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the fabrication of blodegradable porous foams. This method, however, has less control of the

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

Recently, texiile 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, ieaving 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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provides a serious of new biodegradable materials that could be processed into fibers and amendable
to surface conjugation.

Lastly, nonwoven fabric designs lack of the control of scaffold microarchitecture. Obtaining a uniform
porosity 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 et 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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stromal-based culture systems is their ability to expand the numbers of primitive hematopoietic cells.

Although stromal layer may provide a suitable substrate for hematopoietic cell immobilization and
culture, it has a number of limitations. The stromal layer is fragile. Therefore, it requires a rigid
substrate on which the layers of stromal cells should be grown in order to maintain the integrity of the
stroma. Moreover, cells grown on stroma only have a limited culturing lifetime of about six to eight
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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HPC-derived dendritic cells (DC) and T cells, whose exposure to exogenous antigens can be limited
to a minimal level.

While the general protocols for suspension culture are similar, there are a variety of different cytokine
recipes developed by various groups. The cytokines most commonly used include a combination of
SCF, FIt-3 Ligand, TPO, G-CSF, GM-CSF, IL-3, IL-6, and erythropoietin (Epo). Several recent studies
have suggested that SCF, Flt-3 ligand, TPO, and IL-3 might play key roles in the early human
hematopoiesis. The combination of these cytokines (especially Fit-3 ligand and TPO) significantly
enhanced the amplification of primitive HSCs (Petzer, et al. 1996; Petzer, et al. 1996; Piacibello, et al.
1997; Yagi, et al. 1999). The degree of ex vivo expansion is normally assessed by calculating the fold-
increase in total numbers of cells, committed progenitors, CD34" cells, and LTBMC-IC with respect to
the input cells. Routinely, extensive expansion of cell numbers is obtained. Depending on the
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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
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construct was shown to remodel in vivo successsfully in a canine model for up to 1 year. It is worth
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strength of the cellular layers.

The state-of-art scaffolding technology in tissue engineering of blood vessel is to employ synthetic
nonwoven biodegradable 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 cuiture 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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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-
celiular matrices with a reasonable porosity for other applications. The proposed matrix structure
allows for a higher immobilized cell density than can normalily be achieved by traditional cell culture
techniques (flasks or plastic bags).
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grow in three dimensions. The salient and attractive features are:

(1) The scaffold fibers have surface conjugated bicadhesion ligands, which are not available on the
PGA/PLA/PLGA fibers. The polyphosphoesters we proposed have available side chains for

conjugation of bioadhesive ligands. These ligands could be conjugated through a flexible spacer
on the fiber surface. As an alternative, ligands could also be linked to the side chains of the
polymer before being processed into fiber. In later case, bioadhesion ligands are distributed
throughout the bulk of polymer fiber.

(2) This fibrous scaffold design offers good control of the 3-D porous microarchitecture. The surface
engineered fibers or fibers made of biocadhesive 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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(1) polymer fibers comprise biodegradable and non-degradable fibers, whereas non-

biodegradable fibers comprise fibers selected from polyester fibers (e.g. Dacron), high
strength polyethylene fibers, polymethacrylic fibers, polyacrylic fibers, polysulfone fibers,
polyurethane fibers, nylon (polyamide) fibers. These fibers are treated with aminolysis or
alkali hydrolysis to generate surface carboxyl groups, hydroxyl or amino groups, or freated
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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scaffold with a very hlgh porosnty, like the commercially available PGA mesh. An organized and

defined pore structure can be obtained by either knitting or weaving into @ mesh or 3-D scaffold.
Woven scaffold, manufactured with wrap and weft fibers, does not rely on loop}ng of the yarn around
a needle and the mesh is therefore more compact. Weaving results in a low-porosity scaffold with
greater strength and 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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wherein R is the same as described above, L, and L, consists of one or two different groups selected
from alkyl groups, aryl groups or heterocyclic groups. L4 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 Formula il, 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 stil 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 Il
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constructing fibrous scaffolds with different suprastructures through
varying the processing paraneters including type of fibers, fiber

di amet er ,worozae243t i on, porosity, and weaving/knitting chacasGerERecs.

Fi ber weaving/knitting techniques canmt3of fer a great nunber of designs for
the scaffold mcroarchitecture. Biofunctional fibers with engineering

sur f acevherin Bés efiredrsedovent o a nonwoven 3-D scaffold with a very high
porosity, like the comercially avail able PGA nesh. An organi zed and

def i nedvithodighesyirphosphite ta gield e parbit giotyedr, lpplyéertepréhalderca-phasghite) wite vgengral nt o a
mesh orgdeilteseald AlFdmugven scaf fol d, manufactured with wap and weft
fibers, does not rely on | ooping of the yarn around a needle and the nesh
is therefore nore conpact. Waving results in a | owporosity scaffold with
greater strength and resistagce to dgfornmatign conpared with the | ooser
structure of the kni t% g %c%fgnbtﬁeg affol d i Ynuch nore porous,
and has the theoretic advant aye /0of |nproved handl i ng qualities. Knltted
nmeshes are nore prone to stretching. A recent study done usi ng nonwoven

and knitted pol yethyl ene terephthal ate (PET) fabrics as support matrixes in
a humarrhermopitelebmthiiate-ed-phosphirémitite hia sbiained B teacting pall (terpptithaddte-co-phosphite)

char aCthl tdnfie i 4 1oRASs: I, indAbif .maé@&ta&@e@&ﬂé § Aergrrea@a‘lénes%erﬁgl |

adhesi qn, ata ani zatio ration tio
e I B ot s e 50 el BB b e p o
t hei r rremavedsfliciegteds hydregensftiam reigc benroxseaikenv growng. ete.echni que coul d be a

val uabl e tool to provide fibrous scaffolds with well-defined textures. 4.
Desi gn iang @yaﬁ&l@aibsmménmm pateyip Rosgeher anahats 60 fibgds epéFarét] from these

DI of Nl ARkadl BEED e 5SS, RALGNLARER 1AGhY1EN 45 lkcitl % abo

oram
pol y( { aREBRElS I CHO%aa%demuam@F'mn PlRCes: HEBtEelemgirs 4! BrUBRNDS s
and suiftritisl dedigirof fhelneieroandhite e AB2oMTRABEIE LOGHAEhmenPansl tisseesas pwih.
Terepht hal ate structure in the backbone provides the nechani cal properties
needed if @rstill frler enfifoBERAS thitOpatdri pEPIOE tloaiffeddrtl §/ped 6 bof@icAotial fiserd. ITRe first

functi Od?lgl 15 tayty;})c? 'E)fb!) b%@%@atﬁg rﬁ{:é’rg %tr\%rfacepwn p&g@ H&R]'&?rrh qﬁlt; %Clﬁ&‘ll!é) Ners e @

general class ners ca osp oester%

Pol y( prR6gsagRdsisie)tae ar@f:qr%s g E‘P&Q%’ 6f: B8 %%P&epwg'ﬁte' FapsrEoEABERSIEN bond
( P- O C)reaative bide ghalingnand lipandk benenjugatediodist fiber suriped Ipieh dbislepproper is abls to (a)

bi odegradiabd £higRli®ht abisinp ootk fibdr@OMddaeb] mbdiyGbé sfRB Qith deRrenfIRhbd dagily; (1)

i oh StIUehUhBle WERALIAddVon &b %waﬁégl%m%@x@; SuEpmeal  properiies due

to the p |2|ng er ate bone in ackbone, which
woul d [.ower the | ass transition terrperature of the polynmer and confer the
pol yrmrTr@oqe&cmq typteyof f|Her§ éﬁfﬁB"ﬂ?a@P@gﬁr @e Ilg%]d\ﬁgwygatlor( §)) %B étdf’ é:paln o?the polymer

bi oconpesultingl intfipers(wih fwetioha Highndsydisifioutesntirdugheut te Hiedeprasiaple filersown tigs t he
chenmi Caslcherhé rﬂ.lsagareqa‘roclasééadaﬁ th\éa éddgs%ﬁjdéatéd)pcwﬂﬁér@@ﬂﬂyWﬁé@conﬁlg@l@@%éﬁd@-@é e

pol yphOS §r?@pa§{¥safw ect tlbe rhgchg pgnlt g:hof% Hcﬁ;ﬁne'r Ond t}ﬂgllggn%%?ﬁans‘?abrl‘eatx%up%%gggg)

devel o
The pr é@%ﬁ?erpfé't)ré’ﬁf‘%’ ﬂ’r@%dﬁrleegore?xéré?'iae%epﬁ?e EQ?;S‘S? >9h€'|‘9§’3%ﬂ°h?ﬂ9le)/tgé'?q§pm Bt es

and 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 continuousiy 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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CBDCex When adsorbed on cellulose SCF-CBDCex is up to 7-fold more potent than soluble SCF-

CBDCex and native SCF in stimulating the proliferation of factor-dependent cell lines (Doheny, et al.
1999; Kilburn, et al. 1999). However, this method involves complicaie recombinant protein
construction and purification. It is also labor-intensive for conjugation of a number of different HGFs.
This patent provides methods of direct conjugation of HGFs to the surface of polymeric fibers as
described above. Different type of polymeric fiber may require different chemical schemes for the
conjugations.

in a specific embodiment, this invention provides a bioreactor design based on these biofunctional
fibers. Three-dimensional porous scaffolds with different micro-topology are constructed through the
arrangement of biofunctional fibers using the standard fiber weaving and knitting techniques. The
physical topography of microenvironments is believed to play an important role in the maintaining
hematopoietic stem cell viability and pluripotency in ex vivo culture. Many investigators consider the
presence of stroma indispensable for the maintenance of hematopoietic stem celis (von Kalle et al.
1998), despite the fact that recent evidence suggested that stromal functions can be provided in part
by stroma-conditioned medium or HGF supplenﬁentation.

In a further specific embodiment, the present patent concerns a biofunctional fibrous scaffold with cell
adhesion ligands co-immobilized on the polyemric fibers to provide co-stimulation or synergistic effect
of co-immobilized HGFs and cell adhesion ligands. The co-immobilization of HGFs and adhesion

- malecules 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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be conjuga
for endothelial cells. They suggest that integrin receptor a4f1 represent a target for selectivity. This

receptor presents on the endothelial cells, but not the blood platelets and fibroblasts. The existed
adhesion ligand specific for this receptor is a tetrapeptide REDV. It is present in the I1I-CS domain of
human plasma fibronectin, with a dissociation constant of 2.2x10° M and 5.8x10° sites/cell (Massia,
et al. 1992). This oligopeptide represents a good candidate as a specific ligand for endothelial cells for
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 celis do not (Hubbell, et 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, ef al. 1997). Hereby we propose
to conjugate a peptide with a sequence of GREDVY 1o 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 ef al. 1991; Hubbell et al. 1992). This approach will allow
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Examples:
Example 1. Modification of PET fiber (nonwoven mesh) surface with lactose

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 ethylenediamine 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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integrin receptor cc4Rl represent a target for selectivity. This receptor
pr esent Bregeactitrescberdeistsbdwran Figgtd 5, but not the bl ood pl atel ets and
fibroblasts. The existed adhesion |ligand specific for this receptor is a

t et r apepiphetgl fidshhite! Wasl sbtBiies @oh Aldrichhand Iplirifile® bod@tilliigab 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 @ 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 diphenyl 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 distilled 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(buty! terephthalate-co-butyl phosphite) was obtained as white solid (Pretula, et al. 1997).
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PPE: polyphosphoester

SMC: smooth muscle cell
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4. The biofunctional fiber of claim 1, wherein the polymer comprises polyphosphoester,
polyester, polyethylene, polymethacrylic, polyacrylic, polysulfone, polyurethane or nylon.

5. The biofunctional fiber of claim 1, wherein the polymer comprises a plurality of

polyphosphoramidates

6. The biofunctional fiber of claim 1, wherein the reactive group is selected from carboxyl,

hydroxyl, amino and polyacrylic acid groups.

7. The biofunctional fiber of claim 1, wherein the biological molecule and polymer are

conjugated through a covalent bond.

8. The biofunctional fiber of claim 1, wherein the biological molecule and polymer are

separated by a spacer.

9. The biofunctional fiber of claim 8, wherein the spacer is between about 2 and 500 angstroms

in length.
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factor chemotactlc factor or a molecule modulatmg signaling or gene expression.

13. The biofunctional fiber of claim 1, wherein the biological molecule is selected from
collagen, fibronectin, extracellular matrix molecule, galactose, galactosamine, cluster ligands

specific for hepatocytes, SCF, Flt-3 Ligand, TPO, G-CSF, GM-CSF, IL-3, IL-6 and Epo.

14. A method for producing a biofunctional fiber with a bioactivity comprising conjugating a
biological molecule to a polymer, wherein the polymer comprises one or more reactive
groups for attaching the biological molecule.

15. The method of claim 14, wherein the polymer is biodegradable or non-biodegradable.

16. The method of claim 14, wherein the polymer comprises polyphosphoester, polyester,
polyethylene, polymethacrylic, polyacrylic, polysulfone, polyurethane or nylon.

17. The method of claim 14, wherein the polymer comprises a plurality of

polyphosphoramidates.

18. The method of claim 14, wherein the reactive group is selected from carboxyl, hydroxyl,

amino and polyacrylic acid groups.
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polymer. 3. The biofunctional fiber of claim1l1l, wherein the polyner is

bi odegr adabl e or non- bi odegradabl e. 4. The bi ofunctional fiber of claiml,
wher ei47- thhe msshadRiclaipndy PEESTHBE PHHOSHH deRlp@ie copyIses BV @ PT MOE iy | ene,

pol ymet hgesy, ij:%q dolyacrylic, polysulfone, polyurethane or nylon. 5. The
bi of unct i ona 'i'n%er of claim1, wherein the polyner conprises a plurality
of pol yphosphoram dates 6. The biofunctional fiber of claim1, wherein the

reactiye, group i l.ected.from carhQoxyl, _hydroxyl, am no.and.polyacrylic
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bi of unctional fiber of Claim1l, wherei'n the biological nolecule and pol yner
are separated by a spacer. 9. The biofiuctional fiber of claim8, wherein

the s RAC The Imset]flljoedt (%?ari]malgf?gvﬁ-lerzeinat?lg b?oqg gigﬂ%glgc%%smoalﬁa%eg Qgﬁ gf tissue growth,
survival, apoptosis, proliferation, adhesion, differentiation, chemotaxis, signaling or gene

expression.

25. The method of claim 14, wherein the biological molecule comprises a receptor, ligand,
growth factor, survival factor, proliferation factor, adhesion molecule, differentiation factor,

chemotactic factor, or a molecule modulating signaling or gene expression.

26. The method of claim 12, wherein the biological molecule is selected from collagen,
fibronectin, extracellular matrix molecule, galactose, galactosamine, cluster ligands specific

for hepatocytes, SCF, Fit-3 Ligand, TPO, G-CSF, GM-CSF, IL-3, IL-6 and Epo.

27. A two- or three-dimensional structure of biofunctional fibers comprising two or more

biofunctional fibers of claim 1 knitted or weaved together.

28. The three-dimensional structure of claim 27, wherein at least one fiber has a biological

molecule distinct from another fiber.
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combi nation thereof. 11. The biofunctienal fiber of claiml, wherein the
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pol yester, polyethylene, polynethacrylic, polyacrylic, polysulfone,

pol yurethane or nylon. 17. The nethod of claim 14, wherein the polymer
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t hrough a coval ent bond. 20. The nethod of claim 14, wherein the biol ogical
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or non-uniform.

35. The three-dimensional structure of claim 33, wherein the porosity of the structure is dictated

by the knit or weave pattern or a biological property of the biofunctional fibers.

36. The three-dimensional structure of claim 33, wherein the structure is configured to allow

permeation of a biomolecule or cell from within the structure to the outside of the structure.

37. The three-dimensional structure of claim 33, wherein the structure is configured to allow

permeation of a biomolecule or cell from outside the structure to inside of the structure.

38. The three-dimensional structure of claims 36 or 37, wherein the biomolecule comprises a
drug, amino acid sequence, nucleic acid, sugar, oligosaccharide, carbohydrate, lipid, fatty

acid or combination thereof.



24. The nmethod of claim 14, wherein the biological nolecule nodul ates cel
or tissue growh, survival, apoptosis; proliferation, adhesion,

di f f er entweatoeaom43rhenot axi s, signhaling or gene expressi oRCTAG02/4120 et hod
of claim 14, wherein the biol ogical nolecule conprises a receptor, |igand,
growth factor, survival factor, prolif®ration factor, adhesion nol ecul e,
differentiation factor, chenpotactic factor, or a nolecul e nodul ating

signaling or gene expression. 26, The thod of. claim 12, wherein the
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hepat ocyt t-3 Ligand, TPO G CSF, GWCSF, IL-3, IL-6 and Epo. 27.
A two- or three-dinmensional structure of biofunctional fibers conprising

two or re. biafunctional fibers.of claiml knitted or. weaved together.
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PCT/ SG02/ 00120 29 29. The three-di nensional structure of claim 27, wherein
the structure conprises a scaffold, a tube or a chanber. 30. The
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clai m 27, myhedpdbre. t he structure nminmics a body part or organ. 32. The
t hree-di nensi onal structure of claim 27, wherein the structure is

substantially inpernmeable to a bionolecule or a cell. 33. The
t hr ee,,di pensi opal _styucture of i . Lh the. re. 1S porous to
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wher ei n doRgrid@iedsiiftivig Of welding togethietitveo bismuii Hiefufttiodnl fildts untib@im 35. The
t hree-di nensi onal structure of claim33, wherein the porosity of the
structure is dictated by the knit or weave pattern or a bi ol ogical
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erelrn the structure 1s con ured to al perneation of a
bi onol ecule or cell fromwithin the structure to the outside of the
structure. 37. The three-di nensional structure of claim 33, erein the
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outside the structure to inside of the structure. 38. The
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conpr #8eBheamettind gf claim A2, velwirein slegietes isrrubstenttallydingernsaahbertp a biomolecule
ol i gosac&haacreiude, carbohydrate, lipid, fatty

46. The method of claim 42, wherein the structure is porous to a biomolecule or a cell.

47. The method of claim 46, wherein the porosity of the structure is uniform or non-uniform.

v

48. The method of claim 46, wherein the porosity of the structure is dictated by the knit or weave

pattern or a biological property of the biofunctional fibers.

49. A bioreactor for cell proliferation or differentiation comprising the three-dimensional

structure of claim 27.

50. The bioreactor of claim 49, wherein the biological molecule is presented in a paracrine

fashion.



acid or conbination thereof. W 02/102432 PCT/ S&02/00120 28 39. The

t hree-di nensional structure of claim 33, wherein the bionol ecule conprises
a slow rwbeage4Bormul ati on. 40. The three-di nensional st PaESG0@Ro cl ai m
33, wherein the slow rel ease fornulatb&n conprises a colloidal dispersion
system 41. The three-dinensional strtcture of claim33, wherein the sl ow
release formul ati on conprlses a nlcrosphere 42. A nethod for producing a
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tube or a _chanber. 44. The nethod of claim42, wherein the structure

conprlsé§ feigatigfiohmor e t ubes or chanbers. 45. The net hod of claim42,
wherein the structure is substantially inperneable to a bionolecule or a
cell. 46. The nethod of claim42, wherein the structure is porous to a
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bi oreactor for cel pro eration or ferent|at|on conpri sing Fhe

t hree-di nensi onal structure of claim27. 50. The bioreactor of claim 49,
wherein the biological nolecule is presented in a paracrine fashion. WO
02/ 102432 PCT/ SA2/00120 29 51. The bioreactor of claim49, wherein the

bi of unctional fibers are knitted or woven together to mmc a

t hree-di nensional in vivo m croenvironnment that pronotes cell proliferation
or differentiation. 52. A nethod for introducing a bionolecule into a
subject for controlled rel ease conprising inplanting the three-dinmensional
structure of claim27 having the bionolecule into the subject under
conditions allowi ng controlled rel ease of the bionolecule into the

subj ect ..



