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Abstract

The selection of a suitable scaffold matrix is critical for cell-based bone tissue engi-
neering. This study aimed to identify and characterize natural marine sponges as
potential bioscaffolds for osteogenesis. Callyspongiidae marine sponge samples were
collected from the Fremantle coast of Western Australia. The sponge structure was
assessed using scanning electron microscopy (SEM) and Hematoxylin and eosin.
Mouse primary osteoblasts were seeded onto the sponge scaffold and im-
munostained with F-actin to assess cell attachment and aggregation. Alkaline
phosphatase expression, von Kossa staining and real-time PCR were performed to
examine the osteogenic potential of sponge samples. SEM revealed that the sponge
skeleton possessed a collagenous fibrous network consisting of interconnecting
channels and a porous structure that support cellular adhesion, aggregation and
growth. The average pore size of the sponge skeleton was measured 100 to 300 pm in
diameter. F-actin staining demonstrated that osteoblasts were able to anchor onto the
surface of collagen fibres. Alkaline phosphatase expression, a marker of early osteo-
blast differentiation, was evident at 7 days although expression decreased steadily
with long term culture. Using von Kossa staining, mineralisation nodules were evi-
dent after 21 days. Gene expression of osteoblast markers, osteocalcin and osteo-
pontin, was also observed at 7, 14 and 21 days of culture. Together, these results
suggest that the natural marine sponge is promising as a new scaffold for use in bone
tissue engineering.
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INTRODUCTION

Bone tissue engineering aims to mimic the nat-  which can induce cellular attachment, migration, pro-
ural process of bone formation by delivering a source  liferation and osteoblastic differentiation 1 2. Despite
of cells and/or growth factors in a scaffold matrix  the significant regenerative capacity of bone tissue,
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promoting bone regeneration is a focal point in tissue
engineering due to its need in treating serious clinical
conditions, such as spinal arthrodesis, fixation of
prosthetic implants, restoration of maxillofacial
structures, pathological bone fractures and non union
fracture 1.3,

One of the key aspects of bone tissue engineering
is the use of scaffold matrices. A wide variety of scaf-
fold materials are currently available and their selec-
tion depends on whether the properties of the scaffold
material closely match the properties of the tissue it
seeks to replace . An ideal scaffold for bone tissue
engineering must possess suitable biocompatibility,
osteoconductive and osteoinductive capacities to-
gether with a structure which mimics the trabecular
network of bone tissue 1. Both natural and synthetic
scaffolds have been investigated as biomaterials in
bone tissue engineering and each have their benefits.
The physiochemical properties of synthetic polymers
can easily be altered to adjust porosity, microstruc-
ture, degradation rate, and mechanics. However,
natural scaffolds are often more biocompatible and
offer a better biointeractive surface for cell attachment
and growth 5. In particular, natural scaffolds that are
derived from biological tissues display highly opti-
mized structures and comprise extracellular matrix
components that offer a foundation for cell attach-
ment, migration and proliferation 6. It has been well
documented that naturally derived materials such as
purified collagen and extracellular matrix are prom-
ising as bioscaffolds in tissue engineering 7 8.

Marine sponges or poriferans, belonging to the
phylum Porifera, are aquatic, sessile, filter-feeding
metazoans of collagen origin °. The Western Australia
coast houses a large and diverse range of marine
sponges including rare species unique to the area 0. In
addition to being an important part of the ecosystem
in which they live, marine sponges are also economi-
cally and scientifically important. For example, ma-
rine sponges have been used as commercial bath
sponges since early Greek civilization and more re-
cently as potential sources of therapeutic drugs and
antibiotic substances ™ 12. Marine sponges display a
structure which mimics the cancellous architecture of
bone tissue. The complex canal system within sponges
creates a porous environment which is ideal for cel-
lular integration when combined with cells for tissue
engineering. In this study, we aimed to identify the
potential of marine sponges as a bioscaffold to pro-
mote osteogenesis.

MATERIALS AND METHODS
Preparation of marine sponge

The marine sponge samples were collected from

the Fremantle coast (south mole region) of Western
Australia. All sponge samples were processed to free
the sponge skeleton of cellular debris (Zheng, MH.
Australia Provision Patent No 2008901451). To facili-
tate microstructural examination and seeding of os-
teoblasts, samples were cut down in size to a 5 mm?
area, 3 mm in thickness. To ensure sterility, all sponge
samples were y-irradiated, and stored in sterile con-
ditions at -4°C prior to experimental use.

Histological examinations

Scanning electron microscopy (SEM) was per-
formed to characterize the micro-architecture of ma-
rine sponges and cell growth on the scaffold.
Sponge-cell constructs were fixed in 2.5 % glutaral-
dehyde for 60 min at room temperature. Samples
were rinsed twice in 0.05 M cacodylate buffer for 5
min, then post-fixed in 1% osmium tetroxide (w/v) in
cacodylate buffer for 60 min. Samples were washed 3
times in 0.5 M cacodylate buffer for 5 min each, and
post-fixed in 1% tannic acid (w/v) in 0.05 M caco-
dylate buffer for 60 min to prevent shrinkage of cells
for SEM analysis. Samples were stained for 60 min in
0.5% uranyl acetate (w/v) and rinsed well in saline
solution. Samples were then dehydrated stepwise in
25%, 50%, 70% (twice), 95%, and absolute ethanol for
30 min RT each, and stored in super dry ethanol until
critical point dried in an Emitech K850 critical point
drying apparatus. Marine sponge without cells were
fixed in 2.5 % glutaraldehyde and directly subjected to
dehydration. The dried samples were then mounted
on aluminum studs and sputter coated with 20 nm
gold/palladium. Samples were viewed in a Phillips
XL30 scanning electron microscope at 15 kV. Marine
sponge skeleton without cells were fixed, paraffin
embedded, and sectioned into 5um sections for he-
matoxylin and eosin (H&E) staining.

Isolation and cultivation of primary osteoblasts

Osteoblasts were extracted from calvariae of
neonatal C57BL/6] mice and cultivated in vitro. The
execution of the animals was approved by the Animal
Ethic Committee of the University of Western Aus-
tralia. Briefly, the calvariae was removed from the
skull, cleaned from other connective tissue and di-
gested with collagenase type II (400units/ml;
SIGMA-ALDRICH, St. Louis, MO, USA) at 37°C for 1
hr to release cells from the tissue. Digestion was ter-
minated by addition of fetal bovine serum (FBS,
TRACE, Sydney, Australia). Cells were pelleted by
centrifugation at 1,500rpm for 5 min. The medium
was then removed from the tube and the cell pellet
was resuspended in 5 ml growth medium consisting
of a-minimum essential medium (a-MEM, Gibco,
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New York, USA), 10% FBS, 1% penicil-
lin/streptomycin solution (Invitrogen, Carlsbad, CA,
USA), and 10mM L-Glutamine (Gibco, New York,
USA). The osteoblast suspension was transferred to a
25 cm? tissue culture flask for monolayer culture and
incubated at 37°C in a humid environment with 5%
carbon dioxide. Culture medium was change every
two days until cell confluency was reached. To in-
crease cell numbers, cells were then transferred into
75 cm? flasks using 0.05% trypsin (Gibco, New York,
USA).

Seeding of osteoblast cells onto the marine
sponge

Primary osteoblasts were resuspended in osteo-
blast differentiation medium containing a cocktail of
100nM dexamethasone, 10mM p-glycerophosphate,
and 50pg/ml ascorbic acid-2-phosphate
(SIGMA-ALDRICH, St. Louis, MO, USA) to a final
concentration of 5 x 105 cells/ ml. Pre-soaked pieces of
sponge were placed separately in the wells of 24-well
plates, and 1ml of cell suspension was slowly added
to each well. Cells were cultured at 37°C, 5% CO;
for10-12 hr (to allow cellular adherence). Seeded con-
structs were then given a further 1ml of differentiation
medium. Medium was changed every 2-3 days.
Sponge-cell constructs were cultured for 4, 7, 14 and
21 days. At 4 and 14 days, samples were fixed and
subjected to confocal microscopy examination. At 7,
14 and 21 days RNA was extracted from samples and
cDNA used for real-time PCR analysis to measure
expression of osteoblastic gene markers.

Confocal Microscopy examination

F-actin immunostaining was performed on os-
teoblast-sponge constructs to visualise attachment of
seeded cells onto the matrix of the sponge. Staining
was conducted according to the method previously
described by Helfrich & Ralston (2003) 3. Hoechst
bis-benzimide was used as a nuclear stain. Marine
sponges were placed into Coverglass® chamber slides
(NUNC) and immersed in aqueous solution. Detec-
tion of fluorochromes (Rhodamine-phalloidin,
Hoechst 33258) was carried out using a confocal la-
ser-scanning microscope (CLSM, MRC-1000, Bio-Rad)
equipped with a krypton-argon laser using a 20X
water immersion objective lens (NIKON, NA= 1.0) or
10X dry lens (NIKON, NA=0.7). Twenty serial optical
sections (z= 1lpm) were acquired satisfying the
Nyquist criteria for sampling. The serial optical sec-
tions (z-stacks) from each sponge were collected for
the construction of three-dimensional images. Au-
to-fluorescence was used to image sponge skeletons.
Confocal images were collected as Bio-Rad PIC files

and analysed using Confocal Assistant 4.02. The fi-
brous skeleton appeared green, cells red and nucleus
purple.

Alkaline phosphatase staining

Osteoblast differentiation at days 7, 14 and 21 of
culture was quantified using the Sigma Leukocyte
Alkaline Phosphatse kit (SSIGMA-ALDRICH, St. Lou-
is, MO, USA) according to manufacturer’s instruc-
tions with minor modifications. The sponge-cell con-
structs were washed three times in 1 x PBS, fixed in
4% paraformaldehyde for 15 min at room tempera-
ture, then washed three more times with 1 x PBS. Each
fixed sponge sample was then added to the substrate
solution containing naphthol AS-BI phosphate, fast
red violet LB and sodium nitrite. The resulting insol-
uble, diffuse pink dye deposit indicated the sites of
alkaline phosphatise activity. The alkaline levels were
quantitatively assessed by the measurement of posi-
tively stained areas, and the values were expressed as
the mean #* standard deviation. Statistical signifi-
cances were determined using Students’ f test. The
experiments were performed at least 3 times and the
results of the representative experiments were pre-
sented.

Von Kossa staining

Von Kossa staining was performed to assess the
level of calcium deposition by the osteoblasts seeded
on the marine sponge. The sponges were incubated
with 5% silver nitrate solution under ultraviolet light
for 60 min. Un-reacted silver was removed with 5%
sodium thiosulfate for 5 min. The sponges were then
imaged using the epifluorescence Nikon Diaphot 300
inverted microscope.

RNA extraction and Real-time RT-PCR

Osteoblastic gene expression was analyzed in
sponge-cell constructs after 7, 14 and 21 days cultiva-
tion. The sponge-cell constructs were freeze pulver-
ized in liquid nitrogen and subjected to RNA extrac-
tion using the Qiagen RNAeasy Mini kit (Qiagen Pty
Ltd, Hilden, Germany) according to the manufactur-
er’s instruction. RNA was quantified by spectropho-
tometric measurement. RNA was stored at -80°C
immediately after extraction until required. Comple-
mentary DNA was synthesized from 4 pg of RNA
using 200 units of M-MLV Reverse Transcriptase
(New England Biolabs, USA), 40 units of RNase In-
hibitor (New England Biolabs, USA), 1.25mM dNTP
(Promega Corp, Madison, WI), and 5 pum Oligo dT in a
total volume of 20 pl. The samples were incubated at
42°C for 1 hr and heated for a further 10 min at 92°C in
a thermal cycler (Perkins-Elmer GeneAmp 2400,
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USA). Upon completion, samples were stored at -20°C
for additional experimental use.

Relative quantitative real-time PCR was per-
formed on a 384-well/plate ABI Prism 7000 Sequence
Detection machine (Applied Biosystems, Foster City,
CA) using Sybr Green PCR Master Mix (Applied Bi-
osystems, Foster City, CA). Each PCR reaction (total
volume 10 pl) contained 5 ul SybrGreen PCR Master
Mix, 2.5 ul ddH>O, 1.5 ul cDNA, and 5 mM each of the
forward and reverse primers. The real-time PCR cy-
cling profile comprised an initial denaturation of 95°C
for 10 min, followed by 40 cycles of 95°C for 15 sec, an
annealing temperature of 60°C for 20 sec, and exten-
sion of 72°C for 20 sec followed by a final extension at
72°C for 1 min. The housekeeping gene 18S was in-
cluded as an endogenous control. The expression of
osteoblastic markers osteopontin, osteocalcin, and
alkaline phosphatase, were studied using the primers
listed in table 1. A cycle threshold (Ct) value was ob-
tained for each sample and analyzed by the Sequence
Detection System software (Applied Biosystems,
Foster City, USA). The comparative 2~ A2CT method
was used to calculate the relative expression of each
target gene as previously described 4. Briefly, the
mean Ct value of target gene was normalized to its
averaged Ct values of the housekeeping gene 18S to
give a ACt value, which was further normalized to
control samples to obtain a AACt value.

RESULTS

Characterization of the sponge skeleton by SEM
and H&E staining

The sponges collected from the Fremantle coast
of Western Australian are a member of the sponge
family Callyspongiidae (belonging to the order Hap-
losleridia). The sponge is irregular in shape and cush-
ion-like and scattered with oscules at regular intervals
over its surface (Figure 1A). The microstructure of the
sponge, as examined by SEM, is composed of regu-
larly interconnected spongin fibres forming the cho-

Table 1. Sequences of primers used for Real-time PCR

anosomal (mesophylic) skeleton (Figure 1B). The
primary, secondary and occasional tertiary fibres
form rectangular meshed networks. Primary fibres
are either ramified (branched) to form secondary fi-
bres and tertiary fibres (Figure 1C). The spongin fibres
range from 30 to 50 pm in diameter, and create pores
ranging 100 to 300 um in diameter. The fibres of the
scaffold contain occasional siliceous spicules which
are attached or embedded within the fibrous network
in a random orientation. These spicules are 20 to 40
pm in length and align longitudinally along the fibre
axis. No cellular debris was observed on the skeleton
of the marine sponge. H&E staining shows the colla-
gen fibres and interconnection of the skeleton (Figure
1D).

Osteoblast attachment and growth within the
sponge scaffold

Confocal examination of cell-sponge constructs
cultured in osteoblast differentiation medium for 4
and 14 days was carried out to assess cellular attach-
ment, cell density and growth within and around the
spongin fibres. Attachment between the cell mem-
brane of osteoblasts and the substrate surface was
evident by F-actin staining. Figure 2 shows that after 4
days culture, cells were incorporated into the skeleton
of the sponge scaffold and spread along fibres of the
scaffold. Extensive cellular proliferation was observed
on the surface of fibrous sponge skeleton after 14 days
cultivation (Figure 3).

The cells formed a thin layer over the ectosomal
skeleton of the sponge and infiltrated the pores of the
spongin fibres. Collectively, these results indicate that
osteoblasts were able to anchor on the surface of
spongin fibres, bridge interconnecting collagen spac-
es, proliferate and extend growth into the porous
structure. SEM examination of the sponge-cell con-
structs confirmed the cell attachment and growth on
maring sponge, as evidenced by the single cell at-
tachment after 4 days culture to a layer of cell mass
covering the collagen skeleton after 21 days (Figure 4).

Refseq No. Gene Sequence

NM_199173 Osteocalcin Forward:5' AGG GCA GCG AGG TAG TGA AGA 3!
Reverse: 5' AAG GGC AAG GGG AAG AGG AAA GAA 3

NM_000478 alkaline phosphatase =~ Forward: 5' TGC TCC CAC GCG CTT GTG CCT GGA 3'
Reverser: 5' CTG GCA CTA AGG AGT TAGTAAG?3'

NM_001040060 Osteopontin Forward: 5’ TGAGGAAAAGCAGAATGCTGTGTCC 3
Reverse: 5GTTGCTGGCAGGTCCGTGGG 3’

HQ387008 18S Forward: 5' CCT GCG GCT TAA TTT GAC TC 3'

Reverse: 5' AAC TAA GAA CGG CCATGC AC 3
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A

Figure 1: (A) Photograph of sponge samples that were collected, scale bar = 5cm; (B) SEM micrographs of sponge skeletons
at low magnification showing the regular fibre network and irregularly arranged fibres of the sponge at low magnification;
(C) high magnification displaying the ectosomal skeleton including branches of the choanosomal fibre network, and occa-
sional spicules; and (D) the collagen skeleton of marine sponge stained with Hematoxylin and Eosin.

Figure 2: Fluorescent confocal micrographs of sponge-cell constructs after 4 days culture. Cells were stained with F-actin
(red) together with nuclear stain Hoechst bis-benzimide (purple). Autofluorescence (green) was used to image spongin
fibres. (A) Attachment of cells to the fibres of the marine sponge. (B) Cells bridging pores of ectosomal skeletal fibres. (C)
Low magnification of cells within the fibre skeleton, debris is visible. (D) High magnification of cellular attachment onto
fibres of the skeleton. Tissue debris is also visible. Scale bar = 20 pm.
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Figure 3: Confocal microscopy showing F-actin fluorescent staining of cells (red) and nucleus (purple) on sponge skeletons
(green autofluorescense) after 14 days culture. (A) Low magnification, cells form a mat over the ectosomal skeleton. (B)
High magnification, cells form a thin layer over the fibres of the scaffold. (C) Low magnification, cells infiltrate pores of the
ectosomal skeletal fibres. (D) High magnification showing cellular infiltration of a pore of the sponge skeleton. Scale bar =
20 pm.

AccV Spot Magn <
150KV 7.0 200x  SERA w0

Figure 4. Scanning electron microscopy examination of osteoblasts cultured on marine sponges for 4 days (A), 7days (B), 14
days (C) and 21 days (D). (* indicates single cell anchoring on the skeleton)
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Osteoconductivity of sponge-cell con-
structs

Both alkaline phosphatase and von
Kossa staining were used to examine osteo-
blast differentiation and mineralization
within the sponge scaffolds. Alkaline phos-
phatise activity was observed from day 7 to
day 21 of culture, although the expression
levels steadily decreased over time (Figure 5).
After 21 days of culture, von Kossa staining
demonstrated a dark staining pattern within
the sponge matrix identifying the presence of
calcium nodules within the sponge and
therefore the mineralisation of the extracel-
lular matrix. In contrast, no staining was ob-
served in sponge contructs without cells
(Figure 6).

Figure 5. Light micrographs showing alkaline
phosphatase staining. (A) Sponge skeletons with-
out cells; (B) Sponge-cell constructs after 7days in
vitro culture; (C) Sponge-cell constructs after 14
days in vitro culture; (D) Sponge-cell constructs
after 21 days in vitro culture; (E) Quantification of
alkaline phosphatase staining of different groups,
error bars represent meanzstandard deviation,
n=3.

sponge+cells

Figure 6. Light micrographs showing von Kossa staining. (A) Sponge skeletons; (B) Sponge-cell constructs after 21 days in
vitro culture; (C) higher magnifications of sample A, 200x; (D) higher magnification of sample B, 200x.
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Gene expression of osteoblastic markers in
sponge-cell constructs

The osteoconductive potential of the marine
sponge in vitro was assessed using real-time PCR to
quantify gene expression of osteogenic genes in the
cell-sponge constructs. Primary calvarial osteoblasts
were seeded on the sea sponge and cultivated in os-
teoblast differentiation medium for 7, 14 and 21 days.
Cells were also cultivated in a monolayer (without
sponge) as a control. Osteocalcin, osteopontin, and
alkaline phosphatase gene expression was detected in
cell-sponge constructs at all time points using real
time PCR. The mRNA expression levels of osteocalcin
and osteopontin in cell-sponge constructs after 7 days
cultivation were significantly higher than the expres-
sion in cells cultured on monolayer (P<0.05), although
the levels did decrease at 21 days of culture. At day
14, there was a significant increase in the level of al-
kaline phosphatase gene expression in the cells seed-
ed in the sponge compared to those cultured in mon-
olayer (Figure 7).

Figure 7. Gene expression of osteoblastic markers in
sponge-cell constructs after 7 days, 14 days and 21 days
culture. Mouse osteoblasts were seeded on the scaffold or
cultured in monolayer and cultivated in osteoblastic dif-
ferentiation medium. The expression of osteocalcin, os-
teopontin, and alkaline phosphatase of the cells in the
spongin scaffold were compared to expression by cells
cultured on monolayer by real-time PCR. Mean Ct value of
target genes was normalized to housekeeping gene 18S.
Results are shown as mean + standard error. Student T-test
determined statistical significance where * p<0.05 and **
p<0.01.

DISCUSSION

The skeletons of Poriferans appear to have unique
properties that make them appealing as a potential
bioscaffolds for cell-based bone tissue engineering.
These properties include the fibrous skeleton, the
collagenous composition, the ability to hydrate to a
high degree, and the possession of open intercon-
nected channels created by a porous structured net-
work 5. This study demonstrates that Poriferans are
able to induce osteoblast attachment, proliferation,
migration and differentiation in vitro, suggesting its
potential as a bioscaffold for bone tissue engineering.
The sponge-cell constructs support osteogenesis as
evidenced by alkaline phosphatase expression, an
early marker of osteoblast differentiation, mineral
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deposition, and the expression of osteogenic markers
such as osteocalcin and osteopontin.

Green et al. (2003) has firstly reported the fiber
skeleton of natural marine sponge and suggested its
application for tissue engineered bone ¢. The Spongia
was shown to support the attachment, growth and
differentiation of osteoprogenitor cells in the skeleton
with void dimensions ranging from 500 to 1250pm ©.
As known, osteoblasts respond directly to the pore
dimensions of scaffold framework ¢. Formation of
new tissue is greatly influenced by the composition,
porosity and three-dimensional structure of the scaf-
fold onto which cells are cultured 1617, Porosity within
the marine sponge skeleton is created by a system of
pores (ostia), channels and chambers throughout the
sponge body that provide the living sponge with nu-
trition and gas exchange from the surrounding water.
The open porosity of this scaffold enables maximal
invasion of cells and bone tissue that is necessary for
bone reconstruction, whilst minimizing the volume of
space taken up by the biomaterial 8. The pore dimen-
sion of the scaffold is also critical for osteoblast inte-
gration into bone tissue. It has been shown that the
optimum pore dimensions for bone tissue regenera-
tion in synthetic scaffolds is between 100 and 250 pm
20, Vogel and Baneyx (2003) demonstrated that these
pore dimensions correlate directly to mineralized
bone formation, and are therefore suitable for most
bone engineering purposes 2. In this study, the pore
dimension of the sponge, ranging from 100~300pm
was comparable to the pore size in human compact
bone 19, suggesting it may be used as an ideal scaffold
for tissue engineered bone.

Collagen is the dominant component of the
skeletal matrix of the sea sponge and is the major
protein constituent of the extracellular matrix of bone.
The use of collagen-based sponges as scaffolds in tis-
sue engineering has a number of advantages. The
collagenous composition functions as a cell-matrix
adhesion molecule to support cell adhesion 2. Since it
is a ‘native’ constituent it is well recognized by cells
within the scaffold 2% 24, Additionally, the mesh-like
orientation of collagen fibres within the sponge skel-
eton is microstructurally similar to the lattice-work of
fibres in human trabecular bone 1% 2. This study
demonstrated that the collagen fibres of the marine
sponge skeleton indeed provide a suitable framework
for the attachment, migration and proliferation of
osteoblasts. The aggregation of osteoblastic cells on
spongin fibres may be attributed by the collagenous
composition of the sponge fibres together with the
presentation of matrix moieties at the skeleton sur-
face. Extracellular adhesion molecules, such as ag-
gregation factor, interact with adhesion receptors

composed of scavenger receptor cysteine-rich do-
mains 2628, Although the specificity of marine sponge
to osteoblasts is unknown, these molecules, as well as
the collagens and responding integrins, constitute a
system that are crucial for specific cell adhesion 2% 30.

The chemotactic properties of collagen are also
advantageous to its use in tissue engineering scaffolds
31, The collagenous poriferan skeleton is comparable
to the connective tissue of more complex organisms;
and is analogous to collagen type XIII 15, therefore
providing a natural environment for cellular attach-
ment and aggregation. Previous studies using infra-
red spectrosopy have demonstrated that the amino
acid composition of spongin and collagenous fibrils is
similar to that of vertebrate collagen °. In addition,
even though the amino acid composition and carbo-
hydrate contents of selected collagenous sponge skel-
etons has been identified 9, further characterization of
the exact chemical composition of the marine sponge
would provide further understanding of the mecha-
nisms involved in the cellular patterning observed in
this study.

Identification of suitable scaffolds onto which
osteogenic cells can be seeded to generate functional
three-dimensional tissues is a major research goal. It is
evident that the skeleton of Poriferans is dynamic, and
consists of a complex composition of molecules which
regulate cellular behaviour and phenotype 2832 3, In
support of this, the osteogenic potential of the
cell-sponge construct was reinforced by gene expres-
sion of osteoblast markers. Similarly, human oste-
oprogenitor cells were found to attach to the spongin
skeleton of Spongia sea sponges in serum-free medium
within 16 hours of in vitro culture 5. Due to their abil-
ity to hydrate to a high degree, marine sponge skele-
tons have also shown to adsorb and release recombi-
nant human BMP-2 and induce expression of alkaline
phosphatase in a myoblast cell line . This indicates
that sponge skeletons offer huge potential as engi-
neering structures that promote bone cell differentia-
tion and osteogenesis. The limitation of using marine
sponge for tissue engineered bone have been sug-
gested by Green et al. °. Firstly, the biodegradability of
nature sponge is not desirable as the sponge skeleton
could resistant to varies chemical dissolutions and
enzymes. No degradation of the collagen skeleton has
been observed when it was implanted in nude rat for
21-week period (data not shown). Secondly, althought
there is no evidence of marine sponge carrying un-
known pathogens, the possibility of immunogenicity
could not be ruled out. Thirdly, there is lack of speci-
ficity of marine sponge to bone formation. Marine
sponge supports osteoblastic cell attachment and
growth as well as bacteria and other cell type. There-

http://www.biolsci.org




Int. J. Biol. Sci. 2011, 7

977

fore, further research direction points to further clari-
fication of the biodegradability, immunogenicity and
the bone forming specificity of marine sponge by
animal studies. In vivo bone formation by marine
sponge shall be tested in small and large animal
models before promising to be a potential scaffold for
tissue engineered bone regeneration. Furthermore,
surface modification, such as Hydroxyapatite coating,
may facilitate osteoblastic cell homing and bone for-
mation.

Taken together, this study indicates that the
natural marine sponge skeleton is favourable as a new
source of bioscaffold for the repair of bone defects.
This project supports the study by Green et al. (2003),
advocating sponge collagen as a bioscaffold material
in bone tissue engineering. The pore size, micro-
structure, nanostructure, permeability, and composi-
tion of the sea sponge skeleton appear to facilitate
successful cellular attachment and proliferation. Their
potential as osteoinductive and conductive frame-
works together with the abundance and structural
diversity of natural marine sponge skeletons indicates
promise as a new source of scaffold for tissue regen-
eration.
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