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The coupling of osteoclastic bone resorption to osteoblastic bone
formation is key to maintaining bone structure and function. Coupling
is not fully understood but appears to require osteoclasts (OC).
Dysregulated coupling is a feature of osteopetrosis, a family of
diseases caused by mutations affecting OC resorptive function, where
bone formation continues despite minimal resorptive activity. In
severe autosomal recessive forms of osteopetrosis (ARO), marrow
fibrosis resulting in failure is described in both patients and mouse
models. We hypothesized that marrow fibrosis is a consequence of
dysregulated coupling and therefore, dysfunctional OC are both
necessary and sufficient for marrow fibrosis in ARO. Our mouse
model is based on nuclear factor of activated T cells 1, or NFAT1.
Nfatc1 gene expression is promoted by binding of RANKL to RANKa,
while calcium influx simultaneously activates calcineurin to complex
with NFATc1b, ultimately allowing NFATc1 to translocate to the nucleus
of the OC and further enhance Nfatc1 transcription and promote
further OC-specific genes which are requires for bone resorption.

INTRODUCTION

CtskCre;Nfatc1fl/fl mice were used to investigate a murine model of severe ARO, using conventional
histologic, immunohistochemistry and in situ hybridization investigations and micro-CT.
 OC depletion: OC depletion was achieved by either treating mice with the neutralizing antibody
to RANKL, or genetically by crossing to CtskCre;Rankfl/fl mice (Nfatc1ΔOC).
 Radiation chimeras: Lethally irradiated wildtype mice were reconstituted with hematopoietic

stem cells (HSC) from CtskCre;Nfatc1fl/fl or littermate controls and maintained on a low calcium
diet.

• Osteoblasts were obtained from bone marrow digests of Nfatc1ΔOC and WT mice
• Fibrosis was quantified using Masson’s Trichrome and H&E staining.
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 Marrow fibrosis is a phenotype common to three
different models of osteoclast-rich ARO

 Genetic or pharmacologic inhibition of osteoclasts
eliminates fibrosis

 Dysfunctional osteoclasts appear to be necessary and
sufficient for marrow fibrosis
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CONTINUING RESEARCH

• Determine if pharmacologic inhibition of osteoclasts
is sufficient to eliminate fibrosis in Clcn7 mutants

• Utilize RNA sequencing to identify pathways common
to osteoclasts among all three ARO models to identify
targets for novel therapeutic methods to help
patients suffering from ARO

Figure 2. A. Nfatc1∆OC mice weigh less than
WT mice B. Nfatc1∆OC mice are runted and
toothless C. µCT imaging of femurs
demonstrate increased bone and loss of
secondary ossification centers in Nfatc1∆OC

ARO model D. H&E staining reveals ricketic
growth plate in Nfatc1∆OC mice
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Figure 3. A. Masson’s trichrome and H&E staining highlight infiltrative stromal cells replacing marrow cells B. IHC
staining show presence of RUNX2 cell markers on stromal cells, which is expected in pre-osteoblastic cells C. IHC
staining shows presence of Ki67 cell markers on stromal cells indicating highly proliferative cells
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Figure 1. RANKL signaling through the RANK receptor leads to expression of the
downstream transcription factor NFATc1. Inhibition of RANKL by the RANKL antibody blocks
binding to RANK and inhibits the pathway. Adapted from Kim & Kim, 2016, fig. 1.

Figure 1.
Figure 5. A. Histology and µCT imaging of WT femurs B. Histology and µCT imaging of Nfatc1∆OC

femurs highlighting presence of osteoclasts, lack of secondary ossification centers and marrow
fibrosis C. Histology and µCT imaging of Nfatc1∆OCRank∆OC femurs demonstrates lack of
osteoclasts and a less severe osteopetrotic phenotype and marrow fibrosis, indicating a
dependence on the ARO phenotype with the presence of osteoclasts
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Figure 7. RANK KO versus CLCN7 KO demonstrating slight loss of secondary ossification center 
and hematopoietic elements in the marrow spaces. CLCN7 has increased bone density and 
marrow fibrosis.  
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