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microarchitecture of the pore structure and uniform porosity. An obvious limitation is the difficulties of
scaling up of this fabrication technique (Mikos, et al. 1993; Ma, et al. 1998).

Recently, textile technologies are used to fabricate biodegradable woven or nonwoven fabrics as
tissue engineering scaffolds (Ma, et al. 1995). Fibers provide a large surface area to volume ratio and
therefore are desirable as scaffold materials. The first studied fabric scaffold is a nonwoven mesh
made of PGA sutures. Nonwoven PGA fibrous matrix is prepared by entangling fibers or filaments to
form an isotropic 3-D matrix structure, leaving a space with a high void volume and a typical porosity
in the range of 80-90%. These fibrous matrix lacks of structural stability necessary for the cell culture
use. Therefore, several fiber-bonding techniques have been developed to prepare the interconnected
fiber networks with different shapes as tissue engineering scaffolds (Thomson, et al. 2000).
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porasity is not possible. In addition, nonwoven fabric scaffolds generally have weak mechanical
structures. Certain bonding or backing materials are needed to ensure the structural stability.
Examples of structural re-enforcing techniques include polypropylene fiber backing for PET meshes
(Wang, et al. 1992), solution coating or spray coating of a PLA or PLGA layer (Mikos et al. 1993;
Mooney, et al. 1996), sewing with Dexon suture (Niklason ef al. 1999), and polyglactin suture
(Oberpenning et al. 1999) for PGA meshes. This patent provides methods using textile technologies
to provide scaffolds with coherent and ordered structures. Polymer fibers are woven or knitted to form
three-dimensional scaffolds with different designed pattern to obtain various degrees of porosity
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weeks due to death of the stromal cells. More importantly, the use of stroma for a clinical ex vivo
application poses a considerable logistic problem. In most cases, the stromal cells are obtained from
the patient to avoid the immuno-rejection. The need to first collect and then grow a layer of the
patient's stromal cells before they can be used to culture the hematopoietic cells adds to the time,
cost, and complexity of the production of the autologous HPC cells. Moreover the stromal layers are
much less defined. It introduces an additional highly variable factor into the culture system. This
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that culturing hematopoietic progenitor cells (HPCs) in a three-dimensional tantalium-coated porous
biomaterial structure enhances HPC survival, and preserves primitive CD34*CD38" cells, even without
using hematopoietic growth factors, as compared with standard cuiture techniques. This culture
technique improves retroviral transduction of CD34" cells and LTC-ICs without loss of multipotency
(Rosenzweig, et al. 1997).

devi ces

In summary, other than defining the source of HSCs and developing methods to obtain a purer CD34"
cell source, optimizing the ex vivo culture methodology represents the major challenge for HSC



-hypot hesi s that physical topography of bone marrow m croenvironnments plays
an inportant role in naintaining hematopoietic stemcell vi abl lity and

bl uri pofengyeidaughton, et al. 1989; Naughton, et al. Jp%q%? hese studies
show that a 3-D m croenvironnent sugports HPC survival, proli e'4li on and
mul tilineage differentiation. Naughton and Naughton have devel oped a

t [“’ e QxPari¥RAS| O(Eh%ldeﬁfﬁj the %Jl&dér&petia@Ba:éQ-Wﬁ d@ke iFBGSEX) pﬂ@ﬂiyﬁ&lhes’nz@ AL &l h a h

Stro p estapll1.s r ric mes

cur Ao oE KR adtRifor ol AL e AR LRIBCRde L PR RE LB ef T

i ndi d%{?%g'mea“ﬁ'a'ﬂa' culture, F?Vi'ﬂﬁ‘ th@rfﬁwufptbp éweeqw@fg@wr inathe @em ma(rpip@@?mﬁ n(2h

t hr eendirtnusd eytakindsg(inciading) SCE OEIt- Edgepﬂr TR, eth) DEBhRIi¢ &le /8 tvrvumbhﬂgeraﬁdilhances

HPC Weyé mge cRbig BARREL YRSad? il mé,dsemqagﬁqaﬁﬁherﬁﬁbﬁoﬁ%f.se@na NOFJ%&U{] usi ng
st andar

hemat 0 ti r owt act o ture techni ques.
This ® %] ?ﬂ egﬁyctﬁﬁf?ﬁ%‘é“ ?ﬁ%%\ﬁe@"'?@fgaﬁﬁpfaale RRBASHUTT CBHPOBH¥84 cel |'s and
LTCG-1Cs wthout loss of nultipotency (Rosenzweig, et aL 1997). In sunmary,
ot her? tTieste gaginesring of hmak digmeter ypsqubmgraftsd devel opi ng met hods to obtain a
purer CD34+ cell source, optimzing the ex vivo cul ture methodol ogy

r epr emieyidas trédveentay odscabiadiseasg & foar a bﬁﬁnMﬁn@&é&ﬁ&é&ﬂxr@(ﬁWS@ﬂow(ﬂme

expangk ensyn@@né{)&iﬁﬁéﬁaqnené?%lsvgi.an%asto%gqér?erqﬁaneéeYA wﬁwarﬁ% Qe RCs, we

hypot hesi. zZe Ion o ure st'em shoul d

eSS
ROt T i DTGl Tesarte PLandIgy 'araeteishP@@Se&f‘?@'ms?wgﬁmc%fp%m devi ce
t hat the pest1% Yeersrtiage beenfecusrdmerihe devetohmedohe smalk diavetgthiadaesseRyquivalent

Mat 1 iuking Gseud-eaYihedfing prodch C bt be@inG O syrthdtic Jrdith 9N @nddifdal &S hé.s bdwt mmc
t he 'lr{.\'/eéltlggf%d %9 an’u%Hg @)tlﬂc%}:xse ?gt%ﬂ& éheﬁﬁg Bgéfnqﬁ;r{n@% %\?%5 %Kéll@ﬁqsn gcic a ed wntWI ;h ¢ ?SCS

vVIVvOo I'n

scal é""’UBa"P'Bg 6’5?99]"?1 S'éifaéF |°HY‘%E%HG% Asa?fbé'fﬁ’ Ve eiBatiaed %’ﬂ@ﬁ‘lcc@laie’ 'ﬁ&pﬁ‘ﬂoat i on.
2. Tiepsuechendiare beemket tospeble alblmetvessel asioglbelr argr avbtriy cGmpgneards. dneeat ment

of Vapsbhais B PRASE éo‘élld[h@\éfaﬂ CORIIIBEd Hmhg@l.an @ﬁ&%@drfgen HOMENEI prdvidedat e,
t he . use of wr ger t han

5-6 the rgauwedsrX%chan??a\ éroﬁe léé li;n%Iarr;rtht) wou aIso%acmLate ﬁmodite wg%ng trlt,f]lﬁrtallo

I'c vessels
of sﬁa$t|°é'#8 'awa?r@t“é@fs/esseb(ﬁg fRe At 3" y200%)i U‘rﬂ“ﬁ |38Hﬂ%°he‘f‘13 greliylay watnf Rogrriist 15
year sr havardfseoftehotiuese deqore taherogduighopneats of pavidershé -requisttet mecthicald vessel
eqw \eRbrBAEristibsS bRDthk |p§t§M%r ﬁﬂwhrn&swylra@o@s@na QRCAellulh 8rafs 86l NBsif. ANdudret i C

_ gr? t r%%h}agﬁggg%g! étta Ttloﬁ?t%ceﬁtl sl?ecg 'ﬂuﬁsqg grggtcle ga&%gar ggstsgl dtmgugﬁ]cu tlS)reI ncrease
mai nPéFfﬁ?W@) W?'%E?'F%‘hﬁlﬁ?'%?@’%%‘?)%f 5’@%3 mAkx a’l’ﬂd é'P'TQeP’ﬁd‘t"P%Wt“be‘ﬂq?@elﬁe of

synt kelisi(Bikiamdre et @l 1997, tShinokaa pir.ol@e$ie’snd & @l 1898 Nikladoe et #0190 Stiuen-Bimfood
vessg} 1gf)ng cell and matrix conponents. One approach is to create an

acel lular graft constructed of a material, such as collagen, that would

]P;g":v\?? bteécﬁés %ﬁéc}gfl{ Eﬂa@?dﬁ%%%ﬁ{tra% ‘?IP%B P&?eﬁgm?ﬁtw édeP@BoWe‘é (qun %

_ vess epropssenlipgapageaffold '"a‘PBG 208 mmodeigd th’P§ vessplrhea dtee ‘?Y@S S¥EEspPNdllE @l ri x
al | ogtimbf rsedig rand edveqtitia {Wseiniadry,eh at 19885 Arceeillientdayer cfteddsthéliakdeigwas groess t o

pr Oan%lt&r@?n{o?%hﬁbﬁ & arraﬁme%@én c&,@(ﬁrca&;rn@.gﬁnatot &seut@n%reg Qg@%@@fgb@'er

appr Sa{m&ﬁ é%y fs%"‘ﬁ’i‘e@t’scéﬁ f%ﬁ‘t&bﬁ’d?r@%e %{‘S? mfﬁg‘e”%ast’ésé’ AP [fg?etéifﬁn?'éaét e a
cel | mealvampébg@port Hiawgegh, eastinuineé prio¢ipa ranietidtispye-olatsix sotein 'wsrmaﬁ pollagen,

bi odegs adeplesent i fHeUsodeR tMatsudarid ahd Mk Ht iy Liosed awiybhd ebskaubtelsingl a cel | s

(1 S8R0, i Rl b bR U il o1 805 b 2son
construct was shown to remodel in vivo successsfully in a canine model for up to 1 year. It is worth
noting that in both of these two designs, a nondegradabie polymer support was used to reinforce the

strength of the cellular layers.

The state-of-art scaffolding technology in tissue engineering of blood vessel is to employ synthetic
nonwoven biodegradabile fibrous meshes. Using a partially hydrolyzed PGA nonwoven fabric scaffold,
Niklason LE et al. have cultured bovine vessels under pulsatile media flow conditions (Niklason et al.
1999). In this study, vascular biopsy derived aortic smooth muscle cells have been seeded in the
scaffold and cultured for 8 weeks, before seeding the endothelial cells in the luminal surface. Pulsatile
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Summary of the Invention:
1. Biofunctional fibers--nonbiodegradable fiborus scaffolds for cell expansion

We propose a new cell culture system composed of three-dimensional fibrous scaffolds surface-
engineered with essential cytokines for hematopoietic stem cells growth and differentiation. The key
features include:
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are biodegradable and have good nechani cal properties. The side chains of
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case, polyphosphoramidates carry reactive side chains to allow the further conjugation of
biofunctional proteins, peptides or oligosccharides. These biofunctional polymeric fibers could be
fabricated into a three-dimensional scaffold by woven/knitting methods. These scaffolds provide
optimal supports for cell attachment, proliferation and functions, and allows cells to grow in three
dimensions.

Potential advantages:
1. Nonbiodegradable biofunctional fibers for cell expansion

This biofunctional fiber design for configuring and constructing cell culture devices provides an optimal
microenvironment for hematopoietic stem cell expansion. It also allows various designs of extra-
cellular matrices with a reasonable porosity for other applications. The proposed matrix structure
allows for a higher immobilized cell density than can normally be achieved by traditional cell culture
techniques (flasks or plastic bags).
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(2) This fibrous scaffold design offers good control of the 3-D porous microarchitecture. The surface
engineered fibers or fibers made of bioadhesive polymers are arranged into 3-D scaffolds using

nonwoven or woven/knitting techniques. The microporous structures are defined to accommodate
cell attachment, facilitate cell differentiation, and guide cell growth and tissue regeneration in
three dimensions. This design offers a wide range of suprastructures by changing fiber diameter,
orientation, porosity, and woven and knitting characteristics;

(3) Biofunctional gradient scaffolds can be fabricated through the 3-D arrangement of functional
fibers. Biofunctional gradient scaffolds have a single or multiple ligands arranged with a spatial

gradient change of their surface concentration. This type of scaffolds is particularly useful in
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non- bi odegr adabl e and bi odegradabl e fi brous scaffolds, respectively. These

examﬁ‘!@§d&§'@”offered by way of illustration and are not intended to limt
the invention in any manner. 2. Surface conjugation of adhesion |igands and
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wi |1 ensupeywetbanshfiibeas ogwsi (pilyantide) Gibers eTeSe tiBersGRS oo with RkRRLisWrt h t he

HSCs. alkali hydrolysis to generate surface carboxyl groups, hydroxyl or amino groups, or treated
with argon plasma glow discharge to graft polyacrylic acid segments to the fiber surface. Cell
adhesion ligands and growth factors are then conjugated through these functional groups
available on the surface (carboxyl groups, hydroxyl groups, amino groups). Biodegradable
fibers comprise fibers selected from polyesters fibers (e.g. polyglycolide fibers, poly-4-
hydroxybutyrate), polyphosphoester fibers, etc. Polyester fibers are treated with hydrolysis
and aminolysis to yield surface carboxy} groups and amino groups, and then conjugated with
the adhesion molecules and cell growth factors. A new series of biodegradable
poly(terephthalate-co-phosphoramidate)s are designed for this purpose.

(2) Adhesion ligands comprise peptides, saccharides that have specific affinities to the cells that
will be cultured in the scaffolds. Examples include cell adhesion peptides derived from
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have shown that PEGis effective in reducing protein adsorption and
cellpylar inter .i s on scaffold surfaces. This is particularly inportant
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char gehter stidngBSand resistance to deformation compared with the looser structure of the knitted

scaffold. Knitted scaffold is much more porous, and has the theoretical advantage of improved

handling qualities. Knitted meshes are more prone to stretching. A recent study done using nonwoven

and knitted polyethylene terephthalate (PET) fabrics as support matrixes in a human trophoblast cell

culture has suggested that spatial characteristics of fibrous matrix are important factors that affect cell

adhesion, spatial organization, proliferation, and metabolic functions (Ma, et al. 1999). Although

demonstrated in a nonbiodegradable scaffold system, their results suggest that fabric woven/knitting

technique could be a valuable tool to provide fibrous scaffolds with well-defined textures.

4. Design and synthesis of new polyphosphoramidates for preparing biofunctional fibers

The present patent also features a new series of biodegradable polyphosphoramidates,
poly(terephthalate-co-phosphoramidate)s, with good mechanical properties and suitable for fiber
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CORO P~ n ein: Ris selected formthe groups consisting of
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from alkyl groups, aryl groups or heterocyclic groups. L; or L, can also be selected from any groups
that are biofunctional, e.g. cell adhesion peptides, oligosaccharides, efc; x and y are independently
selected from integers from 5 to 500.

in a further embodiment, this invention features a series of poly(terephthalate-co-phosphoramidate)s
with a general structure shown in Formuta i, wherein R is the same as described above, L; or L, is
selected from the alkyl groups, aryl groups or heterocyclic groups with functional groups, e.g. carboxyl
groups, amino groups, hydroxyl groups, sulfhydryl groups, etc. These groups can then be used to
conjugated proteins, or other biofunctional ligands and growth factors.

In a still further embodiment, the present patent contemplates a process for preparing
poly(terephthalate-co-phosphoramidate)s, which comprises a step of reacting a monomer shown in
Formula Hi:
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achieve a high ligand density on the fiber surface; (b) modify fiber surface with different ligands easily;

and (c) impose minimal infliction on the bulk mechanical properties of the polymers.

The second type of fibers is fabricated after the ligand conjugation to the side chain of the polymer
resulting in fibers with functional ligands distributed throughout the biodegradable fibers. In this
scheme, fibers are processed using the ligand-conjugated polymers, only when conjugated ligands do
not significantly affect the mechanical properties of the polymer and the ligands are stable throeghout
the fiber fabrication procedure, for example, peptide ligands or oligosaccharide ligands. In some
cases, ligand density in the polymer chain will be optimized to accommodate the fiber fabrication
procedure; or mixture of the modified and non-modified polymer with different ratio may be used to
obtain fibers with required mechanical properties. The advantage of this approach is that the ligand
presents during the whole process of tissue regeneration, so that the ligands are displayed on the
scaffold surface continuously as it is degraded and remodeled (Hubbell 1999).

5. Biofunctional fibrous scaffold for stem cell expansion

In a specific embodiment the present invention concerns a cell culture scaffold composed of
biofunctional fibers with a matrix-bound form of HGFs capable of supporting cell attachment and
functions. The matrix-bound growth factors could mimic the in vivo cytokine presentation patterns
where these cytokines interact with HSCs in the membrane-bound form. Several crucial growth
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molecules can be achieved by random conjugation of a combination of HGFs and adhesion

molecules. More attractively, it can also be achieved by design of the weaving and knitting pattern of
different biofunctional fibers with each HGF or adhesion molecule attached to one fiber. The later
design will provide a controlled pattern of growth factor and adhesion molecule distribution in the local
microenvironment, although with limited freedom, due to the size of the fiber (relatively large diameter
compared with the cell size).
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vascular graft engineering. When a synthetic peptide containing this sequence is immobilized on
otherwise cell nonadhesive substrates, endothelial cells attached and spread but fibroblasts, vascular
smooth muscle cells do not (Hubbell, ef al. 1991; Hubbell, et al. 1992). Ligands, which are selected for
the outer portion of the scaffold, are with less selectivity are from a range of oligopeptides derived
from surface adhesion molecule protein, e.g. GRGDY, etc (Hubbell, et al. 1997). Hereby we propose
to conjugate a peptide with a sequence of GREDVY to the fibrous scaffold for endothelial cell
attachment; and conjugate GRGDY, GGYIGSRY or other cell adhesion peptides to the scaffold for
smooth muscle cell attachment (Hubbell et al. 1991; Hubbell et al. 1992). This approach will allow
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PET mesh (nonwoven, Fiber-cel) is obtained from New Brunswick Scientific Co. (Edison, NJ). It
composed of PET fibers with a diameter of 15 pm, with a porosity of ~90%. Fibra-cel discs were
cleaned by rinsing with large amount of water, methanol, hexane, methanol, and water, sequentially.
The discs were dried to constant weight. For amination of the fiber surface, the cleaned Fibra-cel
discs were incubated with 0.1M ethyienediamine solution in THF for 4 hours at 30 °C, and then rinsed
with excess amount of THF and deionized water (3 times). The discs were dried to constant weight
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The %’f}{ﬁekﬁ %h\cl)\éepw?e Wa)lsu %E%%ed from Aldrich, and purified by distilling to remove phenol and
fractional distillation in the presence of a small grain of sodium. The fraction at 132 °C/0.5 mmHg was
collected. Bis(hydroxybutyl) terephthalate (BHBT) was obtained from TCI, and purified by
recrystallization from methanol twice, and dried under vacuum.

Polycondensation was performed in a vacuum distillation apparatus equipped with a stirring bar and a
large Rotaflo stopcock, separating the distillation flask from the condenser, which was attached to the
vacuum through a trap immersed in liquid nitrogen. Equimolar amounts of diphenyt phosphite and
BHBT were placed and stirred in this apparatus for one hour at 100 °C/25 mmHg. Phenol formed
during the reaction was continuously distiiled off. During the next hour, the temperature was gradually
increased to 150 °C and the pressure was decreased to 0.01 mmHg. The viscosity of the reaction
mixture increased rapidly to the point that stirring was not possible when the mixture reached 200 °C.
Poly(butyl terephthalate-co-butyl phosphite) was obtained as white solid (Pretula, et al. 1997).
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Stem Cel | Expansion: CBD:. cellul ose-binding domain Cex: xylanase Cex CSF:
colony-stinulating factors DC. dendritic cell Epo: erythropoietin: FL:

Fl t - 3/ Fl k-SZemiCeddap@s@3: gr anul ocyte col ony-stinulating factor GW CSF:

gr anul ocyt e- macr ophage col ony-stimulating factor HG-: hemat opoi etic growh
factor HP glenat opoillﬁtéegbirp({no%eni tor cell HSC. hematopoietic stemcell IL:
interl eukin LTBMC | &P Ong-4E W B6ne marrow cul ture initiati ng cell

LTC- 1 C | &%t er m cfanaselenitiating cell RGD: Arg-dy-Asp RGDS:

Arg- G y- AgsFSer  SClalongsmulatial Facfoact or SCI D sever e conbi ned

i munodef ipg.ent sl s8R cgpl uble 1L-6 receptor TPO thronbopoietin

Vascul ar aft Tissue Engineering: ECM extracellular matrix G3 YGSRY:
Ady-dy-11"8Tyr-a ye-rggrl"ﬁ"g?t@'- Tyr GREDVY: dy-Arg-Qd u-Asp-Val-Tyr GRGADY:

A y- Ar g- GFl: Asp- Ty rFI-3EBYligandg- G u- Asp- Val

[ ]

G-CSF: granulocyte colony-stimulating factor

GM-CSF: granulocyte-macrophage colony-stimulating factor
HGF: hematopoietic growth factor .":
HPC: hematopoietic progenitor cell

HSC: hematopoietic stem cell

{L: interfeukin

LTBMC-IC:  long-term bone marrow culture initiating cell

LTC-IC: long-term culture initiating cell
RGD: Arg-Gly-Asp

RGDS: Arg-Gly-Asp-Ser

SCF: stem cell factor

SCID: severe combined immunodeficient
slL-6R: soluble IL-6 receptor

TPO: thrombopoietin

Vascular Graft Tissue Engineering:

ECM: extracellular matrix
GGIYGSRY: Gly-Gly-lle-Tyr-Gly-Ser-Arg-Tyr
GREDVY:  Gly-Arg-Glu-Asp-Val-Tyr

GRGDY: Gly-Arg-Gly-Asp-Tyr
REDV: Arg-Glu-Asp-Val

PEG: polyethylene glycol

PET: poly(ethylene terephthalate)
PGA: polyglycolic acid

PLA: polylactic acid

PLGA: paly(tactide-co-glycolide)
PPE: polyphosphoester

SMC: smooth muscle cell

TGF: transforming growth factor



-PEG pol yet hyl ene gl ycol PET: poly(ethylene terephthalate) PGA

pol yglycolic acid PLA: polylactic acid PLGA: pol y(lactide-co-glycolide)
PPE: polwghosphoester SMC: snooth nuscle cell TG transform n% z%rovvth
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+ US5,948,426 (1999): Method and article to induce hematopoietic expansion. Inventor: Jefferies
SR.

-+ US6,060,052 (2000): Methods for use of Mpl! ligands with primitive human hematopoietic stem
cells. Inventors: Murray LJ, Young JC. (Assignee: SyStemix, Inc. Palo Alto, CA).

» US5,912,177 (1999): Stem cell immobilization. Inventors: Turner ML and Murphy WG. (Assignee:
Common Services Agency, Edinburgh, GB)

« US5,160,490 (1992): Three-dimensional cell and tissue culture apparatus. Naughton GK and
Naughton BA. (Assignee: Marrow-Tech Incorporated, La Jolla, CA).
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-Recei ved 14 Cctober 2003 24 dains: 1. A nesh having bi at@rvsGoarmlizo

pol ymer fibers, said nmesh conprising: a set of biof uRedeivadad (pabler2n03
fibers, said set of biofunctional poJymer fibers conprising subsets of
‘particul ar bi ofunctional polyner fi¥ers wherein fibers naking up said
subsets of particular biofunctional fibers differ fromone another by
havinﬂ at least conjugated thereto a bioactive nolecule not conjugated to
ot he ers of said subset of biofunctional fibers, wherein said subsets
of biofunctional polyner fibers are weaved or knitted together to provide
at least a 2-D structure. 2. The nmesh of claim1l1l, wherein said set of

bi of unctional polyner fibers are conprised of polynerized

pol y(it er ephhéshlhatiag bivfipleasnt polamcofbar), Said srkk caprsidger epht hal at e- co-
phosphoranidate)s,fqgv'ng_the qeneral structure of H11 00l --OROC
Q C0-R0- P )2R#LOT ‘6\#‘1‘@ tiqngl polymer; Rbers. kspidesed of (bigfynctied! qwlyeetrf s t he

gr OURoSprg bitRgs Of patellar bATYcGRT PRIyARE IR FRUGH HiRrAthls L said ©_500 3.

The nesh of claim 1, wherein said bioactive nolecule 1s

bi of SHsets Oh Barticyan bigRmctiqnabfibery diffen fiomyereemmpthenbyl having FiHeastresdjugtedc! ai m 1,

wher @i i i i i of unct i onal . pol r. f.iber are
Sepa ore el Q2 llct ol G BN oA oo il e e el |
bet wébers,awlerr¢in ZaidraibstOofbighnctimml polymérefigidare Great@E orBifiledfogsthé 1 1,
mheaﬁkg. %%gwggggﬁt'v nol ecule is at | east one of a receptor, |igand,
gro Y aE 67 2 tr 9TV act or proliferation factor, adhesion nol ecul e,

differentiation factor, chenpotactic factor, and a nol ecul e nodul ati ng
si gnal i ng_or n xpression that exists in the bone marrow
mi cr e nv%ﬁ%ﬁt‘& cgaﬂskrﬁ*%gew@rsebefrbls@wmmymﬂeﬁ@rwd codpixtaifer 2003

25 Tpolymeriz@Bsh iyt hquu_&%gg ' | i oagtive nol le.js, at | east one
of S&OZSF Flt-3 #Eiyéane?, TPS, 82@3% ?%SAS IL-%’?ﬁ%beg?{hélgFéfcé’gen and
f i br Bipsehorgmidge)sTiryingetbhewterat staictmrd of wher ei n sai d bi of uncti onal pol yner
fibers are gtilizegl to prgvide a biofunctional scaffold having two- or

thre @Rnanésid_ﬂcgu# . 9. The nesh of &laim1, wherein said nesh has
at | east one o0f“a random|fenitted, woven, or braided structure.

NH-L , wherein R is an alkylene, L is

selected from the group consisting of alkyl, aryl and bioactive molecule and n is 5 to 500

3. The mesh of claim 1, wherein said bioactive molecule is linked to the biofunctional

polymer fibers via a covalent bond.

4. The mesh of claim 1, wherein said bioactive molecule and biofunctional polymer fiber

are separated by a spacer.

5. The mesh of claim 4, wherein said spacer is between about 2 and 500 angstroms in
length.
6. The mesh of claim 1, wherein said bioactive molecule is at least one of a receptor,

ligand, growth factor, survival factor, proliferation factor, adhesion molecule, differentiation
factor, chemotactic factor, and a molecule modulating signaling or gene expression that exists in

the bone marrow microenvironment.
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-10. The mesh of claim 1, wherein said set of biofunctional poInSGy2/dédibers
I's conpri'sed .of at |east one biofunctional polyner fiReegivéaMd OGoBerS®OBES
of polynerized pol y(terephthal at e-co- phosphorani date)s, said

‘pol y(terepht hal at e- co- phosphor anmi datZ8) s, having the general structure of 0
00 OROCCOROPII - n NHL , wherein Ris an alkylene, L is

sel ected fromthe group consisting of alkyl, aryl and bioactive nol ecul e
wherein said subsets of

and ngqis 5 . The,mesh of .claim1,
parti gul ar T%Too gﬁr)lg{ %%H%IE’ SgFVWe?m‘i ibﬁéfatéved?‘%lec%ﬁeatd%shoﬂ“e?ﬁ eXChy fFit-3
pol y mbiganddlHshIG COEr@dHESR laBeHc6,-Bpdpsumhgdani dirsleetifavi ng the general
structure of 1r OROCCIL1L 4 NHS whéerein at |east two subsets of
particul ar bi ofunctional polyner fibers differ fromone another in at |east
one o8. sai TheRnedh dfRihid 1, FhaRSaid o LD A erein said

bi oachj e WCU&E i s sel ected frqﬂéﬁ?%ﬂn@gﬁg‘%rgﬁyr%}% alratEst or

| i gan ‘,°¥"5'F sepifeld having tyyay joy Hireerdimensionabstoiciufeer at i on f act or, adhesi on

nol ecul e, differentiation factor, chenpotactic factor and a nol ecul e

nodul ating signaling or gene expression that exists in the bone marrow

m cr o@nvi r Bisrfaesh of JaiBST, MigTdin SHEREsh-has-at least one of a random, knitted, woven, or
braided structure.

10.  The mesh of claim 1, wherein said set of biofunctional polymer fibers is comprised of at
least one biofunctional polymer fiber having a series of polymerized poly(terephthalate-co-
phosphoramidate)s, said poly(terephthalate-co-phosphoramidate)s, having the general structure

of
(9] 0 o
1 1 il I
—(om—o—c—@—c—o—a—o—tﬁ-
n
NHL » Wherein R is an alkylene, L is

selected from the group consisting of alkyl, aryl and bioactive molecule and n is 5 to 500.

11. The mesh of claim 1, wherein said subsets of particular biofunctional polymer fibers are

made of a series of polymerized poly(terephthalate-co-phosphoramidate)s having the general

structure of
9] 0 o
1] 1] It I
-(O—R-O—C‘Q—C—O-R—O—Fl’%
n
NH-L ,wherein at least two subsets of

particular biofunctional polymer fibers differ from one another in at least one of said R, L and n

groups.

12 The mesh of claim 11, wherein said bioactive molecule is selected from a group
consisting of a receptor, ligand, growth factor, survival factor, proliferation factor, adhesion
molecule, differentiation factor, chemotactic factor and a molecule modulating signaling or gene

expression that exists in the bone marrow microenvironment,
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