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R E S E A R C H  A R T I C L E

BACKGROUND: Biosilica  derived  from  

Indonesian marine sponge Melophlus sarasinorum 

and Xestospongia testudinaria is one of the 

biomaterials that can be developed together with synthetic 

polymer as a composite. Poly E-caprolactone (PCL) 

used as a composite role as an osteoconductive material 

together  with  biosilica  and also  tailored  the  slow  rate  

of  degradation  in  the  body.  This  study  aimed  to  create 

a biocompatible biosilica-based scaffold and supports 
osteogenic differentiation of human Wharton's Jelly 
mesenchymal stem cell (hWJ-MSCs).

METHODS: Biosilica was extracted from M. sarasinorum 

and X. testudinaria with the acid digestion method. Scaffold 
was prepared using the salt leaching method. The composite 

scaffolds were made from seven different biosilica extract 
and PCL. All of the scaffolds were tested for the cell 

morphology, Fourier-transform infrared spectroscopy 

(FTIR), immunocytochemistry, and cytotoxicity.

RESULTS: Composite scaffolds of 50% M. sarasinorum 

and X. testudinaria increased the cell viability and supported 

the cell growth within 14 days, whereas the osteogenic 

differentiation can be seen by the presence of collagen type 
1 in day 12 based on  immunocytochemistry result.

CONCLUSION: The biosilica scaffolds from PCL+50% 
M. sarasinorum and PCL+50% X. testudinaria were 

promising 3D scaffolds for potential application in bone 
tissue engineering. In conclusion, this study shows evidence 

for the osteogenic differentiation of hWJ-MSC, which might 
be developed for bone tissue engineering.

KEYWORDS: sponge, biosilica, scaffold, osteogenesis, 
stem cell
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Abstract

Bone damage is one of the leading causes of functional 

disorders caused by traumatic and pathological fractures, 

osteoporosis, joint and spinal fusion, revision arthroplasty, 

and plastic surgery that lead to repairing bone tissue 

structurally and physiologically. Some efforts are done 
to overcome this problem (1,2), including through tissue 

engineering. Bone tissue engineering is a technique that 

involves cells, biomaterials, and regulatory signals that 

play an essential role in the success of the technique.(3) 

Introduction
Stem cells can be isolated from adipose tissue (4), bone 

marrow (5), skin (6), and umbilical cord (7). Stem cells 

isolated from the umbilical cord are so-called human 

Wharton's Jelly mesenchymal stem cells (hWJ-MSC). 

When compared to other stem cells, hWJ-MSC cells have 

several advantages, including easy to isolate, showing high 

proliferation rate, non-tumorigenic, and having allogenic 

properties.(8) MSCs are pluripotent stem cells that can be 

found in a variety of places throughout the body, including 

bone marrow, fat, vasculature, liver, and umbilical cord 

blood.(9-11) Three processes are involved in the formation 

of bone tissue: osteogenesis, modeling, and remodeling. 
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Osteogenesis is the transformation of undifferentiated cells 
or bone precursors into osteoblasts, which then differentiate 
into osteocytes. The osteoblast differentiation process is 
controlled by osteoblast-specific transcription factors, Runt-
related transcription factor 2 (runx2) (12) and osterix (SP7) 

(13), in coordination with other transcription mediators, 

including collagen type 1 in the proliferation phase (day 

0-7), osteopontin (opn) in maturation osteoblast (day 7-14), 

and osteocalcin (ocn), sclerostin, dentin matrix acidic 

phosphoprotein (DMP-1) in the osteocyte formation phase 

(day 14-21) of bone differentiation (14).
 Biomaterial facilitate attachment, proliferation, 

differentiation of the cells, and the formation of specific 
organ tissues.(15) A scaffold is a three-dimensional structure 
that functions as a framework/template for cell growth and 

regulatory signals such as growth factors or biophysical 

stimuli for cell growth.(16) Many materials have been 

used to manufacture scaffolds, including metals,ceramics, 
polymers, and composites. However, there are some 

limitations to their use, especially the high manufacturing 

costs. To overcome these issues, natural materials have been 

shown to be a promising alternative for tissue engineering 

applications.(17) Natural materials can be derived from 

many sources, such as marine biomaterials and plant-

based fibers (silk, collagen, hydroxyapatite) to fabricate 
this  scaffold.  Biosilica  from  marine  sponges  is  being 
considered for biomedical approaches, bone replacement, 

and bone regeneration in tissue engineering, because silica 

ions  are  known  as  an  important  element  to  stimulate  

bone formation. 

 Biomaterials or scaffolds in tissue engineering are 
essential in providing structure and substrates for cells 

to attach, increase, and ultimately differentiate. Several 
literature studies have proven that silica plays a critical 

role in bone structure and function and is associated 

with bone calcium metabolism.(4-7) In vitro, in vivo, 

and clinical studies have demonstrated the ability of 

biosilica as a material for bone tissue engineerings, due 

to its high bioactivity, osteoconductivity, osteoinductivity, 

osteoconductivity, noncytotoxicity, nongenotoxicity, and 

antibacterial properties. Its outstanding biological and 

remarkable mechanical properties have made biosilica a 

promising bioceramic polymer for scaffold production. 
Biosilica scaffolds, which are made from Indonesian 
marine sponges whose bodies are porous and mostly 

made of calcium carbonate and silica, such as Melopholus 

sarasinorum and Xestospongia testudinaria, offer immense 
potential in supporting stem cell growth and facilitating cell 

differentiation.

Methods

hWJ-MSCs Primary Cell Culture and Isolation
The stem cell that was used in this study was derived from 

the umbilical cord. Wharton’s Jelly was obtained from 

Bandung Maternity Hospital, and the protocol of this study 

was approved by the same institution (No. KE-FK-0342-

EC-2021). The sample was then cleaned in a 10% iodine 
solution. The primary culture of hWJ-MSCs was carried out 

by the enzymatic method. The umbilical cord sample was 

cut into pieces 3-5 cm in size, and veins and arteries were 

removed from the Wharton’s Jelly. section. The Wharton’s 

Jelly sections were cut to 1 cm x 1 cm, then placed in a 100 

mm dish and incubated at room temperature to attach the 

tissue. The medium used in the primary culture consisted 

 Poly E-caprolactone (PCL), which has excellent 

biocompatibility, biodegradability, and mechanical strength, 

is a biodegradable polymer that can be used as an extracellular 

matrix (ECM) to help cells attachment.(8) Although PCL 

surface is hydrophobic, it can be modified by adding surface 
treatment to make it more hydrophilic for cell attachment 

and proliferation.(18) Another disadvantage of PCL is its 

lack of bone-forming properties, hence some studies tried 

to combined PCL with an osteogenic component, such 

as ceramics or bone morphogenetic proteins (BMPs), to 

promote osteogenesis.(19,20) PCL also does not promote 

the formation of blood vessels in vivo, which is essential 

for bone regeneration.(21) For a biomaterial to use in bone 

tissue engineering (BTE) applications, it must have high 

mechanical properties, slow degradation, osteoconductive 

and osteoinductive properties and should be capable of 

integrating with the surrounding bone tissue.(17) The high 

mechanical strength and slow degradation of PCL make it 

an ideal material for BTE.

 The scaffold is the second component needed in 
tissue engineering technology. The scaffold acts as a 
synthetic matrix that imitates the natural matrix for the 

growth and development of cells. Biocompatible and 

biodegradable biomaterials are among the must-have 

scaffold criteria.(18,19) In tissue engineering, the scaffold 
is a three-dimensional structure that adapts to the body's 
in vivo environment. There haven't been many studies on 
the research of marine sponges, particularly the effect of 
biosilica in bone tissue engineering. Therefore, this study 

aimed to investigate the sponge's biosilica potential as a 
promising 3D scaffold for potential application in bone tissue 
engineering that can promote hWJ-MSC differentiation.
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of Dulbecco's medium, Low glucose Dulbecco’s Modified 
Eagle’s Medium (DMEM) (Thermo Fisher Scientific, 
Waltham, MA, USA), containing 10% Fetal Bovine Serum 
(FBS) (Thermo Fisher Scientific), and 1% antibiotic-
antimitotic solution. The cell flask was incubated at 37°C of 
5% CO

2
, and the medium was changed every 2 days. When 

primary cells (P0) had reached 80% confluent, subcultures 
were carried out until they reached the end of passage 4 for 

further testing.(22)

Fabrication of Biosilica Scaffold from M. sarasinorum 
and X. testudinaria
The marine sponges used were M. sarasinorum and X. 

testudinaria that were extracted from the two species of 

Indonesian sponges that was used as the primary material 

for scaffold biomaterials for bone tissue engineering. The 
biosilica extract was carried out using the acid digestion 

method (23) as a mixture of the scaffold to be used. Sponges 
were extruded with HNO

3
 and stirred for 1 hour; the residues 

were washed with equates until no color changed, and then 

repeated with the solution of H
2
SO

4
 and H

2
O

2
 ratio volume 

(1:1), the solution was stirred for 3 minutes and filtered 
the residues before the extract of biosilica could be used.

(23) The scaffold was made using the salt leaching method, 
using a synthetic biomaterial composite (PCL), with various 

PCL concentrations. 

 There were seven composite scaffolds that were used 
in this experiment, as can be seen in Table 1. Scaffold 
fabrication using the salt leaching method (24,25) with a 

mixture of PCL as a non-organic polymer and commercial 

silica as a control scaffold. One gram of each biosilica and 
1 gram of PCL were dissolved in 45 mL of chloroform, 

then stirred and heated until dissolved, added NaCl, and 

then poured into a round silicone mold with a diameter of 5 

mm and 2 mm thickness, soaked in deionized water for 72 

hours, 37°C, after that the scaffold washed and air-dried for 
24 hours.

The Ratio of Composite Scaffold Scaffold Group Name of Composite Scaffolds

100% PCL PCL PCL

67% PCL : 33% pure silica PCL ; silica 33% PCL+Si33

50% PCL : 50% pure silica PCL ; silica 50% PCL+Si50

67% PCL : 33% biosilica M. sarasinorum PCL ; MS 33% PCL+MS33

50% PCL : 50% biosilica M. sarasinorum PCL ; MS 50% PCL+MS50

67% PCL : 33% biosilica X. testudinaria PCL : XT 33% PCL+XT33

50% PCL : 50% biosilica X. testudinaria PCL ; XT 50% PCL+XT50

Table 1. The ratio of composite scaffold for bone tissue engineering.

Scanning Electron Microscope (SEM) of hWJ-MSCs 
Grown on the Biosilica Scaffolds
SEM (SU3500, Hitachi, Tokyo, Japan) was used to observe 

the morphology and distribution of hWJ-MSC in the 

scaffold. The hWJ-MSC was grown on a biosilica scaffold 
for 24 hours at 37°C; of 5% CO

2
. Cells were fixed by adding 

100 μL 2.5 glutaraldehyde in 0.1 M cacodylate buffer, then 
incubated for 24 hours at 4ºC. The sample was further 

dehydrated with serial alcohol and then dried for 3 hours 

with a ratio of ethanol and HMDS (1:1). The sample was 

coated with gold (gold coating) and observed under SEM at 

10 kV at 500 and 2000x magnification.

Fourier-transform Infrared Spectroscopy (FTIR) of the 
PCL and Biosilica Scaffold
FTIR analysis was performed on the PCL and biosilica 

scaffolds. FTIR spectrometer was used to detect chemical 
groups in the glass composition. Particle size distribution and 

morphology of the glass particles were also evaluated by a 

laser particle size analyzer (Fritsch Particle Size ‘analysette 

22, Fritsch International, Idar-Oberstein, Germany).(26)

Cytotoxicity Test of hWJ-MSC Grown on the Biosilica 
Scaffolds
Scaffold was cut into small pieces with 1 x 1 x 1 mm. Then 
the scaffold was sterilized with phosphate buffered saline 
(PBS) and UV before use and transferred to a 96 well plate, 

and the cells were planted for 24 hours. Cells were planted 

with a density of 5 x 103 cells for each scaffold. The medium 
was removed, added 10 μL of MTT solution in 90 μL of 
Low Glucose DMEM medium, cells were incubated at 

37°C for 4 hours, dark room, for 4 hours, the MTT solution 
was discarded, and 100 μL of dimethyl sulfoxide (DMSO) 
was added. Cells were incubated for a maximum of 15 

minutes in an incubator, room temperature or 37°C, and the 
absorbance was read with microplate reader at wavelength 

of 595 nm.(27)
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Morphology of Scaffold 
The morphological description of the scaffold used in 
this study was shown in Figure 1. The scaffold resulted 
in rounded pore shapes instead of squares, as seen in the 

standard NaCl crystal. This was due to the partial dissolution 

of NaCl surface in nitric acid. These phenomena were also 

found in the salt-leached scaffold prepared by the traditional 
dissolution. The color of the PCL scaffold was generally 
white, almost the same color as PCL+Si33 and PCL+Si50, 
whereas the biosilica scaffold from M. sarasinorum and X. 

testudinaria was generally seen as yellowish colored.

Results

Scaffold MTT Test 
The MTT test observed the biocompatibility of the scaffold. 
As much as 5 x 103 hWJ-MSC cells were grown on each 

scaffold with dimensions of 5 x 5 x 2 mm, then Low Glucose 
DMEM  growth medium was added, and incubated in a CO

2
 

incubator at temperature 37°C. Absorbance readings were 
carried out on days 1, 3, 5, 7, and 14. MTT readings were 

performed using a microplate reader (Bio-Rad, Hercules, 

CA, USA) with a wavelength of 570 nm.(28)

Collagen Type 1 Immunocytochemistry (ICC)
The attachment of hWJ-MSCs to the M. sarasinorum and X. 

testudinaria scaffolds was observed through the expression 
of collagen type. 1.5 x 103 cells grown on the scaffolds for 
12 days. After 12 days, cell fixation was carried out with 
methanol, and then cells were rinsed with Tween-20 (0.05% 
in PBS). Blocking was done by adding BSA in PBST, then 

adding Anti-Collagen type 1 as primary antibody (Abcam, 

Cambridge, UK), secondary antibody in the form of goat 

anti-rabbit IgG HNL Alexa flour 488 (Cat No. ab150077, 
Abcam), and counterstaining with 4′,6-diamidino-2 
-phenylindole (DAPI) (Thermo Fisher Scientific). The 
stained cells were then observed with an Olympus Fv 1200, 

confocal laser scanning microscope (Olympus, Tokyo, 

Japan).(29,30)

Statistical Analysis
Data obtained from all measurements (n=5) were analyzed 

by one-way ANOVA with statistical tools SPSS 22 (IBM 

Corporation, Armonk, NY, USA) and expressed as 

mean±standard deviation (SD). Statistical analysis results 

of the cytotoxicity study was carried out using ANOVA  test 

followed by the Shapiro-Wilk test, with p<0.05 considered 

a significant result. A B

C D

E F

G

Figure 1. The morphology of various scaffolds created in this 
study. A: PCL; B: PCL+Si33; C: PCL+Si50l D: PCL+MS33; E: 
PCL+MS50, F: PCL+XT33, G: PCL+XT50. Size of scaffold (5 
mm in diameter, 2 mm thickness) for all figures.

SEM Results of hWJ-MSC Grown on the M. sarasinorum 
Biosilica and X. testudinaria Biosilica Scaffold
Cell attachment on the surface of the scaffold was shown 
in Figure 2 after 24 hours of incubation. SEM in Figure 2 

showed the surface morphology of the scaffolds and the 
cells. The presence of interconnected pores can be seen in 

the scaffold, which was essential for the passage of nutrition 
and dissolved oxygen for cell growth. Scaffolds that were 
overgrown with hWJ-MSC cells were shown by images 

of PCL+Si33, PCL+Si50, PCL+MS33, PCL+MS50, 
PCL+XT33, and PCL+XT50 on the right, while the PCL 
scaffolds was not ideal because it does not have a whole 
interconnected porous structure (Figure 2).

FTIR Results
Figure 3 showed the FTIR spectra of the PCL, and the 

composite of PCL and biosilica scaffolds that derived from 
M. sarasinorum and X. testudinaria sponges. The FTIR -ATR 

technique was performed to confirm the incorporation of 
the PCL matrix and its interaction with PCL matrix. Results 

shown in Figure 3 demonstrated that the FTIR adsorption 

spectrum of PCL showed the characteristic absorption peaks 

at 2817.23 cm-1 and 2943.17 cm-1. The most intense peak at 

1720 cm-1 was related to the carbonyl (C=O) stretching in 

the amorphous phase. The absorption peak at 1470 and 1365 

cm-1 were due to the -CH bending of -CH
3
 and OH in place 

bending vibrations respectively. According to Coleman and 

Zarian, the peak at 1292 cm-1 is assigned to the backbone 

C-C and C-O stretching in the crystalline phase of the PCL.

Vibrations of the CH
2
 group are found at 803.57 cm-1 and 

500.76 cm-1 while peaks at 1728.91 cm-1 correspond to the 
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A1 A2

B1 B2

C1 C2

D1 D2

E1 E2

F1 F2

G1 G2

Figure 2. Attachment of hWJ-MSCs on 
fabricated scaffolds with various biosilica 
composition observed with SEM. A: PCL; B: 
PCL+Si33; C: PCL+Si50l D: PCL+MS33; E: 
PCL+MS50, F: PCL+XT33, G: PCL+XT50. Left 
(A1-G1): without cell; Right (A2-G2): seeded 
by cells after 24 h. Yellow arrow: interconnected 
pores); Green arrow: cell grown on the scaffold; 
Red arrow: pure silica; Blue arrow: filopodia.
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Figure 3. FTIR Spectra results of the PCL, composite of 
PCL+silica, and the composite of PCL+biosilica scaffolds that 
derived from M. sarasinorum and X. testudinaria sponges.
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Figure 4. Cell viability of the scaffolds. Each column represents 
the mean±SE between the samples. Each group showed an increase 
in cell viability and nontoxicity to the cell. *p<0.05 was considered 
significant when being compared to PCL group. 

vibration of the C=O bond. Distinctive peaks at 1087.17 

cm-1 are due to the stretching band of ester groups (C=H). 

The peak at 1728 cm-1 relates to C=O bonds and indicates 

the crystalline nature of synthesized PCL because, in the 

amorphous state, these bands appear at 1721.91 cm-1. 

 FTIR adsorption spectrum of composite PCL+biosilica 
stretching mode of the carbonyl group (C=O) was observed 

at 1719.93 cm-1 and the peaks at 1163.72 cm-1 were 

respectively attributed to the symmetric stretching of 

C=H. Vibrations of the C-H group were found at 2895.97 

cm-1, which was showed the Si-O
2
 bond, while peaks at 

1721.98 cm-1 correspond to the vibration of the C=O bond. 

Distinctive peaks at 730.66 cm-1 were due to the stretching 

band of Si-O-Si groups. The peak at 1721.98 cm-1 was 

related to C=O bonds and indicating the crystalline nature 

of synthesized PCL, because in the amorphous state, these 

bands also appear at 1719.93 cm-1.

Viability Test of hWJ-MSC Grown on Biosilica Scaffolds
Results showed that cells were viable on all scaffolds over 
the culture period. Most notably, cells were able to grow on 

the different scaffolds for the study duration. At early time 
points (24 hours), the metabolic activity for the PCL+XT33 
composite was significantly difference compared to the PCL 
scaffold without biosilica, suggesting that combining the 
material of PCL and biosilica results in a composite scaffold 
with superior properties in terms of cell growth.

 The viability study demonstrated that scaffolds 
with different concentrations of biosilica and PCL did 
not affect the cell viability of hWJ-MSCs after 72 hours 

(Figure 4). All groups of scaffolds did not affect the cell 
viability of hWJMSCs. Synthetic polymers, such as PCL, 

have biodegradable properties, support tissue regeneration 

and remodeling before being absorbed by the body, and 

are non-toxic. There were significant differences between 
the PCL+Si33 scaffold and the PCL+XT33 scaffold. The 
results of statistical analysis showed that cell viability was 

significantly different in the biosilica scaffold PCL+XT33 
(p=0.045) and PCL+Si33 (p=0.027) when compared to 

PCL. The PCL+XT33 and PCL+XT50 scaffolds showed an 
increase in the viability of hWJ-MSC cells; this indicates 

that the biosilica contained in the scaffolds can support the 
viability and growth of hWJ-MSC cells and was not toxic to 

cells. 

Scaffold Biocompatibility: Growth of hWJ-MSC
Figure 5 showed the graph of cell growth of hWJ-MSCs 

(OD=570 nm) on various scaffolds for 14 days of treatment, 
PCL+MS33 and PCL+XT50 had the highest OD values. 
Statistical results showed a significant difference between 
the PCL+XT50 compared to PCL+Si50, PCL+MS33 was 
significantly different from PCL+Si33, and PCL+XT50 was 
significantly different when compared to PCL, PCL+Si50, 
PCL+MS50, and PCL+XT33 (p<0.05). Also in the group 

of PCL+MS33, the statistical result showed a significant 
difference to PCL, PCL+Si50, PCL+MS50, and PCL+XT33 
(p<0.05) Scaffold PCL+MS50 had significant mean 
difference compare to scaffold group PCL, PCL+Si33, 
PCL+Si50, and PCL+XT50 (p<0.05). PCL+XT33 was 
also showed a significant difference compared to PCL, 
PCL+Si33, PCL+MS33, and PCL+XT50.
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Figure 5. Graph of cell growth of hWJ-MSCs (OD=570 nm, 1 OD is equal to 1 x 109 cells/mL) on various scaffolds for 14 days of 
treatment. PCL+XT50 group was significantly different from PCL+Si50, PCL+MS33 group was significantly different from PCL+Si33 
group, and PCL+XT50 group was significantly different when compared to PCL, PCL+Si50, PCL+MS50, and PCL+XT33 groups. *p<0.05 
was considered statistically significant.

 Biosilica from X. testudinaria (PCL+XT50) and 
from M. sarasinorum (PCL+MS33) scaffolds showed the 
best cell proliferation activity among observed scaffolds on 
day 14. We assumed that most of the hWJ-MSCs attached, 

proliferated, and differentiated within the scaffold. The 
MTT activity results demonstrated an increase in the cell's 
metabolic activity after 3 and 5 days of culture. A scaffold 
was considered toxic if it inhibits more than 50% of cell 
proliferation. The least inhibitory value means the scaffold 
was not toxic. This indicated that the materials tested (PCL 

and biosilica composites) were non-cytotoxic and able to 

support the attachment, proliferation, and viability of hWJ-

MSCs. 

Collagen Type 1 Expression 
Type 1 collagen expression of hWJ-MSC cells was observed 

by ICC staining. For 12 days, 5 x 103 cells were grown on 

the scaffold. After 12 days of treatment, cells were fixed with 
methanol and washed with Tween-20 (0.05% in PBS). The 
expression of type 1 collagen (green fluorescence staining) 
was indicated by red arrows (Figure 6). Type 1 collagen 

was expressed most clearly from the confocal microscope 

image on the combination of scaffolds PCL+MS33 (Figure 
6C), PCL+MS50 (Figure 6D), PCL+XT33 (Figure 6E), 
PCL+XT50 (Figure 6F), and when compared to scaffolds 
PCL+Si33 (Figure 6A) and PCL+Si50 (Figure 6B), and the 
PCL scaffold (Figure 6G). To confirm that the cell penetrates 
into the scaffold, the 3D pictures were captured (Figure 6H, 
Figure 6I).

A scaffold should possess interconnected porous 
architecture, porosity, controlled degradation, and enough 

mechanical strength to withstand the pressure exerted by 

the proliferating and differentiating cells both in vitro and in 

vivo.(31) Furthermore, biocompatibility is a crucial property 

that should be provided by the scaffold. Topical advances in 
tissue engineering have led to the development of a scaffold 
with ideal properties by using composites or blends. Slow 

degradation and less biocompatibility will restrict the usage 

of these synthetic polymers in tissue engineering so as 

PCL.(32) PCL as a composite with biosilica was used to 

increase the osteoconductivity of bone scaffold and mimic 
the condition of the cell proliferation and adhesion.(32)

 The attachment of cells inside the scaffold surface 
is shown in Figure 2 after 24 hours of incubation. At 

100X magnification, hWJ-MSCs are spread evenly over 
the scaffold surface and pore as seen in Figure 2A(PCL), 
Figure 2B (PCL+Si33), Figure 2C (PCL+Si50), Figure 
2D, (PCL+MS33), Figure 2E (PCL+MS50), Figure 2F 
(PCL+XT33), and Figure 2G (PCL+XT50). Cells that 
were seeded into scaffolds cover the more surface area in 
PCL+MS33, PCL+MS50, and PCL+XT33 than in the PCL, 
PCL+Si33, & PCL+Si50 scaffolds. The cells in the PCL 
scaffold appear spherical, whereas the cells in the biosilica 
scaffold show a more elongated morphology with filopodia.  
SEM results suggest that cells grown on scaffolds with 

Discussion
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Figure 6. ICC staining for type I collagen 
(green) within the scaffold over 12days 
of culture (n=3). A: PCL+Si33; B: 
PCL+Si50; C: PCL+MS33; D: PCL+MS50; 
E: PCL+XT33; F: PCL+XT50; G: PCL; 
H: PCL+XT50 (in 3D), I: PCL+MS50 (in 
3D). Yellow arrow: cell nuclei stained with 
DAPI; Red arrow: collagen type 1. White 
bar: 100 µm.

A B C

D E F

G H  I

A

biosilica from X. testudinaria and M. sarasinorum were 

able to enhance the cell spreading stage. This stage plays 

an critical role in supporting cell proliferation as well as 

cell differentiation. Scaffolds with biosilica from sponges 
with hWJ-MSCs can accelerate the cell’s growth due to 

the medium's diffusion in the interconnected pore gaps that 
allow cells to migrate. For bone scaffold, the criteria should 
preferably be osteo-inductive, osteo-conductive, and osteo-

integration. Biosilica scaffold has shown massive potential 
for bone tissue engineering application because one of the 

criteria which is biocompatible; hence, the scaffold should 
have similar mechanical properties to the bone tissues. The 

scaffold is not only able to act as a media or matrix for 
cellular adhesion but is also able to support and promote 

new tissue formation.(32) The role of biosilica in this study 

suggested that biosilica had promoted the proliferation 

of hWJ-MSCs in the scaffold. Biosilica from species X. 

testudinaria has a role as an osteoconductor for the initiation 

of bone proliferation.(33)

 The overall growth of hWJ-MSC (Figure 5) on 

PCL+MS33 and PCL+XT50 scaffolds continued to increase 
for 14 days compared to PCL and pure silica scaffolds. 
These results indicate that all scaffolds were biocompatible 
for hWJ-MSCs. The main advantage of this PCL polymer 

lies in the ability to adjust the mechanical strength. It is 

possible to control the rate of degradation in the fabrication 

of the scaffold from this synthetic polymer, which has 
good biocompatibility but poor mechanical properties, 

accelerated material degradation in samples with higher 

biosilica percentages, which can affect the release of ions 
from biosilica, which is a stimulus for cell differentiation. 
This result is consistent with the higher bioactivity of 

biosilica scaffolds compared to PCL and commercial silica. 
The scaffold observed by SEM supported the attachment 
and proliferation of the hWJ-MSCs to the surface of the 

biosilica scaffold. The formation of the multilayer structure 
starts with this extracellular matrix sheet. Because of the 

short incubation time (24 hours), hWJMSC cells have a 

strong affinity for the biosilica scaffold surface.(7)
 The spectrum of PCL showed the characteristic 

bands at 1087.17 and 803.57 cm-1, due to the asymmetric 

and symmetric C-H and CH2 stretching vibration. The 

characteristic bands of PCL which were described in Figure 

3 are also found in their pastes in addition to the stretching 

vibration of COC- groups of the biosilica ingredient which 

is presented at 1180 cm-1. Compared to the PCL, which 

have the spectrum around 1500-2000 cm-1 revealed the 

characteristic of C=C, C=O, and C=N stretching bands (34), 

the spectrum of biosilica revealed the characteristic Si-O-C 

stretching bands at 1200 cm-1 (symmetric) and 1100 cm-1 
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(asymmetric). Furthermore, there were hydroxyl groups in 

the spectrum from PCL+XT50, Amide A (N-H) stretching 
bands presented in 2000-2500 cm-1.(35-37)

 Cell penetration and proliferation to the scaffold 
qualitatively visualized by Confocal Laser Scanning 

Microscope had started on day 12 of culture (Figure 6). 

To confirm the cell penetration into the biosilica scaffold, 
the image was taken by Z stacking image (Figure 6H, 

Figure 6I). The expression of collagen type 1 (red arrow) 

based on the confocal image in the PCL scaffold after 12 
days was fewer cells than cells grown on scaffold mixed 
with biosilica (M. sarasinorum and X. testudinariain the 

PCL+MS50, PCL+XT30, and PCL+XT50 scaffold. The 
expression of collagen type 1 ended in day 14. The cells 

were able to penetrate from the upper surface of the scaffold 
to the lower surface of the scaffold. Based on these results 
(qualitatively), a scaffold with biosilica especially from 
marine sponges specific could support the attachment of 
cells to the surface of the scaffold. In this in vitro study 

there was no addition of growth factor in the medium for 

cell differentiation, this study suggests that the combination 
of PCL and biosilica scaffold, can be appropriate for bone 
tissue engineering, however, further experiments need to be 

conducted to confirm the stability of the bone using those 
combinations in the in vivo study. 

  An increased of mRNA level of these genes (runx2, 

opn, and collagen type 1) were seen between days 7-14 of 

differentiation (Figure 7). Runx2 is a transcriptional factor 

in osteogenic differentiation and essential for chondrocyte 
maturation. During osteoblast differentiation, runx2 is 

weakly expressed in immature osteoblast, and reaches the 

maximum level in the late phase of immature osteoblasts, 

and is down-regulated in mature osteoblasts.(17) Runx2 

target genes include opn, collagen type 1, ocn, sclerostin, 

and DMP-1.(38)

 The result of this study showed that the composite 

scaffold PCL+MS50 and PCL+XT50 support the osteogenic 
differentiation of hWJ-MSC, it can be proved from the result 
of expression of collagen type 1 from ICC on the stage of 

mature osteoblast (day 12) which is in line with the level 

at stage mature osteoblast (day 7-14). Runx2 as a master of 

regulator gene and control the expression of collagen type 1 

in osteoblast differentiation.(38)

Figure 7. Expression of osteogenic markers during osteogenesis differentiation. The runx2 is highly expressed in immature osteoblast 
and down-regulated in mature osteoblast. Runx2 initiated the expression of opn, ocn, sclerostin, and DMP-1 in the day 14 (mineralization 
stage) (Created with BioRender.com).

Conclusion

The study results demonstrated that the biosilica scaffold 
is biocompatible and supports the growth of hWJ-MSCs 

cells on the scaffold. Among seven composite scaffolds, 
PCL+MS50 and PCL+XT50 support the growth of 
hWJ-MSC cells on the scaffold. The biosilica scaffolds 
PCL+MS50 and PCL+XT50 that fabricated from the two 
species of Indonesian sponges, M. sarasinorum and X. 

testudinaria was a promising 3D scaffold for potential 
application in bone tissue engineering. 
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