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ABSTRACT

Regenerative procedures in oral and maxillofacial surgeries are still a challenge for

researchers and clinicians. Understanding the biological and morphological reaction of

human cells toward regenerative biomaterials is essential to choose the most performing

biomaterials for specific clinical situations. This research project aims to investigate the

biological and morphological reaction of hPLFs toward different classes of biomaterials:

respectively, APCs, dentinal derivates, and DBBM. The first study provided a biological

and morphological analysis of APCs obtained with different protocols, in culture with

hPLFs in standard conditions (37° C - 5 % CO.). The study design included the evaluation

of L-PRF, CGF, and APG in contact with the hPLF cell line after 24 h, 72 h and 7 days

of in vitro culture. Subsequently, hPLFs were cultured in standard conditions in contact

with different dentinal derivates (TT, DDP, SG, and BIOS) and the evaluations were

performed after 24 h, 72 h, and 7 days of in vitro culture. Finally, this research project

also provides a biological and morphological evaluation of hPLFs cultures in contact with

different DBBM particles, treated with a low-temperature protocol, by performing the

bio-morphological evaluations after 24 h, 72 h, and 7 days of in vitro culture.




The presented three studies shared a similar experimental design: in fact, the biological

reaction of hPLFs towards these different classes of biomaterials was evaluated by XTT

assays to assess cell proliferation and viability. Furthermore, the morphological reaction

was evaluated by LM, SEM, and CLSM examinations.

As regards APCs, the XTT assay showed an interesting response in the growth curve

towards CGF. This biological data was confirmed by LM and SEM evidence, with the

best results for the CGF and L-PRF. Moreover, dentinal derivates (SG, DDP, and TT)

induced in hPLFs a significant growth, as suggested by XTT assays. Morphological

evidence confirmed this biological data: densely packed cells, characterized by a

modified shape, cytoplasmatic extensions (DDP and TT) and the thickening of the

cellular membrane (SG and BIOS) were respectively detected by LM and SEM.

Furthermore, CLSM detected a progressive increase and a dynamic expression of

proliferative and cytoskeletal markers (vinculin, actin, and integrin), suggesting a

cytoskeletal reaction to the tested biomaterials. Regarding DBBM, the XTT assays

showed a proliferation growth curve in different DBBM particles treated with a low-

temperature protocol, with a statistical significance between the different experimental

materials and the negative control. Morphological observations highlighted significant




morphological changes in hPLFs, characterized by a polygonal shape (LM), surface

reactions with the thickening of the membrane (SEM), and expression of actin (CLSM).

In conclusion, a significant onset of the growth characterized the hPLFs exposed to the

selected classes of biomaterials, making them promising options for periodontal

regeneration interventions.




GRAPHICAL ABSTRACT

BIOMATERIALS REGENERATION

METHODS: A bio - morphological evaluation of
hPLFs, cultured under standard conditions (37°C-5%

APCs €02) and submitted to different class of biomaterials,
was performed. Morphological examinations were T\
] conducted by LM, SEM, and CLSM. The biological )

evaluation was performed through XTT assays. XTT Assay

RESULTS: Positive
morphological and biological
reactions. The selected
NG biomaterials are suitable as

scaffold material in
regenerative procedures.

BACKGROUND:
Understanding the bio - DENTINAL
morphological reaction of
hPLFs towards regenerative DERIVATES
biomaterials is the key to A
apply the appropriate (=) [ .

biomaterials for specific
clinic situation.

BOVINE
BONE GRAFTS




LIST OF ABBREVIATIONS

AA
APCs
APG
BIOS
BMPs
BSA
CBA
CGF
CLSM
DAMPs
DAPI
DBBM
DBM
DDP
DPBS
ECM
EGF
FBS
FDBA
FFBA
FGF
FGS
FM
GBR
HA
HDMS
HEMA
hPLFs

Augmented Area

Autologous platelet concentrates
Autologous platelet gel

Deproteinized bovine bone

Bone morphogenetic proteins

Bovine serum albumin

Cryopreserved bone allograft
Concentrated growth factors

Confocal laser scanning microscopy
Damage — associated molecular signals
4’,6 - Diamidino - 2 - Phenylindole
Deproteinised bovine bone mineral
Demineralized bone matrix
Deproteinized and demineralized dentine
Dulbecco’s phosphate buffered solution
Extracellular matrix

Epidermal - growth factor

Fetal bovine serum

Freeze - dried bone allografts

Fresh frozen bone allografts

Fibroblast growth factor

Fibroblast growth supplement
Fibroblast Medium
Guided bone regeneration
Hydroxyapatite

Hexamethyldisilane

Hydroxyethyl methacrylate

Human periodontal ligament fibroblasts




HSP
IGF

IL - Lo
IL- 1B
IL- 1R
IL-6
IL-33
ILGF - 1
LM

L - PRF
MBA
MPBA
MSA
mMtDNA
NaOClI
NaOH
NF-kB
PBS
PDGF
PFA
PMMA
PRF
PRGF
PRP
RT
SEM
TCP
TGF- B
TLRs
TNF - o

Heat shock protein

Insulin-like growth factor
Interleukin -1o

Interleukin -1

Interleukin -1 receptor
Interleukin - 6

Interleukin - 33

Insulin-like growth factor -1
Light microscopy

Leukocyte - platelet rich fibrin
Mineralized bone allografts
Processed mineralized bone allografts
Maxillary sinus lift technique
Mitochondrial DNA
Sodium hypochlorite
Sodium hydroxide

Nuclear factor kappa B
Phosphate buffered solution
Platelet - derived growth factor
Paraformaldehyde

Polymethyl methacrylate
Platelet - rich fibrin

Growth factor - rich plasma
Platelet - rich plasma

Room temperature

Scanning electron microscopy
Tricalcium phosphates
Transforming growth factor - 3
Toll - like receptors

Tumor necrosis factor - a




TT Tooth — transformer
VEGF Vascular endothelial growth factor
WHO World Health Organization




CHAPTER 1 - INTRODUCTION

1.1 Principles of tissue regeneration

Tissue regeneration is a body response to trauma or injury. This phenomenon is

characterized by the activation of a cascade of cellular, molecular, and biochemical

processes, which lead to tissue repair [1].

Regenerative procedures have received much interest in recent decades due to the demand

for restoration and regeneration techniques of missing tissues and organs [2].

Regenerative medicine requires a triad of physiologically active cells, substrates, and

biomolecules, which trigger and sustain tissue repair [3]. The idea of tissue regeneration

has persisted throughout history until it became a reality in the early 1900s, when scientist

Alexis Carrel discovered the technique of cell culture [4]. Cells, scaffolds, and growth-

stimulating signals are key components of the tissue engineering triad, as they interplay

to form a new tissue [4,5]. The regeneration process begins with the synthesis of a

scaffold, within there are cellular populations in contact with growth factors [4]. Other

methods involve the use of an existing scaffold: for example, the use of cells deriving

from a donor organ, whose collagen scaffold is applied to generate new tissue. This

innovative approach uses human tissue scaffolds left over from surgery, in contact with




the patient's cells, aiming to recreate personalized organs, not rejected by the immune

system [3].

Regenerative medicine shows a multidisciplinary profile based on the application of

allogeneic or autologous cells, scaffolding biomaterials, genetic modifications, and

molecular signals, which contribute, alone or in combination, to repair, regenerate, or

replace dysfunctional cells, tissues, or organs, through an integrated work plan [7]. Stem

cells and derived products are the signature active ingredients applied in regenerative

regimens, to form de novo tissue or promote innate repair [6]. Furthermore, advances in

materials science and biotechnology offer complementary perspectives for growing tissue

bio-grafts and whole organ engineering.

Moreover, as an emerging field in health sciences, tissue regeneration also provides a

significant starting point for the treatment of various pathological conditions.

Regenerative technologies are in fact interdisciplinary and transformative practices,

offering a disruptive armory that aims at the normative restoration of pathological organs

and tissues and promotes their healing [6]. Complete regeneration promotes the restitutio

ad integrum of the damaged tissue or organ.




In contrast, incomplete tissue regeneration promotes tissue mass loss or replacement with

fibrotic scars associated with impaired functional recovery [8]. Specifically, tissue

damage is followed by a massive immune response, which provides instant defense

against potential pathogens, that invade the damaged tissue [9]. Furthermore, the adaptive

immune response also plays a considerable role in tissue regeneration [9], with the aim

to sustain the repair process [10].

Tissue regeneration consists of three phases: hemostasis and inflammation, a proliferative

phase with the neoformation of new tissues, and tissue remodeling. Hemostasis and

platelet aggregation are followed by wound infiltration with lymphocytes, phagocytes,

and cells involved in the subsequent proliferative phases. The main features of tissue

remodeling are: increased remodeling and turnover (synthesis, deposition, remodeling,

and degradation) of ECM molecules and loss of excess cell types by apoptosis [11].

Besides, cell-cell and cell-matrix interactions, along with a proper balance of soluble

molecular mediators, are vital for adequate wound healing in all three phases [11].

Molecular factors underlying the tissue regeneration process are: the induction of local

inflammation in response to DAMPs and molecular signals, associated with pathogens.
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Among DAMPs, HSP, monosodium urate, extracellular ATP, and nucleic acids, with

specific attention to mtDNA, play a key role in the process [9].

Additionally, reminders of ECM components such as hyaluronic acid, collagen, elastin,

fibronectin, and laminin stimulate the inflammation [9]. TLRs and other types of

receptors recognize danger signals and trigger inflammation via the activation of NF-xB

transcription factors or interferon regulatory factors [9]. TLRs activate tissue-resident

macrophages and induce the expression of pro-inflammatory cytokines such as TNF-a,

IL-1B, and IL-6 [9]. However, the dominant danger signal varies in the injury context,

including the location, extent, mode of cell death, and time after injury [9]. Overall,

warning signs significantly affect the healing process in the early stages. Indeed, they are

required to trigger and sustain inflammatory dynamics, with a considerable impact on the

regenerative process [10].

Among the human tissues, bone tissue has a significative regenerative potential, as it can

repair itself in response to trauma or injury. However, if the lesion exceeds a specific size,

bone synthesis is more complicated, requiring surgery [1]. In cases of loss of an important

quantity of tissue, there are numerous therapeutic strategies, which promote the

regeneration of bone tissue: a widespread approach is the transplantation of healthy
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autogenous tissues or allografts [1]. The application of bone grafts, whether autologous

or performed with biomaterials, and techniques of GBR, with membranes capable of

exerting a curtain effect, are able to trigger regeneration processes in the intervention site,

capable of recreating a lost portion of tissue, thus restoring both the anatomy and function

of the bone site [3]. Transplantation of healthy autogenous tissue is widely used in bone

grafts, while allograft is more required for the reconstruction of whole organs, such as

the liver, kidney, and heart [1]. However, there are numerous issues associated with this

type of intervention: for autogenous grafts, the morbidity of the tissues and the donor site

can be a problem; for allografts however, immune complications and the availability of a

donor are still a significant challenge [1]. For these reasons, it is important to develop

new or synthetic bioengineered bone graft substitutes.

Moreover, bone regeneration also involves periodontal tissues, often affected by

environmental issues, pathogenic microorganisms, and genetic dynamics, which lead to

periodontitis and bone loss. Forefront techniques have been developed to enhance the

osteogenesis process, including bone grafts, scaffolds, stem cells, and growth factors [12].

Firstly, autogenous bone grafts are viewed as the "gold standard™ for bone replacement

[13]. Secondly, tissue banks provide different types of allogeneic bone grafts [14],
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including FDBA and freeze-dried demineralized bone allografts. Thirdly, xenografts

were used, such as Bio-Oss: for example, different studies investigated the effects of

titanium mesh in combination with Bio-Oss, for localized alveolar ridge augmentation

[15]. Fourth, synthetic alloplastic materials have been developed: among them, HA, TCP,

a calcium layer polymer of PMMA and HEMA polymer [16], and bioactive glass. Recent

scientific advances in biomaterials and cell therapies have significantly contributed to the

development of engineered tissues for bone regenerative purposes.

1.2 Triad of Tissue Regeneration

From a biological point of view, tissue regeneration requires three fundamental

components: a scaffold, capable of providing a structure and a substrate for cell growth

and development; a cellular population, which facilitates tissue genesis, and growth

factors, biophysical stimuli which regulate the growth and differentiation of the cell

population within the scaffold [1]. These three elements constitute the tissue triad,

necessary to support the tissue regeneration process in temporally interconnected phases.

Bone regeneration occurs through three mechanisms: osteogenesis, osteoinduction, and

osteoconduction (Figure 1). Osteogenesis is the formation and development of bone and
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occurs also in absence of undifferentiated mesenchymal stem cells. Osteoinduction is the

transformation of undifferentiated mesenchymal stem cells into osteoblasts or

chondroblasts through growth factors that exist only in living bone. Osteoconduction is

the process that provides a bio-inert scaffold, or physical matrix, suitable for the

deposition of new bone from surrounding bone or to encourage the growth of

differentiated mesenchymal cells along the graft surface [4]. The scaffold consists of the

material (autologous or otherwise), which is grafted to restore the bone defect.

OSTEOGENESIS

BONE
REGENERATION

OSTEOCCONDUCTION OSTEOINDUCTION

Figure 1. The three properties fundamental for bone regeneration. The osteoconduction,
induced by the scaffold network, which allows the migration of the cells. Osteoinduction instead
is promoted by growth factors, which determine the cellular proliferation. Finally, osteogenesis
characterized by the synthesis of new bone tissue, through osteoblasts.
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Scaffolds create a spatial structure capable of hosting and mechanically supporting the

cellular and tissue elements (e.g., blood vessels), which will colonize and regenerate the

grafted volume. This function is crucial, as the diffusion of cells and vessels is impossible

in an empty space. The graft thus performs the first important effect of osteoconduction,

by acting as a physical space, which can be colonized by cells and vessels to which it

gives mechanical support [3]. The osteoconductive effect does not envisage a biochemical

interaction between the graft and the recipient tissue. However, it exclusively depends on

the physical parameters that characterize the biomaterial: its morphological and surface

characteristics (such as the size of the pores, the surface roughness, and others). In the

case of autologous bone grafts, these parameters being the same tissue being regenerated

are clearly already optimal [3]. Cellular elements are responsible for the regenerative

event: in the bone tissue, osteoblasts lay down the new bone matrix, part of which will

subsequently be mineralized. In conventional regenerative techniques, the cells reach the

area where the new tissue is to be generated, migrating from the periphery to the site to

be regenerated. As regards autologous bone grafts, a part of the osteoblasts, compatibly

with the degree of necrosis of the graft due to the duration of the ischemia generated by

the act of sampling, will also be brought to the site of the graft with the autologous tissue
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itself [3]. The third element necessary for bone regeneration, is growth factors, chemical

signals of a peptidic nature, which trigger and modulate the various processes which

underlie bone regeneration [1]. Growth factors play a fundamental role also in cell

migration, modulating cellular activity and providing the stimulus to cells to differentiate

and produce matrix for tissue development. They also stimulate the production of

angiogenic signals, inducing the formation of a new vascular network essential for the

functioning of cells, as a source of nutrients and oxygen [4]. Growth factors exert their

functions through significant variations of their local concentration, not only in relation

to their absence or presence [1]. Growth factors reach the grafted site coming from the

patient’s vital tissue: they can be carried by the bloodstream and synthesized and secreted

by cellular elements (also carried by the bloodstream or present at the recipient bone bed).

Finally, they are also responsible for the osteoinduction effect, that will lead to the

regeneration of the bone tissue.

In the case of autologous bone grafts, a small part of these factors is already present in

the graft itself, even if the variation in concentration capable of "igniting" the regenerative

events is due to the local contribution of the recipient tissue. Growth factors’ influence

on target cells is not only performed by activating and binding with a specific receptor,
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specific intracellular events (switching on or off genes, up- or down-regulation of specific

biochemical pathways, etc.), but also recalling the same cellular elements in the site to be

regenerated by chemotaxis [1]. For these reasons, the use of growth factors provides

cellular modulation in the area of interest: instead of completely depending on the

capacity of the host organism's cells, for the regeneration of new tissue and the production

of growth factors, stimulates cell proliferation [1].

1.3 Jawbone regeneration

Besides, in the field of regenerative medicine, great interest is reserved to the regeneration

of jawbone, whose biomorphology differs from the bone physiology of the skeletal

system, form a histological, anatomical and physiological point of view [17,18].

Jawbone’s differences are associated to specific functional roles, associated to the

anatomic region they belong: the oral cavity. Firstly, a masticatory function, due to the

articulation of the alveolar bone with the teeth and also phonatory, respiratory, sensory

and physiognomic roles [18,19].

Since the alveolar processes are considered portion articulating with the teeth, diseases

involving one influence the health of the other. Indeed, infective, inflammatory, and

traumatic pathologies can affect the teeth and the alveolar bone, leading to resorption,
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especially when the dental element is lost. Moreover, dental tissues’ pathologies are

strongly linked to tooth loss, by inducing important inflammatory sequelae, such as

periodontitis and traumas, which significantly compromise the degree of bone loss around

the tooth [18,19].

Current therapies to restore jaw and craniofacial defects, might include multiple surgeries,

firstly to reconstruct the alveolar bone defects and secondly to place dental implants, after

the jawbone defect has healed, a procedure which requires up to 3-6 months, before full

restoration of functionality [6]. Indeed, an adequate bone quantity and quality are

essential for the success of implant therapy [20]. The posterior edentulous maxilla and

the posterior mandibular presents unique challenges for implant placement. The most

important of these is the presence of the maxillary sinus. Tooth extraction is often

followed by pneumatization of the maxillary sinus and resorption of the alveolar ridge

[21].

Posterior maxilla rehabilitation depends on the amount of bone present under the sinus.

Implant placement and prosthetic rehabilitation of the posterior maxilla can be

challenging, due to maxillary alveolar atrophy after tooth extractions and pneumatization

of the maxillary sinus. Sinus floor augmentation (i.e., maxillary sinus augmentation), first
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described by Boyne and James, subsequently by Tatum, and modified by many others, is

a conventional procedure with low complication and failure rates. The main objective of

alveolar bone graft surgery is to facilitate the natural regenerative process of bone and

restore an optimal functional state, through the synergistic combination of bone graft

materials, cells, and growth factors [21].

The maxillary bone represents a difficult area to manage, due to a low level of

mineralization, alveolar bone atrophy and pneumatization of the maxillary sinus. MSA

technique has been applied since the 1970s and involves placing bone grafts in the

maxillary sinus floor to increase bone volume and density, with good long-term efficacy

[22,23]. Ideally, bone grow occurs in the AA, thus increasing bone supply and stability

for dental implants [24]. Furthermore, edentulous posterior mandible represents a

considerable challenge in the rehabilitation of prosthetic implants [25]. The mandibular

vertical bone augmentation procedures are highly susceptive to infection and

postoperative complications, due to their intrinsic nature and high microbial load in the

oral cavity; at the same time, they are uncomfortable for the patient. The success of

mandibular vertical ridge augmentation depends on the operator’s clinical skill and

experience, but also from the anatomical difficulties of the atrophic alveolar site. For these
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reasons, the vertical ridge augmentation is difficult to perform. Anyway, the application

of a specific protocol, and improvement of the bone — implant contact surface might

provide predictable results [25].

Numerous materials for bone grafting have been used in this technique: autologous bone,

allograft and xenograft, biomaterials characterized by specific osteogenic properties

(osteoconductivity, osteogenesis, osteoinductivity). While autografts comprise numerous

growth factors and autologous cells, which can directly exert their osteoinductive

potential in the host tissue, xenografts can promote cell adhesion, proliferate,

differentiate, and deposit new bone. Furthermore, grafts of bovine origin have been used,

by virtue of a great biocompatibility, osteoconductivity and stability, to respond to the

demands of regenerative medicine [26].
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CHAPTER 2 - BIOMATERIALS

2.1 Tissue regeneration and biomaterials

Biomaterials are a class of materials, characterized by specific chemical, mechanical and

biological properties, which make them suitable and safe for contact with living tissues

[27]. Regarding their application, the early seventies saw the conception of a second

generation of materials, defined as "biomedical materials”. Scientific research applied

these Dbiomaterials since 1980, leading to the evolution of biocompatible and

multifunctional biomaterials, characterized by cytocompatibility and bioactivity,

understood as the ability to interact with the tissue environment, activating a specific

biological response. This has led to the experimentation of bioactive biomaterials, for

dentistry or for tissue reconstruction in orthopedics [28]. Different solutions were

evaluated, including ceramics, glass ceramics and composites, while in 1990 experiments

were conducted on synthetic HA, a biomaterial characterized by osteoconductive

properties [29]. This biomaterial had a wide application, specifically to guide the

reintegration of bone tissue [29-31]. Essential function associated with these biomaterials

is biocompatibility, a key function together with mechanical resistance [27].
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Furthermore, the biomaterial should also show a significative bioactivity and

bioadsorbability [32,33]: among them, magnesium [34], zinc [35], copolymers of

polyglycolic acid - polyactic acid and calcium phosphate [36,37] are bio-absorbable and

biodegradable. The evolution of biomaterials had a significant impact on medicine,

however there are still many challenges to be faced, to which biomaterials could

contribute, such as sustainability, new regulamentation [38] and the continuous

innovation technology. In fact, if the application of bioactive and resorbable biomaterials

has improved tissue implants, however these implants are not exempt from revision

surgery, often increasing healthcare costs. In conclusion, the evolution of biomaterials

proved a critical understanding of the future and ideal characteristics of these tools

fundamental, to conceive functional solutions and establish efficient standards, necessary

for the assessment of emerging biomaterials [39,40].
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2.2 Class of biomaterials

In the last decade, tissue regeneration procedures have received great interest, due to an

increased demand for organ and tissue regeneration techniques, in the most disparate

fields. In dental field, for example, various techniques have been proposed, aimed at

increasing the bone or soft tissue around the tooth, implants, or for prosthetic

rehabilitation [41-43].

2.2.1 Autologous biomaterials

Autologous biomaterials represent the choice of choice for the treatment of periodontal

defects and bone regeneration, due to their osteoconductive, osteoinductive and

osteogenic properties [44,45]. Osteoconduction depends by the scaffolds, which represent

the structure, which allow cell replication and tissue development. Osteogenic properties

are due to the presence of osteoblasts, which produce the extracellular matrices, while

osteoinduction is stimulated by growth factors initiating a series of events, which lead to

the regeneration process [46]. The autologous bone is harvested from a site of the same

patient: specifically, both from extra-oral (iliac crest, tibial bone) and intra-oral sites

(mandibular ramus, symphysis of the chin and maxillary tuber) [47]. This class of

biomaterial possesses all three properties required for regeneration: the bone structure in
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fact acts as a physical support for osteoconduction, as a real scaffold. The morphology of

the cortical graft is optimal for mechanically supporting which will be colonized by the

cellular elements [48]. Furthermore, autologous biomaterials have a remarkable

distribution of viable osteoblasts, which represent the portion of material for osteogenesis,

necessary for cell proliferation and production of new bone tissue in the recipient sites

[49]. Finally, vascular supply of the recipient sites and the harvested biomaterial provide

the growth factors needed for osteoinduction [50]. Biocompatibility, osteoinduction and

regenerative potential represent the most important feature of this class of biomaterials.

Possessing all these properties and belonging to the same patient, autologous bone is the

gold standard material in bone regeneration procedures, by virtue of the unlikely risks of

transmitted diseases and the absence of immunological reactions [48]. However, a

limiting factor for the use of such biomaterials is the scarce availability: the harvesting of

autologous bone graft requires a secondary surgical site (i.e., a donor site), increasing the

post-operative discomfort of the patient [45,51]. To this aim, alternative solutions have

been proposed: allogenic, xenogenic and synthetic biomaterials [52]. In the wide family

of autologous biomaterials, a primary role is reserved to autologous platelet concentrates,

used by clinicians as a "natural scaffold”, thanks to the fibrin fiber network, or in
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combination with other biomaterials, due to their evident osteoconductive and

osteoinductive properties [53]. In recent years, different protocols have been proposed to

obtain autologous platelet concentrates: the first was PRP and PRGF protocol [54].

Anyway, the preparation of a material, rich in growth factors, is complex, limiting its use:

according to this protocol, blood, taken by venipuncture in test tubes with citrate acid

dextrose, was subjected to a first centrifugation [55]. Factors limiting use and versatility

of PRP and PRGF enhanced the development of a second generation of APCs: PRF [56].

Protocols used for PRF preparation are simpler than PRP ones, with no need for

biochemical manipulation of the blood. PRF preparation in fact includes the use of a

centrifuge (the original protocol proposed by Choukroun et al. provided for a

centrifugation at a speed of 3000 rpm for 10 min), giving a different quality to the

polymerized fibrin [57], when compared to PRP.

CGF, which derived from PRF, contain high levels of growth factors, due to their high-

density tetramolecular matrix fibrin [58]. The main advantage of using CGF in

regenerative procedures is the slow release of growth factors, which improves the healing

process [59]. Autologous platelet concentrates are used as a biomaterial in regenerative

dentistry, given the presence of fibrin fibers and the high content of growth factors: the
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fibrin obtained is a three-dimensional matrix, in which platelets, glycan chains and

cytokines, structural glycoproteins are trapped, which constitute a network suitable for

cell growth and represent the osteoconductive scaffold [60]. Growth factors, activated by

the polymerization of the blood clot and stimulated by their own regeneration properties,

increase the reparative mechanism in wound healing processes. Major growth factors,

released from autologous platelet concentrates are: PDGF, TGF-B, IGF, EGF, FGF and

BMPs [50]. PDGF stimulates cell proliferation and collagen synthesis in fibroblasts;

TGF-B induces the expression of extracellular matrix proteins, affects osteoblasts at an

early stage of development and simulates collagen synthesis by fibroblasts; IGF aids in

differentiation and stimulates osteoblast proliferation and differentiated functions, such

as type | collagen expression [50]. BMPs are a family of signaling molecules, which

promote new bone formation, even at heterotopic sites. Specifically, autologous platelet

concentrates contain BMP-2, which can induce osteoblast differentiation [61]. These

growth factors contribute to the osteoinductive potential, which characterizes this class

of biomaterials. Another autologous material, used for alveolar bone regeneration, is

dentin and its derivatives [62]. Tissue more readily available in dental practice, compared

to blood or bone taken from other sites, dentin is very close to bone tissue by chemical
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composition and embryological origin [63]. Dentin is composed of a mineral phase

(70%), an organic matrix (20%), water (10%) and the tubule of odontoblasts, which

derive embryologically from a mesenchymal tissue [64]. The mineral phase of dentin is

made up of calcium phosphate molecules, in four different forms (amorphous calcium

phosphate, HA, tricalcium phosphate and octacalcium phosphate); the organic matrix is

instead made up of collagen I fibers and proteins such as growth factors, including bone

morphogenetic proteins [64]. Due to this composition, dentin is considered a valid

grafting material; moreover, it is a mineralized tissue, so it is possible to obtain three

forms of graft material, which can be used for regenerative purposes: the mineralized

dentin matrix, the partially demineralized dentin matrix, and the demineralized dentin

matrix [65]. The mineralized dentin matrix provides a stable scaffold, characterized by

significant osteoconductive properties, but low osteoinductive potential. The

demineralization of the dentin matrix, using a 2% solution of HNO3 [65], makes this

material suitable for osteoinduction, with a low osteoconductive property. Similar to

platelet concentrates, since dentin lacks cell bodies, this autologous biomaterial has no

osteogenic properties.
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2.2.2 Allogenic biomaterials

Allografts are bone grafts, derived from an individual of the same species. Most allografts

are osteoconductive, as they provide a scaffold, which allows clots to grow, stabilize,

promote revascularization, facilitate host cell repopulation, thereby promoting new bone

formation [66]. They are characterized by a remarkable osteoconduction, osteoinduction

and unlimited availability, but the main limiting factor is biocompatibility, as well as the

ability to transmit diseases (HIV and spongiform encephalopathy) [67]. In general,

allogeneic bone grafts are thought to have osteoconductive effects, while osteoinduction

is still under investigation and depends on the processing of the allograft [68]. Indeed,

there are significant differences between FFBA and further processed allografts. In fact,

FDBA, MBA, MPBA, DFDBA, DBM, and CBA [69]. While high complication and

failure rates are reported for FFBAs, the application of processed allografts are often

associated with a high potential for osteogenic regeneration, natural bone remodeling

events, revascularization of regenerated areas, and absence of body reactions, as

confirmed by histological and immunohistochemical evaluations [70].

Although allogeneic biomaterials can be considered safe, DNA, cellular debris within the

lacunae of osteocytes, and remnants of former intra-trabecular adipose tissue were found
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in several allogeneic specimens [70]. It is unclear whether DNA and cells have biological

activity, affecting the recipient in the long term. Allogeneic bone grafts have been widely

used and are an attractive alternative to autologous bone, as they do not require a donor

site or abundant supply; at the same time, they show variable regenerative abilities due to

the absence of information about the donor's condition (eg, age and systemic health)

[71,72]. The availability of allogeneic bone is virtually unlimited and can be obtained in

many sizes and shapes (e.g., powder, injectable forms). Allogeneic bone has an open,

porous, and reticulated physical structure like that of autogenous bone, conducive to

vascularization of the bone after implantation [73]. Furthermore, allogeneic bone grafts

show the same bone healing capabilities as autologous grafts, but although they are

mainly used in powder form, they show a lack of versatility and/or ease of handling [74],

in specific situations, related to pre-implant surgery, such as sinus floor elevation, guided

bone regeneration in horizontal/vertical augmentation, and socket preservation. In

summary, the lack of versatility and adaptability limits its use in uneven or hard-to-reach

areas.

29



2.2.3 Xenogenic biomaterials

Xenogenic biomaterials, also known as xenografts, are most used and widespread for oral

regeneration, specifically periodontal, peri-implant and bone, due to their

osteoconductive properties [75]. These xenografts derived from other species and can be

of bovine, porcine or equine origin [52]. The mechanical and compositional properties of

the xenogenic scaffold material [76], depend on the age of the animal, from which the

tissue is taken. Besides, there is no evidence of zoonotic infections, following xenogenic

transplants of whole organs or tissues. Even if autogenous bone is unique in its

osteogenic, osteoconductive, and osteoinductive properties, however, it has

disadvantages, including a high resorption rate, associated morbidity, and the need for a

second donor site. This prompts researchers to look for bone substitutes that overcome

these problems. Xenotransplantation is among the most relevant candidates. In fact, a

specific commercial xenograft derived from bovine bone, Bio-Oss® (Geistlich Pharma

AG, Wolhusen, Switzerland) (ABB), is the most studied and scientifically documented

biomaterial for bone regeneration currently available [77]. Xenogenic biomaterials

consist of extracellular matrix or individual components of the extracellular matrix. ECM

composition and ultrastructure affects the phenotype of the resident cells, biochemical
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environment, mechanical forces, and oxygen concentration [78]. Moreover, xenogenic

biological scaffolds have historically been classified as medical devices by the FDA and

must meet the requirements for a medical device. The device must meet a level of sterility,

appropriate for the given application. Patient-related considerations for the use of

xenogenic biomaterials should be considered prior to use [78].

2.2.4 Natural and synthetic polymers

Tissue regeneration applies cells, biomaterials, and growth factors to renew or replace

damaged tissues. Biomaterials for regenerative purposes include three-dimensional (3D)

porous scaffolds, used as grafts to promote the regenerative process. Three types of

materials are used in the production of 3D scaffolds: ceramics, synthetic polymers, and

natural polymers [79]. Among them, marine coral is a natural bioceramic, characterized

by porosity and high compressive stiffness and used as a graft for bone regeneration. This

natural bioceramic showed a long evolutionary history of synthetizing genes and proteins,

involved in biomineralization, and also expresses BMP2/4 orthologs, suggestive of the

presence of skeletal proteins in its tissue.

Moreover, marine coral also presents significant regenerative properties, promoting rapid

skeletal repair. For these reasons, they are often applied as a scaffold material for graft
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procedures [80]. Alternative biomaterials used as scaffold, and biodegradable polymers

also show great regenerative potential due to their biocompatibility and biodegradability

[81]. These polymers also present excellent plasticity and are characterized by flexible

chemical structures [82]. However, different natural polymers are suitable for soft tissue,

but they difficulty match the stiffness and stability of bone tissues: for these reasons,

combining natural polymers and synthetic ones, but also compounding organic and

inorganic materials, to generate hybrid materials is an interesting strategy to improve

scaffold mechanical properties, and degradation kinetics [83]. Synthetic polymers do not

trigger immune reactions of the human body, and are also designed to modify the polymer

material, in order to match the specific function of the biomaterial, without compromising

its intrinsic properties. Among the most used synthetic polymers, there are:

polycaprolactone, poly glycolic acid, and polyethylene glycol [84]. Natural polymers

instead include collagen, hyaluronic acid, gelatin, alginate, chitosan, and silk fibroin [85].

Significant biocompatibility and biodegradability characterize this class of biomaterial,

moreover, they are also considered as innate bioinformatic guidance for cells, able in

promoting cell adhesion, stimulating the cellular chemotactic response, and regulating the

biological interaction between scaffolds and tissues [86].
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Because of their biodegradability, natural or synthetic polymer materials can promote cell

adhesion, proliferation, and differentiation, with a wide range of promising applications

in regenerative procedures.
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CHAPTER 3 - AIM OF THE RESEARCH

Understanding the bio-morphological behavior of human cells, towards the biomaterials

used for the regeneration procedures, is the key to successfully choosing and applying the

appropriate biomaterials for specific clinical situations. Regenerative procedures applied

several biomaterials for various techniques, such as sinus augmentation and periodontal

defects. APCs are frequently used as biomaterial for the treatment for periodontal disease:

this class of biomaterial contains a polymer of fibrin matrix and high concentration of

growth factors. For these reasons, APCs showed considerable properties such as

osteogenesis and osteoinduction and they are the elective choice for bone regeneration

and the periodontal disease, due to their higher potential for regeneration. Anyway,

limited availability, a second surgical site, and discomfort for the patients influence the

application of these biomaterials. Thus, several classes of biomaterials have been

proposed. The dentine is another material with an autologous nature, and recently

considered a grafting material. Dentin is a mineralized tissue underneath the enamel,

formed by 65% of inorganic material (HA) and 35% of organic material (collagen

proteins and BMPs), elements which determined the biomaterial’s osteoconductive and

osteoinductive properties.
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Furthermore, also xenografts are used for oral regeneration, specifically for periodontal,

peri-implant and bone regeneration. Xenografts are characterized by significant

osteoconductive properties and derived from bovine, porcine equine and marine origin.

Among the most commonly used xenografts for regenerative purposes, there is the

DBBM, whose regenerative properties relies from their physiochemical composition.

For these reasons, it appeared necessary to investigate the biological and morphological

response of hPLFs exposed to these different classes of biomaterials, with the aim to

evaluate their application in periodontal regeneration interventions.
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CHAPTER 4 - MATERIALS AND METHODS

The application of the following materials and methods (Figure 2) provided biological

and morphological evidence, published on Materials [59] and International Journal of

Molecular Sciences [2,87]. According to the publisher (M.D.P.1.), "the reuse of entire or

part of the article, including figures and tables, does not require special permission. Any

part of articles published under an open-access Creative Common CC BY license may be

used without requiring permission, provided that the original article is clearly cited. The

reuse of an article does not require MDPI and authors’ endorsement”.
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Figure 2. Study design and workflow of the research.
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4.1 Evaluation of Different APCs: Morphological and Biological
Comparisons and Considerations

4.1.1 Sampling Procedures and APC Preparation

“Blood samples were obtained from a healthy, 25-year-old, non-smoking Italian man.

Furthermore, a written informed consent was provided, in accordance with the Helsinki

Declaration on the Ethical Principles for Medical Research Involving Human Subjects

[59].”

4.1.2 APC Preparation: L-PRF

“Twenty-seven millilitres (ml) of venous blood were collected in one dry glass tubes (9

mL in each) (Blood collecting tubes®, Process, Nice, France), without any anticoagulant.

According to the standard Choukroun’s protocol [56], tubes were immediately

centrifuged at 2700 rpm (approximately 400x g) for 12 min with a dedicate centrifuge

(Intra-lock International, Birmingham, AL, USA). In the middle of the tube, there was a

fibrin dense clot, between the red cells at the bottom and the liquid serum called platelet-

poor plasma at the top.”
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4.1.3 APC Preparation: CGF

“Sacco’s protocol was used to obtain CGF [59] using a specific centrifuge (CGF,

Silfradent, Santa Sofia, FC, Italy). According to this protocol, the centrifugation required

acceleration for 30 s, 2700 rpm for 2 min, 2400 rpm for 4 min, 2700 rpm for 4 min, 3000

rpm for 3 min, deceleration for 36 s and then stopping.”

4.1.4 APC Preparation: APG

“APG preparation included the collection of approximately 9 mL of blood into collection

tubes. Subsequently, this sample was shaken to mix the anticoagulant with the blood.

Tubes, containing sodium citrate 3.8%, were then centrifuged at 480 RCF for 4 min with

a specific centrifuge (GF One, UBGEN, Padova, Italy). After this centrifugation, the

blood sample was divided into different parts: a red-coloured fraction containing the red

blood cells, a layer rich in platelets, a whitish layer containing white blood cells and the

APG, consisting of the autologous fibrinogen.

According to this protocol, the layer rich in platelets was aspirated and APG was mixed

with 10U of CaCly, to transform the liquid phase to gel phase. Time requested for this

preparation, from venipuncture to injection, was approximately 10 min, and 1 mL of APG

was produced per tube [59].”
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4.1.5 Cell Culture

“HPLF cell line from ScienCell research Laboratories was cultured according to the

manufacturer’s instructions. Briefly, the initial vial containing 5 x 10° cells in 1 mL of

volume was cultured in three plastic culture dishes in FM and incubated under standard

cell culture conditions (37 °C in 5% CO3). One bottle of FM is composed of the following:

500 mL of basal medium, 10 mL of FBS, 5 mL of FGS and 5 mL of

penicillin/streptomycin solution (10,000 1U/mL of Penicillin, 10 ug/mL Streptomycin).

When the cells reached sub-confluence, they were detached, by using 0.05% trypsin, and

subcultured at a density of 110 cellssmm?. For all experimental assays, subculture

passages 7 or 8 were used [59].”

4.1.6 Cell Proliferation Assays and Statistical Analysis

“Cells were grown in 96 well plates, under standard cell culture conditions. Two

micrograms of the tested material were plated into the 96 well microplates. After 24 h, 72

h and 7 days, the XTT Assay (Cayman Chemical, Ann Arbor, MI, USA) was used, to

assess the proliferation activity of the cells, and the microplates were read at an

absorbance wavelength of 450 nm. Proliferation of the negative control cultures was set

at 100%. The XTT tests were performed with three technical replicates in three
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independent experiments. The mean density of the test groups was divided by that of the

control group and indicated as a percentage of the control value.

Two-way ANOVA was employed to analyse the grouped raw data, using GraphPad Prism

8.4.2 (GraphPad Software, San Diego, CA, USA), considering a p-value < 0.05 as

significant [59].”

4.1.7 Morphological Analysis

“A qualitative evaluation of hPLFs was performed by LM, to have a first-sight overview

of the culture, then through SEM and CLSM, with the aim to observe the eventual

morphological changes [59].”

4.1.8 Morphological Analysis: LM

“Cells were plated in 30 mm diameter plastic culture dishes with the tested and the control

material and incubated under cell culture conditions. After 24 h, 72 h and 7 days from the

seeding, three dishes containing the tested material and other material were fixed using a

10% solution of formaldehyde and processed for light microscopy using Azan Mallory

staining (Bio-Optica SpA, Milan, Italy), following the instructions of the manufacturer.

Azan Mallory stain is used to process connective tissues and therefore indicated to stain
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fibroblasts. Observations were performed through a light microscope (Zeiss, Axiolmager

A2, Jena, Germany) and photographed using a Leica DFC 320 digital camera (Leica DFC

320, Wetzlar, Germany) [59] .”

4.1.9 Morphological Analysis: SEM

“After 24 h, 72 hand 7 days from the seeding of the three dishes, containing cover glasses

on which cell solutions, containing the tested material or the test control were seeded,

cells were fixed using a 2% solution of glutaraldehyde and processed for SEM, as

described previously [88]. Briefly, samples were dehydrated in ascending concentration

ethanol solutions of 70%, 80%, 90% and three times 100%, for 10 min each.

Subsequently, samples were immersed for 3 min in 100% HDMS (Sigma-Aldrich srl,

Milan, Italy) and transferred into a desiccator, for 25 min to prevent water contamination.

Afterwards, samples were air-dried by the evaporation of hexamethyldisilane (HDMS).

Finally, samples were mounted on metal stubs, gold stained, and then observed by SEM

(GEMINI_SEM, Zeiss, Germany) at different magnifications using secondary electrons

and InLens probes [59].”
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4.1.10 Morphological Analysis: CLSM

“Cells grown on a coverslip, in presence of the considered APCs for 24 h, 72h and 7 days

were fixed with 4% PFA (Bio-Optica SpA, Milan, Italy) in PBS for 10 min, permeabilized

with 0.1% Triton-X-100 for 5 min and incubated with a blocking solution (PBS

containing 3% BSA), for 10 min at room temperature (RT). Subsequently, cells were

incubated for 1h at RT, with the mouse monoclonal anti-CD90 (Thy-1)/fibroblast primary

antibody [89] diluted in blocking solution (1:200, Chemicon International Inc. Temecula,

CA, USA), and incubated with the donkey anti-mouse IgG Alexa Fluor 488 conjugated

secondary antibody (1:2000, Immunological Science Rome, Roma, Italy) for 30 min at

RT.

Cells were incubated with Phalloidin Alexa Fluor 546 diluted in blocking solution (1:100,

Immunological Science Rome, Roma, ltaly), for 30 min, at RT, to perform the actin

staining. Finally, coverslips were mounted with Vectashield Mounting Medium with

DAPI (Vector Laboratories, Burlingame, CA, USA) and examined with a Leica TCS SP5

confocal microscope (Mannheim, Germany). Regarding the controls, they were

performed by omitting the primary antibody [59].”
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4.2 Bio-Morphological Reaction of hPLFs to Different Types of Dentinal
Derivates: In Vitro Study

4.2.1 Sampling Procedures and Dentine Derivates Preparation

“Four wisdom teeth were previously extracted due to surgical reasons. Samples were

kindly provided from a healthy, 25-year-old, and non-smoking Italian woman, after

obtaining her written informed consent, according to the Helsinki Declaration on the

Ethical Principles for Medical Research Involving Human Subjects. Subsequently, teeth

were stored in physiological solutions, used for dentine processing according to three

different protocols:

e TT (Tooth Transformer S.r.I., Milan, Italy).

e Smart dentine Grinder (KometaBio Inc., Cresskill, NJ, USA), whose derived

dentine will be named as SG.

e Smart dentine grinder within house protocol, whose derived dentine will be named

as DDP.

Before starting the experimental procedures, all molars were cleaned from residual

periodontal ligaments fibers and residual calculus, by using a piezoelectric

instrumentation Piezon (EMS Electro Medical Systems SA, Nyon, Switzerland). All the
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teeth were reduced into small pieces with a diamond torpedo bur # 0.12 (Komet Italia

S.r.l., Milano, Italy), to facilitate mincing [87].”

4.2.2 TT Protocol

“The extracted tooth was completely processed in the mill with pre-calibrated blades and

chemical solutions. After 25 five minutes of processing, dentine was ready to be used in

cells culture. The particles size obtained, according to the manufacturer’s instructions, is

@ < 1 mm [90]. The applied solutions were: (1) demineralization reagent, (I1) and (I11)

washing solutions, (IV) sterilization reagent, and (V) and (V1) washing agents [87].”

4.2.3 The Smart Dentine Grinder Protocol

“This protocol consists of two solutions used after the milling process. Particles of @ 0.25

to 1 mm were obtained. Chemical solutions applied are: (I) a dentine cleaner (0.5 mL

Sodium Hydroxide with Ethanol) and (I1) DPBS. After the milling process, particles were

stored in a sterile container (mixing dish), and dentine cleanser was used to cover the

entire particles for 5 min. After this first phase, the cleanser was removed, and the

buffered solutions were added to clean the residues. This step, according to the

manufacturer’s instructions, was applied two times (Figure 3) [87].”
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Figure 3. Workflow for the Smart Grinder protocol: (1) Tartar and periodontal ligament
removal, (2) milling process, (3) particles ready to be chemically treated, (4) particles in the
mixing dish, and (5) particles after the chemical process [87].

4.2.4 Smart Dentine Grinder Protocol Internally Modified

“Smart Dentine Grinder internally modified protocol consists of the replacement of the

dentine detergent and demineralizer (0.5 mL sodium hydroxide with ethanol) with 0.5

mL of nitric acid 2% to demineralize the dentin. The conditioning time lasted 5 min [87].”

4.2.5 Control Material

“A demineralized and deproteinized bovine bone, commonly applied in dental surgical

procedures (Geistlich Bio-Oss®, Granules 0.25-1 mm), was used as control material

[87].”
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4.2.6 Cell Culture

“HPLFs cell line from ScienCell Research Laboratories were cultured according to the

manufacturer’s instructions. The initial vial containing 5 x 10° cells in 1 mL of volume,

was incubated under standard cell culture conditions (37 °C in 5% CO3), and seeded in

three plastic culture dishes with FM, characterized by the following composition: 500 mL

of basal medium, 10 mL of FBS, 5 mL of FGS, and 5 mL of penicillin/streptomycin

solution (10,000 1U/mL of Penicillin; 10 pg/mL Streptomycin). At a sub-confluence

stage, the detachment stage followed using 0.05% trypsin, and subcultures with the

density of 110 cells/fmm? were initiated. The cells used for all experimental assays derived

from eight subculture passages [87].”

4.2.7 Cell Proliferation Assays and Statistical Analysis

“Cells were incubated in 96 well plates under standard cell culture conditions. Two

micrograms of the tested material were added to the 96 well microplates. At the moment

of seeding (TO) and at 24 h (T1), 72 h (T2), and 7 days (T3) follow-up, XTT Assay

(Cayman Chemical, Ann Arbor, MI, USA) was used to assess cellular proliferation

activity, at a read absorbance wavelength of 450 nm. The XTT tests were performed with

three technical replicates.
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After assessing the normal distribution of the data, the two-way ANOVA test and

Dunnett’s post-hoc test for multiple comparisons were performed, to evaluate any

significant variations within the experimental groups, considering the TO and the T1, T2,

and T3 follow-ups and between the experimental groups and the negative control at each

follow-up. The Bonferroni post-hoc test was used to assess any significant variation

between the experimental materials at each follow-up.

Statistical analysis and graphs were performed by using GraphPad Prism 9.1.1 (GraphPad

Software, San Diego, CA, USA) [87].”

4.2.8 Morphological Analysis

“Qualitative evaluation of cells was performed by LM to have a first-sight overview of

the culture. Then, SEM and CLSM were used to observe the eventual morphological

reactions [87].”

4.2.9 Morphological Analysis: LM

“Cells were plated in 60 mm diameter plastic culture dishes, with tested and control

material, and incubated under cell culture conditions. After 24 h, 72 h, and 7 days from

the seeding, the dishes were observed by using a phase-contrast light microscope (ZEISS
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Primovert, Jena, Germany) and a ZEISS Axiocam 208 color camera was used to capture

the images at 10x and 20x [87].”

4.2.10 Morphological Analysis: SEM

“After 24 h, 72 h, and 7 days from the seeding of the 60 mm diameter plastic culture

dishes containing the cover glasses the test (SG, DDP, and TT) and the control (BIOS)

materials, cells were fixed by using a 2% solution of glutaraldehyde and processed for

SEM, as previously described [91]. Briefly, the samples were processed for dehydration

in ascending concentrations of ethanol solutions of 70%, 80%, and 90% and three times

at 100% for 10 min each. Afterward, samples were immersed for 3 min in 100% HDMS

(Sigma-Aldrich S.r.1., Milan, Italy). Subsequently, they were air-dried by the evaporation

of HDMS and placed into a desiccator for 25 min to prevent water contamination. The

samples were mounted on metal stubs, gold stained, and then observed by SEM

(GEMINI_SEM, Zeiss, Germany) at different magnifications by using secondary

electrons and InLens probes [87].”
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4.2.11 Morphological Analysis: CLSM

“Cells seeded on coverslips were fixed with 4% PFA in PBS (10 min at RT),

permeabilized with 0.1% Triton X-100 in PBS (5 min at RT), and the nonspecific binding

sites were blocked with 10% BSA in PBS for 10 min at RT (blocking solution). After

washing, cells were incubated with a mixture of mouse anti-Ki67 (Dako, Denmark A/S)

and rabbit anti-vinculin (1:400, Immunological Sciences, distributed by Societa Italiana

Chimici, Rome, Italy) primary antibodies (triple staining) or with mouse anti-Human

integrin a3 monoclonal antibody (single staining 1:300, Immunological Sciences) O/N

at 4 °C. After the washings, primary antibodies were revealed by a mixture of Alexa Fluor

488 anti-mouse 1gG and Alexa Fluor 633 anti-rabbit 1gG secondary antibodies (1:2000)

and Phalloidin Alexa Fluor 546 (1:300) (triple staining) or with Alexa Fluor 488 anti-

mouse IgG secondary antibody alone (Immunological Sciences), for 30 min at RT.

Furthermore, primary, and secondary antibodies were diluted in a blocking solution. The

controls were performed by omitting the primary antibody. Coverslips were mounted with

Vectashield Mounting Medium containing DAPI (Vector Laboratories, Burlingame, CA,

USA) and observed at a Leica TCS SP5 confocal microscope (Leica, Mannheim,
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Germany). Data were acquired by Leica LAS AF software, and a minimum of 20 images

for each determination was analyzed [87].”
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4.3 Morphological and Biological Evaluations of hPLFs in Contact with
Different Bovine Bone Grafts Treated with Low-Temperature
Deproteinisation Protocol

4.3.1 Biomaterials

“Deproteinised bovine bone grafts were harvested from young cattle (24 months), and
after the first treatment of graft preparation for particle size and shape, a phase of
purification through a thermic process was conducted. Grafts were subjected to a thermic
shock, in the first phase at a high temperature (121 °C), and at a low temperature (80 °C;
called Thermagen®) in the second phase.

The grafts (Figure 4) were divided into the following four experimental groups:

Bio-Oss E B D G

Figure 4. Scanning electron microscope (SEM) of bone grafts groups B, D, G, E, and Bio-Oss
(B1OS). According to the manufacturing instructions, the bone grafts groups B and D are mainly
cortical, and the bone grafts group G appears more cancellous; magnification 200x [2].

e Group Bone E: cancellous granules with a size between 0.25 and 1 mm, exposed

to NaOH for 1 h for deproteinisation.
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o Group Bone B: cortical and cancellous granules with a size between 0.25 and 1

mm, not exposed to NaOH for deproteinisation.

e Group Bone D: cortical and cancellous granules with a size between 0.25 and 1

mm, exposed to NaOH for 1 h for deproteinisation.

e Group Bone G: cancellous granules with a size between 1 and 2 mm, exposed to

NaOH for 1 h for deproteinisation.

As a positive control, a graft of cancellous granules was designed with a size between

0.25 and 1 mm and exposed to NaOH for 1 h for deproteinisation at a high temperature

(Bio-Oss, named BIOS in the experiment; Figure 4) [2].”

4.3.2 Cell Culture

“HPLFs were used and cultured as suggested by the manufacturer’s instructions

(ScienceCell Research Laboratories, Carlsbad, CA, USA). Initially, the first vial

containing 5 x 10° cells in 1 mL of volume was cultured in four plastic culture dishes in

FM (Innoprot. Derio, Bizkaia, Spain). Dishes were incubated under standard cell culture

conditions (37 °C in 5% COz). FM was composed of a 500 mL basal medium, 2% FBS,

1% FGS, and 1% penicillin—streptomycin solution. At subconfluence stage, cells were

detached using 0.05% trypsin (Innoprot. Derio, Bizkaia, Spain) and then subcultured at a

53



density of 110 cellsyfmm?. Thus, the subculture passage used for the experimental phase

was 10. HPLF is a cellular line characterized by the production of osteoblast-related

extracellular matrix proteins, alkaline phosphatase activity, and active participation in

inflammatory and immune-related events during periodontal diseases [92,93]. The hPLFs

model was applied to evaluate the behavior of periodontal cells in cases of use of

xenografts in periodontal defects regeneration, by virtue of the mentioned properties [2].”

4.3.3 Cell Proliferation Assay and Statistical Analysis

“The cell proliferation assay was performed according to the ISO EN 10993-5 standard.

Briefly, 1 g of each sterile sample was placed into 24-well plates. Then, 1 mL of FM was

added (extraction medium) to each well and incubated for 24 h at 37 °C. Under standard

cell culture conditions, 10° cells per well were seeded in a 100 pL extracted DMEM

medium. The negative control group was seeded in FM. XTT assay (Cayman Chemical,

Ann Arbor, MI, USA) allowed observation of the cellular starting condition (TO) and

proliferation activity at 24 h (T1), 72 h (T2), and 7 days (T3) follow-ups at an absorbance

wavelength of 450 nm. XTT tests were performed with three technical replicates.

After assessing the normal distribution of the data, a two-way analysis of variance

(ANOVA) test and Dunnett’s and Bonferroni’s post hoc analyses for multiple
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comparisons were performed to evaluate any significant variation between TO and T1,

T2, and T3 follow-ups.

GraphPad Prism 9.1.1 (GraphPad Software, San Diego, CA, USA) was used to perform

statistical analysis and graphs [2].”

4.3.4 Morphological Analysis

“A morphological evaluation of cells was performed using LM to obtain a first-sight

overview of the shape of the cultured cell. SEM was used to observe the cell membrane

reaction, and CLSM was used to assess morphological changes in the cytoskeleton [2].”

4.3.5 Morphological Analysis: LM

“Cells were seeded in 60 mm diameter plastic culture dishes with the test materials,

control material, and without the material and then incubated under cell culture

conditions. At T1, T2, and T3 follow-ups, dishes were observed using a phase-contrast

light microscope (ZEISS Primovert, Jena, Germany), and a ZEISS Axiocam 208 colour

camera was used to capture the images at 10x and 20x [2].”
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4.3.6 Morphological Analysis: SEM

“At T1, T2, and T3 follow-ups the cells, seeded on a covered glass in 60 mm diameter

plastic culture dishes containing the test materials or the control, were fixed using a 2%

solution of glutaraldehyde, dehydrated in an ascending concentration ethanol solutions

scale of 70, 80, and 90%, and three times at 100% for 10 min each. Afterwards, samples

were immersed for 3 min in 100% HDMS (Sigma-Aldrich S.r.l., Milan, Italy).

Afterwards, the samples were air-dried by evaporation of HDMS. After transferring the

sample into a desiccator to prevent water contamination, the covered glasses were

mounted on metal stubs, gold stained, and then observed using SEM (GEMINI_SEM,

Zeiss, Germany), at different magnifications, using secondary electron probes [2].”

4.3.7 Morphological Analysis: CLSM

“HPLFs grown on coverslips in presence or absence of test materials for T1, T2, and T3

follow-ups were fixed with 4% PFA in PBS for 10 minutes at RT. Then, hPLFs were

permeabilised with 0.1% Triton X-100 in PBS for 5 minutes at RT. After washing, the

nonspecific binding sites were blocked with 3% BSA in PBS (blocking solution) for 10

min at RT. For double immunostaining, cells were incubated with mouse monoclonal

anti-CD90 (Thy-1)/fibroblast primary antibody (Chemicon International Inc., Temecula,
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CA, USA), diluted 1:200 in blocking solution, O/N at 4 °C. After washings, cells were

incubated with a mixture of Alexa Fluor 488 anti-mouse IgG secondary antibody (1:2000)

and Phalloidin Alexa Fluor 546 (1:300; Immunological Science, distributed by Societa

Italiana Chimici, Rome, Italy) in blocking solution for 30 min at RT. Internal controls of

the fluorescence and functionality methodology were performed, by omitting the primary

antibody. Coverslips were mounted with Vectashield Mounting Medium containing

DAPI (Vector Laboratories, Burlingame, CA, USA) and observed by a Leica TCS SP5

confocal microscope (Leica, Mannheim, Germany). Data for actin morphology

assessment were acquired using Leica LAS AF software, and a minimum of 20 images

for each determination were analyzed [2].”
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CHAPTERS - RESULTS

The results of the following studies contributed to three different manuscripts published

on Materials [57] and International Journal of Molecular Sciences [2,87]. According to

the publisher (M.D.P.1.), ’the reuse of entire or part of the article, including figures and

tables, does not require special permission. Any part of articles published under an open-

access Creative Common CC BY license may be used without requiring permission,

provided that the original article is clearly cited. The reuse of an article does not require

MDPI and authors’ endorsement”.

5.1 Evaluation of Different APCs: Morphological and Biological

Comparisons and Considerations

“XTT analyses and morphological observations provided an integrated overview of the

performance of the examined biomaterials in contact with the hPLFs [59].”

5.1.1 Cell Proliferation Assays and Statistical Analysis

“Data derived from cell proliferation assays showed that cells exposed to L-PRF and CGF

increased their proliferation at all the considered times concerning control with 100%

viability (Figure 5). Specifically, the CGF condition showed better performance at 24 and
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72 h, characterized by 146% and 166% values, respectively, while the L-PRF displayed

125% and 145% proliferation values at 24 and 72 h, respectively. Moreover, APG showed

a low level of proliferation, characterized by a value of 128% during the first 72 h. CGF

showed the highest hPLFs cell proliferation at 7 days [59].”

XTT ASSAY

200% -
180%
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140%
120%
100%
80%
60%
40%
200%
0%

PRF ¥ CGF * APG % Control

m2dh m72h m7days

Figure 5. XTT assay of hPLFs cells in contact with the APCs at different times. For 24 h, PRF
displayed the highest peak, followed by the CGF and APG. CGF performed best at 72h and 7
days, followed by the PRF and APG. The biomaterial proliferation values were statistically
significant (*) with a p-value < 0.05 compared to the control, as suggested by the two-way
ANOVA. Furthermore, the mean of the proliferation with CGF compared to control was
statistically significant at 7 days (**), as highlighted by Dunnett’s multiple comparison tests [59].

“As shown in Figure 5, the two-way ANOVA analysis highlighted a statistical difference

for the “biomaterials” parameter. The multiple comparison tests performed among the

considered materials highlighted a statistically significant difference for the CGF at 7

days at the examined times [59].”
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5.1.2 Morphological Analysis: LM
“LM analysis unveiled the presence of a uniform layer of healthy cells in all groups,
characterized by differences between them (Figure 6) [59].”

PRF CGF APG CONTROL

“;'_,.
Eauy, &5

w3

Figure 6. LM images of hPLFs with APCs and the controls at the different examined times.
The observed brown particles are PBS salts. Azan Mallory staining. Magnification, 4x. Insets’
magnification: 10x [59].

The control group showed densely packed cells, characterized by a fusiform morphology

and small dimensions, at 24 h of culture. Instead, all experimental groups displayed

slightly larger cells distant from each other. In CGF and APG groups, there are sporadic

polygonal cells with cytoplasmatic extensions [59].”
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“At 72 h, there was an overlapping of L-PRF cells with the homologous 24 h ones.

Besides, CGF and APG showed more polygonal cells with a composite network of

cytoplasmic processes. At 7 days, the control group displayed fusiform cells, while

fibroblast cultured in the CGF and L-PRF groups appeared large and polygonal. By this

point, the APG group also showed few fusiform cells [59].”
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5.1.3 Morphological Analysis: SEM

“SEM observations revealed that all experimental groups showed abundant, flattened,

healthy cells (Figure 7) [59].”

PRF CGF APG

24h

72h

Figure 7. Representative SEM images of hPLFs and APC showing the morphological reaction
of the hPLFs to the fibrin network, assuming a polygonal shape. The three APCs displayed
evident morphological differences in the fibrin networks, with blood cells with PRF and platelets
with APG. Cellular projections toward the biomaterials were observed (black arrows). Moreover,
platelets in the APG were also detected (red arrow). A morphological reaction of fibroblasts
trying to envelop the platelets was detected in the APG samples [59].

“After 24 h of culture, polygonal and elongated cells were detectable, with thick

cytoplasmic digitations attributable to developing lamellipodia.”

In the 72 h groups, cells were larger and anchored to APCs through numerous cell

contacts. The latter included thin cytoplasmic digitations, such as filopodia, and larger
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digitations, such as lamellipodia. After 7 days of culture, cells exhibited an extensive

network of intercellular contacts. Filopodia and lamellipodia were abundant, and the

intimate relationship between cell digitations and the APC elements was observed at

higher magnification micrographs [59].”

5.1.4 Morphological Analysis: CLSM

“CLSM analyses investigated the status of the nuclei (blue) and the distribution of the

actin (red). Oval or rounded (blue) nuclei were well represented in all samples, while

actin staining differed between the groups. The control group showed a weak red signal;

only after 7 days of culture a slight increase was noticeable. Generally, a progressive

intensification of the red signal occurred during the culture period, in all APC samples

(Figure 8) [59].”
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PRF CGF APG Control

24h

72h

7days

Figure 8. CLSM images of actin filaments revealed by phalloidin in control and treated hPLF
at different times, including the hPLF under the three considered conditions and the controls
at different times. Low magnification. CD90, used as an hPLF marker, is green-stained. Actin is
intensively represented compared to the control. Fibroblasts exposed to PRF displayed an intense
actin stain inside the cellular projections, already at 72 h and more so at 7 days. HPLFs in contact
with CGF showed a heavily modified and solicited actin. Furthermore, APG showed an intense
representation of the actin fibers at 72 h [59].

“Higher magnifications (Figure 9) investigated the detailed intracellular and intercellular

distribution of actin. The control group detected it mainly in short projections, which

remained close to the cellular body (green—CD90) and beneath the plasma membrane.

On Day 7, despite an increase in the red signal, cells appeared densely packed, and no

overlapping of projections was visible. In APCs, cytoplasmic projections formed bundles

parallel to the major axis of the cellular extensions, and samples were characterized by

strong red signals. Projections passed on neighboring cells and overlapped each other,
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creating a rich three-dimensional network between different cells. The nuclei were distant

in CGF and PRF, especially after 72h and 7 days. Besides the definite cellular protrusions,

the space between the cell bodies was filled with large cytoplasmic extensions, displaying

the delicate and uniform red signal. APG nuclei were closer, with a dynamic almost

similar to the control ones [59].”

PRF CGF APG Control

24h

72h

7days

Figure 9. CLSM representative images, at a higher magnification, of actin filaments in treated
hPLF and control. In CGF 72 h observations, large cytoplasmic extensions filled the spaces
between the cells, displaying a delicate and uniform red signal [59].
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5.2 Bio-Morphological Reaction of hPLFs to Different Types of Dentinal
Derivates: In Vitro Study

5.2.1 Cell Proliferation Assays and Statistical Analysis

“The proliferation assays showed a proliferation growth curve (Figure 10) in tested
dentinal grafts (SG, DDP, and TT), positive control material (BIOS), and negative control

(no material) [87].”
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Figure 10. Mean and SD data of the optical density values (Y-axis) of the control (hPLFs not
exposed to dentinal derivates), the cells exposed to tested materials (SG, DDP, and TT), and the
cells exposed to the positive control material (BIOS) at the different timings (TO - moment of
seeding; T1 - 24 h after seeding; T2 - 72 h after seeding; and T3 - 7 days after seeding) [87].

“The two-way ANOVA tests were statistically significant, analyzing the variation of the

OD from the moment of seeding (T0) and the other follow-up (T1, T2, and T3). Post-hoc

Dunnett’s analysis showed a significant variation of the growth in T2 and T3 follow-up

in the negative control. There was a significant variation in positive control BIOS and the

DDP experimental group at the T3 follow-up [87].”
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“SG experimental group showed a significant variation at the T1, T2, and T3, while TT

experimental group displayed a statistically significant variation between TO and T1, T2,

and T3 (Table 1) [87].”

Two-Way ANOVA Comparison the Different Time of Follow-Up

Source of Variation % of Total Variation F(DFn !; DFd ?) p Value
Interaction 17.19 F (12.40) = 4.149” 0.0003
Time 51.85 F (3 40) = 50.04" <0.0001
Treatment 17.14 F (4.40) = 12.407 <0.0001
Dunnett’s Analysis Mean Diff. 95.00% CI of diff. p Value
Control
TOvs. T1 —0.040 —029t00.21 ns
TO vs. T2 —0.44 —0.70 to —0.19 0.0003
TOvs. T3 —0.52 —0.77 to —0.27 <0.0001
5G
TOvs. T1 —0.28 —0.54 to —0.03 0.02
TO vs. T2 —0.65 —0.90 to —0.39 <0.0001
TOvs. T3 —0.86 —1.12 to —0.61 <0.0001

Table 1. Summary of the two-way ANOVA comparison and Dunnett’s multiple comparison test
considering the time factor [87].

DDP
TOvs. T1 —0.02 —0.28t0 0.22 ns
TO vs. T2 —0.21 —0.46 to 0.04 ns
TOvs. T3 —0.28 —0.54 to —0.03 0.02
TT
TOvs. T1 0.14 —0.06 to 0.36 ns
TOvs. T2 0.07 —0.13 t0 0.28 ns
TOvs. T3 —0.16 —0.37 to 0.04 ns
BIOS
TOvs. T1 —0.02 —0.23 t0 0.18 ns
TOvs. T2 —0.14 —0.35t0 0.06 ns
TOvs. T3 —0.68 —0.89 to —0.47 <0.0001

1 Number of degrees of freedom; 2 degrees of freedom error.

Table 1. Summary of the two-way ANOVA comparison and Dunnett’s multiple comparison test
considering the time factor [87].




“The two-way ANOVA tests, considering the variation of the OD between the

experimental groups and the negative control at the moment of seeding (TO) (to assess

any difference absorbance differences of the considered materials) and the other follow-

ups (T1, T2, and T3) were statistically significant. The post-hoc Dunnett’s analysis

showed a significant variation of the growth at the T1 follow-up between the negative

control group and experiment groups TT and DDP and a significant growth variation at

the T3 follow-up between the negative control group, and the experimental groups’ SG,

TT, and BIOS (Table 2) [87].”
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Two-Way ANOVA Comparison the Different Time of Follow-Up

Source of Variation % of Total Variation F (DFn 1; DFd %) p Value
Interaction 17.19 F(12.40) = 4.149" 0.0003
Time 51.85 F (3.40) = 50.04" <0.0001
Treatment 17.14 F (4.40) =12.40" <0.0001
Dunnett’s Analysis Mean Diff. 95.00% CI of diff. p Value
TO
Control vs. SG —0.01 —0.28 to 0.24 ns
Control vs. DDP —0.28 —0.55 to —0.02 0.03
Control vs. TT —0.63 —0.89 to —0.36 <0.0001
Control vs. BIOS —0.21 —0.48 to 0.04 Ns
T1
Control vs. SG —0.26 —0.52 to 0.00 ns
Control vs. DDP —0.27 —0.53 to —0.00 0.04
Control vs. TT —0.44 —0.70 to —0.17 0.0005
Control vs. BIOS —0.20 —0.46 to 0.06 ns
T2
Control vs. SG —0.22 —0.48 to 0.04 ns
Control vs. DDP —0.04 —0.31to 0.21 ns
Control vs. TT —0.10 —0.37 to 0.15 ns
Control vs. BIOS 0.08 —0.18 to 0.34 ns
T3
Control vs. SG —0.35 —0.62 to —0.09 0.0053
Control vs. DDP —0.04 —0.31t00.21 ns
Control vs. TT —0.27 —0.53 to —0.00 0.04
Control vs. BIOS —0.37 —0.64 to —0.11 0.002

T Number of degrees of freedom; 2 Degrees of freedom error.

Table 2. Summary of the two-way ANOVA comparison and Dunnett’s multiple comparison test
considering the exposure to the different materials [87].

“The post-hoc Bonferroni analysis showed a significant variation in the T3 follow-up

between the DDP and BIOS groups (Table 3) [87].”
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Bonferroni Analysis Mean Diff. 95.00% CI of Diff. p Value

T1
SG vs. DDP —0.01 —0.33 to 0.31 ns
SGvs. TT —0.17 —0.50 to 0.14 ns
SG vs. BIOS 0.06 —0.26 to 0.38 ns
DDP vs. TT —0.16 —0.49 to 0.15 ns
DDP vs. BIOS 0.07 —0.25 t0 0.39 ns
TT vs. BIOS 0.24 —0.08 to 0.56 ns

T2
SG vs. DDP 017 —0.15 to 0.49 ns
SGvs. TT 0.11 —0.21 to 0.43 ns
SG vs. BIOS 0.30 —0.02 to 0.63 ns
DDP vs. TT —0.05 —0.38 to 0.26 ns
DDP vs. BIOS 0.13 —0.19 to 0.45 ns
TT vs. BIOS 0.19 —0.13 to 0.51 ns

T3
SG vs. DDP 0.30 —0.01 to 0.63 ns
SGvs. TT 0.08 —0.24 to 0.40 ns
SG vs. BIOS —0.02 —0.34 to 0.30 ns
DDP vs. TT —0.22 —0.55 t0 0.10 ns

DDP vs. BIOS —0.33 —0.65 to —0.00 0.04

TT vs. BIOS —0.10 —0.43 to 0.22 ns

Table 3. Bonferroni multiple comparison test considering the exposition to the different
materials [87].

5.2.2 Morphological Analysis: LM

“LM analysis showed a layer of healthy fibroblasts, in the cells exposed to the dentinal

materials and the bone material used as control, with morphological differences between

them (Figure 11). At 24 h of culture, cells exposed to DDP and TT dentinal material

appeared larger and with a polygonal shape; moreover, cells exposed to the SG and

positive control BIOS were large but presented a more fusiform shape when compared

with DDP and TT groups. All the cells presented cytoplasmatic extensions in the

proximity of the biomaterial. At 72 h, cultured hPLFs appeared to be of higher density.

In all samples, the cells’ shape was large and polygonal, with a high presence of
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cytoplasmatic processes, in the proximity of the material. Cells of the TT group presented

small white particles inside the body. At 7 days, the cells of the DDP group continued to

present a large and polygonal shape, as well as the cells of the TT group, which also

continued to present small white particles inside the body. Fibroblasts of SG and BIOS

appeared polygonal with a more fusiform morphology [87].”

24H 724 __TDAYS

56

DDP

T

BIOSS

Figure 11. LM images of hPLFs with the examined materials and the negative control at 24h,
72h and 7 days. Magnification 20x[87].
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5.2.3 Morphological Analysis: SEM

“SEM observation of the raw material highlighted morphological differences between the

tested dentinal materials and positive control (Figure 12). Specifically, the peculiar

morphology of the dentinal materials was appreciable. The external morphology of SG

and DDP was overlapping, with the presence of the dentinal tubules. Since DDP was

submitted to the demineralization protocol, the surface appeared smoother than the SG.

The morphology of the TT sample appeared more irregular and jagged; the machine

ground the dentin, and it was possible to observe the internal portion of the tubules. BIOS

sample appeared with an irregular surface of mineralized bone [87].”
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Figure 12. SEM images. The first column on the right shows the SEM of the different Raw
Materials. Magnification 200x. The other columns show the different reactions of the fibroblasts
when exposed to the experimental materials SG, DDP, and TT and the positive control BIOS at
24 h, 72 h, and 7 days. Magnification 1000x [87].

“Regarding fibroblasts’ behavior at 24h, the cells body, exposed to the experimental
biomaterials (SG, DDP, and TT), appeared enlarged and had cytoplasmatic extensions.
The surface of cells exposed to SG and TT also presented digitation on the membrane.
HPLFs in contact with DDP were flat, covering the biomaterial but without an external
cellular reaction. Cells in contact with positive control BIOS presented different

cytoplasmatic extensions on the membrane’s surface. At 72 h, different reactions of the

cells exposed to experimental biomaterials were observed. HPLFs in contact with SG and
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BIOS presented thicker membrane surface, with cytoplasmatic eversions, while HPLFs

exposed to DDP and TT showed flat membrane, with cytoplasmatic projections toward

the biomaterials. The surface of the cells exposed to TT showed tiny holes. At 7 days, the

surface morphology of the cells exposed to SG and BIOS materials continued to appear

highly dynamic, with progressive thickening and cytoplasmatic digitations attributable to

lamellipodia and filopodia. The morphology of the surface of HPLFs in contact with DDP

and TT continues to be flattened and characterized by cytoplasmatic extension toward the

biomaterials. The membrane surface of fibroblasts exposed to TT continues to present

tiny holes [87].”
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5.2.4 Morphological Analysis: CLSM

“CLSM observations evaluate the status of the nuclei, the expression of cytoskeleton

elements, such as actin, vinculin, and integrins, and the proliferative state of the cells

(Figure 13). Oval or rounded (blue) shaped nuclei were well-represented in all samples.

The proliferation marker was present in all samples and all follow-ups [87].”

24 H 12H 1Days

SG

T

BIOS

Figure 13. CLSM images. Each row represents the exposure of the fibroblast to the different
biomaterials. For each follow-up, two columns with different fluorescence stains are shown: The
first one from the left shows the expression of proliferation (green signal-anti-Ki67) and the
expression of actin filaments (red signal-phalloidin), vinculin (magenta signal- vinculin), and the
nuclei (blue signal-DAPI). The second stain shows integrin expression (green signal-integrin
aVp3). Nuclei are stained with DAPI (blue signal). Magnification at 63 [87].

“Regarding the expressions of the cytoskeletal markers, HPLFs in contact with SG

expressed vinculin, integrin, and actin in all the follow-ups. Vinculin and integrin signals

were stronger at 72 h, while the actin signal remained constantly expressed in all the
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follow-ups and well distributed in the cytoplasmatic projections. HPLFs exposed to DDP

expressed vinculin, integrin, and actin in all the follow-ups. The integrin signal was

stronger at 72 h. At 7 days follow-up, stronger vinculin and actin signals were reported.

The actin filaments were distributed into cytoplasmatic projections [87].”

“Furthermore, fibroblasts exposed to TT material expressed vinculin, integrin, and actin

in all the follow-ups. The actin signal was stronger at 24 h and 7 days follow-ups,

distributed in the cellular projections and cellular body. The stronger vinculin and integrin

signals were reported at 72 h follow-up. HPLFs in contact with BIOS expressed vinculin,

integrin, and actin in all the follow-ups. At 24 h follow-up stronger vinculin and integrin

signals were reported. Actin signal was stronger at 72 h and 7 days follow-ups, distributed

along with the cytoplasmatic projections [87].”
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5.3 Morphological and Biological Evaluations of hPLFs in Contact with
Different Bovine Bone Grafts Treated with Low-Temperature
Deproteinisation Protocol

5.3.1 Proliferation Assay

“The examined materials (E, B, D, G), positive control (BIOS), and negative control (no

material) displayed growth in the proliferation curve, as suggested by proliferation assays

(Figure 14). The two-way ANOV A was statistically significant (p < 0.05), evaluating the

variation in the OD from the TO and T1, T2, and T3 follow-ups. A significant variation

in the growth curve was observed in negative control and all the experimental materials

from the TO but also in groups exposed to experimental group E and BIOS at the T1

follow-up (Table 4), as highlighted by post hoc Dunnett's analysis. Instead, at any follow-

up, no significant variations in the growth curve were detected by the post hoc Bonferroni

analysis [2].”
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Figure 14. Mean and SD grouped data of the optical density values (Y-axis) of the hPLFs not
exposed to materials (control) and exposed to the different bovine bone grafts (B, D, G, E, and
BIOS) at different examined times (TO, T1, T2, and T3). * Indicates the two-way ANOVA
considering the variation in the OD to assess any absorbance differences in the examined
materials between the group exposed to the experimental materials and the negative control at
the moment of seeding (T0), and the T1, T2, and T3 follow-up resulted statistically significant [2].

Dunnett's Multiple

C . Mean Diff. 95.00% CI of Diff. Adjusted p Value
omparisons Test
TO
CONTROL vs. E 0.000 —0.03112 to 0.03112 >0.9999
CONTROL vs. B 0.000 —0.03112 to 0.03112 >0.9999
CONTROL vs. D 0.000 —0.03112 to 0.03112 >0.9999
CONTROL vs. G 0.000 —0.03112 to 0.03112 >0.9999
CONTROL vs. BIOS 0.000 —0.03112 to 0.03112 >0.9999
T1
—0.08196 to
CONTROL vs. E —0.04433 —0.006706 0.0293
CONTROL vs. B 0.01500 —0.1319 t0 0.1619 0.9411
CONTROL vs. D —0.06233 —0.3709 to 0.2463 0.6323
CONTROL vs. G —0.07700 —0.1584 to 0.004411 0.0572
CONTROL vs. BIOS —0.06733 —0.1283 to —0.006324 0.0383
T2
CONTROL vs. E 0.1517 —0.1327 to 0.4360 0.1765
CONTROL vs. B 0.06467 —0.01648 to 0.1458 0.0969
CONTROL vs. D 0.02300 —0.03654 to 0.08254 0.4412
CONTROL vs. G 0.07267 —0.1858 to 0.3312 0.4911
CONTROL vs. BIOS —0.08500 —0.3450 to 0.1750 0.4022
T3
CONTROL vs. E 0.2557 —0.1434 to 0.6547 0.1567
CONTROL vs. B 0.1223 —0.3039 to 0.5486 0.5478
CONTROL vs. D 0.009333 —0.4114 to 0.4300 0.9999
CONTROL vs. G —0.01467 —0.4908 to 0.4614 0.9992
CONTROL vs. BIOS 0.03733 —0.3601 to 0.4348 0.9863

Table 4. Dunnett’s post hoc multiple comparison results [2].
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5.3.2 Morphological Analysis: LM

“LM analysis unveiled a high-density layer of healthy hPLFs in all groups of cells

exposed to the materials, with differences between them (Figure 15). At the T1 of the

culture, the control group of hPLFs showed small dimensions and a fusiform shape of the

cellular body [2].

All the experimental groups showed a more prominent cellular shape compared to the

control group, displaying cytoplasmatic extensions towards the biomaterials. Larger cell

dimensions were also detected in the positive control group. At T2, the negative control

group displayed fusiform cells with opalescence signs. Slightly fusiform cells,

characterized by cytoplasmatic prolongations in the proximity of the material, were also

observed in hPLFs of group E. Multilayer cells, with a high presence of cytoplasmic

processes towards the material, were also detected in group B. Cells characterized by

enlarged cellular bodies were observed in D and G groups. A large shape, characterized

by cytoplasmatic extensions, was also detected in hPLFs exposed to the Bio-Oss graft.

Fusiform morphology was observed in the negative control cells at T3. In contrast, cells

of groups E, B, D, and G, and hPLFs of the positive control group Bio-Oss (BIOS)
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presented a polygonal shape, appeared densely packed, also displaying cytoplasmatic

extensions in the proximity of the biomaterials [2].”

CONTROL Bio0SS 3 B D G

Figure 15. LM images of hPLFs with the examined materials and the negative control at
different times. Magnification 20x [2].

5.3.3 Morphological Analysis: SEM

“SEM observations (Figure 16) showed that, at T1, the body of fibroblasts exposed to

biomaterials E, B, D, and G, and Bio-Oss were enlarged with cytoplasmatic extensions

and digitation on the membrane. At T2, the HPLFs in contact with the E biomaterial were

flat, while the cells exposed to experiment biomaterial B produced a cytoplasmatic

extension towards the biomaterial. Cells exposed to biomaterial D continued thickening,

while those exposed to G appeared flat. HPLFs in contact with Bio-Oss were thicker, with

cytoplasmatic extensions and digitation on the membrane. At T3, the fibroblast surfaces

exposed to E biomaterial appeared flat and covered the bone particles. The surface
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morphology of the cells exposed to material B appeared highly dynamic with thick
cytoplasmatic prolongation. In contrast, HPLFs exposed to D and G biomaterials showed
a flat morphology but covered and incorporated the biomaterial particles. The cells
exposed to Bio-Oss continued to appear thick, incorporating bone particles with

cytoplasmatic prolongation from the membrane [2].”

Bio-Oss _E | B D G

Tl

12

13

Figure 16. SEM images. Different reactions of the fibroblasts when exposed to the grafts Bio-
Oss, E, B, D, and G at 24 h, 72 h, and 7 days. Magnification: 500x [2].
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5.3.4 Morphological Analysis: CLSM

“The CLSM observations allowed us to assess the status of the nuclei (blue) and the

expression and distribution of the actin (red). The nuclei showed an oval or rounded (blue)

shape and were well-represented in all samples. The actin (red) staining differed between

groups and among the follow-up times. The negative control group showed weakness in

the red signal; at the T3 follow-up, the signal slightly increased. At the T1 follow-up,

experimental groups E, B, and D showed a strong red signal, which progressively

increased at T2 and T3 follow-ups. Actin distribution was observed in the cellular

contour, projections, and protrusions [2].

Regarding the fibroblasts exposed to G, the material showed a weak actin signal at the T1

follow-up, mainly present at the contour of the body cells. The G samples started to

express a stronger actin signal at T2, distributed in the cytoplasmatic projections; the

signal and the distribution increased at the T3 follow-up. Regarding the sample Bio-Oss,

the actin signal was expressed at the T1 follow-up and increased in T2 and T3 follow-ups

(Figure 17) [2].”
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Control Bio-Oss E B D G

Figure 17. CLSM images showing actin filaments using phalloidin in control and treated
fibroblasts marked with CD90 (green) at different follow-up times. Magnification 63x [2].
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CHAPTER 6 - DISCUSSION

Regenerative medicine is a health science field that restores damaged tissues by

exploiting their regenerative potential and providing specific biomolecules and growth

factors that trigger and sustain the regenerative process. HPLFs are a fundamental

contributor to regenerative dynamics of periodontal tissues and are also involved in

immune and inflammatory pathways in periodontal disease [94]. HPLFs in fact are a

heterogenous cellular population, characterized by considerable self-renewal capacities

and dependent from several soluble factors, which determine their distinct fates [94].

Regarding the biomaterials applied for regenerative purposes, a pivotal role is reserved

to APCs. Platelets are important regulators of coagulation, hemostasis, angiogenesis, and

tissue regeneration [95], which provide autologous concentrates easy to obtain for

experimental and clinical purposes. APCs, which contain a polymer of fibrin matrix with

a high concentration of growth factors [17,96,97], are characterized by a high regenerative

potential, and are frequently applied in regenerative therapies and interventions [98].

Nevertheless, there is still a challenging debate on the efficacy of APCs’ protocols. APCs,

derived from a patient’s venous blood, are particularly rich in growth factors involved in

the binding of receptors of the healing process. Moreover, they also contain cytokines and




anti-inflammatory molecules as a further biological value [99]. The APG, the PRF, and

the CGF in fact release growth factor: among them, PDGF, TGF-B, ILGF-1, VEGF, and

EGF, which exert a chemotactic activity and regulate differentiation and proliferation in

the cellular environment [100]. APCs’ regenerative potential is also determined by the

timing for the release of growth factors: due to a different timing for fibrin

polymerization, the APG is characterized by a quick release of growth factors, while the

PRF and CGF by a slow growth factors’ release [100]. Moreover, scientific evidence

reported the release in the first hour of a significant amount of growth factors by the APG,

when compared to the PRF [100].

The regenerative induction is different and based on the application of different materials

according to the specific clinical situation. Furthermore, the timing of the growth factor

release influences the choice of the material to use regarding performance, as suggested

by the pre-determined treatment plan. The APG might be a valid option, when a fast

regeneration but no intervention later in time is necessary, instead, the PRF or CGF may

represent a better alternative, when several surgical interventions are required. This issue

is highlighted by the results of our in vitro study. The XTT assay unveils a difference in

the proliferation activity of hPLFs, exposed to three selected APCs at different times.

85



The PRF showed and intense proliferation at 24h, with a subsequent decrease, as

highlighted by XTT assays. This trend could be due to a reduction in the number of

platelets and a thick fibrin matrix, occurring with the application of high spin protocol,

procedures used in socket preservation or in treating periodontal defects [101].

The application of PRF, associated with an open flap technique, determines a significant

reduction of the periodontal depth than at control sites with a difference of 2.17 mm [102].

Furthermore, a lower density characterizes the CGF fibrin matrix, when compared to the

PRF: for this reason, the fibrin network is not able to contain a higher volume of platelets

and growth factors [103]. The APG instead is characterized by an initial release of growth

factors, probably associated with the low density of the fibrin matrix in which the platelets

are not trapped [104]. The APG application is also essential for the activation of

biomaterials, such as bovine bone grafts, by creating a gel incorporating bone chips,

promoting the insertion during interventions for ridge preservation, sinus floor

augmentation, or treating mandibular l1-degree furcation [105]. Scientific evidence

highlighted that the application of APG, combined with bovine bone grafts, determines a

lack of closure of the furcation defects, ascribing a limited role of autologous APG as a

regenerative material in the periodontal field [106].
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Our LM and SEM evidence showed significant morphological changes due to the

presence of APCs, which support the proliferation data provided by the XTT assay. The

cells’ ability to move over the surface of APCs is confirmed by the detected hPLF

spreading and differences in the spreading time are probably due to the microenvironment

[107], which is sensitive to APCs’ physical properties, such as the stiffness and thickness

[108]. Furthermore, the cellular activation and interaction with the extracellular

environment are confirmed by the increase in cell body dimensions, the polygonal shape,

and the presence of cellular projections. These structural and ultrastructural findings

unveil a fine balance between motility and adaptive cell adhesion to the APC components.

CLSM evidence clarify the LM and SEM observations. CLSM investigates the expression

of the most abundant cytoplasmatic protein of eukaryotic cells, actin protein, which

performs multiple functions, including morphological changes, signal transduction, and

cell motility [109].

A progressive increase and a dynamic distribution of actin prove the cytoskeletal

remodeling enhanced by APCs. As highlighted by the controls at 24 h, 72 h, and 7 days,

actin expression was physiological and characterized by a stable morphology. Besides,

an intense actin expression at all the selected times, with a significant re-organization of
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the intracellular actin protein inside the projections was observed in hPLFs cultured with

APCs. The induction of proliferation by APCs is confirmed by theseevidence, specifically

when combined to the analysis of the nuclei; at the same time, these data proved the

cytoskeletal re — organization highlighted by SEM.

Furthermore, actin is a cytoskeletal protein involved in the modification of cellular

morphology, movement, and migration of cellular organelles, but it is also the indicator

of fibroblast activation [110-112]. Recent study assessed the stimulatory effect of APCs

on migration and proliferation of hPLFs [113], supporting their clinical application.

The cytosolic actin is responsible of the development of cellular projections, such as

lamellipodia. Moreover, specific cytokines exert in the wound key chemotactic and

repairing roles for the subsequent regenerative processes. Specifically, PDGF and TGF-

B released during wound healing, promote cellular proliferation, migration, and collagen

synthesis in fibroblasts [114,115].

Our structural and ultrastructural evidence unveil the interaction between the chemical-

physical properties of the selected APCs and fibroblast activation. All the APCs are

suitable for tissue regeneration techniques and showed significant regenerative potential

on hPLFs; however, the differences in proliferation, spreading, and fibroblast activation
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may determine the choice of the appropriate APC according to specific clinical situations

in regenerative periodontal applications.

As regards the bio-morphological reaction of hPLFs to different types of dentinal

derivates, our research highlights that different degrees of dentinal mineralization induce

distinct cellular reactions. Dentinal derivates are a new class of autologous biomaterial

with a considerable regenerative potential. Dentin is an available tissue for dentists, with

a versatile chemical composition and interesting embryologic origin [63]. Dentin is

composed by a mineral phase (70%), organic matrix (20%), water (10%), and tubule of

odontoblasts, embryologically derived from a mesenchymal tissue. Dentin mineral phase

included calcium-phosphate molecules, while the organic matrix is formed by collagen |

fibers and proteins such as growth factors, such as BMPs. Due to this composition, it is

considered a valid grafting material [63]. The development of different protocols, to

obtain a granular material similar to the bone tissue, provided an autologous material

more available than autologous bone. Mineralized deproteinized dentine and

demineralized dentine are valid options obtained by the available machines. These

dentinal derivates have a solid 3D structure; demineralized dentin is associated with

collagen and BMPs [62].
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The application of the mineral part of the body without performing a bone auto-transplant

is not new; nevertheless, the commercialization of the machines, which process the tooth

is recent, and the reactions of the oral hard tissues to these grafts are still debated

[116,117]. Noteworthy, the processing methods cannot defeat the quality issues of the

dentinal tissue source. The fibroblast adherence [118] is determined by a clean surface

obtained with accurate root scaling and debridement [118] or by laser therapy or

photodynamic therapy for selective biofilm [119]. However, the quality of obtained graft

might be improved by a pre-treatment of the tooth source.

Dentinal derivates are applied to correct bone defects before implant placements and for

alveolar socket preservations. Scientific evidence [97] confirmed the dynamic reaction of

post-extractive sites histologically, successively hosting implants filled with mineralized

dentin derivates. Specifically, histological observations detected the presence of newly

formed bone tissue and the residue of particle dentin [97]. Furthermore, implants’

osseointegration was confirmed at the one-year follow-up [97].

Recent clinical trial compared the integration of mineralized dentin and xenograft in post-

extractive sites for ridge preservation and implant placements [120]. From a histological

point of view, a quantity of newly formed bone in the sites filled with the dentin was
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detected, and no differences in the implant therapy outcomes [120]. Other studies

histologically evaluated the demineralized dentine graft, derived from the same protocol

we applied for TT, placed in post-extractive sites and compared to a graft mixing the

demineralized dentine and the mineralized deproteinized bone [121]. After four months

of follow - up, there was a higher percentage of newly formed bone in the sites grafted

with the dentine than in the sites grafted with the mixed materials, as confirmed by

histological evidence [121].

Regarding our in vitro study, a positive response from the hPLFs exposed to the selected

materials was observed, with similar reactions with SG, BIOS, and different behavior

toward DDP and TT. The mineralized materials induced the thickening of the membrane,

related to the mineral content, as a surface reaction, while regarding the response timing,

TT showed the best results, considering the proliferation and adhesions at the T2, due to

the proteins and induction factors missing in the DDP. However, the cells showed a later

response (T3) to the demineralized scaffold.

Furthermore, different mineralization degrees affect fibroblast proliferation. In our study,

the distinct types of dentinal derivates determined distinct biological and morphological

reactions. All the experimental materials induced a significant proliferation in the hPLFs.
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The SG determined a significant growth difference at all the follow-up times. At the T3

follow-up, all the materials, except for the DDP, induced significant growth compared

with the negative control. Yeomans et al. [122] highlighted how demineralized dentin

placed in bone sites induced the formation of bone earlier than the mineralized dentin.

Some studies [123] found BMPs in the demineralized dentin as potential cellular

inductive factors. Blum et al. [124] confirmed this issue, suggesting that the

demineralization of the dentin promotes the release of the cellular induction. Besides,

demineralized dentin provides a suitable carrier for inductive growth factors, differently

from mineralized materials, which request more time to degrade; at the same time, the

mineral content influences cellular activity.

Our data align with the findings reported in the literature [125,126]. As Alliot-Licht et al.

[127] reported , HA causes a first initial delay in the proliferation activity of the hPLFs

and an increase on the third day of in vitro culture. Moreover, LM and SEM observations

unveil critical structural and ultrastructural reactions toward a different type of dentinal

graft: the observed changes in the shape of the fibroblasts suggest a positive reaction to

the material exposure in terms of cellular activation, as confirmed by the dimensional
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increase in the cell body, the polygonal morphology, and the development of several

cellular digitations towards the material granules.

SEM images highlighted the fibroblast membrane reaction to the different types of

dentinal derivates and the positive control. HPLFs are characterized by thickening their

membrane in the presence of SG and BIOS, while hPLFs exposed to DDP and TT reacted

by flattening their membrane. These ultrastructural evidence are consistent with those in

the literature. Recent studies [128] highlighted how the deproteinized mineralized dentin

enhance the elongation of human dental pulp stem cells adhering to the graft surface. As

reported in the literature [62], the demineralized dentin induced adhesion of osteoblasts

on the surfaces of the tested graft. However, the authors did not observe a thickening of

the membrane [62]. CLSM observation confimed the LM and SEM data. A progressive

increase and a dynamic expression and distribution of vinculin, actin, and integrin are

suggestive of the cytoskeletal reaction to the experimental material. Integrins are a family

of transmembrane adhesion receptors composed of non-covalent heterodimeric

complexes involving o and B chains, which regulate different cellular effects in

physiological and pathological situations [129]. A growing body of evidence highlight

that integrin aVB3 plays a pivotal role in angiogenesis and migration processes [130].
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Instead, vinculin is an actin-binding protein that regulates cell adhesion by directly

binding to actin, stimulating its polymerization, and recruiting actin- remodeling proteins

[131]. These cytoskeletal markers were expressed in all experimental and control

materials, but with difference depending on the follow-up times: at 24 h, actin filaments

were visible in all materials. Vinculin and integrin are primarily expressed in the DDP

and BIOS material, suggesting an earlier adhesion of the fibroblasts [132,133]. At 72 h,

the DDP and TT showed stronger vinculin and integrin signals than the SG and BIOS,

characterized by a well-defined actin expression, suggesting the reorganization of the

cytoskeletal components. Actin is a cytoskeletal protein involved in the morphological

changes of the cells and the movement of cellular organelles; therefore, it is a signal of

the activation of fibroblasts [108,111,112]. At the 7-day follow-up, vinculin was highly

expressed in fibroblasts exposed to the DDP material, while actin expression was more

detectable in fibroblasts exposed to the other materials. Our results are supported by

previous evidence in the literature: Hakkinen et al. [134] showed different fibroblast

reactions in terms of migration and adhesion in 2D cultures, underlining how actin plays

a pivotal role in cellular migration and adhesion to the ECM. For these reasons, the

mineralization degree and the protein content affect the hPLF reactions in terms of
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proliferation, adhesion, and migration. The DDP, which provides a demineralized

scaffold, is associated to an early adhesion of the cells. Moreover, the SG which provides

a solid mineral scaffold, showed a similar expression of the adhesion protein at the middle

point (72 h), to the BIOS and TT, which provide a demineralized scaffold with BMPs

releases. Indeed, the DDP showed a late adhesion response of the fibroblasts at 7 days

follow-up.

Finally, our research investigates the morphological and biological reaction of hPLFs to

different bovine bone grafts treated with low-temperature deproteinization protocol. Our

results highlighted how the physiochemical properties of these biomaterials, given by the

manufacturing process, play a pivotal role in cellular stimulation. Moreover, the quality

of the regenerative properties of grafting materials relies on their physiochemical

compositions, with significant effects on cellular induction, conductivity, stability of the

scaffold, and degradation mechanisms [135]. Xenografts are still a valid option for oral

surgery and periodontal regeneration procedures, even if some of their properties are still

debated. Specifically, several studies have analyzed the effect of the size of the granules

in bone tissue regeneration procedures [136,137]. Scientific evidence assessed that small

granules (size 0.4mm) are resorbed faster than large granules, leading to the synthesis of
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osteoid tissue [137]. Other studies confirmed the linkage between the size of the particles,

the properties’ surface, and the remodeling process, by using a different type of graft

[136]. Leiblein et al. reported the effects of the particle’s sizes of grafts on the

regenerative process, specifically regarding inflammation and bone formation [138].

Moreover, the quality of the collected bone particles also impacts on the regenerative

process: the trabecular structure, which characterizes cancellous bone grafts, induces new

vascular supply and graft integration [139]. However, due to a weak structural stability,

the trabecular structure is not able in supporting the load [139]. Stability and resistance

to compression loads are also provided by cortico-cancellous bone, which also induces

cellular proliferation in the trabecular structures, as reported by Mazzoni et al. [140].

Furthermore, treatments to remove prion and animal protein from bovine-derived grafts

were also performed and these procedures, both high temperature and chemical

treatments, impact on the structure, the surface, the mineral content and stability of the

biomaterials. Indeed, xenografts submitted to higher temperatures make products slowly

absorbable [141]. Recent studies compared the resorption process of two biomaterials in

vivo, subjected to low or high temperature protocols [142]. A lower ratio of mineral phase

(Ca/P), collagen, higher porosity, and a higher capacity to be degraded was found in
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xenograft treated with low temperature compared to the graft treated with high

temperature [143]. Block et al., instead, examined the stability of high-temperature

biomaterial, applying an animal origin over an extended period: the authors reported that

the application of this type of material is not associated to a long-term stability in ridge

augmentation [143]. Moreover, recent evidence highlighted a low cellular proliferation

of a pre-osteoblastic line in contact with two types of xenografts (one processed with high

temperature and chemical solvents, and the other not), reporting no differences at the T2

follow-up [144]. This study demonstrated how the temperature treatment impact on the

porosity and cellular capacity of the material’s penetration, by influencing the cellular

viability tests [144].

Our study describes the cellular reaction of hPLFs, towards biomaterial of different sizes,

not submitted to high temperature, from a proliferative to a morphological point of view.

XTT data highlighted a positive growth in all follow-ups and experimental materials, with

no difference and considering their size and composition. Morphological data highlighted

the qualitative differences in the observed in vitro culture. Furthermore, LM observations

detected structural modifications in the cellular shapes of all exposed samples. SEM

observations highlighted a progressive thickening of the membrane and the development
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of cellular projections and extension towards the biomaterial in hPLFs exposed to the

cortical and cancellous granules with a size between 0.25 and 1 mm (sample B) and not

exposed to chemical deproteinization. HPLFs exposed to the other three samples, E

(cancellous granules with a size between 0.25 and 1 mm), D (cortico-cancellous granules

with a size between 0.25 and 1 mm), and G (cancellous granules with a size between 1

and 2 mm), showed a progressive flattening of the membrane and the development of

external projections. Besides, SEM observations detected a different cell culture behavior

when exposed to the positive control material (cancellous granules with a size between

0.25 and 1 mm exposed to high temperature and chemical deproteinization), with a

progressive thickening of the membrane in the considered follow-ups. CLSM images

support SEM findings and unveil how the actin signal appears stronger in B and D

samples than in E and G samples in T1 and T2 follow-ups.

Moreover, CLSM observations highlighted a progressive increase in the actin signal from

T1 to T3, by confirming the stimulation of the membrane from the positive control

material. This progressive increase in the actin signal, combined with structural and

ultrastructural modifications in the cellular shape, suggest how the xenografts stimulated

a reorganization of the cytosolic actin and cytoskeleton modifications. Finally, actin
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protein is a definitive marker of fibroblast activation, involved in shape modifications,

migration, and cell organelle movements [111].

As regards the effects of graft chemical deproteinization on cellular morphology,

chemical treatment is another critical factor influencing the final properties of the product.

The WHO guidelines for prions’ inactivation recommend the application of NaOCI and

NaOH [145]. Chemical deproteinization is essential to remove prions and animal

proteins, which might result in an immunological reaction by the host organism, with

interesting effects on the properties of the graft. Therefore, some studies reported how

xenografts deproteinised with pepsin have more osteogenic properties than those

submitted to H>O> deproteinization [146].

Bi et al. [147] analyzed the cancellous bone treated with NaOH, highlighting how these

xenografts presented surface fissures, the high organic content of Ca and P, lower

resistance to mechanical stress, low trabecular thickness, and low cytocompatibility.

Our data are consistent with previous evidence, as shown by the XTT proliferation assays

and morphological observations. Bonferroni post hoc analysis did not show any

significant differences between the experimental materials submitted to the chemical

process of deproteinization. LM observations detected an increase in cellular body sizes
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and a modification into a polygonal morphology, confirmed by SEM examinations

showing the development of cellular projections towards experimental material B.

Moreover, these data were supported by the expression of a strong actin signal in CLSM

investigations. Low temperatures and lack of exposure to the chemical deproteinization

promotes the cytosolic actin, lamellipodia development, cellular membrane's thickening,

and a possible cellular migration towards the biomaterials. The possible clinical

implications of using xenografts processed with low temperatures and not chemically

exposed in periodontal defects regeneration are a faster healing process due to important

conduction and stimulation at the cellular level.
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CHAPTER 7 - CONCLUSIONS

According to our bio — morphological evidence, APCs are suitable as scaffold materials

for fibroblast cell culture. These findings suggest that APCs may be reliable materials for

guided tissue regeneration techniques in periodontology.

As regards dentinal derivates, different degrees of dentinal mineralization promote

different cellular behaviors in terms of proliferation, migration, and adhesion (as shown

by the proliferative assays). Furthermore, LM and SEM examinations highlighted the

expression of cytoskeletal markers and the change in the external morphology. The

knowledge of the inductive and conductive effects of the degree of mineralization of the

dentine on the cellular behavior will help the clinician in the choice of the type of dentine

derivates material according to the required clinical situation.

Despite the described limitations, our biological and morphological results indicated that

all xenografts not submitted to high temperature showed important cellular stimulations,

with specific and interesting interactions with the material not chemically treated. These

evidence also suggest that alternative deproteinization protocols are less invasive for

making xenografts compatible and might improve the osteoconductive properties in
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regeneration interventions. However, animal model experiments and randomized clinical

trials are needed to confirm these results.
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and SEM.

Our results highlighted a similar cell behavior towards the two bovine
pericardium membranes, detecting a cellular migration along and within the layers
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extensions.
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» Autologous biomaterials in dentistry: role of platelets derivated,
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“Come scrivere una proposta di successo nel tema eic —accelerator”. Dott. Renato
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“Come scrivere una proposta di successo nel tema eic —pathfinder — eic transition
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