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Introduction: Osteogenesis Imperfecta (OI) is a hereditary
connective tissue disease. The collagen type 1 defect is described as
qualitative (OI types 3 and 4) or quantitative (OI type 1), but some
degree of qualitative defect is seen in all patients with OI. When
osteoclasts resorb bone collagen proteolysis is a particular challenge.
We hypothesize that in OI the qualitative and quantitative defects in
collagen type 1 will alter the bone resorptive activity of osteoclasts.

Methods: Matured human osteoclasts, generated from
anonymous blood donors, were reseeded onto devitalized cortical
bone slices (total=47) from OI type 1+3+4 patients (n=3/7/3)
(approval 1506954) and age-matched human controls (n=6) or
onto calvarial bone from Col1a1Jrt/+ (n=32; controls =25) and
Col1a1Aga2/+ (n=6; controls=6) mouse models (approvals 2012-
7127 & 2010-035-05). The bones were evaluated for resorption (pits
and trenches) after 72h culture.

Results: Overall bone resorption was unchanged between OI type
1, 3, and control (7.0 and 6.7% vs 7% eroded surface per bone surface
(ES/BS)). On OI type 4 bone, resorption was significantly lower than
on control bone (4.3% vs 7% ES/BS, p=0.03), with trenches more
common (99.3% vs 89.7% trench surface/ES, p=0.019). Osteoclasts on
OI type 1 bone made more pits than on control bone (17.2% vs 10.3%
pit surface/ES, p=0.029). Pits and trenches were deeper on OI type 4
bone than control (pits:8.7 vs 7.0 μm, p=0.01; trenches:20.6 vs 10.3
μm, p=0.0065). The overall resorptive activity was either unaltered
compared to control (Aga2:13.1 vs 12.8% ES/BS) or elevated
(Col1a1Jrt/+:8.7 vs 5.2 number events/area, p=0.0045), but with a
stronger prevalence for osteoclasts to make pits (Col1a1Aga2/+:5.1 vs
2.3% pit surface/BS, p=0.002) (Col1a1Jrt/+:5.8 vs 3.3 number pits/
area, p=0.0004) rather than trenches.

Conclusion: Quantitative and qualitative changes in collagen type
I modify osteoclastic bone resorption. This may explain the
usefulness of osteoclast inhibitors in OI.

doi:10.1016/j.bonr.2022.101398
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Introduction: Extracellular pH modulates osteoclast function,
whereby bone resorption is near-maximally activated at pH7.0 but is
limited at ≥pH7.4. This study investigated the transcriptomic
differences of osteoclasts in response to low pH.

Methods:Mouse bonemarrow-derived osteoclastswere cultured on
dentine discs at pH7.4 or pH6.9. At day 5, osteoclasts originally cultured
at pH7.4 were also acidified to pH6.9. The effect of pH on osteoclast
formation, activity, protein, and differential gene expression was
investigated 4-hours post-acidification by image analysis of TRAP-
stained discs, western blotting and RNAseq, respectively.

Results: Short-term exposure to low pH reduced osteoclast size by
~24% (pb0.05) and increased osteoclast number 1.2-fold (pb0.05), but
resorptive activity remained limited 4-hours post-acidification. A
reduction in extracellular pH was also associated with increased
cathepsin K (pb0.01) but decreased cleaved osteopontin protein
expression (pb0.01). Principal component analysis of RNAseq data
revealed three transcriptionally distinct populations at different pH
conditions (pH7.4, pH6.9 and pH7.4 to pH6.9 for 4-hours). Generally,
low pH-treated osteoclasts, irrespective of exposure duration, shared
more variance than those cultured at pH7.4. Functional analysis with
Reactome pathway gene sets suggest that Kit and AMPK signalling is
activated in osteoclasts continually cultured at pH7.4, relative to those at
pH6.9 (pb0.05). Consistentwith the limited resorption observed, energy
metabolism and amino acid transport pathways were down-regulated
at pH7.4 relative to cells grown at low pH (pb0.05). Short-term acid-
activated osteoclasts were enriched in amino acid transporter and
energy metabolism activities, suggesting preparedness for resorptive
activity initiation. Reactive oxygen species pathways were down-
regulated 4-hours post-acidification relative to continuous culture at
pH6.9 (pb0.05), suggesting that protection against oxidative stress is
required under longer exposure to low pH.

Conclusion: Together, these data suggest that small reductions in pH
transcriptionally and functionallymodulate osteoclast activity in as little
as 4 hours.

doi:10.1016/j.bonr.2022.101399
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Background: Conditions such as chronic pain have shown great
benefits from cannabis treatment. However, there is a lack of well-
controlled clinical trials to provide clarity on side-effects of
cannabidiol therapeutics. We studied the effect of CBD and THC on
osteoclasts and osteoblasts in vitro.

Methods: CD14+ monocytes from anonymous blood donors were
differentiated into osteoclasts in vitro over 9 days using 25ng/ml of both,
M-CSF and RANKL. CBD and THC were purified from cannabis extracts
by HPLC-DAD-HRMS. Osteoblasts were cultured from outgrowths of
human bone. CBD or THC were added during osteoclast differentiation
(7 days) and inmono- or co-cultures on bone slices (3 days) (0.3 to 100
μM; ≥5 technical replicates/condition).

Results: CBD and THC stimulated bone resorption at doses ranging
from1 to 10 μM(n=6 experiments) (eroded surface/BS: CBD, p=0.003;
THC, p=0.012). However, doses of 30 μM CBD and THC inhibited
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osteoclastic bone resorption (eroded surface/BS: CBD, p=0.03; THC,
p=0.03 ) (Fig. 1 and 2). CBD and THC inhibited fusion at N10 μM (n=5)
(osteoclasts/field: CBD, p=0.03; THC, p=0.03) (nuclei/osteoclast: -
CBD, p=0.03; THC, p= 0.03).Western blotting confirmed expression of
endocannabinoid receptor, CB1 in osteoclasts. CBD and THC, in co-
culture settings (n=3 experiments) displayed dose dependent
inhibition of osteoclastic bone resorption (representative values from
1 experiment CBD, pb0.0001; THC, p=0.0012) and ALP activity of
osteoblasts (CBD, pb0.0001; THC, p=0.0005). These experiments
suggest that osteoblasts are more sensitive to CBD and THC than
osteoclasts.

Conclusion: Osteoclastic differentiation and bone resorption are
directly affected by CBD and THC possibly through CB1. Considering all
experiments, our study suggests that overall, both drugs enhance
resorption at low doses and suppresses it at higher doses. Generally, our
data suggests that both drugs may trigger bone loss and accelerate
osteoporosis in vivo.

doi:10.1016/j.bonr.2022.101400
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Background: Despite extensive research and the availability of
good experimental models, the mechanism of bone resorption has
not been fully elucidated. The primary protease is cathepsin K but
additional enzymes are involved. Some cleavage products have been
partially identified including CTX 1, but the pathway of collagen
degradation in resorption has still to be described.

Purpose: We aimed to use a metabolomic approach to investigate
the mechanism of bone collagen breakdown during resorption and to
identify new potential biomarkers.

Methods: Human osteoclast precursors were seeded on to
dentine slices and induced to differentiate by addition of MCSF
(33ng/ml), plus or minus RANKL (66ng/ml) (n=6 per group). After
19 days medium was harvested and resorption quantified by
microscopy. Conditioned medium was analysed by LC-QTOF-MS
and metabolomic profiles compared between +RANKL on dentine
and three control groups: -RANKL on dentine, + or - RANKL on
plastic. A panel of resorption analytes was identified. To test
correlation of analytes with resorption, osteoclasts were treated
with zoledronate. The presence of analytes in plasma and urine was
also investigated.

Results: Twenty-eight entities (144 - 1,541 Da) were upregulated
in +RANKL on dentine compared with control groups (pb0.001).
These included dipeptides (L-Hyp), tripeptides (G-P-Hyp) and
oligopeptides derived from type I collagen. Addition of zoledronate
(10-10-10-4M) led to dose dependent inhibition of resorption
(pb0.001). Comparative dose-response curves were observed for
the release of all of the collagen breakdown products (R2=0.82). 16
of the entities were detected in mouse plasma and urine, and their
concentrations varied with age for example plasma L-Hyp and urine
G-P-Hyp were negatively correlated with age (-0.88 and -0.78).

Conclusions: We identified novel products of bone resorption
that can be used to quantify bone resorption in vitro, simply and
reliably. Some of these products are present in serum and urine
expanding the range of bone turnover biomarkers.

doi:10.1016/j.bonr.2022.101401

P123
Osteoclastic differentiation from PBMCs in human osteochondral
explants cultured ex vivo
Esther Cramera, Hans Hendriksb, Keita Itoa, Sandra Hofmanna

aOrthopaedic Biomechanics, Department of Biomedical Engineering and
ICMS Eindhoven University of Technology, Eindhoven, Netherlands
bOrthopaedic Center Máxima, Department of Orthopaedic Surgery &
Trauma Máxima Medical Center, Eindhoven-Veldhoven, Netherlands

Introduction: Osteoclasts are responsible for bone resorption, a
key element of bone remodeling. Despite this, studies involving in
vitro bone explant cultures are neglecting osteoclast activity and
resorption. This is potentially due to osteoclasts’ short lifespan and
lack of vascularization ex vivo, limiting the source of monocytes,
making it complex to study osteoclastogenesis and resorption in
long-term explant cultures.

Objective: To include and evaluate osteoclastogenesis in human
osteochondral explants through the addition of peripheral blood
mononuclear cells (PBMCs), containing monocytes.

Methods: Osteochondral cores (Ø10 mm) were isolated from
human femoral heads of 3 patients (62-71y, female) undergoing
total hip replacement, approved by the Local Medical Ethical
Committee (METC, number N16.148). Explants with and without
PBMCs (n=7, 6) were cultured for 20 days in αMEM supplemented
with RANKL and M-CSF (50 ng/ml of both). PBMCs extracted from a
human buffy coat (Sanquin) were seeded on day 4. Osteoclast
differentiation was evaluated by TRAP analysis of medium samples
taken every two days and immunohistochemistry at the endpoint.

Results: TRAP levels remained constant over 21 days in
unseeded explants. When PBMCs were added, TRAP levels showed
a 2-fold increase between day 8 and 10, reaching a significant
increase on day 14 and 20 compared to day 4 (pb0.05, RM-ANOVA).
On day 20, TRAP expression was significantly higher in explants
with PBMCs compared to unseeded explants (pb0.05, t-test).
Immunohistochemistry results confirmed higher osteoclast
abundance in explants seeded with PBMCs observed from
multinucleated cells positive for TRAP and CD61.

Conclusion: Osteoclast differentiation was enhanced with
addition of PBMCs, suggesting that an additional source of
monocytes, such as PBMCs, might be needed when osteoclast
activity - and the bone remodeling process - is to be integrated in
human ex vivo culture studies.

doi:10.1016/j.bonr.2022.101402

P124
Expression of Osteoclastic Coupling Factors and Their Receptors
in Human Bone Remodeling Events
Xenia Borggaarda, Christina M. Andreasena, Malene H. Nielsena, Jean-
Marie Delaissea, Thomas L. Andersena

aOdense University Hospital- University of Southern Denmark, Clinical
Cell Biology, Odense, Denmark

Introduction: Signaling between osteoclasts and osteoblastic
cells is essential for coupling during bone remodeling. Dysfunctional
coupling has been associated with bone loss in various clinical
settings. Osteoclastic factors stimulating bone formation are central
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