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Age-induced osteoporosis is characterized by a progressive 
decline in bone formation and increase in bone resorption 
with uncoupled activities of osteoblasts and osteoclasts. 
Parathyroid hormone (PTH) is used in the clinic to treat os-
teoporosis due to its anabolic actions on bone via binding to 
the PTH receptor (PPR). The receptor is highly expressed 
in cells of the osteoblastic lineage, including osteocytes. 
Osteocytes are the most abundant cells in bone and serve as 
a key regulator of bone remodeling. Despite the significant 
role of PPR signaling in skeletal homeostasis, its function in 
osteocytes during aging remains unclear. We have gathered 
preliminary data demonstrating that mice lacking PPR 
predominantly in osteocytes (Dmp1-PPRKO) have marked 
age-induced bone loss due to increased bone resorption and 
suppressed bone formation. These mice, with aging, de-
velop characteristics of skeletal senescence: a decrease in 
osteoprogenitors and an increase in bone marrow adiposity 
and p16Ink4a/Cdkn2a expression in bone. Since senescence 
of cells in the bone microenvironment has been reported 
as a cause of age-induced bone loss, we hypothesized that 
PPR signaling protects osteocytes from senescence. To test 
this hypothesis, we generated osteocytes (Ocy454-12H), in 
which the PPR expression was ablated using CRISPR/Cas9 
technique. Ocy454-12H-PPRKO and Ocy454-12H-PPRCtrl 
cells were treated with PTH followed by an exposure to hy-
drogen peroxide (H2O2). High levels of intracellular reactive 
oxygen species (ROS), including H2O2, promote protein and 
DNA oxidation, resulting in cell death and senescence. PTH 
treatment significantly suppressed the increase in H2O2-
induced cell death, measured by resazurin-based assays, in 
PPRCtrl but not in PPRKO cells. We analyzed intracellular 
ROS levels using a fluorescent probe and found that PTH 
treatment significantly suppressed the increase in ROS 
upon H2O2 exposure, suggesting an antioxidant function of 
PTH in osteocytes. To further investigate if PTH prevents 
osteocytes from oxidative stress-induced senescence, we 
examined senescence-associated β-galactosidase (SA β-gal) 
activity in cells that were treated with PTH followed by an 
exposure to low doses of H2O2. Compared to untreated and 
PPRKO groups, treatment with PTH significantly decreased 
the number of SA β-gal positive cells, demonstrating that 
PPR signaling protects osteocytes, and possibly other oste-
oblastic cells, from H2O2-induced cellular senescence. PTH 
treatment reduced mRNA expression of p21/Cdkn1a. Taken 
together these results demonstrate that PPR signaling is 
important to protect osteocytes from cellular senescence.
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Background: The increasing number of older adults 
with obesity is a growing public health problem because of 
increased risk of fractures especially at the ankle and upper 
leg despite normal or high bone mineral density. Among the 
contributory factors for fracture risk in this population may 
be aging- and obesity- associated physical frailty and im-
paired bone quality. However, how the adverse changes in 
physical function and body composition in this aging and 
obese population contribute to bone quality as assessed 
by finite element analyses (FEA) of bone strength has not 
been determined. Methods: One-hundred sixty-nine older 
(age ≥ 65 yrs.) adults with obesity (BMI ≥ 30 kg/m2) were 
recruited to participate in lifestyle intervention trials at 
our Medical Center. All underwent baseline measurements 
of bone strength (failure load [N] and stiffness [N.mm-1]) 
as estimated using FEA from high-resolution peripheral 
quantitative tomography (HR-pQCT) of the distal radius 
and tibia. In addition, body composition (appendicular lean 
mass/BMI [ALMBMI], fat mass/height2 [FMI]) was assessed 
by dual-energy x-ray absorptiometry (DXA) and physical 
function by the modified physical performance test (PPT), 
knee extension strength (isokinetic dynamometry), hand 
grip strength, and 4-meter gait speed. Results: Bivariate 
analyses showed that ALMBMI (r=.57 to .58), FMI (r=-.16 
to -.17), gait speed (r=.20 to .21), grip strength (.56 to .57), 
and knee extension strength (r=.40 to .42) correlated with 
stiffness and failure load at the distal radius (all P<0.05). 
In addition, ALMBMI (r=.65 to .67), FMI (r=-.22 to .23), gait 
speed (r+.18 to .19), grip strength (r=.58 to .59), and knee 
extension strength (r=.44 to .45) correlated with stiffness 
and failure load at the distal tibia (all P<0.05). Controlling 
for age and sex, multiple regression analyses revealed that 
ALMBMI (β=.34 to .35) and grip strength (β=.28 to .29) were 
the independent predictors of stiffness and failure load at 
the distal radius, explaining 45% to 46% of the variance 
in stiffness and failure load (P<0.001). On the other hand, 
multiple regression analyses revealed that ALMBMI (β=.45 
to .52), grip strength (β=.27 to .28), and FMI (β=.17 to .18) 
were the independent predictors of stiffness and failure 
load at the distal tibia, explaining 74% to 75% of the vari-
ance in stiffness and failure load (P<0.001). Conclusions: 
These findings suggest the importance of preserving 
muscle mass while reducing fat mass and improving phys-
ical function to maintain bone quality and decrease the risk 
of fractures when older adults with obesity undergo life-
style intervention.
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Opioid use is associated with a three to four-fold increase 
in fracture risk, which is higher in males compared to 
females. Although one component of that risk may be falls, 
there is also evidence of altered bone remodeling. However, 
the mechanisms of these effects are not entirely clear. Our 
aim was to develop a mouse model of opioid-induced bone 
loss and study the impact on bone turnover and potential 
miRNA-mediated regulatory mechanisms. We evaluated 
the effects of sustained morphine treatment on the skel-
eton and metabolism of male and female C57BL/6J mice 
by treating with vehicle (0.9% saline) (n=9–11) or morphine 
(18 mg/kg) (n=11) using subcutaneous osmotic minipumps 
for 25  days. Morphine did not influence body weight or 
food intake, but did reduce fat mass in both sexes. All mice 
treated with morphine had higher resting energy expend-
iture and respiratory quotient, indicating a shift toward 
carbohydrate metabolism. After 25  days of treatment, 
microComputed Tomography (µCT) analyses indicated that 
morphine-treated male mice lost 15% of trabecular bone 
volume fraction (Tb.BV/TV) and 14% of Tb. bone mineral 
density (BMD) (p<0.05) in the distal femur compared to ve-
hicle, but there were no changes in cortical bone. Females 
did not lose bone, suggesting differences may be hormone-
related. Despite these sex differences, males and females 
had similar levels of morphine exposure, measured by 
LC-MS/MS. Histomorphometric analyses demonstrated 
that in males, morphine reduced bone formation rate 
(p<0.05) compared to vehicle, but did not impact osteoclast 
parameters. Consistent with this, morphine reduced bone 
formation marker gene expression in the tibia of males (in-
cluding Bglap and Dmp1). Circulating miRNA profiles were 
interrogated in serum collected at day 12 from vehicle- and 
morphine-treated male and female mice. While very few 
changes were present in females, there were 14 differen-
tially expressed miRNAs in males treated with morphine 
that reached a threshold of ≥ 2-fold change and p<0.01. 
After target pathway analysis (DIANA miR Path V.3 using 
experimentally validated miRNA/mRNA targets (Tarbase 
V.7)), we found that the four upregulated miRNAs (miR-
484, -223-3p, -328-3p, and -3107-3p) were associated with 
13 enriched KEGG pathways (p<0.05), including fatty acid 
metabolism pathways (p<0.001). Fatty acid metabolism 
has recently been linked to osteoblast function, and sup-
pression of such pathways is consistent with the finding 
of increased respiratory quotient. In summary, morphine 
leads to trabecular bone loss due to reduced bone forma-
tion in males. miRNA findings indicate this may be due 
to altered metabolic control of mineralization. Further 
investigation into hormonal and metabolic dependency of 
morphine-induced bone formation changes could lead to 
clinical mitigation strategies for preventing the adverse 
effects of opioids on bone health.
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Objective: The extraordinarily high bone densities 
identified in the hypoparathyroidism patients originating 
from PTH R25C mutation suggested the possibility that this 
modified protein has unique biologic effects and contributes 
to the gain of bone volume. Interestingly, western blot of cell 
lysates stably transfected with PTH R25C construct revealed 
that Cys25PTH(1–84) formed a dimer, presumably due to di-
sulfide bonding of the cysteine residues. This study aims to 
study the characteristics of Cys25PTH(1–34) dimeric peptide 
(Dimer) both in vitro and in vivo for potential therapeutic 
application of Dimer as a novel anabolic agent. Methods: 
Identity of the chemically synthesized Dimer was confirmed 
by its molecular weight and purity using MS and HPLC, 
respectively. Basic characteristics, for example, ability 
to bind to PTHR and cAMP production were investigated 
using a variety of cells. In addition, the ligand-receptor in-
ternalization was investigated using TMR tagged Dimer. 
In vivo characteristics, such as calcemic and phosphatemic 
responses, pharmacokinetics and pharmacodynamics, were 
assessed in CD1 mice. The osteoanabolic effects of Dimer 
were assessed using a fracture-healing model, a calvarial-
injection model and an OVX mouse model. Results: In 
vivo study showed that Dimer has similar calcemic and 
phosphatemic responses to PTH(1–34; WT). In cell assays, 
Dimer showed a similar cAMP production but slightly lower 
binding affinity compared to WT. Dimer-receptor complex 
was internalized into the cells. Surprisingly, Dimer showed 
a potent anabolic effect in the fracture-healing model in mice 
measured as the callus volume fraction by microCT. We also 
observed a comparable anabolic effect of Dimer in calvarial-
injection model and OVX model. Conclusions: Dimeric 
Cys25PTH(1–84) peptide might play a substantial role in the 
high bone mass in hypoparathyroidism patients, originating 
from the PTH R25C mutation. This may be translated into 
the development of potential therapeutic modality for the 
treatment of osteoporosis and fracture healing using Dimer.
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