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Supplementary Figure
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Figure S1. Overview of the mathematical model of bone metabolism.

(A) Activator and repressor functions based on Hill functions. I7: Hill function. I1,.,: activator
function. I1,..,,: repressor function. X: the mechanical signal or concentration of a signaling molecule.
K: the activation/inhibition constant. Eq.: equation. (B) Cell populations considered in our model.
(C) Overview of the cell dynamics by mechanobiochemical regulation. RANKL: receptor activator
of nuclear factor-kB ligand. SNP: Semaphorin/Neuropilin/Plexin complex. MDGF: matrix-derived
growth factor. Nycp: the number density of osteoclast precursors. Nygp: the number density of

osteoblast precursors. pgen Biochem - the probability of osteoclastogenesis considering only the

biochemical factors. papo| ) : the probability of osteoclast apoptosis considering only the

Biochem

biochemical factors. p§§0| : the probability of osteoblast apoptosis considering only the

Biochem
biochemical factors. oocy(x): the stress sensed by osteocytes.



Supplementary Tables

Table S1. Parameters associated with osteocyte mechanosensing and bone

resorption/formation.

Symbol Description Value Unit Ref.
pocy  Number density of osteocytes 25000 mm-3 1
Omax Maximum von Mises equivalent stress 20 MPa
Omin Minimum von Mises equivalent stress 1.0 MPa

I Maximum distance for intercellular communication 50 mm 2
Tag Mineralization lag time 14 day 8
Tact Active formation period 140 day 8
M, Bone resorption rate -1.4 mm-day-! 8
Mg Bone formation rate 0.56 mm-day-! 3




Table S2

. Parameters associated with intercellular signaling.

Symbol Description Value Unit Ref.
BscL Maximum production rate of sclerostin 0.24 pM-s-!
Branki, Maximum production rate of RANKL 0.24 pM-s-!
Bnrp1 Maximum production rate of Nrp1 0.05 pM:-s-!
Popg Production rate of OPG 0.24 pM:-s-!
Psemaza  Production rate of Sema3A 0.24 pM:-s-!
Ppixna  Production rate of PIxnA 0.05 pM-s-
Pupcr  Production rate of MDGF 0.24 pM:-s-!
kqeg ~ Degradation rate constant 0.005 s’
Dgc;.  Diffusion coefficient of sclerostin 5.58 mm?-s-! 4
Drankl  Diffusion coefficient of RANKL 5.32 mm2-s-"! 4
Dopg  Diffusion coefficient of OPG 4.49 mm2-s-"! 4
Dsemaza  Diffusion coefficient of Sema3A 3.62 mm?-s-! 4
Dupgr  Diffusion coefficient of MDGF 4.56 mm?-s-! 4
kRO Association constant of RANKL-OPG binding 0.001  pM-'-s
kNP Association constant of Nrpl-PIxnA binding 0.01 pM-1-s™
kRQ Disassociation constant of Nrpl-PIxnA binding 0.1 s
kSNP Association constant of SNP complex binding 0.1 pM-1-s-!
kSNP  Disassociation constant of SNP complex binding 0.1 s
KscL Activation/inhibition constant of sclerostin - on RANKL 9.0 pM
- on osteoclastogenesis 3.0 pM
- on osteoblastogenesis 3.0 pM
Krankr  Activation/inhibition constant of RANKL 18 pM
Ksnp  Activation/inhibition constant of SNP complex 200 pM
Kumpgr  Activation/inhibition constant of MDGF - on osteoblastogenesis 20 pM
- on osteoclast apoptosis 3.0 pM
- on osteoblast apoptosis 5.0 pM
n Hill coefficient 3.0 -
Ycouple  Threshold of MDGF contribution to osteoblastogenesis 0.3 -




Table S3. Parameters associated with precursor dynamics.

Symbol Description Value Unit Ref.
r3ff  Differentiation rate of osteoclast 0.02 mm-3-day"!
r3ff  Differentiation rate of osteoblast 0.015 mm-3-day’

rgrg’,}if Proliferation rate of osteoclast precursor 0.009 mm-3-day’!
Pt Proliferation rate of osteoblast precursor 0.03 mm-3-day-!
N3 Differentiation rate of osteoclast precursor 1.0 mm-3-day’
Nt Differentiation rate of osteoblast precursor 5.0 mm-3-day’
NI Initial number density of osteoclast precursor 100 mm-3
NIL  Initial number density of osteoclast precursor 1000 mm-3

oés Maximum number density of osteoclast precursor 300 mm-3

Se¥ Maximum number density of osteoblast precursor 1500 mm-3
Kocp  Activation constant of osteoclast precursor 150 mm-3
Kogp Activation constant of osteoblast precursor 500 mm-3

n Hill coefficient 3.0 -




Table S4. Parameters associated with drug administration.

Symbol Description Value Unit Ref.
cPmab  Maximum serum concentration of denosumab 459000 pM 56
kﬁ’e"éab Degradation rate constant of denosumab 0.008 day-! 56
Tc‘l’e‘{;@b Time delay constant of denosumab 5.0 day 56

kR Pmab  Agsociation constant of RANKL and denosumab binding 0.0000007 pM-'s™
CALN Maximum serum concentration of alendronate 154000 pM 9
kies ~ Degradation rate constant of alendronate 5.0 day" 79
Tqiy  Time delay constant of alendronate 200 day 79
AALN Maximum effect of alendronate - on osteoclasts 0.7 -

- on osteoclast precursors 0.8 -
- on osteoblasts 0.9 -

Kain Inhibition constant of alendronate 700 pM
Aocpr Intensity of OCPI effect 0.2,0.5,0.8 -
n Hill coefficient 3.0 -




References

1

2

Buenzli, P. R. & Sims, N. A. Quantifying the osteocyte network in the human skeleton. Bone
75, 144-150 (2015). https://doi.org:10.1016/j.bone.2015.02.016

Xia, S. L. & Ferrier, J. Propagation of a calcium pulse between osteoblastic cells. Biochem
Biophys Res Commun 186, 1212-1219 (1992). https://doi.org:10.1016/s0006-
291x(05)81535-9

Eriksen, E. F., Gundersen, H. J., Melsen, F. & Mosekilde, L. Reconstruction of the formative
site in iliac trabecular bone in 20 normal individuals employing a kinetic model for matrix
and mineral apposition. Metab Bone Dis Relat Res 5, 243-252 (1984).
https://doi.org:10.1016/0221-8747(84)90066-3

Young, M. E., Carroad, P. A. & Bell, R. L. Estimation of diffusion coefficients of proteins.
Biotechnology and Bioengineering 22, 947-955 (1980).
https://doi.org:10.1002/bit.260220504

Bekker, P. J. et al. A single-dose placebo-controlled study of AMG 162, a fully human
monoclonal antibody to RANKL, in postmenopausal women. J Bone Miner Res 19, 1059-
1066 (2004). https://doi.org:10.1359/jbmr.040305

Block, G. A., Bone, H. G., Fang, L., Lee, E. & Padhi, D. A single-dose study of denosumab
in patients with various degrees of renal impairment. J Bone Miner Res 27, 1471-1479
(2012). https://doi.org:10.1002/jbmr.1613

Zhang, Y. et al. Bioequivalence of generic alendronate sodium tablets (70 mg) to
Fosamax(®) tablets (70 mg) in fasting, healthy volunteers: a randomized, open-label,
three-way, reference-replicated crossover study. Drug Des Devel Ther 11, 2109-2119
(2017). https://doi.org:10.2147/dddt.S138286

Naylor, K. E. et al. Effects of discontinuing oral bisphosphonate treatments for
postmenopausal osteoporosis on bone turnover markers and bone density. Osteoporos Int
29, 1407-1417 (2018). https://doi.org:10.1007/s00198-018-4460-6

Rosen, C. J. et al. Treatment With Once-Weekly Alendronate 70 mg Compared With Once-
Weekly Risedronate 35 mg in Women With Postmenopausal Osteoporosis: A Randomized
Double-Blind Study. Journal of Bone and Mineral Research 20, 141-151 (2005).
https://doi.org:10.1359/JBMR.040920




