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Abstract

Diabetes Mellitus is group of metabolic disorder that occurs when the pancreas is no longer able to make insulin, or when the body
cannot make proper use of the insulin it produce. Diabetes Mellitus increases risk of osteoporosis, interfere with bone formation
and impairs bone remodeling. Human skeleton is an important structure in our body, which is influenced by diabetes mellitus. Both
Type one diabetes mellitus (T1DM) and type two diabetes mellitus (T2DM) increase osteoporosis, bone formation, bone remodel-
ing. There are different factors influencing bone remodeling in both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus
(T2DM). These factors are influence on osteoblasts and osteoclasts and reduce the numbers of osteoblasts and bone formation
and bone remodeling. Increased advanced glycation end product (AGE) formation, hyper glycaemia, Reactive oxygen species (ROS)
production and inflammation are among the common factors that influence the bone remodeling in both type 1 diabetes mellitus
(T1DM) and type 2 diabetes mellitus (T2DM). The aim of this review was to explore factors influence bone remodeling both type 1
diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM).
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Abbreviations

T1DM: Type One Diabetes Mellitus; T2DM: Type Two Diabetes Mellitus; AGE: Advanced Glycation End Product; ROS: Reactive Oxygen
Species; Runt2: Runt- Related Transcription Factors 2; 0S: Oxidative Stress; IGF-1: Insulin Likes Growth Factors-1; RAGE: Receptor for
Advanced Glycation End Product; BMSC: Bone Marrow Stromal Cells; TNF-a Tumor Necrosis Factors, Alpha; IL-1: Interleukin 1; IL-6: In-
terleukin 6; OS: Oxidative Stress; PHT: Parathyroid Hormone; DAMP: Dentin Matrix Protein; FGF23: Fibroblast Growth Factors 23; MEPE:
Matrix Extracellular Phosphor Glycoprotein; ANKL: Receptor Activator of Nuclear Factors Kappa B Ligand; s-CTX: Serum Terminal Cross
Linked Telo-Peptide of Type-I Collagen; EPCS: Endothelial Progenitor Cells; VEGF: Vascular Endothelial Growth Factors Kappa B

Introduction

Human skeleton, internal skeleton that serve as frame work for the body which is made up of 206 bones [1]. It has important me-
chanical strength and fracture toughness, and plays a significant functions as an endocrinal organ in regulating the mineral and nutrient

homeostasis [2]. It also acts as protection internal organs like heart, lungs and other organs and also help in movement by anchoring force
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arising from muscles contraction [2]. Bone contains intrinsic capacity for regeneration as a part of, bone formation, bone development
and bone remodeling in response to injury throughout Adult life [1,3]. Bone remodeling is a lifelong process is removed from the skeleton
and new bone tissue is formed. Bone remodeling involves resorption of the bone by osteoclast and replacement of bone by osteoblast [4].

This result in acquisition of high bone mass [5].

Bone remodeling continues process synthesis and destruction which gives bone its mature structure and maintain normal calcium lev-
els in the body [6]. Destructions of the bone in the body is called osteoclasts releases calcium in to the blood stream to meet the metabolic

needs and at the same time allow osteoblasts that make new bone to maintain skeletal structure [7,8].

Impairment of bone remodeling is characterized by increased bone density caused and progression of bone to osteoporosis which is
a major health problem in worldwide [9,10]. Bones remodeling depend on the balance between new bone formations by the process of
osteoblast and degradation of bone through osteoclast [4,8,11]. The activity of bone remodeling is thought to be regulated by many local

and systemic factors [12]. These are biochemical stress, nutritional status and humoral factors [12].

Diabetic Mellitus is one of the factors that effect on bone remodeling [13]. Diabetes Mellitus is a group of metabolic disorder character-
ized by high sugar level over a long period of time [14]. It occurs when the pancreas is no longer able to make insulin, or when the body
cannot make proper use of the insulin it produce and leading to different serious micro vascular and macro vascular complication [15].

Diabetes Mellitus increases risk of osteoporosis, interfere with bone formation and impairs bone remodeling [7].

Type one diabetes mellitus also known as juvenile diabetes or insulin dependent diabetes, a chronic condition occurs due to the lack of
insulin production by the pancreases [16]. Type two diabetic mellitus a progressive condition in which a body become resist the normal

effects of insulin and/or gradually loses the capacity to produces enough in the pancreases [17].

Nowadays, bone fragility, impaired remodeling and formation emerged as complication of diabetic mellitus, the exposure of diabetic
environment leads to change in bone metabolism and impaired micro structure through variety of mechanism on molecular and structur-
al levels [18,19]. Type one diabetes mellitus (T1DM) is associated with several disorder of skeletal health. Which include decreased bone
mass, and increased risk of bone osteoporosis and poor bone remodeling and regeneration characteristics conditions which all depend,
in part, upon an intramembranous component to bone formation [18-20]. In Type 1 diabetic the frequency lifetime fractures at any time

has been reported to be increased as compared to counterpart without diabetes [21-23].

Type two diabetic mellitus (T2DM) associated with compromising bone microarchitecture by inducing abnormal bone cells cell func-
tion and matrix structure, with increased osteoblast osteoblasts apoptosis, interfere with osteoblast differentiation and enhanced os-
teoclast mediated bone resorption [24-26]. Currently, there has been increasing evidence suggesting type two diabetic mellitus (T2DM)
affects the skeletal system, causing detrimental bone effects such as bone quality deterioration, loss of bone strength, increase fragility,

and impaired bone remodeling [14,27-33].
Factors influencing bone remodeling in diabetes mellitus

There are different factors influencing bone remodeling in both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM).
These factors are influence on osteoblasts and osteoclasts and reduce the numbers of osteoblasts and bone formation and bone remodel-
ing. Increased advanced glycation end product (AGE) formation, hyper glycaemia, Reactive oxygen species (ROS) production and inflam-
mation are among the common factors that influence the bone remodeling in both type 1 diabetes mellitus (T1DM) and type 2 diabetes
mellitus (T2DM) [5,28,34-36].

Factors influencing bone remodeling in diabetes mellitus type 1 (T1DM)

Citation: Urge Gerema and Diriba Dereje. “Factors Influencing Bone Remodeling in Diabetes Mellitus”. EC Microbiology 17.9 (2021): 52-
58.



Factors Influencing Bone Remodeling in Diabetes Mellitus

54

Effects of type 1 diabetes on osteoblast progenitor cells

Gene expression of transcription factors involved in osteoblast differentiation is modified in type one T1DM [37]. Runt- related tran-
scription factors 2 (Runx), it is regulators of osteoblast genesis, bone regulation, directs differentiation of mesenchyme cells in to pre
osteoblast [38].

It regulate the expression of major genes necessary for bone matrix protein Ak2, integrin binding, sialoprotein, Dm1, Colla2, PHEX,

Vdx, osteocalcin and osterix were all down regulated in the insulin - deficient, hyperglycemic diabetic [39,40].

The study shows that the insulinopenic, hyperglycemic environments effects on osteoblast, with the majority demonstrating decrease
in bone formation, bone mineralization and poor osteoblast activity [41,42]. Parathyroid hormone associated with anabolic effects on the
bone, is found to be low in children and adolescent with T1DM [36,43,44].

Inflammatory and hyperglycemic factors

During long run hyperglycemic in diabetes mellitus, glucose forms covalent adducts with plasma proteins through non enzymatic
process and result in formation of Advanced glycation end products (AGE), Which is critical role in pathogenesis of diabetic mellitus
complication like bone formation, bone remodeling and bone fracture [45]. Specifically, AGEs impair mineralization when present in high

glucose environment [46].

Reactive oxygen species (ROS) is highly reactive molecules which contain a number of diverse chemical species which is related to
osteoporosis and impair with continuous bone regeneration. Change in ROS and/or antioxidant system involved in pathogenesis of bone
loses [45]. ROS induces the apoptosis of osteoblast and osteocytes and this favors osteoclasts genesis and inhibits the mineralization. This
excessive osteocyte apoptosis associated with oxidative stress causing an imbalance of osteoclast genesis and turnover of bone remodel-

ing.

Inflammatory cytokines are systematically up regulated in type one diabetes mellitus. Such as Tumor Necrosis factors alpha (TNF- «),
interleukin 1 (IL-1) and Interleukin 6 (IL-6) have been shown to have negative effects on osteoblast proliferation and differentiation. As

well as inhibition of bone fracture remodeling.

Insulin and IGF-1 factors

Type 1 Diabetic mellitus (T1DM) is associated with low insulin and insulin like growth factors (IGF-1) in human. IGF-1 and insulin have
strong anabolic effect on boned density and also IGF-1 corporate with calcitriol activating collagen synthesis and mineralization. IGF-1
and insulin have similar molecular homology in which insulin has ability to bind and activate the IGF-1 receptor. Osteoblast activity and
bone formation in type one diabetes mellitus was explained by absence or decrease of IGF-1 and insulin signaling in the cells of osteoblast

lineage.

Sclerostin

The association between increased circulating sclerostin levels in type one diabetes mellitus reduced osteocyte activity or osteocyte
survival. This indicate that it impair the bone remodeling, osteocyte apoptosis paired with increased sclerostin, may contribute to uncou-

pling of bone remodeling to favor bone resorption.

DMP1, MEPE, FGF23

In type one diabetes mellitus osteocyte- expressed protein like Dentin Matrix Protein-1 (DMP-1), Fibroblast growth factors 23 (FGF23)
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and Matrix Extracellular phosphoglycoprotin (MEPE) negative effect on osteocyte formation. An increment of osteocyte secretion of

FGF23 direct effect of pro-inflammatory cytokinesis on osteocyte formation [14,18].

Factors influencing bone remodeling in diabetes mellitus type 2 (T2DM)

Alterations of cellular and molecular composition of the diabetic of bone in diabetes mellitus

High level of non- enzymatic cross linking of collagenous matrix, increasing advanced glycation end products (AGE) cause lessened of
the bone strength [31]. Collagen I is a main protein that maintain bone biomechanical strength due to its capacity to generate intermo-

lecular cross links with adjacent collagen molecules in the bond [27].

Recently, it was reported the mineralization and alkaline phosphatase activity of bone marrow stromal cells (BMSCs) derived from the
study done on rat under type two diabetes mellitus condition was significantly decreased when compared to the counterpart [34]. This
Impairment in osteogenic activity was explained by reduced in gene expression of 8- catenin, cyclin D1, and c-myc thus inhibiting signal-

ing in Cellular and Molecular pathway during bone formation, remodeling [14].

Endocrine factors of bone remodeling in diabetes mellitus

Parathyroid hormone (PTH) is an endocrine hormone that activates osteoclast in order to prevent hypocalcaemia which cause osteo-
porosis [35]. It was linked to osteoclast in type one diabetes mellitus due to its association with markers serum tartrate resistant acid
phosphatase-5b in patients with type two diabetes mellitus [26]. Serum levels of tartrate resistant acid phosphatase-5b and bone for-
mation/remodeling marker osteocalcin (OC) have been found to be decreased in Type two diabetic mellitus [45]. It was suggesting that

individual with type two diabetes mellitus (T2DM) present a decreased in bone turnover [23].

Vascularization for bone remodeling in T2DM

For proper functioning and development of bone blood supply to bone is very important. It provides oxygen, nutrients, and miner-
als for bone regeneration and bone remodeling. Different studies have addressed the main role of vasculature, angiogenesis in bone
formation/bone remodeling and evaluating the contribution of elements such as endothelial progenitors cells (EPC), Ischemia and pro-
angiogenic factors like vascular endothelial growth factors (VEGF). In addition angiogenesis, a crucial step in bone regeneration, is often
altered in the diabetic patients [12,23].

In Type two diabetes mellitus the arterial calcification is caused by the bio mineralization of vascular cells, impairing the arterial ves-
sels system and the functionality of the vasculature [15,36]. In T2DM Advanced glycation end product and Advanced glycation end prod-
uct receptors seem to play key role in vascular calcification [17]. Other mechanism of AGE - induced diabetic calcification using also the

same cell line. This indicate AGE accumulation is detrimental for vascularization and thus for bone tissue health in T2DM [18].

Effects of hyperglycemia bone remodeling in diabetes mellitus

Following long term hyperglycemia in T2DM there is accumulation of AGE. This is a direct consequence of high blood glucose levels
that increase the non-enzymatic glycosylation reactions that takes place when glucose reacts with circulating molecules [19]. In presence

of hyperglycemia, bone tissue changed in quality, biochemical properties and composition these can result in impair bone formation and
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bone remodeling [13,34]. Reduced immune-histochemical cell proliferation rate in the diabetes mellitus decreased number of osteoblasts

apart of mechanism for impaired bone remodeling [12,13].
Inflammatory effects on bone remodeling in diabetes mellitus

Inflammation is a part of Diabetes mellitus pathogenesis that could leads to bone loss which is called inflammation mediated

osteopenia and peak bone mass

Diabetes mellitus changes several factors involved in the mechanism of bone remodeling and promote the activation of inflammatory
mediators such as Reactive oxygen species, advanced glycation end products that help in bone remodeling. This inflammation related
factors and members of inflammation mediators like TNF-a play role in initiation of bone apoptosis, endothelial cell proliferation impair-

ment, suppressed VEGF expression in bone remodeling [27].
Conclusion

Diabetes Mellitus is group of metabolic disorder that occurs when the pancreas is no longer able to make insulin, or when the body can-
not make proper use of the insulin it produce. Both Type one diabetes mellitus (T1DM) and type two diabetes mellitus (T2DM) increase
osteoporosis, bone formation, bone remodeling. Increased advanced glycation end product (AGE) formation, hyper glycaemia, Reactive
oxygen species (ROS) production and inflammation are among the common factors that influence the bone remodeling in both type 1

diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) are factors that influence bone remodeling in diabetes mellitus.
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