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Editorial on the Research Topic

Updates on Osteoimmunology: What’s New on the Crosstalk Between Bone and Immune Cells

Osteoimmunology is an important field of bone research, it deepens the crosstalk between bone,
and immune cells in both physiological and pathological conditions (1). The relative mechanisms
were reported in the papers of this special issue, grouped into different categories: general
mechanisms, pathological conditions, and potential therapeutics.

OSTEOIMMUNOLOGY GENERAL MECHANISMS

Ponzetti and Rucci reviewed in detail this topic. They reported that many cytokines that are
considered immune-related, such as Interleukins, Tumor Necrosis Factor (TNF)-α, and Receptor-
Activator of Nuclear factor Kappa B Ligand (RANKL), have all been demonstrated to be critical
in osteoblast and osteoclast biology. On the other hand, bone cells, crucial for bone remodeling,
actually regulate immune cells, and thus the endosteal niche. Both osteoclasts and osteoblasts
take part to this niche, either by supporting engraftment, or mobilization of Hematopoietic Stem
Cells (HSCs).

Interestingly, Lombardi et al. explored the effect of physical activity on bone metabolism, taking
into account not only the direct role of biomechanical load, but also focusing on the role of
immunomodulation. Although the majority of the studies point to the inflammation-mediated
effects of physical activity, it has been shown that it regulates immune function through the
inflammasomes, and through the secretion of myokines and adipokines. Although it is known that
regular physical activity is effective in improving and maintaining bone mass, there is no consensus
on the best kind of exercise to prescribe.

Additionally, Xiao and Xiao described autophagy involvement in osteoimmunology.
Autophagy is a cytologic essential event for dysfunctional organelles degradation thus
involved in cell survival; the process is also responsible for immune cell polarization (2).
Bone cells use autophagy for their main functions, in particular osteoclast differentiation,
polarization and adhesion to bone matrix depend on autophagy (3); osteoblasts through their
phagosomes secrete calcium phosphate crystals in extracellular matrix supporting osteoid matrix
mineralization (4). Differently, autophagy inhibits osteocytes oxidative stress consequences,
neutralizing damaged mitochondria that could induce apoptosis (5). The authors concluded
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that autophagy, driving the inflammatory process in the immune
cells, have important consequences on bone tissue not only in
physiological remodeling but also in the diseases.

Interestingly, Fischer et al. revised the role of Foxp3+
regulatory T cells, a particular subset of CD4+ T cells, in bone
and hematopoietic homeostasis (6, 7). Foxp3+ Treg cells play
a crucial role in preserving immune homeostasis, but may also
control regenerative and metabolic processes, osteoclast activity,
and differentiation of HSCs. Foxp3+ Treg cells affect lympho-
haematopoiesis through indirect mechanisms, i.e., by acting on
osteoclast differentiation and activity, which determines changes
in the niche size.

In the review by Metzger and Narayanan the authors
synthetized the role of osteocytes in immune mediated
bone pathological events (8). Aging, changes the canalicular
communication between osteocytes impairing their
communication features, moreover, in old mice, osteocytes
increase the production of inflammatory cytokines,
increasing bone resorption. Pro-inflammatory signals can
directly determine osteocytes apoptosis affecting bone
turnover, or can stimulate osteocytes in the production of
anti-osteoblastic or pro-osteoclastic cytokines stimulating
bone loss.

OSTEOIMMUNOLOGY AND

PATHOLOGICAL CONDITIONS

Osteoimmunology key mechanisms have been also highlighted
in different pathological conditions (9–12), and in this special
issue on obesity, osteopetrosis, osteolytic solid tumors, and
multiple myeloma.

Childhood obesity is one of the main health problems
worldwide. The excess of adipose tissue leads to inflammation,
oxidative stress, apoptosis, and endothelial dysfunctions (13).
Severe comorbidities are associated with obesity, most of them
developing already in childhood (14). Among these, low bone
mineral density, osteoporosis, and fracture risk have been
observed in subjects with various degree of obesity. Faienza
et al., reviewed the mechanisms involved in obesity-related bone
fragility. The authors reported that the accumulation of adipose
tissue positively regulates the function of osteoclasts, the bone
reabsorbing cells, by up-regulating the production of several
cytokines as RANKL, LIGHT, TRAIL, TNFα, and Monocyte
Chemotactic Protein-1 (MCP1). In addition, in obese subjects the
osteoblastogenesis is inhibited, thereby the result is an enhanced
bone resorption.

Osteopetrosis is a rare bone disease characterized by increased
bone mass due to defects in osteoclast function or formation
(15). Penna et al. deal with this interesting topic reviewing
the clinical and genetic heterogeneity of the disease and
underscoring the importance of the research in order to develop
further innovative treatment for this rare and often lethal
disease. Treatment of these patients if often limited by the
presence of neurodegeneration, however hematopoietic stem cell
transplantation can be successfully applied in several patients,
this treatment is effective only during the first months of life,
hence a precocious molecular diagnosis is fundamental.

The research article of Zhang et al. reported an analysis on
the single-nucleotide polymorphisms (SNPs) and expression of
NLRP3 inflammasome related genes, NF-κB, NLRP3, IL-1β, IL-
18, Caspase-1, and ASC in 308 acute lymphoblastic leukemia
(ALL) patients and 300 healthy controls. Inflammasomes are
large cytosolic multiprotein complexes that activate the caspase-
1-mediated innate immune responses. The results of this
study demonstrated an involvement of NLRP3 inflammasome-
related SNPs, especially NF-κB-94ins/del ATTG and CARD8
(rs2043211) genotype, in ALL. Thus, this genetic variant of
NLRP3 inflammasome could be a new biomarker and potential
targets for ALL. Furthermore, IL-1β (rs16944) and IL-18
(rs1946518) polymorphism seem to predict ALL prognosis.
Notably, ALL patients developed osteonecrosis (16), thus is
fundamental the identification of new markers as well as
therapeutic targets.

Bone is a preferred metastatic site for several cancer and
cancer cells may remain dormant for years within bone before
growing, thanks to their ability to overcome the immune system
(17). Roato and Vitale deal with the interesting and under-
investigated topic of bone metastatic niche, the relation with
immune system and the role of Natural Killer (NK) cells
in the control of bone metastases growth. They suggest that
the stimulation of NK cells activity by the use of cytokine
combinations and blocking of their checkpoint receptors can be
crucial in increasing the opportunity for new therapeutic options
in the treatment of bone metastatic disease.

Harmer et al. highlighted the role of interleukin 6 (IL-
6) in multiple myeloma, a hematological malignancy of the
plasma cells (18). About 80% of patients display the osteolytic
bone disease at diagnosis, and different mechanisms have
been demonstrated to orchestrate the negative process, such
as IL-6 (18). It is an inflammatory cytokine that affects
osteoclast differentiation and plasma cell proliferation. In
multiple myeloma, IL-6 is responsible of bone homing, osteolytic
process, progression as well as drug resistance. The review
also reported current and potential therapeutic approaches
against IL-6.

OSTEOIMMUNOLOGY AND POTENTIAL

THERAPEUTICS

In the research paper by Massaccesi et al. the authors
demonstrated Vitamin E effects on ultrahigh molecular weight
polyethylene (UHMWPE). UHMWPE are currently used for
joint prothesis, they determine the reduction of wear particles
formation with a consequent decrease of free radicals’ generation.
Bone remodeling activity in sites close to UHMWPE prosthetic
devices, can be affected by oxidative stress. Thus, oxidative
stress can induce either osteoclast differentiation or osteoblast
apoptosis leading to bone resorption. Vitamin E, being a
powerful antioxidant molecule, could be proposed in joint
prosthetic devices to decrease prothesis wear and at the same
time inhibit the influences of the oxidation-induced osteolysis
promoting osteoblast survival and osteoblasts apoptosis. The
authors concluded that Vitamin E-Stabilization on UHMWPE
could be used to increase the life of joint prothesis.
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Kishikawa et al. studied the role of Docosahexaenoic acid
(DHA) in inflammation-induced osteoclast formation. DHA,
an n-3 fatty acid, is an important structural component of
the cell membrane, regulates osteoclast differentiation, and
activity and has a potent anti-inflammatory effect through G
protein-coupled receptor 120 (GPR120), a functional receptor
for n-3 fatty acids (19). Kishikawa et al. displayed that both
RANKL- and TNF-α-induced osteoclastogenesis was inhibited
by DHA. The authors also reported that the number of
osteoclasts, bone resorption pits and the level of resorption
marker were significantly lower in LPS+DHA-co-administered
mice than LPS-administered mice. However, this DHA-induced
inhibition was not found in LPS-, DHA-, and selective GPR120
antagonist AH7614-co-administered mice. Thus, the authors
concluded that DHA inhibits LPS-induced osteoclast formation
and activity in vivo via GPR120 by inhibiting LPS-induced TNF-
α secretion by macrophages together with the direct inhibition
of osteoclastogenesis.

Nicolin et al. focused on the current knowledge on the
role of plant-derived polyphenols in suppressing osteoclast

differentiation and bone resorption. Polyphenols are natural
molecules derived from plants isolated and characterized in the
fruits, and vegetables (20). Some of these bioactive compounds
have bone anabolic action, by inhibiting bone resorption.
Probably, polyphenols could affect bone metabolism through
impairment of cytokines which are involved in promoting
osteoclast differentiation and resorption. Furthermore, these
compounds have antioxidant characteristics, since they can act
as scavengers of reactive oxygen species (ROS). However, further
studies are needed on the application of these compounds as
therapeutic alternative to current therapies (21) in bone diseases.

In conclusion, all the articles dispensed an overview of
the mechanisms regulating bone immune cell crosstalk in
physiological and pathological conditions, thus identifying
possible alternative therapeutic targets.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

REFERENCES

1. Mori G, D’Amelio P, Faccio R, Brunetti G. Bone-immune cell crosstalk: bone

diseases. J Immunol Res. (2015) 2015:108451. doi: 10.1155/2015/108451

2. Levine B, Mizushima N, Virgin HW. Autophagy in immunity and

inflammation. Nature. (2011) 469:323. doi: 10.1038/nature09782

3. DeSelm CJ, Miller BC, Zou W, Beatty WL, van Meel E, Takahata Y, et al.

Autophagy proteins regulate the secretory component of osteoclastic bone

resorption. Dev Cell. (2011) 21:966–74. doi: 10.1016/j.devcel.2011.08.016

4. NolletM, Santucci-Darmanin S, Breuil V, Al-Sahlanee R, Cros C, TopiM, et al.

Autophagy in osteoblasts is involved in mineralization and bone homeostasis.

Autophagy. (2014) 10:1965–77. doi: 10.4161/auto.36182

5. Onal M, Piemontese M, Xiong J, Wang Y, Han L, Ye S, et al. Suppression of

autophagy in osteocytes mimics skeletal aging. J Biol Chem. (2013) 288:17432–

40. doi: 10.1074/jbc.M112.444190

6. Zaiss MM, Axmann R, Zwerina J, Polzer K, Gückel E, Skapenko A, et al. Treg

cells suppress osteoclast formation: a new link between the immune system

and bone. Arthritis Rheum. (2007) 56: 4104–12. doi: 10.1002/art.23138

7. Kim YG, Lee CK, Nah SS, Mun SH, Yoo B, Moon HB. Human CD4+CD25+

regulatory T cells inhibit the differentiation of osteoclasts from peripheral

blood mononuclear cells. Biochem Biophys Res Commun. (2007) 357:1046–52.

doi: 10.1016/j.bbrc.2007.04.042

8. Pathak JL, Bakker AD, Luten FP, Verschueren P, Lems WF, Klein-

Nulend J, et al. Systemic inflammation affects human osteocyte-specific

protein and cytokine expression. Calcif Tissue Int. (2016) 98:596–608.

doi: 10.1007/s00223-016-0116-8

9. Brunetti G, Papadia F, Tummolo A, Fischetto R, Nicastro F, Piacente L,

et al. Impaired bone remodeling in children with osteogenesis imperfecta

treated and untreated with bisphosphonates: the role of DKK1, RANKL,

and TNF-α. Osteoporos Int. (2016) 27:2355–65. doi: 10.1007/s00198-016-3

501-2

10. Faienza MF, Brunetti G, Ventura A, Piacente L, Messina MF, De Luca F,

et al. Mechanisms of enhanced osteoclastogenesis in girls and young women

with Turner’s Syndrome. Bone. (2015) 81:228–36. doi: 10.1016/j.bone.2015.

07.021

11. Ventura A, Brunetti G, Colucci S, Oranger A, Ladisa F, Cavallo L,

et al. Glucocorticoid-induced osteoporosis in children with 21-hydroxylase

deficiency. Biomed Res Int. (2013) 2013:250462. doi: 10.1155/2013/250462

12. D’Amelio P, Sassi F, Buondonno I, Fornelli G, Spertino E, D’Amico L,

et al. Treatment with intermittent PTH increases Wnt10b production

by T cells in osteoporotic patients. Osteoporos Int. (2015) 26:2785–91.

doi: 10.1007/s00198-015-3189-8

13. Faienza MF, Acquafredda A, Tesse R, Luce V, Ventura A, Maggialetti N, et al.

Risk factors for subclinical atherosclerosis in diabetic and obese children. Int

J Med Sci. (2013) 10:338–43. doi: 10.7150/ijms.5181

14. Faienza MF, Santoro N, Lauciello R, Calabrò R, Giordani L, Di Salvo G, et al.

IGF2 gene variants and risk of hypertension in obese children and adolescents.

Pediatr Res. (2010) 67:340–4. doi: 10.1203/PDR.0b013e3181d22757

15. Sobacchi C, Schulz A, Coxon FP, Villa A, Helfrich MH. Osteopetrosis:

genetics, treatment and new insights into osteoclast function. Nat Rev

Endocrinol. (2013) 9:522–36. doi: 10.1038/nrendo.2013.137

16. Krull K, Kunstreich M, Bronsema A, Bleckmann K, Classen CF, Erdlenbruch

B, et al. Osteonecrosis in children with acute lymphoblastic leukemia at initial

diagnosis and prior to any chemotherapy. Leuk Lymphoma. (2019) 60:78–84.

doi: 10.1080/10428194.2018.1466292

17. Brunetti G, Colaianni G, Faienza MF, Colucci S, Grano M. Osteotropic

cancers: from primary tumor to bone. Clin Rev Bone Min Metab. (2013)

11:94–102. doi: 10.1007/s12018-013-9147-0

18. Terpos E, Ntanasis-Stathopoulos I, Gavriatopoulou M, Dimopoulos MA.

Pathogenesis of bone disease in multiple myeloma: from bench to bedside.

Blood Cancer J. (2018) 8:7. doi: 10.1038/s41408-017-0037-4

19. Kasonga AE, Deepak V, Kruger MC, Coetzee M. Arachidonic acid

and docosahexaenoic acid suppress osteoclast formation and activity in

human CD14+ monocytes, in vitro. PLoS ONE. (2015) 10:e0125145.

doi: 10.1371/journal.pone.0125145

20. Corbo F, Brunetti G, Crupi P, Bortolotti S, Storlino G, Piacente L, et al.

Effects of sweet cherry polyphenols on enhanced osteoclastogenesis

associated with childhood obesity. Front Immunol. (2019) 10:1001.

doi: 10.3389/fimmu.2019.01001

21. Faienza MF, Chiarito M, D’Amato G, Colaianni G, Colucci S, Grano M,

et al. Monoclonal antibodies for treating osteoporosis. Expert Opin Biol Ther.

(2018) 18:149–57. doi: 10.1080/14712598.2018.1401607

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Brunetti, D’Amelio, Mori and Faienza. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Endocrinology | www.frontiersin.org 3 February 2020 | Volume 11 | Article 74

https://doi.org/10.3389/fendo.2019.00157
https://doi.org/10.3389/fendo.2019.00157
https://doi.org/10.3389/fendo.2019.00494
https://doi.org/10.1155/2015/108451
https://doi.org/10.1038/nature09782
https://doi.org/10.1016/j.devcel.2011.08.016
https://doi.org/10.4161/auto.36182
https://doi.org/10.1074/jbc.M112.444190
https://doi.org/10.1002/art.23138
https://doi.org/10.1016/j.bbrc.2007.04.042
https://doi.org/10.1007/s00223-016-0116-8
https://doi.org/10.1007/s00198-016-3501-2
https://doi.org/10.1016/j.bone.2015.07.021
https://doi.org/10.1155/2013/250462
https://doi.org/10.1007/s00198-015-3189-8
https://doi.org/10.7150/ijms.5181
https://doi.org/10.1203/PDR.0b013e3181d22757
https://doi.org/10.1038/nrendo.2013.137
https://doi.org/10.1080/10428194.2018.1466292
https://doi.org/10.1007/s12018-013-9147-0
https://doi.org/10.1038/s41408-017-0037-4
https://doi.org/10.1371/journal.pone.0125145
https://doi.org/10.3389/fimmu.2019.01001
https://doi.org/10.1080/14712598.2018.1401607~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Editorial: Updates on Osteoimmunology: What's New on the Crosstalk Between Bone and Immune Cells
	Osteoimmunology General Mechanisms
	Osteoimmunology and Pathological Conditions
	Osteoimmunology and Potential Therapeutics
	Author Contributions
	References


