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ABSTRACT

Transplant rejection occurs when the host's immune system attacks the transplanted organ. However, the transplanted
organ can also reject the recipient host. In this case, the reaction is called "graft versus host” (GVH). There are three types
of transplant rejection: acute, hyperacute, and chronic. In chronic rejection, activation of the immune system leads to
fibrosis of the blood vessels of the transplanted organ and loss of the organ. Bone marrow transplantation is a very useful
and life-saving procedure, but it requires careful planning and ongoing monitoring to manage the risks. To reduce the risk
of rejection, the donor must have human leukocyte antigen (HLA) that matches with the recipient, and the recipient must
be treated with immunosuppressants. Bone graft materials attract and stimulate precursor cells from surrounding tissues
and the bloodstream. These materials act as a physical scaffold to participate in the growth and formation of new bone by
providing a surface for attachment and causing osteoblasts to proliferate, which is an important process in implantology
and periodontal therapies. Osteoblasts play a crucial role in bone grafting and regeneration, and successful implant
osseointegration is highly dependent on osteoblasts depositing new bone matrix around the implant surface. The wnt/p-
catenin pathway promotes biological effects on osteoblasts and enhances bone formation and regeneration. Bone
morphogenetic proteins (BMPs) 2 and 7 are strong inducers of osteoblast differentiation from mesenchymal stem cells
and runt-related transcription factor 2 (RUNX2) is a good regulator of osteoblast differentiation. In periodontitis, an
altered level of cytokines occurs, leading to inflammatory phenomena involving osteoblasts. Here, we discuss bone
grafting in dentistry and the problems related to rejection, periodontal tissue regeneration, and the role of osteoblasts.
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INTRODUCTION

Transplant rejection occurs when a transplant recipient's immune system attacks the new organ, recognizing it as
foreign (1). The mechanism of attack is similar to that which occurs when a microorganism enters the human body.
Rejection is classified as acute, hyperacute, or chronic. Acute rejection occurs in a short time (minutes) and is due to an
immune reaction that occurs between lymphocytes and the foreign antigen shown by the transplanted organ (2).

The transplanted organ can also be responsible for rejection, when it carries out a reaction towards the recipient (host),
which is called graft versus host (GVH). In this case, the donor cells fail to engraft properly in the recipient's body.
Rejection is more common in allogeneic transplants because of different immune compatibility. Hyperacute rejection
usually occurs five to ten days after surgery and, if not treated with immunosuppressants, the transplanted organ is rejected
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(3). Chronic rejection can occur long after the transplant and presents persistent activation of the immune system, fibrosis
of the blood vessels of the transplanted organ, and loss of the organ (4). The use of immunosuppressants can not only
prolong the rejection process but can also lead to the success of the transplant (5).

Transplantation can be performed not only with organs, but also with bone marrow stem cells. This is a complex
medical procedure used to treat a variety of diseases, including leukemia and lymphoma, aplastic anemia, and some
genetic or immune system diseases (6). These therapeutic treatments are crucial, but they often have complications,
including rejection of the bone marrow (7). Bone marrow transplantation is a life-saving procedure for many conditions,
but it requires careful planning and ongoing monitoring to manage risks. Causes of rejection include a human leukocyte
antigen (HLA) mismatch between donor and recipient, which increases the risk of rejection (8). Pre-existing antibodies
in the recipient or insufficient immunosuppression can also lead to rejection.

DISCUSSION

In dentistry, bone graft materials recruit precursor cells from surrounding tissues and the bloodstream (9). The
graft material acts as a physical scaffold and participates in the growth and formation of new bone by providing a surface
for osteoblasts to attach and proliferate. The precursor cells of the bone-forming osteoblasts are stimulated by certain graft
materials and growth factors, causing osteogenesis (10). "Fresh™ viable osteoblasts, which are present in autografts,
contribute directly to the formation of new bone.

To make a satisfactory graft occur, an appropriate choice of graft is needed. There are various types of grafts such
as autograft directly from the patient, or allograft from the donor (11). In the first case, the cells are alive and natural
growth factors are activated, which offers excellent results. In the second case, treatments are used to maintain
osteoconductive and, in some cases, osteoinductive properties. There is also a third type of graft, the xenograft, with
osteoconductive material from other species. In this case, there is a high probability of rejection (12).

Synthetic grafts such as bioceramics are widely used today and are combined with active biological material to
obtain a good osteoinductive effect (13). To obtain a satisfactory result, it is necessary to use biological growth factors.
Transforming growth factor-beta (TGF-B) and vascular endothelial growth factor (VEGF) are crucial for the
differentiation and formation of new vessels (angiogenesis) (14). In addition, the use of some cytokines that regulate
signaling are important for the activity of precursor cells and osteoblasts.

Osteoblasts

In dentistry, bone regeneration is governed by osteoblasts, which are important in implantology and periodontal
therapies (15). Osteoblasts are precursor cells in bone formation and their activity is essential for maintaining healthy
bone structure and function (16). In dentistry, osteoblasts play a fundamental role in bone grafting and regeneration, which
are methods for implant placement and reconstructive surgery (17). The success of implant osseointegration depends
greatly on osteoblasts that deposit new bone matrix around the implant surface (18).

In periodontal disease, there is a loss of bone regeneration that requires the activation and proliferation of osteoblasts.
Osteoblasts are also important in orthodontics where tooth movement involves a balance between bone resorption by
osteoclasts and bone formation managed by osteoblasts (19). Osteoblast differentiation and activity is due to the wnt/p-
catenin pathway that promotes biological effects on osteoblasts, such as increased bone formation and regeneration (20).

Bone Morphogenetic Protein (BMP) 2 and 7 are strong inducers of osteoblast differentiation from mesenchymal stem
cells (21). BMP2 is a protein present in the human body that promotes the growth of new bone. BMP-2 has been studied
for several years for its ability to repair bone, almost completely eliminating the need for bone grafts from other parts of
the body. This protein has been approved by the FDA and is used in bone grafting. BMP-7 is a member of the TGF-§8
family, which is widely expressed during fetal life. It plays an important role in stimulating bone synthesis and can be
used for therapeutic purposes (22). Its active ingredient is called heptotermin alpha, a copy of BMP-7, and has the ability
to induce bone production in recent fractures (23).

A good regulator of osteoblast differentiation is runt-related transcription factor 2 (RUNX2) (24). It is important for
mesenchymal stem cells in the differentiation of osteoblasts. Osteoblasts secrete type | collagen, which forms the organic
framework of bone (25). Osteocalcin and alkaline phosphatase are proteins involved in matrix maturation and
mineralization (26). Additionally, in orthodontics, osteoblasts respond to mechanical insults via integrin-mediated
pathways, promoting bone remodeling (27). Chronic inflammatory phenomena often occur in periodontitis and can
compromise the function of osteoblasts by altering the levels of TNF, IL-1p and IL-6 cytokines and by acting on the
interaction between osteoblasts and the implant (28,29). Other cytokines such as VEGF and TGF-p play a role in
angiogenesis and bone formation at implant sites (30).
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CONCLUSIONS

Bone grafting is characterized by its ability to increase both bone volume and bone density. In addition, it improves
the stability of dental implants and the regeneration of periodontal tissues. These reactions are due to the body's natural
ability to regenerate bone through the stimulation and differentiation of precursor cells. Today, bone grafting is a valuable
and indispensable tool in dentistry.
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