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ABSTRACT 

 

Osteoporosis, a condition defined by a low bone mineral density (BMD) and associated with 

increased fracture risk, is associated with a decrease in both osteocyte (OY) density and 

viability. A great deal of evidence implicates OY as central to bone physiology and pathology 

(1). However, human OY biology in particular is poorly characterised. We previously showed 

that a variety of bone-acting factors induce a pro-anabolic or pro-catabolic response in human 

primary osteoblasts (Normal Human Bone-derived Cells, NHBC), concomitant with the 

acquisition of an OY-like phenotype (2-6). Bone mineralisation, the deposition of calcium and 

phosphate as calcium phosphate in the form of hydroxyapatite, occurs in lamellar bone 

concurrent with osteoblast to OY transition (7). 

The first aim of the current study was to characterise the role of calcium, a common dietary 

supplement for the treatment of osteoporosis, in the transition of osteoblasts to OY, using 

human primary cell models. Secondly, low intensity pulsed ultrasound (LIPUS), an emerging 

therapy for osteoporosis and fracture repair, was also assessed for its effects on NHBC 

differentiation into OY. We hypothesised that each of these stimuli would exert a pro-

anabolic effect on NHBC differentiation, promoting their transition to OY-like cells.  

NHBC were cultured under conditions permissive for in vitro mineralisation, in the presence 

of a wide concentration range of Ca2+ (1.8 - 11.8 mM). Experiments were performed in the 

presence or absence of an inhibitor of the extracellular calcium sensing receptor (CaSR), 

NPS2390, as we hypothesised that these cells would ‘sense’ extracellular calcium through 

this receptor. NHBC tolerated even the highest concentration of Ca2+ used. Treatment with 

Ca2+ resulted in a striking dose- and time-dependent increase in in vitro mineralisation, 

associated with an increasing ratio of Ca:P, as determined by electron dispersive 

spectroscopy (EDS). Levels of mRNAs encoding the OY markers, SOST, E11 and dentin 
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matrix protein 1 (DMP1), were elevated in the mineralised cultures indicating promotion of 

osteoblast to OY transition. Gene expression was differentially regulated by Ca2+. The 

expression of the osteoclast inhibitor, OPG, was dramatically enhanced by calcium. It was 

found that CaSR mRNA expression was rapidly lost from human trabecular bone ex vivo and 

is not expressed by NHBC. However, NHBC did express the related receptor, GPRC6A. 

Surprisingly, mineralisation was either unchanged or enhanced in the presence of the calcium 

sensing receptor inhibitor, NPS2390. Calcium-dependent mineralisation was reversed in the 

presence of phosphorylated MEPE-ASARM peptides. This study suggests that osteoblast to 

OY transition, and the concurrent mineralisation of the extracellular matrix, is sensitive to 

extracellular calcium independent of the canonical CaSR. 

LIPUS is transmitted to target tissues as a low pressure acoustic wave (8), and has been 

shown to improve fracture healing (9-12). NHBC isolated from five donors were grown under 

conditions permissive for mineralisation and treated with a regimen of LIPUS at 1.5 mHz for 

20 min daily for up to 7 days, either pre- or post-onset of mineralisation. The results showed a 

mild increase in the proliferation of cells in some cases in response to LIPUS treatment. Also, 

the expression of E11, a gene associated with osteoblast-OY transition, was increased. Cells 

from some donors responded to LIPUS by releasing measurable prostaglandin E2 (PGE2), a 

response also associated with mechanical loading of bone and the effect of LIPUS in other 

models though there was no significant trend towards increased mineralisation. The results 

from this study suggest that LIPUS treatment may promote the differentiation of NHBC to a 

pre- or osteoid-OY-like phenotype. In summary, bone anabolic stimuli either in the form of 

calcium or LIPUS differentially affect the transition of osteoblasts to OY.  



The Effect of Bone Anabolic Stimuli on Human Osteoblast to Osteocyte Transition  

 

iii 
 

DECLARATION 

 

I, Katie Welldon certify that this work contains no material which has been accepted for the 

award of any other degree or diploma in any university or other tertiary institution and, to the 

best of my knowledge and belief, contains no material previously published or written by 

another person, except where due reference has been made in the text. 

 

I give consent to this copy of my thesis, when deposited in the University Library, being made 

available for loan and photocopying, subject to the provisions of the Copyright Act 1968. 

 

The author acknowledges that copyright of published works contained within this thesis (as 

listed below*) resides with the copyright holder(s) of those works. I also give permission for 

the digital version of my thesis to be made available on the web, via the University’s digital 

research repository, the Library catalogue and also through web search engines, unless 

permission has been granted by the University to restrict access for a period of time. 

* Copyright transfer pending acceptance: 

 K.J. Welldon, D.M. Findlay, A. Evdokiou, R.T. Ormsby and G.J. Atkins, Anabolic effects of 

calcium on human osteoblasts are independent of the canonical extracellular calcium sensing 

receptor. Osteoporosis International ISSN 0937-941X, Springer. 

 

 

 

Katie Welldon,  

 



The Effect of Bone Anabolic Stimuli on Human Osteoblast to Osteocyte Transition  

 

iv 
 

ACKNOWLEDGMENTS 

 

I would like to thank my supervisors, Associate Professor Gerald Atkins and Professor David 

Findlay. I would like to especially thank Gerald for his kindness, patience, friendship and 

encouragement along what was a difficult road at times.  His guidance and expert input was 

invaluable in the production of this thesis and it would not have been possible without him. I 

would also like to thank David for his support and understanding in the process of the production 

of this body of work. His advice and guidance was crucial throughout my candidature and 

previous work in this laboratory.  

I owe a huge amount to my amazing colleagues; Agatha Labrinidis, Shelley Hay, Renee Ormsby, 

Masakasu Kogawa, Asiri Wijenayaka, Nobuaki Ito, Kamarul Khalid, Andreas Evdokiou, Irene 

Zinonos, Vasilios Liapis, Tina Vincent, and Jodie Stanley, whose friendship and assistance both 

mentally and physically enabled me to finish this project. I would especially like to thank Renee 

Ormsby, who contributed to the calcium paper. I would also like to thank both Shelley Hay and 

Agatha Labrinidis for all their support and kindness throughout my time in orthopaedics; they are 

both truly wonderful friends and people.  

I would also like to thank my friends and family who have both supported me and put up with me 

while I completed this thesis. First to my parents who have always encouraged me to pursue my 

studies and have believed in my abilities. To my lovely friends Sally, Tiffany,  Karen, Elaine, 

Karen, Jen, Kate, Rachel, Katy, Allie, Kirsty, Debbie, Bernadette, Tanya, Lisa, Niamh and many 

others who have put up with me and supported me throughout the years, thank you all for your 

love and support. 

 


	TITLE: The Effect of Bone Anabolic Stimuli on Human Osteoblast to Osteocyte Transition
	TABLE OF CONTENTS
	ABSTRACT
	DECLARATION
	ACKNOWLEDGMENTS




