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Abstract

Successful tissue regeneration requires scaffolds with mechanical stability or biodegradability, surface roughness, and
porosity to provide a suitable microenvironment for sufficient cell interaction, migration, cell proliferation, and
differentiation. This study features the design, fabrication, and biocompatibility testing of Ti-6Al-4V titanium alloy
scaffolds. Cylindrical titanium samples were tested, where each sample had a porous structure with pore sizes of 0.4 mm,
0.8 mm, and 1.0 mm respectively, which were seeded with chorionic-derived mesenchymal stem cells (CMSCs). The
viability of the seeded CMSCs was evaluated using the MTT test. The aim of the study was to evaluate the cytotoxic effect
and biocompatibility of porous titanium scaffolds. CMSCs showed the highest viability, adhesion to surfaces, and good
proliferation on samples with 0.4 mm pore size, on the other hand, the pore size of 1.0 mm showed relatively lowest
compatibility with cells and their proliferation. However, the viability of cells on all tested sizes of porous titanium

scaffolds showed sufficient viability for future use in regenerative medicine.
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Introduction

A scaffold is an artificial three-dimensional
framework that mimics the extracellular matrix for cell
adhesion,  migration, proliferation, and tissue
regeneration. An essential condition for the creation of
a scaffold is its porous structure. Porosity mimics the
natural structure of bone tissue with an interconnected
network of pores specifically for cells, their growth and
nutrient transport [1]. In 2016, Wang et al. published
their findings on the effect of pore size on the
acceleration of osseointegration, which should be in the
range of 0.1-0.9 mm [2]. 3D scaffolds for tissue
engineering applications face two main limitations—the
scaffolds cannot be too porous (due to reduced
mechanical strength), but neither can they have
significantly low porosity (due to lack of cell infiltration,
vascularization and signaling) [3]. For an improvement
of incorporation of cells, a collagen film on the scaffold
surface can be used to promote adhesion of fibroblast
cell lines [4].

This work works with the cultivation of stem cells
from fetal membranes—chorionic mesenchymal
stromal cells (CMSC) on titanium Ti-6Al-4V scaffolds.
Several studies have shown that these cells have higher
immunosuppressive  effects compared to adult

mesenchymal stem cells [5, 6]. The advantage of these
cells lies in the fact that mesenchymal stem cells from
amniotic and chorionic membranes are pluripotent and
differentiate not only into the mesodermal lineage, but
also into ectodermal and endodermal cells [7]. The aim
of the study was to evaluate the cytotoxic effect and
biocompatibility of porous titanium scaffolds.

Materials and methods

Desing and implementation of 3D titanium
scaffold

The design of the 3D CAD model was carried out in
the modeling environment of the Solidworks software
ver. PRO 2021 (Materialise, Belgium). As a reference
sample, a sample with the same shape and dimensions
was created, with a full structure—so-called "solid".
Fifteen pieces of each type of test sample were
produced. This was followed by semi-automatic
generation of the porous structure of the test samples
using the modeling software Autodesk Within Medical
(Biomedical Engineering, s.r.o., KoSice, Slovakia).
When creating the porous structure, it was necessary to
enter the necessary parameters listed in Table 1. Porous
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test samples were made using SLM (Selective Laser
Melting) additive manufacturing. The result was
cylindrical Ti-6Al-4V titanium test samples with an
internal cubic structure in pore sizes of 0.4, 0.8 and
1.0 mm. Fig. 1 shows 3D CAD models of test samples
with specific porous structures. A layer of collagen
type I in buffered saline (PBS) (100 pg/ml) was applied
to the samples. The titanium matrices were incubated in
type | collagen solution at 7 °C for 24 hours. After
aspirating in the collagen solution, the samples were let
to air dry for approximately one hour.

Table 1: Basic parameters in creating a porous
structure.

Parameter Value
Sample diameter (mm) 10.0
Sample height (mm) 10.0
Grid size (mm) 04/08/1.0

Lamella thickness (mm) 0.2

Internal topology grid
Profile of the internal structure (pore) square
Trimming of the surface advanced

Fig. 1: 3D CAD model of test sample with internal cubic
structure, pore size: 0.4 mm (A), 0.8 mm (B), 1.0 mm

©).

Isolation and cultivation of chorionic
mesenchymal stem cells

In cooperation with the gynecology-obstetrics clinic
of the AGEL Kaosice-Saca hospital, after the planned
termination of the pregnancy, with the consent of the

16

obstetricians, the fetal envelopes were preserved. The
hospital has written informed consent from the donor
according to the hospital's internal standards and
according to the national ethical guidelines for stem cell
research and regenerative medicine. CMSCs were
isolated enzymatically with dispase followed by type Il
collagenase (1 mg/mL, Gibco) in Dulbecco's Modified
Eagle Medium (DMEM) with antibiotics. Enzyme
solutions were sterilized by filtration before use.
A microfilter (0.2 um) was used. The amnion was
manually separated from the chorion and subsequently
washed in DMEM with the antibiotics penicillin and
streptomycin. Then the amnion and chorion were cut
into small pieces 2x2 cm. Pieces of chorion were
incubated for 15 min at a temperature of 37 °C in 20—
40 ml of dispase solution 2.4 U/ml in DMEM. After the
dispase enzyme, the chorionic tissue was washed with
DMEM medium and centrifuged for 10 minutes at
1300 rpm. After washing, the fragments were digested
with the enzyme collagenase (1.0 mg/ml) for 90 minutes
at atemperature of 37 °C. The digested chorion
fragments—cell suspension with tissue remnants were
filtered through a 40 um cell strainer and the cells were
centrifuged again for 10 minutes at 1300 rpm. The
isolated washed cells were seeded at a concentration of
4000 cells/cm? in a plastic culture bottle with a culture
area of 75 cm?. This was followed by in vitro cultivation
of chorionic mesenchymal cells in a 5% CO;
atmosphere and 37 °C in an incubator. DMEM with
10% fetal bovine serum (FCS) and 1%
antibiotics/antimycotics was used as a complete culture
medium. The complete culture medium was changed
2 to 3 times a week. After the formation of a monolayer
of adherent cells for a period of approximately 10 to
14 days, CMSCs are passaged with the enzyme trypsin-
EDTA 0.25%. Trypsin was left to act for 5 minutes at
37 °C in an incubator. During this time the cells were
released and after washing the cells formed a suspension
suitable for further cytotoxicity testing.

Determination of biocompatibility of
titanium scaffold

Scaffolds made of titanium Ti-6AI-4V in the form of
a grid in three pore size modifications were used for
cytotoxicity testing: 0.4 mm, 0.8 mm and 1.0 mm. The
titanium scaffolds were washed in distilled water and
sterilized in a UV box (Opsytec, Germany) for 1 hour.
They were tested on a 24-well plate using seeded
CMSCs. CMSCs together with scaffolds were cultured
in vitro at 5% CO, atmosphere, 37 °C using DMEM
culture medium with 10% FCS and 1% antibiotic
solution,  penicillin-streptomycin-amphotericin B
(Pen/Strep/Amph). The culture medium was changed 2—
3 times a week. In the comparative experiment, the grid
material was coated with bovine collagen type I in all
modifications of 0.4 mm, 0.8 mm and 1.0 mm. CMSCs
cells were trypsinized after 14 days of culture with
titanium matrices with the enzyme trypsin-EDTA
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0.25%. After approx. 4-5 min after enzyme action, cells
were detached and aspirated after adding DMEM
medium with 5% FCS to stop enzyme action. The cell
suspension was washed by centrifugation for 13 minutes
at 1300 rpm at 4°C. The number of cells was
determined by staining with trypan blue. Subsequently,
the MTT test was performed. 100 pl of cell suspension
with the number of 10 000 cells per well was pipetted
onto a 96-well plate, and 20 pl of MTT (2.5 mg of MTT
per 1 ml of PBS) was added the next day [8]. After
4 hours, 100 pl of prepared SDS (1 g SDS per 10 ml
PBS) was added. The plate was left to incubate for the
next day in the dark at room temperature. Finally, the
absorbance was measured with a spectrophotometer
(PG instruments, Great Britain) at a wavelength of
490 nm.

Results

Isolation and cultivation of cells

At 24 hours after cell seeding, cell adherence was
observed on a transparent plate of a 24-well culture plate
with a Ti-6Al-4V scaffold. For 14 days, proliferation
was visually analyzed in all compared groups. Fig. 2
shows proliferation in the 1%, 6" and 14" day of
cultivation. Cells were typically spindle-shaped in all
monitored wells with scaffolds compared to the control:
CMSCs without the presence of a scaffold. No
significant difference was observed between individual
groups.

Day 1458 =

A B L )
Fig. 2: Titanium matrix, pore size: 0.4 mm (A), 0.8 mm
(B), and 1.0 mm (C) on the first, sixth and fourteenth day
of culture of CMSCs. A gradual change in cell shape to
vital fibroblasts is visible. Scale bar 50 um.

MTT test

The percentage degree of compatibility and the
minimal cytotoxicity effect of the titanium scaffold were
recorded by the MTT test. Cell proliferation and
viability were visually confirmed in all samples. Graph

in Fig. 3 shows the percentage values of the viability of
individual samples, where the values were in the range
of 60 to 80%, while in the group with treatment of the
titanium surface with collagen, the percentage of
viability was higher compared to the group without
treatment with collagen.

Viahility
100%
80%
60%
40%
0%
0%
Sample Sample Sample Sample Sample Sample
Control Titan 0.4 | Titan 0.4 | Titan 0.8 | Titan 0.8 | Titan 1.0 | Titan 1.0
100% without with without with without with
collagen | collagen | collagen | collagen | collagen | collagen
| B Viability 100% 4% 85% 62% 68% 60% 59%

Fig. 3: Comparison of the viability of CMSCs on Ti-6Al-
4V titanium scaffold samples.

Discussion and Conclusion

Titanium biomaterials are still widely used for the
manufacture of implants. Provided they are properly
processed, they enable reliable long-term implant
performance even in stressful situations [1, 9]. Wang et
al. in his work pointed out scaffolds made of titanium
and its alloys as suitable for the production of implants
and the repair of bone defects, used primarily in
orthopedics, due to their advanced mechanical
properties, corrosion resistance and favorable
osseointegration [2]. In this work, we prepared scaffolds
from Ti-6Al-4V titanium in different pore sizes—
0.4 mm, 0.8 mm, and 1.0 mm by SLM 3D printing
method. In vitro testing using CMSCs was used to assess
the biocompatibility status of the scaffold. The result of
the experiment was the evaluation of the influence of
titanium scaffolds on the proliferation of CMSCs by
means of the proliferation colorimetric MTT test. The
MTT test determined a relatively high percentage of
compatibility of the titanium scaffold and minimal
cytotoxicity. Visual confirmation of cell proliferation
and vitality was obtained in all samples. The lifespan of
individual samples ranged from 60 to 80%, with the
percentage of lifespan being higher in the group treated
with collagen on a titanium surface compared to the
group not treated with collagen. The exception was the
scaffold with a pore size of 1.0 mm, where the pore size
probably had a more significant effect on cell viability
than the collagen film on the surface. Chen et al. tested
porous scaffolds with different pore size and observed
a creation of cell clusters in scaffolds with bigger pore
sizes [10]. On the other hand, limitation of smaller pores
was observed by Yao et al., where they discovered, that
with the increasing porosity protein absorption rises,
which is an unwanted characteristic in implantology
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[11]. Therefore, the optimal pore size for transplantation
and tissue regeneration is still in question for future
research.

The material titanium Ti-6Al-4V appears to be
a suitable material for scaffolds in combination with
autologous stem cells, without negative effects on the
human body and with the ability to fill connective tissue
defects.
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