholangiocyte)

(Base Medium)

HiX]): 2] (10E-10 M), Z& (0.6 mM),
EGF (10 ng/ml)e| &7}

HE 4 SoZo] ZIE (Rd0] ~ 18 ), |2 SEHHZ (RHO| ~15 )
o= SOHZQ LYI| ME 7|& M| Z(stromal cells)
- SHEr iR (T A
Eb BYX|(ES M| ZHk =TEIP _
Mol & Hjx| TRE XS ON DM RHD o0 ymoy agm wx): 7

(10E-10 M), Z& (0.6 mM), EGF
(10 ng/ml),°o| &7t

27b5j9l 7h84 olxt
[Zto] 2= F, tailored
for liver]

VEGF (10 ng/ml), EGF (10 ng/ml), T3
(10E-9M), 2R FF2E|RO0|E (10E-8M)

PDGF (10 ng/ml), EGF (10
ng/ml), HGF (10 ng/ml), T3
(10E-9M), 2R 2 F2E|R0|E
(10E-8M)

Hlo|& AF|EE

(Base Scaffold)

HA E& ECMOZ M geixoz HEE
HA

HA E& ECMO2M 3gtxoz
HAE HA

CHE BEYA 42

Bt Il =2td, 2f0| | Hior HEY
(O ACH o6/p4 AH DD Heldt=
20|t 5); EE20|E HH|0|E-PG
(LIX[o M ZHAHE A7 HE)

Etel IV 22t o/plat
H3iste Qlolo| Tk HEHO)

2td| b, CS-PGs, HS-PGs
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[0104]

[0106]

[0108]

[0109]

[0110]

[0111]

[0112]

7t 7] MxE YA mASES 3 7] AEe} i ol Aleld et ad A
S|AF R, By I 2R, 54 Fee] gvd(dad ghvd 5), A9 3ibstE =] &

® ol FRE wjF 9 7Ur A 2 7 s/ 24ES 2E B3 aéEHQ] 2=
E T2y oFYzt (CS-PG)oz o]FofXt}(It is comprised of hyaluronans, type III collagen, specific
forms of laminin (e.g., laminin 5), a unique form of chondroitin sulfate proteoglycan (CS-PG) that has
almost no sulfation and a soluble signal/medium composition close to or exactly that of "Kubota's
Medium", a medium developed for hepatic progenitors). ZEIE= 7] ME QAx}, WEW oA <A =}(leukemia
inhibitory factor, LIF), %/E& A9 JAHFZ (A, IL 6, IL11 ¥ TGF-B1)E Zte= HFE 93

#Fd F YAT, 2 JAAEL F438] 2FHA e S-P6Y E7] AE YA E oFF o|& JMEshHA &
o}

ZHA A Hol FE M mAN 42 FEdoR kR et 3F A MEY Aloldl gtk o] d mMEA 9
RS s|EFRY, B IV 284, g1 dudd AstE 54 Fde geid, g 3tksbeE CS-PGs, 3
gtk Aol E ! @1z} (epidermal growth factor, EGF), ZrA¥E A

H H
-Z2H ezt de (HS-Pes), % %y A4 <At
& A} (hepatocyte growth factor, HGF), 712 A feid A% AAF (SGF), 2 #HE o= (AW, BE
Y AR o BEE FRE R E st 784 A S (soluble signal)E EZ &3},

Z2 o]4] W (Grafting Methods)

zZ7 gelo| welr, FHE3 237 o]y Wo] MElE 4= gluf. o]AyHo] AW AYAY FAE 37 (dFA
o w)S gATE 24 XM= 2 7}538F o] A (implantable graft)o] A3tslct. Az wpHo| g,
gk QA A3 242 7] wHes Algsty] Y8 d"9=E 4 9dth(depending on the chosen method,

appropriate biomaterials may be chosen to compliment the method). TFF3F WhHo] Q¥ Zolt},

AAd, Wl HAAldeA, 1y mEZY 2= ¥t vjEy A2 Fedk A AxE AYEa, wgE &, dx)
of olAHEE It k= 1.

FA} 7153 o] A A (Injectable graft)S 4ol A& Fe e 23 (didd &84 37 e 23)S A
!

4 dthE o] k. o] Wil wEld, AEE FE-ulU(co-—cultured) L, thFd sla RS ALE-8)o]
A Aol Al 183ty E At e A A3 B AWl =5 = (embedded in gelable biomaterials) A= &
g FYHET. EFES T2E FF E£E 7|AGAY, 1 AR £ 13 e, U B 23S 7
Aol fiueel stell 9 Frys dAskes AAES Aol diel E9(folding) B ol EFY
(gluing)gte 22X FAHE FHUZ 9, & 7|7 xWo v EA(JAY AvE)S F-Fs7] 98 ==
& JEAAE AT 2ZA FHYUE A o]Ad A7 £FES THE 5

A4 Fde kel e A% ool thE Rl Ad zAome FUow oFold & AAW, 1 A

= oIE & e stelerAdRREH AeEdS skl fs 7bed @ A9 lok(Direct injection can
consist of injection under a liver s Glisson capsule and into the parenchyma at multiple sites, but as
few as possible to avoid hydrostatic pressure from the hydrogel that may cause damage to the liver

tissue). o=@ 3 &7] AE YA o]AH] FUL Y] 1A vle} Fo] o]Fog2 H FAE AFESH
g, e, AE-vEY2-nx] 23852 J7luA| PEGDAE FRete tE FAP] UES A4d FAE
719 d=o7 g, ZIES 7oz AHZHOR 25 AojX UES Fi FIH L, Fol=2AS A5}
71 93 SA1 7twE = Q. 7t WSS JtuAle] e whEhA oA 10-2029 AlZE dlel gy
o], pH 7.4°14 PEGDAE zt+= CMHA-SO] €% (use)+= AA oM 9 ¥k oty AlE MN&3E 7153H
Ig=
F71, 1EAN, Ao E, FlolFE4l, ¥rd, Agely e HA 3 #uk olygl d4 ZEvE FIE
AA A EEEA S5 $ dut. ols EHE FF ¢ A3} (thermal gelation), 3 7}ul(photo cross-
linking), = 3}st4 7lug ¥3sts WS &3 ngsdnt. =3, Ax dgde 7184 A =5 54
WEYA ARog HEE $ v}, o]E o|HE A BR AUy or A FUE F Ur] uie o
Al &o]l HashA] Y (LEe FHAhola), HE, 3z EHE, 7Ad9] g, 2 FH AAHS &0y, =
3 2AE ALE

g, OMHAE A A3HdE fAshaA A7 AEE = Zdtel Viklst] 24 VlEd 79 7h
2 4 9. 3k, Jlu 4o A 43, 2 olE vEgd F9 st &
Al B we ZI)/AFANA ol EAE FAFTH(Cross-linking methods also maintain the material

biocompatibility, and its presence in extensive areas of regenerative or stem/progenitor niches make
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[0113]

[0114]

[0115]

[0117]

[0118]

[0120]

[0122]

it an attractive injectable material).

A AAFH e oA, olAHe V¥ e Ao FW Aol A E=S aekd 4 qlar, olYg Ag oA
A A A9 2 AR AP eRZ("ME ool =(band aid)") AElel] AgE Aolvk. AR HF 7|3k
AN, olefdt AMY L ArtzAd 4 vk, dAd, kel ®W el 3 Al (dlAd, 3 dTA) e 24
o4 FA FruE dA4str] ¢ H T2E A (host omentum)s AHEFo=M Hd 4 vk, A 573

(abdominal cavity) Wl I YIAZHFEH B, o4 Edo FHUE JAst7] 93l
Adl, JBY FF(fibrin glue), H (dermabond))E ALg3le] Zhell F-zMET, o]F o
A

]_ =
o s1we] Fy gro] mjEEls BAS FAstd o] AgE & o,

A 243 MR gn R el 348 5 Aok, dAd, B4 24 g we
= o 2z
T

(<3

>,
l

A
d
I

©
o

¥ =2 1> o
N
e o

Im oft
ook e

9

7 q
AR 5o A e 4 91‘?. == Gﬂt, gq4 I5s A2 5 9
A E (endocrine cell) (AW FNE(islets))e] o]aldHeltt, Ul&H] Al

Azxd 4 .

A

k)

, ] 2 A4S CMHA-S 2 PEGDA $hafol] whe} debd = 9M 2
Qkth. oA, KM-HA 0}01 242 At B AF (& 2a) 2 A {5315 HoFHA, Y&
AelA dAT A=EE FAtaL, ol HAEv T/t F/beHA A4 (% 2b). ©lE KM-HA
R4 E¢EE A9 thokd PEGDA 2 CMHA-S %2 11 WA 3500 Pa B2 At &4 7
AT, o] F2 FHEF X9} 2 gt vz HHz](basal medium)Z AFE3to 2R X449 4

fr

—1N
o

P,L
o,
3 A o

o koo ode 2 X O ok T

~

transport), % A

=
01“% A7 AP E o] ENe A1 542, A1d® (signaling), ERLETE(
3k L3lE XY S

(mechanotransduction) .2 Fed o7 A#Z H7IFS AL83te] 7] AIHd
a3E 7H o Qv 4], QI3F P AA, G P E7] AlEe, &%
o1 ThkEh PEGDA 2 OMHA-S s Atk g4 717 11 A 3500 Padl WSS 2H= AEZ3 HA dlo]==
& JIAH R gRE=F O]é]ﬂﬁii ANPE = A9 3% 4 Jth(human hepatic progenitors, such a
hepatic stem cells, can differentiate when seeded in mechanically rigid grafts, such as within stiff
HA hydrogels having a yield shear moduli ranging from 11 to 3500 Pa with different PEGDA and CMHA-S
concentrations when mixed in buffered distilled water) (& 2).

oY T K
& o o2 >

N

& E) AT Y OISE SAUIL KA SelSR A ZEo) g YT A4 BIE e @
B ¥ Gsecretion) & W] WGl 7155 ARG, R W 82)E K Elefel o] e 2
g a2ehd, o4 mbd ARE 999 et M osEd W 9uXi dd g BAET(Ubsolute

secretion is comparable across KM-HA formulations for indicators of hepatic function (AFP, albumin and
urea) throughout culture; however, absolute secretion coupled with metabolic efficiency depicts a
selection process that depends on the HA content). (&= 12). ©] W] ojA], #H]E-S CMHA-S &0l
1.2% "9k KM-HA sfo]l==Ae] tfst thAl H¥h(metabolic duress) shellAl F7FskA| gk, Wb &2 o &
2 CMHA-S (1.6%) 3 =2 WAl 7158 Zh= KN-HA sfol== Ao g oz vAY - = 8w ol4 EdlA
o} o] AEL7F Tkt (& 3d). hHpSCs % hHBsi= thdeh Al 59& HolF7] o], KN-HA 3to]==
AL 7k AFAY T4 e E3kE g8 A9 4 o,

2 AFA AN 23 vAY] B AL, S22 ZEolEo A hipSC T digk gyd wEEs do] FUkd
ﬁiﬂ A Ed (& 5); W9 ofygt o Mz Mdde v x¥d, 95 4 o8 el o= NCAM

= AL gt (D44 mRNA 2
/\1 hipSCs % hiBs M—oﬂ £y o % 5). NCAM®} =&, CMHA-S $H&o] 1.2% o]sloll A
KM—HA Stol=2 A0 v W (D44 Hdo] AZHJT (= 4).
mRNA E e KM-HA stol=e Al Ao me DX (& 5), Akl tid olHd gEAHL 2 &
(regime)S Aogtt (32 Lol L7t Z7lstHA FHAshes o]2d| A Eel w2 A, o|2d| e
[Gx] > 200 Pa®Z =2 A #HA & 5 3lt(one at low graft rigidities where gene expression

decreases with increasing stiffness, and one of gene expression recovery at high graft rigidities with
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[0123]

[0125]

[0127]

[0128]

[0130]

[0132]

[0134]

[0135]

[0136]

[0138]

[0139]

S=50 10-2289168

[G+| > 200 Pa)). &3 E-7t=dldel] = FAsta: gid Hde A sfo|=2 o) uly AX|sh= 7
3k nRNA 8 ol = Bkl [Gx| = 200 Pa 29 B3 ojdd] flar, E-Ft=sde] vz ukd o] g}
T 4). wEA, R JAFEH AH 2P AXE FH9 9 FHA AE FHo NEE A% 4 gl

t}(The cells that are directly exposed to external mechanical forces are thus thought able to
communicate the signal to adjacent cells at the external surface of the colony).

olg A s, E-7t=sl®l o] Ho] FAF A Ao wel deiA = ASs HAFORA, o5 7He
AZo] HAHo=m HELHE THES AMESE hHpSCsollAe]l 4l wW7llF2 HAE & Ath(signaling
mechanisms in hHpSCs with their ability to collectively adapt to the stiffness of their substrate can
be linked). whebA], hHpSCsollAl fFHA-wralzd A3k WS A =-oE 7|4 7]Fo] 7hal|xitt.

KM-HA spol=m el 4 w5 = hHpSC ¥ e] 47 w3e] Wk 3D 4 uellA Azl #3t&
(suggest). 53], & 9 Edolxo] #3t= A 318t HE= glo] ¢ - |
Stol=z o) Anj=% hHpSCs7} A= wl(static culture) 15 Wel 5

& eI

B2 KX =(Cryopreservation)

it

gl e AAgHe oA, HA A2 T e BE B ASEE AV A% F
[e) 7]

= 4
AREE S dnh. o] W] Jle = E 6o YERdTE. o] 2o gujolA] @al, HAE EFHA AL, dlEs
o BE G AXE wgE e s AlEwEC® A Wyt S (Ao, ey 1o wd)e] s
HEHS Mgt Gk, wdAEHl, HA $5EE 0.01 WA 1 2% JAE, 0% vtg4s A= 0.5 WA
0.10%2] Holtt

g AFsHA o, o7ld] AMEEE BE Ved, HEH fof=, B wHo] £Ike Ve Al o8
AdmrH o @ oldHE A T oulelrt. orld AFH= EE FH, 5IFY, 53, ¥ vE Fx £
S AA7L 7)o FxE gAT. FEo] e Ao, AS T B HAME Aoj" Aoltp. EI
B4, 99, 2 o AEuks A Aolar, 13lS AdetA gt

e st At HiE AAdE ZAAE] AE Zelch; ey 2w W olst FAstE A FE
2 At A, Algteteal sk AL ofy Tt

w9~ ZF A5 M 3E(Mouse hepatic progenitor cells)E, BHil¥ X ZEF(reported protocols)el wa} &~
E (57/BL6 PF9-22(4-5 F)EH-E FAAT. "Z2 oA (grafting)" ATE &, GFP 2] ZE (reporter)E
AT AE R EYART. 7] AEE SgFEY (HA) sto] == (hyaluronan hydrogels)® 3| E3t
H oEddl, HA & F38A v U2 E4A717] Aol £ (g S8 F)-tolaH ol E[Poly (Ethylene
Glycol)-Diacrylate, PEG-DA]®} ZFuA]Z Tk,  E9)/¢]4 (introduction/transplantation)< 93, w25
EFF1(90-120mg/kg) B Apol#kl (xylazine)(10mg/kg) &2 whH A 711, o]&9] HF-E& At g o th3ol
HAS} SA == HA glo], A7) AIEE AW 7+ Z P (front liver lobe) WZE AA3] FYAFATH(injected).
A7) F-9(incision site)E& &3Fil(closed), TEAA 48 hrs &<F " 12 hrs w}t} 0.1.mg/kg F-ZH =23
(buprenorphine) & FUTh. 48 hrs ¥, TS A7, A4S AASIL, BAHA7]L(fixed), 24T

ZE 98] UHS HEA T (sectioned for histology).

33} Ed(murine models) WolA Al ZAg]A|o] A (cell localization)= A3l Y, "tHZ(control)"
F AT AIEE, 50 POI oA FA|HgolAl-2d old=nlo]lglx WE (luciferase-expressing adenoviral
vector)9} 7 37 CTollA 4 hrs &<t ZAAHT. AL % (Survival surgery)S A7]el 7A€ e} 7o)
Fskolar, HASH ¥4 EE HA §lel, ME(1-1.5E6)5 7+ ZH.(liver lobe) W=z AFAoz FIAZT
(injected). olul 4 (imaging) Aoll, wh$-2oll, o] ¥ A E(transplanted cells)ol &8 W3 ANZE
(luminescent signal)& AASIE FAIH Y (luciferin) g 3 WZ FJAAAT. VIS 71Ul JE]ZA o]n]A
(IVIS Kinetic optical imager)& AF&3Fe], whg-2 o] Aazel A Aol dE S35

7é“r
24 hrsell A, HA =2 o] 2 (HA grafting) glo] F1¥ "t (control)" AlE= 3+ 2 #H & tholl A THAHAT.
S, 72 hrsel A, olREe AEE gel wol Qi 2 el 94 shwd AEsh ) wanA e,
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K

H AXEE 24 2 72 hrs & YollA 3 Yol AFHoz S Mxe] 1
Har, 2 F Folk ofHd3] EAsd. olefgk 7] Al YA o]AHE Fal
=dH o7 3T = Ao R Holil(Cells transplanted via this stem
cell niche graft were also seen to localize almost exclusively to liver tissue), Y& F&% FZ T
A AMZ(randomized histological samples)ollA 2] Z A (assays)oll & = vre] ZF oA LAFHX LPrh(=

fato)

| T AEE, Ruyd IZ2EZ(reported protocols)ol wel o} 3+ Z& (fetal liver tissue)(16-20
FIRFH FYAHAT.  FAF oA -LE ofdmntolg s WMEE I AT AEX U2 =YX AV AE
=S gl 2-H¥e 722498 HA(thiol-modified carboxymethyl HA)(CMHA-S)9} 7l EAIZ thgol, & A
o9 2 E=9E7] Aol ZhwA] 2 (e FF)-voladH o] E(PEG-DA) S EA] 3tellA EFA|ZIT
[The cells were then mixed with thiol-modified carboxymethyl HA (CMHA-S) and in the presence of the
crosslinker Poly (Ethylene Glycol)-Diacrylate (PEG-DA) prior to introduction into a subject mouse].
By WeetA, A7) sel=rAe, 2.0 ¢ §N(FTFE/FI)E AFEHEST KN oA HA 7z ASF(HA dry
reagents)S &MAIFAOZHN T T (constructed), &7 ZFulAl(crosslinker) &, 4.0 % 2/53 &H& A
SotEE KM o &sfAIZTk.  AMEo] ¢hdd] &3E=SF 37 C HE wiX(water bath)oll wWigstes: F3AT.
kA 111 2 2hvd(laminin)S 1.0 mg/mle] HEZ Alxstar, 1 @ 4 v&2 7faA /sl =2 As) g7 &3
FATE.

H

{1

[¢]

%%
T/ s A8, mh-2~E AETI(90-120 mg/kg) B AFol#bl(xylazine) (10 mg/kg) &= vl A|7]3L, o] &9
2R= dor), zela o ol HASF 7 = HA §lo], A7) MEE AW 7 £X(front liver lobe) WE
A8 FAANHG. A7 RYES Bea, FEAA 48 hrs B¢t w12 hrs vtk 0.1.mg/kg FE =3
(buprenorphine)& T, 48 hrs o, F&& AEAA7IAL, &S AAS AL, DAL (fixed), 24T
S 98 B¥HS et (sectioned for histology). ZF £ Edef] tiaf, AFA3ebA(CCl,) 9] o WM Fof=F

(one-time dose) 0.6 ul/gl. = IP Fo3}tt. 48 hrs Fof, 55L& i 7|, ZAS AASL, 1A
Al713(fixed), 23 F+Z2& Y] WHE HEAT(sectioned for histology).

A7 2d oA Alx 2hAgAel S AAs7] f8l, "tiE(control)" I AT AIEE, 50 POI oA FA]#H 2}
opA|l-d oldwmmlole s WE e} S 37 CollA 4 hrs B¢ HAAZAT. AL FES A7)l 71AH vpep 2
o] 433} AL, AME(1-1.5E6)E HAS} $hA T+ HA §lo] 7+ ZH (liver lobe) lﬂi AH o7 FAAI AT,
o]m & (imaging) #oll, wmhg-2o o]2®l Axe] oz w3 AsE Aiste FAE™Y K A(luciferin K
salt)(150 mg/kg)= IP F=YAIFAG. 1IVIS 71Ul8Y FE]ZA ©o]w] A (IVIS Kinetic optical imager)E& ARE3}S],
upg-2~ o] AlFEel 2AgAlAL 10 WA 15 B Fd ZAH3IHE 7)

O

s
2~

7 ol w9 oA Hulg <17t dHul(secreted human albumin)@] F% #ME o]2d 17t 2+ AT AE
4 715S A7 Y8 HrrEo, 45w AYAEE 450 nmoll A B4 43 (colorimetric absorbance) ¥ AR}

Fibsl g A-HEdE EF L E X2 H (horseradish peroxidase-conjugated fluoroprobes)$} &7 ELISA & 7
AH(E 8). 7 dell, & WELS vg-2E2RE AZEHIL, 4 % PFAC) 29 AGA7|AL, 70 % ol gh&el ATFAIA
b 5 um 7 HH(thick sections)S Z2 4 AAE Y3 AN,

7 3

=4

U, 9 BES ARSL, 2AE AAGD, 23 TIS A 2IIRD. G TRAA T 3

(healthy model)ol W] & S%L d(injury model)olA #Z=Ear, H 2]
graftlng methods)-2 H3 HAZ} 23 d ME dgdozie o] Axet vust 4 S7HE YERATH(E
CCL-AZE mhsziEe] 248 zh byvlel da] G HE ASH 24 o4 W Fa o)A
H AYE 32E AX Yo oAE Axe aEsdHu §XE 2 MY ux2 HAFEY(Cells transplanted
via grafting methods using HA were found grouped and maintained large cell masses of transplanted
cells within the host cells). &y, ME dedS Z3] ojdw AxeE 7HS Haf Fakd #e Hg

(small aggregates)< oF7|3ht}.

ANl 3
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Q17 #% A+ A 3E(Human pancreatic progenitor cells A FRo2HE EYAFHT. FA A golA -
A ofdlxnfolg] 2~ WEE V] AT AE U= E‘Q/\]ﬁ‘ﬂr. B7) AEE, Al 200 7A€ npel o], BHl&
-y E FE2EAvE HACMHA-S)9F 7 32120 oh&dl, 7taA] E2] (gl Z23)-tolad d o] E(PEG-
DAY E=A fell A EFAIZIEE.

O

E9)/014s A8, wh9-~E AENI(90-120 mg/kg) R Aol#Hzl(xylazine) (10 mg/kg) & & whHA[7]aL, o]E 9]
EEE Ao, aEla o thgol HASR A & HA fle], A7) AEE AW 7F 2H.(front liver lobe) W&
A A8 FAAIATH injected). A7) 9 (incision site)E E3ti(closed), TEAA 48 hrs &<k ] 12 hrs
vlt} 0.1.mg/kg FZ#d =23 (buprenorphine)E FUtt. 48 hrs Fo], &S <AL, ZAS AAS AL,
AN AL, A FRE 9§ S eI

A 2 YA Alx Al A AASY] fal, "dlZE(control)" AT AEE, 50 POI oA FA]F o}
A-ad oldmnfolejs WES} A 37 CTollA 4 hrs 5 ZAAHY. AE FES AV 71AE npe} 2o
Feysholar, HAS 4 e HA flo], AME(1-1.5E6)F #Ad W= DA o= FAAZTE. o|v A (imaging) 7
|, whg-2=el] o]2lE Alazel] o3 WP AEE WA= FAIFR™ K 9150 mg/kg)S 1P FHAIHT.  IVIS
" €l o]u] A (IVIS Kinetic optical imager)E AF&3to], ml9-2~ o] Axe] ZAgAo]AS 10 WA

5 % Fol Z4aar,
Q?

24 hrsoll, HA 232 o] 2(HA grafting) ®lo] FH¥ "=" AEE 1 ¥ 713 FolA #doA TA=UT.
ey, 72 hrsoll At AxE #Hge] Fol v A "WHe Q1A Jhee Axet s fxE 5 gluh
(At 72 hrs, however, most cells can not be located with only a few identifiable cells remaining in the

pancreas). ©°|$} EA oz B ulgo)] ulE 232 o]al® M ¥E(grafted cells)E= 24 2 72 hrs £ thollA] |
F Yol Aoz E3e MFE 1E(a group of cells)o @A AAEHI, 2 F JTo% o3 &A%},

=N 9

A A 4

slol= 2 A (hydrogel)dll &53F 7+ 7] A E(hepatic stem cells)® 7% 2 AFE SH(viability)S H7}3st
7] 9l AT+E AAEAT. AE 5HLE Molecular Probes Calcein AM Aolals ME AE 58 7]E(live
cell viability kit)(Molecular Probes, Eugene Oregon)E A}g-3le] slSE (cultures)olA H71ESich. #H
gel-Esl=  ZAel AM(Membrane-permeant calcein AM)2, AEZE A &3 (cytoplasmic green
fluorescence)S FE37] & aolsle AE(live cells)ollA o zelgtolA] (esterases)ol ¢l A},
Wi wjxjol A EnjE, AFET, EdAFH(transferrin) 2 Q4 (urea)d % S w|g] 1 Fd Fot
AE AT, e A F N (media supernatant)s  FFSkaL, A w7k -20 TolA WdF
ARG, R w A 27k o-Hw ELISA A% M E (human albumin ELISA quantitation sets)Z AF&-3s}
o] ELISAY] ¢J&f =AU, 84 AL g g xA A v]A A2k (blood urea nitrogen colorimetric
reagents)S ARESIe] BT, EE HAL AolEEFFELE Spectramax 250 thE-49 ZdolE Y7

(cytofluor Spectramax 250 multi-well plate reader)$} @7 NEA o2 =AHL Q).
@?

A7 At = 9 2 & 10 off AT k. wge 3 F Fol, MEE Fd% LA (genetic expression)
$8 A8kt mRNA o] WS GAPDH 2 AAsldct. ZE AL, JYFEY sfo]==Z 4 (hyaluronan
hydrogels)ell Al 3-2+ w el x7]¢] 3+ &7] ﬂ.nﬁ_ =24 (initial hepatic stem cell colonies)®} B3}

_|1N'
o

o] Zx W3 (fold changes)i/ﬂ ettt 3|gF2d slojl=2A vk 24 & YHHA 2 HA + FAIII +
Zud (laminin) Joll A, 2719 224 TdI} Hl fz 7%-, EpCAM(7.7241.42, 9.04+1.82) @ ¥ (5.57+
0.73, 4.8410.84)0lx AASA 79, & o9 £71(0.5540.11, 0.17£0.03)l A FRAFE 23} wA
AFP(hepatoblast differentiating marker AFP)ollA 3 A &tA #ZAHAct.  Aokrb, HA+CIII+Lam =71 &

3k
o]z HA vl (basic HA culture)™} B]a 3k 79, AFP WaloA A3 7HAE e,
A 5

-2 WA (serum—free medium)ol A ®iSE <Uvi"E hHpSCs(embedded hHpSCs)ollA t}d3t Hxo HA 2
PEGDAS} €A HA slol=2 o] 9J8k# A4 (mechanical properties)e &¥E H71sicth. AMSH zﬂsg% G4
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& 3 o] aokso] itk

X3

35 Y PEGDA %% 8% ¥ (I part)
(@1 H1=) 20% Wh) 40% Wh) 6.0% W) 8.0% WHv)
- A =4 A
1.0% EFHOIHA | \lns 08% (wh) CMHAS 08% ) . ZEAE B
wh) | CMHA-S 08% WA) oo 0806 i) | PEGDA 12% (why) | CMHA-S 08% (wh)
CMHA-S PEGDA 0.4% (w/v) o0 e PEGDA 1.6% (w/v)

b EZ5d0/4 C E530/# D

15% | CMHA-S 1.2% (w/v) CMHA-S 1.2% (w/v)

2o CMHA-S 1.2% (w/v) |CMHA-S 1.2% (w/v)
o . -
o (w/v) | PEGDA 0.4% (w/v) PEGDA 0.8% (/) | PEGDA 1.2% (W) PEGDA 1.6% (w/v)

ZgH0/4 F
CMHA-S 1.6% (w/v)
PEGDA 1.6% (w/v)

(4 parts) 2 0% ESH0/M F
| CMHAS 16% (/)
WY PEGDA 04% (wv)

CMHA-S 1.6% (w/v) |[CMHA-S 1.6% (w/v)
PEGDA 0.8% (w/v) | PEGDA 1.2% (w/v)

Zkzyol APGel digk HF o KI-HA stol=224 =AES, 4 1 1 ¥[E&E 93y 7t25A 99 HA(CMHA-S) &
ZY(ddel 2P F)-v] -0l E(PEGA) $9S Edgo=zx F5HT.  5EHIT v (MA-S ¥
PEGDA 71z AJoFS CMHA-S 2 PEGDAS] 543 s=olA pH 7.4 2 KM o Z7] EFA17]aL, Az Aok g2
A7) 7] Q18] 37 TollA 30 ¥ 9o d2AHY. U9 Sfol=zA stu-Ade, 5 % C02/37] T (air
mix) % 37 CTolA 327](incubator)oll 4] B ZZ(sterile conditions) 3FollA] 1 Azt FeF F7HA <l wjok
glo] wrAsitt, 2 Fo, dtol=2AS 2.5 nle] HK wjA|oll FFA7]aL, HAE Mol whal wjEA 7t

kA AR (diffusivity assays)< $J8l], sfol=22 AdS A (vortexing) &2 #&A3ZAZ]aL, ~ 1 mm F
AR FHAAAT(plated). Flol=2AS &3 Fo FHhge] 7Ful-ZAE (maximum cross-linking)S 7}ssHA
BIEE . 5 % C0/a7] £ 2 37ColM &7 (incubator)ol X He 7 3lollA 1 A|ZF F< 717 ¢l uix|
Slol WA AT, a3 d oo, AES, HAE Mo vl wg e AE UZ S 7hEsH sk,
2.5 mg/ml(0.036 mM) ZF2ellAl (fluorescein)-HEE 70-kDa H2EdH BAE FF3 5 KMozE HFd}

ATt

HA stol== Aol B2AS=(Diffusion coefficients)E 339 (FRAP) A]2~8l(photobleaching system) ol &
#F 3| E(fluorescence recovery)S AREste] ZAHAUTt.  "A-A(In-well)" El2~H (testing)S, D70-EFH
KMol AR F<l(aspiration) flol o7 %4 (imaging purposes)S 8 Aolx & Fo FEolA A8t
Sk, 5 7HA9 ¥ 30-% FXEW ~3E°] HAA(A total of 5 individual 30-second photobleaching
spots)[13.5-mW 458/488 nm <I7] o}=ZZ # o] A (excitation Argon laser), ZHX= X 2w Ez(bleached
geometry): 35-um A7 M (diameter circle)]= WZ & HAEHID, oo td

A (a single unidirectional scan pre-bleaching image), FEW Z o =A)o] e Tk A7 o|m %],
9 4.0-% XA 712 Fo)(4.0-second delay intervals afterwards) 28 T ©dH Ea |

w x| [256 x 256 HA ZH < Alo]Z(pixels frame size), 0.9 um/Z 4 A= (pixel resolution)]E= ©d A4

(single channel)& £3F % 22| (post-processing) & F3l EFSH T},

@?
KM-HA Sfol==A 9] & (Stiffness), #
et KM-HA Stol=made ghddh A

(a broad forcing frequency range)°l] Z

HE

R

>

fe 2

X (viscoelastic properties) % A& CMHA-S 2 PEGDA 3}
% (perfectly elastic behavior)S Yel®EA HE& F= 0%
A A s 7%= (constant stiffness)S X3k, S71E HF W
SHA| ol59 ZrAE HA O R A (as their viscosity decreased with increasing forcing frequency), gt
53} (shear thinning)E YERATE. CMHA-S 2 PEGDAS] &2 KM-HA slol=279] o8ty MAS H3HE
11a). ©o]¢} xd oz KM-HA Stol==Ao] At A& (diffusion properties)s, °]Eo] FHE wjx|vte] &
2 AAF g whehy] wijite] H Aot (& 11b).

&
A
A

Z7|M 32 F2Y(Hepatic stem cell colonies)® KM-HA slo|=2 A3} 34 Z3ty|z, H3le] A5 34 €
A-GAF T-Z(spheroid-like structures)Z9] 3 mLx B3 3D Fx2o 44

QA =] (flat configurations)s= X7]8}7] A|Zglth(began to abandon their flat configurations in

oo N
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favor of agglomeration to spheroid-like structures or folding into complex 3D structures, both signs
of differentiation). wle] 1 FU Fof, AlEZ FE(cell morphology) = BFal Ao, EH] AEZ= hiBs9
549, A7l oF 15 o2 gEch. (DHL, (D44 2 EpCAMz} 72 hHBs 2 hHpSCsoll that A= &4 v}
Aol tht A} g7 WA (Immunostaining)< #3F(differentiation)E F<1&}SIt}.

WS E&), KM-HA slol=2A0 gl 5% H2EdR ZA & A hHpSCs+=, &4 A (urea synthesis)o] 7 &
of & KN-HA stel=2Ao) A vlweh wheh g2 HEPS o] FHA, S7H sl AFP 3 &5WS #nls)
ATH(E 12). wi%ke] 1 FA Fof, KM-HA 3to]=22 o] =¥ (seeded) hilpSC FZY A FEo| 42| EpCAML]
mRNA @& o] e 2D-44¥ hHpSC F2Y FE b 8] ¥ hHBs(freshly isolated hHBs)e] AWt} & A &1A
Y E9ttl. KM-HA slo]l=2 Aol A o] hHpSCsell tidh NCAM, AFP 2 E-7}el ¥ (cadherin)(CDHI)S] mRNA & <] 2
W mak 2D-AFE hipSC F2Y 9 A A t=(Z 5).

hHpSCs (NCAM, AFP, CDHL)ol gk #3} w7 2 hHpSCs and hHBs (CD44, EpCAM)ol| &59 wiA el FHAA o2&
o] Aol AL |Gx| < 200 Paoll i3k Z71E KM-HA slo]l=&24 7Zwsl 37 Al 74 2 1 H¢ 3
2S5 Yeglti (= 5). EE sto]==24 A ¥ (hydrogel formulations) S ZH-E] A ¥:= EpCAM, NCAM % (D44
kel 22t (D44 = 1.2% CMHA-S T+ w| Wb 3174 KM-HA AP elA 53 o2 vephd Bido],
NCAMS =& KM-HA slo]==AoA TR Fo} A= 4).

AEel ik 2 &% F 7]5el HFE(preservation of functions post-thawing)S 7FsdtA & 4 A& F
W7l Z (adhesion mechanism)e] HES SAAI7|E= HAY &3E H7kskdvt. 7F 29 hHpSCs 2 7FEA
(hepatoblasts)® Efo} ZH(fetal livers)ollA] &, 0.5 == 0.10 % 3|LFE2H(HA S A =& glo
TEE Aol3l FARE AF=8N(cryopreservation buffers) ¢ shubollAd AL HEFCH(cryopreserved).
By BEEA, MEE, 10 % DUSO Ei= CryoStorTM-CS10(Biolife Solutions), % 0, 0.05 Ei= 0.10 %% HA

slolErAr BHEFH ud wixE LddleE TZAHE N 2x 106 AE/ml2 FA9Y. A7) A=, £ 13
o e mle} o] 2AE WAl (controlled manner) 2 7FalE X 9= HA oA WS E 7] Ao, 4 TolA 10
min 5 FARE A HYHE= A 7Sl ST,

Bl oot

=

3|5 wjol (Upon thawing), A7) 2, Z7] AE BFZE Il = 1 ug/cmzii FA (112 7Y

d 22 g ZeolE el Btk (plated).

ofr

= S AESUTHE 14). 22y, HA o929 B
MerE s 24 v muel Rt vy g8 4y nEd A sedlAe] e Pge e
A

= O

5T, = i Rl

ok, w3 FHge A, #Fe o LFEH(0.05 = 0.10 o2 KBFH CS10 5 HIx(CS10
isotonic medium)ol A9 A2 HEFH A¥o tigh Aot} AR AL AF 2D AAZQA X8 HE& E vl
=7l AMXE R¥(stem cell banking)& 3 Ht} Z&XQ WHHS AFs FH-67 F7A(serum—free

;)
K3
x
o
=
2
i
o
rE rlr
o~
v
o
£
v

condition) dlellA1e] Zb Eele QI7F 7+ AT Mxe] Wder

Lo

E-AE 9 AE-vfEZ A B2 o} (cell-matrix adhesion factors)d] WS =As AT, A 2ad A
|4e] A F2 Bao fHeo wd Z2udo]l goke & 15 of yehd 4 9dvk. A ple] M =
2 WL (S10 + 0.05 % HAC0.130%0.028, n=28)°|A] W&d MIZolA vetwtth. o= Al ME(fresh
samples)(0.069£0.007, n=24, p<0.01)elA Yepbd H3= vjwsls w, A A Adolsi). =g, €S10 +
0.1 % HAC0.0494+0.006, n=20) = CS10 + 0.05 % HA(0.064+0.003, n=16)ol4 WFH A|Zo|A <] (DH-1(E-7}H]

2) 33e AAMT AME(0.037+.005, n=36, p<0.05)3} H]w3F AL wEoA FAI F712 YERASI T

8 X
o
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