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ABSTRACT

Platelet-rich plasma (PRP) is a concentrated gel of platelets that contains several growth
factors. Growth factors have been recognized as the part of PRP that play role in regeneration of
the bone. It is not clear how these growth factors in PRP affect the bone regeneration. Resolvin
E1 (RvEL; 5S,12R,18R-trihydroxyeicosapentaenoic acid) is an pro-resolving lipid mediator
derived from omega-3 fatty acid eicosapentaenoic acid and shown to have potent effects on the
resolution of inflammation. The purpose of this study was to analyze the action of PRP and
RVEI on the proliferation and behavior of osteoblasts and osteoclasts in vitro. PRP was
prepared from 14 healthy donors. Osteoblast cultures were from a cell line (Saos2) of
osteosarcoma cells. Osteoclasts were differentiated from primary human peripheral blood
monocytes. Osteoclastic morphology was studied and activity was analyzed via resorption on
dentin discs using SEM. PRP and RVE1 were added at different doses and time-points.
Osteoblast function was analyzed by osteocalcin expression and release. Osteoclast activity was

assessed by resorption and cathepsin K expression. PRP and RvE1 comparably increased the
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osteoblastic activity and suppressed the osteoclast differentiation and function. These results
suggest that multiple tools are available to reverse the inflammation and restore the lost bone

architecture as a result of periodontal disease.
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I. INTRODUCTION

Regeneration and restoration of hard tissues in the periodontium present the major
challenge in periodontal therapy. Various mechanical techniques have been used with limited
success. A true regeneration can only be accomplished through the modification of biological
mechanisms of tissue turnover in order to favor the formation over destruction. Clinical
application of bioactive molecules in periodontal regeneration is not a new approach; however,
recent developments in understanding the processes of how the bone turnover is regulated and
thus could be modified through the growth factors and various other bioactive molecules have
introduced novel tools for the regeneration of the lost tissues due to the inflammatory processes
in periodontium.

Platelet rich plasma is a relatively new technique through which various growth factors
from the patient’s own blood can be prepared and used during the surgical procedures in the oral
cavity. To date, at least seven growth factors have been identified in platelet rich plasma and
these factors have been attributed to various biological aspects of the wound healing. While the
efficacy of the platelet rich plasma around periodontal defects is a controversial issue in clinical
trials, periimplant and bone augmentation applications have been shown to enhance the success
of bone grafting. On the other hand, it is still not clear how the bone regeneration could be
enhanced through the introduction of concentrated growth factors in platelet rich plasma.

It has been suggested that the clinical inflammation could be one of the major limiting
factors in the success of the delivery of growth factors and their functional properties. Recent in
vitro and in vivo data from our group have demonstrated that the inflammation in periodontal
tissues could be reversed and resolution of inflammatory events would result in complete

regeneration of the periodontal tissues lost due to periodontal infection. These encouraging



results have been obtained using various novel compounds, which are collectively known as
resolution agonists. Resolvin E1 is the most well characterized member of this genus of
resolution phase mediators of inflammation.

In this study, we have tested the functional impact of platelet rich plasma and Resolvin
E1 on the osteoblasts and osteoclasts in vitro. The results show that these two distinct biological
strategies suppress the osteoclastic activity and enhance the osteoblastic function. These
findings imply that the combination of these techniques can overcome the shortcomings of the
clinical success of platelet rich plasma as a potential treatment method to accomplish periodontal

regeneration.



II. BACKGROUND

A. Alveolar Bone
1. Structural and Functional Characteristics of the Alveolar Bone

The alveolar bone is the thickened ridge of the mammalian jaw, which contains the dental
alveoli. It is also referred to as the alveolar process. In humans, the tooth-bearing bones are the
maxilla and the mandible [1]. Dental alveoli are the sockets in the jaws in which the roots of the
teeth are held in the alveolar process of maxilla with the periodontal ligament. Alveolar bone
provides the primary support to teeth. Comparable to other parts of the skeleton, alveolar bone
undergoes a continuous and rapid remodeling during tooth eruption and mastication.

The anatomy of the alveolar bone is complex [2]. Alveolar bone is composed of bundle
bone [3], which is formed in lamellae parallel to the coronal-apical direction of the tooth.
Sharpey’s fibers extend obliquely from the lamellae and are continuous with fibers of the
periodontal ligament. Outer layer of the alveolar bone forms the lingual and labial surfaces of
the alveolar process. This layer is a thick cortical plate extending from the jaws. There are
numerous marrow spaces within the cancellous bone and smaller endosteal spaces present in the
cortical bone. Some of the small endosteal spaces extend into the periodontal ligament [4].

The ability of bone cells derived from adult rabbit alveolar bone to form mineralized
tissue nodules, which looks like the bone, has been described [5]. While these studies and
different systems provide some investigating specialized aspects of the molecular and cellular
biology of alveolar bone in a controlled environment, but still most of the current information
about alveolar bone comes from studies of other bone tissues in the skeleton. [6]

The alveolar bone forms in relation to the teeth [7] but structurally it is similar to, and

continuous with, the basal bone. Paracrine factors, including cytokines, chemokines and growth
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factors, which have been implicated in the local control of mesenchymal condensations that
occur at the onset of organogenesis, are likely to have a prominent role in the development of the
alveolar processes. While the growth and development of the jaw determines the position of the
teeth, a certain degree of re-positioning of teeth can be accomplished through occlusal forces and
in response to orthodontic procedures that rely on the adaptability of the alveolar bone and

associated periodontal tissues.

2. Cells of the Alveolar Bone

Osteoblasts

Osteoblast is a mononucleated cell that is responsible for bone formation. Osteoblasts
produce the osteoid, which is composed mainly of Type I collagen. Osteoblasts are also
responsible for mineralization of the osteoid matrix. In the course of development during
embryonic steps, osteoblasts arising from condensing mesenchyme in the facial region, forms
intramembranous bone of the maxilla and mandible initially which later creates bony alveoli that
house all the teeth of the developing dentition.

Osteoblasts are the most active secretory cell in bone. They are generally cuboidal or
slightly elongated cells that cover a large percentage (depending on age and anatomical site) of
bone surfaces. Osteoblasts are responsible for the production of the organic matrix of bone [8].
Osteoblasts form an extensively perforated sheet with other adjacent osteoblasts, which, in
addition to producing alveolar bone matrix proper, must additionally embed continuously

remodeling periodontal ligament fibers in a rather precise manner [9]



Continuous bone remodeling at the innermost layer alveolar surface (socket) and within
the alveolar bone causes temporary detachment of small portions of the periodontal ligament
from the alveolus. This process is rapidly followed by synthesis of new periodontal ligament by
fibroblasts together and new alveolar bone production by osteoblasts. The repair process allows
for re-attachment at the remodeled sites. Remodeling of the alveolar bone allows for
maintenance of tooth biomechanical function. Since osteoblasts are of mesenchymal origin,
when they are fully differentiated and actively secreting bone matrix, they become the post-
mitotic cells containing a cytoplasm rich in synthetic and secretory organelles such as rough
endoplasmic reticulum, Golgi apparatus, secretory granules and microtubules [10].

The osteoblasts produce organic matrix that contains mostly type I collagen and various
other noncollagenous bone proteins and plasma proteins [11]. The major collagen-producing
cells are osteoblasts, fibroblasts and odontoblasts [12]. Studies on bone and teeth demonstrated
phosphoprotein and/or glycoprotein deposition into prebone (osteoid) and predentin, followed by
its subsequent accumulation at the mineralization in these tissues [13]. Therefore, as shown for
collagen, the release of noncollagenous proteins appears to occur primarily at the base of
osteoblast (and odontoblast) cell processes and from the cell body itself. While some secreted
proteins associate with the collagen to form new matrix, some of the acidic proteins appear to
diffuse through the osteoid and, due to their affinity for hydroxyapatite, accumulate at the
mineralization front. Collagen fibril formation in bone is initiated when collagen filaments
released by osteoblasts assemble extracellularly into striated fibrils to form the osteoid, a light
microscopic term for the seam of unmineralized bone matrix closest to the osteoblast, although
numerous small foci of mineralization can also be observed within the osteoid layer by electron

microscopy [14]. Certain noncollagenous and plasma proteins co-localize with these early foci,



although the vast majority appear to accumulate at the mineralization front and throughout the

mineralized bone matrix [15].

Osteocytes

The osteocyte is a star-shaped cell and the most abundant cell in compact bone. When
osteoblasts become trapped in the matrix they secrete, they become osteocytes. Osteocytes are
networked to each other via long cytoplasmic extensions that occupy tiny canals called
canaliculi, which are used for exchange of nutrients and waste. The space that an osteocyte
occupies is called a lacuna. Although osteocytes have reduced synthetic activity and, like
osteoblasts are not capable of mitotic division, they are actively involved in the routine turnover
of bony matrix, through various mechanosensory mechanisms. Similar to the osteoblasts,
osteocytes develop in the mesenchyme. Hydroxyapatite, calcium carbonate and calcium
phosphate are deposited around the osteocytes as they differentiate from osteoblasts.

Osteocytes are one of the mature shapes of osteoblasts. After maturation, osteoblasts may
undergo apoptosis, trapped in matrix as osteocytes or remain on the bone surface as bone lining
cells. Ones that turn to be osteocytes occupy spaces (lacunae) in bone and are defined as cells
surrounded by bone matrix, whether mineralized or still part of the osteoid seam [16].
Osteocytes have a decreased quantity of synthetic and secretory organelles, and are smaller cells
than osteoblasts with the nucleus occupying a significantly larger proportion of the cell.
Although they are diminished in size, these cells have the full complement of organelles capable
of effecting protein secretion [17], a feature perhaps reflected by the variable appearance of the
perilacunar matrix frequently observed surrounding these cells [18].

A major feature of osteocytes is the presence of numerous and extensive cell processes

that ramify throughout the bone in canaliculi and make contact, frequently via gap junctions,
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with processes from other osteocytes or with similar processes extending from osteoblasts or
bone-lining cells at the surface of the bone [19]. Thus, considerable potential exists for
communication among these cells, a factor of great importance considering the spatial isolation

of osteocytes within such a dense, rigid mineralized matrix.

Bone-lining Cells

Bone-lining cells cover most bone surfaces in the adult skeleton [20]. These flat cells that
line non-remodeling endosteal bone surfaces are suggested to be a distinct phenotype with
distinct morphology and important functional roles in skeletal physiology, metabolism, and
remodeling. The transition from osteoblast to bone-lining cell clearly involves a series of
gradual morphological and functional changes that culminate in decreased protein secretion [21].
The relative paucity of organelles in these cells indicate that they are less involved in secretion of
bone matrix. Transformation of osteoblasts into bone-lining cells may represent the final
phenotype of the osteoblast lineage prior to activation of the bone remodeling. The ultimate fate
of bone-lining cells is presumably death by apoptosis. Although in mammals there is little
evidence that bone-lining cells can regain a capacity to produce lamellar bone matrix, in adult
birds, bone-lining cells appear to retain osteogenic potential, proliferating in response to estrogen
and contributing to the formation of woven medullary bone [22]. Together with osteocytes, bone
lining cells and their connecting cell processes appear to form an extensive homeostatic network
of cells capable of regulating plasma calcium concentration through mechanisms partly

independent of those related to the bone remodeling system [23].



Osteoclasts

An osteoclast (from the Greek words for "bone" and "broken") is a type of bone cell that
removes the bone tissue by removing its mineralized matrix. This process is known as bone
resorption. Osteoclasts and osteoblasts are instrumental in controlling the amount of bone tissue.
Osteoclasts are formed by the fusion of cells of the monocyte-macrophage cell lineage.
Osteoclasts are critical for bone to respond to biological regulatory factors and functional forces.
The coupling of bone resorption with bone formation constitutes one of the fundamental
principles by which bone is necessarily remodeled throughout life [24].

Apart from its multinucleation, the most striking feature of the osteoclast is the presence
of an actin-, vinculin- and talin-containing clear (sealing) zone in the peripheral cytoplasm that
delineates a more central region of membrane infoldings (plates) and finger-like processes
termed the ruffled border [25]. Resorption of bone occurs in an acidified extracellular matrix
compartment as a result of the combined actions of a variety of ruffled border membrane-
associated enzymes including a tartrate-resistant, vanadate-sensitive acid adenosine
triphosphatase, carbonic anhydrase isozyme II and proton-pumping adenosine triphosphatases
[26]. Although numerous states of osteoclast differentiation can be observed and are reflected by
different osteoclast morphologies, it is thought that the presence of small and large cathepsin-
containing cytoplasmic vacuoles/vesicles, often in the immediate vicinity of the ruffled border,
are indicative of resorptive activity by these cells. Among these membrane-bound structures,
there exists a population of small, spherical vesicles having a single indentation of the membrane
at one site and appear to contain lysosomal and plasma membrane enzymes, and thus may
participate in certain degradative activities performed by the osteoclast and/or plasma membrane

recycling [27].



Once activated, osteoclasts move to areas of microfracture in the bone by chemotaxis.
Osteoclasts lie in a small cavity called Howship's lacunae, formed from the digestion of the
underlying bone. The sealing zone is the attachment of the osteoclast plasmalemma to the
underlying bone. Sealing zones are bounded by belts of specialized adhesion structures called
podosomes. The osteoclast releases hydrogen ions through the ruffled border into the cavity,
acidifying and dissolving the mineralized bone matrix. In addition, several hydrolytic enzymes,
such as members of the cathepsin (e.g. Cathepsin K) and matrix metalloproteinase (MMP)
groups are released to digest the organic components of the matrix.

Osteoclast formation requires the presence of RANK ligand or RANK-L (receptor
activator of nuclear factor k) and M-CSF (Macrophage colony stimulating factor). These
membrane bound proteins are produced by neighboring stromal cells and osteoblasts.

M-CSF acts through its receptor on the osteoclast, c-fms (colony stimulating factor 1 receptor), a
transmembrane tyrosine kinase receptor, leading to activation of tyrosine kinase Src. Both of
these molecules are necessary for osteoclastogenesis and are widely involved in the
differentiation of monocyte/macrophage-derived cells. RANKL is a member of the tumour
necrosis family (TNF), and is essential in osteoclastogenesis. RANKL activates NF-«xf3 (nuclear
factor-kf) and NFATcl (nuclear factor of activated t cells, cytoplasmic, calcineurin-dependent 1)
through RANK. Osteoclast differentiation is inhibited by osteoprotegrin (OPG), which binds to
RANKL thereby preventing interaction with RANK [26]. Osteoclast function is regulated by
several hormones, including parathyroid hormone (PTH) from the parathyroid gland, calcitonin

from the thyroid gland, and IL-6 [26].



3. Extracellular Matrix of the Alveolar Bone

The composition of the extracellular matrix of alveolar bone appears to be similar to
other bone tissues as indicated largely by immunohistochemical analyses. The bone matrix is
formed from a scaffold of interwoven collagen fibers within and between which small, uniform,
plate-like crystals of carbonated hydroxyapatite are deposited. Other proteins, including
proteoglycans, acidic glycosylated and non-glycosylated proteins associate with and regulate the
formation of collagen fibrils and mineral crystals, or provide continuity between matrix
components and between the matrix and cellular components. In addition, small amounts of
carbohydrate and lipid contribute to the organic matrix, which comprises approximately one-
third of the matrix while the inorganic components account for the remaining two-thirds.
Calcium and phosphate in the form of poorly crystalline, carbonated apatite, predominates the
inorganic phase, largely replacing the water component of the soft, dense connective tissues that
include the periodontal ligament and gingiva.

Collagen is the major protein associated with the bone matrix. Type I collagen is the
principal collagen in mineralized bone together with type V collagen forming heterotypic fiber
bundles that provide the basic structural integrity of connective tissues[28] [29, Lukinmaa, 1992
#87]. In addition to these two forms, type III collagen in Sharpey’s. The expression of type XII
collagen is related to mechanical strain and the alignment of collagen fibers, as demonstrated in
the maturation of the periodontal ligament [30]. While the type I, V and XII collagen are
expressed by osteoblasts, type III and type XII collagen fibers appear to be produced by
fibroblasts during the formation of the periodontal ligament.

The collagen fibrils in bone are stabilized by intermolecular cross-linking involving

lysines and modified lysines that form pyridinium ring structures (pyridinolines). These cross-
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