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Bone undergoes continual remodeling by sequential action of bone-resorbing osteoclasts (OCs) and bone-

forming osteoblasts. Osteoblasts develop from cells of mesenchymal origin while OCs differentiate trough

fusion of myeloid precursors under the control of the key osteoclastogenic cytokine, receptor activator of

NF-κB ligand and macrophage colony stimulating factor. Excessive bone resorption results in osteoporosis,

characterized by reduced bone density, alteration of bone structure, pain and increased risk of fracture. In

addition, diseases such as rheumatoid arthritis present inflammatory synovitis associated with OC-

dependent bone destruction. Most clinically approved anti-resorption drugs enhance bone mass by either

inducing OC apoptosis or impairing OC differentiation, but they also affect bone formation. The reason is

that OCs can indirectly stimulate bone formation, independently of bone resorption, in particular by

secreting proteins such as clastokines1. While prevalence of osteoporosis and OC-dependent diseases

dramatically increases worldwide, it is necessary to identify alternative therapeutic approaches that target

the activity of OCs while preserving their pool. To date, very few targets meeting these criteria are

available. The first tempting target has been cathepsin K, a key OC protease. Indeed, cathepsin K

inhibitors are now available and proved to be efficient as anti-resorptive molecules preventing pathological

bone loss but adverse effects have been reported2-4. Another promising strategy is to target the OC

specific adhesive actin structure (the sealing zone) by impacting the b3 integrin, the major OC integrin, or

the exchange factor Dock5, a guanine nucleotide exchange factor of the small GTPase Rac which controls

actin dynamics inside the sealing zone5-7. Inhibitors of these two targets are still in the preclinical or early

clinical stage. In this context, the paper from Aranjelovic and al8 recently identified ELMO1, that is part of a

complex with Dock5 and Rac1 9, as another potential target to control OC function without significantly

affecting their number. 

ELMO1 protein was originally identified as an activator of the small Rac1-GTPase that controls actin

polymerization, and a key player in efferocytosis and cell migration10. The Rho-GTPases family (Rac1 and

Rac2) has been reported to perform multiple roles during OC differentiation, including essential dynamic

rearrangement of the actin cytoskeleton (for review see11,12). However, the exact role of ELMO1 in the

osteclastogenesis was not elucidated before this study.

In Aranjelovic and al.8, the authors obtained the first indication of a role of ELMO1 in the

osteoclastogenesis process from the analysis of available databases that allowed a correlation between
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single-nucleotide polymorphisms in ELMO1 with various bone or joint diseases. Interestingly, Elmo1 +/- or

Elmo1-/- mice do not have bone defects nor strong effects on OC number or osteoblast mineralization at

the steady-state. However, the role of ELMO1 is revealed in pathological conditions. Indeed, this study

elegantly evaluated the phenotype of Elmo1 +/- or Elmo1-/- mice in various and complementary in vivo

mouse models of osteoporosis/bone erosion as well as arthritis, using morphological analysis (whole body

DEXA scan and trabecular bone microCT) and quantification of OC markers. In particular, they explored two

classical models of osteoporosis (osteoprotogerin-deficient mice and in ovariectomized mice mimicking

post-menauposal osteoroporosis), and two independent models of arthritis (collagen- or K/BxN serum

induced- arthritis). In all of these cases, the loss of ELMO1 significantly counteracted bone erosion. They

also confirmed their results with Elmo1fl/fl Cx3cr1-Cre mice which is supposed to delete ELMO1 specifically

in OCs, or at least in an OC sub-population13. Furthermore, compared to control mice, OCs differentiated

from bone marrow precursors derived from ELMO1-deficient mice display a strong defect in their bone

resorption activity while their number and their multinucleation status were not modified. These data

suggest that ELMO1 is important for OC function but not for OC differentiation. Indeed, osteoclastic

differentiation does not appear to be significantly affected by ELMO1 loss, although the expression of a

classical marker of OC maturation, the b3 integrin, increased. These results were further confirmed using

additional in vitro models, including CRISPR/Cas9 Elmo1 deletion in Hoxb8 OCs14. Most of these data on

the positive role of ELMO1 in OC function both ex vivo and in vivo were published at the same time by the

group of Yan J.15, while in their experiments they found that ELMO1 deletion also affects OC differentiation.

In addition, Aranjelovic and al.8 showed that impaired bone resorption in ELMO1-deficient OCs was

accompanied by disruption of the F-actin bone resorption apparatus of OCs (belts and sealing zones on

glass and bone, respectively) in respect with their functional defect. They also identified several new

ELMO1-dependent regulated genes involved in OC function, such as cathepsin G and myeloperoxidase,

using complementary transcriptomics and proteomics approaches. They went further and provided

evidence that this new candidate could be druggable. Indeed, based on the structure of ELMO1 with one of

its interactors, they designed an inhibitory peptide. Importantly, this peptide was able to impair OC-

mediated bone resorption in vitro. While promising, many works remain in order to evaluate the

consequences of ELMO1 inhibitory peptides in vivo at the steady state and in pathological conditions, but

also their potential side effects. Indeed, ELMO1 is widely expressed and an upstream regulator of small

Rac1-GTPase involved in several cellular functions in addition to OC function. 

 

Taken together, these results showed the key role of ELMO1 as a signal regulator of OC function and not

differentiation or number, making it an original new target. In addition, this important publication

highlights new cellular mechanisms controlling OC bone resorption activity which may be exploited further

towards innovative applications in the context of bone resorption disorders including age-related

osteoporosis and arthritis.
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