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Abstract

Bone health is determined by many factors including bone metabolism or remodeling. Wnt-10b has been
shown to alter osteoblastogenesis through pre-osteoblast proliferation and differentiation as well as the
osteoblast apoptosis rate, which collectively lead to the increase of bone density. To model this change, we
adapted a previously published model of bone remodeling. The resulting model is a single compartment
system that includes ordinary differential equations for active osteoclasts, pre-osteoblasts, osteoblasts, and
osteocytes and a differential equation that tracks the amount of bone present at the remodeling site. Our
alterations to the original model consist of extending it past a single remodeling cycle and implementing a
direct relationship to Wnt-10b. Four new parameters were estimated and validated using normalized data
from mice. The model connects Wnt-10b to bone metabolism and predicts the change in bone volume
caused by a change in Wnt-10b. We find that this model predicts the expected increase in pre-osteoblasts
and osteoblasts while also pointing to a decrease in osteoclasts when Wnt-10b is increased.
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1. Introduction

Osteoporosis is a disease characterized by decreased bone mass caused by the structural deterioration
of bone tissue. The structure of healthy bone is a dense matrix with small pockets of space, but as osteo-
porosis breaks down the matrix, bone structure becomes less connected with larger pockets of space. Bone
metabolism or remodeling is the process that replenishes existing bone tissue with new tissue. Homeosta-
sis or no net change in volume or density of bone is achieved when the interactions are balanced between
degradation and formation. When the balance is perturbed, bone tissue no longer remodels properly. The
cells involved in remodeling are part of what is called a basic multicellular unit (BMU). For trabecular bone,

the BMU works on the surface of the bone. The four main cells in a BMU are osteoclasts, pre-osteoblasts,
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osteoblasts, and osteocytes. Osteoclasts are responsible for breaking down the mineralized bone matrix in
the resorption phase. Pre-osteoblasts differentiate into osteoblasts. Osteoblasts rebuild the bone matrix in
the formation phase. Osteocytes are a form of osteoblasts that have been embedded in the bone matrix
during the termination phase. While healthy they emit signals that help terminate the remodeling cycle
and prevent a new remodeling cycle from occurring. When these cells become damaged or die, they release
a signal that triggers a new remodeling cycle [1H4].

Wnt-10b is a signaling protein that interacts with cells involved in maintaining bone metabolism and
is also important to the immune system. This protein can be produced by a number of different cells,
including osteoblasts and T cells. A change in Wnt-10b levels has been shown to alter the bone volume
significantly [5] [6]. Wnt-10b regulation of bone volume is attributed to a change of osteoblastogenesis and
osteoblast apoptosis [7, [8]. The extent to which Wnt-10b alters these variables and how these alterations
affect the cell populations and bone volume as a whole is currently unknown.

Currently, there are a few published mathematical/computational models on bone metabolism, One
model describes the autocrine and paracrine interactions of osteoblasts and osteoclasts using ordinary dif-
ferential equations (ODEs) that track the cell populations as well as changes in bone mass [9]. This model
was later updated to include a relationship with the parathyroid hormone (PTH) [10]. These publications
along with a model that tracks spatial bone volume changes [I1] were used to develop a human based ODE
model that tracks how different signals cause the development of active osteoclasts and osteoblasts and a
change in trabecular bone mass [12]. None of these models include Wnt-10b in them; therefore, they lack
a vital part of the bone remodeling system. The importance of including Wnt-10b in a bone remodeling
model has been illustrated by a published network model that identified the Wnt and PTH pathways as the
most important systems in regulating bone remodeling through a parameter sensitivity analysis [13].

A few of the existing bone metabolism models do explore the role Wnt-10b has in bone remodeling [14-
18]. However, the models in one subset [15] [I7, [I8] assume a constant basal concentration of Wnt-10b
and focus on how an increase of sclerostin competes for the Wnt binding sites. The models in the other
subset [14] [T6] allow the Wnt-10b concentration to vary but only in the presence of a tumor. These models
connect Wnt-10b through Hill functions that alter an assortment of the terms for pre-osteoblast proliferation,
differentiation from pre-osteoblasts to osteoblasts, and osteoblast apoptosis (Table .

The present work aims to improve understanding of bone metabolism by developing a model that directly
connects the remodeling cycle to altered Wnt-10b concentrations that can be constant or dynamically
induced by other physiologically processes. The model development is covered in Section [2] which includes
an overview of the model, the data used for the model, and the techniques used to determine parameter
values. After validating the model, we used it to explore how Wnt-10b directly effects important cell
populations in a BMU and how these population changes alter bone volume (Section . The model will
allow us to explore in the future potential ways to shift bone metabolism away from over resorption to
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Table 1: Wnt-10b relationships presented in existing models for bone remodeling

Model Wnt-10b type Wnt-10b interactions

[14] Dynamic Pre-osteoblast proliferation
[15] Constant Not explicitly modeled
[16] Dynamic Pre-osteoblast proliferation

Pre-osteoblast differentiation
17 Constant Pre-osteoblast proliferation
[18] Constant Pre-osteoblast proliferation

Pre-osteoblast differentiation

Osteoblast apoptosis

s prevent or repair bone damage caused by osteoporosis but not without some limitations discussed in Section

@

2. Methods

We altered a published model, which is referred to as Graham 2013 [12], to include a mathematical
relationship that represents how Wnt-10b interacts with bone formation. This is a single compartment

so  model that tracks the important cells involved in the bone remodeling cycle as well as bone volume. We
extended past a single remodeling cycle and added a direct relationship to Wnt-10b stimuli. We added a
relationship to Wnt-10b by utilizing published data to obtain parameters that were fitted utilizing MATLAB
nonlinear least-squares solver 1sqcurvefit and ODE solver ode1bs with the NonNegative option turned
on. This option ensures that the model does not attempt to push the populations or bone volume below

ss  zero as this is not physiological.

2.1. Graham 2013 model

The Graham 2013 model we utilized includes five ODEs that track the changes in bone volume (z) through
the active populations of osteocytes (.S), pre-osteoblasts (P), osteoblasts (B), and osteoclasts (C) [12]. The
model does not include an equation for the population of pre-osteoclasts. The model includes important

e autocrine and paracrine signaling factors that are represented by power law relationships (Figure, gi; and
fij, where ¢ and j are the two cell types involved in the signaling. This section summarizes the parts of the

Graham 2013 model and parameter values that we adopted directly from [I2] without alteration (Table [2)).
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Figure 1: Interactions between bone cell populations considered in the Graham 2013 model [12]. Pre-osteoblasts (P), osteoblasts
(B), osteocytes (S), and osteoclasts (C) are tracked by differential equations. Pre-osteoclasts (PC) are assumed constant and
are not explicitly modeled. The interactions include an assortment of autocrine (not depicted here) and paracrine (single dashed
lines) signaling factors. The single dashed lines with arrows represent an activating relationship, and the single dashed lines
with a block end represent an inhibitory relationship. The solid lines with arrows represent the transformation or proliferation
of a cell type. Impacts of bone cells on bone volume from a combination of bone resorption and formation are represented by

double dashed lines with block and arrow ends, respectively.

2.1.1. Osteocytes

Equation [I] describes the dynamics of the osteocyte cell population, S. Mature osteoblasts convert into
osteocytes at a rate of ay. The term <1 - i represents the effectiveness of sclerostin regulation by
osteocytes, and the subscript + means that t}ie value must remain greater than or equal to zero. If the
quantity inside the parentheses were to be evaluated as j0, then the term would be set to 0. Note that
although sclerostin regulation does include a Wnt pathway, we are focusing on Wnt-10b excreted from T
cells or from a genetic perturbation, not Wnt-10b produced within a normal balanced remodeling cycle.
It is assumed in the model that over the duration of remodeling, osteocytes will not die; therefore, there
is no death term in the equation. Instead of a death term, the osteocyte population is reduced from the

steady state value of 200 cells to 180 cells at the start of each remodeling cycle. This decrease in osteocyte

population represents the initial biomechanical action that triggers a remodeling cycle.

s S
— g31 _
p a B (1 - ) . (1)

2.1.2. Osteoclasts
Equation [2 describes the dynamics of the activated osteoclast cell population, C. A large amount of pre-

osteoclasts are assumed to be available without a significant change in the population, so the pre-osteoclast
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Table 2: Parameter values and definitions directly from [12]

Parameter Definition Value Units

a1 Osteoblast embedding rate 0.5 day—!

Qo Differentiation rate of pre-osteoblast precursors 0.1 day !

Qs Pre-osteoblast proliferation rate 0.1 day~!

ay Differentiation rate of osteoclast precursors 0.1 day~!

b1 Differentiation rate of pre-osteoblasts 0.1 day !

B2 Osteoblast apoptosis rate 0.1 day~!

1) Pre-osteoblast apoptosis rate 0.1 day~!

€ Avoid 0 denominator 1 cells

K, Critical value of osteocyte population 200 cells

g31 Osteoblast autocrine signaling 1 dimensionless
go1 Osteocyte paracrine signaling of pre-osteoblasts 2 dimensionless
g2 Sclerostin regulation of osteoblastogenesis 1 dimensionless
J32 Pre-osteoblast autocrine signaling 1 dimensionless
ga1 Osteocyte paracrine signaling of osteoclasts 1 dimensionless
g2 Pre-osteoblast paracrine signaling of osteoclasts 1 dimensionless
943 Osteoblast paracrine signaling of osteoclasts -1 dimensionless
g4 Sclerostin regulation of osteoclastogenesis 1 dimensionless
fi2 Pre-osteoblast paracrine signaling of osteoblasts 1 dimensionless
f1a Osteoclast paracrine signaling of osteoblasts 1 dimensionless
fa3 Osteoblast autocrine signaling for apoptosis 1 dimensionless
f3a Osteoclast autocrine signaling for apoptosis 1 dimensionless
k1 Bone resorption rate 0.698331  %volume/day>
ko Balanced bone formation rate 0.015445  %volume/day>

Note: k; was manually adjusted from the rounded value of 0.7 reported in [12] to six significant figures as
for ko to maintain no steady state change in bone volume at the end of a remodeling cycle (in the absence

of Wnt-10b perturbations) when the populations of all cell types return to their initial conditions.


https://doi.org/10.1101/2021.06.12.448204

70

75

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.12.448204; this version posted June 14, 2021. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

population is not modeled. The production of osteoclasts depends on a differentiation rate of ay and an
interaction of the receptor activator of NF-xB (RANK)/RANK ligand (RANKL)/osteoprotegerin (OPG)
system that is described by the term 5941 P942 (¢ + B)94s <1 - K)944. OPG from osteoblasts can act as a
decoy receptor for RANKL. This interaction is represented as (es—|— B)943. This term includes a very small

number, €, to prevent dividing by zero when the osteoblast population is zero, since g43 is a negative integer.

The second part of the equation represents osteoclast apoptosis with a first order rate constant (s.

ac S\ 9
— 941 Pg4a2 943 _ _ f3a
oy = QaS7 PP (e+ B) (1 Ks)+ B3C (2)

2.2. Model enhancements for Wnt-10b dependence

This section covers the parts of the model that we altered to explicitly account for Wnt-10b changes
from stimuli outside the normal bone remodeling cycle. Many parts of the equations remain the same as the
Graham 2013 model (Table , but with new terms added to or parameters adjusted in each of the following
equations (Table . The adjusted parameters are denoted with the subscript adj. As these additions are
related to Wnt-10b, we introduce a variable, Wnt, into the equations that represents the normalized fold
change of Wnt-10b present compared to the normal levels of Wnt-10b in the system. Note that if the Wnt-
10b levels are normal, the remodeling cycle is normal as well, and Wnt takes on a value of zero. Figure
visually describes how Wnt-10b alters the remodeling cycle.

We connected the concentration of Wnt-10b to the remodeling cycle through a Hill function in the form

of
Wnt

_ 3
Ky +Wnt (3)

TWnt =

We assume that Kj; remains the same for both the pre-osteoblast and osteoblast interactions because they
are both from osteoblast lineage. A Hill function relationship was chosen based on the previous models
related to Wnt-10b (Table [1]). This particular form was chosen so that when the Wnt-10b concentration is
not perturbed, my ¢ will take the value of zero, and the model will return to a steady state of no net bone

volume change at the end of a remodeling cycle.
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Figure 2: Wnt-10b impacts on bone metabolism. Wnt-10b (Wnt) stimulates osteoblastogenesis through pre-osteoblast (P)

proliferation and differentiation to osteoblasts. Wnt-10b inhibits osteoblast (B) apoptosis. The solid lines with arrows represent

the transformation or proliferation of a cell type. The Wnt-10b signaling relationships are shown by dashed lines, where arrows

represent activation and blocks ends represent inhibition.

Table 3: Initial conditions for ordinary differential equations

Symbol Initial condition Definition Units

S 180 Osteocyte population at time ¢ cells

P 0 Pre-osteoblast population at time ¢ cells

B 0 Osteoblast population at time ¢ cells

C 0 Osteoclast population at time ¢ cells

z 100 Relative bone volume at time ¢ %

Table 4: Estimated parameter values and definitions

Parameter Definition Value Units
Q3adj Wnt-10b dependent pre-osteoblast proliferation rate 6.47x107"  day~!
Bladj Wnt-10b dependent differentiation rate of pre-osteoblasts 4.96x10~! day~!
B2adj Wnt-10b dependent osteoblast apoptosis rate 2.30x1073  day~!
Ky Half saturation for Wnt-10b 27.6 dimensionless
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2.2.1. Pre-osteoblasts

Equation [] describes the dynamics of the pre-osteoblast cell population, P. The first four terms are
unchanged from the Graham 2013 model. Pre-osteoblasts differentiate at a rate of ay from a large population
of stem cells. This differentiation is triggered by the sclerostin signaling of osteocytes. The pre-osteoblast
cell population can also be increased by proliferation of existing cells at a rate of a3. The pre-osteoblast
population is decreased by differentiation into osteoblasts regulated by paracrine signals from the osteoclast
population and by apoptosis with a first order rate constant of §. We have altered the equation from
Graham 2013 to include a Hill function relationship with Wnt-10b in the pre-osteoblast proliferation and
pre-osteoblast differentiation to osteoblasts processes. The fifth term in Equation [4] represents the increase
in pre-osteoblast proliferation rate due to excess Wnt-10b. The sixth term quantifies Wnt-10b direct effects
on pre-osteoblast differentiation independent from osteoclast regulation.
%) = 592 <1 - ;)i + ag P9 <1 - I‘?) - B PI20 — 5P+ azuqimw it P — Braaimwnt P (4)

2.2.2. Osteoblasts

Equation [5| describes the dynamics of the osteoblast cell population, B. Pre-osteoblasts mature into
osteoblasts at a rate of 81 with osteoclast regulation and normal Wnt-10b (Wnt = 0), but when the amount
of Wnt-10b is altered, the maturation rate changes by B144;Wnt as discussed above for Equation Wnt-10b
also changes how fast osteoblasts die. We reduced the osteoblast apoptosis rate constant 82 by BaadjTwnt-

The final term in Equation [5| represents the conversion of osteoblasts into osteocytes.

dB S

i B PI2CNt 4 By gimwni P — (Ba — BoadjTwne) B — ay B9 (1 - K) (5)
s/ 4+

2.2.3. Bone volume

Equation [6] shows the dynamics of bone volume at a single remodeling site. Bone volume is reduced by
osteoclasts at a rate of k1. This rate is slightly different than the rate in Graham 2013 due to rounding. In
the Graham model, the reported k; value resulted in a slightly unbalanced remodeling cycle (a new steady
state resulted at the end of each cycle and amplified after repeated cycles). We manually adjusted k; to
match the same number of significant figures as ko until we obtained a completely balanced remodeling
cycle—that is, no steady state change in bone volume at the end of one remodeling cycle (in the absence of
Wnt-10b perturbations) when the populations of all cell types return to their initial conditions. Note that
this alteration is not related to a change in Wnt-10b concentrations. Osteoblasts build back the bone at a
rate of ko.

dz

o B
o k1C + ko (6)
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2.8. Mouse data

This section covers the data used and the assumptions made concerning the data during the development
of the model. If the data was originally presented in a graph, then it was extracted using Plot Digitizer
(version 2.6.8) [19], a tool that digitizes the axes and returns the data points based on the pixel locations.
We utilized three published data sources from in vivo experiments with C57BL/6 mice (Table . Two
sources from the same lab [20] 2I] were used to estimate the parameters, and the third source from another

lab [22] was used to validate the model.

2.3.1. Bone volume
Th bone volume

e —————— (BV/TV) data was normalized against the control groups using
total volume

altered — baseline

b onoling * 100 = normalized BV /TV (7)

turning BV/TV data into relative change in bone volume. We refer to “altered BV/TV” to denote mice
that have been genetically altered to over- or under-produce Wnt-10b, while “baseline BV/TV” denotes
unaltered litter mates. We normalized the mouse data for use in the model previously parameterized for
humans. We make the assumption that the normalized BV /TV data is consistent from mice to human. Note
that since our model starts at a baseline of 100 percent of normal bone volume, we expect our simulation to
produce z that is 100 plus the expected normalized bone volume. We also took into account the different
remodeling cycle lengths of our model and mice. Mice have a 12 to 15 day remodeling cycle, but our model
has a one 100-day remodeling cycle for humans [23]. We held constant the number of remodeling cycles
between mice and our model when comparing them. We assumed that the six and three month old mice
could be modeled as having undergone six cycles. Thus we ran the computational model for six 100-day

cycles.

2.8.2. Wnt-10b fold change
For our model, we took fold change of Wnt-10b to be

altered levels — baseline levels

- = Normalized Wnt10b fold change (8)
baseline levels

Note that the notation for “altered” and “baseline” remains consistent with the previous section except
Wunt-10b is in place of BV/TV. This was done so that the model would produce a balanced remodeling cycle

(returning to initial steady state) when Wnt = 0, representing a normal baseline level of Wnt-10b.

2.4. Numerical methods

The system of ODEs for the populations of the bone cells and the bone volume in Equations and [4}[6]
are solved simultaneously using the ode15s function in MATLAB, which is a variable-step, variable-order

9
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Table 5: Bone volume data from mice with genetically altered Wnt-10b expression

Normalized Age Altered Baseline Normalized Source
Wnt-10b (months) BV/TV (%) BV/TV (%) BV/TV
fold change

-1 3 4.3 74 -29.7 [21]
+1.8 3 8.04 6.35 26.6 2]
+1.8 6 4.42 3.24 36.6 2]
+5 3 18.1 10.7 69.2 [21]
+50 6 15.8 3.6 339 20]

Note: To produce the 50-fold change of Wnt-10b in mice, [20] followed the procedures in [24].

solver based on numerical differentiation formulas of orders 1 to 5 for stiff problems. The relative tolerance
is set to 10~7. The time step is set adaptively by ode15s. The NonNegative option is turned on, because
all of the dependent variables (cell populations and bone volume) must have strictly non-negative values

physiologically.

2.5. Parameter estimation

We fit the parameters asaedgj, Siadj, B2adj, and Ky using the MATLAB function lsqcurvefit. The
multicycle effect of Wnt-10b should be on bone volume. Thus, we solve the system of ODEs using the
numerical methods described in the previous section for multiple cycles. The ODE solver is called for one
remodeling cycle at at a time. The solutions from the final time at the end of one cycle are used as the
initial conditions for the subsequent cycle, except cell populations that have a value less than one are set to
0 to not allow fractional values less than 1 discrete cell to persist. The process is repeated for the integer
number of cycles. The bone volume calculated at the end of the series of remodeling cycles is taken as the
model output for the parameter estimation algorithm and is compared to the normalized BV/TV data. The
input is the magnitude of normalized Wnt-10b fold change. We assumed that the saturation parameter K,
could take on a value between 1 and 100, and bounded the parameter fitting accordingly. We bounded B144;
and alphasaq; between 0 and 1 based on the magnitudes of the other parameters. We checked that betaiqq;
is less than alphasaq; to ensure the total effect of increasing Wnt-10b on pre-osteoblasts yields a net increase
in formation. Since B2,4; and B2 collectively impact osteoblast apoptosis, we checked that the net apoptosis

rate satisfies
B2 = B2adjTwnt = 0. 9)
For lsqcurvefit the optimization options were set to have step tolerance of 1076, function tolerance of

10714, optimality tolerance of 1079, and 1000 maximum function evaluations.

10
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3. Results and Discussion

Parameter estimation resulted in parameters (Table [4) that fit the data with a residual norm of 167.58
o and visually agreed with the data from [20] 2I] well (Figure [3).
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Figure 3: Normalized BV /TV relationship with normalized Wnt-10b fold change. The simulated results produce an acceptable

residual norm of 167.58 with the data from [20} 21I]. Data points were compared with the final simulated BV/TV after six
remodeling cycles.

To determine if the model is a good predictor of the change in bone volume that occurs when Wnt-10b

levels are perturbed, we utilized a separate set of data [22]. The simulation results fall within the error of

s the data at six and twelve remodeling cycles (Figure |4). This model validation is particularly good for 6 or

fewer remodeling cycles.
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Figure 4: Validation of model with data from [22]. The simulation shown is the result of running the model with a 1.8
normalized fold change of Wnt-10b for twelve remodeling cycles. The data provided in [22] corresponds to six and twelve

remodeling cycles. The simulation falls within the error of the data.

The model gives the results shown in Figure [5| for the bone volume progression over multiple remodeling
cycles for the full range of Wnt-10b perturbations explored. The initial conditions for these simulations
are provided in Table As Wnt-10b increases, the bone volume also increases. For each fold change in
Wnt-10b shown, we also determine the corresponding numbers of the activated populations of osteocytes,
pre-osteoblasts, osteoblasts, and osteoclasts (Figure @ The results show a positive correlation with pre-
osteoblast and osteoblast populations and a slight negative correlation with osteoclasts (Figure . Even
though we did not alter the osteoclast equation, the population is related to the ratio of pre-osteoblasts to
osteoblasts. The model predicts that the ratio of pre-osteoblasts to osteoblasts and the ratio of osteoclasts
to osteoblasts both decrease with increasing Wnt-10b (Figure . The cumulative numbers of cells of each
type were determined by integrating the areas under the curves shown in Figure [7| using the trapz function
in MATLAB. The areas under the curves were used for comparison instead of the dynamic number of cells

given that the initial conditions for numbers of activated cells of all three types are 0.

12
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Figure 5: Simulation results for three normalized Wnt-10b fold changes shown in the legend. These specific fold changes were
used to parameterize the model by comparison of the final bone volume with the corresponding data points from [20] and [21].

All three simulations were run for six remodeling cycles.
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Figure 6: Activated cell population dynamic results for a normalized 50 fold increase in Wnt-10b. The activated cell populations

follow identical dynamics for each remodeling cycle.

The reduction of osteoclasts population has been experimentally tested for mice with a normalized 5-
fold increase in Wnt-10b; they found that the change in the number of osteoclasts on the perimeter of
the bone was not statistically significant [2I]. However, based on the physiology of bone remodeling, it
is expected that a change in the ratio of pre-osteoblast and osteoblasts would alter osteoclast populations
through the RANK/RANKL/OPG pathway [I7, 25 [26]. In this pathway, pre-osteoblasts, osteoblasts, and
osteocytes secrete RANKL that binds to RANK receptors on osteoclasts thus increasing osteoclastogenesis.
Osteoblasts also secrete OPG, which is a competitive inhibitor of RANKL (Figure E[) It is also important
to note that the predicted change in osteoclast population is still small enough that it would be hard to
quantify experimentally. Determining the indirect relationship between activated osteoclast population and

Wnt-10b would help to further validate the osteoclast population aspect of the model.
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Figure 7: Activated cell population results for a single remodeling cycle with varying Wnt-10b concentrations shown in the
legends. The osteocyte dynamics (A) show little change across Wnt-10b concentrations. The pre-osteoblast dynamics (B) and

osteoblast dynamics (C) show a positive correlation with Wnt-10b. Osteoclasts (D) decrease with increasing Wnt-10b.
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As Wnt-10b increases, both of the ratios decrease.
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Figure 9: RANK/RANKL/OPG pathway where osteoblastic cell populations regulate the osteoclasts (C) cell populations.
Pre-osteoblasts (P), osteoblasts (B), and osteocytes(S) secrete RANKL causing an increase in osteoclasts. Osteoblasts also

inhibit osteoclastogenesis by secreting OPG, a competitive inhibitor of RANKL.
This model does provide insight into bone metabolism, but it is not without its limitations. The data

utilized was normalized mice data, and the remodeling cycle was set to 100 days instead of a typical 200
day human remodeling time. These issues can be resolved if more data becomes available. In the future we

would like to expand this model to include other direct relationships with biological chemicals of interest
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such as TNF-« (experimentally shown to alter osteoclast formation and activity) and IL-6 (experimentally

shown to alter osteoclast formation) [27].

4. Conclusion

Understanding the relationship between bone metabolism and Wnt-10b could lead to new ways to treat
and prevent osteoporosis. Though there are a few published models about bone metabolism, the model
developed here provides new insight on how chronic changes in Wnt-10b alter a single bone remodeling
cycle or a sequence of cycles. Experimentally Wnt-10b has been shown to alter osteoblastogenesis and
osteoblast apoptosis rates. Our model is able to reproduce the expected changes in pre-osteoblasts and
osteoblasts and is able to predict changes in bone volume caused by Wnt-10b. Our model also points to a
slight decrease in osteoclasts that is hard to determine experimentally but is mechanistically sound. These
results could be used to design future experiments that could further enhance understanding of the Wnt-10b

and bone metabolism relationship.
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