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Abstract A novel chitosan-based membrane that was
made of hydroxypropyl chitosan, gelatin and chondroitin
sulfate was used as a carrier of corneal endothelial
cells. The characteristics of the blend membrane, such as
transparency, equilibrium water content, permeability,
mechanical properties, protein absorption ability, hydro-
philicity and surface morphology, were determined. To
study the effects of the membrane on cell attachment and
growth, rabbit corneal endothelial cells were cultured on
this artificial membrane. The biodegradability and bio-
compatibility of the blend membrane were in vivo
evaluated by its implantation into the muscle of the rats.
Glucose permeation results demonstrated that the blend
membrane had higher glucose permeability than natural
human cornea. Scanning electron microscopy (SEM)
analysis of the membranes demonstrated that no fibrils
were observed. As a result, the optical transparency of the
membrane was as good as the natural human cornea. The
average value of tensile strength of the membrane was
13.71 MPa for dry membrane and 1.48 MPa for wet
membrane. The value of elongation at break of the wet was
45.64%. The cultured rabbit corneal endothelial cells
formed a monolayer on the blend membrane which dem-
onstrated that the membrane was suitable for corneal
endothelial cells to attach and grow. In addition, the
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membranes in vivo showed a good bioabsorption property.
The mild symptoms of inflammation at sites of treatment
could be resolved as the implant was absorbed by the host.
The results of this study demonstrated that the hydroxy-
propyl chitosan-chondroitin sulfate-gelatin blend membrane
can potentially be used as a carrier for corneal endothelial
cell transplantation.

1 Introduction

The corneal endothelium represents the most important
part of the cornea. Only an intact endothelium with a
sufficient cell density can function properly and maintain
clarity of the cornea by its dehydrating pump function [1].
During life we experience a physiological reduction of
corneal endothelial cell density of about 0.5% per year [2],
which can not be compensated due to the limited prolif-
erative capacity of these cells [3]. Furthermore, various
conditions including Fuchs corneal endothelial dystrophy
or increased intraocular pressure (IOP) after keratoplasty
can also increase or accelerate irreversible endothelial cell
loss [4, 5]. Until now it has only been possible to replace
damaged endothelium by transplantation of a donor cornea
[6, 7]. However, this treatment has several drawbacks, e.g.,
insufficient donor corneas, recurrent allograft rejection, and
subsequent graft failure in certain cases.

With the development of tissue engineering and the
methodological establishment of isolation and culture of
corneal cells, it would be beneficial if cultured corneal
endothelial cells could be transplanted for the treatment of
diseases caused by corneal endothelial disorders. Some
decades ago, scientists tried to manipulate endothelial cell
density by transplantation of isolated cells using different
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methods. Strategies to culture corneal endothelial cells
onto biodegradable membranes were also their goal. So far,
the carriers used for corneal endothelial cells included
allograft cornea [8], thin gelatin membrane [9], hydrogel
membrane [10], collagen matrix [11], collagen sheet [12],
biodegradable polymers [13], amniotic membrane [14],
Descemet membrane [15], and so on. These carriers had
good biocompatibility. However, they hold some short-
ages, such as, immunological rejection, poor mechanical
properties and uncontrolled degradation rate. These dis-
advantages have limited their clinical application. The
present study aimed at searching for carrier materials that
may have better cell attachment promoting properties and
implantation applicability for corneal endothelial cells.

Chitosan (CTS) is a partially deacetylated derivative of
chitin, being composed mainly of (1-4)-2-amino-2-deoxy-
D-glucopyranose repeating units. It shows some interesting
biological properties such as low immunogenicity [16],
antibacterial property [17], mucoadhesivity [18], low
cytotoxicity [19], biodegradability [20] and wound healing
activity [21]. Therefore, it has been extensively used in
tissue engineering. In addition, chitosan prompts the
expression of extracellular matrix (ECM) protein in human
osteoblasts and chondrocytes, and enhance the osteoblasts,
fibroblast, keratinocyte and endothelium cell adhesion and
proliferation [22]. It is capable of forming insoluble ionic
complexes with the negatively charged glycosaminoglycan
(GAGs) [23]. This ionic cross-linking mechanism can be
used to immobilize chondroitin sulfates within hydrogel
materials which mimic the GAG-rich ECM of the articular
chondrocyte. Moreover, the biomembranes made of
chitosan, collagen, chondroitin sulfate and hyaluronate
have been used in reconstruction of cornea [24-26].
However, severe host inflammation in signs of fibrous
encapsulation and corneal neovascularization were
observed after the implantation of chitosan into cornea [27,
28]. In particular, the initially induced inflammation after
scaffold implantation might endanger a successful
engraftment of tissue-engineering constructs [29, 30].
Therefore, to be used as a carrier or scaffold material for
corneal cells, their structure and composition must be
modified to relieve the initial host tissue response after
implantation.

In our previous study, to improve the biocompatibility
of CTS, a water-soluble derivative of CTS- Hydroxypropyl
chitosan (HPCTS) was prepared. We found out that this
material was feasible to be applied to reconstruction of
tissue engineered cornea [31]. Furthermore, we screened
out a HPCTS-based blend membrane that was suitable for
adhesion and growth of corneal epithelial cells. In this
study, the preparation and properties of the blend mem-
brane were described. At the same time, we studied the
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effects of the membrane on cell attachment and growth by
culturing the rabbit corneal endothelial cells. In addition,
the biodegradability and biocompatibility of the blend
membrane were in vivo evaluated.

2 Materials and methods
2.1 Materials and regents

Wistar rats were purchased from Qingdao Laboratory
Animal Center. HPCTS (degree of deacetylation = 75%,
Mw = 35KD), chondroitin sulfate (Mw = 10KD) and
biodegradable cross linker were prepared and purified by
our lab. Gelatin, BSA and bFGF were purchased from
Sigma Chemical Co. (USA). Materials for cell culture
including Ham’s F12 culture medium, DMEM culture
medium fetal bovine serum (FBS) and penicillin-strepto-
mycin (10,000 U/ml) in 0.85% saline were purchased from
Gibco Co. (USA). Tissue culture flasks and 48-well plates
were obtained from Corning Co. (USA). Lactate Dehy-
drogenase Kit was purchased from JianCheng
Bioengineering Co. (Nanjing, China). All other reagents
used were of reagent grade.

2.2 Preparation of HPCTS blend membrane

2% HPCTS solution was mixed with the 0.2% Cs aqueous
solution and 2% Gel solution (weight ratio of HPCTS: Gel:
Cs = 200:10:1) under agitation for 30 min at 40°C. Then,
the solution was adjusted to pH10. A suitable amount of
potassium acetate and cross linker was added to the mix-
ture solution. The mixture was poured into a flat-bottomed
glass dish of 20 cm in diameter, and then dried at 40°C for
24 h to form a thin membrane. The membrane was
repeatedly washed with D-Hanks’ balanced saline until the
pH returned to a physiologic range to give the HPCTS-Gel-
Cs blend membrane.

Membranes for in vitro cell culture and in vivo
implantation studies were prepared under sterile conditions
in a biosafety level II cabinet. All regents were either
autoclaved or sterilized by filtering with 0.2 um filters.

2.3 Measurement of the properties of the blend
membrane

2.3.1 Transparency measurement

The transparency of the membrane pieces were examined
by scanning them within the range of wavelengths (400—
800 nm) using a TU-1800S UV-Visible Spectrophotometer
(Beijing, China).
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2.3.2 Measurement of equilibrium water content

The equilibrium water content of membrane was defined as
the weight ratio of water content to the swollen membrane.
Membranes were soaked in 0.1 M phosphate buffered sal-
ine (pH 7.4) for 24 h at room temperature. Then the
membranes were removed from the buffer solution, placed
between two pieces of dried filter paper to remove excess
solution, and then weighed (W1). These samples were dried
in a 110°C oven for 2 h, and weighed again to determine the
dry weight (W2). The percentage of equilibrium water
content (%) was calculated with the following equation:

w1l -—-w2

Equilibrium water content (%) = x 100%. (1)

2.3.3 Measurement of hydrophilicity

The hydrophilicity of the prepared membranes was evalu-
ated by the sessile drop measurement of water contact
angles using a contact angle/surface tension meter
(Shanghai, China) at 25°C. The measurement was per-
formed in three different points each sample.

2.3.4 Protein adsorption testing

The membranes with the area of 0.95 cm? were soaked into
4 ml 0.05%BSA solution, and kept at 37°C for 24 h. Then
the membranes were taken out and the concentrations of
the protein remnants in the solution were measured with
the Coomassie brilliant blue method [32].

2.3.5 Determination of the mechanical properties

Samples were examined in both the dry and the swollen
state. Before the start of test, the membranes were
immersed into the PBS for 24 h. Membranes were gently
placed on a rubber base and a sharp triple-blade tool was
used to cut two rectangular specimens with 10.0 mm uni-
form width. The specimens were subsequently connected
to the grips using mechanical clamps with rough surfaces
to prevent slippage. The grips were part of an assembly
designed to ensure that the initial length of the specimen
between the clamp faces was 100 mm. Testing was per-
formed at room temperature on an electron universal
testing machine (Shenzhen, China) with 50 N capacity load
cell. The specimens were subjected to uniaxial tension with
an elongation rate of 10 mm/min. Testing continued until
fracture of the specimen was achieved.

2.3.6 Permeability testing

Glucose permeability of the blend membranes was deter-
mined using a custom-made device. The blend membranes

(1.5 cm in diameter) were placed into the apparatus with-
out leaking. Then the apparatus was placed into an
incubator at 37°C and 100 rpm. The glucose concentration
of the solutions in each chamber was periodically measured
with the DNS (3, 5-Dinitrosalicylic acid) method [33]. The
permeability coefficient (P [cm/s]) of glucose was calcu-
lated from the rate of glucose concentrations change with
time using the following equation [34]:
_ @V

P=1 Co - 60 @
where dc/dt stands for the increase of permeated cumula-
tive glucose amount versus time (mg/min), V is the volume
of the receiver compartment, A is the surface area of the
membrane, Cy is the initial glucose concentration in the
donor compartment and 60 is the conversion factor from
minute into second. The steady-state flux (dc/dt) was
determined from the slope of the linear portion of cumu-
lative permeated glucose amount versus time.

2.3.7 Surface characterization of the membrane

Membranes were fixed in a 2% glutaraldehyde solution,
and dehydrated in a graded series of ethanol solutions.
Afterwards, the membranes were dried in a Hitachi HCP-2
critical point dryer (Tokyo, Japan), sputter-coated with
gold in a Hitachi HUS-5 GB high vacuum evaporator,
attached to sample stubs and visualized using a Hitachi
S-2400 scanning electron microscope (SEM).

2.4 Cell culture

Rabbit corneal endothelial cells were cultured in F12/
DMEM (1:1) medium supplemented with 10% FBS. After
reaching 80% confluence, the endothelial cells were rinsed
twice with D-Hanks’ balanced salt solution, incubated with
a mixture of 0.25% trypsin and 0.01% EDTA at 37°C for
2 min, then neutralized with a culture medium containing
10% FBS. The cells at a density of 5 x 10’ cells/cm? were
cultured on 25 cmz-plastic flasks in a CO, (5%) incubator
at 37°C.

Sterile blend membranes (11 mm in diameter) were put
in the wells of 48-well plates and the tissue culture poly-
styrene (TCPS) was used as a control substrate. The P2
cells were seeded onto the membranes at a density of
1 x 10° cells/cm®. The cell/carrier constructs were cul-
tured at 37°C/5% CO, with the medium changed every
3 days. Cell morphology and attachment were monitored
using an image analysis system (Japan) connected to an
Olympus IX70 inverted microscope (Japan).

The toxic effect of blend membranes on cells was
quantitatively determined by measuring the lactate dehy-
drogenase (LDH) activities in the extracellular medium
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released from damaged cells after 3d, 6d and 8d of culture,
respectively. LDH activity was measured by using a LDH
kit according to the protocol of the vendor. The optical
density of the medium was read on a TU-1800S UV-Vis-
ible Spectrophotometer at the wavelength of 440 nm.

2.5 Evaluations of histocompatibility and degradability
of membranes in vivo

The in vivo histocompatibility and degradability of mem-
branes were examined by implanting the membranes into
the skeletal muscle of Wistar rats. Female Wistar rats
weighing about 200 g were kept under a specific pathogen
free condition throughout the experiment. The sterile
membranes (6 mm in diameter) were implanted into the
skeletal muscle of anesthetized rats. The rats implanted
with medical suture were set as controls. Three rats were
sacrificed on 15d, 30d and 60d after the implantation,
respectively. Membranes and their surrounding tissue were
removed, and subsequently fixed in 4% neutrally buffered
formaldehyde, embedded in paraffin, stained with haema-
toxylin—eosin (HE) and analyzed for histology.

The membranes retrieved on 30d postoperatively were
processed for SEM examinations.

2.6 Statistical analysis

Data were expressed as means + SD of a representative of
three similar experiments. Statistical difference between
treatment groups in the LDH release study was evaluated
via one-way analysis of variance (ANOVA), and a value of
P < 0.05 was considered significant (computed by SPSS
version 10.0 Software).

3 Results
3.1 Optical transmittance of the blend membrane

Figure 1 summarized the light transmission through the
samples in the light wavelength range (400-800 nm),
which was measured as an indicator of membrane trans-
parency. The light transmittance of samples exceeded 90%
through the entire range of visible wavelengths. The results
demonstrated that light transmission was close to the real
cornea and met the quality criteria of corneal carrier.

3.2 The equilibrium water content and contact angle
The membrane used in this study had a fitting equilibrium

water content of 71.3% which is close to that (78%) of the

native corneal stroma. The contact angle of the membrane
was 102.5°.
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Fig. 1 Optical transmittance of the blend membrane, each point
represents the mean £+ SD of three experiments

3.3 Protein adsorption

The results of this study showed that the membrane held a
protein adsorb capacity of 238 pg-cm™2. These results
suggested that the artificial membrane had good protein
adsorption ability. Simultaneously, the adsorbed proteins
offered prerequisite for cell adhesion.

3.4 The permeability

The rate of glucose concentration changed with time was
shown in Fig. 2. The glucose permeability of the blend
membrane was 4.17 x 10~ cm/s. This permeability was
comparable with or even better than that of native cornea.
Based on the published data, the permeability of native
cornea was between 107 and 1077 cm/s [35].

3.5 Mechanical properties
Mechanical properties of membranes, including tensile

strength and elongation at break were measured. The
average value of tensile strength was 13.71 MPa for dry

12

concentralion(mg/ml)

4 8 12 16 20 24
time(h)

Fig. 2 The rate of glucose concentration change with time, each
point represents the mean £ SD of three experiments
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membrane and 1.48 MPa for wet membrane. Clearly, dry
membrane had a higher strength and a higher rigidity than
the membrane saturated with water. Moreover, the testing
result sowed that the value of elongation at break was
45.64%. This result suggested that the membrane carried
out a relatively high elongation at break.

3.6 Microstructural characteristics

The blend membrane, consisting of HPCTS, Gel and Cs,
was fabricated by using a solvent casting/particulate
leaching technique. Figure 3b showed the SEM image of a
porous structure on the surface of the carrier. After salt was
removed, the surface of the membrane possessed a porous
structure. Figure 3 showed the comparison of the mem-
brane surface before and after the potassium acetate
treatment. The results demonstrated that the membrane
performed a smoothly surface before adding potassium
acetate to it (Fig. 3a). However, the roughness of the
membrane surface was significantly increased with the
addition of the poregen (data not seen).

3.7 Morphology and activity of the cells
on the membrane

To investigate the morphology and activity of the cells on
the membrane, we cultured the rabbit corneal endothelial
cells on the membrane. Figure 5 showed the micrographs

Fig. 3 SEM images on the
surface of the blend membrane:
(a) without poregen (1000x);
(b) added potassium acetate as a
poregen (1000x)

of rabbit corneal endothelial cells spread on the tested
membrane surface and their spindle morphology. As a
control, the same experiment was conducted on TCPS and
the micrographic results were shown in Fig. 4. The results
demonstrated that, within 24 h, the morphology of the cells
changed from a rounded shape to a relatively extended
shape. After the cells were cultured on the membranes for
2 days, a similar situation was observed on both tested
membrane and TCPS in terms of cell adhesion and cell
growth (Figs. 4a, 5a). However, compared with TCPS, the
blend membranes performed an enhanced cell adhesion
and cell growth after they were cultured for 3 days. At that
time, the cells aligned themselves with elongated mor-
phology and secreted extracellular matrix. On day 4,
primary corneal endothelial cells reached confluence with a
cobblestone appearance and cohesive organization. Fur-
thermore, morphology changes were observed in all cases
(Fig. 5b). Therefore, the results suggested that the tested
blend membrane was more cytocompatible than TCPS for
the growth of corneal endothelial cells. Over longer culture
time, there was a trend that the cells proliferated faster on
blend membrane than on TCPS (Figs. 4c, 5c¢).

As we know, LDH is a cytosolic enzyme released when
cells are toxic or injured. To investigate the toxic effect of
blend membranes on cells, we evaluated the LDH activity
in the extracellular milieu. As shown in Fig. 6, LDH pro-
ductions were significantly lower when the corneal
endothelial cells were cultured on the blend membranes

Fig. 4 The photomicrographs of rabbit corneal endothelial cells on TCPS after they were cultured for 2d (a), 4d (b) and 6d (c¢) (100x)

@ Springer



3616

J Mater Sci: Mater Med (2008) 19:3611-3619

70

60 - [ experimental group
g 50l [ control group
ja i =
o]
—
b= %
=
'S
3
=

72 144 192
time(h)

Fig. 6 LDH activity released to the culture medium from rabbit
corneal endothelial cultured cells on blend membrane and TCPS after
they were incubated for 3, 6 and 8 days. Each result represents the
mean + SD of three experimental data. Asterisk denotes significant
differences of LDH release compared to the TCPS (P < 0.05) as
determined by Student’s #-test

than they were cultured on the TCPS control (P < 0.05).
The results demonstrated that the affinity of the blend
membrane not only promoted the cell adhesion but also
provided a better environment for cell growth.

3.8 Histocompatibility and biodegradability in vivo

No observable signs of inflammation, infection or distress
were noticed in any of the animals implanted with the blend
membranes for 2 months. However, post-mortem visual
examination detected some inflammation in signs of implant
encapsulation at the interface between the material and the
host tissue in tested animals. On day 15, similar inflamma-
tions were observed in both the experimental group and the
control group (Fig. 8a, b). On day 30, the implants in
the experimental group showed an obvious degradation, and
the encapsulation became thinner. In this period, the
implants showed lack of vascular ingrowth (Figs. 7, 8c). In
contrast, animals implanted with sutures displayed signifi-
cant fibrous encapsulation surrounding the implanted area.
On day 60, postoperatively, the membranes were totally
degraded into fragments with a light inflammatory response
around the implants and their surrounding area (Fig. 8d).
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Fig. 7 SEM image on the surface of the membrane retrieved on 30-
day postoperatively (1000x)

4 Discussion

Successful tissue engineering depends on the provision of a
scaffold during the initial stages of reconstruction. In this
study, we developed a novel chitosan-based blend mem-
brane using solvent casting/particulate leaching technique.
Utilization of a fused KAc mold in this method resulted in
the formation of holes between pore walls in the carrier.
Salt fusion treatment caused an increase in the compressive
modulus of solvent cast scaffolds, possibly due to the
formation of thick annular struts adjacent to holes in pore
walls. The good transparency of the membrane satisfied the
requirements for the carrier of corneal endothelial cells.
Furthermore, the results demonstrated that three materials
used for the synthesis of the membrane were compatible of,
and formed a homopolymer that could increase the inci-
dence of visible light. Among the materials, HPCTS was
capable forming ionic complexes with the negatively
charged Cs and Gel. This ionic cross-linking immobilized
Cs and Gel within HPCTS material that functioned to
mimic the ECM of the tissue.

The endothelium elicits net the ion transport outward
from the stroma, which provides the driving force for fluid
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Fig. 8 Photomicrographs of the
tissues implanted with: suture
and retrieved on 15th day (a)
and blend membranes (b. c. d.)
and retrieved on 15th day (b),
30th day (c¢) and 60th day (d).
The tissues were stained with
HE (original magnification
200x%). Note the inflammatory
cells (arrows) surrounding the
tissues in close vicinity to the
implant. The inflammatory cells
surrounding the tissues
implanted with the blend
membrane were almost
disappeared on 60th day

transport into the tears and the anterior chamber [36]. For
artificial cornea applications, some characteristics, such as
vascularization, permeability to glucose and other small
molecules has been suggested to be an important deter-
minant to success as corneal tissue engineering scaffolds
[37]. The good permeability of the membrane could ensure
the nutrition in the aqueous fluid transfer into the stroma
and epithelium tissue. Surface analysis results demon-
strated that the good permeability of the blend membrane
was the result of the formation of an open network with
large KAc domains.

Hydrophilicity is one of the most important parameters
affecting the biological response to an implanted material
[38]. The water content of an artificial cornea was affected
by several parameters, including the hydrophilicity, stiff-
ness and pore structure of a matrix. The swelling extent was
higher for the acetate treated blend membrane than the
samples without poregen (data not seen). The comparison
results suggested that the porous structure of the material
might be the major factor that influences the extent of
swelling of these samples. It was reported that moderate
hydrophilicity promoted cell adhesion and proliferation.
The moderate degree of wettability of the substrates
allowed cells to deposit their own adhesion proteins and to
exchange with adsorbed serum proteins more rapidly. The
speed of this process was believed to be relatively slow on
extremely hydrophobic or hydrophilic surfaces. This theory
might explain why the cells did not adhere and proliferate

properly on the extremely hydrophobic or hydrophilic sur-
faces [39]. The membranes used in this study had moderate
wettability that closed to the native cornea. Thus they could
provide a similar circumstance as native cornea in vitro.

Attachment, adhesion and spreading occur in the first
phase of cell/material interactions. And these processes
will influence the capacities of cell proliferation and cell
differentiation when the cells contact with the artificial
biomaterials. For in vitro cell culture, the adsorption of
serum proteins by the growth substrate was considered the
first step for the attachment of the actual cells. Therefore,
protein adsorption played an important role in the attach-
ment progress [40]. In addition, the cell adhesion process
was steadily enhanced with the increasing amount of pro-
teins attached on the material surface [41]. In this study, the
high-quality protein adsorption ability of the membrane
offered prerequisite for cell adhesion.

In this study the composition of the scaffold was
designed to satisfy the requirements of cell growth and to
promote the function of the cells. Our data demonstrated
that corneal endothelial cells cultured on the membranes
remained viable and maintained spindle morphology.
Additionally, when the same number of corneal endothelial
cells were seeded on the control TCPS, the cell growth was
incomparable to that on the tested membrane (Figs. 4, 5).
The CTS has been previously demonstrated as a biocom-
patible substrate for various types of cells [42—44]. Gelatin
has been widely used in medicine due to its excellent
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biocompatibility and biodegradability. Therefore, the
observations that HPCTS promoted cell survival were
expected in this study. In addition, as a kind of GAGs,
chondroitin sulfate was pivotal in cell adhesion, migration,
proliferation and differentiation [45].

The in vivo biocompatibility and degradability of the
membrane were assessed in a rat model via the intramuscular
implantation. It has been reported that when a biomaterial
was implanted, the local tissue reacted initially to the injury,
and then to the presence of the material. Inflammation is the
most common reaction to all injury forms. And the inflam-
mation normally leads to repair of the affected tissue.
However, the abnormal wound healing can result in damage
to the host tissue [46]. In the study, it was found that the
degree in inflammatory reaction in surrounding tissue
implanted with the membrane was less than medical suture
counterparts observed on the 30™ day postoperatively
(Fig. 8a—c). Additionally, it was found that the implantation
of the membranes resulted in an acute inflammation reac-
tion 2 weeks post implantation. The membranes were
surrounded and encapsulated by fibrous connective tissue
that was infiltrated by inflammatory cells after weeks of
implantation. With the time went on, the membrane pro-
duced a lower degree of fibrous encapsulation formation.
The most promising finding was that no obvious angiogen-
esis was observed during the experimental periods.

Besides their biocompatibility and other primary func-
tions, medical implants were desired to show a good
bioabsorption property. The persistence of biomaterials at a
wound healing site might lead to chronic inflammation by
the slowly degrading patches that elicited a long-term
macrophage response [45]. The mild symptoms of
inflammation at sites of treatment could be resolved as the
implant was absorbed by the host. Hence, the fast bioab-
sorption rate of the blend membrane was another advantage
for its potential uses in medical implants.

5 Conclusions

This study successfully combined the advantages of Gel,
Cs and HPCTS via fabricating a highly porous blend
membrane. The blend membrane was characterized by its
good transparency, proper physical properties and degra-
dability. The successful growth of the seeding cells on this
membrane demonstrated the potential use of the membrane
as a new biomaterial for tissue engineering. This study
provided a starting point for the future development of
chitosan-based scaffolds for tissue regeneration.

Further work in two directions is needed: (1) the
mechanical strength and the suturability of the materials
must be improved; (2) animal experiments are necessary to
assess the utility of this cell-carrier constructs in vivo.
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