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Immunomodulation of macrophages for bone formation
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Abstract: Especially in elderly women osteoporosis leads to decline in the strength of the bone tissue by erosion
of its mass. Weakened bone tissue is more prone to breaks. Patients mostly realize this situation after having a
bone breakage especially with the wrist and hip fractures. There has not been an effective way of improving this
debilitating condition. A new approach aiming to regulate the activities of the immune system cells in order to
reverse osteoporosis and push the tissue for the formation of the bone structure gained attention due to its promising
potential. In this review, | will be focusing on this approach by regulation of the macrophage activity, the major
immune cell type that is involved in the bone formation. Immunomodulation of the macrophages enable formation
and healing of the bone tissue in the patients and conducting more studies in this area would certainly improve the
quality of the applicable medicines.
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1. Introduction

In this review, immunomodulation of macrophages as a medicinal tool to prevent osteoporesis
and induce the bone formation in the patients, will be analyzed by conceptual detailing. Firstly, the bone
structure will be presented with the crucial cell types involved in the formation and break of the tissue.
Then, the role of the macrophages in the bone tissue formation will be given. Finally, the concept of
immunomodulation of macrophages in order to increase the bone tissue mass as well as heal the
wounded sections will be explained.

Osteogenesis is the process of bone formation and it is regulated mainly by two types of cells®
®. Osteblasts secrete osteoid™®. Osteoid accumulates calcium and other mineral salts'®. During this
calcification process they entrap the osteoblasts which then differentiate and become osteocytes'™.
Whereas osteoclasts are at the other end of the spectrum during bone formation®8. These cells break
down the bone tissue in order to release the minerals such as calcium needed by the body or in some
cases to remodel the bone tissue for growth and repair purposes®®. Osteoclasts fulfill their function by
producing acid and a type of collagenase to break down the bone matrix®8. Osteoclasts are as crucial as
osteoblasts to form the final shape of the bone®®.
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Studies have indicated a balance of osteoclast and osteoblast cell types in order to maintain the

bone structure. Manipulation of this balance is especially important in patients who need bone
formation®. In skeletal diseases where patients lack proper bone formation such as Osteogenesis
imperfecta (Ol also called as brittle bone disease), therapeutics that would tilt the balance towards
osteoblast generation over osteoclast generation would be beneficial®. There are other cases, in which,
due to accidents the patients have fractured bones that need to be repaired. These patients either get
replacement biomaterials that would reside in the patient’s body for a long term (10-20 years) or
regenerative biomaterials that would enable the function of the lost tissue andget degraded in several
days to months after fulfilling their mission in the body®.
Furthermore, in elderly people or pregnant women there is osteoclasis!**2. Osteoclasis occurs in these
people mostly because of lack of minerals and closing this gap by using the supplies from the bone
tissue, as well as due to lack of osteoblast formation in their bones to turn on the repair mechanisms
later ontt12,

Current applications to cope with these bone tissue related diseases or symptoms involve
molecular manipulations of osteoclast and osteoblast ratio in the bone tissue’*4. Unfortunately, these
manipulations do not possess high potential of success since these methods cannot generate an efficient
and persistant effect'®4. A different and fairly new strategy is replacing this approach. Improvements
in polymer science and generation of biomaterials with different properties enabled this new approach*
14 Immunomodulation of macrophages in the bone tissue is the emerging method of interest forindirect
and steady manipulation of the osteoblast to osteoclast ratio*®,

Immunomodulation as a novel approach to induce the bone formation:

Immunomodulation is regulation of the immune system cells by outside factors to such an extent that
we can determine the type, strength and state of the immune system’s reaction depending on the disease
case’®, For example, in autoimmune diseases we would like to halt the excessive inflammatory
reaction against our self molecules to prevent tissue injury**4. In another case such as vaccination
depending on the pathogen or danger we try to manipulate our immune system to generate a specific
type, strength and eventually memory of response to enable immunity**4. Studies have been focusing
on generation of therapeutics that act as immunomodulators and these would enable a controlled
immunomodulation of our immune cells depending on the disease that we are targetting*®*4,
Macropages are the main type of cells that are involved both in pro-inflammatory responses as well as
after elimination of the danger in anti-inflammatory responses, wound healing and tissue repair
processes'*14. Macrophages derive from monocytes that are circulating in the blood**14 . Precursor cells
in the bone marrow develop into monocytes and these cells mature into macrophages once they get into
tissue®314, There is evidence supporting the idea of tissue resident macrophages from embryological
development, that proliferate and expand if needed™**. Therefore, there are two sources of tissue
macrophages>4,

When there is a danger, these cells produce cytokines to create a microenvironment that would

regulate the responses of other immune cell types®*®. Cytokines produced during this stage are TNFa,
IL1B, GMCSF, IL12 and IL6*6, These cytokines are pro-inflammatory**16, At this stage macrophages
act as antigen presenting cells as well***6, Due to their phagocytic capacity, they can engulf the
pathogens and present it to other immune system cells to form a proper response!3-16. After elimination
of danger macrophages use their phagocytic behavior to clear the tissue from cell debris, immune
complexes as well as pathogenic molecules**®. Macrophages play a crucial role at this point by starting
wound healing process®*®. They produce IL10 cytokine to suppress inflammatory reponse!®1,
Macrophages export iron to the tissue to help tissue remodelling and healing®-1.
Studies suggest an interplay between macrophages and mesenchymal stem cells from the bone marrow**
14, During their direct interaction macrophages gain wound healing and tissue remodelling phenotype
while mesenchymal stem cells differentiate into osteoblasts*!4. Osteoblasts can then form the bone
tissue!314, Macrophages produce oncostatin M to cue the differentiation of mesenchymal stem cells into
osteoblasts!*14, Both cell types express COX2 at this point which leads to production of prostoglandin
E2 (PGE2), that regulates the function and phenotype of both macrophages and mesenchymal stem
cells*4, These findings further suggest macrophages as a strong candidate to target for the formation
of bone tissue.
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2. Concluding remarks

Immunomodulatory molecules can regulate the macrophage responsest®6, There are molecules
that are biocompatible and can cultivate macrophage response into more of a wound healing and tissue
remodelling type!*2®, It has been shown by previous studies that macrophages at this stage would enable
bone formation and healing'®14. Therefore, either during the transfer of biocompatible materials to
support the bone tissue after bone fracture or as a medicine in elderly and pregnant women who suffer
from osteoclasis, immunomodulatory molecules that would generate a wound healing and tissue
remodelling response in macrophages can be used!**4, This will enable a much efficient healing process
for the bones.

Structures and shapes of biomaterials and their functional groups have been part of ongoing
research in the field of immunomodulation®*4, PEG and polyacrylamide based gels have been widely
used with modifications changing their charge and structure properties. Depending on their stiffness and
surface properties these materials are able to change the behaviors of the macrophages and induce bone
formation®!4, Macrophages are crucial targets to enable healing and remodelling of bone tissue®*2®.
More detailed research is needed in order to fully determine the effects of biomaterials on the
macrophages as well as how this might lead to bone formation. Macrophages ability to produce different
types of cytokines and phagocytic potential should be delineated in the presence of the
immunomodulatory materials. Moreover, a detailed analysis of cell growth, bone formation and
expression of bone forming factors should be analyzed after coculturing of the immunomodulated
macrophages with the bone cells (osteoblasts or osteoclasts).
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