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7]. Therefore, new bone for the repair or the restoration of the function of
traumatized, damaged, or lost bone is a major clinical need, and bone tissue
engineering has been heralded as an alternative strategy for regenerating bone [8].

Tissue engineering, as it applies to bone, focuses on restoration of large
segments of skeleton including weight bearing bones. Bone can be regenerated
through the following strategies: Osteogenesis - the transfer of cells; Osteoinduction -
the induction of cells to become bone; Osteoconduction - providing a scaffold for
bone forming cells; or Osteopromotion - the promotion of bone healing and
regeneration by encouraging the biologic or mechanical environment of the healing or
regenerating tissues.

A polymeric poly (L-lactide) tubular membrane spanning a mechanically
stable, large segmental bone defect was shown to promote woven bone formation and
reconstruction of the bone defect [9]. Mosheiff et al. developed a critical size defect
model in rabbit for bone loss treatment testing. In this model the rabbit forearm is to
produce critical size defect. A critical size defect is defined as the smallest intraosseus
wound that is not bridged by the skeleton in normal circumstances [10, 11]. Using this
model, our group has successfully employed membranes for guided bone regeneration

(GBR), by osteoconduction [10, 12].
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regeneration, optionally together with active agents that promote cell growth,
adhesion , differentiation, and /or proliferation.

Specifically, the invention is based on the finding that a polymer-based
membrane which further comprises polyethyleneglycol (PEG) supported
mesenchymal stem cell (MSC) adhesion, differentiation, and proliferation.

Accordingly, in one of its aspects the invention provides a membrane
comprising at least one positively charged, synthetic, hydrophobic polymer, at least
one hydrophilic polymer and at least one plasticizer; wherein said membrane is
flexible and is capable of supporting at least one of cell adherence, cell proliferation
or cell differentiation.

As used herein the term "membrane” concerns a thin (roughly two
dimensional) continuous homogenous construct having a thickness of between 30-
200um, typically constructed by casting at least one positively charged synthetic,
hydrophobic polymer, at least one hydrophilic polymer and at least one plasticizer
into molds.

The term "positively charged synthetic, hydrophobic polymer" relates to a

synthetically produced polymer which is insoluble in water, having an overall average
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As used herein the term "polymer having an amine group and a methacrylic
group'"’, concerns polymers as well as copolymers having as monomers methacrylic
groups substituted with amine groups. Example of such polymers can be found, for
example, in Aggeliki I. et al [20].

The term "hydrophilic polymer" refers to polymers (including co-polymers
and mixtures of polymers) that dissolve in aqueous media such as in bodily fluids
(e.g. extracellular fluid, interstitial fluid, plasma, blood, or saliva). It is noted that such
polymers generate pores in the membrane upon exposure to aqueous media.

In some embodiments, said at least one hydrophilic polymer is selected from
the group consisting of hydroxylpropylmethylcellulose, hydroxylpropylcellulose,
carboxymethylcellulose, hydroxyethylcellulose, polyvinyl alcohol, polysaccharides,
sodium alginate, polyvinylpyrrolidone, modified starch, polyethylene glycol,
polyethylene oxide and gelatin.

The term "plasticizer" relates to a compound capable of endowing the
membrane with flexibility. A plasticizer used in accordance with the present invention
should be non-toxic to cells. In some specific embodiments said plasticizer is non-

toxic to stem cells.



car boxymnet hyl cel | ul ose, hydroxyet hyl cel | ul ose, polyvinyl al cohol,

pol ysacchari des, sodium al gi nate, polyvinyl pyrrolidone, nodified starch,

pol yet hylwoeoglyenk, pol yet hyl ene oxi de-4nd gel atin. Thectrarrmi/ploast i ci zer"
relates to a conpound capable of endowi ng the nenbrane with flexibility. A
pl asticizer used in accordance with the present invention should be
non-toxic to cé pame pRbedimentspaaid pt leagmnslaptintzer §aﬁelfcmdé§<tmélilezé‘ﬁ>ups non

toxic to I d zer
sel ect ed ?Igsrngﬁl?l Afgj o)rég%g%%séigm %&g?[ﬁ% ?yet ﬁw ene {/tléagf{]%c%gf@t }ﬁ';l/l ene
oxi de, tr icetakeyl tributyt ameate,aaeatyll tributydt hyahtegltha@tle dﬁhsutjdutsqﬂacmet dietlg]l acetyl

tributyl cjtrate, tr' di_but sebacat e, thyl phthal ate, propyl ene
gl ycol , rré’hi‘ﬁg%i’ gg C%ertl}ﬂ’féfg ¥leng g COllaﬁ‘d%E’é‘ Denmbodi nents, the

menbrane of the, h&ﬂ@@ﬁl‘b@&ﬁn%@'iﬁesﬁémﬁﬁané %F%ie RA0EntRInAS IS8 €t lfer@tonéS wat er
soluble. Non-limting list of water soluble plasticizers includes: PEG

triethyl @lasntaze‘ar that s ywater iselublel Non-hmiteg fisi lofit watecisplubie pl@t:em;rs
tribut yI

gl ycol GePEg Wiy Sieaf syt guplef ek, b ViraBuront boual Ry

| east onecma@est | @iaéétin, andb@yl | gatsdcatene dmfﬂgmpﬁmhalatepolpwpﬂexﬁ:re ppati bl e
with stemcells. As will be demonstrated in the exanpl es bel ow PEG was

shown to Hethpxyethplene glysolandrgelaéinl s. Therefore, in a specific embodi ment

e 1 1e TeRPLaReekBRHIES SIEIIEEL bR RcDEPRET ARG LRE Al 27 o

hydr ophilic poly ene col refers to

pol yet hyl @a@n@kmonﬁﬁhbﬁmﬁlm dtératcell. ssol ve in aqueous media. In sone
enbodi ments PEG i n_the range of 300- 20,000 is used in a nmenbrane of the
i nvention. In dsheil brBerprRtwicd ippbe suemples below PRCavaAw sivahio B neme

| nventi on ok 1584 OB S § HUAEORRNmAR! WABEin! SePAlBEAY | ene

gl ycol ranging from 300-20,000. In o I ments sald plasticlzer is
pol yet hyl emdudgk geni cetllaniga prgfehnd)piasmﬁze:i(an%ﬂhydmplyht pblyntenexPlEGbodi nent s

Dot ear gL R el B SShr BB PRt ge oLy
cases PEGmnﬁgbﬁet@ &REOYs Rieliad I8 Waie fdMBodifénts IPHA ¢n RTBIRB T 300-
contributes flexibility to the nenbrane and it

20,000 is used in a membrane of the invention. In other embodiments PEG 400 is

used in a membrane of the invention.

In some embodiments said hydrophilic polymer is polyethylene glycol ranging
from 300-20,000. In other embodiments said plasticizer is polyethylene glycol
ranging from 300-20,000. In yet further embodiments both said hydrophilic polymer
and said plasticizer are polyethylene glycol ranging from 300-20,000.

Without wishing to be bound by theory, in such cases PEG appears to carry
out a dual function in the membrane; it contributes flexibility to the membrane and it
causes pore creation upon dissolution. As demonstrated in the Examples below,
porosity (number of pores in the membrane) increases according to PEG
concentrations within the membrane. Furthermore, an increased porosity correlates
with increased cell adhesion.

In other embodiments of the invention, said at least one hydrophilic polymer is
present in a concentration of between about 0.5% weight/weight (w/w) to 30% (w/w)
of the membrane. In other embodiments, said at least one hydrophilic polymer is
present in a concentration of between about 10% (w/w) to about 25% (w/w) of the

membrane.
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plasticizer and a hydrophilic polymer capable of forming pores upon contact with
aqueous fluids in situ), and adult stem cells.

As used herein the term "cell adhesion” or "cell adherence” refers to the
binding/attachment of a cell to a surface while maintaining viability.

As used herein the term "cell proliferation” or "cell growth" refers to
reproduction and increase in cell number, i.e. cell division.

As used herein the term "'cell differentiation" refers to a process by which a
less specialized cell becomes a more specialized cell type. For example, adult stem
cells divide and create fully-differentiated daughter cells during tissue repair and
during normal cell turnover, e.g. mesenchymal stem cells may differentiate into
osteoblasts.

The membranes of the invention are capable of supporting cell adherence, cell
proliferation and/or cell differentiation.

Membranes according to the present invention exhibit qualities such as the
ability to (i) develop direct adhesion and bonding with existing tissue; (ii) promote
cellular function; (iii) provide a scaffold or template for the formation of new tissue;

and (iv) promote tissue regeneration and act as a carrier for bioactive materials.
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In some embodiments said agent is in a controlled release formulation.

In another specific embodiment, the membrane comprises AMCA, PEG and at
least one active agent (e.g. simvastatin).

In some embodiments a membrane of the invention is capable of being porous
upon hydration (for example hydration achieved upon contact with bodily fluids in the
implantation site), and wherein the pore size is between about 0.1 to about 5 microns.

In some embodiments a membrane of the invention may have at least one pore
due to hydration of said water soluble plasticizer in a size of less than 5 microns. In
other embodiments said pore size is less than 2 microns. In yet other embodiments
said pore size is between about 0.1 to about 5 microns.

As used herein the term "hydration"” refers to exposure of the membrane of
the invention to aqueous solution or a body fluid, e.g. interstitial fluid, blood, plasma,
saliva, which results in dissolution of the water soluble plasticizer.

In another aspect, the invention provides a use of a membrane of the
invention, for the preparation of a three dimensional hollow implant for tissue

regeneration of a defected tissue region.
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of the invention comprised within a three dimensional hollow implant of the invention

defines the surface of the implant.

In another aspect the invention provides a cell delivery system comprising a
membrane of the invention.

In yet a further aspect the invention provides a cell growing surface
comprising a membrane of the invention.

In another one of its aspects the invention provides a scaffold substantially
coated by a membrane of the invention.

The invention also provides granular material substantially coated by a
membrane of the invention. In certain embodiments, the granular material is
composed of bone compatible ceramics e.g. calcium-based minerals.

The invention further provides a method for promoting tissue regeneration in a
defected tissue region comprising the steps of: providing a membrane of the
invention; and implanting said membrane in the proximity of said tissue defect region.
In some embodiments said defected tissue results from a condition selected from non-
union fracture, osteoporosis, periodontal disease or condition, osteolytic bone disease,
post-plastic surgery, post-orthopedic implantation, post neurosurgical surgery,

alveolar bone augmentation procedures, spine fusion, vertebral fractures.
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from left to right are: upper panel - x200 (Fig. 2A), x1000 (Fig. 2B), x2000 (Fig. 2C);
x4000 (Fig. 2D), x5000 (Fig. 2E), x6000 (Fig. 2F).

Figs. 3A-3B shows flow cytometric analysis of CFSE labeled hMSC. 1x10°
CFSE-loaded hMSC were cultured on either AMCA membrane with 15% PEG 400

(Fig. 3A) or polystyrene tissue culture dish (Fig. 3B) for 24h, 48h, 96h and 144h. At the

indicated time points cells were harvested and flow cytometric analysis was performed.
Loss of CFSE reflects cellular division.

Fig. 4 is a graph showing hMSC proliferation on AMCA membranes prepared
with various PEG 400 concentrations. CFSE-loaded hMSC were cultured and analyzed
as in Fig. 3. Data are presented as Mean Fluorescent Intensity‘ (MFTI) of CFSE over time
for AMCA membranes containing different concentrations of PEG 400 vs polystyrene
tissue culture dish (control). Decrease in MFI represent rate of MSC proliferation over
time.

Figs. SA-5C show scanning electron micrographs of the AMCA membranes:
Membranes were prepared using solvent casting technique. The membranes were then
analyzed using SEM or immersed in phosphate-buffered saline (PBS) for 24h and then
analyzed by SEM. (Fig. 5A): 15% PEG 400 membrane before immersion in PBS —

showing no porosity; (Fig. 5B): membrane with 5% PEG after immersion in PBS -
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inplanted with A menbranes as conpared to untreated controls.
changes over time (Fig. 8A) and callus area changes over time (Fig. 8B) observed for
ethyl cellulose membrane and ethyl cellulose membrane controllably releasing
simvastatine in 6 male New Zealand rabbits for which critical size defect (10mm) was
created in both forelimbs. Forelimb was inserted with Ethyl Cellulose (EC) membrane
which contained simvastatin; Contralateral limb was inserted with EC membrane.
Calibration was done using Osirix software.

Fig. 9 shows a microCT of bone regeneration with EC membrane. In this
experiment bone defect was left untreated. The bone defect was in a non union state.
Arrows mark the bone defect area.

Fig. 10 shows microCT ( computed tomography) of bone regeneration with EC
membrane containing simvastatin. In this experiment bone defect was treated and
successful bridging of the defect was shown. Arrows mark the bone defect area..

Figs. 11A-11B is a graph showing mean callus area growth for AMCA
membrane of the invention, with and without addition of controlled release
simvastatine. A — Shows results obtained 4 weeks after implantation of the AMCA
membrane + simvastatin. B — Shows results obtained 8 weeks after implantation of the
AMCA membrane + simvastatin

Figs. 12A-12D is a graph showing various parameter effects on simvastatine

release from membrane of the invention (measured in vitro): effect of simvastatin
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suitable for various therapeutic applications, for example, a hollow tube. Moreover,
upon exposure to fluid (in vivo or ex vivo), the hydrophilic polymer at least partially
disintegrates and the membrane becomes porous, thus enabling the adhesion of cells.

Cells may be seeded on a membrane of the invention as will be further described
below in detail.

In further embodiments, a membrane of the invention may further include an
active agent, as further detailed below. _

A membrane of the invention can serve as an infrastructure to allow guided
tissue repair as well as a cell delivery system. A membrane of the invention may also
serve as a barrier membrane for eliminating infiltration of unwanted cells, blood vessels
and soft/scar tissue into the treated area, and for isolating the cells delivered in said
membrane from the surrounding tissue, and preventing the leakage of cells and factors
from the space inside the membrane to the surrounding tissue.

A membrane of the invention may be used as such, for example, by covering a
region into which the cells are delivered, however, in certain embodiments it may be
used to form a three dimensional device (for example a hollow tubular device) which
holds the cells to be deliver, or may coat a tissue engineering scaffold containing the

cells to be delivered.
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of cells and soluble factors and to prevent growth of soft tissue into the scaffold.

The term "cell delivery" refers to introduction of cells into a desired site in the
body of an individual for therapeutic purposes.

A membrane of the invention is suitable for seeding of any type of cells for
example stem cells (both adult and embryonic stem cells). In other embodiments cell
type may be selected from the following non-limiting list: mesenchymal (stromal) stem
cells, umbilical cord blood cells, osteoblasts, chondroblasts, or CD105+ cells. The
invention also encompasses seeding of pluripotent stem cells of embryonic origin as
well as adult cells that have been reprogrammed to become pluripotent. The cells may
be autologous, allogenic or xenogenic.

In some embodiments, the cells are autologous adult stem cells, obtained, for
example, from bone marrow or adipose tissue.

Cell seeding is performed in some embodiments ex vivo. The cells may be
placed on the membranes (for example formed as a hollow tubular device) or placed in
a tissue engineering matrix (also termed herein "scaffold") coated by the membrane of
the invention. Examples of tissue engineering matrix are those fabricated from either

biological materials or synthetic polymers.
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Arthritis, Osteoarthritis, trauma, cancer surgery or cosmetic surgery.

Generation of intervertebral disc tissues including nucleous pulposus and
annulus fibrosus, is required in conditions such as nucleous pulposus degeneration,
annulus fibrosus tears, or following nucleotomy or discectomy.

Typically the membrane, for example in the form of a hollow tube is placed at
the desired site by implantation.

In certain embodiments, the membrane of the invention comprises a synthetic,
hydrophobic positively charged polymer, a hydrophilic polymer, a plasticizer and an
active agent and is further seeded with cells.

In a specific embodiment the membrane of the invention comprises a synthetic,
hydrophobic positively charged polymer and PEG and is further seeded with stem cells.

As used herein the term "cell-growing surface’ refers to any artificial surface
suitable for cell growth for example a slide, vessel or cell/tissue culture dish. The
membrane coated cell growing surface in accordance with the invention thereby gains
properties suitable for cell adhesion, proliferation and/or differentiation.

The present invention provides a flexible membrane capable of supporting MSC

adherence, proliferation and differentiation. Such a‘membrane can be used as treatment
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model will provide starting material for a new bone tissue. Therefore, implanting GBR
membrane with expanded ex vivo MSC may greatly improve the bone repair outcome.

As demonstrated in the Examples provided below, several polymers were tested
in conjugation with various plasticizers.

In one embodiment, a membrane constituted from AMCA and 15% PEG 400
could support good MSC adhesion, proliferation and differentiation: (I) MSC adhered
to AMCA membrane with 15% PEG 400 as determined by light microscopy,
fluorescent microscopy and SEM. (II) MSC maintain their proliferative activity as
determined by CFSE labeling and flow cytometric analysis (II[) MSC maintained their
differentiation ability as determined by Alizarin Red staining.

AMCA membrane containing 15% PEG 400 supported MSC differentiation to

osteoblasts.

Materials and Methods

Polymers: Ammonio Methacrylate Copolymer type A NF (AMCA, Eudragit®
RL, Degussa, Germany) and Ethyl Cellulose (EC, Ethocel® N 100, Hercules Inc,
Wilmington, DL.).



progenitor cells can lead to delayed union or nonunion. There are many
difficulties related to the healing of critical-size bone defects. In
general , woess/mbfobi culties result fromthe fact that tiperarimo/emos

i nsufficient nunber and/or activity of osteogenic cells of the host to
allow for healing. A nenbrane of the invention can gui de bone regeneration
as well as prevent unwanted vascul ari zatidft in the new y fornmed bone. The
menbrane can al so protect the area of bone defect frominfiltration by
connective and $lasticizess uRslyethyleuidydtdhet(s (RIOGe40l; Metdks Gamamy)l dvlysdrplr age
of osteogeni.c npnents in th pace .encl osed b e, menbran i may
ot ent | a1 JHtseen S Bewkiny ke RTBSe 15AL: St i vty 15
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si ze defect nodel will provide starti ng material for a new bone tissue.
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| mprove the bongaRalii QULARAMRs ASpIRARIS Wl ShliBahile EXARLSRcPLEN ded
bel ow, several pé’l ners Were test BdPh conj ugafgl N Th various

pl asti ci zerpsepatddl Wigy SINPBELATERE tecBnifBIEY disdosdris Frietihasd M. adnGaMHb angd. 15%
PEG 400 coul d support good MSC adhesion, proliferation and differentiation:
(1) MBC adHétle&opyanemeonembipesawere gasthramozohitiongosigingiet pelymae dlasficizerght
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anal ysi s (lcii))aniVie sodvent svias elibwdaab revabdrite ogat night. dMenstvades twidthsvadel @5 ned
by Alizarin Red staining. AMCA nenbrane containing 15% PEG 400 supported
VMSC di fferéiffiation to osteoblasts. Materials and Met hods Pol ymers: Ammoni o
Met hacryl at e Copg|oy B usk YR SiséheNultufMrhembradé Gt Immlsed REPBSS@BiolcBicaRNY)
and Ethyl Cellulose (EC, Ethocel (r) N 100, Hercules Inc, WI mngton,

DL.). Pl ast ilndustnies; Be|Hasmisl bsregl)yioo 24 400rs PE@GshOoyt dssible, re@aingmih ejhanol

G yceryl triacetate. (Triacetin,.. Eluka,, Rehovot, Israel), G ycerin
( Fr ut ar om af@?}éeé’l e,nh%ﬁﬁ h}'@y"aﬂiaflg?gor(%?ruka, Rehovot, Israel) , Dibutyl
Sebacat e (Fl uka,CiZaaenpizatiors ofGhdmbrinRYLY Sciitiak ERctlrih MicrofRepp(SEM)

I srael). Polyneric nmenbranes preparation and sterilization - nbranes were
photomicrographs - AMCA membranes containing 15% PEG 400 were fixed with 2%

glutaraldehyde in cocodylate buffer (0.1 M; pH=7.2) for 2 hours. The specimens were
then processed according to the air drying method skipping the ethanol dehydration
series (Ethanol dissolves AMCA; therefore it should be excluded from the specimen
preparation). The process was accomplished through 100% Freon 113. The specimens
were vigorously shaken, which allowed rapid evaporation of the Freon phase. The
membranes were mounted in copper stubs, coated with gold and then examined in FEI
quanta 200 at an accelerating voltage of 30 KV.

Cell harvesting and culture — hMSCs were obtained from discarded bone
tissues from patients undergoing total hip replacement surgeries, under approval of
Hadassah Medical Center Helsinki Ethics Committee following an informed consent.

The hMSCs were separated from other bone marrow-residing cells by plastic
adherence and were then grown under tissue culture conditions, as described in
Krampera M. et al. [14], and Djouad F et al [15]. The cells were maintained in a low-
glucose Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% heat-
inactivated fetal calf serum, 2 mM glutamine, and penicillin/streptomycin (Biological
Industries, Beit-Haemek, Israel). Primary cultures were usually maintained for 12-16
days, and were then detached by trypsinization and subcultured (Barry FP. et al. [16]).

The medium was changed every 3-4 days.



prepared using solvent casting technique as disclosed in Friednman M and
Golonb G J. [13]. Polyneric nmenbranes were cast from sol ution consisting
of pol ymako 20l0asbiogi zer and Et hanol (Frutarom |srael) ipetrQridi€oobsid on

moul ds (round plates, inner dianeter 9.6 cn and the solvent was allowed to
evaporate over night. Menbranes width was: 1005 nm Prior to use in tissue
cul ture, nenbranes were i mersed in PBS (BiSl ogical Industries, Beit

Haenmek, Israel) for 24 hours to wash out possible remai ns of ethanol and
then sterilized M$Cladhiesivactoahémbrinr— PorWSCOhbelngl BMSQ fletor-sbpdidsd ranes
-Scanning El ectron M croscop SE hot om crographs - AMCA rren%ranes
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cells by plastic adherence and were thén grown under tissue culture .
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Cal bi ochenm), incubated at 37C for 10 min, and the cells were then
flow cytometer (Becton Dickinson) using Cell Quest software.

MSC differentiation on membrane — MSC were seeded on the membranes or
on the center well organ culture dishes (Falcon) for control, as described above. As soon
as MSC were confluent, the culture medium was supplemented with ascorbic acid (50
pg/ml), dexamethasone (10° M) and B-glycerophosphate (10mM). Medium was
changed twice a week for 17 days, afterwards membranes and dishes were dyed with
Alizarin Red, as described below.

Alizarin red staining — A stock solution of 2% alizarin red in distilled water
was adjusted to pH 4.2 with NaOH and passed through a 0.22 pum filter. Cultures in the
center well organ culture dishes were rinsed with 150 mM NaCl three times, fixed in ice
cold 70% ethanol, rinsed with distilled water and stained at room temperature for 10
min with 500 pl of alizarin red stock per well. Individual wells were rinsed five times
with distilled water; a sixth and final wash with distilled water was performed for 15
min (Halvorsen YD. et al. [17]). Membranes due to their positive charge had a higher
affinity towards alizarin red stain than a negatively charged center well organ culture

dishes, therefore rinsing with distilled water didn't remove the stain from the



washed three tines. Cells were cultured on a sterilized nmenbrane wetted
with PBS, 15x1 04 cells in 150mM nedium and incubated for six hours at

37C. Aft ayanfls7dogl of nmedi um were added. Cells were eyainnsdoddhoour s
after seeding by fluorescent mcroscope. Tissue culture polystyrene dishes

were used as a positive control for nenbrane in cell adhesion test.
CFSE- based proliferation assay - For cell lfivision studies, MSC were
resuspended in PBS (107 cells/m) containing

3' - O Acet ylméhbrahesbwd( emighxVerdiykcg bdckgroumdose bpapliell| augings ei@sewith 0.02 M

di acet oxy | ester (BCECE/AM or CFSE, 5 ng/ni; .Cal biochem, incubated at
37C for 1WH§HE§H§WS'?WF%CNW£§ “@%%-%Pgb@‘@ -cells were then seeded
on the nenbrane mzanqneﬁh@alla%ﬁluﬁoﬁ%kfngaem@hﬁﬁsﬁe@ﬁm@ féntiggd above. At the
indicated time points cells were harvested and proliferation of cells was
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i nvention presence of poly-1-lysin.
AMCA Membranes: Cell adhesion test was performed with Ammonio
Methacrylate Copolymer type A (AMCA, Eudragit RL™, Degussa, Germany) [85%],
mixed with various plasticizers disclosed herein above [15%].
MSC adhered well to AMCA membranes prepared with the various plasticizers
(Fig. 1 D-F) in spindle monolayer shape. Cell spreading on the AMCA membranes was
similar to spreading on the polystyrene dishes which were used as a positive control for
cell adhesion (Fig. 1 A-C). The mode of spreading is indicative of the cells' well being.
Cell adhesion was further analyzed using SEM. As shown in Figure 2 cells on
the AMCA membrane, were flat and monolayer spindle shaped. Furthermore, at higher
magnification, cell-membrane interaction was seen, with a cellular podia attached to the
membrane, (Fig. 2, D-F). Moreover, the release of numerous vacuoles from the cell
surface was observed, demonstrating cell functionality. Similar results were obtained
using both human as well as rabbit MSC.
Example 2 — Cell proliferation using a membrane of the invention
Proliferative capacity of MSC was tested using the fluorescent marker of cell

division, CFSE and flow cytometric analysis. This method is based on the fluorescein



Various nenbranes were tested for their ability to support cell attachnent
and growt h. The tested nenbranes varied in their polyner and pl asticizer

types. Seyenhalo@bpgticizers were tested, i.e. glycerin, ppehyshfylosne
glycol, triethyl citrate, dibutyl sebacate, dibutyl phtalate, triacetin.

The plasticizers tested were hydrophobic or hydrophilic and were added in
order to contribute flexibility to menbrardd. MSC were seeded on sterilized
menbr anes as descri bed herei nabove. EC nenbranes: MSC cells showed little
adher ence tdatet Idyé QB sthichnis paﬁitiﬁﬁ‘edrwmhrrame&ab\la didebtyl beagegredpichten celdss
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PEG resulted in either higher or lower proliferation rates.

In addition, AMCA membrane with 15% and with 5% PEG 400 was
characterized using scanning electron microscopy (SEM). Membranes were observed
before and after immersion in PBS (Fig. 5). It is noted that membranes were immersed
in PBS for 24 hours before each MSC seeding, in order to wash out residual ethanol.
Since PEG 400 is soluble in water and thus porogenic, only after immersion in PBS,
pores were observed on the membrane surface (Fig. 5B-C). In both concentrations of
PEG 400, SEM pictures demonstrated a porous surface, with average pore size of 0.18
um. Pore distribution correlated directly to different PEG 400 concentrations.

Example 3 — Cell differentiation using a membrane of the invention

Differentiation medium was added as described hereinabove. Membranes and
dishes were then dyed with Alizarin Red. (Figs. 6A and 6B). Alizarin red binds
irreversibly to bivalent positive ions and has especially high affinity towards calcium.
Calcium is secreted from osteoblasts and deposits on the membrane as part of the
creation of an extracellular matrix. Therefore presence of calcium marks the
differentiation from MSC that do not secrete calcium into osteoblast. Figure 6

demonstrates that MSC cultured on both AMCA membrane and polystyrene controls



allowing eight to 10 discrete generations to be identified both in vitro
and in vivo. The technique allows conplex information on proliferation

Ki netics wodofhdbpEenti ation to be coll ected Accordi ng perhhicGebeesznol ogy;
i ndi vidual cells are tagged with the fluorescent CFSE dye that binds

irreversibly to cell cytoplasm As cells divide, their fluorescence hal ves
sequentially with each generation, allowi nd the proliferative history of
any single cell present to be moni tored over tine (see Lyons AB. Et al
[18]). MSC havel differcatisted an ol dandEGrotfite dreixtracuii@lat Fingtrix3 B)hig l:fuidurgo
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on the rrerrbraner@s dt of the creation of an extracellular matrix.
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Total area of regenerated bone tissue (appearing around and within the
bone gap defect). To eliminate possible bias by variability of bone dimensions, data
calibration was made using the diameter of olecranon process at its narrowest zone as a
standard reference. This diameter was defined as 10 mm in each specimen.

- Relative density of the newly regenerated bone in the gap defect. The
segmented area was outlined, and the density was measured. The bone density in the
center of the olecranon process was measured in each forelimb for a calibration, as a
reference value. The density of olecranon process was defined as a 100% for each
specimen (see Mosheiff R. et al. [10]).

Results: Figure 7 shows bone regeneration expressed by mean callus area (mm?)
throughout the study (weeks 2 to 8). At week 2 of the study the mean callus area
produced in control arm was larger then that of arm treated with AMCA membrane,
possibly due to formation of hematome or blood clot at the surgery site. When the site
was surrounded by membrane it isolated the area and thus slowed the degradation of the
hematome. However from week four of the study, mean area of callus generated in the
limb treated with AMCA membrane was slightly bigger than that of the control (144.8

mm? vs. 114.5 mm®). This trend continued at weeks 6 and 8, hand in hand with



differentiation from MSC that do not secrete cal ciuminto osteobl ast.

Figure 6 denonstrates that MSC cul tured on both AMCA nenbrane and

pol ystyr epe 266 pkshave differentiated to osteobl ast apdriiadueRts
extracellular matrix. This finding confirns that AMCA nenbrane with 15% PEG
400 supports MSC differentiation and that MSC after adhesion to nenbrane
mai ntain their stemcells traits. Exanpde 4 - In vivo bone regeneration
study using a nenbrane of the invention Study group: Five nale New Zeal and
rabbi t s, Rh@BitA ditdertbe beWediteiEMus lﬁi’éa@to? NICA Hemiatnert?eaeet liAp of
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Example 5- In vivo bone regeneration study using an EC membrane of the
invention further comprising simvastatin

In 6 male New Zealand rabbits critical size defect (10mm) was created in both
forelimbs. In one forelimb EC membrane which contained simvastatin was inserted, in
the contralateral limb EC membrane with no active agent was inserted. Callus density
and Callus area were measured and calibrated using Osirix software. Figs. 8A and 8B
show the quantitative analysis of the radiographs.

Fig. 9 shows the microCT of bone regeneration with EC membrane. In this
experiment bone defect was left untreated. The bone defect is in non union state.
Arrows mark the bone defect area.

Fig. 10 shows microCT of bone regeneration with EC membrane containing
simvastatin. Arrows mark the bone defect area.

In this experiment bone defect was treated and successful bridging of the defect

is evident.



was surrounded by nenbrane it isolated the area and thus sl owed the
degradation of the hematone. However from week four of the study, nean area
of call usyegepfy@abepd in the linb treated with AMCA nenbr agemasosdooght |y

bi gger than that of the control (144.8 mmR2 vs. 114.5 nmR2) . This trend
continued at weeks 6 and 8, hand in hand w thw dening the difference

bet ween nmean cal l us areas of AMCA nenbrane2Greated |inb and control |inb.
At week 8, the difference between nean callus areas produced in two |inbs
(treated w th ANGGBIes: 37 ©hdsbneGREédiratiér 8618 CusingS a® AMCANG eidFadélof 91
mP (see Table 1 below). However, this difference is not statistically

si gni fi cantthe innentign fugther epampyising pvastatis) of this prelimnary study and
hi gh variability g LtS... &Sl t ens N k: VO ' Tabl e
1 FRadt ogr aphi c RAPLATAL SieRSsid bl BReACHR hitadlls KhOwSleatibaly. STE0 P
Vi vo bone rrafgtsewat ineated twithysimsastaginadonkCllad rdd¢ae AMEAthembraue atd 6wtHewy t her
conpri sing simnm atin In 6 mal e New Zeal ang rabbits critical size defect
(10nm) was ‘Gl ITREORRSRRE WERQUE AR RCUVEANGRECRlyr ¢| | b EC menbrane whi ch
cont ai ned si nvasighbfp@s inserted, in the contralateral |inb EC menbrane
with no active agent was inserted. Callus density and Callus area were
measur ed and calAMIGA ee¢mbsinagoDprising sewfastating. Fi gs. 8A and 8B show t he

guantitative anal ysis,.of the i qgr . Fig. 9 shows the m croCT of bone
regeneration wth EC Wﬂéﬁ/gw(?%ﬁ?@?@peri ment bone defect was |eft
untreated. The bone def@® (cudrabit RIGTOWWAR Bb&ke. Arrows nmark the bone
defect area. Fig. 10 shows m croCT of bone regeneration with EC nenbrane
cont ai ni ng si nvastat iFEG APQ b6 wimt10-182 bone defect area. In this
experinment bone defect reat ed successful bridging of the defect is
evi dent . Exanpl e 6- | ﬁ“s&“@%a“%‘o‘ﬁﬁﬁ%aaggg%{ ﬁoglr?%esft udy using an AMCA nenbr ane
of the inventi onCdntrol AMMCAangibranddg Si nvastatin Rabbit nodel: critical
bone defect of 1 cmin radius bone were created. 5 rabbits were treated
with simvastatin contAMiGleudeid Rdd I8KCW/ WehB? 8ne and 5 others with AMCA

menbr ane wi t hout any %w@lm%qgi@fgg Menbr anes: AMCA nenbrane conpri sing
si nvast at i ne: )

si ze

- Membrane width was 180 micrometer.
Figure 11 shows significantly larger callus area formed at the defect site treated
with simvastatin controlled release AMCA membrane (Wilcoxon summed ranks test),
as well as increase in callus growth rate at 2 first post operation weeks — may be

important from clinical point of view.

Example 7 - In vitro release rate of simvastatin from different membranes
of the invention

The effects of various parameters on simvastatine release from membranes of
the invention were measured in vitro as follows:

The effect of simvastatin concentration on simvastatin release rate is shown in

Fig. 12A; the composition of the tested membranes was as follows:

Membrane components | Membrane 1 | Membrane 2 | Membrane 3
Simvastatin 20% 5% 10%
PEG 400 10% 10% 10%
Eudragit RL 70% 85% 80%
width (micron) 90 75 87




Sinvastatin 20% w w - 0.36g AMCA (eudragit RL) 70% w w 1.26 g PEG 400 10%

w w 0.18g Menbrane width was 180 m croneter.

Contr ol

AMCA nenbr ane:

AMCA

(eudr agi twBlah10AP%oy W 1. 62 g PEG 400 10% w w 0. 189 Mewpbransiwbebhiy was 180

m croneter.

Figure 11 shows significantly larger callus area formed at the

defect site treated with sinvastatin controlled rel ease AMCA nenbrane
as i#lcrease in callus growh rate at

(WI coxon summed ranks test),
2 first post operation weeks -

view. Exanmple 1 -

as wel |

may be inportant from clinical
In vitro release rate of sinvastatin fromdifferent

poi nt of

menbr anes of the invention The effects of various paraneters on
simnvastati ne rel ease from nenbranes of the invention were neasured in vitro

as follows: The fff&fl: of m%%'%l’d’i\%tv@ﬁihrbntcs‘i?@g%g%tf

rate i s shown in Fig.

12A; e conposi

A% B e

IQBI ease
was as

f ol | ows: Thethetdmpdsitoin qfﬁh@teated mambrmeslwamasrﬁﬂk)tmti n release rate i s shown

in Fig. 12B;

pl asticizer type on

8- Bone regenerati on

t he cormp
ef fect of plasticize
conposition of the t

I’ laVaVaYal AADC

e rampaneT | YienganE 4] MeabeRe o
esTelgVIRLAReS WgS a5od 0l Fqws™ 7p8e ef
Si rrvastatine rel eqse rate id shown in
wi t h PMEAOBenbr ane cdﬁ%rl SI ng HMBC Ra

s follows: The

in Fig. 12C, the
fect of

Fig. 12D. Exanple
bbit nodel:

critical size bone defect_.o i n rladi on greatied. Two rabbits
were treated with AVCA teﬁﬂarryl ﬁﬁféc 20 forearm and on anot her
forearm AMCA nenbrane W yfigtmiMag Pr o;ggrnglbﬁ,% szjd‘lgﬂd}'@ﬁmr ane: AMCA
(eudragit RL) 85% w 1.512 g PEG 400 15% w/ w 10. 266 ¢ nbrane w dth was

of 180 microneter.
The effect of plasticizer on simvastatin release rate is shown in Fig. 12C; the

composition of the tested membranes was as follows:

Membrane components | Membrane 6 | Membrane 7 Membrane 8
Simvastatin 20% 20% 20%
PEG 400 10% 5% 10% - Klucel HF
Eudragit RL 70% 75% 70%
width (micron) 90 104 87

The effect of plasticizer type on simvastatine release rate is shown in Fig. 12D.

Example 8- Bone regeneration with AMCA membrane comprising hMSC

Rabbit model: critical size bone defect of 1 cm in radius bone was created. Two
rabbits were treated with AMCA membrane carrying hMSC in one forearm and on
another forearm AMCA membrane without hMSC.

Properties of the membrane:

AMCA (eudragit RL) 85% w/w-1.512 g

PEG 400 15% w/w—0.266 g

Membrane width was of 180 micrometer.

Fig. 13A demonstrates the development of the callus area in the effected bone.
As shown in Figure 13B the histological score of various parts of the defected bone area
at 8 weeks post operation is higher in bones implanted with an AMCA membrane

carrying hMSC.



Fig. 13A denonstrates the devel opnent of the callus area in the effected
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2. A nenbrane according to claim1l, wherein said at | east one hydrophobic
polymer is an acrylic polynmer. 3. A nmenbrane according to claim?2, wherein
said at |lwebimesshydr ophobi ¢ pol yner is a nethacryl at e pcopDiogorecoo2s
substituted by at | east one am ne group. 4. A nenbrane according to any one
of the preceding clains, wherein said at | east one hydrophilic polyner is
sel ected fromthe group consisting of hydrdxyl propyl nmet hyl cel | ul ose,

hydr oxyl propyl cel | ul ose, carboxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose,

pol yvi nyl a&'kARMS; pol ysacchari des, sodi um al gi nate, pol yvinyl pyrrolidone,

nodi fied starch,, pol yet hyl ene. gl ycql , pol yethy|l ene oxide and gelatin. 5 A
menbr ane adcord !418"?‘%”%08?%‘55’!% gt ﬁ"e"sbg%é%ﬂtﬁélycaﬁfﬁ; SW’& gyé‘ﬁl’l%?
| east one RJo?yﬁﬁérCétzlé‘e[stbffelﬁ%ll&ﬁﬁW%Jl A8} dldat WaOtihe GRIABLBEL N OF pol yethyl ene

gl ycol , polyét hyi ene oxide, triethyl citrate, acetyl triethyl citrate,
tributyl citratevhesgptsyid membuang fis fexibletand it capeblet ofsupgobiungydt leasbanavg,

di et hyl phthal ate ropyl e lycol hoxyet hyl ene gl ycol and gelatin. 6.
A menbr ane cﬁﬁ@@‘_ﬁedf’?{%’ ?é@ypéﬂ(}lgeﬁaﬂ‘é%é’f c?lll'lgﬁ%feé%%ﬂ?%g claims, wherein said at

| east one pl.astigim@hbrafic WRESHInEOtoUBlagn 17 wRerBRITHAANR 188 A3t REdrbphdbi@i M 1,
wherein said at | east one plasticizer and at |east one hydr ophi Iic pol yner

are conpat ifghanezjis #n agreke paymer. 8. A nenbrane according to clai m4, wherein
id hyd il i h i - 00. 9.
sai d hydrophi | i ¢y Qﬁ%r){{;%ﬁ% :agfér%giné?{omﬁa‘ﬁﬂez glv){grgfona%'th Nadi ' QIO ﬁg%f’égq[bﬁc

A nenbr ane “accordin erei’n sal asticirzer irs yl ene

gl ycol rangohgndriioamdcR0atd 08polyiter shbstirtied dpat Res@hdamind @oapy of the
precedi ng cJ ai nrs wherein both said hydroPhi lic pol ynmer and sai d. plasticizer
are pol yet i1 ene® glebsroeagaepding toagmone ot thepressding tlaims nuhgseigsaidatdensti ng
to any one clai J.to ei i e o] yd i, C | ymer
i S present Q?l% a g%rﬁ}g?\l%r a?(l;iglﬁle%?elget \%é%gédgbgtotlﬁ 1‘%%%w/ %%upo %‘%&?g{‘\l‘kfw) Bgf t he
menbr ane. I¥drokylpeofdylmathykelaosk, ng hydrogylarapykellulhsy, ei parbaxyneahylcehdosepone

E;g: 853: lplr Mfﬁ%‘c&@ylﬁ%{, g(s:t ﬁ)qviIl)rllo ma}cr(])ﬁol,gr Op%‘?ysggc %1{’1 ési, ngso(a{um alginate,
polyvinylpyrrolidone, modified starch, polyethylene glycol, polyethylene oxide and
gelatin.

5. A membrane according to any one of the preceding claims, wherein said at least
one plasticizer is selected from the group consisting of polyethylene glycol,
polyethylene oxide, triethyl citrate, acetyl triethyl citrate, tributyl citrate, acetyl tributyl
citrate, triacetin, dibutyl sebacate, diethyl phthalate, propylene glycol, methoxyethylene
glycol and gelatin.

6. A membrane according to any one of the preceding claims, wherein said at least
one plasticizer is water soluble.

7. A membrane according to claim 1, wherein said at least one plasticizer and at
least one hydrophilic polymer are compatible with stem cells.

8. A membrane according to claim 4, wherein said hydrophilic polymer is
polyethylene glycol ranging from 300-20,000.

9. A membrane according to claims 5, wherein said plasticizer is polyethylene
glycol ranging from 300-20,000.

10. A membrane according to any of the preceding claims wherein both said
hydrophilic polymer and said plasticizer are polyethylene glycol ranging from 300-
20,000.



hydr oxyl propyl cel | ul ose, carboxynet hyl cel | ul ose, hydroxyethyl cel | ul ose,
being in a concentration of between about 0.5% (ww to 20% (w w) of the
menbr ane. wd2010A79@ebr ane accordi ng to any one of the precedimgo/cloaisTs,
wherein said nmenbrane further conprises at |east one type of cell. 14. A
menbrane according to claim 13, wherein said cells are selected fromthe
group consisting of adult stemcells, enbr%foni c stemcells, pluripotent
stemcells, nesenchymal stemcells, unbilical cord blood cells,

ost eobl ast sl1. chohdrenitirarst accarding ol fify+omeedfl dainik5l toAl Gresmiieren gaidcat deadi oge t 0

claim 14, rein. said stemcells are autol ogo adul t. st ells. . A
renbr e’ adBORHS RV EPLRArESE Buh e G RUot BT, o § o iy A%
rangi ng frqyy/wP0f R0 n@bra@nd adult stemcells. 17. A nmenbrane according to

any one of the preceding clains, further conprising at |east one active
agent, wherkn shngmbradeggserdmgdo ghaimie whgrein said atdedse onahydropdnhic padymeoup

consi sting .of cytokin hor,none, bi sphosphnat e annabi noi t | ocker,
bone inducilﬁg S&geé%h, gf”&/vt H’ef agf%\p, EW@%B%\ r%%u %’%yf’h‘m‘/ ?t%ﬁ?‘gkug?sﬁg and
anti bi oti c.hylifoxyfprop1&dlanse 2e8BbLyM&hyleelflldde hydroxdbBF ReMuISH, theatd iy ea agent
is selected fromthe %ir’oup consi stis&? of statin, estrogen, androgen,

pr opr anol ol CONEGNAAL P PhHpGIYERTr Ah0H Yeedv) (or29% (Whehef thomsmbEaset i ¢ pr ot ei n
(BMP), insuq{dn |} i brob h factaor .

al endr onat gi,j'ri s%ﬁg?rgfﬁa emézg(g‘rdg%?g({ f‘%/]#o(l{n% hgrﬁﬁrfo%é&\éqlg.g ‘%\&lnehbéﬂaé%)las&l:dor di ng
to cl ai m 18nembanefurthentanprides ueleagyené tyips ofcetzast atin or | ovastatin. 20. A

menbr ane accordi ng to any one _of the preceding claj wherein said
menbr ane isl%apaw%er%br%ﬁ?fgrcbasdaﬁ o}ﬁah‘%qralpi%fd clreirelears T Bor e

size is bet caps‘?éiﬁlggofia&ﬂt RA el r@nl%r%'xﬁc sfem éc'ﬁ?, ﬂtlrig(éteﬁngéﬁngefllsé

according to any one the preceding clains, for the preparation o

t hr ee di nenséwnetiyniad|stamy celip| @mbilitar card Sdoad celis msteablasts, dfondraddsfstsc amdl

ti ssue regiéﬁ (ﬁ% eHse of a menbrane according to claim 21, wherein said
three di menSPIRAIceS1 1 ow | nplant is selected fromthe group consisting of a

it lrjrl}:))rl'iﬁ'[ | I mpisant , A tnefibrhmtick6rding ORI 14, VheRM §aid steMlteBShre AltofoddusAdult
stem cells.
16. A membrane according to claim 13, comprising AMCA, polyethylene glycol
ranging from 300-20,000, and adult stem cells.
17. A membrane according to any one of the preceding claims, further comprising at
least one active agent, wherein said at least one active agent is selected from the group
consisting of cytokine, hormone, bisphosphnate, cannabinoid, beta blocker, bone
inducing agent, growth factor, HMG-CoA reductase inhibitor, kirug and antibiotic.
18. A membrane according to claim 17, wherein said active agent is selected from
the group consisting of statin, estrogen, androgen, propranolol, transforming growth
factor (TGF), bone morphogenetic protein (BMP), insulin like growth hormone,
fibroblast growth factor (FGF), alendronate, risendronate and parathyroid hormone.
19. A membrane according to claim 18, wherein said active agent is simvastatin or
lovastatin.
20. A membrane according to any one of the preceding claims, wherein said
membrane is capable of being porous upon hydration, and wherein the pore size is
between about 0.1 to about 5 microns.
21.  Use of a membrane according to any one of the preceding claims, for the
preparation of a three dimensional hollow implant for tissue regeneration of a defected

tissue region.



23. A use according to claim2 1 or 22, wherein said tissue is selected
fromliganment, tendon, cartilage, intervertebral disc, teeth and bone. 24.
A three dygebf@nk hol l ow i nplant conprising at | east @egg/IMRIDHRIR
according to any one of clainms 1-20. 25. A three dinensional hollow inplant
according to claim 24, wherein the nenbrane defines the surface of the
inmplant. 26. A cell delivery system conpriZi ng a nenbrane according to any
of clainms 13- 16. 27. A cell growi ng surface conprising a nenbrane

accordi ng 2. anyuenef @fméhbiahi® atcdr@ingS%o Afim 215 GHeldth hafll Bt dirhélslonacoat ed
by a nenbrane according tot%nné/ one of clainms. 1 to 20. 29. A nmethod for

promot i ng thodewamplans ireselactedriremn the gropp cprsistingsaf petubalgr baplawnp eylindsigak he
steps of: i di ﬂg(ﬁ@ ] to any one of clains 1 to 20; and
i mpl ant i ngqélg}ldélgr?e%ggne |£nn%tgﬁ38%§%>r<ll r%ln‘?lyt/ of said tissue defect region. 30.
A nmet hod a@3or diAgsd axcoldirignto2himlesreRnwhedeth daidstssae isSseteeted dtondl lifament,

| i gament, tendon, cartil age, int(iarvertebr | disc, teeth and bone. 31. A
met hod accdfifloRgcartlags. dptagvenepral disgy te HCsai d defected tissue results

froma conditi O%Sﬁ&&chﬁﬂer%{dﬁﬁi RNoW"! iiﬂPlaL{ %E‘l(‘jbrrﬁin O3 QORP" AR ?nenrbrane_
periodontal disease or condition, osteofytic ne di sease, post-plastic
surgery, p@scorglhlghopmijm cbfrqhaimlstlgﬁ(].on, post neurosurgical surgery, alveolar
bone augmerjati of B 2oGHN e Rl HEER: allSHiSD S fRSSE” SRerein the

membrane defines the surface of the implant.

26. A cell delivery system comprising a membrane according to any of claims 13-
16.

27. A cell growing surface comprising a membrane according to any one of claims 1
to 19.

28. A scaffold substantially coated by a membrane according to any one of claims 1
to 20.

29. A method for promoting tissue regeneration in a defected tissue region

comprising the steps of: proViding a membrane according to any one of claims 1 to 20;
and implanting said membrane in the proximity of said tissue defect region.

30. A method according to claim 29, wherein said tissue is selected from ligament,
tendon, cartilage, intervertebral disc, teeth and bone.

31. A method according to claims 29 or 30, wherein said defected tissue results
from a condition selected from non-union fracture, osteoporosis, periodontal disease or
condition, osteolytic bone disease, post-plastic surgery, post-orthopedic implantation,
post neurosurgical surgery, alveolar bone augmentation procedures, spine fusion,

vertebral fractures.



