CULTURE ADDI TI VES TO BOOST STEM CELL PROLI FERATI ON AND DI FFERENTI ATI ON
RESPONSE RELATED APPLI CATI ON( S) This application clainms the benefit

of U S. Rwvowosi/osaB Application No. 61/309,509, filed orchmcebtiidpond010. The
entire teachings of the above application are incorporated herein by

ref erence. BACKGROUND OF THE | NVENTI ON In all tissues of the body
there is a sub-population of adult stem and progenitor cells. These
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be of therapeutic use. Wen ese ured ex-vivo it has proven
difficult to recreate their natural mcroenvironment, which is thought to
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sol ubl e macronolec neig ring cells and the hornonal 'status of the
m croenvi ronment... Therefore,.. . R ; | b-Ng. t stemcells
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conprom ses their differentiation and proliferative potential. The sane
appl i es fdﬂcqrﬁ‘éfi?%?édlefﬂ"&}’}’ﬁf?f@ﬂ?e-st emcells cells, that are derived from
somatic differentiated cells that are reprogramed into pluripotency.

Thus, a nﬁ‘qCK)d BNDPOFARIE A¢YERAFONEdi @ conpositions that help to

overcone the problens encountered in ex vivo stemcell culture. SUMVARY OF
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di sadvantage arises fromt ct t a change int v ronr nent
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spont aneous differentiation gf stemcells in culture. The j.croepvironnent
o The. st dRETETHoR; AR Hempelo S CHoBREIROSY F GRSy PRRF FRBPESt | ons
with spec 'Jré Gefy low and they need extensive propagation in vitro to be of therapeutic use. -
: When the_se cells are cultufed ex-vivo it has proven difficult to recreate their natural
" microenvironment, which is thought to be a sum of sigrlals from interactions with the
extracellular matrix, soluble macromolecules, neighboring cells and the hormonal status
of the microenvironment. Therefore, regenerative therapies using adult stem cells are
still hampered by the limited number of available cells and the fact that their expansion
in vitro, necessary to attain therapeutic numbers, compromises their differentiation and
proliferative Apotentiaﬂl. The same applies for induced pluripotent stem cells cells, that are
derived from somatic differentiated cells that are reprogrammed into pluripotency.

Thus, a need exists for methods and media compositions that help to overcome

the problems encountered in ex vivo stem cell culture.
SUMMARY OF THE INVENTION

In the ex vivo culture of stem cells a major disadvantage arises from the fact that

a éhange in the microenvironment from that normally found in the naive stem cell niche

v r'esults-in the spontaneous differentiation of stem cells in culture. The microenvironment
- of the stem cell niche is a ¢omp1ex péttern of signals from interactions with specific

- components of the extracellular matrix (ECM), neighbouring cells and growth factors.



conmponents of the extracellular matrix (ECM, neighbouring cells and growth
factors. -2- The bi ochem cal cues directing the fate of a cell in
the ni cheweneiwwspesed of growh factors and their co-factreco11hhest

m croenvironnment is dom nated by the prgsence of macronol ecul ar crowdi ng.
It has been found that re-enulation of g crowded environnment in
differentiated cells stinulates and induces extracel|lular matrix
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increases the proliferation without shortening the lifespan of h(MSCs compared to -

control cultures. This increase in proliferation was not associated with a relative loss of
stem cells, as measured by colony forming units assays, expression of stem cell markers
and multipotentiality assays. |

Accordingly, a first aspect of the invention relates to a method of proliferating
stem cells and progenitor cells comprising the addition of macromolecular crowders to
ex vivo culture of stem cells.

Thus, macromolecular crowders such as the Ficoll cocktail are valuable tools for ‘

" the ex vivo propagation of stem eells maintenance of ' stemness , ability to.

differentiated and thus help unlock the potential use of stem cells for therapy and tlssue ’
repalr

Human mesenchymal stem cells (MSCs) and other stem cells are a crucial cell
source for tissue regeneration and for therapeutic applications. For example, MSCs
isolated from the adult bone-marrow are capable of differentiating into multiple
lineages such as adipocytes, osteoblasts and chondrocytes (Pittenger, MF, et al.,
Science, 5411:143-147 (1997)). The maintenance of their phenotype or differentiation

are governed by specific cues within each unique local microenvironment that arise
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source for tissue regeneration and for therapeutic applications. For
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As described herein, it was observed that EVE generated by application of
one or nore macronol ecules (e.g., the negatively charged Dextran Sul fate
500 (500kmappimessosal pol yani ons, Ficoll 70 (70kDa), Fi ealrlsG40Q/0060801( Da))
during adi pogeni ¢ and osteogeni c i nductjon of- MSCs was able to increase the
efficiency of differentiation (speed) ahd enabled themto attain a nore
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produced using the nethods described herein and, optionally, instructions

for use ofstenheellsycompeising contacting the gtem cells with one or more carbohydrate-based

macromolecules, thereby producing a cell culture. The cell culture is maintained under
conditions in which the stem cells proliferate, thereby culturing the stem cells. Ina
particular aspect, the stem cells are contacted with a mixture of carbohydrate-based -
macromolecules comprisiﬁg Ficoll™70 and Ficoll™400 and the stem cells are
mesenchymal stem cells. : ’ |

i In another aspect, the invention is directed to a method of producing an
extracellular matrix comprising contacting fibroblasts with one or more carbohydrate-
based macromolecules, thereby producing a cell culture. The cell culture is maintained
uhder conditions in which the fibroblasts proliferate and produce an extracellular
matrix. In a particular aspect, the method can further comprise contacting the cell
éi;lture with one or more agents that lyse the cells, thereby producing a cell-free

éxtracellular matrix.



BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1A-1C show the effect of

macr onol ecul ar crowdi ng on human nesenchymal stemcell proliferation in
short terwocolitws®s at different seeding densities 5000pCcIBGA0Q/00@8000 and
50000 cells per well (1.8cnR) for 2, 4O¢nd 7 days in culture, respectively.
Figs. 2A-2B show the long termeffect C macrOrmI ecul ar crowdi ng on the
popul ati on doubling rate of human nesench stemcell seeded at (1F| g. 2A)
5000 cel |'s per Atvéﬂ? fr&ﬁ@xt(wie@ulalzm)itrmmgdwﬁ by tlpﬁemetheds deseribpdrherein is also " Fj gs.

3A- 3E |Ilu§1% h?sal‘ilgynhgogbeﬁl%ﬁn ef fect of macronol ecul ar crowdi ng on the

cunul ati ve’ pop I'ng and fol d-change of human nesenchynmal stem

cel SFFdeddatz Iﬁlihghlellaﬂpe@)héiﬂ?'&lﬁ(bﬁllé dirgueed toalrlhtlath()d:bﬂculﬁﬁngEt)enﬂwE cells
per we an 000 cells per we Fi we Fi g.
4A- 4B i | | (FOMPESESICRBtaghing @eﬂ@al gells Ml%tmgrfgeet%gﬁmﬁfmnaaex BBldélF‘H’e‘lf under

r nacr onol density of
(Fig. 4A) (I%g‘lfg;e %]E:{égllj'géh?e%f) aé,\% %n%ﬁ%ﬁﬁ%egh 5‘“’%3?““33?? (1. 8cnp)
after 70 dmaistaired uﬁ&erdaydltlbnsmewhmlvﬁlewem cells prﬂuﬁgraté tidrehyscultweingtifeect s of

macr onol ecul arﬂgowdl ng on the colony formng unit (CFU) ability of the
human mes&Hah stemcells after being cultivated in the absence (-FC) or

presence of cr angel aﬁno(h’eFQpeEPEheﬁﬁvélﬁ%ﬁ i{ Sirkledadd k?t%msﬁ@m)eu fred-

Fig. 6 shows the effect of macronol ecul ar crowdi ng on human masenchyhal
stem cel | egtmcﬁtem@dueaci Ksing thepn@lg@dsolescnbed herein and, optionally, instructions for

use of the extracellular matrix.

BRIEF DESCRIPTION OF THE DRAWINGS

Fxgs 1A-1C show the effect of macromolecular crowding on human _
mesenchymal stem cell prohferat1on in short term cultures at different seeding dens1t1es
5000, 10,000, 25000 and 50000 cells per well (l.Scm ) for 2, 4 and 7 days in culture,
respectively. | ,

Figs. 2A-2B show the long term effect of macromolecular crowding on the
population doubling tate of human mesenchymal stem cell seeded at (Fig. 2A) 5000
cells per well and (Fig. 2B) 1000 cells per well (1 8cm?).

Figs. 3A-3E illustrate the long-term effect of macromolecular crowding on the
cumulat1ve population doubling and fold-change of human mesenchymal stem cell .
seeded at (Fig. 3A, C) 5000 cells per well, (Fig. 3B, E) 1000 cells per well and 2000
cells per well (Fig. 3D) (well area = 1.8cm?).

- Fig. 4A-4B illustrate the projected cell numbers that would be obtained under :
macromolecular crowding if they were propagated under current density of (F 1g 4A)
5000 cells per well and (Fig. 4B) 1000 cells per well (1 .8cm?) after 70 days and 28 days
respectively.

Fig. 5 shows the effects of macromolecular crowding on the colony forming unit
(CFU) ability of the hurnan mesenchymal stem cells after being cultivated in the
absence - FC) or presence of crowders (+FC) for 56 days (d56) and 70days (d70).



Fig. 7 shows the effect of macronol ecul ar crowding for pre-propagation of
human nesenchymal stemcells prior to adi pogenic differentiation and
denonst r avongiipne®ar ved differentiation ability on a hi goersczenmboost

Fig. 8 shows the effect of macronol ecular crowding on the relative tel onere
| engt h of the human nesenchynmal stemcells during the course of ex vivo
cell culture. F 9 illustrates the effect of nacronnleculﬁ

) I g. : r
crowdi ng dur i ndigHeshomisshe effess gkmagromolesylan cromding on hyraarymesenehyndl nunber s
of fibrocy, j i in-coated in 24-well plate wells.
Fig. 10 shstéé\zlgc%L%iségaregon refégt%%%g%graphs (10x magnification) of fibrocytes
growi ng on fi brRigetdtionstiaeftatt df mherembiaculne vewdiigy/for pre-propégation of shows

flow cytometry anal ysis_for. stem.cell marker CD 105,. | eukocyt e mar ker CD45,
hemat opoe IR ERa ek SR PG 8 AGHPOBF HEREgatst PR ferbeSyng |
markers f Qfedel QS érgﬁiatﬁgtalg{litpgﬁa kr R{elCUl ture. Fig. 12 shows flow

cytometric anal ysis of a cell ‘population cell colony coexpressing fibrocyte
mar kers after TFigeheshowfs thetffest of macromolegilgr croyvdingansthg délativertelomeronmet ry of
in situ M3C npnpl.ayers after .10 S | ul ture under. macr onwl ecul ar

o owdi ng NG OLtE SR Sresigymal S el fitg b phRSess SRR | 11
show t hat min(FTQJQmuht?dteﬁh@\éﬂédi@fﬁﬁhﬂiﬁﬁﬂ&u@&icﬁﬁﬁﬁﬂﬁ&hﬁnweiﬂilﬁB&ﬂ@'isng t he
anount of cytoplasmc lipid droplet accunul ation (the effect of

macr ool ecflasevenr dayculare(@unizy calhnumbsreiotibreres gromiveg owfbronectinagoated 14B) -
Nile red stgynj jpi d droplets in |iBVMSC cells at passage 5 after

I nducti on lé?4%%§£1§t%ﬁ%% strength induction in the absence or presence of
MVC for 7 and IHgddyshows ghaveomtasaphdtOgrapie0i 0k neaghifieatior) b Gbroyfes4D) :
Conparisons in differences in |jpid droplet accunul ation was quantified
with a MetERBISIeN fikigRestncapteddisaesfor Q@Z"eafif%? staining with Nile Red and
normal i zed to gl QigH¥l Pl Wl b} B QIS AIBer A1 050 fukaSRE fol d
change of 1. 68W§9ﬁasr}11§{vg.ﬂ§§a%&ﬁm§?n%rﬁ§es}sved g‘?’ter / darys of 1 r?dg%i'on at
25% and 1GA&tket CRAStHematopepticsitem ekl maskes iR I4candt foemdnedyt@mgser CPldnd -

2.20.13 e rggrigr.rs\%grdﬁt?rgg}?tgs, %ﬁerdo%%we%L oif glclil"tjlﬁ'tél on.
Fig. 12 shows flow cytometric analysis of a cell population cell colony
coexpressing fibrocyte markers after 1 week of cuiture.
Fig. 13 shows adherent cytometry of in situ MSC monolayers after 10 days in
culture under macromolecular crowding using a ternary mixture of Ficoll and PVP. _
| Figs. 14A-14D show that macromolecular crowding enhances adipogenesis by -
increasing the amount of éytoplasmic lipid droplet accumulation (the effect of 5
macromolecular crowding (MMC) on lipid droplet formation). (f4A) & (14B): Nile red
staining of lipid droplets in hBMSC cells at passage 5 after induction at 100% and 25% :
strength induction in the absence or presence of MMC for 7 and 14 days and viewed at
1:0x magniﬁcation. (14C) & (14D): Comparisons in differences in lipid droplet
abcumulation was quantified with a Metamorph imaging software at 2x after staining
with Nile Red and normalized to nuclei via DAPI staining. With crowding, an increased
fold change of 1.68+0.79 and 7.4ﬂ:0.89 was observed after 7 days of induction at 25%
and 100% strength, respe@:ti\)ely; a similar trend at 2.95+0.14 and 2.2+0.13 was

 observed after 14 days of induction.



-7- Fi gs. 15A-15D show the effects of macronol ecul ar crowdi ng on the
popul ati on percentage of hMSCs that undergo adi pogenesis. Results of flow
cyt onetriwoanalys®s on Nile Red stai ning of hBVMSCs cul t ecesGatiipassage 4
and 8 after adi pogenic induction by a commer cial induction kit at half- or
full- strength kit in the absence or présence of MMC (21 days). (15A) &
(15C) Quantification of lipid accunulation with FACScan fl ow cytonetry

based on Nile riigs.46ArHlhghownthgieffeets ofvaactomedechias grovedingomthe popalation cat t er
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i nduction condition in the presence MMC.. A positjve fold change was
obser ved iarfcpﬁvéerﬁ'épwéﬁﬁwéﬂ&ﬁ@lfem @?leﬁtﬁ?rm éﬁgl *?rrf a%pcnrzprfwce gfe
hal f - streng I i i b \(}g@dn : - h

i nducti anﬁ%’ﬂ% ngddég?éﬂc%éwé% kll(:ffr\dg 1 ngﬂcﬁﬁﬁgﬁ}hﬁgﬁ %g%lggﬁggﬁm@gig ective use
of |ess i fwctytanetirnbasedioaMike red staintng idiahygisi wasqaessnted usidgpdgevedi s.

Figs. 16A-16D t hat crowdi ng.increased the expression of key adi pogenic
genes,  PPARESE PGP fatsstencd in e T2 chamel WAGiRINe PEISSPIEER P weas
observed algijeeiadwhiibalcilgted baRARAThE IR tAREd Wil Bi3h FL2Vafifes ¢=102pr(P5B) N
deposited.: : Fi 17 shows that crowding increased the deposition of

g.
col | agen 1&/(15D)tAweinsedabed faldehapge waspbsepiedtunden botls indyctinncesmgiiondu they

decreased _expressd f, col...1V . Resul f tern nal ysi sof
NBNBCo. culFFoTPRE Sl o piaveip Mg B iseflea E BleeboRlel oBHRKS! 500

t he absenchibitiny1Eglen Fe.2qbr Kl PyEingth ialib@ion Avith crdwdihgwdmpareditocragdge i n the
col lagen IV band-wth crowding at_both induction strength with the addition
of crowdi yengil indystion wthe absence ¢f gowdingcthisiadisrtere moroetioetive ysantdess| ar
crowdi ng qf : i §:1 I L4l ol ayer. cultures. Alizarin
red stai n?ﬁ%&cgﬁngrgéeﬂg%netﬁ?%tg?kﬁélkgﬁ%@g%gd%g%{%gfers in the absence or
presence of cr digh. hgAaGEr shdéwithetowdibigdadressed Hetexpresyion nfikelr aliptgenial | vy -

enhances the a nt of | cification in ol ayers in week 3 and week 4,
and thus, BeRE. BRABSEAnG AP A eBReiiacrlgen 1V Bone sYRgessios Ws SRET¥ed ot s of
macr onol e%ﬁiéﬁﬁ ChRME L QG nPaniel B EaPineRadeaR ab@XEroRin ddpBitkar af ts on

nonol ayer. ol era Toxin ' B-FI TC stai ning of nonolayers cultured for 7 -8-

Fig. 17 shows that crowding increased the deposition of collagen IV in the cell

layer (western bl'ot), this is accompanied by decreased expression of col IV
mRNA . Results of western blot analysisof hBMSCs cultures at passage 5 after
adipogenic induétion at 25% or 100% in the absence or presence of crowding after 7 or .
14 days. An increase in the collagen IV band with crowding at both induction strength -
with the addition of crowding was observed. | |
Fig. 18 shows effects of macromolecular crowding on the aniount, of

calcification in MSC monolayer cultures. Alizarin red staining of osteogenically
induced MSC monolayers in the absence or presence of crowding over 4 weeks
iﬁdicates that crowding dramatically enhances the amount of calcification in
monolayers in week 3 and week 4, and thus, the extent of differentiation.

‘ F1g 19 shows effe:c:tsj of macromolecular crowding on the expression level of

Iii)id rafts on inonolayer. Cholerai Toxin B-FITC staining of monolayers cultured for 7



days in the absence or presence of crowding indicates that crowding
dramatically enhances the anount of lipid rafts expressed in the nonol ayer.
Fig. 20 swowsiiawspogenesi s at passage 4. Human bMSC (at PEE)SG20nepagat i on
under Ficoll mx gives significant incrgase of cell nunber in fold change.
At passage +4: 244%increase in cell nuitbers was noted. Cells at this
passage showed significantly increased adi pogenesis when chem cally

i nduced. days in tig gbsepae ensossneh el sawdiag prdicatesthal rowding deamatisaly ni xed

macr ool € Gt AL 1H Wil §1;1¥i§?d Pafﬁ\&tﬁglhge@s%'ﬂ%”iﬁhﬁﬁh%?f Speci es). Fi gs.

22A- 22D show macr onol ecu Cro enhances adi‘pogenesi s of hMSCs. (Fig.
22A) Nai ve MSCFigt20phswagdipdgeresie at padsaped. HomanddSO (ad3pqgepegation i n t he
absence (ctrl)_or presence of nmacronol ecul ar crowdi.ng (M) for 21 days,
and (Fig. Wda)Ficellmbegives signifoant ipcrgpse aﬁgf‘éﬁ%%b%ﬂuaqumﬂgﬁ- ALPASFAEGt

cyt onet ry 0, gantdExe 3 631 Almblrd fal ﬂ&e@.t@é-ll@iaf‘ﬂ#i sé‘g%'Sh?wé’d @ghificahtly22C)

flow activated cytonetry to assess percentage o ﬁe cells that had
di f f er ent iis¢reabed adigogdriesis wh2rhdwicaldainducede PCR for t he expression of the

ear|ly adi pogeni rker PPAR- | at e rker legtin and ECM mar ker

ol | 2gen | Vo s Thsfpts igas ol PRt tega ol ing my PR sty Bfflasyaf Fi gs.
23A- 23B s hpywdTRE (1 Mrekrek facfontMeiuldg sheGésgases extracel lular matrix
deposition and renodeling by adi pogenically induced M5Cs and |igands

sequest ered.  Figs. 2FAg2Dpshavsinagremolpsulan elemidinggnhanees adipgeatesisef | | ayer s

for colla V £.Col - FLALon i - £ . X
B I b e L S T A
seen to eﬁnﬁ@a&endehquQaﬁﬁkéﬂoe@fﬁfachle@m ckovding (Maf@Y fon 2 5 dhysatusd

i ndi cati rrTIgii_a nore enriched . matrix. There is less fibronectin seen in the

crowded néhig &sR) stainedvith sile reds geseesed via ifrsith aCRFTEN PRI QABERYY 3 i ng
e o0 SOUEEIEi g STBE LT 29T st S5 e
nedi um sarpeteestage ofthadelpsothethadaliffgrentiated @dd (Figo221y)drysrealf tirme PCRdfay thei n
of the. pr GBICPSGL e CEbEH PreRifan et EoAR BEh ip SRS RIS AL and an
| nor ease ik GOARAERIV.ARES, SroRbaRAR L da detRp ARk onsyhe media as
visualized 1n the darker band. (ii) MVC increased C3 by 3 fold based on
densitometry. Fig: 23A-23B show macromolecular crowding increases extracellular matrix.
deposition and remodeling by adipogenically induced MSCs and ligands sequestered.
Fig. 23A shows immunochemical staining of cell layers for collagen IV (Col
IV), fibronectin (FN) and ‘he;v)arz‘ln sulfate at 10x magnification in adipogenically
induced hMSC monolayers. Crowding (+MMC) is seen to enhance the deposition of
collagen IV and heparan sulfate indicating a more enriched matrix. There is less
fibronectin seen in the crowded monolayer which is in agreement with enhanced
degradation during the adif)ogenic matrix remodeling process.
- Fig. 23B (i) shows immunoblotted for cleaved procollagen C-propeptide (C3;
red arrows) in medium samples from adipogenically induced monolayers after 4 days in
é@lture,’ with or without MMC. MMC resulted in a more efficient processing of the
‘ pirfocollagén as seen in the debrease of the procollagen bands and an increase in the

p’riocollagen C-propeptide detectable in the media as visualized in the darker band. (ii)

MMC increased C3 by 3 fold based on densitometry.



Figs. 24A-24C show different matrices affect potency of adi pogenic

i nduction cocktail over 21 days. Matrices were deposited by nave
mesenchymsib 2stieros®al | s (hMSCs) and adi pogeni cal | y-i nducedTisigBaa/op@di p) in
t he absence (-MMC) and presence of cr mgger (+MVC) ; decel lul ari sed then
reseeded with nave hMSCs whi ch were inticed to undergo adi pogenesis for 3
weeks (no crowding). As a control, cells were seeded on tissue culture

pol ystyrene (TARS) 24AL440shovodiffereat mytricagiafdent pploncysofmsipogenic inductipn g, 24A

shows adi p tyq ilted U [ h t he,hi unt of nile
Fed ot ai nicugRtl U8 21 AR e e A by SR PR VAL R A ot o Tor
nile red, (HOISD} hﬁ@idiﬁ%ehh@llﬁ-ﬂﬂﬁeéd MYME0x% (idip) iaehd sbskmcediNIMC paidi at e.

Fig. 24B shows reseeded nonol ayers are assessed_via in-situ adherent

cyt onet r y Preseperofrarevyde(EMME); sesedlufasised then sesegdedavithomaive hMiGEs whith i ces
d Aty : ) SRS e
Gr ol ot 5 tT8 B8 & lsEro YitpdebRSREENT W AN Go SRS, AY A BRTOL WS 1

resul ts i rwereseedsd an tissug cultare polsRGTard TOPS) efd adipogeniqally enducet fod 3by MVC;
40% vs 7% . Fig. 24C shows real-tine PCR was used to assess the
expr essi or"§KSt he ear y adi pogenic marker PPAR-1 in the reseeded nonol ayers
(n=3; error barggaiu sipwdadipdMREniREx HERRItE@MeAMMBIshaws tHethigidsect W th
reseeded hMSCs expressing | ess PPAR-7 than the positive benchmark (Induced
on TCPS). asuiupbefnile mdstainng MICuersTABosd insicedaitipogenivally pesitiedyibtam i n 33%
nore PPAR-y_ r.nRNA expression,than TCPS. Figs. .25A- 25D show t he
adi pogeni (,fxrp?lgeprgfi’t‘%ﬂgofnsﬁﬁt%%ﬁF%prafggg)rélﬁei Fls 9 glﬂ%f(eﬂng ellular matrices is
sensitive to sdijf-2ABKhONR resed@lholoddyetOde BRessed ¥t iNRItA adRaas dyRndiyy ful |y
differentiated adi pocytes (adip) in the absence (-) and presence (+) of
macr onol ed@ Bty atediof gil¢ rdsfainias ereellu BMSC matricershowrestraiameraisatl | v
treated wt. h&g &JC + . :0n) -1 - 3 non- 4 r eat ed
matri ces V\V}elglel%tg%gr%lﬁreseesgaégl%\%\%l?gieggi\}glak%i%h}é’ttg‘?ﬁ%%\l/\\gere}gegcrf al-ﬁfgasal nmedi a,
cel I s wer ¢lmias&SGETCPSY. Aldipdcyteanattik restitp dp@oiesstalhing eliaTCRS amdthe effect  Fi g.
25A shows adi pocyte matrix deposited under MMC shows the highest amount of
nile red d% Botentiaied beMMEH% 88 7%¢el | s were adi pogenical |y induced (or not)
for -10- 3 we b$s Y& Sitdd PR wRC ¥ ST 257a ~ 8 ing the
capacity for t?égc%@lsglb?% %ll?#ﬂer enti ate. a58Es ﬁ{ggg&)em&?m EM}

adipogenic marker PPAR-y in the reseeded monolayers (n=3; error bars are + s.d).

J

hMSC matrices show a restraining effect with reseeded hMSCs expressing less PPAR-y
than the positive benchmafk (Induced on TCPS). Adipocyte matrix that was deposited
under crowding fesults in 33% more PPAR-y mRNA expression thah TCPS. -

Figs. 25A-25D show the adipogenic property of decellulaﬁsed adipocyte
extracellular matrices is sensitive to salt-elution. Decellularised matrices were deposited
by fully differentiated adipocytes (adip) in the absence (-) and presence (+) of
niacromolecular crowding (MMC). One group of matrices were additionally treated
With 0.5 M NaCl (+salt elution). Salt-treated and non-treated matrices were then re-
séeded with ha‘ive hMSCs. After 3 weeks in basal media, cells were assessed for
features of adipogenic differentiation. _

F 1g 25A shows adipocyte matrix deposited under MMC shows the highest

amount of nile red staining. As a control, cells were adipo_genicaHy induced (or not) for



Fig. 25B shows reseeded nonol ayers are assessed via in-situ adherent
cytonetry to quantify area of nile red staining per cell. Adipocyte matrix
resul ts iwo0-26111108998i | e red staining conpared to those oRCTGB2011Dhe081

i nductive property of the matrix was I%t upon salt elution. (n=3; error
bars are s.d; ** P<0.01; * P<0.05). ™ Fig. 25C shows real-tinme PCR was
used to assess the_ expression of the ear,lg al i pogeni ¢ marker, PPAR-y in the
reseeded nbwetksyartissyqeubturepelystynsae TGRS, demenstrahipg the cypasitydenthg cellssul ts in
5% PPAR-y- R} xpression of that on TCPS. This inductive property of the
mat ri x wastg}ag@%rgﬁt}%égﬁ salt elution. (n=3; error bars are s.d; ** P<0.01; *
P<0. 05) . Hig R 5B sHovws resssdedarabadlayaes t€Rssopsed wiein-ditn adhaestscytdmetry .

expression of the |at di pogenjc marker leptin in the rese nol ayers
(n=3; errdP WaEYaFa o?gﬁafe% S%@P’ﬁ&d’s‘?f eeliﬁéziwmégewge%uhs Bbfggg/ﬁ»&a y NMRNA
expressi or g o5 1 i f (e ol s | ost
upon sal t ’}gii’gtta%% 2 ﬂ:%gatgrﬂrl%gré Oglar{(g}ﬁg;?gﬁyfgdg&g’eﬁ %F?fg.? 8 {E@nﬁ&%%&é)l&ﬁ

Fi gs. 26A®6B sslhelntiomdnsivdree bamrarc+ okl h§<6.0éctiB<UPSX he appear ance of

cytoplasmc |inpi.d | et de ate i f _PPRA i I
a)éi pggenesi s OPPL 18 égﬁl"(”ﬁlsr E}Q%#E 'Wasfué%f r*’g?‘%’ ﬁ'irérfgpfﬁm%Rﬁgﬁ g;‘/‘é’iﬁg :? r 1)(;x
magni fi Ca;tadmgéﬁe\fwger%ﬁmw@meqeéée@mndﬁawe% @=Bstorac 48d)s. Bt days 2,4

and 7 post-induction in the absence and presence of MMC. (Fig. 26B) -
Rel ati ve mRipoeipmetriy rssulisdn 8VsPARPRNRY Anexpaespiondf that gnd CPSpdbis- i nduct i on

in the absence. and pre e af. N =3 . bars .a L ¥ Rs0.01; *
oo, 05) - o EpShoRh§ SR Snft Mo gon, Bt gt i o fer Brfare £ S  ror o
st abl e i n pdoeotf; agecoads)det ergent Lysi s. Fig. 27A sheows i mmunochem cal
staining of cell -layers for ECMkey proteins - collagen |V (col V),

col | agen | (Co|Flg-)25§?ﬁwws5F%ﬁ%% P& L&%t%@ﬁqsar%exemﬁﬁ%eﬁ@g late ER
nucl ei an Lo . f i gﬁ% rQtei : QS under MWMC
are nore ?aéiglﬁ) Egﬁﬁg%qépé@?%%}egﬁgkﬁgoget rrggﬁflegréfﬁsliﬁp ysjiz sggl)ls successf ul

at decel | Adipositexmatid@Mesuits in 50-70% PPAR-y mRNA expression of that on TCPS. This

- inductive property of the matrix was lost upon salt elution. (n=3; error bars are + s.d; **
P<0.01; * P<0.05). |
Figs. 26A-26B show macromolecular crowding speeds up the appearance of
cytoplasmic lipid droplets and elevates expression of PPARy during early adipogenesis
of hMSCs. (Fig. 26A) Oil fed O staining of monolayers at 10x magnification showing
cytoplasmic iipid droplets (stained red) at days 2,4 and 7 post—induction in the absence -
and presence of MMC. (Fig. v26B) Relative mRNA expression levels of PPARg at days
2, 4 and 7 post-induction in the absence and presence of MMC (n=3; error bars are +
s.d.; ** P<0.01; * P<0.05). | | -
| Figs. 27A-27B show ECM Deposited in the presence of MMC more stable in
th‘e face of detergent Lysis.
R Fig. 27A shows immunochemical staining of cell layers for ECM key protéins -
: ’cinlagen IV (col IV), coll-égcn I (Col 1) and fibronectin (FN and cellular components -
' ER, nuclei and actin; at 10x magnification. ECM proteins deposited under MMC are
‘ iﬁore resistant and retained during detergent lysis. Lysis is successful at decellularising

ECM.



Fig. 27B shows protein gel analysis confirns the presence of nore proteins

ret ai ned under MMC (+MVC) post-1|ysis. Fig. 28 shows characterisation
of matri cwe.201wmoseyef | uor escence stai ni ngs showi ng the presscee1mbomsever al
ECM proteins in DxSDOC and DxSDOCDOC rices. Bar 100pm Fi gs.

29A- 29B show hESCs propagated on NoDxSDOC, DxSNP40 and FcNP40 matrices

differentiated or did not attach. (29A) Population doubljings of hESCs
propagat ed usi ni® ﬂ7NGDRBDQI9,tCIDS§NFﬂ4b’S§r?QnEBW9 prosoupg)of mge Bradeipg r ast

i mges shaqui "o A fl‘fﬂ‘ﬁgt. L g .nor phol ogy and non-attachnent during
propagat i 3%1\0? apg‘gegg\él\#& |ﬂg?g[tﬁ'%8A 30B show hESCs propagat ed on
Matrigel, DxSDPig.@8 shswochXtbctemdatips €f mhatrices imnundflup@seagestain{izf A)

Popul ati on, doubl ] ngs of hESCs propagated using either_ c se IV or

di spase orfhfmingithepresenes veral BeRboraies m@é&%ﬁs@é@@ﬁééﬁ&aﬁ mages
showi ng hESGs. LPflLagy during propagation. Bar 500p, m Fi gs.

31A- 31C show fﬁgg%s pr ¢ grggat ed on DxSDOC or DxSDOCDOC matrices for 18
passages ret ai fegs. R2A\9Byshiow IES(Ex propagated dndVdDSROC] BxSNYR4¢ aphE¢NEA0 (31A)

ol | agenadutio e RARESr i nafineacebdEhap TR dayBling TSR mar kar 3
11 Tubul ip?o;sgg@tﬁg Eﬁlgg‘éﬁméms;m@!msmw ald KUNF4er m?%h%nﬁ'm%ﬂ@st hat

hESCs ret ai-nel differentiation capabilities after long term
passagi ng.showimg hESCs differentiatedymarpladegy endvan-attachmentedirifg PRORREUY: ent i at ed

structur e'ﬁ?‘r?ﬁ@’ferﬁent ative of tissues of the three germlayers, indicating
the retentt®d . pluri potency. Bar 50p, m Fig. 32 shows flow cytonetry

of SSEA-3 and %%AﬁséA@omh@si KBSy propagateden Mhwigel) DxSDIDEs5DEDOTDOC
pl uri potency markers in hESCs propagated on Matrigel. DxSDOC or  DxSDOCDOC
mat ri ces fRAtrioe forupsteddspassages. (Tﬁ?‘g). apylatien doublingsiof hESCapipaeatedrYsg ence

ESL (B R Pl Rt R DS B D BACB T RS AR "
pr opagat edzomnaswahag'egehowim&BSCsme@hSD@Bﬁﬁngpmpiagz&bnf Bar ¥Wpypassages. -12-
Figs. 31A-31C show hESCs propagated on DxSDOC or DxSDOCDOC matrices
for 18 passages retained karyotypic stability and differentiation capacity. (31A)
Karyograms of hESCs propagated on Matrigel, DxSDOC or DxSDOCDOC using
collagenase IV or dispase. (3 1B) hESCs were positive for neural marker {3 III Tubuliﬁ )
“ when induced to undergo neural differentiation, showing that hESCs retained neural
| differentiation capabilitiesjaﬁer long term passaging.. Bar 100um. (31C) hESCs formed |
teratomas with differentiated structures representative of tissues of the three germ
layers, indicating the retention of pluripotency. Bar 50pm. |
Fig. 32 shows flow cytometry of SSEA-3 and SSEA-4 expression in of hESCs
showing expression of pluripotency markers in hESCs propagated on Matrigel,
‘ DxSDOC or DxSDOCDOC matrices for 20 passages.
- Fig. 33 shows adherent immunofluorescence analysis for Oct 4, SSEA 4, TRA-
' _1;—;60,_TRA-1-81 and SSEA-3 expression in hESCs (Bar 100um) showing expression of
f piudpotcncy markers in hES'Cs propagated on Matrigel, DxSDOC or DxSDOCDOC

matrices for 20 passages.



Fig. 34 shows conplete decellularization to obtain matrices.

| mmunof | uorescence stainings for intracellular structures reveals the
renmoval oWOoBRi1/e8®@st i n and nucl ei after DOC, DOCDOC andPiiPAG20y90&s1 Bar
100gm Fig. 35 shows hESCs culturgd on ECM made by 2931 cells and NT2
cells differentiated within 12 passage’%.' The ECM were made by crowdi ng 293T
cells and NT2 cells using DxS for 3 days and subjecting the ECMto

det ergent | ysi FipAd shpwscomplete decellulanizagion geokipipipatriggs. As hMSCs

differenti i L] i J 5SS e guboi dal
ror phot ogytPaioBdiss e dhRRRE RriplrpABRRE ricitel REYIS AR ERo R TRER, T

cyt opl asmactin and nidl¢.afidy D) BOCHORCHd NRAyik EBar1i00am. on was sti nul at ed
via three cycles of inductign nedium (I M/ maintenance. nedi ei ther at
ful'l - or hal f-du&eghaws RESCe eyt J%&FMH@B&B@?H?’EC?%@@%Q%O of I'M
and WM alal: tqr LIV EY ' ; S| edul e. At
three ti mf%r?ﬁ%&gg?%slp r?g?a\r%gg‘?g t he ?r?gg glfa Hﬂ%%’%"?@é‘ﬁ%%%n cflglﬁa;,

monol ayer NThcéls-using| Dxf for dslayears] subpetisethe\EGMAEAdSergeohlysieMOCyt onet ry and
RT- PCR Li%d droplets were stained with Nile Red (G eenspan, P., et al., J
Cel | Bio. "BP¥%5- 973 (1985)) then anal yzed with FACS to count the nunber
of differentiatmgg j\@@éw@@g ASTNISds WiftdrerdtahR the ﬁ&fb@%@ﬁé Nndage,NBRMIyE | i pid
accunul ation. & Fig. 38 shows hMSCs (p8) after 21 days I nduction,

st ai ned wiassunii 4 moReehboizial mampholagxfgkewedey (ﬁbﬂ@uﬁmﬁm@){mc}ﬂlﬁplﬁ%pl ets
wer e observed i.n.th resence of EVE at half-strength (e) and full strength
() corrpar‘%@“?&heéroﬁﬁ(f'pg?sgl'th hout EVE (b, c). Negligible staining was
observed with rRgi3Tdsteivwsaidigogesit differentiatibh Gvas SEmahtsviatirenaichd oddher ent
cytonmetry (Chen, C., et al., unpublished) quantified i n-si‘tu area of Nile
Red st ai ndBdyctign aedrusmp (Ié{)éyalﬁ@ﬂmei%hum@/@é) gither, Af@H- o hali-sterneldMiveCcs

(p8). EVE 5 = ase.l i o | QL1 an; | over 3

weeks at boi Esﬁ%%?{ a/(glgo(?te {s?ltcal%gﬁdlsfartllh L(l)(?![I 1?102[21‘212\%{% nlg%’f#l?ﬂhg\e/%{]%@}g%égﬁl ed nore

ef f ecti ve maistapied lie MMiondhesanteschedyle dA ethre tahe hainfs-cotregrogtimg(te Biéiend _

(r:]grr})ﬁ(rjﬁgt lto% ﬁ_iéﬁ?lg@ét%nsc%ﬁ,n r%E)Qolg _6%/1@ 24-&"31? lp{a%sl%!/eere ggsglss% nga MES’Oa%%g{e\Ate d wth
cytometry and RT-PCR. Lipid droplets were stained with Nile Red (Greenspan, P., et

al., J Cell Bio. 100:965-973 (1985)) then analyzed with FACS to count the number of

differentiated MSCs and imaged with adherent cytometry to measure lipid
accumulation. v - v
Fig. 38 shows hMSCs (p8) after 21 days induction, stained with Nile Red (2x
mag). Larger and more numerous lipid droplets were observed in the presence of EVE
a_t half-strehgth (e) and full strength (f) compared to controls without EVE (b,c).
Negligible staining was observed with no induction (a,d). _
Fig. 39 shows automated adherent cytometry (Chen, C., et al., unpublished)
ﬁ q_ﬁantiﬁed in-situ area of Nile Red stained lipid droplets, normalized to cell number of
j iﬁduced hMSCs (p8). EVE Was observed to increase lipid accumulation consistently
' over 3 we’eks. at both half; aﬁd standard induction strength. EVE also enabled moré
j éffective use of less induction ingredients at half-strength (+EVE) compared to standard

s&ength (-EVE). Negligible staining was observed with no inductidn.



Fig. 40 shows FACS analysis of hMSCs stained with Nile Red at | ate passage
(p8) after 21 days incubation in maintenance nedia (a,d), half-strength

i nducti orwOlpe)y108e3d full strength induction (c,f) in thecalsseaamo¢al b, c) or
presence (d,e,f) of EVE. Cell populatiqgp in upper right quadrant are

consi dered positive for adipogenesis. i ncreased the percentage of hMSCs
under goi ng adi pogenesis by 1.8 fold and 2 fold at hal f- and standard

strength respediig\Aél sho @b gnalgsis pf kM Sk stainef ath NijeRed at late nagsage

i nducti on j.parediel | f-strengt + G0 I 10. : ’stréngth
(-EVE) by ggaffe%%% 1‘8‘?“‘%?‘011 égé‘afs?‘é%‘égrr%{’f‘é@@a’&n@%ﬁ%‘%ﬁ%@h@gﬁt%%\% ew.
Fig. 42 shaddull smenpacindeaivanicfpin thé absehdty(afbr) o€ ptesagerid,k,ffofi BVBSf Cetinol ayer s
after 3 and 7 days of adi pogenic induction, (10x nag), i ng;

o) ).. Wth cr V\glng, we
observed doRENHEY IHEMSE Nghtyadantye capsudered pPosHivedahatipegsneuy.i g\f ar

structuring,. ; i ' [ trix
r enodel i ngg“g;‘seﬁ%ép‘?eg&%%eé’ OWS asﬁ{ngﬁétggjé% ggﬁgslgéé{s %t%ﬁnﬂggg&?é&ld%g C.
Chen, et dalf; aj@SjardBstréngthirebireatinelg.0 EVE alsqoembkell imare affectivieade pfiless t u ar ea

of Nile Red stained |.ipidd | ets, |ized.to cell . nunber { pduced
VEGs. G o T Bliets fett Pt (RO comBpea L N PR GRYEARY on
after 3 weekgpgnduction at induction strengths of 50% (E) and 100% (F)

conpared to uncrowded (B&C). Negligible staining was observed with no
i nducti on ( A&D)Fig. 41 is a sehemati¢Hf gh ewperipid®l anverview.s of Nil e Red stai ned

UES S 200 el S

popul at i oryfien3 UAPP'dayd GHdigbigsic aducabe (IORMHAL) S Veith rosidirigy ®efobserved
adi pogenesi's. Crowdi ng increased the percentage of hMSCs under goi ng

adi pogenesinbangpd deprsision ofivallageni Viandeahenced retistlas syciwringiofovllageadect i vel y.
Fig. 45 s ant i tati . . nression 7 days '

post - adi p%%?&gﬁﬁﬁ% gﬁgﬁ%%gﬁﬁﬁ%ﬂgﬁfmﬁ‘ﬂémomi ng we observed, a 2.4
fol d increase iRigaBXhewpaewaiatd alhezfifoytmdetey (O1Z. €1 Chanytdn aAN@0A)EBH 0! d

i ncrease at_100% i nducti gn. .. . Fig. 46 sho dherept. cytqnetry of MSCs
seede on tW@mﬂ%qlf(&IEﬁ§s)kq}B§flﬁ%& @s"”g‘ %?%fy&ﬁ?éft?W§§B%%?ﬁéﬁ’ (over 3
weeks) by QdipRLULESell Ruhb& ARRRREEMSE&T LY WAR) wWis observed to increase

cytoplasmic lipid accumulation after 3 weeks induction at induction strengths of 50% _

(E) and 100% (F) compared to uncrowded (B&C). Negligible staining Was.observed_
with no induction (A&D). ' ’ S o
Fig. 44 shows FACS analysis of Nile Red stained hMSCs after 21 days
incubation at 0% (A,D), 50% (B,E) and 100% induction (C,F) in the absence (A,B,C) or
fhe presence (D,E,F) of crowding. Cell population in upper right quadrant are
considered positive for adipogenesis. Crowding increased the percentage of hMSCs
uhderg_oing adipogenesis by 1.8fold and 2 with induction at 50% and 100%
réspectivgly. |
| Fig. 45 shows quaﬁtitaﬁve PCR for aP2 gené cxpression 7 days pbst-adipogenic
induction at 20% and 100%. With crowding we observed, a 2.4 fold increase in aP2
éXpression at 20% induction strength and 2.6 fold increase at 100% induction.
Fig. 46 shows adherent cytometry of MSCs seede on three different substrates —

plastic, matrix deposited (over 3 weeks) by adipocytes in the absence (-crowding) or



-14- presence of crowding (+crowding); followed by 100% i nduction for 10
days. A 4 fold increase in cytoplasmc lirnid accunul ati on was observed
wi t h nonoveyerigios®aded on matri x deposited in the presemrca/schoaroswdi ng (c)
conpared with those on seede on matri X gep03| ted in the absence of -crowdi ng
(b). DETAI LED DESCRI PTI ON OF THE INVEN'I‘ Human adult stern cells

(from bone nmarrow and nmany other. s vv en utilized f Vi vo
tissue endWFiERTS HFrewdige 2%‘?8‘(" mi%vfo ﬁ ‘F‘f%ﬁ' E@?? Fﬁfg‘&f‘?’% Eoésl Ordgys. a‘§t4otlpﬁgous
repair or jfGtas®tn ¥{t¥PlaSldIMhR RBENGEIBHGIWaObERRA VA hbhSlaRad sRBéPon
Currently, their use is limted by the attenuation of their differentiation

pot enti al rhatik deposifed et thn prasenasof erovading (x cempared With thederrmescedeoen of t hei r

phenot ype or .different n_are.govern by specific cues within each
uni que Ioé’é?mﬁdgl?otfétﬁ&nr@‘ ﬁ%eﬁfe?% WEPESR)  fr om secreted factors,

nei ghboring cells and the extracellular matrix (ECM. Described herein are

nmet hods WDET]AH&Q)MGRIBTEONIGFTHEQWMKMWC) to recapitul ate the crowded
physi ol ogical environnment in vitro using a cocktail e.g., a neutral

pol yani on cocktpiirhan ffltsse@iBelfidhibon¥Yharfsv @it fdnP ookt §ovkcts) BiveBeen

undi fferentjated stemcells and enhanced differentiation of stemcells upon
| i neage- spéidized forimuiye tisene. cngeeis leasscrtenavebdinmied modalitigs far exerrpl ified

| 1 Tnd00
(BenSor SRR GRRIE R o APL GO ROl G Mrerly o of | 1400
360 (PVP; tR&Dudad; limied benin ateinugtivem dfhbsiediffetantiptial p(ftemaiﬂ ﬁ)lhﬁhﬁg:s and i nduce

adi pogeni c -and _osteogenic differentiation o the e data
provi ded Kf&HBFINe EhyKe ckpAIsionn Ehemapdspancs ofitheir m@g@mporﬁxf&mtaﬂow&v. de a

faster r esggggyégd B nyécm@edex “f?mﬁ%a%ﬁ%gm (8,%1 ﬁ%rbéﬂroﬁ&%ﬁttthﬁfar@e i

differentica ot ype (adi.pogenic droplets) at day 5 of the -
i nduct i on segreted facT¢rs retighioosing oelismld/thmextrwcldadstadatpmc(ﬁﬁM)t ancmfoedhb&tsﬁis at

5 t duct dj ff tiated
ooty po FoRruadsRoRRane Mabsuolse s ovtine GIMES B asamhumthestufino b (a
3.6 fol d gpg8IeRgicACERADRMentih viBOHsih Qlus&dtar\e goe%@&m %lﬁhﬁ)ﬁ%ﬁﬂﬁll aatsed

i ncreased from9.540.89 to 22.248.9 change i ncrease).

addi t:j on SQOWDh@ermMM&mhhmedtpmiefemﬁgn af u@dlffemnmé@stmmﬂs angd er@as@ége 4f
14
M35 Gyt ofd AR of Slemy cbu B HHEE LM lrtorh, FRERAURSS Bk 2107 0

W th cr owdieftn Wf‘:re%x%ﬁf@hﬁéd &ﬁﬂg 2 pagzaﬂlan @bcl&&%@ﬂﬁis'iﬁ@%cbmmmt(l:m strength
respecti VelQﬁD Al so was an increased proliferation of stemcells

prior to i7QEBé&YiKieolb 489(E‘éo@n‘iqoé%ﬂabrﬂ%@al\/@@P‘Fafh@(b(@%@mn@Mi’ fferentiation
ush in a

8| fferenti a )Q,ﬂﬁﬂ P%@é@g%ggzpo?mkgazﬁimﬁ% nggl%) %’rﬁég&]lg??tgngt h of

i nducti on W&Cmﬂd m&inxrepzrdumjgaglk:)and Nﬁéb@nai diffechtavianofahdBBMESTCspr ol i f erati on

rate on cell c ure g ge ai_nin %‘gelr differentiation

potential over ror@%i SgeW ﬂ?t‘? yhe PrESEPEIRRE PN of STROL

mar ker, pp ?&ﬁ&é/@flaste?!r& s%ak%asﬁsf GO by aheakdigdra JFAfge  al . This is an

|nportant |ssue |ncrea unbeifs as this is currently a
bottl enec mfferentlatéﬂmeuatype éad@qgemﬂnbutidmp}em) at deyr § oEttie induntiexgycds Jhon of

key differe Lon rmar ker s torret ana S. appears two work
via two pdf {2?\/9!1 ()&,)anllﬂ%rlﬁgsigglpﬁ %‘ﬁﬁ%‘f@%}fl’aﬁ%‘? gﬁf‘tf%ggﬁgeptors
housed in dlddéhgn (1a¢d§ that Qz)prbsﬂ,g&' meﬂﬂff&éﬁﬁﬁsﬁﬂ)ﬁéﬁb%e Rrédséd HEMOS434004608nd

accel erati ngal ts |ineage-specific renodelin cronol ecul ar crowding is a

tool that t¢aA4bb8Yt ati25 emdu@tlcgleqﬁr@nahéa ﬁévfeld qhaggqiacreasa)iatd 08Yrindudtions f or
o ol oMb R Ginel HEEER LA SR dN0 (PAALI A1) Pl Pl V1 VO

phyS|oIog| envi anced eposition of i ns
i nvol ved ln'i_bréd%@). 1] ﬁdcﬁﬁ@ﬂ'falrﬂéfe(hﬁht\m@ﬂ plénotype was attained when hbMSCs at passage

4 were differentiated for 14 days under crdwding as measured by the area of




Accordingly, in one aspect, the invention is directed to a nethod of
culturing stemcells conprising contacting the stemcells with one or nore
car bohydrwbeeshzees3macr onol ecul es, thereby produci ng a eelrlsGealitonsosr The
cell culture is nmaintained under conditions in which the stemcells
proliferate, thereby culturing the stenrcells. The net hods descri bed

herein can be used to culture a variety of stemcell -populations. -As is
known to t¢yérpdassric Hpid droplgtserpressed exhibited @ &ld shangejincrease wathGevdingoém

cell's. 294 e} RIMREL D5 (£0Osn, RETRPRARLEn SHAISELIvdONLFR T O

stromal stémce nmesenchyma mce , nheu emcells, epithelial
st em cel | sobsbived drabari irerqasabysolifepationalflsensesils paor fo indediphed and i nduced

pl uri potent. stemcells any of which_can be used.in the hods descri bed
her ei n. Vel erestongus ' sa@ﬁ@pg%@fé?rﬁgtwéwe P B ngerklﬁg #¥¥e hose of
skill in thenwy Epaséa%e%si,dd!nﬁ'a%ﬂoni%iﬁf@ré‘rﬁila{ién Fe%?or{%@ V&l fn"tﬁéifn_feﬁéﬁ&%f 909, ety of

sources. In particul-araspects, the stemcells are manmalian stemcells
(e.qg., prioreX58s strengthofdadiictien coektaih Surprisuighy MBUisialeo, shawdantembandele) . 1 n a

articul ar_aspect, the stem.cell re n stem.cells. .. . e.to their
Papac &y ok Graton e on 5T SGH alasl FhilR i heic feietentation puBHE ' Pran
nesenchy Medyep §&@tat phdsdgeds AVEERdnsHALLdHyARE rdiertivn oTSTRTINY BRKer, et Or

cells, also known as fibrocytes or reprogramed nonocytes ( -m)no]{%t es,

MOMC, - PCMplomsre sugtbwed differensiation netertiale hbis issl imppripeldssusanayasing ¥5607) ,
consti tut eCéﬂQ’leﬁi)E)%{‘St |Srgﬁs%r&%%g%_afb%le§% - based therapy in regenerating

di seased or-injured tiSsues. ese a stemcells can be readily purified

froma small volrhedatdire pesvededeterdivdasvadr fedre exgressiar ofikegrdifferbhtixidn
respectively, and expanded in vitrQ for a |imted nupber of popzzli)ati on

doubl i ngs MEkFrspBRAREry: FACS ansbyses. M arnedts tweesk Xiadwo nathyays

pl uri pot ent. . I | i g {d cells or
somati c cgf’flggtléétthgg?@itﬁ i"%@é‘ﬁrg?%te gg&%ﬁ%}ﬁé‘%mﬂ%@ggﬁ%@g 1’@?’%0 uction
mat eri al aextlaceimlaramatoxvdefostionant leceleratapgsits lineage spevifin remodelimeg: at e cel | s of

the red a white bJood cell. lin e, ipcludi | at el ets,, hemat gpoi etic
stem cel | Q&eaﬁglp &c {aécrgwd&&lé @itﬁ@atﬁaﬁ&@bﬁ‘al&le@?qe %Fqurﬂagetsélttﬁ%}e T
| eukem a angqfiehi freitib efficidht Et%ﬁl%ﬂﬂﬁfff{:x@ﬂtidﬂo%%%@é’&pﬁhlaﬁﬁ'g tHeal vivossues.

Mesenchymal and hemat opoeitic stemcells can bé readily purified froma
smal | vol uhysiologixahenvirnment aignhanesd depanitinyefdey B@vhppeteing irviokiteddn aod, and

| PS from harvested. t.i-Ss respectively, and expanded in vitro for a
linited nﬂﬁ%é&feﬁn(glﬁh%?%ﬁ?"% doublings (PD) before they reach replicative
senescence meanA&@rdhgW iR oAk hgsect, the inventfonlis @igdct@Btoadr fiethied bsclfuignonocyt e
origin which express nesenchynmal and haemat opoi eitic markers such as (but

not | i ni t etiern 6§llscpmprisie contactimythe stem aadls withhenepyarore canbghydraterhassd  These
N ' - Lo |
Gt f or one 1 BRGoMERENED AR AHAAGIN SLAPLARRE TSR Bltede S AllnBiiRunder ) ¢

etc. co#isions hywhich steastens eéllssproliferateraleripneulnging tve ssémoeld. stem cel | s
are pluripotent progenitor cells with the ability to generate cartil age,

bone, nuscle, tEidBFhods dearried harran pap be qﬂ"r@%‘émﬁF‘Fﬁf‘W%nyﬁfﬁ%‘rﬁ ors exist
post natal |y, ﬁﬁﬂoﬁ@? iRk f(ncﬁ{frffg tﬁﬁéel of SRAT iR thé&hrt, Shdn? EellsNATRAY crhBYohilGledpnCE and
ext ensi ve r.gnewa potential. These properties in conbinationwmth their
devel opnmented, gdulistencedly (hgy kematopoiatiestemnreelis doemaimwestrostal @stnmtde;bls
ggtsggt(‘.:leal (%r?e%en% YIrITIE set'\enrﬁ régl ) ,lfhe%}a rsQe%ieclzéllss, ép?threl?ﬁls oY c&%%’lgg -bg}n%sueS' In

pfogenitor cells such as ‘ﬁ;brocytes and induced pluripotent stem cells any of which can

bt; used in the methods described herein. Methods of obtaining sfem cells are also well

known to those of skill in the art. In addition, stem cells can be derived from a variety of

sources. In particular aspects, the stem cells are mammalian stem cells (e.g., primate,



-17- mesenchymal stemcells could be cultured to expand their nunbers then
transplanted to the injured site or after seeding inion scaffolds to

gener at e WppoDp8@Be ti ssue constructs. Thus, an acrscoetiiov@sappr oach
for skeletal, muscular, tendon and Iigqgent repair is the selection,
expansi on and nodul ati on of the appropriate progenltor cells such as
osteoprogenitor cells in the case of bone. uman bone nmarrow

r nesenchy nefning; fehine.diovinecmyripe, anddghalike). hmjp@‘eﬁléewaeqssﬁlﬁgtewe@éﬁeve

mar ker s i%nﬁzﬁmtét Lipeir potential for marrow repopul ation. The panel - of
positive ce ace markers are defined as CD29, CD90, CD105 and CD 166.
Negative markeDse tortheiCbiphcayt fobd Tartiligesborren fat end otheecdmectivedissucne cel |

surface of rnesenchynal . stem cells d i ndi cati on of their
pl uri pot enfyman mesendigl step] s (SRS %@éﬁ?f&ﬂ%ﬁ? mﬁﬁeﬁgmlﬁld?mgemmf |
cel | s/ fi br QENt A% ERWR ﬂb'%@épv@ée ﬁ % R t&&d&%@@%&%&ﬂeywwéer

conbi nations.” FI brocytes ex CD105; Col lagen” | 'and Vimentin
and CD14 aR@MCD34 revieveahtey Sots emt Kuivhesy Kuéer £MatiST6 (o4 (00 coustiuse positive

for HLA- ' Vi d-by Bellin d Mat t ol i b | nvest,

6" abg | ooy prospelt top el Fasef erpd e Feksnermind Reab L o ombret FRUET e col 1 s
can be Isorlwseddlﬁnae:ﬂ%ﬂ@é&ob&éada@ FuRifRd tfoyiPa BRAAK 06lufRIITbBAE mafswsuch as
CD34 and CD 133. " Addi tional-l aemat opoi etic stemcells have |low | evel s or

absent |i r@ag@tes:mnrmh@rcal bﬂapie@spethnb/ TRBKpaslydsn ity fopa limited number of

populatlon doublings (PD) before they reach replicative senescence. Induced pluripotent

cells (IPS) cells are derived from progenitor/stem cells or somatic cells that are derived
either from skin biopsies, liposuction material or bone marrow. Due to their capacity to
form to generate cells of the red and white blood cell lineage, including platelets,
hematopoietic stem cells constitute an exciting prospect for cell-based therapy in
leukemia and deficiencies in regenerating diseased or injured tiséues. Mesenchymal
and hefnatopoeitic stem cells can be readily purified from a small volume of bone
marrow aspirate, ﬁbrocytes from peripheral blood, and IPS from harvested tlssue
respectlvely, and expanded in vitro for a limited number of population doublmgs (PD)
before they reach replicative senescence meaning growth arrest.

Fibrocytes are cells from monocyte origin which express mesenchymal and
haematopoieitic markers such as (but not limited to) CD34, CD14, CD45, CD105,
Collagen I and Vimentin. These cells express mesenchymal progenitor properties and
afe able to differentiate into adipocytes, osteoblasts, chondrocytes, endothelial cells etc.

Mesenchymal stem cells or human bone marrow stromal stem cells are
pluﬁpoteﬁt progenitor ee11$ with the ability to generate cartilage, bone, muscle, tendon,
iigament and fat. These pﬁmitive progenitors exist postnatally and exhibit stem cell
ch_aracteriétics, namely low incidence and extensive renewal potential. These properties
in combinatien with their developmental plasticity have generated trerhendous interest

in the potential use of mesenchymal stem cells to replace damaged tissues. In essence



Human | PS can be generated by viral introduction of typical enbryonic stem
cell genes like OQct4, Sox2, Kl f4, c-Myc and Nanog into somatic cells. They
resenbl e wotzoyios®3st em cel |'s i n norphol ogy and gr owi ngPh®lsazoaropoosor m
dense cell colonies in vitro, differentiate into cells of all three germ

| ayers and formteratomas, when injected into SCID m ce. They can be

di stingui shed from non-reprogrammed somatic cells by using selective

pl uri pot enegsendhyrel stemcells soutd he culgared o expand theirgmmirsthen tamsplanted to The
t |t yge.. n i {.0. { i Ik te t

2ault st ern e S AR SodtthdfioANaBABE echbral pl VA 48 SBRG.E® 1

cel l's, in nonolHdmeran dirathere hpproachciot skeletalpmubdul @eteddoreairi ligaaienteephiar es.

Further, the nethod according. to a{1¥, as?ect of the invention may further
conpri se dnfhepgleriaqn, expangioniand gpdulation of the appropgiateaupgspiterealls Sheh #sed t o
prolifer atogteggl%%ﬁ M O RS ¥Ed. known to those of skill in the art.
In the metho the 1nvention, the stemcells are contacted with one or
mor e car bohydr dwendslsed macvonesachymal s oelissfaprbeasblated et ditectetsusing r owder
nmacr onol ecu] e. or a-rracr(grml'éctﬁl.ar Cro n one ﬁs@gect t he stemcells

.
are cont acEEHiVG MArkerzdngrating their Bty ‘?r;‘f‘%q%‘%gﬁ’p PRBIERRRElEE 1 ef erred

to herei n Rtk LaHsuRRE AHRkES MeWefifELAITDY9, CHORT 105UHn8 CIEIEE Negativehe st em
cells are contacted with two, three, or four, etc. carbohydrate-based
macr onol eaudrkers are CD34 7k CBYo nThase oackers aredounsk orpthe gell sirfaseof cel I's in

culture is a result of a.change in the. m croenvironment fromthat normally
found in t’ﬂeéelﬁcmi %tflélrﬁeg%fl?@%le@ﬂéq&ﬁag%msot? él}e?]r I%:ﬁ‘é?ﬁoqﬁlicg he is a sum of
signal s from i Hgrachloedbomienieseibginfal frogerifoe Rely/fbotytehieanthetisalated | ul ar
matri x (ECM and nei ghboring cells, and the hornonal status of the

m croenvi ragfdeiested using selactiveanarkercgombinations. hibrocyee pauessiGRAMN of al |
cells is i I : i f ha are
termed ' cﬁdoﬁ1 ed&talrléé%lgran? ﬁgﬁ]%ﬁg%%%deg r1 gtareld' 32'22'3(2@?%%?%?}#%%%% single
macr onol eclebaibed pebe pssitivecfor BLa-DRI, ¢ 1d cnaert (retiewed byBellinaieiManget her ,
account for a volune gccupancy of 20-30% of a given specific volune. As
poi nt ed 0&1‘1”1{9"@’ ISVS?S%im-gnd M nton (2000) crowding by macronol ecul es
has both ther mﬁﬁﬁ'ﬁm&e%&n@m&a 1bm8obSicAB sfehfedps RREbE isEhtcfangt her
macronol ecul es that are not generally appreciated (Mnton, AP, Curr -Biol,
10( 3) : RO7-detec20@Sing sklettive, miker GonebiniatioBs sedhean G234 arlRBCR03 3. F9iditgowlly,2001) ) .
Bi ol ogi cal, macrono).ecul es..such .as .enzynes haye evol ved to functi.on inside
such cr owdaemENDPIFdnNEm S!S E%‘fe 18¥Yeiﬁ’fﬁ%%?r a?’ﬁ?‘%if‘&f’%ﬁe C@B%‘gﬁ‘?}"ﬁtk%#ﬂbef protein
and RNA i rghshe dpstRdi@Ti.ke E. coli is in the range of 300-400 g/l.
Macr onol ecul ar _crowdi ng causes an excl uded vol unme effect (EVE), because the
nost basi ¢ charlthumas [PStdap befgersraigd by yiraiatredudtion of vpigal embryomsestamr abi l ity

of all solute nolegc . Thi an i fi er | ul si S

o esent -l EPIREE OFR Sep o RN IOR Al Nondh B0 SRS heb MRS
m ght occlembppinieabmidells Bohbipholvel aad kRSvind Beltavide] forelidegsd llaploniw@ v t abl e
hal |l mark of 'the intracellular mlieu of all carbon-based |ife-forns on

earth (reviieawséferentaty info celly of o}l dhrge semplapenmang formplsraiapas when iieqteoy) ) .
The effectg, rS?ﬁB' rﬁic@.gIﬁery%h be distinguished from non-reprogrammed somatic cells by
- uSi’ng selective pluripotency marker such as Tra-1-81, Tra-1-60, SSEA3 and SSEA4.

_ ' The stem culture method according to any aspect of the invention may relate to
| 'adult stem cells, human enibryonic stem cells, induced pluripotent stem cells, in
monolayer, feeder-layer culture or three dimensional cultures. Further, the method

according to any aspect of the invention may further comprise any variety of additional



-19- macronol ecul ar crowding are so large that authorities in the field
state that many estimates of enzyne catal yzed reaction rates and equilibria
made w t hwonzeriome®d sol utions in the test tube differ bycorsdeon/oodost

magni tude fromthose of the sanme react_ilg_ns oper ating under. crowded
conditions wwthin cells (Ellis, RJ, Trends Biochem Sci, 26(10):597-604
2001). - Despj.te this know edge, biochen sts still _ comonly study
enzymat i ¢ SPHUREMeHUM;that a6 yied dher ?ﬂeét%?egiswpd@}?fﬁﬁ‘feg &P%ﬁ??é&ﬁ ration
of 1-10 9/¢kiiPinth€ss, 1N which crowding is negligible. A particular exanple
is the polynerase chain reaction which is perfornmed in a diluted aqueous
envi ronnent . | fin¢heomethddeesfshé mvientiony thecste icelisoare gerttacted with one enmozg i ng an
intracel lular.envjronnent, the kinetics. shjft dramatical the reaction is
Lccel or at daboRSEIRI Raromafestisofed Etaded Ehe RS hetdelmap ORIl g,
and pri mergrhenRkra@hélebulidréwléroRSorR Bp&Rina s dels hRlbonBtied Stittatwo, orBi ophy

Bi ochem Res Comm, 363(1):171-177 (2807c‘)@h Harve, KS, et al., Nucleic Acids
Res; epub ma@gcarbpBydratgdnsed magrhmakechles,weietred to henginzs oux e magomelecular

The principle..o acroml ecul ar.cr ' [ AD:Sy, i cel lul ar

envi 1 onmerifo e T EREAR: Be o€ SRAFLD o) Shudc e it i TR B LT

whi ch f or reaibolidratesidsematrofmodsulesonnent . Agai n, contenporary cell culture

consi sts of placing adheri g%cel I's on_a supﬁo_,rt tissue, Cﬂ| t'urg plastic or
3

ot her mat eri al shhegpontarsons ditferentiation ef sipaissiinm g saderyitpf gichangsde,

condi ti ong; : :q\gg&pl e 1 clIrREReMM, & felshey have
been ori g?%%&%ﬁ@%‘?%ﬁﬁ%‘ﬁ@“%‘ﬁ@?ﬁr annot ‘@%P?‘%%@hﬁhysi SI ogl cgl. '

functi on toellinivhefisid ses bf gighan froml intekactibac with ispedificscdmemments ofithet hat when
fibrogenic cells are qgr nder .cr.onded conditiqns using, negatively

char gad cretaelsr anh o) B aeiEtosing el apd ediormanel BTN ne

deposi ti oRpicRfeRviednnt@l| agen (Lareu, RR, et al., Tissue .Engineering,

13(2):385-391 (2007a); Lareu, RR, et al., FEBS Lett, 581(14):2709-2714
(2007b)). The iA chazaaséristicef thermisraensironméntiofpll eeNd is thehigh toat#l cel | cul ture

beconmes even re pressin i th ivqg.stemcell cultur ichis
necessary reBrafafafBRkPdeleis Shol mediathe Fufed it I coue

envi r onnendoncérabédb&dtsd, 8 gRefl qioGmgleaclomdldtalar dperidshetapathigial | y
efficacious. Current stemcell culture is hanpered by a sharp decrease in
pr ol i f er atcopeeniadonibyt; kemtogethes, aconphfor ayolumeosupay A 208Pei ofa it is nost
i kely thag . SS 0 . - 20- ' aohecul ar
crowders i V%nﬁségcelg{; F’glgl%\%ﬁﬁggrgﬁlzegadgg%?r@ (l:{l p glr)e g\\glélt%ne(ezrqog)%%&tgg bgri ve t he
enzymnat i cahdcyorgaleadesiendsth thermalynansic amddlinaticaffeos onxhe giopertiosdf athérect i ve

crowder species were negatively charged (Lareu, RR t al., T
Eg% |( gziar ;g&CYQQgﬁﬁj%;;@in?tﬁfﬁény ag_%f;%‘ét,e% %\bér}mgtA%’l &,‘r é %EBIS: (]I:-?éﬁ{g?;g I

; T .5@F inefficient. In
addi tion rggg%??’l vels’y éhar gegfgryﬁa’?r%ﬁo%gc&lsg? cr g%%oel%@;ﬁ?k%'cﬁlext ran sul fate
an:zlI pol Iystnya'oec:mols?iléscmlghes erhzym_dhdvlwwo!bvadltbffmcabhadns;]dﬁsu@ tIIOﬁ»rdfdt i a: edI
cells. In contrast, and surprisjngly, it was fou rein . neutra
mmcr ool eSHVEPRRR AR Eamlbdhs told sPhsepiral oo Gin SRANBARTEe bifens
progeni t oniked. ksl isTiehORALS ¥ETHOW@ /. MAkbfAblebil sl @I CanRY af eRd@di Ng to

the met hods of the present ‘invention is acconpani ed by the preservation of
t he nul ti polume ¢ffdct (EVBY, be¢ausesthemastbasic ehapotaristje af crovding dgentsisthe  These

findings are i;n_contr te . Prihor ant Ln which , ively
char god s RarBirREReR i S Pl sRlbod, M bR AR B0 5
subst ant i aliwyspredeht Fegaktiess 90 atyPsthe@rBdtive oe aepulsivibintebctiohxthadinight ( Nur conbe
and Cool 2005, "PCT/ 1B2006/000278; WD 2005/ 107772). . Thus, in a further
aspect of OcA¥ heivesaithesplutsanaleclesnbhse grosyding iswasnayitable hallwakofiihe, 5

neutral angf ol tMARARR! df'afi SRRYINEY 1%%9@?&%%%&&91«&%'%& RJ,

Trends Biochem Sci, 26(10):597-604 (2001)). The effects resulting from




As descri bed herein, one or nore carbohydrate-based nmacronol ecul es can be
used in the nmethods of the invention. For exanple, multiple macronol ecul ar
crowder s wanobeios®aed i n the met hods of the invention an@&CeiScGher /000081
individually added to the stemcell culfure or added as a m xture or
cocktail of macronol ecul ar crowders (e1 , a binary or ternary cocktail).
Macr onol ecul ar crowders are inert macrom)l ecules with a nol ecul ar wei ght
above abounagompipeularrewdingece smisrgecthitaythorisiesrtbe Agldrstatethishmeny and can be
of spherlc h cul es-
accordi ng et lm {%gelg?%v n%c%ﬂal#%ﬁtr%%}%ﬂé%t% %&’g\%&ag %Vl{ﬁ?(ﬁjfc%o%)ﬁiegbout 50kDa

to about IkQQf#eBRin the taprbe ﬁifferewe@dreof Ihhgntmé Got tbsadl tBsaned rehétidns
macr onol ecul e i s about 50, 100, 200, 300, 400, 500, 60Q, 700, 800, 900, or

1000 kDa. qpsrasing apdercrpuded.conditions witbingela (FINS.JHs dtends Siashemactl e accor di ng
to the inv 104 bohydr at e- based hydrophilic macronol ecul e. For
exanpl e, %Zmé?régo ;m@g based macronol ecul e of the invention -21- nay be
a pol yner of glhespiethsikbowledges bivskemiBarstill comaronbxstady ensymitic feactions

o R By e BT SR A Sl By T
gl ycosam- W@&&lﬁg%snegﬁgibllé“ R%ﬁmcﬁhﬁ lekﬂrﬁ;ﬂe PJth@EGI'yﬁfei’Hsg chdif t&Rfion @Bﬁ:ﬁ'lfi ically,

t he carbohydr at e- based nmacronol ecul e can be Fi €ol ' Tni70 or Fi col | Tn400,
neut ral depetfiormed M\VRlilyted dquicaws enviranmiendt Ificeowdednessfin introdheesd ibtoesuch a

dermnstrate in t enti.on th dd| n col ail to

osenchy iy epdm A AR e ieE B Smenl PR Rl iR ha ot em
cells. Fi Q@idtloﬁﬁ’dladéele@@édatdw@m{l’pHéBnﬁﬁfH’@héﬂaﬁéd fheeheffie BURbt- teemrﬁmam

Bi osci ences _as Ficol | Tn¥0O (Fc70; 70kDA) under catal ogue nu 17- 0310 and
Fi col | TmiQUimerdgoplatejntorastipns e sphansed(lgere RRu eheh qupioe@echem Res | n ot her
aspects, > he
macr onol ecuq'ﬁeﬂacd}gbgfﬂ ﬁ@pgﬂ?ﬂ%%}g%&{ %]’ne t%rg;e/N 'acgévlgAa Vi sgor%ﬂ{)gb &gz ’ess than
about 2nPa2089), R@ghma&rrMemlaW(D30(08:“101&839fAI€)b0ut 1.75 nPa- s .5 nPa-s, 1.25

mPa-s, 1nPa-s 0.75 nPa-s or 0,25 nPa-s. yet other
aspects, the nééwm@&ﬁfén%%ﬂmﬁﬁw%ﬂﬁvé PSRISOLRIERS fra@métrﬁwg%@r of from

about  2nm 050kt é&i{y%e sutr_ound&?%f%ﬁbl@%ﬂ@ﬁﬁﬁobﬂl% ﬁleéralnoma 1re9miéﬁcul ar

concentration I s abou and 1 n other aspects, out 5-90ny/ m ,
about 10- &0nw their, naabe)uncrﬂénvmmgient Agaboud)nt&ﬁp@@r;gdelﬂi qultatmusnnsmi@oSOng/ m, and

in yet other . as ctsa ut 10-40ng/ m or artlcular
aspects, RN |02 T PPYE SE?)W“%ngafﬂ e‘g@ﬁl?erﬁrgq?aé%ﬁégﬁ‘?pﬂ%ﬁl on of
2.5-100 ngpéH in aﬁgéﬁionﬁheahéowﬁée% WidePcdiAREERR tha2 b A6t Rfled- tﬁe crwa@aa/ m, or
a mxture thereof. In other particular aspects, the nacronol ecul e may be

Fi col | Trrmnpnrmmtfmnwhebrth@rhavatbcmmﬁmeﬂlysdweeﬁﬂwmthemmm ¢etol | Tmi00

at a conceptr . 9::25 0 ture_t. In a icul ar
aspoct " hes ynPhatlal Aurpi bR BRE rpul ool el b sy BNl
macr onol efﬂﬂr@geﬁaﬁfﬂbﬂb atengoﬁheehérmxod@tcoadﬁleneeﬂﬁg ﬁégaqnelgfchalgewt 37.5nmy/ ml
and Ficoll Tm00 at a concentration of about 25

crowders enzymatic steps.are accelerated that control the deposmon rate of collagen

'(Lareu RR., et al., Tissue Engzneermg 13(2):385-391 (2007a); Lareu, RR., et al,,

FEBS Lett, 581(14):2709- 2714 (2007b)). The issue of the current artificial environment

| of cell culture becomes even more pressing with ex vivo stem cell culture whichis
necessary to propagate stem and progenitor cells derived from tissue environments to
achieve large enough numbers that are therapeutlcally efficacious. Current stem cell
culture is hampered by a sharp decrease in proliferative and differentiative capacity, and

as shown herein, it is most likely that lack of crowdedness plays a role.



The concentration of nmacronol ecules for use in the present invention can
al so be cal cul ated based on the volune fraction occupancy. As known to

t hose of wRi2bi1/ioswoBhe art, the conposition of a sol uti orCTscraiinevgl very
| ar ge nol ecul es (macronol ecul es) -22- _such as polyners, is nost
conveniently expressed by the "volune'?ﬁhction (4))" or "volune fraction
occupancy"” which is the volune of polyner used to prepare the solution.
di vi ded by t he Magrpmplecplar crowidarsdn die qxizasdhlar spagedn splinre have baen sBowR t he

I _ . . dascri - . "
one or o HEHELORHR AR5 Shlel Ao ARl oF ket Bla b THORRSREGW 1 {1
occupancy.c_rdm?a@paci?s»pﬁemige:tivelybdha{gegigba’eill,m;tekmlaﬂﬁssue)}tz’mgmia‘rtr@c; i f)n Ccall

_ roma %to ou 0 0 S
el cvant VUSSR ok ey e, FEBN ottt (oL S5t RB)t PO

about 10%&1@ e%ﬁﬁ&l&g%é}ggrivregmﬁ?ﬁabﬁt. el inaRaMtivelypShargddus, in the

met hods of -the 1 nvention, the volunme fraction oCcupancy is about 3% 4%
5% 6% 7%acBémoledslarl@esvddrs dike d@ftyanisifate badpolystreneaufonareslowedgdowny, 20%

21% 22% .23% . 24% % 26%. 27% 28% 29% or 30%. In a parti,cul.ar aspect,
the. bi of odrkirgion oF Firemiss AL i Soritash a6 strpiee v Bimaet® “*P°Tie
nmacr onol eqrdtRetd] MR raifsIeculhCcrbWaers AR AR Proléfetatioh Of stemaceM@bn®t y of ways.
For exanpl-e, the macronol ecul es are added as a powder or liquid into

cul ture nodogemitor qallss Breadlisgrved peolideration iparegse achievad aecording tauthe mesogls not

si gni fi cantl,y. i ncrea he vi.scosi f C i1 e nmedi um
can then ﬁtgt%etrgﬁslelnflznz'g?&og a\écvﬁﬁ’%ﬁeﬁtb&é}tl% gﬁf&?%tloge&sf!ﬂ?ééx&suﬁgegﬁgﬁtg-sggect , the
crowdi ng gRestemicells o propénitdr eellsbi nati on of Fc 70 and Fc- 400. As al so

shown herein additional macronol ecul ar, crowders. can be-added to the cell
cul ture medi umThese BRdingsase &t contiagt tg HIPE b HRWVhich sepoBpends negativeler a

?gfﬂg _f fi' ) HRREESALRUNIES P Bg,f?saﬁlvﬁaglyéanéoﬁg%ﬁécﬁﬁk ¥iz€ B anatty Owder
smaller than 50 kDa, namely reachg 25 kDa maximally (Nurcombe and Cool 2005, - -
- PCT/IB2006/000278; WO?2005/107772).
Thus, in a further _a'sp:ect of the invention the macromolecular crowders are :
preferably a heutral and/or hydrophilic carbohydrate-based macr()molecﬁ1e.'
o As described herein, one or more carbohydrate-based macroinolecuies can be
used in the methods of the invention. For example, multiple macromolecular crowders
~ can be used in the methods of the invention and either individually added to the stem
cell culture or added as a mixture or cocktail of macromolecular crowders (e.g., a binary
or ternary cocktail).
‘ Macromolecular crbwders are inert macromolecules with a molecular wei ght
| aﬁove about 50 kDa. Theée macromolecules are carbohydrate based, and can be of
i 'sl;heriCal shape, and of neiitrél surface charge. The macromolecules according to the
irivention may have a molecular weight of from about 50kDa to about 1000kDa. In -
Speciﬁc aspects, the molecular weight of the macromolecule is about 50, 100, 200, 300,
400, 500, 600, 700, 800, 900, or 1000 kDa. In a particular aspect, the organic-based
macromolecule according to the invention is a carbohydrate-based hydrophilic

macromolecule. For example, the carbohydrate-based macromolecule of the invention



In particular aspects, the nethod conprises contacting the stemcells with
at | east two organi c-based hydrophilic macronol ecul e of neutral surface
change. Iwoavhensaspects, the nmethod conprises contacti mgTiSeeodtoesnscel | s
with (a) at | east two organic-based hyﬂ&pphilic macr onol ecul e having a

nol ecul ar wei ght of 50kDa to 1000kDa and neutral surface charge, or (b) at
| east one organi c-based hydrophilic macronol ecul e having a radi us range of
2 to 50nmmagxbaepelymer ef glocase and{angpsroses Pariqulanexpmples of &6 maegemplecHss ed

hydr ophi li.¢ r e . ' wie ) . é;ﬁ%' 1000k Da
a%d ngut r ﬁccﬁﬁg@eéﬁg%nglgg%éﬁ%nﬁwg?ciohli r%i’%ﬁﬁn@p as eéﬁ)ﬁ?/dr ophilic
- 23- macr qrVIP @ @siainopiycahsSigac cHaids oyl gokamino8§kdng, detlulde,Glullalaaroa

neutral surface, or (d) at_least two organic-based hydraophiljc
macr omol e nits hesepfaSnasifically.dhe carbefmidrals-basndmacremalseik B3t 8hd neutr al

surface chgs i FREA™Y y- ' r [ : jold '

macr onol e?ﬂf‘gﬂr@@?ﬁgﬁa rmlogglllj_eﬁlg% f‘%x?rgﬁ,tlgg?, @6]19%3&?8 %{lg%gﬁ%g%g%& ! R%.Svi ng a
negati ve dieemdethomstratdrifi heepredeat ipeention thatladdinge Fredlhombktadfto tntesenahymat i on,
the cell cul tu"rE,i's mai.nt aj.ned under condi ti.ons iF “hiléhﬁt@{ﬁ stemcells
prol i f er atSeIACeILyingregsed proliferatien, o Hanfiearhyma) stepueells; Ficoll P be under

condi t i ONSpkdindd s chiiFnepdifNGotRed Suchla8|Arh&EIRine BiBichees 48 Bibodd7@FR76:n0OWN t O
those O skill in the art. Such nethods include introduci ng agents such as
serum ( e. JOkDiAguatiertnatal ogme swmber [ F83)0 ard Fioethn 486 (Kad)0; @}%%@hum%t ors,
antibiotics znd thebl i];.,a % o the culture, maintaining the cell culture
under ser (FfAQERE PEEDELHGP ons or in an expansion medium etc. As used
herein, the exghe#fer asects! 6 thé flefioldd provifed Hered,ith€scitidciontainitigek i n its
regul ar nmeaning and relates to the expansion of cells or tissue, including
cel | gr owrnacemoleeyle agpoyding émthe inventiqmmay bays a Misropity R4 irse thagabadted herein

in relati 0 re. ; fer h € ,,Qn of the
"sternnne?synlfa-?'%ése)?#ﬁeé lgr‘uale\fllgéops)lﬁgn bl%gH'? ?/n{ %ﬁ% lf %193{5%1%???1?’3@%}{&?3% stem
cel I's and 7ogeaist @6 ngied-$, or D125enlPd-sire. As al so described herein, the

cell culture can be further contacted with ap agent that indyces

di fferentiati olDgft Qther @Pm,é&mgﬂmﬂ?ﬁvl@&ﬁ%gm%h% W&Wb‘é?aﬁﬁﬁs TS 1 ed

| i neages ; eobl asts, chondrocytes, neurons, muscle
SH Pty S . P

cells, blo s a I'ke. That is, the method according to any
aspect of the ilnsemt aspectspthe tataipmagemalegulai cahcefitritivgus atham 2 Ge0mg/il,t o

di ff tiat | l's.int ' | | ! i.cul ar, t he .met hod
Bccor di ng 0 mAPeRApELD poh e0mEynthesh  FaFREmt ShER Rh DML BBFGT oy
l'ineage. AQe§inse/bilaibotPdD-56maR tarlddn iyBOMta& Apédeamdit | aUdMB/Mior absugel | s

are known in the art and avallable ffom comerci al sources. I n anot her
aspect, t H2.5mg/mhtlngarticylashspecti the anastpreleenlermalibd Fagollpr diprepainy abh

extracel lul ar_mat.rix i sing canptact i.mg,f{ bro M ne or nore
car bohydr actoggeﬁlggéﬁn %%S’(r)@@ Iné%ﬁ’?’eag%tr % crogby«%jrag &?#‘%g‘hét‘%{’figm ture. The
cel | cul t uBmgmIyet A trikAstheiReL In Gthléﬂ%)ér'ti&ﬁﬁr aspeoth)ithmb&reniol denlehhasbe
proliferate a groduce an extracel | ul ar . IM
- Ficoll 70 present at a concentration of 2.5-37.5mg/ml and/or Ficoll 400 ata
X ci(‘)ncentr‘ation of 2.5-25mg/ml, or a mixture thereof. In a particular aspect, the stem cells
'ére contacted with a carbohydrate-based macromolecule comprising FicollTM7O ata
‘C_i)ncentration of about 37.5mg/ml and Ficoll™400 at a concentration of about
25mg/ml. o |
The concentration of macromolecules for use in the present invention can also

be calculated based on the volume fraction occupancy. As known to those of skill in the

art, the composition of a solution containing very large molecules (macromolecules)



-24- matrix. In a particular aspect, the fibroblasts are human fibrobl asts
(e.g., W-38 fibroblasts). As shown herein the nethod can further conprise
cont acti ngotzhe/108498 culture with one or nore agents tharcingseotilveoosel | s,

t hereby producing a cell-free extracel ?El ar matri x. Agents that can be used
to lyse the cells are known to those of“skill in the art and include °
deoxychol ate (DOC), NP40 or a combination thereof Anot her aspect of
the i nventsiehas polymegs| is mosk gonsepieatly pxaresied B thei v ohymsdiresignkP)iefe net hods

provi ded h‘% fraction océlg) Cel ﬁlhﬁﬁltﬁév@iﬁﬁ%cbtfgo acr!ug%etg & étﬁ directed to

a met hod of culturing I's conprising contacting t StemcelI's with
t he cell fsbhﬁxoﬂ)dl\rldﬁblb)} uhbaumnﬁtth[atnolnnmdfdmtrdimleéme ammfhe@bymmmfdhe:l ng a

stemcell culture, The s cell cult s mai nt ai nder conditions in
whi ch t he SelveRt fafhean Mf Q&?ﬁ{ee hegeiy 3@691 S &f F?%tﬁ?tr%wth SOREAT ORI s
There is %&&orﬁsﬁw@@&l aablgl'oFl 189 retdvafit SotuhE Hactid odciPdrReY! mg;ohiaeasﬁéctl ci ency,

activity and/or stability of stemcells in vitro or ex Vivo, the
conpr i si nghabiolcgiely relovant gahmﬂmgeniomupmhs fiom abmut b?ﬁib@b@ﬂtéo% Ilrneut ral

mmcr ool e SpiRe PEPOPRE T bl et Bed i Ru e 4 S EPRBRRR o agui o

st em cel | Sboht D598 ki Wbt 104410 dbbit 7096 Adliro abBut 122 oWkt 15% TR, e a kit
for boosting the ‘ef fici ency, activity and/or stability also

di f f er ent ithe egthods pEthe Wemltm,éwlu@p Aigetier) oosupaneydy ahqnb%e @%n 5%, §¥%sed
hydrophil i, '@”@)ﬂ(ﬁfﬁ'l% (C‘fh% 1 X0 98, ?’WC{? tl‘boﬁoﬁ%‘:%/a”d neutr al

surface charge %o or gant c- Based rop i’¢ “macr onol ecul e

of radi us 204@8%Q04%, 25%596%121% ZB%tZ% ofs B0%alnea pﬂ?ﬁﬂﬂﬁ;aspéct,(thé and
optionally at | east_ one nore % gani c- based_ hydro Qi I i ¢ macronol ecul e of
radi us rarfgelogically relevanintplume ragkan opcuraney iciboeh or negative |

char ge. The e Ioh feuhelcHAE i Be Jlfcdlfd{he%{erﬁpﬂédﬁﬁ%'ao&hrfeﬁuﬁsw fined

t hr oughout t he ol e content o e present application one
aspect, tIRerlekdmplesthe hfabrmcﬂemméslaré adsled @x & pawded arlliguidhata ¢ultupr mediosd by t he

Trer e s helrago s bn ik ARl Rt dok R LS Sy bREri® Bt U o o
use in steRpsy ofqﬁé bl &lu&@méﬂlhﬁi MYe ﬂfedﬁfn?@ﬁfﬂl@ﬂb@stéﬁhi{%d' 2@ Ganpri sing at
a mxture of at” | east two macronol ecul es as defined thr oughout t he whol e
cont ent ofﬁltratg)qg ifatesined. In one aspect, the crowding cocktail contains a combination of Fc
70 and Fc 400. .
As also shown herein additional macromolecular crowders can be added to the
| cell culture medium. In one aspect, the additional crowder(s) is either a neutrally
charged compound (e.g., PVP) or a negatively charged crowder (e.g., Dextran sulfate
500 kDa).
Invparticﬁlar aspecﬁs, the method comprises contacting the stem cells with at
_léast two organic-based hy_drophilic macromolecule of neutral surface change. In other
; aépecté, the method compﬁses contacting the stem cells with (a) ét least two organic-
b.ased hydrophilic macromolecule having a molecular weight of 50kDa tb 1000kDa and
neutral surface charge, or (b) at least one organic-based hydrophilic macromolecule
having a radius range of 2 to 50nm and neutral surface change, or (c) at least two
organic-based hydrophilic macromolecule having a molecular weight of 50kDa to

1000kDa and neutral surface charge combined with a third organic-based hydrophilic



-25- application. In particular, the macronol ecul e(s) solution may have a
viscosity of less than 2 nPa.s, nore in particular, a viscosity of about 1

nmPa. s. EXEDRLi1AIEATI ON Exanpl e 1 Met hods/ Materi al s PCEGIG2611980081A- 1C
which illustrate the effect of macrormégcul ar crowdi ng on human nesenchymnal
stemcell proliferation in short term¢ultures at different seeding

densities 5000, 10,000, 25000 and 50000 cells per well (1.8cnR), hMSC
( Canbr ex) m@r@n@le@dehawng e sralecylar yeeighy of SRERg tor IOk g An g@ﬁ@bg@facw% f et al

cal f ser |
changZd ;J c%r%? grggﬁlg'lbagédr}{ﬁ b8 con?rg?{(%%)ﬁbl u%}n got#é@ lﬁ (vgefélg
FC70:; 25mﬂOHDE@ﬂWomaeindamu@zﬂtsﬁffacﬁdiﬂlylrgé)conﬁm'dl witlco diitdeorpanicbased s ed t he

proliferatioqn of adult bone marrow hyman nesenc ste l1s, Cell
nunber s wawdropbiliciagrgolsguls dawpg g %qughtmg%glg?a@ tﬁogﬁi and 4 (Fig

1B) and 7 ol HE! sSoftware and staining wth DAPI
(4',6-di amg@rl o]n%% nyglle%g g?%gl}\(/er "bar in the figures represents the
average and st dndaerrdetﬁie&s taﬁthe)mveﬁtxdrr, thel qeﬁa:uktumasmiammned%tﬂeevmviutmms . FC =
ficoll cockt

A-2 B | t
L foct of ThuDIcH e sem cele Dol Ris S San et pemas it srrineans fig AL rutet Mhuman
mesenchy mi#nde%t c%miffi%h% msﬁﬁiéﬁ %eaéterﬁ Ebl% é)argﬁ%raftg Ofh BShded ah@ Elre\/l&b{vnéw ¢hds&l 9. 2B)

1000 cel I s per wel ) tnbrex) were seeded in control nedia
(DVEM 1000 skid)/in thy an;@@eh nmdnzzds mcaldeaaumd@mgmgﬁr(ﬁeswb@s serum (e.g., fetal .

Dt o 8RPRREARET o P kel 5 S SR PRIB QBB B g

af ter (dayuffre, faintaifiugides sellltaredaider senith taekedreonditidny or iafahekpasigli ng, for

70 and 28 days, respectively using Metanorph(r) software and staining wth
DAPI . Eveme ﬁtc | n the line represents the average of triplicate

sanpl i ng. ey G Wy d+ ect of
macr onol ecul ar cro .ﬁﬁ‘%ﬁ‘oﬁ gpég%y%lﬁtolhtéégg%pu% rﬁgﬁerzgﬂl% Stlﬁsg%ggfﬂ%unan

mesenchy matgudiraneaniig mﬁi&eﬁ&d tathe(ekpansiaddA)f cBHOr issli¢, Snghadingvedl] gramth ( Fi g 3B)
1000 cells: Ber well (1.8cnR), hMSC (Canbrex) were seeded in control nedia
(DVEM 1068 el divisietose, 10% fetal calf serum (G bco). '

peni ci 11 n/ str oMt *Hainfenil¥el al i HG e In reldiEh 16 1hR2 ARG stem cells,

refers to the preservation of the "stemnness", i.e. the multi potentiality, and the viability =
o:f said stem cells and progenitor cells in culture.

| As also described herein, the cell culture can be further contacted with an agent
that induces differentiation of the stem cells in culture into any number pf desired
lineages such as adipocytes, osteoblasts, chondrocytes, neurons, muscle cells, blood
'délls and the like. That is, the method according to any aspect of the invention may
cbmprise .an.y kind of induction cocktail to differentiate stem cells into desired lineages.
:In partlcular the method accordmg to any aspect of the invention may be for the
induction of any lineage. Agents that can be used to 1nduce dlfferentlatlon of stem cells
:arc known in the art and ava1lab1e from commercial sources.
| In another aspect,' the invention is also directed to a method of producing an
extracellular matrix comprising contacting fibroblasts with one or more carbohydrate-
based macromolecules, thereby producing a cell culture. The cell culture is maintained

under conditions in which the fibroblasts proliferate and produce an extracellular



-26- control nedia or media containing Ficoll cocktail (37.5ng/nl FC70;
25nmg/ mMLFC400) the day after (day 0). Cell nunbers were determ ned every 7
days aft ewoendiossy3 for 70 and 28 days days respecti vel ycusicagieeanor ph(r)
software and staining with DAPI. Every,point in the line represents the
average of triplicate sanpling. "FOr Figs 3C-3E which illustrate the

| ong-term effect of macronol ecul ar crowding on the fold change increase in
cel I nunbepaitisf Inpesticudas asprch haafibreblasts @eq humandifrgblasts (g2.g Wi 5000 cells
per wel | : g € : |1's per

el | (wel ﬁﬁ’g?tg”g@' ‘i‘?%"%@ﬁ‘%ﬁ%‘i @ﬁ%ﬁééﬂﬁm@sﬂfﬁgﬁ%‘ﬁ i e°8ﬁ%t“§r9€‘?§igﬁg final

cel | nunbeiltofe vadticbneparsnerg agénts that lysatheselslithaelsiepraodtioing a cell-fre€or Fi gs.

4A- 4B which illustrate the hypothetical, cell numbers that woul d he .qbtai ned
in the ab,seéﬁe@llafw-ma@%rﬁg&nﬁftﬁ%e? sriredcane B gfalaiaﬁgkl}om tﬂét}’f’%ﬁ@? gl

br opagat e, el add RS (DBCY NEFD 6 2 AlbiRaRAAnGEbE S Per 1.8 cne
(2,800/cn§31 We ?‘*gﬁﬁd?%‘f%@*%é‘?ﬁ%o Vo0 O a Gonabinly (560/ cnR) after 28
days and 70 daywotherspmect oftbe yavention is afest-fRéegextrcabiular mattix prodneaddyy t he
effect of Jjmacrgmml ecul ar,.crowdi ng on the colony formng unit (CFU) ability
of the huﬁg?‘:mﬁg’gg%"?‘?yﬁéflhgﬁe&n cells after being cultivated in the absence
(-FC) or presengq pafticalap WRES tHetimtantioRlis Sifectkadtd a(Hé&fod afehlttBdayen d70)
hMSC (Canbrex) were propagated in control nedia (DVEM 1000 ng/1 gl ucose,
10% f et al ceB$ ¢onsprising ¢amtdstiog theptem eelly with thercsP dpmpiracellplapmatrixgy ut ani ne),

t hen changed .t o, contreol | r ' Qi | f.ail

(37.5nmy/ rr% = ;he%g}&gﬁﬁgi%ﬁ%nghqg%g%&g&@rr Q(Tglgf{ebf 'eél@qﬁ%sé(l\%ver e passaged
every 7 dajysin@afreeind@edhdigondia wiEletheasme delld pabli i) tinetdyscub@ringveid
(1.8cn2) and changed to the respective nediumthe follow ng day. At day 56
(d56) and saycetls- (d70), sone cells were seeded at 100 cells per 10cn? in
control nedium al . Ok f - were then
met hanol fi xed Téah%ga 1? ﬁesg\ﬁg(g’é{lér?e I\E/)\nhitrﬁ&g?{nﬂtelfrrgf:or@rgp g(%('%\ﬁ tgFgfﬂ%(#.cg’% -or.- DAPI
and col oniaesvibj ggiéor stdbility lofistemrcetls ametreror we vocthe kitedmprisinglat leastriefer - 10x

magni fication, Ever ar_represents the.average.of triplicate sanpling.

For Fi g, - GTERGRR PuGe Pl e e R e o S G BbF e 4RY SPEREHING onhuman
mesenchy M, $h&iRaf 6 hegatil IR ERarBB H8ErofoRICERS HoWevaMBCell /et BXtreli@le
plated at 3300 cells/cn2 in 1175 culture flask (cefstar) and cultivated in

t he absendengt-liagieddp adulp tem cells. In particular, the kit according to the invention may be

a kit for boosting the efficiency, activity and/or stability also of differentiated cells the
kit comprising (a) at least two organic-based hydrophilic macromolecule of molecular
weight 50kDa to 500kDa and neutral surface charge, or (b) at least two organic-based
h:ydrophilic macromolecule of radius range of 2 to 50nm and neutral surface charge; or
(6) and optidnally at least 6ne more organic-based hydrophilic macromolecule of radius
feirige of 2 to 50nm and neﬁtral surface charge; or negative charge.The macromolecule
used in thé kit of the invention is as defined throughout the whole content of the present
abplicatioh. | o o
| In one aspect, the kit comprising a cell-free extracellular matrix produced by the :
methods described herein, and optionally, instructions for use thereof.

There is also provided a method of preparing a macromolecule solution for use
in stem cell culture, comprising of preparing a solution comprising at a mixture of at -

least two macromolecules as defined throughout the whole content of the present



presence of crowders (+FC) for 7 days (d7), 28 days (d28) and 70 days (d70)
before assessing cells for cell surface markers CD29, CD34, CD45, CD90,
CD105, CDy6eo(ialogosBr om Phar m ngen) by anti body st ai ni ngPoasedoiiloonwst
cytonetry. Each point represents the aégrage and data of triplicate
experinents. For Fig. 7 which illdstrates the effect of macronol ecul ar
crowdi ng during pre-propagation of human mesenchymal stemcells and the
subsequentapelieation. rpartieiar, heimastrmelecule(s) solutionireayi knve apiiscpsify ofREsCcs

( Canbr ex) t ture flask (Cel star) and
pr opagat e nfg?r??f'o r&hdjiﬁpc?'mlgélgggOfgbo%}éﬁ?}pcgése 10% fetal calf serum
(G bco). penicillin/streptonmycin, 2 mML-d utam ne), then changed to
control nEXEMPLIFEHNEHOMNt ai ning ficoll cocktail (37.5ng/nl FC70;

25mg/ mMLF ré‘af@i g day after (day 0). Cells were passaged every 7 days after
seeding a ©eded at same density and change d to their respective

nedi um t heb@bioNiangiaday. At day 28 (d28), cells were trypsinised and
seeded at 35000 cells per well (1.8crn2) and induced to adi pogenically
differentiate d‘@rdeclAﬂébWbrt‘hvllmtqﬁhQ gifeat eﬂgecronmteculaetcr(mdlng 8ei ence,

5411: 143- 14 1999 h fi
f or mal deh é“aIi S?We%ﬁﬁﬁf%%a"wﬁwﬁ t\é\%ﬂ E‘él rfesgﬁtél < tcfffxﬁ

0. 05ny/ deﬁsM@éSUOO l(blm)o 2@0@0%.@@@@&11& Qrdnr(cprsenﬁpwm (Cafn%reﬁ)yt opl asmc
i pid droplets and co-stained with 4 m di no- 2- phenyl i ndol-e ( DAPI ;

0.514n ; 3were syedediitheandnel mfed@dDé&%MnIO%wéfrlrgmcyst%tfa@b@p b¥eréMnont age of 9
000
o1 Les Der (oo T e GG ENTR CRUBEARUIAUIES, PR,

was Vi ewednedisledntainiigipot coblagih (878 g/l FE70] Bmg# FO4B0) tﬁBﬂaﬂ;ﬁMdh)e DAPI

fluorescence was accessed with a single Dapi filter [Ex 350nm Em 465nn] .
Measur ed D1 Bcplbgocktailingrepssd dhe pro E‘I‘i% EWEI{’PII“‘p‘P&T%‘E@é}Wpatl on was

o mogen Sl RSAAL S AGhtenf R AR pSRen gL BT O

from t hr eh@liglea), emgtlﬁ)nheﬁ (FmgrltﬁalusmgMetamnmhf%oﬁwammdBMdg wmthdet ect ed

orosent  pdIAGEPLG PR inge-PerrgldoiR ey baifiuhs AR secsel i e

i mport ed 'aﬁH@ta%&rﬂ‘&ﬁfaﬁorEﬁ%bhcﬁ@gaxﬁﬁlﬁlgnﬁﬁ'ﬂrevﬁ@oﬂéc tdhe f?doﬂ%%ck"t@ﬁ Ca' cul at ed
for control and crowded c For Fig. 8 which illustrates the

ef fect of nacr (ﬁmIFQSuJZAﬂB:wahlﬂﬂ!{fh@W th¢longdéemm effect pEmepromol¢calagt h of t he

human nesenchy. ted a Q | s/ cn?
' T175 careyBe pp et Lo MR ol B el e R RS ¥ o080 pEvew

1000 ng/ 1(BigUQA§§0001&‘i’ISfF:I)QiﬁEH§ﬁd(Fl@@B)rIUO&QF@er%ﬂl(q?l%ﬂnFﬁhMS@ptOWC' n, 2
mM L-d utamne), then changed to control nedia or nmedia containin fICO||

cocktai | ((€7mbrey) wereerded insapirolarainYMENS 1990 me/t glacqsgalf% fetalca I s wer e
d t
e b S (L L R b e B e s S L

descri bed Iﬂe;duf:alvmamu c&MhmMgcﬁmucnoémfl$3mag/nﬂmm7zsla@aﬂ)sc4oo¢tmtdaye

tel onere Iengt hs was det er m ned guant i tatl e factor
by which S4€h(dBKR)- Ué“‘tﬁff’f‘f"@ieégy FpRridane era%@@&ﬁf%{ ébﬁ‘gfi%] s ratio

of telone & ratio
Oty T B B O DTS A5 110

factor di fthcehmenteprascnté’ﬂlsawa:ta'goobteip&ieainsarmslingand cont rol sarrpl es gives rise

day 70" (a70) . EBEREgEAo whisRATsiatedht lodistn 606 PRECBIRA Bl ood &

Ti ssue Ki tcr&Qhﬂgemheféﬂxﬁ&aﬁvaq)obbﬁnmaaw@fﬁgwﬁﬁman ﬂfe@éﬂéﬁﬁhal d?ealceml e
pol ymerase chain reactions was perfornmed and nmonitored on St rat agene

real - ti me segRdiah@iig 37000 SeMsparyeallcand(Figh3B) P eells perr well (<1 $dd o

Pl ati num rase er rre .S (8] usi ng
the MPr o%%@g&(‘ewgﬁeﬁﬁ%&wc O?g?igf?t@éﬁ%@qbg@mg&%@é{gﬁ 10/ P?agefl ned
as the cychE seufbEibéd). péichin'sheplohiyeing 3 @eVde Glith@ik), ithed ¢aap&ot he
anplification based-threshold fixed by the instrunment-software. . = For

Fig. 9 which illustrates the effect of macronol ecul ar crowding on:the cell
nunbers of fibrocytes after seven days in 24-well plate wells, fibrocytes
were cul tured under conditions described by Kuwana, M et aI‘., J Leukoc
Biol, 74(5):833-845 ((2003)). Shortly, isolated peripheral blood .

mononucl ear cells were seeded onto fibronectin-coated dishes at a cel |
density of 1 mllion cells per well in |ow glucose DVEM suppl enented with
10% FBS under crowded conditions (Ficoll-cocktail) for seven days. Cells
were grown in crude culture for three days, after which the nmedi um was
renewed and non- adher ent ceI I S were rermved The remal n| ng ceI I S were grown

o T Y ~ 1 e




-29- presence of Ficoll-cocktail during the first 3 days (+3d Fc). On day
seven adherent cells were washed with twice with PBS and fixed with

i ce-col d wetzhanoie3Vel | s were bl ocked with 3¥BSA i n PBSpamsGroiamwbased w t h
Dapi for 30 minutes. After incubation Il's were washed thrice with PBS and

stored in 500111 PBS. Dapi stained nucl€i were counted by adherent
cytornetry and represent_ the cell nunber per 24-wel

. ce I ) | plate well. For
Fig. 10 wioaokmedia opmedia contamng Ficg spelgnib o me/mi FFFEQh??‘P&’&’c‘ F&APObf

fibrocyte j i L1 g@erjf, r na, M
et al., J%Egg%\%ﬁ%i(g& 6)7%@?{&@%%@%@??%%%? |sgldg e pg\%?% é?dgi%gl ood
nmononuc| eand@8ldags dsysaespeetifedly wit®Metmorplyt sifoiare andsteiting witleDAM. | ow

gl ucose DNEM suppl enent.ed wi'th 10Q% FBS in_.t he absence of crowders (-Fc) or
S th T he. Jter PORL GrBEHBOPISSHIR 169 crtgr Ph KRS ARPEINS days (18d Fe) .
Non- adher ent  Cetdr i NES(@3E SYRUETuStL B2 ILASIRA FfceheafroMoladat hr ee.  After
seven days adherent” spi ndl e-shaped cells were present in culture. These

cel | s repraeseding bnithotold emngeorcrdasein cell numibets efthonmsnirhesenchymahstemicell

anal ysi s of e heyan artion/fractian i ral _blgo ucl ear
cells aft esree(%la\ﬂégggo#&c{ﬂoglff 5 P§rg qlgqlgéﬁ%gmﬁ@% eq%lp%gefrlrﬁ'ﬁ(g%{g’lr@gr cells
vere seededooRENs pdreln@ellisfeaCoaBem I Folaathahge Wavealdutasey GVEdihsHR1| enment ed
with 10% FBS wi thout the addition of crowders (-Fe) or in the presence of

Fi col | - coctell aumbepef qagl pagspge bysinfia) seedimddepsity. Non- adherent cell's were
removed during . hahang : ren renmoved
fromthe cult ur%)l??f%ﬁgé%ér:esusggﬁ g@ﬁh%@ﬁ%ﬁéﬁ%ﬁl @@ﬁ%fﬁéﬁ?&é@a%t h. 0.5%
FBS and i rubtdinédeid the dizelde it prasendeofanaysigoleadanasdwingiifthey Blresci ences) for
30 mn. Cells were washed once with PBS buffer sypplenmented_ w Q. 5% FBS
ond 1 xed ArApagater ST e R FRABOT (Eigih b s UL PaISmes  Fat GPN Rl oy mn
flow cytong (PR A bOITBd1] Fie-t k&St i 9hd 50 gpscel | marker CD
105, mno@%lgénr?a(?%?B%?4 ar%g%:a)eblgg@yk%oyn% er CD45,y and%e&&sf opoetic stem
cel | mar keespetibvkly. For Fig. 12 which shows the flow cytonetric analysis

f the adherent_partion/fractjion of i | bl oqd nononucl ear cel |
fter 1 week ofFE i inenich Bitseignths et @ ol st ON G EER T ver o
seeded OnFthﬁiirthﬁﬁ%eFUB‘_aﬁﬂ%I &c{helhﬁh%rﬂegbnu_a%séalM,@ﬁlstaﬁ%aﬁgemamm ed with

10% FBS wi t hout the addition of crowders or in the presence of
Fi col | - codhthe absénpe (1H(D oripresen® af gyasvdersd HED for Modays ddh) and 7eddys 6470y e

-30- reno ing the nedia change gn.,day.t Adherent .cel re
emoved 1B KGRBtherL R aneBlang ol i (BN Y0 Y st 0t o
Wi th 0. 5%fEBfcafgnih ¢GlRbY Petticiliin/Ftrepfompdin ZAmbo D} Guitintifle)a theh ehatiged td BD

sciences) for 30 mn. Cells were washed once with PBS buffer s}gg&{@grrent ed

wit h 0. 5%Paiolinedie pxmgdiasontaining fiealbeasktad (3 Smsanl Kafh 2éme(ml | ysed

with the Q j . : f.or

o105, | Coe S BEIEY GTEUR SRRkt QRRLY BRI ol P dAElSdeft

positive fap5000 &ullepyt wellnt.kany ané changed adthe respective medium the following
day At day 56 (d56) and day 70 (d70), some cells were seeded at 100 cells per l_Ocm2 in

 control medium and allowed to proliferate for 7 days. The wells wefe then methanol
ﬁXed and then stained with either crystal violet (0.5%) or DAPI and colonies bigger' )
than 1mm in diameter were counted visually under 10x magniﬁcatibn. Every bar »
represents the average of triplicate sampling. |
.For Fig. 6 which illuétrates the effect of macromolecular érowding on human
| mesenchymal stem cell surface marker expression, h(MSCs (Cambrex) were plated at

3300 cells/cm? in T175 culture flask (celstar) and cultivated in the absence (-FC) or



For Fig. 13 which illustrates the effect of a ternary conbination of

macr onol ecul ar crowders (Ficoll and PVP) on human nmesenchymal stem cell
proliferavoamims®al ture for 10 days, hMSC (Canbrex) wereTsecaamo@st 10, 000
cells per well in control nedia (DVEM ,1000 ng/1 glucose, 10%fetal calf
serum (G bco), penicillin/streptomycin; 2 mML-Ad utam ne), then changed to

o i ol DN o G S50 5 10
25mg/ MLFCAQQ) «: SPi. ks j iaﬂa% | ' ia
cont ai ni %Qg%%ggwgggﬁiﬁup%%?ﬁmg %blﬁz%%ﬁ?g?n%}]sor’ﬁ% ?&%g)ﬂlg %)’l(%gtlzlé?\na;llh
pol yvi nyl dyom Bhardungen) b9 autitiody (staimipg based flow, cytireetrnyEagh pemt {apagsety theri col |

cockt ai | in'creaseqs]. t he tE{p&l@iferatj on of adult bone marrow human nesenchynal
stem cel | 2Veregs pndidatpal B RANMhed by adherent cytonetry using

Met anmor ph(r) Sq:fo}‘ﬂﬁ%.]q vatiéh Studicdtbd e ie& IPARcromolecular crowding during pre-
(4',6-di am di no-2-phenylindole). Every bar in the figures represents the
aver age armpiiorsgatieiuefthuteanimesenehyofal stemgells andthesnbsegnent efpgroaheiri ons : FC =

& ot ng. tirReeis oo . RS (RORFen) e i 1300 MMERATR 7 7

of adult bmans camire@shMAGalyasE pRpysRed i @RroEmedia DMIN B0@nhgseedi ng
densities ranging from 5000, 10,000, 25,000 and 50,000 cells per well

(1. 8cnR) cgluceg%dg% st galf seromd Gabre) - penpmulbnsteptemysip, 2 MM LeCSIytaBIng). conpar ed
to controly af ) ' : ' - t h it was
observed tt eg}éhg{x%%lrtoio@tg@geﬂ%ﬁmgg Fﬁgﬁt%}é%@]ﬁ@én Icﬁéﬁé%%?g&gl , 000

cel | s/ wel 25npgat BC4G0) tief daynifter eday<)eCelsgvere phssegqurevspit daysfafter seedingg due to
o Use. nmeP Bl RIS densthanbPimeadio s TewstvgmaUnaidy RN gor
surface arga. A ‘ fsed &1 4t 50001k Peple@ 1. 8EmHhe
hMSCs cul tdg e%t (lia%]ztgh((eiz%)F g‘gig%eregr?ﬁ%glg?%%g{%gﬁl art crowdi rﬁgk| ndi ?:at es )t hat

for a gi vend petuceditocidipoigemecalhediffoBatiaterad dessuibed previvuplyl (Bitieogerdbiibléf ngs

PD). Sinc Dis Limted in ells, it was expected.that fhe cells
\(/voul) d reaé’Z’ ’ngffqecg%ﬁw}tﬁéb%gégﬁiior ar £ rl‘l/lltoflg\g%%f i tilﬁ’? f‘ﬁ?‘gmf%/l” ‘a long
term Sur gingdlddhyde (I0miNERTHRER Bainedbwath Kiletedq8ligmaP ARlriche0.85igmmIshowed down
after a simlar tine in culture as the control to -0.25PD/day in 70 days
(Fig. 2A) watert 1), eatessenslmchromeipesificer gyignlasmit bpidasopletsigd apt er 70

days in cylture ..n,th j: 7B W Fi ) X popul ati on
doubl i ng HeitbaSyiths 362‘2%‘?‘%&9“[‘%%Xﬁé‘?@?’ay}{gf’i"g@dﬁc(e’1sf‘§/f“v¥e?(?;ﬁ?‘%§]g‘ic%?éemt hat this
nmet hod al Iffnegesodie citomelryavad basedohlilBosrpe 6f Nitds pereeld takes bytladioolSNARI ng

conpared to 1.3x109 with current culturing conditions after 70 days in
culture (M@ camerp attaghed te a dikonyTHZMIO miprescopqs @x aagnaficatipn, covering8i%ye| y
one can o i . B ] i ' to 6.5
w102"w t n O otforkd R fed Gasibed BRI TR ER B M e RAVER ' © 15
Under bot 636mmilivhile B\ Pldluoeagoerice shas atcessedetitlsa sindlerDapa filteniiixelSdheawEmr owdi ng

conpared tg_control cqnditipns was ohtained, indicatin hat the methods

P ovi ded HESETh NG Rle et 5P guste ApTAchand bt dectslbon #88  at | ona

pur poses. measured hYan HahsdBalysRisoftliard MEdtaVofgh 6.3V EThCltérit off Bdipbeenic

het er ogeneous hMSC popufation is their ability to“form col oni es when seeded

at | ow derififergntiatios was gquantifieg by auéreofotileped flooreseence fromithreslidldest evsts

macr onol ecul ar cr ing. ;Therefore, a.,colony fardn ng ass jm.control nedia
was set UBH%H’”PH@%&%‘E@ WBLRFeS ﬂ%petﬁﬁ}ﬁ%?qlﬁﬁ%éfgcﬁﬁ%gdpg%%agat ed under
nacr ondl eGhirddpofid R\t drda@F 1ipfl dloYietsareberOped et réRtiCe ) el HuthtePTRe2 ti MBS
and 1.7 tinmes as many col onies as the control, respectivel gD( Fig. 5)

The resul taEeagheashiewnts ware supdriaddnioaYlicspsofidixoch and thermeas % 8D of i aredse t hat
t he human nes t ed in the presence of macronol ecul ar
crowdi ng é?"%ﬁﬁ@*@géﬁﬁgﬁgﬁéﬁiéﬁgﬁgié FS exhibiting the follow ng.surface
characteristics, CD29+, CD34-,CD45-, CD90+, CD105+ and CD 166+ even after
culturing in the presence of macronol ecul ar crowding -for- 7, 49 and 70 days
(Fig. 6). o ' R




Interestingly, it was observed that after 28 days in culture in the
presence of rnaconol ecul ar crowdi ng, hMSCs were 2x nore responsive to

adi pogeniwoizntuiosen -32- than those cul tured over theprsass20itoeooseri od in
t he absence of crowding, indicating thg&_ macr onol ecul ar crowdi ng nay have a
pre-primng effect. Adi pogem c inducti was carried out in DVEMw th 10%
FCS, 10 ig/mL insulin, mM met hl i sobutyl xant hine, 1 fl M Dexamet hasone),
provi ng that nd®r giﬂalgéﬁIHF}bkllué?ﬁﬁﬂﬁhﬁﬁffﬁﬁto mcgpmﬂevlé%rﬁgwwnsenﬁw i feration

but al so REESEL ¥sindrDfin fén%th (?fttféé ?@ﬁﬁ?n@ Jn@h'ﬁnﬁl@?éﬂ{s c@lﬁpﬁpﬂSbst(?faﬁlBreﬁ) yere,

differentiate 1s not a nove
determ ni mgl)atecbhta‘BK)Oee]ﬂmmﬁmr’ElﬂSemguﬂ@sﬂaak (@dlﬂtam) bmdipﬂmpagm@dlhmonﬁm et al.

Nucl Aci d t hMSCs cul tured
inder ettty BESENE 0B e Cigoccse: toaigu cElrGemin Einial 70 tmys had e s
that were p%nQﬁP{wS&%n&ﬂgelﬁnzﬂm%@ 138 hdR8E Ehemﬁ aéeﬁ@é @odtfbl afdtd & megsli um

respectively (FIG his is a surprising f I ng as the stemcells in the
prescence cofitazning ﬁvdMOCkdeﬁaﬁmgl‘mhFQmiéﬁg@ml FoAQ0) mqﬂﬂyaatfﬁeofﬂad&)fbl i ngs

rate. Thi Calsireeiatast it G phflekiPR PO clr Bl RIS oo

senescenc thﬁ%vs% tHeiH réspetive Mbdimyth® Bllowinyes,. denewing thoRptiod festribed
non- cr oweded For fibrocytes, the highest cell nunbers are

yi el ded vwherayéhmsR%ri\éwéem AeideBes 46@67 €008 eelasigdelomeraslengths Wag r ease of
1.5 fold Id@te fi%gr%gﬁtlthévé I;LdN (i’né?igurirgethg ¢ Po%%bﬂlc}( gécﬂsf)Nﬁ) the

percent age o xpreSS|ng brocy ers are about 't same under

crowded amﬂffmm frofroaebficteneDINAI sammple it ratinyoff telofieey tepsat vBPK AUMbETLS
coexpressed (Figs. 10, 11 and 1 t here | a huge increase in flbrocytes
nunber af tsmﬁq%&nw YR Qe ﬂé)é rahilehe, IS A0 SERRET MBI A

tertiary (eto@eres) HCOBBIHSI HHCt | I gi nal
ficoll co ggal_l gg 5mj/ rrilﬁl{!gc’?a%g f%dg%ﬂ/l ﬁ&lg%n?t/§ é@%i‘gléﬁptgéet;&? Eeirl'egm%1

prolifer atsiamplesgmcansdtdmlapusdlffdrmcé irceldmere tdogth. At dhpﬁédbndbwﬁﬁ%dlé@) ter

}\gggngg;%h gf%?r{)jéj()ﬁ t@} gcmo 1C BI\?A lwrallg g)?ttrz{c?e% 19s§nsgct € Bﬁeasy'vﬁ ood 6’2‘ ll'1s‘§‘u<~:|ve.t hods

Kit (Qiagen) following the manufacturer’s protocol. Real time polymerase chain
reactions was performed and monitored on Stratagene real-time PCR instrument
(Stratagene) with a PCR master mix based on Platinum Taq DNA polymerase
(fermentas). Data analysis was performed using the MxPro software (Stratagene). For
each sample, the Ct value was defined as the cycle number at which the fluorescence
1nten51ty reached the amphﬁcatlon based-threshold fixed by the instrument-software.
For Fig. 9 which 111ustrates the effect of macromolecular crowding on the cell
I{tmbers of fibrocytes after seven days in 24-well plaie wélls, ﬁb_r(_)cyt'es ’we‘re'cultured
under conditions described by Kuwana, M, et al., J Léukoc Biol, ’74(5 ):833-845 |
((2003)). Shortly, isolated perjpheral blood mononuclear cells wé.re seeded onto
fibronectin-coated dishes at a cell density of 1 million cells per well in low glucose
DMEM supplemented with 10% FBS under crowded conditions (Ficoll-cocktail) for
seven days. Cells were grown in crude culture for three days, after which the medium
was renewed and non-adherent cells were removed. The remaining cells were grown for

4 further days. Cells were grown either under uncrowded conditions (-Fc) or in the - :



Human bone-marrow derived nesenchymal stemcells (MSCs) were obtai ned
comercially (Canbrex Bio Science Wal kersville) at passage 2 (p2) and

cul tured wo 2a11/10883 basi c cul ture nedi um conposed of | owrcglsSGeeamoddsi becco’' s
nodi fied Eagle's nmedium (LG DVEM G bcg- BRL) suppl enented with d utamex,
10% fetal bovine serum 100 units/m p Aicillin and 100111/ il st rept omyci n.
Cells were maintained at 37Cin a humdified atnosphere of 5% CO2/95% air,

Wi Itlh medi wrssehesrfdicall-eeckipsl dugimaihe fivst B dayse(t8d Sigb Hdaycgeenndherenteglisat i on,
ce re:nai i . SU liev:al i i hed i
5596 t 1yt WANRANESh Bbice URATRS shtixpi U e RbldMhehihgl B (EisRCTRC Lo P

passages. Hlddked ixeth 3B Al PBSaind icubated ddthrDd forB0 midubescAfibisinadbafiassage 4
(p4) and 8;,;(l108). Adi_ pogeni c. | nducti on of. Mesegchg/nal Stem Cel | s (MSC)
| nduct i on Wells werggeshedithrice with PBSsad stoged ippA#Prbh@S| Dani sigined ayelet B&E wer e

seeded at an_ iAiti. AV JATY - el dn £
(Cel star) C%%egg 3%eggggﬁoereg%%n§ﬁ%§&%{sh%§?ﬁ% Ig?re%%?lﬁ%lﬁ é‘@tﬁ@f - seedi ng
as descri bed (Mot Fendewhidishewsghase Sairast photographs (143-mdghificai@Pf) - vi a

t hree cycles of inductionl, nmaintenance, . feedin i th_jnduct] di f 4
days. (57 CRRRRIEOY B BABOR s ape dshes or sehtn deis aSAtarbarLdh 1
Non- i nducq@uw&w'74?@.@3msf((2©d3)2,%?(1a&a§,@ﬁ%15@ﬂim&amoﬁdaﬁcﬁmll§Wul e.

Basal medi.um wass conposed of hi gh gl ucose | becco's nodified Eagle's

medi um ( Hee®IvE MntcGiebarnBRbtEinsepist disbes indowi glicose PMEBVsupplemented sathum 100

uni ts/ m B Sk 000/ st rept cin. i nsul i .0.01 : whil e
hauct 1 on et it e Bmse ShaRbigR i S Wil fe p0THH rscPeiRiatiduitl' 5

m) , dexangé hins9agyy G8d Y. Nuicadheaied Racdrd eenidved duithg tHemaudia elgings ogf f ect ed
by the addition of a crowding cocktail during both the induction_and

mai nt enandey grae & ftar senenrdays adhsesnt spindigeshapnd qotls weeg preseat ultyig dBeseat i os -
1: 0 (1009 .31 . % 0:1(0% to assess the potential of crowding to
cause a nggléérg#ég%&ﬁ/bg sees;' of | ess inductive ingredients. EVE was created
by suppl enent atHooRignfl 1 mei¢tashomts Hloav eyaerkttaiclanalysisef theradherentl es Fi col | Tnv0

(Sng ng AIS:j grﬂangwﬁl/fgcltlgg af Esénfgl%yali Ei?@ﬁtﬂ“?nz’ﬂl}?? /T%H?;‘g‘ﬁ 5:“%1% l"g‘ﬁgﬁ%‘égﬁl‘z‘@fﬁg ; assess
25 o YA AU ARt g B Sy SPoRR o T L
24-wel | plghtopse FEMrsupplevtented wiiBS% FBSevithiont thixafiditionlofl cloyders (-Fc) or

in thé presence of Ficoll-cocktail for the first 3 days (+3d Fc). Non-adherent cells were

fe_moved during the media change on day three. Adherent cells were removed from the

cﬁlture dishés, résuspended in PBS buffer supplemented with 0.5% FBS and incubated

V\?/;ith FITC- or PE-c_onjugated antibodies (BD s_ciénces) for 30 min. Cells were washed

bﬁce With PBS buffer sup'ﬁlemerited with 0.5% FBS and fixed in 1% foﬁnladehyde in

PBS Sarriplé:_s were analysyed with the Cyan flow cytometer (DakQ Cytomation). Cells

were tested for stem cell marker CD105, monocyte marker CD14 and leukocyte marker - -

CD45, and hematopoetic stem cell marker CD34.

For Fig. 12 which shows the flow cytometric analysis of the adherent

partion/fraction of peripheral blood mononuclear cells after 1week of culture, isolated

peripheral blood mononuclear cells were seeded onto fibronectin-coated dishes in low

giucose DMEM supplemehtéd with 10% FBS without the addition of croWders (-Fc) or

in the presence of Ficoll-¢bcktail for the first 3 days (+3d Fc). Non-adherent cells were



-34- (30mn; RT) then stained with Nile red (Sigma-Aldrich; 0.05nmg/nl in
water; lhr), a fluorescent |ysochrone specific for cytoplasmc |ipid

dr opl et s wodomiovs®ai ned with 4',6- di am di no-2- phenyl i necirsGe@ARBD0sD. 514n1;
30m n). Adherent fl uorescent cytorretry3§/as based on a nontage of 9 sites
per well taken by a cool SNAP HQ canera-attached to a N kon TE2000

m croscope . at 2x magnification, covering 83%of total well area. N'le red

was vi ewedemaved dusing themediaihargs iedayi thicer Adlsrens pollnyveserermorsd fromithe  DAP
fl ‘ - Vi t ' (ol L .
Veasur e o REESREIM LIPASTLAR Sofilenidd i o sRAT BEERTIACIbAGP 1]
measur ed hyitlaRITGrag ®Eacomfjupated antdbodies B biewdeby foh3Gnidw.Jells Weee eashedt  of

1 om ¢ o6 Hilh FEPLPULLe SRR B RN k5 B Y el o o BaRBABIdR oct od-

DAPI {1 uorgse RNfpiestde Ffifsed Wifhﬁﬁ@@}gﬁﬁo%ﬁ&d?ﬁ&ér @288 Qtorhdthingl clRP! et's

present per. well “relative to cell - nunber. The area neasurenents were

i nported iwdre tdstedrfosGP 05214 ars@D# heP apslationSWith thet highest pereentage chal cul at ed
for contraol and.c%%gdﬁg cell s.kNi | e Re% | ow Activated Cytonetry to assess
per cent agePeliy PRSUTVEOT Hprogyte markerysyere g3ied-< “ver e washed twice in PBS,

trypsini zed andip@ld @8ehiblyilksimdted the @fbet@T aft@ha8Bombaiatid@®@ rpm at room
tenperature. Resuspended pellets were then stained with Nile red (0.05ng/ ml

i n wat er; maprgmelseyiar grewdersyFigeld ppdyP BPRoR bumar sgsenshymaeli ssem 6¢ll 0. 5% as

descri bed previousl i Bl g & I with a
FACScanTM® ?lgf\\é\/ragl§ﬁ 6%%41%%%3&(%%&m%égg%ﬁ@a‘ggﬁe%%d%gg@?P% l?ﬁﬁjl e Red
f | uor escengd] wasntislagedie (DPEN TB0BLAg/E glusssep 0% Hetalnal f sehune (Gibca), 58521 nm
band pass filter, follow ng-excitation vvitt;]s@ln arqon ion |laser soyrce at
488 nm UdenwilinsaentamyciacamM L-Ghaying), thenchanged io confy 0T BEIB T

el yal s el HE6H QRT3 ShigAEECA, OSEIHAPFORIO) B BeaiXehlaimibg O L%,
FS|C 2|s ot agcogt:eglg:iﬂ €y .ﬁ?g’m;?aﬂwngimgmgﬂd@m:)gs%kn;ﬁwit@ pblysin\lyrllnytrohdg‘rcé F|i2

\s/gf ;J vvart(a ((Bﬁ(&%‘i‘?%grm%%sm?lmﬁé%cggeﬂaggﬁ{ﬁ%{ni@%g?@%@"\%ﬁzbé)oI | ect ed.
The resul tg il&&%vi%%lﬂﬁ%ﬁﬂyﬁ&i&oﬂ@ (Wp%ﬁﬂﬁ)ﬁgﬁ;gba?ﬁﬂ the dAPRE&(BAL0). Ricblle upper

ri ght quadrant ( Gene” expr essi on of Acid Binding Protein-4 and
Leptin - 3%cktail increases the proliferation of adult bone marrow human mesenchymal stem

cells. Cell numbers were determined by adherent cytometry using Metamorph®
software and staining with DAPI (4',6-diamidino-2-phenylindole). Every bar in the
figures represents the averagé and standard deviation of triplicate sampling.

Abbreviations : FC = ficoll cocktail, PVP = polyvinylpyrrolidone.

Results : ‘

Macromolecular Crowding with Ficoll cocktaiil is effecti\fe in increasing the
prolifefation of adult bone marrow human mesenchymal stem cells at different seedixig
densities ranging from 5000, 10,000, 25,000 and 50,000 cells per well (1 .8cm2) or
(2800, 5600, 13900 and 27,800 cells/cm?, respectively) compared to control after 2, 4
and 7 days in culture (Figs. 1A-1C). Although it was observed that after 7 days - all
wells reach confluence at ~35,000 cells/well regardless of initial seeding or the presence
of crowding due to surface area limitations, this indicates that it is likely more effecfive

to use macromolecular crowding with a lower seeding density or larger surface area. 3':, ‘



Total RNA was extracted using the RNAeasy single step colum spin follow ng
the manufacturer's protocol. cDNA w il be synthesized fromisol ated nRNA
usi ng SupEoeriipsIBever se transcriptase I1. RT-PCR reactcoss2eiiioboose
perfornmed and nonitored on a Stratageng real -time PCR instrunent
(Stratagene) with a PCR master m x bas & on Platinum Taq DNA pol yner ase
(I'nvitrogen). Data analysis was perfornmed using the MKPro software

(Strat agene) Fihe avgrall inprpsedn ppstlideratioreoithe hiyStes andfyreddn thearesence ofe cycl e
nunber at h r it
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housekeep.th@cébrmoulqhmﬂdl r%leea@éﬁmscmsae&heb}f kspt igyweonalongiem cel | s

| nducti on- mere

pl ated i n ns1?$f§qr%vt§%g&??§?r5{egrt %éﬁgn llgcér%lg%? gvd'ée(gg(?‘vmﬁ; ;7] &6)

cel | s/ wel Itiheinbadtate aveahie comtod pe®25PHaningH0 @ystﬁge2&;lbbey1ekded 3ﬁ%d| f [ ed

Eagl e' s medi um DMVEM G bc I with 10% f et.a bV|n
serum 1007 %UVBBHP‘HP‘]“F} ‘?Pulgﬁﬁéﬁé?r ‘g‘ty? Eb‘f"g?fffc iththafgme fdndq
(0.01nmy/ n1_3)A Ost eogenesi s was stinmul ated was stinmulated 24 hours
post - seedi ng as described previously (Jaiswal, N, -et L,J Cell Biochem

64(2) b295 312 THeoeia) pwdmlmababllng@taitsaﬁpdlggémw qﬂSOQO cells/well
hyd
U tant n D irdeys ay tsmefed MR dud eSS0 Rl W iasuoledid pert or med

tw ce vveekdrawdlwgeompdeeedl 8600 @lth kipéat walterideebnditios bﬁaedo dwdid on 't he
sanme schedul e nduction cocktail was diluted to the follow.n

concent r atquisies (Fig 609 Atxosaeding densityd99@ egllstwill, s dikely ane gpn g‘ﬁé‘ﬂd‘i 4g to
cause a mj@s &) s%ﬁﬂ *ﬁcrﬂgm%le%lak ﬁx%%vdﬁﬁ%%?ﬁaﬂa}(@d t'p'?ﬁgsr Q’f’dz‘?ﬂf}?wq@{ clﬁﬁ%ng eat ed

by suppl erfent ation nacronol-ecu I Tnv0

(Fc70; Si gisadifiofs afods 28 Yayd imbubthreaFigl 4BY. rtgdde&baﬂhctoﬁdluohé 'Ehﬂz#gh&udé:méﬁw
Sigma- Al drich, St Loui s) at 25ng/ M. See Figure 47. Alizarin Red stal ni ng
for Cal ci iells wadsr macromolggylas|cegniding omparedhiq sonfrheenditipns avagbiadtedwi t h PBS,

fixed in 4@@{@%@8 thé thf09§ B?a,'vgﬁhmgeu?dntﬁe WRBd fo}%eﬂeraunmre g fornashed

twice with i ncu atedvm mM ARS (20m h -gentle shaking.
Uni ncor portednsldtiolya pugpesesemoved and wel |'s were washed thr ee times in water

and air-dried, 'lthe% llmarsk c?fl thg ?n%stb’%tem hge ceﬁls n t‘ille %‘e&agoog%ggd)\% 'hl\/%é ults

population is their ability to form colonies when seeded at low density thus providing a

phenotype to confirm the effect of macromolecular crowding. Therefore, a colony
formmg assay in control medla was set up and the results showed that hMSCs that were
pre-propagated under macromolecular crowding for 56 days and 70 days were able to
_form 2 times and 1.7 times as many colonies as the control, respectively (Fig. 5).

' ‘The results obtained with surface markers of the stem celIs, indicate that the
human mesenchymal stem cells cultured in the presence of macromolecular crowding
'a're true mesenchymal stem cells exhibiting the following surface characteristics,
CD29+ CD34-,CD45-, CD90+, CD105+ and CD166+ even aﬁer culturing in the
presence of macromolecular crowding for 7, 49 and 70 days (Fig. 6).

Interestingly, it was observed that aﬁer 28 days in culture in- the presence of

macomolecular crowding, hMSCs were 2x more responsive to adlpogenlc induction - _



MACROMOLECULAR CROWDI NG ENHANCES ADI POGENESI S BY | NCREASI NG THE AMOUNT OF

CYTOPLASM C LI PI D DROPLET ACCUMULATI ON I nduced differentiation of

hMSCs t omsiodoadiopdgenesi s resulted in a larger cell nor poolsegyiianasa

ti me-dependent increase in intracell ul_gﬁ_ lipid-filled droplets stained by

nile red. To analyze the effect of EVE™On the anmount of |ipid accunul ation
‘hMSCs  at ssage. 4 and re s ed into

during adi pogeni c i nduction, p 8 ed
cel star 24@%&@%‘?‘%‘ ‘H’HHH’&?F‘.‘E‘G g Hegpﬁmﬁ&fygenae Oﬁ‘éré’gﬁf"@eﬂ‘%ﬂﬁ?&&%
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fixed, co-stained with nile red and en subj ected to adherent
f | uor escenraseatredeut jn DREEMIwith HBpiFEXSed0 pg/mliigsnlin]@.AmMd 14B, showed t hat

by day 7, .c ur es, of hMSCs, 4 apd 8 exhi bited higher,accunmul ation of
Y o d” or oprebistbibbatRe T DB AmelasareS s i i Maftb B @R

hal f - st r enggt BnlyHAdtedse®AIMSQUsBlifekationBut MSo pre8@rved their 'Semfiehs'S tRisthelr | 1 pi d
dropl ets by adherent fluorescent cytonet r%/, it was found that EVE caused a
fol d i ncr eapability to difereuBteis aobing@ined €Figor)- passage 4 at hal f-strength and
full strength r ectivel =Y . 220,04, and
2.60.06 fold i EIREEhOVS “%é@-@tdféﬁgi‘%n@ﬁg&‘% :“T%%‘Heg%%ﬂﬁ;a\ﬁéds?g%?gérb ed for
hMSCs at asaRGeRM, Fil). Nulcld} AckdRed8DI et (XOBEADRGs UbterrinelP T hKISGsk - MSCS
UNDERGO NG ADI POGENESI S _ It was next det ergi ned whet hﬁl crowdi ng was
not only &wltared gnderanessamolerdansrawringder 1 dpysy4Adesand d0ayshadielomenes

cyt opl asmypf. i Ny b ahed aMeIe [ : edPiA Lo pf MSCs
t hat exhi btfl?{t ‘ﬁﬁég?gg%f g%ﬂ%gt S, as t hlgwélg?}s& ot\}/lvaglﬁ ??ﬁ%‘ﬂ?‘? in gi&?’ %%tg}e&l tiation
especi al | YFiG 8 T is 8 sotprizingethdingamthe stem cdlisor the pMdscepeebf a drdbwdet al- . |

-37- Bone 6:919-926 (2003)). Flow cytonetric_ dat.a observe end..of 21
days (Fl gSooBAbaERIOcEEEanTe A et FaTE e R B ROERTS Sea Pl ATilR

i nducti on Rdivehdol JASIGRRE PrSiferatich PHEI Tk d@sotlst@es that 3&?@@%@&@ 22, 4% of
the popul ation becomnm ng adrpocytes under half- and full-strength induction
respect i valopulation doublingaste seresernce isovotl only kephatdaydut slowed danedp to 37. 03%
and 45.14% cor.r-estBondi n(%%pi\g égncr ease of 1.8 fold and 2 fold under half-
and ful | - SPPRAGIN P RGBT A MISEr i vel y. CROWDI NG | NCREASED THE EXPRESSI ON

OF KEY ADI POCENoefibEdrtes, the: ANEIl AlAibers are yiekde@ whé céllvomére tlileured f ect s of
macr onol ecul ar cr owdi rll% on adi pogeni c 1gene expression. Crowdi ng. enhanced

the expreswiderrrovdedsongitionsgiminereganek!-polkdn seltnyrebariinindpeaddyale Fegl y, a
decrease 'cgclgtgill gﬁg? @é.l As 88 %%rc%éﬁgﬁgféegl? expr %sq)ﬁdgfg%r\é?ﬂg gla%?y% abBtindes

acconpani e n®rncrease "I n actu:
same under crowded and non-crowded conditions, whereby fibrocytes markers are

c:oexpressvedj(Figs. 10, 11 and 12), there is a huge increase in fibrocytes number after 1
\&eek when ¢u1tured under: crowded conditions. _ : _

A tertiary cocktail Comprising addition of PVP at 100pg/ml to the original ficoll
cocktail (37.5mg/ml FC70; 25mg/m1 FC400) results in better provlivferatio‘n compared to

just the ficoll cocktail alone and 48% better than control conditions.

Example 2

Invention disclosure

Material & Methods

Mesenchymal Stem Cell Culture _ ‘ ‘ A
- Human bone-marrbw derived mesenchymal stem cells (MSCS) Wére obt_avinejd" '

commercially (Cambrex Bio Science Walkersville) at passage 2 (p2) and cult\ired in-a _



CROWDI NG | NCREASED THE DEPGCSI TI ON OF COLLAGEN IV IN THE CELL LAYER ( VWESTERN
BLOT), THI'S I S ACCOVPANI ED BY DECREASED EXPRESSI ON OF COL4 MRNA Fig.
17 shows wbeosfioemss of macronol ecul ar crowdi ng on the aowseroafooasi | agen
|V deposited. Results of western bl ot ?9al ysis of hBMSCs cul tures at
passage 5 after adi pogenic induction at~25% or 100%in the absence or
presence of crowding after 7 or 14 dag]p An increase_in_the collagen |V

band wi t h hasie ity madivse compesed of loyn glicpssgthecspismedified Hagleisapedi¥mc r owdi ng

CALar i et PP PGSt Br BRI A S TR O (e o0

macr onol eamits/mlpemmt]hmgld)m(lpﬂleanmnmyoth Cellcwéreaadintaimed at ‘m)ﬁiahayer

Allzarlnred ainin [ 1 I t.h b
AR L S e e s P et
enhanced & AR tandusRirGehti 4Rh! QillsWerdRRRKANE] & sBbcofBfkntIevilidbriviek 4,

and t hus, “the extent of differentiation. -38- CIB-FITC STAI NI NG OF RAFTS
Fig. 19 s hoheing detadlicdasing M%MSMMCEEEA, pMdmglémnﬂwelt@ﬁét%sm on

| evel of idrafts on nono Toxin B-Fl Cst ni

nonol ayer §e€ PESHRIFIPEY Ptssa%“g?s rﬁc?%g%g%?g gan was ﬁ?rgg%ﬂ'ét W c%{rg%‘v\dl ng

I ndi cat es pt,m e 8(P)Ehag (P8anuti cal |y enhances the anmount of lipid rafts
expressed in the nonol ayer. M XED MACROMOLECULAR CROWDI NG | NCREASED

PROLI FERATI ON RATE OF MSC ON CELL CULTURE PLASTI C
Adlpogemc Induction of Mesenchymal Stem Cells (MSC)

Inductlon

MSCs at an early passage (p4) and late passage %) were seeded at an 1n1t1al
densﬁy of 5x10%cells/well in 24-well plates (Celstar) Adlpogemc d1fferentlat10n was |
stimulated 48 hours post-seeding as descrlbed (Pittenger, MF et al., Science, 5411:143-
147 (1999)) via three cycles ef induction/ maintenance, feeding with induction medium .
for 4 days (37°C, 5% CO,) followed by 3 days of culture in basal medium. Non-induced
control MSC were fed only basal medium on the same schedule. Basal medium wass
eemposed of high glucose Dulbecco’s modified Eaglge’s medium (HG DMEM, Gibco-
BRL) supplemented with 10% fetal bovine serum, 100 units/ml penicillin, 100ul/ml
StreptomYCirt' and insulin (0 01mg/mL) while induction medium was supplemented with
3 -Isobutyl-1-methylxanthine (0.5 mM), dexamethasone (10-7M) and indomethacine
(0.2 mM). Crowding is effected by the addition of a crowdmg cocktail during both the
induction and maintenance phase. Induction cocktail was diluted at the following ratios
—1:0 (100%), 1:4 (20%) and 0:1(0%) to assess the potential of crowding to cause a
more effective use of less inductive iﬁgredients. EVE was created by supplementation
of media with a cocktail of macromolecules Ficoll™70 (Fc70; Stgma-Aldrich, St Louis)
at 37.5mg/m1 and FicollTM400 (Fe400; Sigma-Aldrich, St Louis) at 25mg/ml. |

N11e Red Adherent Cytometry to assess area of cytoplasmtc lipid accumulatlon
At three time points (7, 14, 21 days) corresponding to the end of each 1nduct10n

cycle, monolayers in 24-well plates were rinsed with PBS, fixed in 4% formaldehyde



See Figs 21 and 3A-3C. RETAI NED DI FFERENTATI ON POTENTI AL AT | NCREASED

PROLI FERATI ON RATE UNDER M XED MACROMOLECULAR CROWDI NG hMSCs ( Canbr ex)
were pl atwo2ai1/@808 cells/ cnR in T175 culture flask (cekstsar)iianaisi
propagated in control media (DVEM 10 rrg/l gl ucose, 10% fetal calf serum
(G bco), penicillin/streptonycin, L a ut am ne) t hen changed to
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t hat reserdst epressed et gp@rgerﬁpg,qu cells appearing 1n the upper ri tquadrant (UR)

Gene expression of Fatty Acid Binding Protein-4 and Leptin



Denonstrated herein is that EVE inposed in culture enhanced the adi pogenic
differentiation of MSCs at p5, both in anpunt of |ipid accunul ated and the
per cent ageoabiiceidss undergoi ng differentiation. |nterestcmgGeoiiwosst!ipid
dropl et accurnul ati on was observed at h@l f-strength induction with EVE at

bot h passages compared full strength 340- induction in the absence of EVE,
denonstrating that EVE enables nore effective use of |ess active

i ngredi ents. | nlatlRNArwasexgacted using theiRNAeasy singlestenieqleme seisifellowingi cat i ng
that it d . h > .adi e hGr Al ti .3, il . concl usi on,
evi dence lﬁ ﬁgpqgé% _ ?Ieﬁgs%ghtg?r(gh?%ﬁéh‘g%g oglgglllgg‘?ﬁlr)\ ul%: ?tg%mo_N‘Aﬁb)l%g by

augnment i nBSupeBcpIetirsd ahsatiptaselRIBIPIORIreaétidnk aviEGYpetfinsedgmdenatifongl a nore
condusi ve m croenvironnent, 1S presented. Since NMSCs represent a potenti al

cel | sour @® & YFategengreakitimeRR insgument (Shatagene) ayjth HRER awaster phx dbaggdion y ¢ o

enhance adj i j i..ak (Q0; ﬁ}@sﬁ% QG 'HSmT) t of

l'ipid accﬁiﬂu; ati lg?]q g‘r?fd&gélgg‘tgka?%@o%‘% Cs %alﬁ%l?lygﬁggaggg di féfaglll'e I gti on

| i kel y | eadsPtocoftmvarg(Stratagene) nF efeatlucdNidosaalple, itlesCievabupuwasadefined as thevi vo.

This technol o | so |j.kel ssists i.n augnenting the.differentiation of

[ate passdgEenEDe gt BRI BUE AP epiTLoBEL, s by

decr easi ngpiifol@FRENDby Be iAGhinYGit OBk Adi RALEYIOPHAGion FARITR Fatdy Mided

macr onol ecul ar crowding is a bi opthS| cal driver of majsenchémal stem cel |
(&

ni cr oenvi rhondingprotain#e(PYHARYY) amleptin dsp)anisalsulated byl normakizing thei on t hr ough
cell-matrix reci progit o { Vo temcell mcr i'ronments are
char act er'iq}léﬂu‘gifﬁf@ﬁﬁé‘(%ﬂf%?ﬁll%’@(éék %)V\%F ﬁ%‘.lsa(%ep\lﬂgﬁeg?’ tHis feature is absent

and thus stemcells | ose scientific and therapeutic potential. Denonstrated

herei n i s Oedgene-Thaictiof of Megerchpwslesiagsellsnvi t h m xed macr onol ecul ar
crowding (MWL) at a biologically relevant volunme fracti on occupancy of
12- 15% suld8dughiopal | y i nproves the adi pogenic differentiation response of

h b i | t

ot andard pr or oddr e BLAN Gy IRSRE (VB RhERSA Gof WE e AL | ©

ampl i fi ?:atl‘jlzlcte's (@edstin) aughh}thtédcnsitmof 7 e {ﬂ@mﬂwhhmwaﬁaprlﬁaintdogmoami;of

supr anol equl ar, ass 0 c ents. an seque ance

di 1I‘O ferenti @chjgﬁééﬁ%éﬂ%?iﬁ%%ﬁ i"ffé“ﬁ‘? %ﬁw’ d%hﬁ(}l'g’%g‘é heni cal cues
cont ai ned ¢,gneRkhtel With 108} fétﬁ%vfn@rs&%qx,HOQﬁﬁitQhﬁMi&ﬂiﬂ’,\ﬂb 15Apabl e of

driving naive hM5Cs into adi pogenesis W thout chemnical induction and
i nduced | istreptgmycingindahsulip@ Sémiggmk). Osteogenesisrras stifivlated wiel stimdated Rat  mvMVC

5o B LSRG L SRR o
nmodul at i N 19t €M YERith BRI fHedReupplemédted with ascorbate-2-phosphate (10uM), b-
gil'ycerophosphate (IOmM); 1.,25-dihydroxy Vitamin D (0.01uM) and dexamethasone
(i_ 0-7M). Media changes were performed twice Weekiy. Non-induced control h(MSC |
were fed only basal media on the same schedule. Induction cocktail was diluted to the
following concentrations — 100%, 20% and 0% to assess the potential of crowding to
cause a more effective use of less inductive ingredients. EVE was created by
“supplementation of media with a cocktail of macromolecules Ficoll™70 (Fc70; Sigma-
j Aldrich, St Louis) at 37.5mg/ml and Ficoll™400 (Fc400; Sigma-Aldrich, St Louis) at
: 2$mg/ml. See Figure 47. - -

A’iizarin Red staining for Calcium



Specifically shown herein is that MMC potentiates adi pogenic
differentiation yield and extent in human MSCs, Macronol ecul ar Crowdi ng
(M) is wodniveessssf cel |l ul ar m croenvironnent fornati orcarsd2enianses
deposi tion/renodeling of |ineage-direc ng ECM by adi pogeni cal ly
differentiatiated MSCs, and a potenti a ng effect of MVCworks Vi a

bi ochem cal cues incorporated into generated nchymal stronal

or stemcells (Wordayessia owell pkateérwerweélmdwﬁh RBP, fixedin ﬁP{eHIE@ﬁeo B8 r ow.

d I
Gl SBBbisabeQaufin R R S YOI PROUA BRREIBIE |
a |l oss of 49alM- me&m{incla'pﬁwith gelalu:bhalmhgj Iﬂmhempoatedtdye(vmnémoveﬁ andet al .

Exp Hematol, 6: 707-715 (2000)) . ncr.e t t he

m croenvi riiseYRre washed thige figies F%W?Wr é%@?'fipﬁﬁiﬁ%h‘ﬂs%i‘ﬁg‘? F%E’égh 1{]??‘“
greatly fr @@Jﬁg@&p” ginal tissue mcroenvironnents from which these ceI S
are derive reside in a physiologically crowled m croenvironnent

conposed of soluble factors, cellular conponents and dense arrays of solid
extracel | Resultsratrix (ECM; which is crucial in maintaining their

or econdi t AACKDMPIERaHAS TodmNG ERHANCRR ATFBPARIRS B 6
Haenat ol , TRICREANING 988 AMOGNTIGNENTORIASMET LIFIDEDROPRETO!
differ ent| ation i s‘&%over ned by specific cues within each unique | ocal

mi cr oenvi ASREEMULSIE®No| arp, " C., et al.,Br J Haematol, 275-281 (1999)).
Current strate i for
Qurrent St 8t eqh B Sy SRR B  PERRUBLLAD
systens, shdrp B@ieg)@ﬁmiaﬁgm -depemieht 1ncn¢h§djhentrdcaﬂﬁlachpid€ﬁlledI’d@(—)}ﬂetx'stafnedg of
cel | culture supports th, 8:619-622 (2009 However ,
the capacityypilsfre @g@ﬁfﬂﬁfhetféqucg"’\}ta%vgﬁp:\% YReynt O%aﬂldrﬁcﬁ ‘B%lﬁv‘l?"% dertRgnt S has

| ong been.aug)ggéﬂdl‘: idduéf SI} yft?stat?,g &a%ﬂd 8%e §EA8PMtd &rlstmzﬁweﬁ pld&

apparent in I'Cl ency o uce | arge anounts of ext racel l'ul ar
matri x wi tani oukured efruzl dalysres msndbnd 1(ridar mateﬁﬂs anétm@hqd,s $utg)ueatly, plates

14: 2709-271 di |
condi ti on& gﬁézpﬁ@%(l)“o‘ilayéf’”&‘iﬁjés’&?ﬁi (W‘I hem'lforf’ &@gﬁf I uhﬁgﬁageguiey
reason f ordhbentRREREt cyReketSl Reélmsfateﬁleen ih Of ngEm\A hed maB i sBBwed that by O

(Lareu, RR; et al., FEBS Lett, 14:2709-2714 007)). Wth 5- 20% f et al
bovi ne se rdavh7ccldtueﬁrst0féﬂ\’l%q5%@| pdlangl @rm(hﬂmea daréwr @ncumelatmn o frislceplats imnd

xeno-free di a t n vel of
fraction \}gEWr??sénce 2§E§§cgt?8%’n@ﬁ ‘EPQ? trgnsgt%[hdﬁla?on ﬁ%gl?to t%:lgt’jl ar
crowded Sta@éaébf(rﬂUré&stEi-ﬂxed Ewardr&pu@ b taﬂh@rbntﬁh@rescéntl:iz&nﬂeﬁ% {t20 ¥ynd Wi |l e
the ECM provi des nmacronol ecul ar confinenment, the interstitial_ spaces

contai n kst &N eansedin fld nerease ofy k70,005 and 2640006 forpassase bt halt-ef f ect
(EVE) that ngt I lgdt54m0! ecul es.
The ECM mﬂe@ﬁé@@%ﬁ%ﬁ%ﬁ@%é %c ;,J@i Igamyéo Sglggérlt%&%{ﬁgﬁlz%t@gésaﬁ tial spaces
occupy va9£6imm&R>ld)fncﬂ:aga atehalfmiemgrh aad dulbstrengthewas dserved éut i @catl es by
steric exclusion and additional electrostatic repulsion. This high Ievel of
fracti onalPas@gepaigy 1t been shown to greatly influence equilibria and
rates of biochem cal reactions that depend on non-coval ent associ ati ons
and/ or Corﬁmﬂmmmcﬁﬁmeesme PRIDFOR PION ©FM80S NDERIGORAR: d synt hesi s,

i nternedi ary nmetabolism cell signaling and gene expression (Ellis.-RJ, Curr
Qpi n Struo”tDmQﬂiENESISM 119 (2001)) Even bl ood pl asma shows a solute

content of. 80 m _an ronol ecy | y.crowd dy fl ui d
(Ellis, RJ; Tr Yo 'Eﬁxég ?w%&gbcfogg}{1g(%duf) fgfyl%{)l%tgén?g%sggtﬁ y been
shown thatarﬂdﬁhf@ﬂitﬁd a&uﬁﬁm&d wethih the ceplasialof Miffdreitiatd HMSCObE AUl es to a
culture of fibroblasts, drives the deposition of extracellular matrix;

which in tingrease theprepertion of wfﬂﬁth@irﬂxbmt theserdaenlets, aaghere isdew affigien@tiRanced

conversi o I

Eng! neer | RCTATEER sALERy Pyf s S8ERd R Haellono ofinguef 10 3L,

581(14): 2709 2714 (2007b), - Chen et al., Br J Pharmacol, 5:1196- 1209
(2009)), enhances supranol ecul ar assenbly of collagen (Chen et al. Adv Drug

Deliv, in preparation) and enhances enzymatic crosslinking (Chen et al., Br
J Pharnmacol, 5:1196-1209 (2009), .Chen etal. Adv Drug Deliv, in
preparation). As descri bed herein, the crowdedness of the bone marrow

in approximation was enul ated by creating a defined volune fraction
occupancy .usi ng m xed macronol ecul ar crowdi ng conposed of a m xture of

Fi co1170 and Fi co11400 wi t h-a hydrodynami c radi us of -4nmand -13nm
respectively, resulting in a biologically relevant volune fraction
occupancy of -45% on human bone marrow derlved rresenchyrral stem cells with

o, . Y - .



resul ting adi pocyte is not only significantly different in its ECM
conposition, but is quantitatively richer in its overall conponents. Under

t hese comipt2noMeg9ISC under goi ng chemi cally i nduced adi pogsaesii®ososspond by
a tripling of individual Iipid content gener at ed adi pocytes, and

si mul t aneously a 2.5 fold increase of 'égTIs that undergo differentiation at
all. Moreover, is shown that the resulting adi pocyte matrix - as created

under MVC Boress: %Jcﬂ PEA0D) dﬂpw@qmﬁtm datp pbyesyad; ai ead ofBdaysEigsi BAhe
absence of. 1 ﬁ%ﬁ%&'@d thapﬁle'a (%f-[:llgﬂl]?e?lggﬁlpﬁgs Wik llldttﬁtldf %la 11% ll'g:tabpérlcg hem cal

cues in th I'X give X reciproci nonstrate the

ICa rr}oor It anc eon-J;ro\admg eelt"sunaﬂmczgmﬂ%mdmmmﬁ\the pdpmion Hvedrﬁfngaaldqao&ytb&et hods
culation for enul.ating baone marrow crowdedness Cal ¢ Vol une of
each Fi colyndgphalyapd fullbstensth pdpeipngespeciynhe 1a the presegcs g rgg/ 1 (4e-9

m at 37.55%,/ / ( ld’&?d)
Calculate t egm%ldlﬁ%gﬂdé %‘%Fﬁggkl% %8% %ﬁlnﬁﬁg‘ahg@%ﬁsﬁﬂg fgs a szphere
wi t h a radioldsuraler Balfiran@ $all-Strenjgtl( iddnaten néecvadphys Rev Lett 1(3):317-325
(2006)) Volume of a sphere = 4/nr3 = 4/3n (4e-9)3

CROWDING INCREASED THE EXPRESSION OF KEY ADIPOGENIC GENES,
PPARG AND AP2.

F1g 16 shows the effects of macromolecular crowdmg on ad1pogemc gene

express1on Crowding enhanced the expressmn of key adlpogemc genes PPARg and
Leptm Interestmgly, a decrease in collagen IV gene express1on was observed although

this was accompanied by an increase in actual protein deposited.

CROWDING INCREASED THE DEPOSITION OF COLLAGEN IV IN THE CELL
LAYER (WESTERN BLOT) THIS IS ACCOMPANIED BY DECREASED
EXPRESSION OF COL4 MRNA

Fig. 17 shows the 'e_ffects of macromolecular crowding on the amount of
collagen IV deposited. ReSults of western blot analysis of hBMSCs cultures at passage
5 aﬁer adlpogenlc induction at 25% or 100% in the absence or presence of crowding
after 7 or 14 days. An increase in the collagen IV band with crowding at both induction

strength with the addition of crowding was observed.

EFFECTS OF MACROMOLECULAR CROWDING ON THE AMOUNT OF
CALCIFICATION IN MONOLOAYER |

Flg 18 shows the effects of macromolecular crowding on the amount of
calcification in monolayer. Alizarin red staining of osteogenically induced monolayers
1n the absence or presence of crowding over 4 weeks indicates that crowding ;
d_famatically enhanced the amount of calcification in monolayers’, at week 3_-and'w_e’ek, 4,

and thus, the extent of differentiation.



=268 x 10-27 cubic neter -* 1 Volune of a sphere = 4/nr3 = 4/311 (13e-9)3
=2144.66 x 10-27 cubic neters -* 1 2 Calculate the nunber of Fc70 nol ecul es
in 37.5 mygoCGalicwsate the nunber of Fc70 nol ecul es i n 37PETIsG201H000081
literature it is known that the MVof Eg70 is -70,000 Da

CTB-FITC STAINING OF RAFTS

Fig. 19 shows the effects of macromolecular crowding on the expression level of
lipid rafts on monolayer. Cholera Toxin B-FITC staining of monolayers cultured for 7
days in the absence or presence of crowding indicates that crowdmg dramatically

‘enhances the amount of 11p1d rafts expressed in the monolayer.

MIXED MACROMOLECULAR CROWDING INCREASED PROLIFERATION
RATE OF MSC ON CELL CULTURE PLASTIC
See Figs 21 and 3A-3c.

RETAINED DIFFERENTATION POTENTIAL AT INCREASED PROLIFERATION -
RATE UNDER MIXED MACROMOLECULAR CROWDING = |
hMSCs (Cambrex) were plated at 3300 cells/ cm2 in T175 culture ﬂask (celstar)‘
and propagated i in control media (DMEM, 1000 mg/1 glucose, 10% fetal calf serum - |
(Gibco), penicillin/streptomycin, 2 mM L-Glutamine), then changed to control media
(Fig. 7) or rrledia containing ficoll cocktail (37.5mg/ml FC70; 25mg/ml FC400) (Fig. 7)
the day after (day 0). Cells were passaged every 7 days after seeding and reseeded at
same. densrty and change d to their respective medium the following day. At day 28
(d28), cells were trypsmrsed and seeded at 35000 cells per well (1.8cm?) and induced to
adipogenrcally differentiate as described previously (Pittenger MF, et al., Science _
5411:143-147) for 3 weeks. Monolayers were then fixed in 4% fcrmaldehyde (30min;
RT) then stained with Nile red (Sigma-Aldrich; 0.05mg/ml in water; 1hr), a fluorescent
lysochrome specific for cytoplasmic lipid droplets and co-stained with 4',6-diamidino-2-
phenylindole (DAPI; 0.5ug/ml; 30min) as described previously [Greenspan P, et al., J
Cell Biol (3):965-9’73.]. Adherent fluorescent cytometry was based on a montage of 9
s1tes per well taken by a coolSNAP HQ camera attached to a Nikon TE2000 mrcroscope
at 2x magmﬁcatlon covermg 83% of total well area. Nile red was viewed undera -
smgle rhodamine filter [Ex 572nm/Em 630nm] while DAPI fluorescence was accessed
with a single Dapi filter [Ex 350nm/Em 465nm]. Measured nile red events were
thresholded and lipid accumulations were measured by an image analysis software

(MetaMorph 6.3v3). The extent of adipogenic differentiation was quantified by area of



That nmeans, 70,000 grans of Fc70 contain Avogadro nunber of nol ecul es From
this, the nunber of nolecules of Fc70 present in 3.75 ng is cal cul ated as

foll ows: WB.20bxDb8»93) x (6.023x1023)/70,000 = 32.2x1016 Pp2/Seremobeoser at ur e
it is known that the MWof Fc400 is -43P000 Da That means, 400,000 grans of

Fc400 contain Avogadro nunber of nolecdfes Fromthis, the nunber of

nol ecul es of Fc400 present in 25 n% Is calculated as follows: (25x10-3) X
(6. 023x 10 rabfiueretrencesirom thngshplded events thgnnprmakizadiia npelgiqoustbasst ape

Cccupancy dg?elcfeu GRS fillfedcb A%t ERG ¥ chH@spgi& WORM )éreiarbf lipid dfoplets preserit

per well relative to cell number. The area measureménts were imported into Microsoft
Ekcel, and the mean + SD of the areas was calculated for control and crowded cells.

’ | Interestingly, it was observed that after 28 days in culture in the presence of
macomolecular crowding, hMSCs Were 2x more responsive to adipogenic induction
that those cultured over the same time period in the absnce of crowding, indicating that
macromolecular crowding may have a pre-priming effect. Adipo genic induction was - :
'c;rried,out 1n DMEM with 10_%'FCS, 10 ug/njl insulin, 0.5 mM methlisobutylxanthine;
ié:gﬂM_Dexamethasone), pf{)\?ing that macromolecular crowding not iny .ih¢reases o o
hMSC proliferation but also preserves their "stemnesé", their capability to differentiéfe

iisfnot impaired (Fig. 7).

DISCUSSION
The attenuation of human MSC differentiation potentials following extensive ex
vivo expansion is a major hurdle in their utilization during MSC-based tissue
¢ﬁgineering applications. In this present study, the ability of macromolecular crowding
; Was investigated- via éppliéat’ion of a neutral polyanionic cocktail to augment the
: é&ipogenic & osteogenic diffefentiation on hBMSCs at passage 5. Evaluation of seileral
| key markers associated with human MSC adipogenic differentiation such aé expression
1eptin (Roseh, et al., Annu Rev Cell Dev Biol, 145-171 (2000)) and PPAR-gamma
(Gregoire, FM, et al., Physiol Rev, 3:783-809 (1998)), and the ability to accumulate
lipids (Azain, et al., Annu Rev Cell Dev Biol, 145-171 (2004)) were analyzed to
quantify the extent and efﬁciency of differentiation. It was hypothesized that this was
due to EVE speeding up the numerous enzymatic processes involved in matrix
; icmodeling that occurs during differentiation thus generating a more favourable
' microenvironment that resembles the matured niche.” o =
Demonstrated heréin:is that EVE imposed in culture enhancéd thé adipogenig:; :
differentiatidn of MSCs at p5, both in amount of lipid accumulated and the percentage
of cells undergoing differentiatiOn. Interestingly, more lipid droplet accumulation was

_6bserved at half-strength induction with EVE at both passages compared full strength



WO 2011/ 108993PCT/ SG2011/ 000081 -44- in Im Iinl Now, the volunme occupied
by these nunber of Fc70 nolecules in|Im is calculated by nultiplying 1 & 2
and then wRpPNE%®BIG i N percentage to estimate the fractiPaem/SGaburmeoost
occupancy: 268x10-27 x 32.3x1016= 8. 7% 6v/ V)

ﬁ 1nduct10n in the absence of EVE demonstrating that EVE enables more effective use of
less active ingredients. In the controls, Ficoll did not cause adipogenesis, indicating that
1t does not have adipogenic inductive capability. ’

In conclusion, evidence that crowding augments the adipogenic induction of
hbMSCs by augmenting the deposition and remodeling of the ECM, thus generating a
more condusive microenvironment, is presented. Since MSCs represent a potential cell

- source for clinical repair of adipose tissue defects, the ability to enhance adipogenic ’

differentiation of MSCs by ihcreasing the amount of lipid accumulation and proportion

of MSCs that undergo differentlation likely leads to the production of functional tissue

, equivalents in vivo. This technology also likely ass1sts in augmenting the differentlation
of late passage MSCs for tissue engineering purposes and reduce costs by decreasing

the amount of active ingredients needed.

Example 3 Mixed macromolecular crowding is a biophysical driver of mesenchymal
Stem‘ cell microenvironment formation and amplifies adipogenic differentiation through
: cell-matrix reciprocity | _ 4

| In vzvo, stem cell microenvironments are characterized by macromolecular .
crowdlng In vitro, this feature is absent and thus stem cells lose scientific and

- therapeutic potential. Demonstrated herein is that re-introducing crowdedness with
mixed macromolecular crowding (mMMC) at a biologically relevant volume fraction
occupancy of 12-1 5% substantially improves the adipogenic differentiation response of -
human bone marrow-derived mesenchymal stem cells (1M SCs) compared to standard
protocols (adipocyte yield, lipid content per cell). This amplification was brought about
by the mMMC-enhanced deposition and supramolecular assembly of ECM components
and subsequently enhanced differentiation stage-speciﬁc remodeling of the ECM. The

biochemical cues contained m cell-free matrices formed under crowding were capable
of dnvmg naive hMSCs into adipogenesis without chemical induction and induced -
hneage-typical CpG methylation patterns. This indicates that mMMC is not only an
irnportarit biophysical driver for microenvironment creation, it also underlines the

importance of matrix reciprocity in maintaining and modulating stem cell phenotypes.



Now, the vol une occupi ed by these nunber of Fc400 nolecules inIm is
calculated by nmultiplying 1 & 2 and then expressing in percentage to

est i mat e wbeofw@msison vol unme occupancy: 2144.66x10-27 xP8T/86x2AA166088% (Vv/ Vv
Therefore in a Fc70-Fc400 m x, the tot al fraction volume Cccupancy is 8.7 +
8 = 16. 7% Mesenchynmal Stem Cell Cul t ufd™ Human bone- marrow derived
mesenchymal stemcells (MSCs) were obtained commercially (Canbrex) at

passage 2 (p2) Snegifically shoven hegein ipthet MMG Ppisntatapeipegenisritiersatiasion| ow

O r o8 L d085h8 o e NFROL SRS GGV SO P! ement ed

nax, oVl né’serum units eni’'cl n an
100111/h ml @11?lepﬁ@¢ry?wimnﬁehi formatich diidi ehandee depisitidnLemodelingufiidedgeed
at nosphere_of 5%C2/ 95% air, w.th nmedi um change tw ce per. wee To. prevent
spont aneouliregting EEMby &‘ilp‘é%ﬁm‘i?gb’ldkfg??@?t@ﬁ M2$hend apo B@B‘rgfql%fféh?f | evel s

prior to higwipLAShBRehahRe dby ALEPORAPRES SokGboniy, passaged at 1: 4 and

cultured to generate subsequent passag ted differentiati on was
carried out w tMeseathygnaltstrpmakargtend c¢lpAMIC) afe hiltigptentplieposmrvelds induct i on
of Mesenchynpl Stem Cel).s. (M5 ) at an early passage 4), and |l ate
bassage. ( g Do BaTREdelma! Sartisations of MGA SraufreoF roRRbaial i SPiate 1
24-vel | pligtaseticallpichdvhnt A RBHRA, Butdéxiénaé&mdgg%&ﬂ ré@fts B 4 194 of @4k 16
hours post-seeding.as described (Pi ttenigt;;, nf ETAL., Science, 5411:143-147
(1999)) viranewal eepasity hked muidtipotentiolityd Banhed n eedladop Hewgali dOW7d h i-nduct i on

medi um f or,; S. ((37C, . 5% C2):. fall d.by 3.days of.culture jn basal
medi um No(ﬁélﬁ)(ﬂgﬁﬁlé cé%%mgtﬁrmlﬁdﬁka@é\gpéﬁx%nrﬁl? S5 1n%§1&|§nt%§8¥{fh he sane
schedul e. J3aditlons Rl stbbtrsta C AR PREhtY frdth eHe & gintd SissueuhibRRAvréhniene f i ed
Eagl e' s medi um_ ( HG DI\/EI\/i G bco-BRL) supplemented with 10% fetal bovine
serum 10dreminthighthesscaelle preiderived dBSGs resigle 4n 2 ppysiplpaiceilyasrawded ul i n

(0. 01lmg/ n%icmhllﬁoﬁrﬂém %MnBQsed of soluble factors, cellular components and dense arrays

of solid extracellular matrix (ECM); which is crucial in maintaining their self-renewal,
inultipotentiality via cell fate determination and preconditioning of progeny daughter
_qt_élls (DiGirolamo, C.,et _a_l.,Br J Haematol, 275-281 (1999)). Maintenance of their
pfh‘enqt:ypé or differentiatidn is governed by specific cues within each unique local .
-rﬁicroenvirohmént (DiGirélamd, C., et al.,BrJ Haematol, 275-281 (1999)). Current
strategies aim to-mimic the in vivo conditions by accounting for the cell—cell, cell-
iriatrix and celngrowth factor interactions via gel systems, surface coatings of cell
culture plastic and nano-texfun'ng of cell culture supports (Blow, N, Nature Meth,
8:619-622 (2009)). However, the capacity of progenitor cells to build their own
microenvironments has long been underutilized if not neglected. One reason for this is
the apparent inefficiency of cells to produce large amounts of extracellular matrix
within a useful time window (Lareu RR., ef al., FEBS Lett, 14:2709-2714 (2007)).

As shown herein, :t:he highly dilute aqiheous cbnditions and lack of crowdedﬁess
of contemporary cell cultdré is a key reason for the apparént lack of efﬁciency fbr ECM
Efbrmation in vitro (Lareu, RR, et al., FEBS Lett, 14:2709-2714 (2007)). With .5-20%
ffetal bovine serum content or special formulations for serum replacement and xeno-free

media, the solute content does not reach the necessary level of fraction volume



-45- mediumis supplenented with 3-1sobutyl-1-nethyl xanthine (0.5 MV,
dexanet hasone (10-7M and indonethacine (0.2 mMM. Crowding is effected by
t he addi tworromf10899er owmdi ng cocktail during both the i ndectriscroandoosi

mai nt enance phase. Ni|le Red Adherent (% onetry to assess area of
cytoplasmic lipid accumul ation Af'fer 21 days (correspondi ng to three
conpl ete induction cycles), nonolayers in 24-wel|l plates. was rinsed with

PBS, fi xedCrupancy that rarldepetiuiesonagomptprulaneraweed gﬁ@u(ﬁk}& R CHr\P8 Red
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[ Ex572nn PaB80fiz givem»volummalexfﬂludohbmqtmo@mleabue@ge@xvhlslhn andi ngl e DAN

filter [EX nn1Emd 5n sur l.e ts werethres olded and
reasur ed BTSN ESEORALS LI, Pl e b R T SRSV B o

adi pogeni Ghéh tegRaly Riffuehcogilibiiahil ratesofiocHefcaD teablibr tRﬁdlef)éﬂMrﬁSCenCe
fromthreshol ded events nornmalized to nuclei count based on det ected DAPI
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Chen etal, BrJ Pharmacal 5:1196-1209 (2009)), enhances supramolecular assembly
of collagen (Chen et al. Adv Drug Deliv, in preparation) and enhances enzymatic
crosslinking (Chen et al., Br J Pharmacol, 5:1196-1209 (2009), Chen et al. Adv Drug
Deliv, in preparation).

As described herein, the crowdedness of the bone marrow in approximation was
emulated by creating a defined volume fraction occupancy using mixed macromoleculgr
crowding composed of a mixture of Ficoll70 and Ficoll400 with a hydrodynamic radius
of ~4nm and ¥13nm, respéctively, resulting in a biologically relevant volume fract}io‘h ,
b¢cupancy of ~15% on human bone-marrow derived mesenchymal stem cells with the
intention to facilitate endogenous microenvironment building. Demonstrate herein is '
that MMC (e.g., mixed MMC) not only enhances the matrix formation of
uhdifferentiated MSCs but aiso enhances the differentiation speciﬁcjremodeling steps

dﬁring chemically induced adipogenesis so that the microenvironment of the finally



with Nile Red as background control (green), a bar region R2 was then
establ i shed on the gated population (red) in order to count cells with high
FL2 val ueso(adipemgt es). Data acqui si ti on and anal ysi s wra3/Sgeofi®nensd usi ng

CyAnTM ADP (DAKO). For each sanpl e, 900 events were coll ected. The
results are expressed as the percent ag of ceI | s appearing in R2. Cene
expression and CpG net hyl atign studi es Total _RNA was ext ract ed using

t he RNAeasT?S‘%ﬁ“PﬂﬁdéP%"c}@p‘s eeumswﬂmtbf ﬁﬁﬁ%"’c’ﬁ%’aﬁ%ﬁﬁiﬁlﬁslﬂo& W ity ot ocol
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bovi ne serdm XUB?WWH(VFPW%M%) (BSA) in PBS. |Imunofl uorescence was
carried out using primary antibodi es nouse anti-human col | agen |

(Si gmaC24 - bbit anti-human fibronectin (DakoA0245, 1:100);
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| follows: (25x10°) x (6.023x10%)/400,000 = 3.76x10'6
(3.75x10%) x (6.023x10%)/70,000 = —2 ' -
32.2x10' —2

3 | Calculate the Fraction volume Occupancy | Calculate the Fraction volume Occupancy in
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.Statistical anal v5| S assays were perfornmed in_

tripli cat
sanple t

significa
** P<0. 01;
And Exten

e “and results reported as neans standard devi ati on.
h@sts ver ¢ g @Qaﬂﬁternlne statistical significance; the
esepelymal St e %et at p<0.05. (n=3; error bars are

| ndependent

s'd

* P%r@@ bonBERA S d MavadaiENeRE Y stem0il (MSC@PW%%&J&@IG Yi el d

t. O Adi enesi s
commercia ly Cambrex) at passage 2 (p2) and cultured in a basic culture medium

composed of low glucose Dulbecco’s modified Eagle’s medium (LG DMEM, Gibco-
BRL) supplemented with Glutamax, 10% fetal bovine serum, 100 units/m] penicillin

aud IOOul/ml- streptomycin. Cells were maintained at 37°C in a humidified atmosphere

of 5%C0,/95% air, with medium change twice per week. To prevent spontaneous

: di-fferentiétion, cells were maintained at subconfluent levels prior to being detached

' using TrypLE™ Express (Gibco), passaged at 1:4 and cultured to generate subsequent

passages. Directed differentiation was carried out with cells at passage 4 (p4) and 8

 (p8).

Adipogenic Induction of Mesenchymal Stem Cells (MSC) _

MSCs at an early passage (p4) and late passage (p8) were seeded at an initial
density of 3.5x10%cells/well in 24-well plates (Celstar). Adipogenic differ_enﬁation was
stimulated 16 hours post-seeding as described (Pittenger, mf ET AL., Science,

54 11:143-147 (1999)) via three cycles of induction/ maintenance, feedmg with
induction medlum for 4 days (37°C, 5% CQy); followed by 3 days of culture in basal
medxum. Non-induced control MSC will be fed only basal medium on the same
SChedule Basal medium is composed of high glucose Dulbecco’s modified Eagle’s -
medlum (HG DMEM, Gibco-BRL) supplemented with 10% fetal bovine serum, 100

umts/ml penicillin, 100pl/ml streptomycin and insulin (0. Olmg/mL) while induction



| nduced differentiation of hMSCs toward adi pogenesis resulted in a |arger
cell norphology and a tine-dependent increase in intracellular lipid-filled
dr opl et s.wohR0eri083days of induction, hMSCs shoul d havePCwisGo11/000081
differentiated and attained a natured pgenotype defined by an accunul ati on
of cytoplasmic lipid droplets ((}egorre FM et al., Physiol Rev, 3:783-809
(1998)). Based on Nile Red staining, a specific li hilic dye (Flg 22A) ,
it was obgBediva is penplemeniedyish 8- Ieemﬁrlr@eﬂwlmgm&a‘g Youdlexamsthaggne i pi d

droplets | e qf MK% to control
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i ndeed under gone- nore adi pogenesis. "It was al so observe t MMC resulted
in an ear |sirgle DAPE ffiltef [MSﬁmgﬂim%Smnﬂ%asuiﬁiANﬂeEadbvmts woregheblnjdedal

changes and the ence of |d d Iture at day 2
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non-crowded conditions. Mnol ayers that were maintained in basal nedia in
t he presermewctiabee CométryMulasstissiperoéntspaufasils thiayhdvediferdiityedt s at al |
ti mepoints, confirmng that the ficoll_cocktajl had_ no_adi gpggeni c inductive

properties (Fi gMondayeryyrisntashediwics i B temswizedand pelistediby ¢ hat ¢ he
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hMSCs.  Fr Qtﬁ'a'l:g(ﬁl joR $fer Hufdd 42284 A, mingdmm&dlsaat&emmw Joafiét (BREH
fibronectin and collagen 1V deposited on the cell l|ayer - possessi ng a nore
fibrillar rperesesationof evnty MBagngregion wes defingd r%@ncarderesﬂdmﬁ)w fiom thee
mat ur e adi h r et al.
physi of - RAIEVAbF3ing B PR ARy BRI AT R B 2p Yt QAN Ce sl |
deposition . in the presence of MMC -50- was seen. Wile conversely, an

i ncreased: degradatr on occurring with fibronectin is seen as has been
described to occur during adipogenic matrix renodeling (Lilla, J., et al.,
Am J Pat hol; 5:1551-1554 (2002)). Sulfated pol ysaccharides such as heparin
and heparan sulfate are associated with the extracellular matrix. The

monol ayers- were assessed for ‘the presence of 'heparan sulfate (HS) and
confirmed an increase in staining under rnacronol ecular crowdi ng (+MVC)



MMC Enhances the Proteolytic Processing of Collagen | It has been
previously denonstrated that MMC with a negative crowder; dextran sulfate,
enhanced wbeopros®sl ytic processing of collagen | in filpcwlsiGasii/ooaist ures
resulting in enhanced col | agen depositi gn (Lareu, RR, et al., Tissue Eng,
2: 3857391 (2007)) To assess if a sinmilar enhancerrent in pr ocol | agen

i | t th t
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differentiati on efficien (Mauney al.,. Biomaterials 16: 3233-3234
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area of cytoplasmc lipid normalized to cell nunbers within the whole well
(Fig. 24B) Fromthe results (Fig. 24B), it was observed that '

decel | ul arF%@H‘OHHFOﬁBE‘FtSE'YnatH ces (-ML) and (+MVO) were better substrates

for naive hMs 5,{1 g%&%’% d?)%ﬂ?ﬂ%é‘?orﬂiaicfeﬁgr lataeqerﬁwrpared to
met-hod of

t he conventi ona uci ng them on out 7A)and 40%
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respectively.
594 goat anti-mouse (Molecular Probes, A11020) at 1:400 dilution and AlexaFluor 488

_chlcken anti-rabbit (Molecular Probes, A21441) at 1:400 dilution. Cell nuclei were

ﬁ:bunterstained with 0.5pg/ml 4',6-diamidino-2-phenylindole (Molecular ProbesD1306)

(DAPI). Images were captured with an IX71 inverted fluorescence microscope

- (Olympus).



Decel lul ari sed matrices from adi pocytes have adi pogenic potential that is
sensitive to salt elution Recently, decellularised lung tissues have
been descwoled/toseedi rect the differentiation of human emromgoenia/osesm cel | s
(Cortiella J, et al., Tissue Eng Part /6(8):2565-2580 (2010)), and
better adi pogenic differentiation was '3 served under chenical stimulus of
nai ve hMsSCs on adi pocyte matrices conpared to TCPS (Fig. 25A). This led to
t he i nvesthrgtem &iraghiorn ad Westemdottingecti ng potential in the absence of

chem cal sti nul . L i : i.pogeni cal |y
i nduced |1 M5Cs l\?g%f?p &%gﬁlafﬁ{eg%ggnuégﬁég -m?egsﬁ‘ge%%gggﬁéﬁq’gp%ﬁ@gﬁegrml ecul ar
crowdi ng (ceMelDing TE0mMi Na@n0mNaTre(tHVES) SnevIEDREA @aid 8dD), 1% & ritan-Xd 06,

matrices an -52- i ntajined.in basal ium for 3 weeks._ .By day 21, the
Col | 5 Shoutdl Paptpree ERb bt Gh1e8TBreiiRpuosit pyedonos: SoBitident on
the degr eeslm_ﬁeqabllfn]gﬁrzgtﬁtu &tgr&einchn?aqe%l defl rﬁlﬁﬂkrs?fdrgsaaaédmm@l%%md the

matrices. This effeect was intensified in correl ation to the enhancenent of
ECM deposiwithohx Lartemlibvter andad shLdrfdpinercaptoethamal and suliectediotsmadhfanmsaid mar ker

: d with d ical ly.i d_hMSCs
Under MO ST RAGHE i dikinbelih ei5 e Tiatel pRIROHER B o BMER Rl D T i
25B) . The mgédethlodehenibraneRBib-Ra@®) wigiltheNEini Paemis-BlSt teHiefee etll (BibiRdd) -

represents 10% of the val ues gbtained with cells adi g{geni C%I ly
di f f er ent iage@dingrio fheasanudaqiyries ptepl. Membraneswere Wﬁf‘i withpde nat ri ces

i nduced a _sil.g@l fi t Halc AR V, [Wale se of
PPARy - nRN&%g%D%Irﬂ( g%“f%@@@?@%’f g§%d:esspoh e@gﬁgbg\g%(ﬁéggg%\l};ﬁ“{eﬁﬁ% pgssi cal
adi pogeni dodl hfaeREnSulasequentlpnthp pasiarcar(tibody (rabld) anti-hurnanéolagen IV;ept i n MRNA
| evel s shoywed a striking correlation_and ranking order [ctrl TCPS <<adip
-MVC << 17&%45%#1%@0% on ey [Yerontapmiikind 85 ]".Vasllﬁc‘f}ﬁm[“é onbBH R ghest
expr essi or ' 5 ' t £ ELMEMVE - S&SEBIREELR d 70%
of the Ie\rpeﬁd?ﬁ’?{ea?ya |poggﬁ??e?ﬁﬂ§g3§?log%aon p asttchgp(a@ii?@ZS%). {)%E%rder to
addr ess t RochtordtILydilutee i HOOO ih &% odmpas intiban HENET foorh thedt RID Thk meanthrazensi ti ve
| i gands that woul d.i nduc di enesi s the deposited ngtrices re treated
w0 0.5 MSIMRFEIE Vi SPRRr TP it ST 08t BieteBRioH £ or 1 do
treat ment chb@limined@nky wasedptadd ¥l RANLES 606 LinnthHéSédnP linagdDmkedl plee (Bujf Or
PPARy mRNAinduction, strongly in lipid droplet content, and dramatically
for |epti PhofNAlraxbekyosiapan). PDRML6 is a critical gene invol ved/ upregul at ed
during adi pogenesis (Ravussin, E., et al., Qbes Rev, 1Q(3):265268 (2009)).
The net hylati T | @Cl ) .RDRML6 gene i n MSCs

adi pogeni ca g‘ﬂf"ﬁgﬁ‘icg%&}“ﬁﬁ{‘%ée%é‘é’gg‘{ﬁé‘g&émﬁééjesence of crowdi ng were
conpared with tTogaenkd the liachgerspociiv ealdues- MSpOdemixt MSEY werk seledat ri ces

produced by_adj pogenjcally induced cells in the presence/ absence of
cr owdi ng éﬂ%‘lQe‘ﬁps@ﬁut‘%gé'évqueﬂl?tF%@%e%ﬁ‘%fP mﬁﬂlﬁﬂ@lﬁéﬂﬁ)a&im Het RSt The

ai m of t hifﬁr PARIsprlor tdBis! lﬁ)r_e§<ﬁg%é'§4§fltggﬁ'fx M%se\pérgg%teﬂ Gt ?.Biﬂ?&éus{i{gé?ﬁ%ht

about by the classical “continu m ca neage 1 nducti on wou DE
emul at ed [2¢-wéibplates X@estar)and funderdieht kol o ftdipbgefiC induction/elaintémapee £ -

| i neage-derived ECM's. Interestipgly, not on S e frend of decreased
et hyl at | GBS v RERG coNp APt T MY R 4608 £ chem cal
di f f er ent ia@lgogtnibdIHaHGE R Dwelilpritk &Pbein@ eddPitanRicAdigoced. As-a
decrease in methylation corresponds to an upreé:jul ation i'n_géne expression
(Gene Regidt&tl0éeellspvetiin2iywell plees (pelstan)aad tredted tb bdycle of adipagenids, St anl ey
Thomas (Pub,) . .Ltd (1998 it is l.nferred .that t.h trices gdeposited under
o owdi ng. dpulerBartenidd sictovidr it P S apbr Griafiv el Rt SRIORSESHAE) {Kery
t he | ar gedirstGpodshed With PES thadd tén treatéd @it NGB (BddGUTEMAE on of
chemical differentation. DI SCUS

S| ON
Alimentari, S.P.A. 2003030085) supplemented with 0.5X Complete Protease Inhibitor
(Roche Diagnostics Asia Paciﬁc, 11836145001) in water for 15 minutes at room

témperature four times, followed by 0.5% DOC in PBS for 30 minutes at RT on a



Macr onol ecul ar crowding is a well researched phenonenon in physical
chem stry and bi ophysics and studied in the real mof protein folding
(Cheung, WB,20u108493, PNAS 102: 4753- 4758 (2005)) and nuclrPersGaciitooost
hybri di sati on (Harve, KS, et al., Nuclegic Acis Res (epub Cct. 23 2009).

Al though it is an ubiquitous parameter of life functions MMC is
surprisingly understudjed and underutilised. in_hiaqlogigcal systens.

Descri bed ’é‘grP?*}tgmﬁ’hMoé‘B BIS Fyee then ?tF%WI@f%lgAa%@l@Eab%riﬁWdednesss
for MSCs gy thERwhRRWiRIPBS ke ARTE FOFRACIDIRLI hbRicks, PRY NaShQGH iR

m croenvironment 1 n the bone nmarrow. Because'In vivo, there Is never a

si ngl e dorNaGri{6M) povdiodNAst treatinent wers pgifosned/ol une, m xed MMC was chosen.
M xed MMC has been shown in protein folding studies (Cheung et al., PNAS,
102: 4753- 7tS8t§21005}2y§' to be nore efficacious than nono-crowdi ng. |ndeed,
shown her SH'SPEHRAYSSi ¢ h neutral crowders mixed MVC is nore efficaci ous
than wi th neutr all sgéa9utiRfSpdridi@ed ififéiplicftt aid resull reforffitbdsani®@ + stndd6- 1209
(2009); Chen, C., et al., Adv Drug Delivery 2011 in preparatjion), in:

addi ti on tdesiation. lndenendend smnnlﬁéﬁ@gstwm wead to determinesatistical significahges fhe
crowdi ng voul. - rhd ke ' inshead s tiple
aggr egat e'\g? éﬁ%%g%{ﬂﬁg%lﬁg%iggfﬁeﬂépé%zﬁﬁ %%ryﬁé#g grézicé Il'ét ngf)O Iiﬂér J

Phar antol ,P<9.065)96- 1209 (2009)). Using currently published ranges of

bi ol ogi cal 'y active fraction volunme occupancies that are created by

macr onol eﬁﬂgﬁh owders, a mxture of neutrally charged Ficoll 70 and 400
was chosert f)%t‘i m zed because a volune fraction occupancy of 12-15% was
obt ai ned (Ms‘&oﬁare%ﬁlhab%v&aiﬂgm%&eme PRICAhEEKRABOT AGIJdgEnGRNSI der at i ons
were that these macronol eculfes do not increase viscosity of culture nedia,
whi ch i s cruci dhddced diffesersiativn of hiSEis towand adipogendsisgesudtedmie lasgercell al r eady

in use for_cljnical preparations, of nononucl ear. cel.l Lions

peri pher al@gph@a_gy %@%ﬁ%’rﬁp pLIpgreaye leliLSJtﬁcSﬁ'élar ﬁﬁlfl 3{1{?&% %Pﬁag‘rf&) {kf{ez I

bi ophysi caaypef iadRdtRhShias Cs RRodl@ RevdRlly diffaartiated fidl althined e mAeedm - 54-

al bum n was chosen as main representative of plasma macronol ecul es. Wile
serum al bpherotyesdadined by ap aequmHatianefeytaplpsung lipididrpplets fGregaire EMsetonl y
approxi mat 8, pth el el : 0SIat | v id Wpes to
finish buidal ;%S?(gn%é¥’r§é%§%lép?lKgg9??}??&8%%@%%@%%%%2%4{&5@ li%gurlpri singly
strong andiyt@Bilg. 228p @tnes obkerizéMhasmendlayerbyxibitédsa kigheraeagrhulbii@dofdy rapi d
fi bronectin_ assenbl conver si on, of procollg en Ito collagen |, deposition

of col | agd®id droglsts ‘gb‘?q differpntipted dnibg prose MR coMpagRdde SBRIrgldins

deposi ti ony, W@y Qe YR8 aTﬂﬁlggﬁigre%&méﬂd@%ﬂdnym 18Pl dgyym of ECM

deposition that can I ev In static ure. Interestingly,
under MVC mumbessdiypaiherentflgirtfoentecytanétoy) itressfonsdthat MMBC csussti@de2ifoldt only a

tripling of the. lipid content per different; cel t 2.5 fold nore
i {Fer ent MG i PEpGalized e tegRined ares BER 5 S 24ReLifellif pi a ar opl et
beari ng cqlsb.%zg!@.dggmé/ea 1581 20B) disk inflcatcN B S ath BfRE Gitafldicen cihtRindd _
represent a nmaj or breakthrough ' for reducing noise for genetic, epigenetic

and net abandre lipidatides MIVICadmparsdite somtrpl whtarewdedigul twreshwhish translgied &m appear s

to work very well faqr,.0steogenesi |.i shed .dat.a), ..chondyr ni:
Gt 1 or ont e Aasprep ditESmEE RS p R HAF Ge o R pRARRIREC S,
shown) . | taldosabld teGhdreds8aie proporbion SRGER thit ibibR thesedroptéts, adltieathlowoo far

pre-conmtted. It is interesting to see the conbi ned expression of collagen
| and 1V shfieiencygn diffarentiation espspiallyavithr eofls abtained droppelder ¢ganorpst eogenesi s

t hi s woul g¢ ' onl do; t Rl DL : '
regul ati ogs{)eﬁ %é’ﬁg’l ézgta ?Jlbég%ef g?ﬁ%gggk@gghﬁﬁgﬁ%%@%%g&tg[ﬁ%&%\g?ﬁgé| pogenesi s,
and as showdahe(Rig22Q)Bhewsvhat tledtment dfeoh fiwent omtnuregwith induotiaf mediblimgen |
and upregul ation of_ collagen |V and_appropriate renodel i ng. Chondrogenesis,
owevr - b asRNMC Dt Ay LA DO Bo%erof s Rolspen PESaRBBeed and Lo
override - 42X 1St cach o/t udy the
mechani sm%tqg;o\?\%tiggék@{rlr%\e/:\l/%dgdoes en aﬁg’teds g?;}?éﬂrﬂgﬁ? ?Ig%giegrslft aﬁ%%dggéo(gitﬁéed ECM was
studied for its lineage-directing capacity. Denonstrated herein is that the
ECM enhancenent drives the adi pogenic differentiation and works as the
anplifier of the differentiation signal. Using ECM decel | ul ari sed via
detergent treatnment (see Figs. 27A-27C), it is shown herein that

| i neage-directing information is retained in these matrices, in particular
if they have been | aid down under MMC-enhancenent. The matrices were able
to increase the | evel of nRNA expression of sentinel genes of '




-55- adi pogenesis. PPARy, an early marker showed a general increase that
appeared to be i ndependent however, the overall leptin nmRNA induction
reached awvoustyi®¥sof that of classical induced hMSCs. PhirscGeeliresss kabl e
given the fact that the matrices were gﬁcel | ul ari sed rather harshly | eaving
to substantial |osses of ECMproteins and ligands. In terns of overall

|l i pid content naive hMSCs showed after 3 weeks ex&osure to thelaﬁ3 mi]érl ces
10% of t hepopulatiem exhibiteddinid draplsts. dusdamanstratgs that MMC nopenly snabied ¢e

differenti, Bta{t?iﬂa GRGK nirhrod i Rr 7 %&1 néflétyPe (190 DOAUERS) HEPAILS HRRmREAST | ¢
were conpl ete negative. Lip ntent 1s a very late marker for a
fully di fflmriengbldaﬁfﬁdntwhopcﬁEggt éZ(é)ndiene exprgsfsion@atybmtalsa cénfimakthatthser vat i on

period cells sl o di ff ent onpar,i son .to those
i nduced. %9%&%?5 E?Bflatﬁ‘\t{m“{\(‘ff’é MMS{?XI}PI 8"\/187’@ gﬂf?\/fﬂ’d’gf"rﬂﬁtge?‘fsfe cells
exposed t phARY %ﬁ@réimhgpfg er@éﬂﬂnﬁﬁfg A5 the wers%a\oefddee@uﬁ kdn \fﬁ’dfet 0 becore

adi pocytes as evi dence heir i npressively upregul at ed [ evel s.
Al t oget heradipogenasist & Veaselsoeqbafrrkerbﬂ@t l\@éctrm;teﬁm/@ ) Ogefﬁ@rfat ed by a harsh

non-ioni c deter t he c | I.s d t hus ses of E nponent s
and respecfRPE® ja(ﬁﬁgaé@ Ci:ffﬁlg’?ﬁleo Ogg%’f: tclhg?'geg)fan@gf GPTRRSTET Ant E&)are
i nevi t abl iro O}LlstsﬁﬁﬁiduCMﬁJf&%E&a}ai tider Bmldeﬂf‘doﬁdltlﬁnﬁﬁﬂ\ﬂm eifcled ibeed) n the

range of 90 Nevert hel ess, the ECMs generate via DOC |lysis retained .
|i neage diwasclsorRpserved Ipgonteast, narfw%d@nmqmtvlswle pethe nep-ctayydedi nf or mat i on

can be re r

on- coval S Do SARCIRE AT L hEEhioY Rl arsiud B0 HAABABIORE T

Fi br obl ast(+MMIC) caSusBicma:‘rswdbd (MMOI)dAt d&ghtrlmmbﬂﬁ)q)ldtsamnd@' amhdag Mai nt ai n

Human Enbryonic Stem Cel l ripot Feeder-freg culture and

pr opagat i c?ﬁn@)‘PO%Wﬁrﬁ %rrgﬁrr%‘hf Sg i nglfcgo"("r?é% 1tigps, fsficating amgye

pl uri pote I it | enge
Por 1 het £ ERAGBRAL SRS bt oG R T r bR OR B oy
mat ri x (E(N%)ncwmsterrs thet wers mamltainy:d irsbatabipedie lih th‘erpeaeso;qotpcabsencn ot ¥MCnat i on

th cond oned or chem. defined nmedi um .Howev enogeni c
and | mmundibBrepron DA drarles SA TR hofoa R e Gt tag P ikeali® 09"
appl i catigqpg nEriBipegerﬁg i BB ﬁrbpéra&emg 268!, bslub@ 13) th fd@onhRwRier , has
been hanmpered by inefficient and ti me-consum ng deposition hi vitro. As

shown her dpwnd thptithg rqiglmpmoe efithgmastes adiipagenie regtlator 2ane PEARYEd &/ 0l unre

ef f ect ur {a osition substantially. This system
was -56%@58"%8 %5‘? %%?EHI\%CM]?I%\%W | ow serum conditions in two
days, by W-38 fet aI human Iung fibroblasts, using dextran sulfate 500 kDa.
Af t er deceVIM( Brihdhetd Dépositivasad d&mklhxegdoﬂthé Extrecellaldr Mutdx (FEM)r opagat i on

of HO hESC in chem cally defined culture nediu th . an overall better

out come than Meheicgtrcellylar gragix GCMypua 8‘?%??%5%%&‘? HYSogRIIpGMment pla¥s of

| uri pote i m&g rated
5nder prrac?%r{m arﬁé(fr)ﬂe?ri gﬁ% tﬁ){?l ﬁhtﬁferp%lgcrgge%s?{ ?‘ g}h agaﬁ\écs)%ﬁgp ghECs
and t hey v(/EuehshEghdzA/CehirmV@ewSr(ﬂOﬁé);fBassnEMJ drmal. dﬁmgﬁmthobRewaﬂﬂ @@2

|1 stanti al 1t fot ] t
Conongs i dboeh YRR B AeRARR At b TR itonring FRORIE DRSSt
simlarityy @&ﬁ&fﬁ%ﬂn@%n%&ﬁ@ni@dﬂb&ﬁﬁaﬁﬂ patives, WESamilkvgver di stinct

di fferences of genes with a variety of functions were present. Taken
t oget her, comparingEgictute pod qeantithgepositescindlie sbsenestsind preseneechficrowding by

R MU LT

two appar eRbr¥ing WHhM fstoRdclin ¥in@ coBagen AVRleyodited bR ¢l a1t - @osdessigrbers in a
cul ture devi ce whi | e preventl ng di fferentl ation to the utnost level in

order to presdibyl @pd amegp aticulag mpspholegy inthe matagso nmade

it possiblg r ens e 0 etal .
um Ropr odS RS ‘égff%e%a?f%‘?%f@tfffw@%f@r% VS T TR 0 s

repr oduct 808 (D9TINForeslRgers B, a general ﬁfcrdaeaﬁxn@omflomrmme ipregbndeyof MM&Ct i vat ed
murine enbryoni c- fibroblast - (MEF) feeders. The notion that MEFs and culture
i ngredi ents of ani-nal ori gi n harbour contam nation risks expression of an

i mrunogeni-¢ non-hunman sialic acid on the so cultured hESCs (Martin M), et
al . 2005, Nat NMed, 11(2): 228-232) intensified the search for human: f eeder
fibroblasts (Ri chards M Bongso A. 2006, Methods Mol Rio!, 331: 23-41). It
turned out that not every cell line was a suitable feeder (Richards M
Bongso A. 2006, Methods Mol Biol, 331: 23- 41). Furthernore, co-culture of
hESCs with feeders in general creates noise in hESCs anal yses, and feeder

| ayers adm xtured to hESC popul ati ons represent a regul atory obstacle.
Theref ore, feeder free culture systems have becorre a prr orrty |n hESC wor k.
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-57- Klimanskaya |, et al. 2005, Lancet 365: 1636-1641; Meng G etal. 2010,
Stem Cells Dev 19(4): 547-556), instead of using conplete live cells.
However, wibi2bai/tok®3in vitro producti on of ECM conponent #CiBe20nonogsose a
problem their efficient supranol ecul ar_,assenbly and stabl e deposition as a
mat ri x including crosslinking certainl ;OI s (Lareu, RR et al. Tissue

Engi neering, 13(2):385-391, (2007a)). Therefore, the generation of ECMs

ei t her frowesvers Whilecorysrseb pr inceeapesk dreradatior pequeing with Afrongefin seeercul t ur e

t f

(K1 manskagbEpéh ettt S dibheRyRiachic hy WTIeBRAME LIBEPCA 8 & oo
ropl acement i th NUTan Serum 1S & bf Sakt QUG ovards. Xeno- (1 ce, gul t ure
syg tems fowl f\#@@& assPBW@é nh?l ﬁ’&Fﬁcglré‘F lmmptgix; ﬁﬂ? mRnelayers WS 3Psemed &’éqw res
;

(4207 0US, WBHHEAEITE ke RIGRHR QTR RHISAT L PRl o7 C

Biol ., 38: rmﬁlﬁemm&éﬁla(ﬁﬁﬁ'ﬁ)ng(JrMMC)As an intermedi ate solution, Matrigel is
wi dely used as a conmerci all y avai | abl e ECM for the propagation of hESC,

pref erabl y,. ture in chemcally defined nedia
(Xu C, et M}égf’}Eﬁanc & Lgr%tf chﬁmgg;%dé(ggg udvm g T, et al. Nat

Bi ot echnol: -24( 2} haslifen %%/ldlﬁmﬂonsﬁ/ﬁéd ttaeMNMe wlﬁc@ tive bk der; dexfas enent
menbr ane ECM proteins secreted by a murine sarconm | I'ine (KI ei nman HK

et al . 198vlfgeoenhanseithe progeplgiogapcessng afigelagen | abtimbleﬁtw@ttuteégesvtﬁmgcal f or
tive b
ol ot oo T FibingE® ERIARE deidsiroh (RAELRE  kPal M PERE Y S0 CROP) B Co7

xenogeni c dskgse ifta sitilar elbyndeheveint proghllapen prlocessinglwapptureiag inadtudés
Matrigel-cul tured hESCs. In addition, the exposure of hES 0 Matri gel

i nduces th‘@i‘ﬁﬁ&e‘g&%ﬁé@ cqcldail, 1mmraeblotis Weze prepare Iﬁﬁﬁ‘? " can cause an
i mune re (fhth di6d 11%9& LREHE phn Chem Ri o!
11: 373- B%W%dbﬂl%ow ouﬁ]ﬂ%ésﬁdhe u%ﬁrrse%t allri:de/!ledﬁ cg@és?usts to de\%ﬁqp human

cel |l -deri \wdiurmnnhe:dsemdeair pwathmb FMME @sg. a?3Bén)) Wa ingreassemelepvain®ent f or

hESCs, 1 -be. dl d i
serum f? nm‘élge r Iﬁva§ ﬁB\PﬁﬁV‘%Ué@: ?@W{tﬁw{:ﬁ%cgﬂmnﬂ”%o‘ﬁﬁ%? rég’ﬁgﬁrg’oﬁg lagxt(:) ran
sul fat e ([QeSealdidtRéploBsila hfra @8 DérsfibReEPof tha () bandS8oniithkia )JX%RU RR et

al . 2007b FEBS Letters 58 :2709-2714) or a mx of 70kDa and -58-
increase in C3 fragment i in cultures under MMC (Fig. 23B(ii))

MMC Enhances the amount of heparan sulfate-associated ligands

As shown in Fig. 23A, there is an increase in heparan sulfate, and because these
polysaccharides have been shown to interact and sequester a vast array of growth
factors within the ECM it was decided to assess if this increase in heparan sulfate

corresponds to an increase.in its associated growth factors

Matnces Affect Potency Of Adipogenic Inductlon Cocktail

: The substrate upon which naive hMSCs are plated affects their adipogenic
differentiation efficiency (Mauney JR, et al., Biomaterials 16:3233-3234 (2004), so it
Wes examined whether the decellularised matrices derived from hMSCs (hMSC),
preadipocytes (Preadip) and matured adipocytes (Adip) that were deposited in the
absence (-MMC) and presence of crowding (+MMC) would have any effect on

adipogenic induction of naive hMSCs for 21 days (in the absence of croWding). Asa



400kDa Ficoll (Fc) (Chen CZC and Raghunath M 2009a, Fi brogenesis & Tissue
Repair 2:7) |eads to enhanced and accel erated ECM deposition under | ow
serum comaiotnom®s9IBescri bed herein is the use of this techsokegwoest
generate human bi oassenbl ed matrices tS?t are growt h supports for

pl uri potent hESC culture in conjunction with culture nedium e.g., nTESR-1
a chemcally defined culture nedium Materials and Met hods Preparatl on of

cell-free h?&?hm%fkshMSCS wers #soBidased el €P3 (g d4A hiisvasobsersed thatths
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culture plates or flasks ner Bi 0-one) under standard conditions in 10%
FBS i n DVENbst@te whee rfoobl:@mmg BWISWbbmtmdimﬂaasZ%aﬁ@msm 0. 5% FBS

(G bco) nedi cpnt aj, ni ng corb ¢ aci d {(Wako h thout
1001. 1g/ meQé e B sgpﬁrfgx’?“@aﬁ ﬁBO’YB'QEB&“QP{%‘S\A%% ' 400k Da.
After 3 day® alaiﬁ;‘éh d fordalyged(tbedll nﬁmbér@wlmﬁi the Wiofe WS (g \Vi4B). l'érom
deoxychol ate (DOCz ?lthree washes), DOCDOC (six washed) or NP40 |ysis

pr ot ocol . tmsllly% (Fig. 34B).Gt whs ebngaied that decallvfasised aine gyt matricar GNAChn on i ce

with O. 5%
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protocol i's four 10 m nutes. jncubation on ice of 1% Noni det P—40 wi th 0.5X
Conpl et e FbBYehsangd ARYhrasBectiyply. Inigresnant i adbsrenhexigmeiny data(lig7 4Ry a1 x

DNase (US, I (M th PBS 3
Prase (S BhkagnaRla oobgLLOMAORILR (Bl 240Y & EERIARE ERSREc I
neur on- comﬁP&’tAeRl/ 1hé1ﬂ\ﬁ©s:asmdadmnamplmainn(ﬁ\dmmckeabom3%mghe1thm cn? each

in culture Iat ks, in 10% FBS i ur, e was changed
Lo 6504 bt Rt SHRN Gt (b HIAEICTROANEG BB GrTIPI TR S on  ne
fol I owl Ng matAdes. Wroﬁﬁll&&ﬂar%réi@dﬁﬁ% WM@%@Q&B'&E&)WM"@ faRhérpordigtelthised using

the DOC protocol as described earTier and the resulting matrices stored in
PBS at 4C.effeEis@here HNMBE matrix (+Ml\&)eand+ﬂ@ea(dw m@mX) (tAMMg2 gergyate 3gonger e

obtained fro VtVCeII Retsgarlgh Iﬁéil nd |n |a'glesds nt r'\éErF leﬁad%rs f or
recovery. SHRE0SoyLeract g clignigy stim lhc’én SRS Usthg™e

col | agenasfow¥ ﬁﬁmgei 10ésicl PR ERsé Rsedtled bh hlesth Rakdg(- m)lcpam Mat rigel
(BD), DxSDCC and matrices and cul tured using nTeSR-1 (StentCell

Technol ogirseadingicyte raetrik-NMM&ngespestitielyubcul tured every 5-7 days.
Representative wells were sacrificed for cell counting by hemacytoneter at

each pass %Qe‘%eﬁﬁlaﬁ?éd%llétﬁ&& f%}ﬁ lzihi?)'bl:)oc@s mghlp%g&nc potential that is sens1t1ve to

salt elution

Recently, decellularised lung tissues have been described' to direct the
differentiation of human embryonic stem cells (Cortiella J, et al., Tissue Eng Part 4,
16(8):2565-2580 (2010)); and better adipogenic differentiation was observed under
ellemical stimulus of na'ive hMSCs on adipocyte matrices compared to TCPS (Fig.
25A). This led to the investigation of the lineage-directing potential in the absence of
chemical 'stimulus of the extracellular matrices deposited by adipogenically induced
,hMSCs (adlp) in the absence (-MMC) and presence of macromolecular crowding

(+MMC) To this end, naive hMSCs were seeded on the various matrices and



Characterization of hESCs - Antibodies used for flow cytonetry using
CyAn (DakoCytomation) and adherent imunofl uoresence are: rat anti-SSEA-3
(Chem comyo 20nu®e99ant i - SSEA- 4 (Chemicon) and Al exa Fl uorc4a88&:2eiioososn
anti-nouse (Invitrogen) and Al exa Fluor 488 goat anti-rat (lnvitrogen).

goat anti-Cct-4 (Santa Cruz), nouse art?” TRA- 1- 60 (Chem con), nouse anti
TRA-1-81 (Chem con), Al exa Fluor 488 donkey anti -ﬂoat (I nvitrogen), Al exa
Fl uor 594 ryaiatingddn basslimediumfor 8 vegkn \Byadry 23athe cells showedgliffergntdogeees er at oma

formation g%ﬁ(%x%q,]eguF?&éogeﬂe&lyg%%n rto%@h?@eﬁgerg?etsd&’f@reﬁtu{? o??ﬁ%%llgﬁ{a?g

collagenas njec Tt Pamisc I'nto 2% rnd linb

of SCI D mdiiginaigide sndd iHeem@m“besatIhﬁrbffeat Whd in€endidied ﬁioe@rdluaidmgo sieandar d
protocol from W Ce Research Instjtute. hESCs were harvested using

col | agenas@hmgermsat %feF&Mdieaﬁ%orhwleaMMPe kipig droplet cortentas thg mog f or m
nbryoi d 0 M
R e g P
(I'nvitrogedMSGCsimulee MVICdﬂ)th\bptinaﬂy l(lFlgszﬁmamllafanqumltmtlvdsy(ohwmyt(Fxggen) N2
I t d. FGF-2 (ProSpe mor
e Co S Tt b e a5 TS o BARets P s

onto | am fjdv{sFRin&PRIE Ll dip cefidall PaifferQ@ided orPMRLS 3B). After
f or mal dehydevfl xed e{frll I r%’ru%o I ab p°og€ ‘éa }Q y rg bbi t gn?:pa-g 13?1}“1?’92“])[)”' |eﬁ

( Abean) arthreAIV\mbs mqmatmmndmedlaesugmﬁcam r:lammqn c(ﬂHRAme@M arghidie DAPI .

Cﬁ?l dren’ Sov éfq‘%%%e%%lp ?%&P@ r&%‘# g)l #)62 rgn@'% SC§W) Vel%%?%ﬁ?yegt i on by

scrapi ng agith a8dsical alpésenfanffeichtigiin carpladtid (ngagscy O Eshtiakt, ldptidintR WAL r ogen.
DNA net hyl.ati on anal ysis was perforned as describe revi ousl Meronm ger

2 e oisomed ssaient caTaatonang sutng ordy (T CEB reipad MM <437

b 4l {1 AEPARCR! 24 15y FERS 1RIRY LSRNl BBl i bF At
6257- 6260)mR KaNTEadisely R BeEMAMG aepmafmd asund7 s obtiri lawds &fferusi ng
HumanMet hyl-ati on27 BeadChips (1]]u ylation | evel s were scored

as 13 val (éPogemginchones plast (kg r%épgt éu%bwladgﬁeaﬁ%éwsﬁ tion whether thea )

s e e B g%ﬁé%lﬁéfaw{ pohoffi e fdsdfiag vioud fidhed st fHeeichb! o €

Char act er ideposited noftrices IWeré trefﬁedmzith i0ceM! sodium chilntidd M NagH pd I ali

h t t Fl 594
ohal | of i Angg SO SHICH: FBRHSY ERsanly oped ifkiness igftton "
antifibr 0riﬁ&dekﬁew@@fk@mmﬂ@%%&dcn&?@&baglywhf,ﬂt&oﬁlaedolﬁ%am nouse

anti-fibrillin-1"(Chem con), rabbit anti-decorin (gift fromDr Larry
Fi sher, lerma)callyécuucptlmmRMmss(og; PDRM knis preriigall gepe | d| n, AB39), Al exa

o o RN R Y PIR P bR ] 49, 658 AL hfaget - rebor
268 (2009)). The methylatlon pattern in two loci on the PDRM16 gene in MSCs - -
adlpogenlcally induced in the absence and presence of crowdlng were compared w1th
t_hose obtained in naive MSCs exposed to cell-free matrices produced by adipogenically
induced cells in the presence/absence of crowding and kept on these matrices for 7d in
plain culture medium. The aim of this analysis was to see whether the epigenetie effects
bfought about by the classical continued chemical lineage induction would be emulated
by sheer exposure of undifferentiated MSC’s to cell-free lineage-derived ECM’s.

Interestingly, not only was the trend of decreased methylation upon prolonged ECM

eéntact identical to that seen with chemical differentiation undercrowding, but also



Generation of NoDxSDOC, DxSDOC, DxSDOCDOC, DxSNP40 and FcNP40 matri ces.
W38 fibroblast cell layers that were treated with only ascorbic acid
(NoDxS), wodoDx8s®3 Fc were subjected to either detergerCTiSGeatiweos1 DOC,
DOCDOC or NP40, to obtain NoDxSDOC, Dx , DxSDOCDOC, DxSNP40 or FcNP40
mat ri ces. | mmunostai ning confirmed the“toss of intracell ul ar structures,

i ncl udi ng endoplasm c reticulum, 6 F-actin and nuclei (Fig. thus

denonst r atief§ Prefouaerde As #rdgrreaweria mathyatioss cogrsppands &mmrﬁs%son ILens ces
were also g T I

lysis, r esu {%Ig%@ﬁ ﬁe ng AW& %ﬁt{(;vg i ﬁ&mn%ﬁ%dtsﬁl%tlj t he
renoval ofTHoleas ctEle ) Lml)(w%))mwglf&rredhhmtthé Mmasgess d)époanmm adwidd que ot ei ns,

t he resul tii Dx SDOC and |ces c edto ret |nthe|r
const i tuerﬂ‘g‘%eﬁﬁfr@?g évvgso%ﬁ%aﬂ@aown fE 8t ceﬁrfﬁm 158). and nass
spect I omethfor dothON NI mEREtEA ﬁl?énerﬁﬁldn%%ﬂer}nc‘ﬁpﬁffb%&hbﬁ' ed as granul ar

stai ning, ‘but was barely detectable in SDOCDOC matri ces. Fi bronectin was
present in both matrices in heterogenous d| stribution, although DxSDOC
matri ces JASWRIBSIONe fi bronectin aggregates. The col ocal i zation of coll agen
| staining and,fi bronectin shawed the.pres e n ween

col | agen 1. and M?‘B?lgﬂgg?laﬁcrgwg&g l(s.lgwe ldgsf?tarci‘?gg{l%h ng&[“l%ﬁmfgwas pr esent

i n appar erthkyisaguall bibphnsits ahdesmlémrnnh@fsagﬂ of Prosii fol&a(Chass, MB)er

rnicrofi br| Il ar conponent fibrillin-1 was found in DxSDOC matrices as |arge

aggr egat e§ LoPNASYIEgiATa?-4d b (095 wad nWél§1°L?ﬁuje113@é1@l§BV@l (Harys: Sf0eHec mat ri ces.
Both matriyge: I th weaker
intensity In e&%%%ﬁ%pﬁgﬁé?c%’?dégg%g{rhtghggﬁq l%lg'#lg({ﬁé ycaérgs%f\l/\l/\gér e found

i n DxSDOC fu:Mtfone bdEMEss furpsasiaglyrundersmdiedmd mnd@uﬁﬁ!@ﬂ:lﬁmomctaéswrns nor e

pr csonce. STSBRANRR it e SHAEROL ToPOPUPhel LRl COpIeAEns FTRNPCE Rt 1

fi bronect iy, froREldd dﬂ%r bomé 8RS thhe?r%'yﬁB%on Ri@bdhvirbansal iHkMdaRse 2,
remmants of. detergent lysis such as cytoplasm c heat-shock protein 70kDa

cyt oskel etmdrrqyy.desavss imyivonthererid neveyalsingle mnnmmrw@nasmmua mch givest ei ns

such as hi; s ones 2 . » P40 and matri ces do
not sust alvﬁ’ LRt f‘?lﬁ%‘?w B %ﬁ%ﬁg@lmlﬁﬁ% DS ’i;lﬁ(?viﬂ? Y prg{:gbw?(g%r ds the
char act er isgalidsq@hedngt 2@/ heNas, @et475der758 eEH0TRY thibe @sore bR abBLPMAhOgY Of

hESCs cul tures on the above-nentioned matrices were anal yzed. hESCs

cul tured orerEeaTEdDZalndeedr sinom hereinig that withingptra ¢rewderemaedi MM is
mor phol Og'rﬁ"(?re%Irﬁc%cm&&%%ﬁ%ﬁ%%ﬁggﬂ:&&gd%géChéﬁEé% ar SW B,y Sl RGEqopPti cal Ty

dense aggregates rese ies’or rn nonolayers of’ | arge

flattened 5 113,1@1130&5(2609)#@&@0 Stal., Adv DﬁlgUD&b}b@BZ(Hldnlbfdpﬁﬁdoﬂ\) ihout
addi tion of mmcronol ecul ar. crowder's were |l ysed with pratocol to obtain

NoDx SDOC refiflition dhe collagmsand fironectin spatmgns,fegmesd ynpdey neugal gpwrhnrgém €d (Fig.
29A), but fintﬁ? a HorEheSiWorR Qlice TRLEALA stk iEofRARPR! 2BYechePhEHen with

negatlve crowders ((Chen, CZC, et al., Br J Pharamcol, 5:1196-1209 (2009)). Usmg

currently published ranges of biologically active fraction volume occupancies that are
c;reated by macromolecular crowders, a mixture of neutrally charged Ficoll 70 and 400
Wés chosen and optimized bécause a volume fraction occupancy of 12-15% was |
obtained (see materials & methods for calculations). Other considerations were that
these macromolecules do not increase viscosity of culture media, which is crucial for
bioreactor-based work, and these crowders are already in use for clinical preparations of
mononuclear cell fractlons of peripheral blood. Based on the lack of published

1nformat10n on the b10phys1ca1 parameters of the bone marrow and calculatlons serum



-62- of pluripotent hESCs by passage 2 (Fig. 29B). The majority of hESCs
grew in optically dense aggregates resenbling enbryoid bodies, with

out gr owt hwoab1ispsmBaneously di fferentiated fi brobl ast -1 iPke/scedlimotisat wer e
| arge and fl attened. Fi br obl asts ahat were cultured with either DxS
or Fc were lysed with the NP40 prot ocoP?to obtain DxSNP40 or FcNP40

matri ces. hESCs were al so unable to adhere to proliferate _on_either

mat ri ces. atiaiis wassghoseads seain represerfati Yreofimbesmamasromeleselse Vel sarymy enpved
by mechani di [ | : REGROC
matrices eal?\tg'ii’?lgd? atssép rlgar%BgA;iJ %ﬁﬁhggﬁ%%?p%%acwgg%ér ed to

Mat ri gel . novel culthfeSéomposition Rt figdadikdtedMECE trefinibbuil disg andvefsloeliny
DxSDOCDOC patrices for up to ,20;pass<'i1&i§§usi ng .either coll ase |V or

di spase. BPRGVBIIAOENEIIRIRES. AnEOs tEengsnd fasrespersent BsMpocpoc

mat ri ces aghi.a) L atqi i y . “cont rol
o125 AR, S BB A R IOMB M4y SOBRBS S8R U

D(SDOCDOF-m@nﬂiagmbtd cgEé‘gEa Iy é¢pmisitiod of ballagen YYiaod ktriking ihcrsasean hi gh nucl ear
to cytoplgsmratio and grew in distinct round colonies th hout the 20
passages. ‘1R f?’%?sﬂr?te glygqnsgiﬁp%g%a'gg OEWW% ?i"%g‘l‘t?pﬁ)d’r‘ie%ii%% Bdt%ni es
lost thei ropGhRAT oPECHEdSpodiaen titk 88 b 4bhidved Eﬁ_M%ﬁ%st&@'chh&pCUpi ed the

1 g.

space between those colonies (red circles, ) . Human ECM propagat ed
hESCs nmai dntgrestikglyywidgpMMEithhadipegenic differeptation sesperssof MY ’s shaskiedoipt

Matrigel, DxS or SW tri ' L.n thei
proli ferat(i%n%@g,o%? R ?%‘%@B’g gﬁﬁ%@&%gﬁlﬁb Eti%é?(iig] eorréi] he \Fji'i::i ous
exper i mentgafferemtidioniyddls, iwamoe®&dlls aokdlly BrcabedPRCdipiyp beaingtteNESider

subcul tured using either coll agenase IV or dispase retained nornal
kar yot ypeshemicahindugtion: Ehespaliiferentation; wiglds peryesent aunajor dreskthreyghdor net aphases

o o 0508 A o NSO BESRORS NO JRat of °
kar yot ypi c¥lhilytheaemme systérfl apparto vk vetyewelh fr ostedgdasis (wpublishepdga),ed hESCs
haran' 1 DreOBRBEeTTICEEUEN 46 SRS By Brea Giea et epiar (ot shovn):
is likely that the passages of MSCs used were already too far pre-committed. It is .
interesting to see the combined expression of collagen I and IV on the protein level by
undifferentiated MSCs. For osteogenesis this would require only to downregulate
transcription or downstream regulation of translation of the collagen IV message, and
~ for adipogenesis, and as shown herein, this would require the downregulation of
“collagen I and upregulation of collagen IV and appropriate remodeling. v
: Chondrogenesis, hewever',gwould require a new collagen type II to be over-_expressed
énd to override a pre-existing large amount of coll_agen L. In order to study the
mechanism by which mMMC does enhance differentiation, the deposited ECM was
studied for its lineage-directing capacity. Demonstrated herein is that the ECM
enhancement drives the adipegenic differentiation and works as the amplifier of the -
differentiation signal. Using ECM decellularised via detergent treatment (see Figs.
: 27A-27C), it is shown herein that lineage-directing information is retained in these i
f rriatrices, in particular if they have been laid down under MMC-enhancement. The -

- niatrices were able to increase the level of mMRNA expression of sentinel genes of -



-63- hESCs cultures, which is inmportant in ensuring their future
application in transplant therapies. Human ECM propagated hESCs retain

di ff er entwetzbomos®paci ty after |ong term passaging. PCTAS2a11f000081 St ep
towards characterizing the differentiation potential of human ECM cul t ured
hESCs, neural differentiation was indu®dd in vitro. The results showed that
cells cultured on human fibroblast ECM fornmed | ong extensions that stained
positive fasipogengsis. BBAIR'rYnan earhﬁmzrhﬁr showed@lgemrahimlfeeseeth@ti agpeased oy,  31B) .

Mmaduet | on Bk BPYE R ohOE ARl REREE oG P P50 R

di f f er ent i @ddsienl mambllmsa:@sms is remark&blagﬁeﬁﬂ[&jfaemhﬂrthmﬁmceﬁ hvereabi | i ty of
hESCs to dlfferentlate in vivo was al so analyzed. hESCs cul tured :
passages vitscellylafised rather h?f%lllhl?a@n&t%@béﬁ'ﬁtliﬂéP%%ﬁ%E¢Mmﬁf§rﬁnﬂé‘§aﬁﬁ%al yzed.

The res“'t éﬂﬂ-i%,‘r’]lg%g%ﬁa&ﬁtlg)lﬁ E&#Qﬂﬁﬁlv\é’ﬁmésoéh%@d O er RSk g@msg;gé‘fo‘%ﬁeéé” DxSDOC

or teratoma t1ssue sections s
di f f er ent i imsteidesst0% of tlreemn'&nmh campassonatb. celbseihﬂsimlly mndrced wéhmet i ng

epitheliu carti| age equs t ssue, ur Human E ropagat ed
hESCs mai Fﬂ FWBEF"W&E@HGHP g Vﬁ*?l é eﬂﬁ’ﬁ%?%l’ astic Werg&pim Cg‘gﬁdpngA-
expr essi o3t iE Qﬁld%fsﬁed D}é(dﬂfe%@ls‘és\l'egla@@fnlaﬁ&?Rﬁ%efuilg/di@?e?&ltﬁldﬂl‘aldﬁfoc%r i ng

propagati on-on Matrti gel However, °
subcul t ur i ang itmighg bdthapa§ evechsiglrdration psm@dwcellalweye mowdowwe@n@a@mges si on

of hESCs an nat ri ces 62. 8%,1i SO 69

O Dronac P srpmrond yiee die. Monibe Alodk SUPRDF HR AL Rl h8Fea tr? ©

Dx SDOCDOCGHE ballsestpbed®s lingge-ditebfingdihatriRedBilY iveted wellloh lﬂlﬁ@ﬂw secomeg. 32) .

| nmunof | uorescence st ai ni ng of adherent hESCs for Oct 4, SSEA-4, TRA-1-60,
y

TRA- 1- 81 a@d@osmasewr@ed heirampsessivalyrupregubated giRMVR loviels. detogether

nor phol ogy, A 1
col oni es Itges%%%ﬁel r é% t%gfg‘g‘%’g%ﬁg@%ﬁaﬁeﬁ@&egg%h@%ﬁun%la%gte{b%%
di f f er ent ilgsiedf thelckls amah@s ossek béEG:Mcanb@tmandmdpem\eslg(aﬂdymam thé¢ th Fig.

30B). In keeping with their norphol og these cells showed Ioss of
pl uri pot erfispolpsioR&Ff C@kw@@%ﬁar@&% I fgct, BEM quFFS@g‘fﬁf PG lysigtsscs

estimated to be in the range of 90%. N,evertheless, the ECMs generate via DOC lysis
retained lineage directing information, and a substantial part of this information can be
removed from these matrices by neutral salt elution suggestion ndn-covalently bound

molecules, such as growth factors.

'Example 4 | Human Fibfoblast Matrices Bioassembled Under Macromolecular
Crowding Maintain Human Embryonic Stem Cell Pluripotency

Feeder-free culture and propagation of human embryonic stem cells (hE.SCs)i |
without losing pluripotency and proliferative capacity represents the curré_nt challengé
fdr their clinical application. The murine sarcoma-deﬁved extracellular matrix (ECM)
Matrigel is widely used as cell-free support in combination with conditioned or
éhemically defined medium. However, inherent xenogenic and immunological threat§
invalidate this material for clinical application. Employing human fibrogenic cells to
‘build ECM, however, has been hampered by inefficient and time-consuming deposition
zn vitro. As shown herein, applying macromolecular crowding creates an excluded -

ﬁ V(Z)jlume effect, which in turn accelerates ECM deposition substantially. This system was



-64- passaged on DxSDOC and DxSDOCDOC showed | ess cells losing their
expression of pluripotency. markers (arrows, Fig. 33). These results
suggest awbighensdegr ee of mai nt enance of hESC pl uri pot eqTsGaerlesost
expressi on on human ECM rather than on atrigel. Epigenetic profiling of

Mat ri gel - propagat ed hESCs ver sus human propagat ed hESCs Stem
cell-specific DNA nethylation patterns are inportant nol ecul ar. markers of

pl uri pot erisgd tpdeposithwanr EEMssvery lawseran eenstitions in &we feysply Wir3s feth st at us
of the OCF el it ' [ a Qe t hyl at ed
in differ ﬁe}ﬁ(}n?{&qe gféﬁoibgd.g{sDﬁeké%éﬂ?éi@ﬁ? sﬁllfg'ts{g?w F%L'ség%edﬁgflng wagoﬁ’gféecfgfo

anal yze OWeposieidhydtatesationted ieSitepapation vBHE AEST iViehermgelly defiredrealture
fibroblast -matrices. The results showed that the OCT4 praqnoter S .

unnet hyl atregmh & Pveeﬂ[]_h?ttereﬂtgmgﬁi@%amgel in terpig ‘#W@Pﬁét}(‘?n @%{%&gs |
eXperi Mentgihdus ks gfglluﬁ biehtyenAgR AR HRI-ANbABLBAISEsanal ysi s 1o

determ ne 'tj‘he e tron status of 27,578 G di nucl eoti des. This anal ysis

was per f orgeadratidtundaE8@somoleculae crowdingliongd the DesHeitl propEgatioaObbECand
gener at ed

3,m!llion,d i nt ith b | for. i.ndi,vid mar ke
rangi ng f rih e%{ﬁ%%é’fﬁé?ﬁ‘?rg@)gx%d %’%@Bﬁgﬁ%f‘éﬁﬁ#&é%&i”g@gﬁélﬂgﬁg?elg g%éeéLZnt

anal ysi s, @4 hndsbsfafiiBlSeiRntaifdraneutaneladé e IGédnel-wideahlesis REDNK | uence of
sex-speci fi.c X-chronosone nethyl ation differences.- Unsupervised

hi er ar chi oagthglatien staten gevstled Bigh ovevdlysimdeatyrhstiveentmpaatE@Yl- prbfi | es

t oget her with. 14 ' rof i fro i =\ hi gh
overal | sm%}'%% ff‘g&?‘%& ﬁ%ggsng?ﬁ%ﬁ%? ?S(tjlrﬁl Etpdgff?‘%gﬁé;s 0t(§1‘4 5 %gﬁ%ﬁgl gl %g%lfeq}/ ?ges .

A conpar i sfafictiyns Wekdiesdnt. OTakpR tdgethes hagfanBTMMaéposiyal bypsulleciddI¥oblasth t ur es
and between Matrigel and DxSDOCDOC cul tures reveal ed a hi gh degree of

si m | ari t yinget magemolsulap proxiding [ArcE e ARPEIa uman miasYFopmet oHowever
this analy HE&e 0§9 argéial ed-426 nmarkers that were differentially nethyl ated
bet ween Natri g ,a%él % SDOC cul tures and 194 nmarkers that were S

di f ferential | y Soetésgfud propapaionadhESESs in gdiuraparsi»s$POGPREentlyt t ur es. These
two groups shoyed an overl gp.of 49 rkers that, were differentjally
et hyl at o HAIEERY BaT B L aingdhe s ST The 49
mar kers r Eiﬂ\é/\@cilﬁﬁg dﬁfe@?ﬁfﬁﬁéﬁ tHhE Whn &t 1&@ﬂﬁsora@rtt§ pfiée hESE-pléetifdt&dcgnt

functions.” While the functional significance o I s observation will have
t o be analBigeetring wonk by &riftf Bdigse made if pospiblesto iprepagatathESKs uging fasoent i al

Tethyl at onof CerLail gengs, Conl WLeS b 5081508 [ Yoa)! SHiERENCY Of
epithelia from human reproductive organs were used, and for reasons of practicality,
inactivated murine embryonic fibroblast (MEF) feeders. The notion that MEFs and

j éﬁlmre. ingrédients of anirﬁal' oﬁgin harbour cpntamination risks expression of an |
irﬁmunog'enic non-human: sial_ic acid on the so cultured hESCs (Mart_iﬁ M], et al. 2'0(‘)5v,‘
Nat Med, 11 (2): 228-232) intensified the search for human feeder ﬁbroblasts (Rich_ards
M, Bongso A. 2006, Methods Mol Biol, 331: 23-41). It tufned out thét not every cell
line was a suitable feeder (Richards M, Bongso A. 2006, Methods Mol Biol, 331: 23-
41). Furthermore, co-culture of hESCs with feeders in general creates noise in hESCs
énalyses, and feeder layers admixtured to hESC populations represent a regulatory

: (i'.)bstaclfe. Therefore, feeder-free culture systems have become a priority in hESC work.

. It was therefore logical to 10¢k into MEF-derived ECM and human ﬁbroblast-derivéd

ECM for t'hez propagation df hESCs XuC,etal 2001, Nat Biotechnol 19: 971-974; _



Di scussi on Shown herein is that human ECM bi oassenbled in vitro can
support hESC propagation at |east as well as a xenogenic tunor matrix
extract. wbeonetsises are generated under macronol ecul acT®Gavdiongsi n or der
to ensure not only speedy deposition in_a short tinme wi ndow of 48 hrs but
also with a deposition yield that allows for |osses during detergent-based
decel lularisation and a crosslinking that renders the nmatrices nore

resi st ant Klimarskayajeat alt 2008, Ferqer 36rdeBer104kiMeng Gf efaad| 1010y fieg Gedst ed we
found thatyth j ' fjbroblast cell line, W-38,
was nost p%?vn?g?%%%%E%%%S%BQS%&S@ l,eleLl ercggg matrices generated from
human enbr yoni déwéelreywiir the A vifo p2&fhittioROEOM Binpudiente datd not posen t t ed

teratocarci-noma cell line, NT2, were unable to nmaintain hESC pl uripotent

prol i f er atRfebleBethsi@iticien suprageoleculyy sssemblyr and) stablesdepogifign as dmafx

macr onol eGlles: Sels eat inf: . 2k€.8ai nent s
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Bot h, espgR0Gila))y TheSEE I generationad ECMheithen floar MEFs poputhan cals isloubl i ngs
achi evabl e :by, hESCs, with better retentiqn of differenti d hol ogy,
o ur i pot erEhperical edte calre Pt aRcy 31 FBv Yrones SS wdbr o e

Matti gel . Hafmn!seRinf3epectirlly @ARRadskAARA &l ranber] 3651 4360422003y Mengs by
excl udi ng ‘avail abl e volune 1 n the cul ture nedium ‘thereby driving
rate-|im tGrag ab22YOwStém CellePev d9():rH7H356y). EBSIpagesa xkmpgenic thogaty( Lar eu RRet

| . 2007a Ti ssue. Eng, 13(2),:. .385-391): | , | . 2Q007b FE BS.L
581 2700, ARG Enel it Rigepterorat §breildnfineB ow adP iho et o ° °
Peng Y, Raghumaisr HASGOMBweldtaRifin Seruth @M imiged Supply iat wédires Agbmdis Ng

macr onol ectul ar crowding to drive extracellular matrix enhancement for the
creati on cfaliyrmeatel, becapseskuman pathogeppmight breven moredgbHietingthan ¥no- Eper | D,

| N- TECH, Cr.qat.ia)asNBGr eGul gt ' - &S anol ecul ar
assenbl y 'gaﬂ%gkﬁa%%glhgg%téﬁt‘é#}yﬂcg%'gwg?%ﬁ?ﬁé@tﬁmféggﬁ §?2®éW et al. 2008
Curr Qpin Cell A¥ alinkbnbdiae4dpludioh; Matjgel isrvddélyiusébal odvmansraiallgayaildbtd h
collagen |_and fibronectin are major. ECMc nent.s, actjng as,.two of the
mai n st r udieMdpr e pronseationt HESG, pesferablyrip &”Ef-co@htméwhw TRYdigR 08 1

| i gands t g | ent: 02 - : &l J

el T ul ar - PRsRahioRFEIARIAnTald BuE, AU RRINE N D T e csary
but suffi ait ehtNat Biotedinbl 24420 \185-18AI(2006))y Matieged i renonstitubert fremtbasemgent o

substantial ECM c nent. | oss, it apparently di not-.canprom.se E
functio nalrf‘?r?EbrﬁB‘? olsing sf,crei'“?ﬁf it E‘ﬂr‘f“ﬁ %arr‘é(}l%g&l ]llﬂee(il@?fr{gﬁjé E_ﬁseéaﬂfe
conbi nat i qRgeRB;&A¥A Al 61SEEPIPH. BEAESS ft Bicks SthhirBd QPRAT fof nitRld faSers@RNs to be

crucial for maintaining hESC pluripotency (Ludw g et al. 2006 Nat
Bi ot echnolmemirape, itligsndlgat)to what extensithia gnajerial han emulaief nativeduced anounts of

collagen 1_in DxS i 10y d SC prapagat ion. and epbryoi d body
£ or mac’ on SRy R S Dk TR Viras BSEP R Rto s Tla RIS )
di ff er ent ippéventin@thelthibfcal applicatiar éf Mutrigel‘FaliiiedBESCY) 18 addtionahe DxS . m ght be

due to quantitative and &al.i-tati ve aspects of nacronol.ecul ar ¢crowdi ng.
Macr onol ec@spesure plohel Gio Matpiel induces disastorexaresennpirhyman siakigagidcr easi ng

enzymati C . |1 nki % i . ' I ' Ti/S En
132 3gaYCu3GE Wt ¥ Al 48 YU, PGt iR il @ﬁ?’%%ﬁ%n%engczc
and Raghur@irh Odin Théem BiolHiIbBDHBBG)SI s & Ti ssue Repair 2:7) and by

transgl utam nase 2. The overall higher degree of enz tic.crosslinkin

mi g_htgl ead to @W@&I%Fher%ﬁlﬁﬁﬁp%ﬂstﬁﬁ%s%'éfﬂpahwq“t@m?%&é{ﬁhgamﬁe? {the poC
lysis st e%uﬂ%ﬁ%;ﬁ%qaﬁeénﬁ@g&moﬁﬁﬁﬁ%f AES e %an be ridfiCProddiéd, 8nd he

absol ute anount of collagen deposition 1s increased under nmacronol ecul ar

crowdi ng - (requires niRRkeal @t no 2MOusts Of sgum. Ehgs b&nZzhows Pbevd@s)y, thattheu RR et al .

2007b FEBS Letter 1 2709- 27 it so wll in se. th r nce of
col | agen- l?flh’cﬂ‘ioﬁé’f?’p@%ﬂj‘i‘?x iéﬂﬂééab’é%)g(#ﬁu%ﬂil'l?‘é@%l\f’sﬁﬁ%ﬁ?‘a 1998. J
Mol Med 7633:-39)); 12@&r RR2? aSODONEERS Eerrd?a 9850709337143 QPR kiR b 70D araunol
7(2-4): 89-101), and so both anpbunt and total conposition of ECM post
detergent treatnent are increased in conparison to ECMforned in-the
absence of MMC. Interestingly, mass spectronetry anal ysis reveal ed the.
presence of transglutam nase 2 after DOC and DOCDOC detergent treatnents;
this enzyme plays a role not only in crosslinking proteins of the ECM it
is also inportant for apoptosis, cellular differentiation (Giffin M et
al . 2002, Biochem 368(2):377-396) and cell adhesion (Wang Z et al. 2011 Exp
Cell Res 317(3):367-381; Nadalutti Cet al. 2011 Cell Prolif 44(1):49-58).




-67- Wth regards to conplexity we achi eved overl apping and in sone

i nstances di screpant results between i mmunofl uorescence and nass

spect r omawowo1ivibgdse i r nmunof | uor escence studi es confir medTiSieeopreasnce of

heparan sul fate proteoglycans, LTBP-1 gagd decorin, they did not turn up in
mass spectronetric anal ysis. | munofl udrescence anal ysis does not require

as many pr.ocessing.steps,as. S ectro r and. the multiple processing
st eps reqdﬁﬁ%@ahﬁgpﬁggHQEQHg%ngwgﬁﬁﬁPpgﬂgké%pg%g%éﬁﬁ?ﬂ”ﬁé%QHV@ﬁ to the

| oss of c ] j i i i ; e.
ggggﬁw)aeacfs@é BhitanBE Add &Bﬁeﬁkeﬁ%@mbﬁﬁoﬁ SRR IRH s&eh

Nevert hel t he overl apping results betwe he two net hods confirned the
presence ebnditibhsfpescribedtheteinisdbe ise ofithis téchnology to genetatddenmat | agen | and

fibronectin, fibrillip-1 plays du roles as a structuyral .protein and as a
bi i g poasseses mefishs el i A i BT R R EE NG ey ot h W

al . 1998 Iegjuhdidswitienlfit fledivhd, (X, mPESRIG4)chetidany dbfind cageRci ate into
mcrofibrils and bind to elastin to formthe third structural scaffold of
ECM ( Aunaimédeymi| Gayraud B. 1998. J Mol Med 76(3-4): 253- 265). Heparan
sul fate proteoglycans are docking points for FG--2, an inportant growth
factor ad I iRe SC cul ture nedia. Soluble FGF-2 has a notorious
short hal ﬁﬁ%ﬁgggﬁl\ cup}ollz}rge medi um However, when bound to ECM FGF-2 has a
pr ol onged Préepakapnedlcelitice aratiddsf ki n DB, Moscatelli- D. 1986, J Cell Bi ol
109: 1-6; Saksela 0 et al. 1988 J Cell .Bipol 107: 743-7 .. Anpt her commonl y
added growt h ffg}ETSPlaFtcﬁehﬁEéé@ was a?MSQ“fB’ %F%be&r(iﬁeﬁﬁ%a"é%r%@astor ed in

its |atentr{ne ?fhg 99@9‘0@8%039’115}%&11 RRagQunabM MEBE 13kers 5899769071 H\RaE
Dermatol 111(4):7559-564; Taipale Jet al. 1996 J H stochem Cyt ochem 44(8):

875- 889).Y;Rughumith 3. 2080 sBhaptar$: hearningtfeorn matrel @mulbting nzsceomolearan upon
demand (Annes.JP, et al. 2 J |1 .Sci 116(L2),. 217-224. Cho et al.
1995, 3" ORTSVHIRE e ler ety antscmen i3 e ERARAEOoomenetlso® Fa o
pr ot eogl yGaRfrcA R TsdiRE dgihderihB Ced) BBEN DD INAFEH It Rdti s Wil IB8efbrobidits at es - t hat
the can capture and retain growh factors and cah condition hESCs during

cul ture. BATEC)at passapeR0cR? wene serRBOACRHO0Ngells/@rsin cyliurerpdates oreffaskand,
serves a different role. es,. act.l V& I t | ati ng
Tar 31 stOraRT el Feh Rt HhERuGIR T VBRI S DM, R UEERb R

condi ti onidag, dultureE&fiem wWasechanyddito 813% FBSf(Gilsdoh nledRith domaidingSOap/mtl i n t he

human matrices woul d thus help.to keep TGF13-1 signaling to_an optinum
| evel for apgodkis acid (§¢ako) with OFl"‘ﬂ‘élPPS/I,OOES%ﬂaRHS S&B@@Pg%[(ﬁéﬂt%“%ﬁ"é BE wor k

t hrough d%[%psa&& b 3hbnI"FRIRODY. Ahdd LERRIDAS) &lﬁ%&'@'ysﬂ&@gg%ms{gmsuch an

ECM preferably as coffpared to matrices “generate such as DxSNP40
and FcNP4Qysed twithcedeoxytimlate ([DOCY paragseathes), DOCBIQE ik GNblied) at NB40 fysor t ant |

as not all cell es .can generate ri pat ent, hESC; conpat. bl e ‘as

evi dent b?rqtﬂ%"ldﬁéﬁéyﬁﬁﬂ% 50 'HOWSt%%légg’eﬁﬁ I@émeﬁéf&é‘bﬂéan@‘ lﬁﬁﬁﬁtﬁ%g\r{'{ﬁr yoni ¢
ki dney 29306 gblodo@iChikféid RERHeRIaBNTP. AN dESX ToMpl&tk PrdiéastdpsiBEss (Fi g.
35). The hESCs formed | oosely adhering dense aggregates on 293TDOC matri ces

that nay KBoche).RQADEL brptdcat gensistsaafison EimimitessincitaEws o idetafileido BHONT2DOC

matri ces qr [ P | clusters.that en, exhi hi t crater-|ike

et phot o BBt Bl TR etd GPraRsl s e I8, S idubeomon
clusters R@yofalos NohRieb PLADGHEHIGI X WorhHle@ProxRMTRRBItOF arfd tRiot INAHutes
differentiated cells. These norphol ogi cal changes in hESCs were brought

about desphqubationeat 39eC of 13RSRe (USBidlogisab oelipvhag bsis, albggtricepverde

cell-type ci ficol t o T] mg
matrices 't‘»xﬁuseds‘;é'irt@gggs\g t%giﬁgi So(ﬂ'e{l %te‘I %‘eg?%%lﬁ%??%gﬁngﬁé, Wi rﬁegtc}t? ﬁ){ﬁe

i nf | uence NIf2 gelrdn-Csthinittedttematehiciiota s avd seedddae 56j000ellsném? dueh iwl e of ECM
on hESCs propagation._ The cor(y)l exi.ty of the matrices and the preservation

Ay BRY EMe bultarednediuma ivas changer £8.-5 %

of their FEMugPlaesrdlagksin | _
| uri pot ertrt. G i 4 . rl i tehi . DxSDQOC
End D SDCE VR AR e PO A At RO v fn MRl e
derivative and our human bioassenbled matrices. 13 out of 44 protein
identifications in DxSDOC matrices were not found in mass spectronetric
anal ysis of Matrigel sanples done by Hughes et. al., while 14 out of 29
DxSDOCDOC were not found in Matrigel sanples (Hughes CS, et al. 2010,
Proteom cs 10(9):1886-1890). Differences lie not only in the conmponents
found with each ECM even if a conponent were present in all three ECM the
conponent could be a different honolog in Matrigel; 15 proteins (DxSDOC)
and 8 proteins (DxSDOCDOC) were honol ogous in nouse. Several of these

honol ogous proteins are inportant extracellular matrix proteins: collagens,
EMLIN1, fibrillin-1, fibronectin, tenascin, thronbospondin-1 and
vitronectin, which play significant roles in regulating cellular functions.

—— S o o o o . . o



Matrigel is commonly used for feeder-free culture of hESCs mainly because
it is easily available and convenient to use, and nost choose to overl ook
its di sadwanvagess properties that it is of non-human ecirgcae1anest unor
derived. For the purpose of clinical qgg}ications, conveni ence and easy
availability are insufficient justifica

1ons for subjecting hESCs to
subopti mal _conditions, and nmay inpede th r.ogres f. hESC cul ture
condi t i onglay ?roasgaé’ﬁ OifH@&PathQ’Frcﬁﬁ%- ﬁﬁ?ﬁyﬁ%ﬁ‘%@ﬁﬁﬁﬁﬁg otocolas \pre
recently, dog-fiflde -éraﬂaethwﬁuﬁagqﬁatﬁ&%'saﬁedm%@&d@ésc cul ture, Corning has
| aunched a new product tfor hESC culture,- SynthemaxTm T Surface,

conprom sing a vitronectin-derived peptide covalently |linked acryl ate
pol yrmer suES&cailtuithi s product was | aunched based on the work of Mel kouni an

et. al. who describ nf ai ni ngpreptides:| i,nked r e - f S
Ui tabi e for nEgebdty CVTERA Metiead ek abBiney JETIC RIS IbAGHS
have al so gh@Rsfiated ohldMER ES(dersaaireasverpl Aftét I \Rsapss 6 METR] the hBSICsTer
coatings i.n conditioned nedium (Villa-Diaz LG et al. 2010 Nat K Bi ot echnol

28( 6) : 581-vBagpassagedarsingtcoagenase BV ((Fibea) gy dispesed Stamitel Rbgshaelgaiepkendo a| one

was not t Y i | r ﬁ@%ﬁ E’Hi ggﬁgﬁ f 5 not all
RGD- cont a:lg?tﬁgklp(gg)i légébégs&gw a 25% oucﬁil‘ an tgféaa Sn@&gs%;it

Bi ot echnol(SECEll Tdhfol64i69). wilthdsly chiasges ahth sutmadtatelichenty)s-7 days. r egi ons ot her

t han the RGD sequences serve crjtical purposes, possibly serving as binding
poi nts f orReprasentatyeyelliswers spfnftped %Qitceﬁ ﬁPV‘tH’tﬁz’s)’ chp{eﬁﬁ’@t %’Bst rate
presented Feafatd 13tndduBihds0r hESC attachnent, it has to provide
nmeans fo'r»p%%ggé;ﬁ)t%ng otﬁgéh mR)(I:lro en Sronment al cues to the hESCs to
maintain their pluripotent proliferation. This inplies that for sinplified
si ngl e- corfflarmesterizetion offEKisbst r at es, the source of the binding |igands have
to be either the cul.ture medium or the hE e | i itself {Azrin et.
2010y TS ERed oS ey sty e AT (ke ARk o et &
was unabl @dh&emBimhdoRudreldnoate: Fit antBEBEA-3 (CH@hicoDImousd antieSSEAi4a, St enPro
and nTeSR, while unable to maintain another cell line, H9, in_nTeSR The

pol ymer cd&hemigonhandeera Fings 48 ehickes antiimeuse finmbrqgensingridesa Flyor 488
passages. ken. . t bse ' rt f d1klq hood t hat

si ngl e- coﬁ%gtn%ﬁt}agﬁﬁ%‘%?éenglé%??%f??%gﬁﬁrtr%?mzz’ﬁﬁ%ﬁégﬁﬁ?{ﬁ%sll%sqel ectively and
only in cqQhemiizbh) mowsé intCERASI-81 (Chémiken)Adkixa Fluor 488 donkajcaiti-gugt t hat
sinple si ngl e corrfonent culture substrates are | ess, rohust than conpl ex

nul tiple & AL Adershipen 394, goghanti-mepse @aviiregssy) apbOAR. af f ect ed by »
cul ture nedi um . i : iS¢ i ,1CH ‘

Vari abi 11Ty betubinrty D ek ity hERC VR ERY i1 lel Were

sensi ti vi tharvested nving collagenase IV emd weire hijectal ioghiusduieel y(invoahe dighthind'. 2010

Bi ochem Sqc Tr 38:1027-1032), t.he use of sinple conponent subsirates
Coul o' eadmto LS Bty SARL Hatcstipiosh e wad Ops e T e Ry
preser Vi Ngygy Wdeﬂqkeeéarégﬁﬁlg%?mté. H}lzsté wed BB vsing c%u'gggrﬁié Narldseb&® Si npl e

conponent substrates, conplex culture substrates coul ove, over |ong
term to latommeadhierdnt plates {Coming) tesfoam amifryeid badigh nsing 28%dkageckentvi r onnent al

cues com fr ul tur.e di a t.he cell.lipes th el v As
such, dev 5%@:‘7?]1‘“ e‘ééﬁ‘/l!g{%ﬁié?ut?MEKQ‘BWBO?T@'g‘%‘ggc‘{;ﬁgghceuﬁ{ﬁwg 1?1“3} sought ,
but rat herydiSharktied 1é DMEMSF RX@6Vitroa) bippdeihiaeswith WoaresdntiaDithiadtasids t 0

synt hesi ze ECM was used. Al.t hough the use of human fibrobl asts to produce

human ECM(Hivifrageah PRainvigogsn).dieparin (JigmalandftGl-@ (BrpSpee) and epsqid| e usi ng
aut omat ed ;caql | ‘ , mﬁ.y' rstood t hat
t he stancl,z;)(r(:)gietszl‘ﬁz3 féﬁeéﬁ%dﬁ%?%lﬁgﬁasrdgﬁ e{l]l n%tgpﬁ%gr(%g%asts gfrdeﬁ@u So%%tqignal for ECM
pr oduct i onR¢edeld@into lamfidit (Sighapdodtedwslisardefor Mdaysv Samples sepd formgldehyde-
macronol ecul ar crowdi ng to nmaximze E roductjon, before procegeding with
cel | renpied angHamyR l,gbqlﬁd-wgh r%&@&%f@gmimw apd é%@&a&'éu‘erh %nati ve
propertie . t kR dDY&pp process, as cells detect the
conpositi %rl%&i(aﬁe%ﬁ%etfa?y{ g}r#(ry gl%le{]?%ess of their substrates (Daley PW et al.
2008, J Cell Science 121: 255-264) and ECM properties affect cell fate and
differentiation. These aspects are also inportant for the epigenetic
profile of enbryonic stemcells. It has been shown recently, that the DNA
met hyl ati on profile of cultured nouse ESCs is nore simlar to :
post-inplantation epiblasts than to bl astocysts, which has been interpreted
to reflect the influence of artificial cell culture conditions (Borgel J,

et al. 2010, Nat Genet. 42(12): 1093-100). The main drive towards
using sinple culture substrates was originally a response to the denands
for scalable hESC culture. As will be appreciated by those of skill in the

art, the production of the human matrices presented here could be scaled up

o T .



-71- are not xeno-free due to the use of FBS, this work shows that
feeder-free human fi brobl ast-derived ECM can be used for hESC propagati on.
Cur rent | wothai/1o8d9g xenofree substitute for FBS i s hunmamrcsscami/oandit he
wi despread application of human serumin cell culture is inpeded by its
limted supply and varying quality. Si #% onl y 0.5% FBS is needed in the
production of the human matrices, |ess human serum woul d be needed.

Mor eover, becauSaryetypingsesigss wereabtaned frowi KK Wemenrad Childrensrent was

reduced t nk D% h L Ll eV h i Lon.of-FBS with
- ser (e Sikibo TS e bEpRGH IR BAARS Y o nd U7
matrices. geofleed byicentrifugatiofdhd siiap fRfzeh BGuid RitlugsRIDNAGAcE Alatideshalysld
DxSDOC or DxSDOCDOC, increased their achi evable nunber of popul ation

doubl i ngs Wt Resformedasiasgribadanrevigpsly (GronaigeyE, ¢liaf. 2018 Al Gegst- peYenti al and

as wel | as.; ' w1 i ' ahi | i O4RRY; ataon - of
s dur i et PUBYAN THHEl sholfor 451 BERG feoBbitie of o QRN GG Ratah

cruci al f owerk adgptédfrompublishedtpeimiersh ERB-Rinket P et al200%J Bdodchemed8(§): r educi ng
t he anmount: i e _and serumr ired. These c | ex, ECMs cont ai ned human
nati ve horfFRag2olr GEpemesHAE FeGRo e Eh 3 e PRBELP R o of

Inter-pr O»tI@ﬁrﬁaﬂMEtﬁ&ﬁﬁbh?ﬁEead@Eﬂast(ﬂHﬁninXPlﬂN% BRIMNBat 16vdN WEle¥BorE ablpTRN
nmodel of the m croéenvironnent for hESCs. As such, 'these human ECM provi des
an oppor t waldeg ranging from O (wemefthiytated tof (cdmepletelyemetEgnted). Cresenwieremenredt on

hESCs. Exanplg.5:Stem Cells (. ).t hr ough |4 cation-of Excluded Vol une
trroct (overtiftereniatfheyaied ShRERyelys Rlidiso BRR G oRomizer e 568 1"

cel | - basecbpaprresdwe:. bo9): £10009YD. adi pose tissue engineering to generate
novel clini.cal npdalities for autol ogous repair, reconstruction of fat

ti ssue defects and devel oppent of metabolic syndrome bi oassays. Currently,
the use ofChausterization pheallofreqypatiges at t enuati on of their adi pogenic

differentiatiol [ i 1 . j e i C i-0n 1) Banfi,
A et ol Exp RO R P AR ILAG RS BB SreSthotl A BAIRRBRID)
matri x i s Alega-blude d94 philtoddinghmivitragen)amubey aoi-lteHagead (Sigata)trhkbitanti-uded
vol une effects (.[EVE) be able to generate noyel tissue culture
condi ti on it DRkl euteAnaiensn Sul s (Y bEy SIBPOUTSAPIBAG ¢ i ons
((2) B 11 §Chdmid3n), rabbftanti-decorin (gift from Dr Larry Fisher, LF-136), rabbit anti-LTBP-

: i:_(giﬁ from Dr Carl Heldin, AB39), Alexa Fluor 594 goat anti-mbuse (Invitrogen),

i AleXa Fluor 488 chicken anti-rab_bit (Invitrogen) and DAPI (Invitrogen).

Results _

Generation of NoDxSDOC, DxSDOC, DxSDOCDOC, DxSNP40 and FENP40

matrices.

| Wi38 fibroblast cell layers that were treated with only ascorbic acid (NoDxS),

and DxS or Fc were subjected to either detergent treatment DOC, DOCDOC or NP40,
to obtéin NoDxSDOC, DxSDOC, DxSDOCDOC, DXSNP4O or FENP40 matrices.

j Hnmunostaining confirmed the loss of intracellular structures, including endoplasmic
. féticulum, Ffactin and nuélei (Fig. 34), thus dembnstrating the successful generation of
: ¢é11—ﬁee matrices. Manicés Were also generated using - 293T cells or NT2 cells and-
Sﬁbjected to DOC lysis, reéulting in 293TDOC and NT2DOC majtrices. -



Trends in Biochem Sci. 26:597-603 (2001)). These conditions may in turn
augnent adi pogenic differentiations of M5 Cs. Materials and Met hods

EVE exer two 2by/ms@ockt ai | of macronol ecul es Ficol | Tnv0 (¢8T/S&20my/ond081 and
Flcol | Tm00 (25 nmg/m ), was tested for its ability to augnent adi pogenesis
of hMSCs at a | ate passage (p8) W th aéionnercial differentiation kit.
Results See Figures 36-40. EVE augnent ed ad|$ogene3| s by increasing

amount of i pi dﬂlﬁwghtheap@@qufrﬁhqqeﬁéllemrﬁ broaghlt et loasss AfasseriaeAEsdd of
cell's that 1%@ étssuﬂﬁil' %&ﬁf@ faﬁ D§¥B céEDJo tlgﬁ%ﬁg %t\cﬁ?l tHeQii3 of less
I CO er

i nduct i on® |ngre 'S an I ner cro cause
spont aneo uﬁnﬁﬂum gemp&kﬁy aMuveale@ by ﬁnnmhdsﬂldﬁadcéxmé (Eige D®) andemawsr e gener at ed

for tissue engineering via

spectrometry. In DxSDOC matnces collagen I was identified as granular staining, but
vwas barely detectable in DxSDOCDOC matrices. Fibronectin was present in both
matnces in heterogenous d1str1but10n although DxSDOC matrices showed more
ﬁbronectm aggregates. The colocalization of collagen I staining and fibronectin showed
the.preserved interaction between collagen I and fibronectin after detergent treatments.
LTBP-i_ was present in apparently equal quantity and morpﬁology in both ECM types.
The micreﬁbrillar compohent fibrillin-1 was found in DxSDOC matrices as large
aégegates of_ irregular shépes, but was undetectable in DxSDOCDOC matrices. Both
}ﬁatﬁces SBowed a speckled deposition pattern for decorin, with weeker intensity in
DXSDOCDOC matrices. Hepéran sulfate proteoglycans were found in DxSDOC
matﬁces as fine aggregates and in DxSDOCDOC as larger, more diffuse aggregates. :

_ Mase spectrometry of the matrices found the presence of extracellular matrix |
proteins such as collagens, EMILIN-1, fibronectin, fibrillin I, tenascin, secreted protein
transglutaminase 2, remnants of detergent lysis such as cytoplasmic heat-shock protein

70kDa, cytoskeletal proteins actins and tubulins and nucleus-associated proteins such as

histon'es. .

293TDOC NT2DOC NoDxSDOC DxSNP40 and FcNP40 matnces do not sustam
plurlpotent morphology.

As an initial step towards the charactenzatlon of the human cell-derived
matrices, the morphology of hESCs cultures on the above-mentioned matrices were
analyzed. hESCs cultured on 293TDOC and NT2DOC matrices exhibited differentiated
morphologies after 12 passages (Fig. 35); hESCs grew in either optically dense
'dggregates resembling erhbryoid bodies or in monolayers of large flattened fibroblast-
_hke cells. -

j Flbroblasts cultured without addition of macromolecular crowders were lysed
;w1th DOC protocol to obtain NoDxSDOC matrices. hESCs cultured on NoDxSDOC
matrices proliferated (Fig. 29A), but the hESCs did not maintain the morphology typical



EVE. Exanple 6 During Adi pogenesis of Human Mesenchymal Stem Cells - Tool
for Transl ational Tissue Engi neering The physi ol ogi cal

m cr oenviwonuans®s " ni che"” where human bone marrow nesentlsgaedi/oseo8m cel | s
(MSCs) reside is crowded due to the de%?e arrays of extracellular matrix
(ECM macronol ecul es and solutes ((1) Zfmmernman, S.B. and M nton, A P.
(1993)). Taken t oget her, these nacronol ecul es_occupy a significant

fraction (¥hphréngteny hESCSbypassage hEFigA9R)- The maientyelhIGrgrewdn pptigally| usi ons

ef fect. i { fenSonsh ARFARL£BRAE 9RbHoi AOEINERCAB R FspllifREay the

equi libria and S reactions. dependent” on non-toval ent

associ at i atiffentidted fibrwbiast-liad cadls alhat seangege, and flaktemsl. pr ot ei n and nucl ei ¢
acid synthesis,_.internmediar. tabolism. cell signaling gnd.gene expression
(T2 Mnton aFibioofarbaist ek BRI b L orgft Wik ksaniane NE20

cont enpor ntoedl th WhGiSBRSRPE) 8f EcNPA MgikiStd. AEICOWekd A PREBICR ddhergtoWdi Ng
where thin cell layers are flooded wth agueous nedi um which result in the

di | uti on gfrokfermiabn pigher n@ricesoCellsithadhad settled pn thedwttomepfolstachedheasilyt he
extracel |l ul ar rix . (E ) Lareu AR al ., (2007) Tissue Eng. 13,
385- 391) . refflov et mécfiapic d‘éﬁ“fﬂ*‘é‘?@r@?%@?ér?“ﬂfﬁ Cs i s nodul ated by defined

sol ubl e factors and cell-ECMinteractions; both which are affected by

nacr onol ecokSIDOEHA DXBD@ODRIOELrCEs habied Gupérivapeplatidiiddublingd ingBSCs
receptor binding and confornations of cell surface receptors. It was
hypot hesi @ toMatrigeldi tion of a neutral macronol ecul e cocktail to

L i
deposi t i ommattices for metg20 paseages using-Efther ichilagermase IVrortdispase Wiy ditharli pogeni ¢
different ié%tzgrr?lgs, %ES(I\,ZSB gl?l'tureR(?(s)rllJ HX%DOC or DxSDOCDOC matrices a'chieved more

pbpula{tion doublings in comparison to the bontrol hESCs on Matrigel (Fig. 30A).

Morphologi-cally, DxSDOC- and DxSDOCDOC-propagated hESCs retained their

: typical small size, high nuclear to cytoplasm ratio and grew in distinct round colonies
throughout the 20 passages. In contrast, after 20 passéges on Matrigel, more hESC
colonies lost their clear borders and larger (differentiated) cells occupied the space |

between those colonies (red circles, Fig. 30B). -

| Human ECM-propagated hESCs maintain karyotypic stability
Because hESCs cultured on Matrigel, DxSDOC or DxSDOCDOC matrices

showed differences in their proliferation rates, the karyotype of hESCs cultured uhder_
the various experimental conditions was confirmed. DxSDOCDOC-propagated hESCs
subcultured using either collagenase IV or dispase retained normal karyotypes for all

‘ fested 20 metaphases (Fig. 31A). 18 out of 20 metaphases of collagenase IV- |

: subcultured, DxSDOC-prbpagated hESCs and 19 out of 20 metaphases of dispase- -

I sﬁbculturéd, ’DxSDOC-pr@i)agated hESCs were karyotypically normal. 19 out of 20

friétaphasés éf Matrigel-prbpagated hESCs were normal whether subcultured by either

ehzymes. This indicates that human fibroblast matrices maintain karyotypic stability in



See Figures 41-45. Crowdi ng augnents the process of matrix renodeling
duri ng adi pogenesi s. Crowdi ng augnent ed adi pogenesi s by increasing
amount ofwoybopios®ai ¢ |i pid accunul ated within the cell pcirscreasmgt
percentage of cells that undergoes ad[gggenesis, and increasing the
expression of key |ipogenic gene (aP2). Mat ri x deposited under
crowdi ng serves as a better, substrate for adipogenic differentiation
conpar ed thESSis£8tHres oV high s impoapide iepating thehBIte aBplication Icrantpeny.
Crowdi ng gy Rt s adi pogenesi's by enhancing the deposition and renodeling
of a lineage-specific matrix (niche). The inventions illustratively
descri bed herein may suitably be practiced in the absence of any el enent or
el ement s, Humart BEMbpropagdtedhESES otadn diffsrentiption €dpocity sftatilend tewrd her ei n.
Thus, for exanple, the terns "conprising”, "including", "containing", etc.
shal | be P85¥EEEpansively and without limitation. Additionally, the terms
and expressi onsA£aRtPYef tdRired ehahitvdizifehe diffferdfatib® poRnted] ol BGmAh pt i on and
not of limtation, and there is no intention in the use of such terns and
expr essi orECMfculinrdddiSts, newyaldiffereatiationavastinduced frevitrar Bhe repdigrshawed
descri bed ' i i ' . [
modi 11 cat i el é‘“ﬁ%@%‘?‘ﬂ?“ﬁ%{ ?‘%‘liaﬁfafﬂhéecngé’%’g&g?’% FR OB e,
it sh ](c)U| d;lﬁlzaeitiga @@T&Ilbgﬁgﬁmatmaikémbu géurhihdiffpreatigtivn (Fig/ 6 hB). dhesmesuigen
speci fical:l'y disclaose a preferred enbodi pent,  nodifj cation and
vari at i on iBictphat fedhiS(ervere sl Freaptave ts %Waﬂg@wl%nd SrERiAtoBANd 0 by
t hose skild.ed in the. A : hiijications and variations are
consi der e(}hl?%ngfe&ag\?mnﬁf%% ngﬂg(f:g%%}%n?ﬁﬁﬁ @?h@%ﬁ% on. o

- In a second experiment, the ability of hESCs to differentiate in vivo was also

Thus,

analyzed. hESCs cultured for 18 passages were injected into nude mice and teratoma
férmaiion was analyzed. The results showed that teratomas were formed by hESCs
propagated on DxSDOC or DxSDOCDOC. The analysis of teratdma ti.ssue sections
showed differentiated structures such as neural ro'sette.s, mucus secreting epithelium,

cartilage and osseous tissue (Figure 31C).

Human ECM-propagated hESCs maintained expression of pluripotency markers |
‘ SSEA-3 and SSEA-4j expression of hESCs subcultured uSing collagenase IV
were similar during propagatibn on Matrigel, DxSDOC or DxSDOCDOC (Fig. 32). _
However, subculturing using dispase caused a substahtially higher SSEA-3 expression
ofhESCs on DxSDOCDOC matrices at 62.8% in comparison to Matrigel (13.6%) or |
DxSDOC_(28.6%) (Figure 5A). SSEA-4 expression of DxSDOC- or DxSDOCDOC-
cultured hESCs were similar to Matrigel-cultured hESCs (Fig. 32).
) _ | Im'munoﬂuorescence staining of adherent hESCs for Oct 4, SSEA-4, TRA-1-60,
TRA-1-81 and SSEA-3 Wére in agreement with flow cytometric data and morphology.
f With incrcaéing passage ﬂumber, Matrigel-cultured hESCs colonies lost their defined
fﬁargins and ‘an increasing number of differentiated cells occupied the space betweén
| éblonies (corhpare with F1g 30B). In keeping with their morpholbgy, these cells

showed loss of pluripotency marker expression (arrows, Fig. 33). In contrast, hESCs -



The invention has been described broadly and generically herein. Each of

t he narrower species and subgeneric groupings falling within the generic

di scl osurwoabsoog®sm part of the invention. The t eatlsicaga/oodosal |

pat ents, published applications and ref6§r ences cited herein are

i ncorporated by reference in their entirety. VWi le this invention has
been particularly shown and described with re'ferﬁnces to. .exa

’ _ _ le .
enbodi mentPassaged @PxSPOGnd DIDQRIING shayeddsss s losng;theip expr S’cql?é’.fart t hat
various Cg’?‘ﬁgﬁ ' viekal b5 MRYsees iR e MebiiRls departing
fromthe scope %dfcg{iase)ﬁ%\%ﬂ)tv%bnﬂe%@onpgsgsesciﬁgsg% e a%%genr g clainms. -75-
CLAI M5 WhahaintenaricaiofibBSC pluripotarich athrkodr expitession omharnan ECdEtatlser thampmi si ng:
a) cont acéYi;ntg tlhe stemcells with one or nore carbohydrat e-based
macr onol ectfBES- t her eby producing a cell culture, and

Epigenetic profiling of Matrigel-propagated hESCs versus human ECM-propagated
'hESCs |
Stem cell-speciﬁc:DNA méthylation_ pattems are important molecular markers
of pluﬁpotericy. A prominént example in this context is the methylation status of the
OCT4 prdmoter region, Which is unmethylatedr in hESCs, but methylated in ‘
di’fferentiated cells. Deep (454) bisulfite sequehcing was used to analy;e'OCT4
rrjethylation of hESCs cultivated on Matrigel or human ﬁbroblast métriées. The results
éﬁowed that the OCT4 promoter was unmethylated under all-conditibps analyzed.
N ‘In fhe next set of experiments Illumina 'Inﬁnium genome-wide methylation was
used anélysis to determine the methylation status of 27,578 CpG dinucleotides. This
) analysis was performed with hESCs cultured on Matrigel, DxSDOC or DxSDOCDOC
and generated 3 million dafa points, with beta values for individual markers ranging
, from 0 (unmethylated) to 1 (completely methylated). For subsequent analysis, all X-_E .
chromosome data was excluded to eliminate the influence of sex-specific X- o
: éhromosome methylation differences. Unsupervised hierarchical clustering of the 3
newly obtained methylation profiles together with 14 published profiles from other
tissues revealed an high overall similarity in the methylation patterns of defined ceil
types.
A comparison of methylation patterns between Matrigel and DxSDOC cultures
, and between Matrigel and DxSDOCDOC cultures revealed a high degree of similarity
with _Pérsc)n correlation coéfﬁcients exceeding 0.97. However, this analysis also
: r:éveal.éd 4i26 markers that were differentially methylated between Matrigel and
ﬁ DiSDOC cultures and 194 rﬁarkers that were differentially methylated between
Matrigel and DxSDOCDOC cultures. These two groﬁps showed an overliép'of 49
rﬁarkers that were differentially methylated in Matrigel-propagated vs. human ECM-

pfopagated hESCs. The 49 markers represent a diverse group of genes with many



b) maintaining the cell culture under conditions in which the stemcells
proliferate, thereby culturing the stern cells. 2. The nethod of Jdaim1l
wher ei n twe 20nomoensr ati on of each of the one or nore carbolsgdeatoesosased
macronol ecul es is fromabout 2.5ng/nl tg about 100mMAM . 3. The met hod of
Claim2 wherein the one or nore car boh‘?g'r at e- based nmacronol ecul es has a
mol ecul ar wei ght  from about 50kDa to about 1000kDa. 4. The nethod of C aim
3 wher ei n differeghfametionspWile shevfngtinnal signifisante of thivekienatipravill have todiey ner  of

gl ucose, su . 0 onbi natiop .4 h f. ..The peth f dai wher ein
She. potyrethah2egintunfe SOARL R BRI T Ble gifiGRn R ARy lona ey EC ™
dextran sujoh@itRitespo thesupéristplsripotaidao€ hESOS bulhiréd 6 ham&oOBOMat i on t her eof .
The method of Claim1 further conprising contacting the stemcells with a
macr onol ecul e having a negative or neutral charge. 7.The nethod of Cdaim6

wher ei n t HESEEBol ecul e i's pol yvinyl pyrrolidone.
Shown herein is that human ECM bioassembled in vitro can support hESC

_ pfopagation at least as well as a xenogenic tumor matrix extract. The matrices are
,' génerated-under macromoiecular crowding in order to ensure not only speedy
' dgpositioﬁ in a short time_jv_”vi'ndow of 48 his but also with a deposition yield that allows
for losses jdiiring detergen_t_-B;ased decellularisation and a crosslinking that renders the.

: fﬁatricés more resistant to détérgent treatment. From?a variefy of cell typ’és tested weg

found that the matrices made by a fetal lung ﬁbroblasf cell line, WI-3 8,)was most
permissive to hESC propagation, whereas matrices generated from human embryonic
_kidne); cell line, 293T, and human neutonally committed teratocarcinoma cell line,
NT2, were unable to maintain hESC pluripotent proliferation beybnd 12 passages. Wi3§
fibroblasts crowded with macromolecules, DxS, were subjected to two different
_d¢tergent treatments (3 washes versus 6 washes) resulted in two matrices, DxSDOC or
DxSDOCDOC. Both, esp:e:cially' DxSDOCDOC, increased the number of population:
dbublings achievable by hESCs, with better retentioﬁ of undifferentiated'mc.)rphology,
jp‘lun'poten’cy marker expreSsion and differentiation potential', corhpared to Matrigel, '
DxS increases collagen I deposition in fibroblast cultﬁres by excluding available
volume in the culture medium, thereby driving rate-limiting enzymatic steps controlling
cbllagen deposition (Lareu RRet al. 2007a Tissue Eng 13(2): 385-391); Lareu RR et

, a;l. 2007b FEBS Letters 581:2709-2714; Chen CZC, et al. 2009b, Br J Pharmacol

- 158(5): 1196-1209; Peng Y, Raghunath M. 2010 ‘Chapter 5: Learning from nature:

é:r:nulat:ing macromoleculaf crowding to drive extracellular matrix enhancement for the

' éteation o..f connective tissuefin vitro’ in Tissue Engineering, ed. Eberl D, IN-TECH,

' Croatia). Macromolecular crowding also drives the sﬁpramolecular assembly of
Cbllagen and its template, fibronectin (Kadler KE, et al. 2008 Curr Opin Cell Biol 20(5-
24):495-501) (unpublished observation). Both collagen I and fibronectin are major
ECM components, acting as tWo of the main structural scaffolds 6f ECM, and carry a



-76- 8. The nmethod of Caim1l1l wherein the stemcells are contacted with the
one or nore macronol ecul es at a seeding density of about 500 cell/cnR to
30, 000 celbaboimds9o3he nmet hod of Claim 1 wherein the stemrcrsiGkeli1an@st
mesenchymal stemcells, hematopoietic kem cells, induced pluripotent stem
cells, enbryonic stemcells, fibrocyt e§ or a conbl nation thereof. 10. The
method of Gaim9 wherein the cells are human cells. 11. The method -of

G ai m 1 whapgtypfother S chatiegac covalsail ex Ben-sqvalently (Rass Feetelmzoow

car bohydraé upcgs;g,gmgp@ Ilegqg@)s conprising Ficoll Tn¥0 and Fi col | Tn400 and
the stem ce S ar rrese ymal stemcells or fibrocytes. 12. The nethod of

C ai m 11 wher eiDO€had BQGDOCPsis sveat naxessanclan sufficienh for aelyjeenadvallM f r om about
2 O g A 00MB M8 LS s U St 16k SPApSRLRGln " ange
not compromise ECM funct1onal1ty nor complex1ty, in which there was interest because
| the combination of several factors in certain stoichiometric ratios seems to be crucial for
o mamtamlng hESC plunpotency (Ludwig T et al. 2006 Nat Biotechnol 24(2): 185-187).
Interestmgly, the strongly reduced amounts of collagen I in DxSDOCDOC did not
j 1mpede hES_C propagatlonand embryoid body formation. However, ECM formed in the
alosence of DxS, led to a rapid differentiation of hESCs. The need for a macromolecule
such as DxS might be due to quantitative and qual1tat1ve aspects of macromolecular
crowdmg Macromolecular crowding stabilises deposited ECM in vitro by increasing-
enzymatic crosslinking by lysyl oxidase (Lareu RRet al. 2007a Tissue Eng 13(2): 385-
391); Lareu RR et al. 2007b FEBS Letters 58'1':2709-27 14; Chen CZC and Raghunath
- M. 2009, Fibrogenesis & Tissue Repair 2:7) and by transglutaminase 2. The overall
-~ higher degree of enzyrnatlc crosslinking might lead to a greater retention of the ECM
: and its ligands during the DOC lysis steps and preserves more biochemical cues to R
hESCs. While the absolute amount of collagen depos1t10n is increased under ' |
macromolecular crowding (Lareu RRet al. 2007a Tissue Eng 13(2): 385-391); Lareu
RR et al. 2007b FEBS Letters 581:2709- 2714) it also will increase the presence of
,collagen-binding ligands, such as decorin (Aumailley M, Gayraud B. 1998. J Mol Med
76(3-4): 253-265; Schonherr E, Hausser HJ. 2000 Develop Immunol 7(2-4): 89-101),
‘and so both amount and total composition of ECM post detergent treatment are
j 1ncreased in comparison to ECM formed in the absence of MMC. Interestingly, mass
-spectrometry analysis revealed the presence of transglutaminase 2 after DOC and
' jD(_)CDOC detergent treatments, this enzyme plays a role not only in crosslinking
_:p:‘r_oteins of the ECM, it is also important for apoptosls, cellular differentiation (Griffin
"M, etal 2002, Biochem 368(2):377-396) and cell adhesion (WangZ et al. 2011 Exp
Cell Res 317(3):367-381; Nadalutti C et al. 2011 Cell Prolif 44(1):49-58).



13. The method of Caim 12 wherein the Ficoll Tn¥0 is at a concentration of
about 37.5ng/ M. and the FicollTm400 is at a concentration of about 25ng/m .
14. The meOhon/899€1 ai m 1 further conprising inducing treTsGemimedlss t o
differentiate. 15. The nethod of daimcl4 wherein the stemcells are

I nduced to differentiate by contacting the stemcells with one or nore
agent s that indg(tg dif erentl?tlon The thod of .Cl aim 15 wherein the
stem cel | s di f f BF8APEAEELOCRMP "é‘&?’ﬁffc ed gugr BW&sanmE‘?%‘hH‘rs BaGRSes,

neurons, C&£&W&§Miseo%twé%%ﬂﬁlﬁﬁ>fﬁ6re§6%% B ks %@J&&oﬁne try. Whilel /- A met hod

of produm ng an extracellular matrix conprising contacting fibroblasts,
mesenchy rrammumrﬂmuommmco studies oorifirmeditspreseace of hquardm sulfetemrotnglgcans

a1 b O S e S AR S b S 209,
Ce))r<t ?‘;i 2 l”F lr}?igirivhnnoglglr@fgié‘&bé anAsis QFER| 'n@ﬁi‘dqﬁﬁ‘e hd'@hRPprovéRing eipatagnakgd produce an
- spectrometry, and the multiple processing steps required during mass spectrometric
ai_lalysis could have led to: the loss of components, resulting in the discrepancies
- fépoﬂed here. Neverthele"s.s,_.:the overlapping results between the two methods confirmed
the pre’seri'ce of collagen I, fibronectin and fibrillin-1. Like cbllagen I and ﬁbronectfn |
: ﬁbnllm-l plays dual roles as a structural protein and as a bmdmg partner for several
other llgands such as LTBP-1 (Raghunath M et al. 1998 Soc Invest Dermatol 111 (4)
559-564). Fibrillins associate into microfibrils and blnd to elastin to form the third
structural scaffold of ECM (Aumailley M, Gayraud B. 1998. J Mol Med 76(3-4): 253-
265). Heparan sulfate proteoglycans are dockihg points for FGF-2, an important growth
- factor added into most hESC culture media. Soluble FGF-2 has a notorioﬁs short half
hfe in culture medium. However, when bound to ECM, FGF-2 has a prolonged |
, b1010g1ca1 action (Rifkin I DB Moscatelli D. 1986, J Cell Biol 109:1-6; Saksela O et al
1988 J Cell Biol 107: 743-751). Another commonly added growt_h factor for hESCs i is
TGFB-I. This growth factor is stored in its latent form, bdund to LTBP-1 (Raghunath M
et al. 1998 Soc Invest Derhmtbl 111(4): 559-564; Taipale Jet al. 1996 J Histochem
Cytochem 44(8): 875- 889), and cells are able to activate this TGFf-1 latent form upon
demand (Annes JP, et al. 2003 J Cell Sci 116(2): 217-224; Chong H, et al. 1999, J
‘Cellular Physiology 178: 275-283). The presence of heparan sulfate proteoglycans and
: :L_TBP-l in the human bioassembled matrices indicates that the can capture and retain
f gf'rowth fabtbrs and can coﬁdition hESCs during culture. Decorin in DxSDOC and
-DxSDOCDOC matrices, on the other hand, serves a different role. It captures actlvated
: TGFB 1, thereby regulatmg TGFB -1 signaling to the hESCs hence serving as a form of
negative conditioning for hESCs. The combination of both LTBP-1 and decorin in the
human matrices would thus help to keep TGFB-1 signaling to an optimum level for

hESCs.



18. The nethod of C aim 17 wherein the concentration of each of the one or
nore macronol ecules is fromabout 2.5m nl to about 100ng/ m . 19. The

met hod ofwGl2aimodB®3wherein the one or nore carbohydr at epPhasedormmososnol ecul e
has a nol ecul ar wei ght from about SOKDE to about 1000kDa. 20. The nethod of
Claim 17 wherein the one or nore carbo ydrate based macronolecule is a

pol ynmer of Iu se,. nmbi nat th Th t hod of
Claim 20 vvhgr ei ﬁ“ﬁﬁeﬁgﬁ %ﬁ?@@%&?ﬁ%ﬁ%ﬂ Wgﬁ@ﬁoﬁﬁgélffﬁgélaﬁgn gul 19 ate
or a conbigahiiap difhe?é&fahon%%wnmembhoﬂcp fin ECM Brekratity @k ebmpirb&to

fibroblasts are human fi broblasts. 23The method of C aim 22 wherein the
human fi bmodttiesstgsnerated dryB¥BASh sechrasRud N4y and |IFxdP40 niagtices. Thmmﬂtwﬁbr obl ast s,

MR TR ER AT RS e e e
'hESC- -compatible ECM, as evident by the differentiation of hESCs on ECM made using
humanembryonic kidney 293T cells and teratocarcinoma NT2 cells within 12 passages
_: (Flg 35). The hESCs formed loosely adhering dense aggregates on 293TDOC matrices

N that may be surrounded by large flattened cells. hESCs cultured on NT2DOC matrices
; grew in small clusters that often exhibited crater-like morphology, an 1nd1cat1on of
' ehdodermal dlfferentlatlon. These small clusters may also be_surr_ounded by large
expanses of flattened differentiated cells. These morphological changes in hESCs were
brought about despite the use of mTeSR-1, and so could be the result of the cell-type
specific ECM presented to them. |
The DxSDOC and DxSDOCDOC matrices thus serve as models of the
- microenvironment, without the influence of cell-cell interactions, allowmg the study. of
the role of ECM on hESCs propagation. The complexity of the matrices and the
preservatlon of their native structural arrangements could have enhanced hESC
pluripotent proliferation. Mass spectrometric analys1s of Matrigel, DxSDOC and _
DxSDOCDOC matrices showed differences between the murine sarcoma derivative and :
our human bioassembled matrices. 13 out of 44 protein identifications in DxSDOC. |
rnatrices were not found in mass spectrometric analysis of Matrigel samples done by
Hughes et. al., while 14 out of 29 DxSDOCDOC were not found in Matrigel samples
(Hughes CS, et al. 2010, Proteomics 10(9):1886-1890). Differences lie not only in the
: e0mponents found with eaeh ECM,; even if a component were preeent in all three ECM,
the cor'nponent could be al different homolog in Matrlgel; 15 proteins (DxSDOC) and 8
proteins (DxSDOCDOC) Were homologous in mouse. Several of these homologous
 proteins are important extracellular matrix proteins: eollagens, EMILIN-1, fibrillin-1,
ﬁbronectin, tenascin, thrombospondin-1 ar1d vitronectin, which play significant roles in

regulating cellular functions. The use of homologous proteins might negatively impact



24. The nethod of C aim 23 wherein the human fi broblasts are W-38
fibroblasts, 1MR-90 cells, 293 cells or a combination thereof. -78- 25.The
met hod ofwGl2aiwmog9d3f urt her conprising c) contacting thepcelsiG2eutovase wt h
one or nore agents that |lyse the ceIIs6 her eby producing a cell-free
extracel | ul ai natrlx 26. The nmet hod of %Ia|n125 wherein the one or nore

agents is depxychpl ate or a canbination thereof. 27.A cell-free
oxt racel | GIRdhe egalation BF ls% @alPlﬁ?r REqRst WdHWBPl%c‘BedT‘?ﬁe vantageous to use

human-denved ECM rather than murine sources of ECM.
Matrigel is commonly used for feeder-free culture of hESCs mainly because it is
easily available and convenient to use, and most choose to overlook its disadvantageous
: propert1es that it is of non-human ongms and tumor derived. For the purpose of clinical
: apphcat1ons convenience -and easy availability are insufficient justifications for :
subjectmg hESCs to subopt1mal conditions, and may 1mpede the progress of hESC
| culture cond1t1ons towards an ideal substrate-medium comb1nat1on ’
More recently, to address the issues of scalab111ty of hESC culture Corning has
‘launched a new product for hESC culture, Synthemax ™-T Surface, comprom1s1ng a
Vltronectin—derived peptide covalently linked acrylate polymer surface. This product
Was launched based on the work of Melkoumian et. al. who described RGD-containing-
peptides-linked acrylate surfaces suitable for hESC self-renewal (Melkoumian Z.
| (2010)) Villa-Diaz et al. have also reported that hESCs can be maintained on synthetlc
polymer coatings in conditioned medium (Villa-Diaz LG et al. 2010 Nat Biotechnol .
: 28(6) 581-583). Interestmgly, it was suggested that RGD sequences alone was not the
‘ only cr1ter1a for successful maintenance of hESCs, as ‘not all RGD- contammg peptldes
| was suitable (Melkoumian Z et al. 2008 Nat Biotechnol 28(6): 606 -610). This raises the
possibility that regions other than the RGD sequences serve critical purposes, possibly
serving as binding points for other ligands to bind. Not only does the culture substrate
presented to the hESC need to allow for hESC attachment, it has to provide means for
presenting other microenvironmental cues to the hESCs to maintain their pluripotent
‘ proliferation. This implies that for simplified single-component culture substrates, the
| source of the binding ligands: have to be either the culture medium, or the hESC cell line
‘ 1tse1f (Azrin et. al. , 2010). The synthet1c polymer coating developed by Villa-Diaz et al.
- was unable to maintain a hESC line, BGO1, in defined culture media, StemPro and
mTeSR, while unable to maintain another cell line, H9, in mTeSR. The polymer
coating, however, was able to maintain H9 in StemPro for 10 passages. Taken together,
these observations support the liklihood that single-component culture substrates can

_ nraintain hESC lines selectively and only in conjunction with certain culture media,



28. A nethod of culturing stemcells conprising a) contacting the stem

cells with the cell-free extracellular matrix of C aim 22, thereby

produci ngve 28tierseel | cul ture, and b) maintaining the scemsceelifooasit ure

under conditions in which the sten1ce|%§.proliferate, t hereby culturing the
r

stemcells. 29.A kit conprising a cell~tree extracellular matrix produced

by the method of Claim25 and instructions for use thereof. 30.The kit of

d ai m 29 figidenténg Gahyimple singlorempancabal @ swbstrrtesase &sp robusiehaeamplex| | ul ar

matrix. multiple component substrates, and their efficacy easily affected by culture medium or

cell line characteristics. Moreover, given the variabili_ty between different hESC lines,
émd even variability of sensitivity to environmental cues within a cell line (Wray J et al.
- 2010 Biochem Soc Trans 38:1027-1032), the use of simple component substrates could -
Z lé'ad to a selection for a subpppulation of hESCs, rather than preserving a myriad of
hEESCs". In ali, although it ffs tempting to use simple component substrates, complex
éﬁlture su_bsfr_ates could pfbvje, over long term, to be more stable, as it acts as buffef
égainst seilefal environmehtal cues coming from culture me&ia or even the cell lines
themselves. - . ' .'
j As such, development of ECMs that aie simple single-component was nof
sought, but rather use of nature’s expert ECM producers, human fibroblasts, to
. synthesize ECM was used. Although the use of human fibroblasts to produce human
' ECM might appear to be difficult for scale up, bit is possible using automated cell culture
systems. Furthermore, because it was understood that the standard culture conditions of »
human fibroblasts are suboptimal for ECM production, their culture conditions were | j
irznprqved.by applying macromolecular crowding to maximize ECM production, before
p‘roceedihg with cell remo?ajl. Moreover, it is importént to maximally presefve the -
ﬁative properties of the ECM during the lysis process, as cells detect the composition,
| geometry and stiffness of their substrates (Daley PW, et al. 2008, J Cell Science 121
255-264) and ECM properties affect cell fate and differentiation. These aspects are also
important for the epigenetic profile of embryonic stem cells. It has been shown recently,
tﬁat the DNA methylation profile of cultured mouse ESCs is more similar to post-
ifhplantation epiblasts thari to blastocysts, which has been interpreted to reflect the
iﬁﬂuenbe of artificial cellf:uiture conditions (Borgel J , et al. 2010, Nat Genet. 42(12):
11093-100). o : o v |
' : The main drive towards using simple éulture substrates was originally a
fésponse to the demands for scalable hESC culture. As will be appreciated by those of
skill in the art, the production of the human matrices presented here could be scaled up

easily using automated cell culture systems. In addition, although the human matrices
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are not xeno-free due to the use of F BS, this work shows that feeder-free human
ﬁbroblast-derived ECM can be used for hESC propagation. Currently, the only xeno-
free substitute for FBS is human serum, and the widespread application of human serum
1n cell culture is impeded by its limited supply and varying quality. Since only 0.5%
FBS is needed in the production of the human matrices, less human serum would be

_ néeded Moreover because of the supplementation with DxS, FBS requirement was
reduced to only 0.5%, hence it is believed the substltutxon of FBS with human serum

w111 not affect the performance of hESCs on these future matrices.

Conclus1on

| Culture of hESCs on human bloassembled ECM, DxSDOC or DxSDOCDOC,
increased their achievable number of population doublings while retammg their
pIuripotency, differentiation potential and as well as their karyotypic and epigenetic
,st_abilify. Supplementation of DxS during fibroblast culture to produce the human ECMs
proued to ’bei crucial for long term pluripotent hESC culture, while concurrently |
reducing the amount of time and serum required. These complex ECMs contained - B
human native homologs of its constituents and showed preservati;on of inter-prof_ein :
interacti.ons, and thus, would serve as a biomimetic human model of the |
microenvironment for hESCs.v As such, these human ECM provides an opportunity to

study the effects of the human ECM microenvironment on hESCs.
Example 5 Stem Cells (hMSCs) through application of Excluded Volume Effect (EVE)

Human bone marrow-derived MSCs have been utilized in cell-based approdches
fdr in vivo adipose tissue engineering to generate novel clinical modalities for
autologous repair, reconstructlon of fat tissue defects and development of metabolic
syndrome bloassays Currently, the use of hMSCs is limited by the attenuation of their
adrpogemc differentiation potential followmg extensive ex vivo e’xpansron ((1) Banfi, A.
et al., Exp. Hematol. 28:707-715 (2000)).

As the extracellular matrix is a crowded env1ronment it was hypothesized that
the excluded volume effects (EVE) may be able to generate novel tissue culture

conditions that more closely resembles in vivo physiological conditions ((2) Ellis, J. R.,
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Trends in Biochem. Sci. 26:597-603 (2001)). These conditions may in turn augment
adipogenic differentiations of MSCs.

Materials and Methods
'EVE exerted by a cocktail of macromolecules Ficoll™70 (37.5 mg/ml) and
ﬁ FlcollTM400 (25 mg/ml), was tested for its ability to augment adipogenesis of hMSCs at

B a late passage (p8) with a commerc1a1 differentiation kit.

: Results
See Figures 36-40. ‘
EVE‘augmented adipogenesis by idcreasing amount of lipid accumulated with
the cell, and increasing perceﬁtage of cells that undergoes adipo genesis:
EVE enabled a more effective use of less induction ingredients.
Ficoll is an inert crowder and did not cause spdntaneous édipo'genesis.
Mer_e cells with desired phenotype were genefated for tissue engineering via »

~ EVE.

Example 6 During Adlpogene51s of Human Mesenchymal Stem Cells - Tool for
Translat10na1 Tissue Engmeermg '

The physiological microenvironment or “niche” where humdn bone.marrow |
mesenchymal stem cells (MSCs) reside is crowded due to the dense arrays of
eXtracellular matrix (ECM) macromolecules and solutes ((1) Zimmerman, S.B. and
Minton, A.P. (1993)).

Tdken together, these macromolecules occupy a significant fraction (typically
2043 0%) of the total volu_'mef, creating steric exclusions effect with considerable
energetic eonsequences which influences the equilibria and rates of biochemical
reactlons dependent on non-covalent associations and/or confonnatlonal changes, such
as protein and nucleic acid synthes1s intermediary metabolism, cell signaling and gene
expression ((2) Mlnton, A. P. (1981) Biochemistry 20:4821-6). In contrast,
contemporary culture systems are characterized by the absence of crowding where thin

cell layers are flooded with aqueous medium which result in the dilution of signaling
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molecules and efficient deposition of the extracellular matrix (ECM) ((3) Lareu, R.R., ef
al., (2007) Tissue Eng. 13, 385-391).

The ex vivo differentiation of MSCs is modulated by defined soluble factors and
cell ECM 1nteractlons both which are affected by macromolecular association kinetics
dgrmg ligand diffusion, llgand receptor binding and conformations of cell surface i
receptors It was hypothesized that the addition of a neutral macromolecule cocktail to
effect macrornolecular crowding (MMC) may be able to generate a more physiological
rnrcroenvironment ex vivo which could function to enhance the deposition of a lineage-

speciﬁc ECM,; this may in turn augment adipogenic differentiation of MSCs.

Results
See Figures 41-45.
Crowding augments the process of matrix remodeling during adipogenesis. R
CroWding augmented adipogenesis by increasing amount of cytoplasmic lipid
accumulated within the cell increasing percentage of cells that undergoes ad1pogenes1s
and increasing the expression of key lipogenic gene (aP2) B
Matrix deposited under crowding serves as a better substrate for adlpogemc
_differentxatlon compared to plastic or matrix depos1ted in the absence of crowdmg.v
Crowding augments adipogenesis by enhancing the deposition and remodeling

of a lineage-specific matrix (niche).

The inventions illustratively described herein may suitably be practiced in the

absence o_f any element or elements, limitation or limitations, not specifically disclosed

nn " on

h_erein. Thus, for example‘,f the terms "comprising", "including", "containing", etc. shall
be read expansively and without limitation. Addltron'ally, the terms and expressions
employed herein have been used as terms of descrrptlon and not of 11m1tat10n and there
1s no intention in the use of such terms and expressions of excluding any equlvalents of
the features shown and described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed bya

preferred embodiment, modification and variation of the invention herein disclosed may
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be resorted to by those skilled in the art, and that such mo.diﬁcations. and variations are
considered to be within the scope of this invention.
The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also
form part @f the invention. | : |
‘The téachings of all patents; published applications and references cited herein
are incdrporated by referehcé in their entirety. o | _
While this invention has been particularly shown and described witﬁ references
to example embodiments thereof, it will be understoofd by tﬁbse skilled in the art ‘that
im.ﬁous changes in form and details may be made therein without departing fromvthe

scope of the invention encompassed by the appended claims.
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CLAIMS
What is claimed is:
1 A mét_hod of cultuﬁng stem cells comprising:

‘a) bontacting the sfénj cells with one or more carbohydrate-based
mécrbmolecules, thereby producing a cell culture, and

b) maintaining the éell culture under conditions in which the stem cells
‘pr‘olif_erate, |

thereby culturing the stem cells.

2. The method of Claim 1. wherein the concentration of each of the one or more
carbohydrate-based macromolecules is from about 2.5mg/ml to about

100mg/ml.

3. The method of Claim 2 wherein the one or more carbohydrate-based

macromolecules has a molecular weight from about 50kDa to about IOOOkDa. _

4. The method of Claim 3 wherein the one or more carbohydrate-based

macromolecules is a polymer of glucose, sucrose or a combination thereof.

5 The method of Claim 4 wherein the polymer is Ficoll™70, Ficoll™400,
polyvinyl pyrrolidone, dextran, dextran sulfate, polystyrene sulfonate, pullulan

or a combination thereof.

6_.j The method of Claimv 1 further comprisiﬁg contacting the stem cells wifh a

macromolecule having a negative or neutral charge.

7. The method of Claim 6 wherein the macromolecule is polyvinyl pyrrolidone.
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The method of Claim 1 wherein the stem cells are contacted with the one or
more macromolecules at a seeding density of about 500 cell/cm? to 30,000

cells/cm?.

ﬁThe method of Claim 1 wherein the stem cells are mesenchymal stem cells,

v.her'nelitopoietic_ stem cells, induced pluripotent stem cells, embryonic stem cells,

ﬁbfoéytes or a combination thereof.
The method of Claim 9 wherein the cells are human cells.

The method of Claim 1 wherein the stem cells are contacted with a mixture of

carbohydrate-based macromolecules comprising Ficoll™70 and Ficoll™400 B

-and the stem cells are mesenchymal stem cells or fibrocytes. -

- The method of Claim 11 wherein the FicollTM7O is at a concentration range of

from about 2.5mg/ml to about 100mg/ml, and the Ficoll™400 is at a
concentration range of from about 2.5mg/ml to about 100mg/ml.

The method of Claim 12 wherein the Ficoll™70 is at a concentration of about

37.5mg/ml and the Ficoll™400 is at a concentration of about 25mg/ml.

The method of Claim 1 further comprising inducing the stem cells to

differentiate.

The method of Claim 14 wherein the stem cells are induced to differentiate by

contacting the stem cells with one or more agents that induce differentiation.

The method of Claim 15 wherein the stem cells differentiate into adipocytes,

osteoblasts, chondrocytes, neurons, cardiomyocytes, myocytes or endothelial -

“cells,
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:A method of producing an extracellular matrix comprising

a) contacting fibroblasts, mesenchymal stem cells or a combination thereof with

v one or more carbohydrate—based macromolecules thereby producing a cell

culture and

b) mamtammg the cell culture under conditions in which the fibroblasts or

‘meseémchymal stem cells or combination thereof proliferate and produce an

extracellular matrix.

The method of Claim 17 wherein the concentration of each of the one or more

macromolecules is from about 2.5m/ml to about lOOmg/ml.

- The method of Claim 18 wherein the one or more carbohydrate-based

macromolecule has a molecular weight from about SOkDa to about IOOOkDa

The method of Claim 17 wherein the one or more carbohydrate-based

macromolecule is a polymer of glucose, sucrose or a combination thereof. .

The method of Claim 20 wherein the polymer is Ficoll™70, Ficoll™400,

dextran sulfate or a combination thereof.

' Tlle method of Cluim 17 wherein the fibroblasts are human fibroblasts.

The method of Claim 22 wherein the human fibroblasts are embryonic human

| fibroblasts, fetal human fibroblasts, human fibroblasts derived from

mesenchymal stem cells, induced pluripotent stem cells, human embryonic stem

_cells or a combination thereof.

The method of Claim 23 wherein the human fibroblasts are Wi- 38 fibroblasts,
IMR 90 cells, 293 cells ora comblnatlon thereof.
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The method of Claim 17 further comprising c) contacting the cell culture with

one or more agents that lyse the cells, thereby producing a cell-free extracellular

-matrix.

‘The method of Claim 25 wherein the one or more agents is deoxycholate, NP40.

DNase or a combination thereof.

A cell-free extracellular matrix produced by the method of Claim 25.

‘A method of culturing stem cells comprising '

a) contacting the stem cells with the cell-free extracellular matrix of Claim 22,

- thereby producing a stem cell culture,-and

b) maintaining the? Stém cell culture under conditions in Whiéh the stem cells’
proliferate, |

thereby culturing the stem cells.

A kit comprising a cell-free extracellular matrix produced by the method of

Claim 25 and instructions for use thereof.

“The kit of Claim 29 further comprising'plates coated with the cell-free

extracellular matrix. -



