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Modern Understanding of Immuno-
logical Aspects of Bone Regeneration 

ABSTRACT

The immune system plays an active role in the regeneration of bone tissue. This reasoning can be based on the 
peculiarity of populations of immune cells, which, as is known, are diverse and heterogeneous. Such functional 
and cytological versatility of bone tissue may indicate the similarity of their natural relationship. The basis of 
this connection is regenerative processes, which we decided to describe in this review scientific article. Fun-
damental information about the bone cell system points to the fact that the monocytic line of bone marrow stem 
cells is considered a matrix for the formation of macrophages. Along with this, it is this ancestral line of the 
cell that acts as the basis for the regeneration of the bones of the skeleton – osteoclasts. 
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INTRODUCTION
t is known that macrophages, participating in the 
pathological process, contribute to the destruction 
of tissues and thereby provoke the development 

of the following main response stage - repair. Osteoclasts 
have identical properties in bone tissue regeneration. 
They, in turn, stimulate the production of osteoblasts, 
that is, cells whose origin comes from mesenchymal 
cells. Osteoblasts develop along the osteoclastogenesis 
pathway, which is expressed by stromal cells. Such an 
origin of cells is considered natural physiological, as it 
reflects the entire nature of the hematopoietic process. 
This is the natural way in which osteoblasts develop [1].

This conclusion is based on a number of experimental 
and clinical studies that studied various aspects of the 
hematopoietic cycle and the immune system's influence 
on bone tissue regeneration [2]. 

Several studies revealed patterns in the cellular regu-
lation of the regenerative process in bone tissue in the 
1990s of the last century. This structural-functional rela-
tionship has been designated as a continuous system of 
mononuclear and bone cells [3]. 

In the consolidation of destroyed bones, hematopoiet-
ic cells, mature mononuclear phagocytes, blood mono-
cytes, and bone marrow fibroblasts play an important 
role. Subsequently, inducers of both local and systemic 
nature and modulators of bone formation begin to be 
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activated in bone formation. This mechanism is the most 
acceptable in interpreting the regulation mechanisms of 
distraction osteogenesis. 

The regulation of distraction osteogenesis by lym-
phocytic and macrophage relationships is determined by 
both qualitative and quantitative changes in the immuno-
competent cytological system. Carrying out such a rela-
tionship has the possibility of vector designation, deter-
mining the variant of the course of the regenerative 
process in bone tissue. There are two options for assess-
ing and predicting the regenerative process's outcome: its 
favourable course and the slowness of bone tissue recov-
ery. 

MATERIAL AND METHODS
e analyzed publications over the past 50 
years by searching the PubMed catalogue 
to unify the literature data. Scientific pub-

lications were studied according to the keywords "cellu-
lar immunity," "traumatic injuries of long bones," and 
"bone regeneration." A total of 842 publications were 
received in this area. We have selected the closest in 
meaning.

RESULTS AND DISCUSSION
mpirical conclusions about the important role 
of lymphocytes in the regeneration of bone 
tissue were carried out through banal experi-

mental studies; by assessing the course of the pathologi-
cal process after the removal of the thymus gland, re-
searchers stated a slowdown in the process of bone re-
generation. It was suggested that the deficiency of T-cells 
leads to a slowdown in regenerative processes in bone 
tissue. Further studies have shown that all types of lym-
phocytes do not control the process of bone regeneration 
in the same way. Thus, according to European re-
searchers, the cytological picture of the bone regenera-
tion zone was characterized by a large spectrum of im-
mune cells of various types. Low values of the number 
of T-lymphocytes and mast cells were revealed. Against 
this background, a predominant predominance of 
mononuclear cells and fibroblasts was noted.  

Severe traumatic tissue injuries, polytrauma, and 
traumatic shock – pronounced disorders in the cellular 
link of immunity accompany all of them. The suppres-
sion of CD2+ receptor expression determined the severi-
ty of these processes. Against this background, scientists 
have identified a decrease in the number of cells with 
CD4+ and CD8+ phenotypes. Thus, Carl J. Hauser et al. 
published the results of studies to assess the activity of 

natural killer cells in patients with injuries [4]. They put 
forward a hypothesis about the possibility of the partici-
pation of natural killer cells in traumatic injuries since, in 
such conditions, there is a high concentration of cy-
tokines in the blood and, possibly, they regulate the ac-
tivity of these cells. The study involved patients with 
fixed bone fragments. For comparison, blood samples 
from healthy volunteers were examined. 

The next stage of the study was to assess the change 
in natural killer cells and mononuclear cells in the super-
natant of the bone fracture zone, which was obtained 
during surgery. At the same time, bone fracture super-
natants and peripheral plasma were collected during the 
fixation of the open fracture. Voluntary mononuclear 
cells have been used as effector sources (natural killer 
cells). 

The mononuclear cells were pre-incubated with frac-
tured supernatants and paired peripheral or normal plas-
ma under various conditions. 

Fracture supernatants have been shown to suppress 
the function of natural killer cells faster than peripheral 
plasma. Supernatants of fractures 1 to 4 days after injury 
were the most suppressive. Inactivation of complement 
and reactive oxygen species failed to restore lysis. 

Neutralization of antibodies to the cytokines IL-4 and 
IL-10 further inhibits lysis. Antibodies to transforming 
growth factor β1 failed to restore lysis. The addition of 
INF-γ did not restore lysis, but the addition of IL-12 led 
to the restoration of lysis. In conclusion, it was stated 
that the supernatant obtained in the fracture zone and the 
examined blood plasma in patients with fractures sup-
press natural killer cells. Responsible mediators can be 
concentrated in soft tissue fractures/injuries. Responses 
to manipulation of the cytokine environment suggest that 
fracture cytokines may impair cooperation between nat-
ural killer cells and helper cells.

Experimental studies also prove the important role of 
B lymphocytes in bone tissue formation. Although there 
may be a close relationship between B lymphocytes and 
osteoclasts or bone resorbent cells, little is known about 
the role of B lymphocytes in bone formation. Many re-
searchers have compared novel in vivo bone induction in 
mice homozygous for gene suppression with B cell defi-
ciencies that lack functional B lymphocytes with bone 
induction in wild-type control mice. 

The immune system, particularly the hematopoietic 
system, and the bone have a close relationship that can 
be both functional and anatomical. Osteoclasts, which 
resorb bone tissue, develop from precursors found in the 
hematopoietic bone marrow. At the same time, os-
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teoblasts, bone-forming cells, can differ from bone stro-
ma. This is an essential requirement for normal 
hematopoiesis. Many agents produced or acting on im-
mune/hematopoietic cells have potent effects on bones 
and vice versa.

However, most in vivo data on bone turnover in im-
munocompromised animals are contradictory. A marked 
reduction in bone formation and resorption was noted in 
mice with previously removed thymus glands and lack-
ing T lymphocytes. However, other studies in mice with 
a similar model or rats have shown that the physiological 
turnover of bone tissue in these animals is comparable to 
the physiological turnover of hematopoiesis. 

In studies by A. Marusic et al. [5], it was proved that 
in rats in which the thymus gland had previously been 
removed, depression of cellular immunity had higher 
rates of induction of new bone by demineralized bone 
matrix than control rats. 

They also proved that mice with β2-microglobulin 
gene suppression, which do not have functional class I 
molecules of the tissue compatibility complex and have 
an impaired cellular immune response, have physiologi-
cal bone regeneration. 

Other studies have demonstrated that B-lymphocytes 
can be an important regulator of normal and pathological 
bone resorption. In particular, estrogen is a powerful 
regulator of bone mass, which takes an active part in the 
differentiation of the B-cell hematopoietic line. The in-
creased formation of B-lymphocytes may be involved in 
the mechanism of stimulated bone resorption, which is 
observed in estrogen deficiency. In mice with a sup-
pressed nuclear transcription factor gene involved in os-
teoclast survival, neither B lymphocytes nor mature os-
teoclasts can be generated. 

However, transgenic mice with human T-cell lym-
photropic virus type I, commonly associated with T-cell 
leukaemia, myelopathy, and arthropathy, have an in-
crease in the number of progenitor cells for osteoclasts 
and B lymphocytes. Provided that IL-7 receptors are 
suppressed in mice and there is a lack of B cells due to 
the cessation of B-lymphatic hematopoiesis at the stage 
of pro-B-cell maturation, the volume of the internal septa 
of the tubular bones increases. 

Although the concurrent changes in osteoclastogene-
sis and B-lymphopoiesis described in these reports may 
not be related, recent work on the regulation of B-lym-
phoid line adherence has provided direct evidence that 
B-lymphocyte precursor cells can differentiate into os-
teoclasts in vitro and in vivo.

In contrast to the growing experimental support for a 
close relationship between B lymphocytes and osteo-
clasts, the role of B lymphocytes in osteoblast prolifera-
tion and differentiation has yet to be investigated. Based 
on the evidence that osteoclast differentiation is regulat-
ed by factors produced or transduced by osteoblasts 
(stromal cells), it is suggested that B lymphocytes should 
be involved not only in osteoclast differentiation but also 
in osteoblasts' regulation of bone formation. 

To confirm this hypothesis, a group of scientists led 
by D. Kitamura studied the formation of new bone tissue 
in mice with a deficiency of B-lymphocytes caused by a 
purposeful disruption of the μ-chain that stops the devel-
opment of B-lymphocytes at the stage before B-cell mat-
uration [6]. 

In M.R. Urist's studies, new bone formation was 
evaluated using two well-defined in vivo models: ectopic 
bone induction by morphogenetic bone proteins, which 
recapitulates cellular events in endochondral bone for-
mation and bone regeneration after fracture repair, and 
bone regeneration after bone marrow injury in the C 
model. synchronous bone formation in a well-defined 
anatomical place [7].

The studies of T. Shimizu et al. [8], L.J. Suva et al. 
[9], and Tanaka et al. [10] have also proven the populari-
ty of such experimental models for the study of bone 
regeneration. 

Strong evidence was presented that mice lacking 
functional B lymphocytes responded to the osteoinduc-
tive stimulus by producing a larger volume of new bone 
morphologically similar to the response of naturally oc-
curring control groups. Changes in the expression of 
bone-related markers and inflammatory/immunomodula-
tory cytokines accompanied these changes.

Because bone can develop according to two differen-
tiation patterns, the researchers presented an analysis of 
bone formation in vivo in two models: osteogenesis via 
cartilage bridges and osteoblasts that differed directly 
from mesenchymal progenitors.

The cell cascade of the epiphyseal part of the bone, 
which was induced by a recombinant human morpho-
genetic protein in a blood clot as a carrier in natural-type 
mice, was similar to that described in several scientific 
papers using recombinant morphogenetic bone proteins 
or bone matrix gelatin. Chemotaxis and proliferation of 
mesenchymal cells, precursors to cartilage, led to carti-
lage differentiation and hypertrophy, angiogenesis, and 
invasion of bone marrow cells. In remodelling, os-
teoblasts' differentiation and the new bone's final forma-
tion were represented by filling it with bone marrow. 
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Researchers typically select two times in a given cell 
cascade for histological analysis of newly formed tis-
sues: at the beginning of cell proliferation and differenti-
ation and when the ossicle is fully organized. The first 
moment was noted 7 days after implantation of recombi-
nant human bone morphogenetic protein when a blood 
clot as a source of recombinant human bone morpho-
genetic protein was surrounded by a large mass of prolif-
erating mesenchyme with very little newly induced carti-
lage or bone. The implants' relative volumes of blood 
clots, mesenchyme, cartilage, bone, or bone marrow 
were similar in wild-type mice. 

It is important to emphasize that histomorphometric 
analysis is always performed on successive implant sites, 
which allows researchers to conclude. The volume and 
weight of whole implants or newly induced tissue were 
more significant in the B-lymphocyte-suppressed mice 
than in intact mice. 

In the bone marrow injury model, there is an orderly 
process of bone marrow regeneration after bone marrow 
ablation, which includes capillary invasion of the bone 
marrow cavity, the appearance of mesenchymal cells, the 
proliferation of osteoblasts, the formation of cancellous 
bone, the reappearance of hematopoietic tissue, and os-
teoclastic resorption, which leads to the final regenera-
tion of normal bone marrow. 

B lymphocytes may play a role in regulating the in-
duction and regeneration of new bone in vivo. In a model 
of epiphyseal osteogenesis induced by recombinant hu-
man bone morphogenetic protein, newly formed bone 
cells were significantly larger in mice without functional 
B lymphocytes than in control groups of animals. 

The similarity between the relative volumes of newly 
induced cartilage and bone in the two groups of mice 
indicates that the absence of B lymphocytes did not af-
fect the differentiation potential of osteoprogenitor cells 
in the newly induced tissue but rather the recruitment 
and proliferation of chondrogenic and osteogenic prog-
enitors in response to the implanted recombinant human 
bone morphogenetic protein. 

Models of novel bone induction have an important 
immunological component. In a model of ectopic chon-
dro-osteogenesis induced by recombinant human bone 
morphogenetic protein or demineralized bone matrix, a 
certain degree of immune response is required to initiate 
an osteoinductive cell cascade following implantation of 
a bone matrix or bone morphogenetic protein. 

Macrophages accumulating near the demineralized 
bone matrix early after implantation in vivo can induce 

directed monocyte migration at femtomolar concentra-
tions in vitro. This suggests that monocyte chemotaxis is 
a key step in bone induction. 

Studies by N.D. Cunningham et al. [11] have shown 
that morphogenetic cells also stimulate the expression of 
TGF-β in monocytes, which in turn stimulates bone for-
mation and additional expression of the cells themselves. 
Similar results were obtained by J.M. Wozney and V. 
Rosen [12]. 

In the bone marrow ablation model, mechanical bone 
marrow removal is followed by blood clots, monocyte 
and lymphocyte infiltration, and expression of the corre-
sponding receptors. From the study's perspective, the 
absence of B-lymphocytes may lead to a change in the 
immunological environment of the local osteoinductive 
sequence, which stimulates the initial accumulation and 
proliferation of mesenchymal progenitor cells. Increased 
expression of bone sialoprotein, an early bone marker, 
and mice resorbed large blood clots, forming more and 
more trabeculae of bone after bone marrow ablation. All 
this also confirms their early influence on osteogenesis. 

Hematopoietic cells carry specific receptors and thus 
can participate in bone morphogenesis. Evidence of the 
importance of lymphocytes in the early phases of bone 
regeneration is also described in studies of progressive 
fibrous dysplasia. In one study, the disabling of ectopic 
osteogenesis was associated with overexpression of lym-
phocytes, and in the other, the earliest lesions were char-
acterized by acute infiltration of both B lymphocytes and 
T lymphocytes.

The source and nature of the signals by which B-
lymphocytes can influence the proliferation of mes-
enchymal cartilages and bone progenitor cells are cur-
rently only the subject of a hypothesis. 

Many in vitro studies have documented the impor-
tance of individual cytokines and local growth factors for 
osteoclast and osteoblast functions. IL-1 and TNF-α are 
potent stimulators of bone resorption and are also in-
volved in regulating bone formation. IL-6 acts as a 
downstream cytokine induced by IL-1 and TNF-α, stim-
ulating osteoclastogenesis and osteoblastogenesis. 

In the in vivo situation, there are probably very com-
plex interactions between immunological and bone cells, 
and it is difficult to understand the contribution of indi-
vidual factors. For this reason, many researchers' analyt-
ical comparisons differ in their opinions about the role of 
immunological indicators in bone tissue regeneration. 

At present, researchers do not usually analyze the 
expression of individual cytokines but rather monitor the 
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profile of cytokines and bone-related factors expressed 
during bone fragment regeneration. 

The pattern of cytokine expression during both types 
of osteogenesis changes in the absence of B lympho-
cytes. During epiphyseal osteogenesis induced by re-
combinant human bone morphogenetic protein, IL-1α 
and IL-1β, TNF-α and IL-6 are increased with bone cell 
differentiation in intact mice but decreased in immuno-
suppressed mice. 

Because these cytokines may play a role in both ini-
tial cellular chemotaxis during osteogenesis and osteo-
clastic resorption that finally remodels bone tissue, the 
differences observed in the cytokine expression pattern 
may be due to a change in one or both of these processes 
in mice with immune cell suppression. 

The altered pattern of cytokine expression in mice 
with immune cell suppression during the early phases of 
bone induction may reflect an altered immunological 
environment that promotes the early attraction and pro-
liferation of cartilage and/or bone cells. The role of these 
cytokines in the differentiation and activation of osteo-
clasts in the later stages of the osteoinduction sequence 
requires further study.

The change in the cytokine expression model during 
osteogenic regeneration after bone marrow ablation in 
immunosuppressed mice is in the opposite direction from 
that in the epiphyseal osteogenesis model. This is not 
surprising because the local immunological, and in this 
case, the hematopoietic environment in the bone marrow 
is different from the environment of subcutaneous tissue, 
where epiphyseal osteogenesis is induced by a recombi-
nant morphogenetic protein of human bone. 

Cell-suppressed mice showed a consistent increase in 
IL-1α and IL-1β expression and a slight change in TNF-
α expression during the first 10 days after bone marrow 
ablation compared to unchanged or decreasing expres-
sion of these cytokines in wild-type controls. 

Studies by C.A. Dinarello have shown that since the 
IL-1 and TNF-α isoforms have been implicated in nor-
mal hematopoiesis [13], the changes observed in cell-
suppressed mice may reflect altered bone marrow regen-
eration. This regeneration repopulates the resorbic tra-
becular reticulum in the diaphysis, compensating for the 
absence of B-lymphopoiesis. 

M. Bhatia et al. found that the differences between 
non-laboratory and cell-suppressed mice in early expres-
sion were similar to those in cytokine expression, and 
may reflect their involvement in hematopoiesis [14]. 

The change in cytokine expression pattern in cell-
suppressed mice was also possible with a change in os-

teoclast differentiation and activation during bone mar-
row regeneration. Most of the studies focused on bone 
formation because the amount of bone at 10 days after 
bone marrow ablation, the last time point that followed 
in the studies, stayed the same from earlier trials, and 
extensive resorption still needed to be evident. 

However, the change from thicker and less separated 
trabeculae at day 6 post-ablation to more numerous but 
thinner trabeculae at day 10 after ablation, as well as a 
decrease in the expression of bone-specific markers at 
later time points in cell-suppressed mice compared to 
control animals, suggests that these mice may also differ 
in resorption and trabecular remodelling. 

The results of the study by L.J. Suva et al. [15] and H. 
Tanaka [16] showed that such studies should assess the 
number of osteoclasts and their resorption activity at lat-
er points in time. All this occurs when the space of the 
diaphyseal bone marrow is restored by complete resorp-
tion of the trabecular meshwork.

The induction of new bone formation in the adult 
body in vivo has an important immunological aspect re-
lated to B lymphocytes. The stimulation of the initial 
steps in the cellular sequence of osteoinduction observed 
in cell-suppressed mice can be explained by a general 
imbalance of the immunological system in the absence 
of B lymphocytes because it is well known that B lym-
phocyte depletion reduces humoral (Th2) immunity and 
shifts the immune response towards an inflammatory and 
cell-mediated (Th1) response. 

Such a change in local populations of lymphocytes 
and other immune cells and their activity can promote 
the migration and proliferation of mesenchymal precur-
sors in response to an osteoinductive stimulus. Further in 
vivo molecular studies will be important to elucidate the 
possible roles and interactions of B lymphocytes with 
other cell populations in bone regulation. 

Understanding these processes will be important in 
identifying molecular defects in many pathological con-
ditions associated with the hematopoietic and skeletal 
systems, such as hematologic malignancies, immunode-
ficiency disorders, and osteoporosis.

Physiological metabolism in bone tissue can also oc-
cur in the absence of mature T-lymphocytes. Meanwhile, 
as the studies indicate, when the pathological process is 
modelled in the form of a bone fracture or surgical inter-
ventions are performed on bone tissue, the deficiency of 
mature T-lymphocytes is accompanied by a violation of 
the consolidation of bone fragments with the formation 
of an inferior callus.  
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Several scientific studies have proven the leading 
roles of changes in the absolute number of T-lympho-
cytes and B-lymphocytes and their populations in other 
pathological conditions that have the basis of hormonal 
dysfunction. These research results were similar to each 
other. Thus, a group of scientists led by C.J. Rosen 
proved a significant decrease in the absolute number of 
CD4+ and CD8+ lymphocytes in women with osteo-
porosis against the background of menopause with 
menopausal syndrome.   

B. Abrahamsen et al. noted a significant increase in 
the CD4+/CD8+ ratio in this pathological condition [17], 
and the results of S. Epstein's studies showed an increase 
in the absolute number of CD3+ and CD56+ T-lympho-
cytes in women with this manifestation of the pathologi-
cal process [18].

In a study by E.M. Shevach et al. [19] and D.P. Hus-
ton [20] on the effect of immunological control on osteo-
clastogenesis, it was found that classes of T-lympho-
cytes, such as CD4+ and CD8+, act as the main levers 
for triggering this process. 

All of them indicate that T-lymphocytes can suppress 
the formation of bone cells and the resorption of their 
minerals. At the same time, the studies of H. Takayanagi 
[21] and N. Udagawa [22] showed that the suppression 
of osteoclastogenesis is possible under the condition of 
the production of interferon γ. Stimulation of the forma-
tion of bone cells, in particular osteoclasts, was achieved 
in experimental studies outside a living organism by a 
group of scientists led by V. John [23]. In these studies, 
CD8+ T lymphocytes were removed from cell culture. 
All of them contained osteoclast cells and bone pulp 
cells. As a result, there is an increased formation of ma-
ture osteoclasts.  

D. Greevise et al. proved that these changes occur by 
a mechanism with the active participation of 
prostaglandins [24]. P. Sallusto proved that not only va-
rieties of T-lymphocyte populations play a certain role in 
bone regeneration but also the variant of their influence 
in combination with local secretion of cytokines [25]. A 
corresponding vicious circle is formed, in which the de-
struction of bone tissue is compensated by its increased 
osteosclerosis. In this process, cytokines, which T-lym-
phocytes produce, take the starting position. Bone me-
tabolism increases with increased bone tissue formation. 
Lymphocytes, especially T-lymphocytes, can also affect 
the regeneration of cartilage tissue. Such results of ex-
perimental studies were obtained by a group of scientists 
led by A. Marusise [26].

Thus, the discoveries made about the role of T-lym-
phocytes in the regeneration of bone and cartilage tissue 
indicate the presence of a relationship between the im-
mune and skeletal systems of the body. However, as the 
researchers themselves point out, several other studies 
have yet to be carried out that could reveal the whole 
picture of the ongoing processes; all these studies are at 
the stage of continuation and to date they have also made 
it possible to determine the role of B-lymphocytes in the 
regeneration of bone tissue.  

Early B lymphocytes are located in close contact with 
the endosteal surface of the bone and determine their role 
in traumatic bone injury. As they mature, B lymphocytes 
move to the central zone of the bone marrow, where they 
exert their influence through the increased production of 
immature cells and, accordingly, have a stimulating ef-
fect on regenerative processes in bone tissue.

A mechanism was described in which immature B-
lymphocytes adhere to the vascular wall in the bone mar-
row in a similar way to intercellular adhesion molecules. 
These molecules are expressed on the surface of stromal 
cells, directly binding to immature forms of B-lympho-
cytes. A team of scientists led by P.A. Koni described 
this phenomenon in detail in the Journal of Experimental 
Medicine in 2021 [27]. According to the homing phe-
nomenon, such molecules play a leading role in the mi-
gration of lymphocytes to the bone marrow.

The regenerative properties of B-lymphocytes during 
bone healing are also determined by B-cell-specific acti-
vators. This assumption was made in the works of S.L. 
Nutt et al. [28] and M. Sigvardsson [29]. Its presence 
contributes to the maturation of B-lymphocytes and vice 
versa; in the lack of a B-cell-specific activator, this 
process is suppressed or does not occur at all. Along with 
this, G. Smithson et al. demonstrated that immature B 
lymphocytes under such conditions can easily pass into 
the sources of other cells (macrophages or osteoclasts), 
which naturally originate from the bone marrow pool.

The intraoral separating part of the bone increases in 
volume, which can also reliably indicate the suppression 
of B-lymphocyte maturation processes in the bone mar-
row. 

In 2000, a group of scientists led by J.A. Lorenzo 
published an article in the Journal of Bone and Mineral 
Research in which researchers conducted the same ex-
periments but in the process of ontogenesis. The results 
of these experiments also showed that (we quote) "under 
conditions of ontogenesis, the lack of mature B-lympho-
cytes practically does not affect the cellular balance and 
metabolism in bone tissue" [30].  
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CONCLUSION
 local inflammatory reaction develops under 
the influence of a traumatic agent. Such a 
reaction can be exudative, destructive, or 

purulent-infectious overnight. As the severe form of the 
inflammatory process develops, the role of neutrophils 
becomes more pronounced. The outcome of any inflam-
matory process depends on them, in particular on their 
reactivity. 

However, their direct role in bone tissue repair has yet 
to be revealed. The data available in the literature de-
scribe neutrophils' effector effect in the subsequent phas-
es of the ongoing inflammatory process. It should be 
noted here that the severity of the inflammatory process 
determines the course of collagenosis through the pro-
duction of factors that activate fibroblasts and a number 
of regenerative enzymes, such as collagenase, gelatinase, 
and stromelysin. They, in turn, play an important and 
direct role in remodelling the pericellular matrix.  

Their functional inferiority determines the main man-
ifestation of neutrophil disorders in traumatic injury. 
Such changes on the part of neutrophils occur in any 
type of injury and do not depend on the severity of the 
injury or the traumatic agent. Accordingly, the develop-
ment of traumatic shock cannot indicate specific changes 
in this cellular immune response system. However, the 
literature also describes the results of scientific studies 
that demonstrate an increase in the migration ability of 
polymorphonuclear neutrophils, especially in traumatic 
bone injuries. 

The mechanisms by which neutrophil migration abili-
ty is impaired in the event of traumatic injuries are still 
unclear. Researchers only state a decrease in this ability 
of neutrophils, but the causal effect has yet to be identi-
fied. Research in this area will be very productive for 
clinical practice. 

Conflict of interest – none
Study funding – not provided

REFERENCES:
1. The osteoblasts: a sophisticated fibroblast under cen-

tral surveillance / P. Ducy, T. Schinke, G. Karsenty et 
al. // J. Science. – 2000;289:P.1501-1504.

2. The roles of osteoprotegerin and osteoprotegerin lig-
and in the paracrine regulation of bone resorption / 
E.G. Hofbauer, S. Khosla, C.R. Dunstan et al. // J. 
Bone Miner. Res. – 2000;15:P.3-12.

3. Lorenzo J.A. Interactions between immune and bone 
cells: new insights with many remaining questions // J. 
Clin. Invest. – 2000;106:P.749-752.

4. Suppression of natural killer cell activity in patients 
with fracture/soft tissue injury / C.J. Hauser, P. Joshi, 
Q. Jones et al. // J. Arch. Surg. – 1997;132(12):P.1326-
1330.

5. Marusic A., Dikic I., Vukicevic S. New bone induc-
tion by demineralized bone matrix in immunosup-
pressed rats // Experientia, 48 (1992), pp. 783–785.

6. Kitamura D., Roes J., Kuehn R., Rajewsky K. A B-
cell deficient mouse by targeted disruption of the 
membrane exon of the immunoglobulin μ chain 
gene // Nature, 2021;350:423-426.

7. Urist M.R. The first three decades of bone morpho-
g e n e t i c p r o t e i n r e s e a r c h / / O s t e o l o g i e , 
2015;4:207-223.

8. Sequential expression of bone morphogenetic protein, 
tumour necrosis factor, and their receptors in bone-
forming reaction after mouse femoral marrow ablation 
/ T. Shimizu, R. Mehdi, Y. Yoshimura, H. Yoshikawa, 
et al. // Bone, 2018;23:127-133.

9. The pattern of gene expression following rat tibial 
marrow ablation / L.J. Suva, J.G. Seedor, N. Endo, 
H.A. Quartuccio, et al. // J. Bone Miner. Res, 
2023;8:379-387.

10.Tanaka H., Barnes J., Liang C.T. Effect of age on the 
expression of insulin-like growth factor-I, interleukin-
6, and transforming growth factor-β mRNAs in rat 
femurs following marrow ablation // Bone, 
2016;18:473-478.

11.Cunningham N.D., Paralkar V., Reddi A.H. Os-
teogenin and recombinant bone morphogenetic protein 
2B are chemotactic for human monocytes and stimu-
late transforming growth factor β1 mRNA 
expression // Proc. Natl. Acad. Sci. USA, 
2022;89:11740-11744.

12.Wozney J.M., Rosen V. Bone morphogenetic protein 
and bone morphogenetic protein gene family in bone 
formation and repair // Clin. Orthop., 2018;346:26-37.

13.Dinarello C.A. Interleukin-1 and interleukin-1 antag-
onism // Blood, 2021;77:1627-1652.

14.Bone morphogenetic proteins regulate the develop-
mental program of human hematopoietic stem cells / 
M. Bhatia, D. Bonnet, D. Wu, B. Murdoch, et al. // J 
Exp. Med., 2019;189:1139-1148.

15.The pattern of gene expression following rat tibial 
marrow ablation / L.J. Suva, J.G. Seedor, N. Endo, 
H.A. Quartuccio, et al. // J. Bone Miner. Res., 
2023;8:379-387.

16.Tanaka H., Barnes J., Liang C.T. Effect of age on the 
expression of insulin-like growth factor-I, interleukin-
6, and transforming growth factor-β mRNAs in rat 

https://journals.tma.uz/


How to Cite: Okhunov A.O. Modern Understanding of Immunological Aspects of Bone Regeneration // Journal of Educational & Scientific Medi-
cine, 2024. Vol. 1, Issue 6, P. 56–64.

JESM 2024 | Issue 6 | Volume 1 ￼ https://journals.tma.uz/ 63

femurs following marrow ablation // Bone, 
2016;18:473-478.

17.Cytokines and T-lymphocytes subsets in healthy post 
menopausal woman: estrogen retards bone loss with-
out affecting the release of IL-1 or IL-IRA / B. Abra-
hamsen, K. Bendtzen, H. Beck-Nielsen // J. Bone. – 
2017;20:P.251-258.

18.Epstein S. Post-transplantation bone disease: a role of 
immunosuppressive agents and the skeleton // J. Bone 
Miner. Res. – 2016;11:R.l-7.

19.Control of T-cell activation by CD4+ CD25+ suppres-
sor T-cells / E.M. Shevach, R.S. McHugh, C.A. Piccir-
illo, A.M. Thornton // J. Immunol. Rev. – 
2021;182:P.58-67.

20.Huston D.P. The biology of the immune system // 
JAMA. – 2017;278:P.1804-1814.

21.T-cell-mediated regulation of osteoclastogenesis by 
signalling crosstalk between RANKL and IFN / H. 
Takayanagi, K. Ogasawara, S. Hida, et al. // J. Nature. 
– 2000;408:P.600-605.

22.Osteoblasts and acts produce Interleukin-18 (interfer-
on-gamma-producing factor) via granulocyte/
macrophage colony-stimulating factor and not via in-
terferon to inhibit osteoclast formation / N. Udagawa, 
N.J. Horwood, J. Elliott, et al. // J. Exp. Med. – 
2017;185:P.1005-1012.

23.A role for CD8+ T-lymphocytes in osteoclast differ-
entiation in vitro / V. John, J.M. Hock, L.L. Short, et 
al. // J. Endocrinology. – 2016;137:P.2457-2463.

24.Depletion of CD4+ and CD8+ T-lymphocytes in mice 
in vivo enhances 1,25- dihydroxy vitamin D3-stimu-
lated osteoclast-like cell formation in vitro by a mech-
anism that is dependent on prostaglandin synthesis / 
D. Greevise, S-K. Lee, A. Marusiae, J.A. Lorenzo // 
J.Immunol. – 2020;165:P.4231-4238.

25.Sallusto P., Lanzavecchia C., Mackay R. Chemokines 
and chemokine receptors in T-cell priming and Thl/
Th2-mediated responses // J. Immunol Today. – 
2018;19:P.568-574.

26.New bone induction by bone matrix and recombinant 
human bone morphogenetic protein-2 in the mouse / 
A. Marusise, D. Greevias, V. Katavi,   et al. // Croat. 
Med. J.- 2016;37:P.237-244.

27.Conditional vascular cell adhesion molecule one dele-
tion in mice: Impaired lymphocyte migration to bone 
marrow / P.A. Koni, S.K. Joshi, U.A. Temann, et al. // 
J. Exp. Med. – 2021;193:P.741-753.

28.Commitment to the B-lymphoid lineage depends on 
the transcription factor Pax5 / S.L. Nutt, B. Heavey, 
A.G. Rolink, M. Busslinger // J. Nature. – 
2009;401:P.556-562.

29.Sigvardsson M. EBP and E47 collaborate to induce 
endogenous immunoglobulin surrogate light chain 
gene expression// J. Immunity. – 2007;7:P.25-36.

30.Murine osteoclasts and B-lymphocytes share a com-
mon progenitor cell whose abundance in bone marrow 
is regulated by estrogen / J.A. Lorenzo, D. Greevi, S. 
Lee, et al. // J. Bone Miner. Res. – 2000;15:P.1176.
 

https://journals.tma.uz/


How to Cite: Okhunov A.O. Modern Understanding of Immunological Aspects of Bone Regeneration // Journal of Educational & Scientific Medi-
cine, 2024. Vol. 1, Issue 6, P. 56–64.

JESM 2024 | Issue 6 | Volume 1 ￼ https://journals.tma.uz/ 64

SUYAK REGENERATSIYASINING IM-
MUNOLOGIK JIHATLARI BO'YICHA ZAMON-

AVIY TUSHUNCHA
Oxunov A.O.

Toshkent tibbiyot akademiyasi
ANNOTATSIYA

Immun tizimi suyak to'qimasining qayta tiklanishida 
faol ishtirok etadi. Ushbu fikrlash, ma'lum bo'lganidek, 
turli xil va heterojen bo'lgan immun hujayralari populy-
atsiyalarining o'ziga xos xususiyatiga asoslanishi 
mumkin. Suyak to'qimasining bunday funktsional va 
sitologik ko'p tomonlamaligi, ma'lum darajada ularning 
tabiiy munosabatlarining o'xshashligini ko'rsatishi 
mumkin. Ushbu aloqaning asosi rejenerativ jarayon-
lardir, biz ushbu ko'rib chiqilgan ilmiy maqolada tasvir-
lashga qaror qildik. Suyak hujayralari tizimi haqidagi 
asosiy ma'lumotlar suyak iligi ildiz hujayralarining 
monositik chizig'i makrofaglarning shakllanishi uchun 
matritsa hisoblanadi. Shu bilan birga, hujayraning bu 
ajdodlar chizig'i skelet suyaklari - osteoklastlarning qay-
ta tiklanishi uchun asos bo'lib xizmat qiladi. 
 
Kalit so'zlar: hujayrali immunitet, uzun tubular 

suyaklarning shikastlanishi, suyak to'qimalarining regen-
eratsiyasi
 

СОВРЕМЕННОЕ ПРЕДСТАВЛЕНИЕ О 
ИММУНОЛОГИЧЕСКИХ АСПЕКТАХ 

РЕГЕНЕРАЦИИ КОСТИ
Охунов А.О.

Ташкентская медицинская академия
АННОТАЦИЯ

Иммунная система принимает активное участие в 
регенерации костной ткани. Данное рассуждение 
может исходить из особенность популяций иммунных 
клеток, которые, как известно, многообразны и 
гетерогенны. Подобная функциональная и цитологи-
ческая многогранность костной ткани, в определен-
ной степени, может свидетельствует о схожести их 
природной взаимосвязи. Основу данной связи сос-
тавляют регенераторные процессы, о которых мы 
решили изложить в данной обзорной научной статье. 
Фундаментальные сведения относительно клеточной 
системы костной ткани указывают на тот факт, что 
моноцитарная линия стволовых клеток костного 
мозга считается матрицей для образования макрофа-
гов. Наравне с этим, именно данная родоначальная 
линии клетки выступает в качестве основы регенера-
ции костей скелета – остеокластов. 
 
Ключевые слова: клеточный иммунитет, травма-

тические повреждения длинных трубчатых костей, 
регенерация костной ткани
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