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Human venous blood
derivatives as fetal
bovine serum substitute
for fibroblast culture cells
in a fibrin construct

Luiz Alexandre Chisini™ @, Marcus Cristian Muniz
Conde?®, Sarah Arangurem Karam?®, Rodrigo
Varella de Carvalho' @, Sandra Beatriz Chaves
Tarquinio*®, Flavio Fernando Demarco?®

Aim: Venous blood derivatives (VBDs) have been suggested
as substitutes for Fetal Bovine Serum (FBS) to improve the
clinical transition of cell-based therapies. The literature is not
clear about which is the best VBDs substitute. The present
study aimed to evaluate the influence of VBDs on cell viability
and describe a new method to seed these cells in a 3D
Platelet-Rich Fibrin (PRF). Methods: Blood was processed to
obtain Platelet-Poor Plasma from PRF (P-PRF), Human Serum
(HS), Platelet-Poor Plasma from PRP (P-PRP), activated-PRP
(a-PRP), and Platelet lysate (PL). Cells were supplemented
with each VBD at 10% and FBS at 10% was the control. Cell
viability (fibroblast 3T3/NIH) test was evaluated with MTT
assay in two ways: i) cell-seeded and expanded with VBD; ii)
cell-seed with FBS and expanded with VBD. To seed the Fibrin
construct, cells were suspended in PBS and dropped into the
blood sample before performing Choukroun's protocol for
PRF. Constructs were cultured for 7 days in VBD supplements
and FBS. Histological and Immunohistochemical analysis
with vimentin was performed. Cell viability was analyzed by
one-way ANOVA. Results: VBD's production time was very
heterogeneous. Cells expanded in HS and a-PRP has grown
faster. VBD-supplemented culture media provided cell culture
highly sensible to trypsin/EDTA 0.25%. Cells seeded and
expanded with VBD presented viability comparable to FBS
in HS, a-PRP. and P-PRP (p>0.05) and lower in P-PRF and
PL groups (p<0.05). The viability of cell seed with FBS and
expanded with VBD was similar between P-PRF, a-PRP, PL, and
FBS (p>0.05) and lower in HS and P-PRP (p<0.005). PRF-seeded
cells showed a positive expression of vimentin and were able
to maintain all cells supplemented with VBD. Conclusion: VBD
supplements were able to maintain fibroblast cells in 2D and
3D cultures. The new method of the fibrin-cell construct was
efficient to insert the cells into the fibrin network.
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Introduction

Behind an optimal scaffold for cell seeding, regenerative therapies depend on specific
reagents providing nutrients and growth factors needed for cell expansion in vitro'”.
Fetal bovine serum (FBS), a xenogeneic product, has been universally applied as sup-
plementation for in vitro cell expansion®®. The use of xenogeneic agents for in vitro
cell expansion is considered a critical obstacle to cell-based therapy (C-BT) clinical
transition®1°. Due to the potential for pathogen transmission and cell internalization
of animal proteins, FBS replacement by human venous blood-derived (VBD) has been
proposed as an alternative to overcome such barriers®107s,

Human blood appears to be a plentiful source for the creation of a fully autologous
and biologically active scaffold made from the fibrin network™ providing additional sup-
plementation for cell ex vivo expansion'. VBDs have been proposed as alternatives to
FBS to enhance the clinical translation of cell-based therapies. However, the literature
is unclear as to which VBDs substitute to provide the best properties for cell expan-
sion'®. Despite the limited number of studies that make direct comparisons between
available VBDs, several VBDs have been suggested as substitutes for FBS; however,
most of them present xenogeneic compounds, such as bovine thrombin to promote
platelet activation®1°. Platelet Poor Plasma (PPP), or platelet-rich plasma (PRP) byprod-
uct, has been recently tested as a supplement for cell in vitro expansion'®. Moreover,
human serum (HS) and activated PRP (a-PRP) have been proposed as FBS-substitute
due to the growth factors released during platelet activation®'®. Most of the growth fac-
tors released during coagulation are derived from platelets’ a-granules’?°. To disrupt
the a-granules, Platelet-Rich Fibrin (PRF) is carried out using a protocol based on mem-
brane lysis brought about by gravitational force®. The mechanical spin breaks the plate-
let membranes releasing the bioactive molecules retained on a-granules. Although all of
these VBDs have been developed, the literature is not clear whether any of these serums
have a greater potential for maintaining cells cultured in different environments™°.

PRF is a second-generation platelet concentrate composed of a natural fibrin network
obtained after one-step centrifugation of whole blood venous, without the need for
thrombin or CaCl, addition for platelet activation?'. PRF provides favorable properties
for cell adhesion and proliferation due to the growth factors (GF) trapped in the fibrin
network during centrifugation?. PRF has been safely administered in humans showing
promising results for bone, periodontal, and pulp regeneration?"?°. Therefore, strategies
that provide a construct with cells already present inside the PRF could favor faster
tissue repair®®. Researchers reported the difficulty of seed cells inside PRF as the main
limitation of using PRF as natural scaffolds?*®'%2. Two strategies have been reported in
the literature: the first one relies on seeding cells over intact PRF surface; the second
one is based on chopping PRF, after isolation, to improve homogenous cell seeding®*®.

Despite many possibilities presented in the literature®?, to the best of our knowledge,
no study has compared various supplements derived from human blood, especially
in a three-dimensional environment provided by scaffolds. Thus, the presented study
aimed to evaluate the influence of five venous blood derivatives as Fetal Bovine Serum
substitutes on cell viability and describe a new method to seed these cells in a 3D
Platelet-Rich Fibrin.
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Material and Methods

The present study was approved by the research ethics committee of the Faculty of
Dentistry of the Federal University of Pelotas, under protocol 1,989,692. The flow chart
of the study is displayed in Figure 1.

Blood Collection

27 years old, male
blood group B Rh positive

VBD preparation Blood + Cell

P-PRP Cells added in

blood before
centrifugation
Cell Culture

Experimental: DMEM (90%) + VBD (10%)

Control: DMEM (90%) + FBS (10%) Fibrin-cell 3D PRF obtainment

i construct

Centrigugation Centrigugation

2-Dimension Experiments
Cell expansion
Trypsin kinetic

Cell Adhesion
Cell Proliferation

PRF + Cell
Immunohistochemical Cells added in
Vimentin PRF after

Confirm the cell inserption centrifugation

Histological analysis

Figure 1. Diagram Flow of study.

Blood samples: Whole human blood (400ml) was obtained from a single healthy donor,
male, 27 years old, blood group B, Rh-positive, performed through blood donation for
Pelotas Regional Blood Center (HEMOPEL), which performed a battery of biological
tests following the standards of National Health Surveillance Agency (HIV, hepatitis B,
and C, syphilis, Malaria, hemoglobin screening/iron management, Chagas disease).
The material was transported following the same rules and processed immediately
at the School of Dentistry of the Federal University of Pelotas (UFPel). Blood samples
have been handled in a laminar flow cabinet to obtain the following VBD:

Platelet-Poor Plasma from PRF (P-PRF): PRF has been produced according to
Choukroun et al.?'. Briefly, whole blood samples were taken and centrifuged for
10 minutes under 400G. Blood centrifugation resulted in a three-layered suspen-
sion where the topmost comprises P-PRF.

Human Serum (HS): Whole isolated blood was stored, without coagulating indu-
cers, at 4 °C overnight to allow blood clotting. Thus, the blood clot was centrifuged
(3000rpm = 5 min). The supernatant was the HS.

Platelet-Poor Plasma from PRP (P-PRP): 10ml of blood was collected in vacuum
tubes with sodium citrate 3.8% and centrifuged (2400rpm = 10 min)?. The plate-
let concentrate and acellular plasma were transferred to a new vial anticoagulant-
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-free to perform additional centrifugation (3600 rpm — 15 min) to obtain PRP?
2/3 of the whole supernatant volume has been collected and stored.

Activate-PRP (a-PRP): one-third of the plasma, resulting from PRP protocol,
received 100 pl of CaCl, (20% weight/volume) for every 1 ml of PRP and stored
(4°C overnight) for platelet activation'®®. Thus, further centrifugation (1500rpm —
5 min) was performed and the resulting supernatant was stored.

Platelet lysate (PL): New samples of a-PRP were performed. However, before
the final centrifugation, three cycles of freezing (-80°C) and thawing (37°C) were
performed. Thus, the final centrifugation was performed (1500g for 5 minutes) to
obtain PL®,

Every one of the isolated VBDs was stored at -80°C until use.

Cell Expansion: Immortalized mouse fibroblast cell line (3T3/NIH) were seeded
(5x10°) and expanded in 25mm? culture flasks containing 5ml of Dulbecco’s Modified
Eagle Medium (DMEM - Cultilab®) supplemented with 1% antibiotics (10,000 IU/mL
of penicillin G and 10,000 mg/mL of streptomycin) and 10% of one of the previously
isolated VBD, as follows:

G1 = DMEM/HS (90/10);

G2 = DMEM/P-PRF (90/10);

G3 = DMEM/a-PRP (90/10);

G4 = DMEM/PL (90/10);

G5 = DMEM/P-PRP (90/10);

G6 (control) = DMEM/FBS (90/10).

Cells could grow for 30 days in a controlled environment (37°C and 5% CO,). During
this period, every 24 hours a digital image was registered in each experimental group.
The culture medium was changed every 48h. As soon as any cell culture reached 80%
subconfluence, cells were disaggregated and % of whole-cell content was maintained
in culture. Trypsin/ethylenediaminetetraacetic acid (Trypsin/EDTA) at 0.25% (Invitro-
gen®) has been applied for cell detachment in all performed experiments.

Trypsin kinetic: To investigate adhesive characteristics, fibroblasts under the five
experimental culture supplements were cultured until a confluence of 70%—-80%
was reached. Thus, a concentration screening, 0.25% (1x) to 0.00333% (75x), has
been performed in the third passage. The medium was removed, cells rinsed in PBS
(GIBCO) and trypsin-EDTA was added. For 5 minutes, every minute, a digital image
was registered (Nikon Eclipse TI-S®), in the same region of the culture flask, for
each experimental group.

Cell Viability of cell-seeded and expanded with VBD: This experiment aimed to
investigate whether the use of VBDs could change the initial adhesion of cells and
their subsequent proliferation. So, previously FBS-expanded cells have been disaggre-
gated and suspended in 10 ml of DMEM/FBS 10%. The cell suspension was distrib-
uted in seven tubes and centrifuged for 5 minutes under 1000 rpm. The supernatant
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was removed, and cells were suspended (3ml) in DMEM containing one of six VBD
previously isolated (G1 to G6). Thus, 2x10%cells (200 pl) were seeded in a 96-well plate
(n=8). Post incubation the culture media was removed and a PBS solution (200uL)
containing 0.5mg/ml MTT (3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide — Sigma Aldrich®) added to each well and kept for 4h (37°C and 5% CO,).
MTT solution has been aspirated and the formazan crystals were diluted in 200uL of
dimethylsulfoxide (DMSO0), and cell viability was evaluated in a spectrophotometer
reader (540 nm). Every test has been performed in triplicate and independent experi-
ments. DMEM/FBS was a positive control and Serum-free DMEM for negative control.

Cell viability of cell seed with FBS and expanded with VBD: This experiment aimed
to evaluate only the proliferation of cells already initially adhered in a 96-well plate
with FBS. Thus, cells cultured in DMEM/FBS were seeded (1 x 10* cells) and cul-
tured in a 96-well plate for 24h. Post-incubation, basal media has been removed and
DMEM+VBD (G1 - G6) has been added to the cell culture. Then, the cells were again
incubated for 24 hours. Post incubation, the culture media was removed and MTT
evaluation has been carried out as described in the previous section. Every test has
been performed in triplicate and independent experiments. DMEM/FBS was a positive
control and Serum-free DMEM for negative control.

Cell seeding in PRF: the cells previously expanded in different VBDs were used to
seed PRF. Immediately after blood collection, a PBS suspension (100ul) containing
10x10* cells/ml was dropped into the blood sample before performing Choukroun's
PRF protocol?'. The containing-cell PRFs were cultured in 48 well plates containing
800 pl of medium corresponding to each experimental group. As positive controls,
10x10* cells were seeded directly over the PRF surface. Cell-free PRF was the neg-
ative control. The cell seeded PRFs (n=3) have been cultured in 48 well plates con-
taining 800 ul of DMEM: VBD (90:10) in each experimental group for seven days to
observe cell growth. Cell-free PRF has been considered a negative control. The cul-
tural mediums were changed every three days. Post incubation, cell-seeded PRF were
fixated (4% paraformaldehyde - 24h), and histological sections (5um) were made in
the PRF-long ax. Obtained histological sections (hematoxylin-eosin) were observed
under an optical microscope to observe cell distribution inside PRF. To confirm if cells
observed inside the PRF did not come from the volunteer's organism, immunohisto-
chemical staining for Vimentin (Vimentin Immunohistology Kit Sigma-aldrich®) was
performed. The experiment was realized in triplicate.

Statistical analysis: The data were submitted to the Shapiro-Wilk normality test and ana-
lyzed for one-way ANOVA with Bonferroni complimentary test. Statistical significance
was assigned when p<0.05. We used the software Stata 12° to conduct the analysis.

Results

Production of VBD supplements: the five produced VBD yielded volumes ranging from
3ml to 9ml from 20ml blood (Table 1). Besides, the VBD's production time was very het-
erogeneous. While a few minutes were needed to obtain HS, some hours were required
to produce PL. The PL presented the lowest income and the longest production time.
P-PRP has the highest yielding and HS required the shortest production time.
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Table 1. The income of VBD-supplements and time required for production.

HS P-PRF a-PRP PL P-PRP
Income (ml) 8 6 3 3 9
Time spent (minutes) 10 15 50 95 30
Days Required 2 1 2 2 1

Cell expansion: Cells expanded in HS and a-PRP have grown faster, reaching
sub-confluence nine times in 30 days. Meanwhile, cells in P-PRF, PL, and P-PRP
attained sub-confluence six times. Positive control (FBS) reached sub-conflu-
ence fifteen times in the same period. All tested VBD provided a fibroblast-like
morphology for cells after 30 days in culture (Figure 2). HS, P-PRF, and P-PRP
provided cells and arrangements quite similar to FBS (Figure 2-A, 2-B, 2-C, and
2-D). a-PRP and PL provided cells with less evident cytoplasmic processes,
more spindle-shaped and stellate with well-defined narrow cell elongations
(Figure 2-E and 2-F). Cell clusters were observed in a-PRP and PL (Figure 2-G
and 2-H) as well as the medium coagulation in the a-PRP, PL, and P-PRP. However,
this fact not interfered with the cell culture and the capacity of cell maintenance.

Legend: FBS (A), HS (B), P-PRF (C) and P-PRP groups; a-PRP (E), PL (F) with starry growth. Cluster formation
area in PL (G) a-PRP (H). Cell-detached plate area (). a-PRP and PL provided cells with less evident
cytoplasmic processes, more spindle-shaped and stellate with well-defined narrow cell elongations.

Figure 2. Fibroblasts morphology and cell arrangement in VBD supplemented DMEM.
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Trypsin/EDTA concentration screening: VBD-supplemented culture media pro-
vided cell culture highly sensible to trypsin/EDTA 0.25% (Figure 3), presentingimme-
diate cell-disaggregationina-PRP, PL,and P-PRP. A gradual reduction in trypsin con-
centration allowed us to observe an increase, at least 2.5-fold, in the time required
for cell disaggregation. To observe trypsin kinetics like the FBS-supplemented
group, a 50x dilution had to be performed. One minute in trypsin/EDTA 0.05%
associated with mechanical breakdown was sufficient to detach cells expanded
in VBD. The effect of trypsin/EDTA 0.05% is shown in Figure 4. hPL and a-PRP
provided a detachment in clusters requiring more intense movements during the
mechanical breakdown.

450
400
350

300

250

200

150

100

: IIRIIRII
o LAl i

0.25% 0.05% 0.025% 0.0125% 0.00625% 0.005% 0.00333%

Time to cell detachment (in seconds)

Trypsin concentration
BHS @©PPRF maPRP mPL m®@PPRP mFBS

Figure 3. Trypsin/EDTA-Sensibility to 3T3/NHI fibroblasts supplemented with VBD. Trypsin has been
diluted in PBS.

Cell Viability of cell-seeded and expanded with VBD serum: cell viability was com-
parable to positive control in HS, a-PRP, and P-PRP (p > 0.05), while those cells in
P-PRF and PL presented lower viability rates than the positive control (FBS) (p<0.05)
(Figure 5).
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Figure 5. Cell viability of cell-seeded and expanded with VBD supplements (24 hours after the seeding
with VBD-supplements.

Cell viability of cell seed with FBS and expanded with VBD serum: such test showed
that P-PRF, a-PRP, and PL provided cell viability comparable to FBS (p > 0.05) while HS
and P-PRP reduced proliferation rates (Figure 6).
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Figure 6. Cell viability of cell-seed with FBS and expanded with VBD supplements.

Cell seeding in PRF: The addition of cells in blood was performed before perform-
ing the centrifugation protocol and the analyses were performed after the PRF cen-
trifugation. Histological analysis showed an eosin-pink fibrin network, with a dense
number of fibers, inside PRF (Figure 7). The largest number of cells was found in the
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PRF border named “buffy coat”. Some cells were observed at the edges of the fibrin
clot and others permeating the fibrillar network but in the proximal portions “buffy
coat”. Besides, cells were found in PRF edges and permeating the fibrillar network.
P-PRF, PL, and a-PRP provided better cell maintenance in a 3D environment. The
seeded cells showed a positive expression of vimentin (Figure 8). Thus, was observed
a large amount of fibroblast permeating the white blood cells deposited principally
in the "buffy coat” region. In the general form, fibroblasts were in the same region of
the blood cells.

Figure 8. Vimentin Immunohistochemically in fibrin-cell 3D construct.

Discussion

The application of FBS as a cell supplement has been reported as a challenge to
reaching the clinical translation of regenerative therapies®®. In this study was possi-
ble to observe that all tested VBD-provided cells presented fibroblast-like morphology
and presented the potential to be applied as a xeno-free alternative for in vitro cell
expansion. Platelet activation is the main way to release growth factors, from platelet
alpha-granules, which support cell adhesion and proliferation (18). Our findings show
that cell-seeded and expanded with HS, a-PRP, and P-PRP presented similar viability
to the FBS-serum group even as P-PRF, a-PRP, and PL provide similar viability of the
FBS-serum group when seed with FBS and expanded with VBD serum. Moreover, our
method of seeding these cells in a 3D Platelet-Rich Fibrin presented favorable results
despite the cells being concentrated in the “buffy coat” region.

PRF has been extensively used in dentistry for a wide range of applications due to
its excellent biocompatibility and regenerative properties®. PRF is derived from the
patient’s blood and contains a high concentration of platelets, growth factors, and
cytokines that can promote tissue regeneration, angiogenesis, and wound healing.
As such, PRF has been investigated as a scaffold material for various dental proce-
dures, including periodontal regeneration, implantology, and oral surgery?'%”% PRF is
a second-generation platelet concentrated possessing growth factors released from
platelet activation induced by centrifugation?!, which allows for a natural fibrin net-
work (fibrin coagulation) without the addition of exogenous, chemical, or xenogeneic,
compounds?'. PRF has been widely studied for pulp, bone, and periodontal regenera-
tions promoting efficient healing and regeneration?'?2%>, Due to the above-mentioned
characteristics, PRF is reported to be quite similar to connective extracellular matrix
turning PRF into a natural scaffold able to stimulate either, cell adhesion, proliferation,
migration, and differentiation’?5%2% However, PRF comprises a dense and gelatinous
solid, which makes cell seeding inside PRF a hard task®34 The integrity of the fibrin
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network comprises a key feature to apply PRF as a scaffold thus, achieving cell inser-
tion into PRF without destruction of the fibrin network is a current challenge®*. Here,
the addition of cell-containing suspension in blood before centrifugation allowed for
cellinsertion into PRF. Histological results showed fibroblasts inside the PRF network,
mainly in the “buffy coat” region. In the fibrin-peripheral areas, was observed few cell
colonization, mainly in the control groups. Thus, was possible to obtain a fibrin-cell
construct by a simple method. The fibroblast insertion has been confirmed by vimen-
tin immunohistochemical analysis. Besides, the cells were successfully maintained
for seven days with different FBS-substitutes.

All tested VBD provided cells with a high sensibility to trypsin/EDTA (0.25%), which
can reflect lower cell adhesion. These results can be explained due to the possibility
of VBD providing a down-regulation in genes related to cell adhesion. Bieback et al.*
analyzed, by microarray assay, the genome of adipose stem cells cultured in HS and
a-PRP supplemented medium, showing an underregulated expression of 90 genes
related to cell adhesion. Corroborating, we observed that HS cell-seed with FBS and
expanded with VBD serum reduced the viability. In the same way, Kocaoemer et al.#'
related a lack of adhesion in cells expanded in a-PRP, principally in high cell densities.
DMEM contains calcium ions, which are required for cell adhesion (12). The lack of
cell adhesion may also be related to the reaction established by the calcium of the
culture medium with the molecules involved in the process of blood coagulation and
could explain the reduction of PL observed in the present study.

The medium gelation was observed when a-PRP, PL, and P-PRP were added to
DMEM. The calcium present in the culture medium induces fibrinogen activation
through components of the coagulation cascade present in the plasma (12). Not-
withstanding that P-PRF is a supplement with its origin in the plasma, medium gela-
tion has not been observed, since the total activation of coagulation components
occurs during centrifugation to obtain PRF (20). On the other hand, the serum does
not present such molecules required for medium gelation, corroborating the results
observed in our study. The HS comprises plasma depleted down coagulation pro-
teins responsible for coagulation and due to this medium gelation did not happen
when HS has been applied as supplementation. In this way, several studies have
been adding heparin to prevent medium gelatinization (20, 21). Although it is pos-
sible to obtain human heparin, found studies have applied porcine heparin as an
anticoagulant (21). Walenda et al. (22) proposed the use of a PL-supplemented gela-
tinized medium for cell culture, showing higher cell proliferation for cells growing
into the gelatin. Besides, the cells in medium gelatinized did not change biologi-
cal proprieties such as immunophenotype and multipotency (22). The increase in
PL concentration provided an elevation of gelatin density, allowing for its use as a
natural scaffold (12). In the present study, all tested VBD were applied at 10% and
the gelatinization observed here presented very low density. Thus, the cells did not
present three-dimensional growth as proposed by Walenda et al (22). To create a
proper matrix for three-dimensional growth, PL must be applied in concentrations
higher than 30% (12).

To improve the release of biomolecules, platelet membrane lyse has been also per-
formed by freeze-thaw cycles®®. PL is one of the most investigated supplements for
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in vitro cell expansion® however, PL had not yet been compared to a-PRP. In the pres-
ent study, PL and a-PRP provided similar cell viability when cell-seed with FBS and
expanded with blood supplements, but HL presented low viability when the cells were
seeded and expanded with supplements. In general, both supplements present similar
obtaining methods applied to isolate PL and a-PRP, which is completely different from
that for HS obtainment®. The protocol for HS follows the same principles applied to
FBS. FBS is acquired from the coagulated heart blood of the bovine fetus. The blood
clot is centrifuged and filtered. Despite this, HS provided lower cell proliferation than
FBS, while cell adhesion and growth pattern were comparable in both, FBS and HS. A
decrease in cell viability of seeded and cultured cells with supplements (possibly due
to a decrease of cell adhesion) was observed for P-PRF; however, when the cells were
seeded with FBS and after cell adhesion (24hs) the medium was changed to medium
supplemented with VBD supplements cell induced by P-PRF was comparable to FBS,
a-PRP, and hPL.

P-PRF and PL provided cell viability lower than FBS when seeded and cultivated with
VBD serum. In this way, lower cell proliferation has been expected in these groups
when 3D culture (PRF) was done. However, the opposite was observed. An elevated
number of cells was observed in P-PRF and PL. Differences in cell behavior in 2D and
3D cultures have been related*? and it had not been investigated in cells supplemented
with VBD. Maybe the decrease in adhesion properties not interfered significantly when
the cells are seeded in the PRF; it could be investigated in future reports to explain the
mechanisms governing such phenomena.

Despite all tested VBD serums providing cells with fibroblast-like morphology and
able to 2D and 3D cell expansion, the a-PRP presented excellent properties regarding
cell expansion and viability in different environments (2D and 3D). However, their pro-
duction is more complicated compared to other serums (i.g., HS, P-PRF, and P-PRP)
expanding more time to be produced. On the other hand, the P-PRF, which presents
a simple protocol obtention and demands less time to be produced exhibited good
properties mainly regarding morphology and 3D growth but had a slower expansion.
Similarly, the HS presents the simplest protocol to obtain adequate cell expansion,
morphology, and viability properties. However, such serum showed a smaller amount
of cells when cultured in the PRF scaffold. In this context, a-PRP, P-PRF, and HS were
the VBD serums that showed the most promising results.

In the present study, the principle to promote in vitro cell expansion with different
VBD supplements has described creating a 3D fibrin-cell construct. We use fibro-
blasts because they are present in most tissues of the buccal cavity and play a
critical role in wound healing and tissue repair. When tissue damage occurs, fibro-
blasts migrate to the site of injury and produce extracellular matrix (ECM) com-
ponents such as collagen, elastin, and proteoglycans'. These ECM components
provide structural support to the tissue and facilitate cell migration, proliferation,
and differentiation, ultimately leading to tissue regeneration'. Understanding the
fibroblast behavior in PRF scaffolds supplemented with VBD supplements can
provide insights into the mechanisms by which these scaffolds promote tissue
regeneration and can guide the development of new therapies for regenerative
therapies. Thus, the 3T3/NIH fibroblasts are cells established from cultures of
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mouse embryos possessing a well-characterized and controlled behavior in cul-
ture, removing the variable behavior of primary culture cells. The results from the
present study are in accord with those described in the current literature and can
contribute to providing valuable information for cell culture with VBD supplements.
Furthermore, cell insertion into the PRF can be a valuable technique that can be
easily used in regenerative therapies. However, the clinical transition has required
the replication of these results with human cells.

Conclusion

In conclusion, the five VBD supplements described in the present study have been
able to maintain mesenchymal cells in 2D and 3D cultures. Considering the initial anal-
ysis performed in the present study, a-PRP, P-PRF, and the HS were the most promis-
sory serums. Moreover, the proposed method for cell insertion into PRF is a promisor,
despite the peripheral region still having a few cells. The results could be interpreted
with caution and could be confirmed with the use of human cell lineages.
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