
ORIGINAL RESEARCH

Bone Matrix Composition Following PTH Treatment is Not
Dependent on Sclerostin Status

Ryan D. Ross1 • Maleeha Mashiatulla1,2 • Alexander G. Robling4,5 •

Lisa M. Miller6,7 • D. Rick Sumner1,2,3

Received: 18 September 2015 / Accepted: 9 October 2015 / Published online: 29 October 2015

� Springer Science+Business Media New York 2015

Abstract Sclerostin and parathyroid hormones are strong

negative and positive regulators of bone formation, respec-

tively. The anabolic response induced by intermittent (iPTH)

treatment is sclerostin status-dependent. However, the

interaction between sclerostin and iPTH at the matrix level is

unknown. The goal of the current study was to determine if

iPTH treatment affects matrix composition and, if so, whe-

ther these effects are dependent on sclerostin status. Humeral

trabecular and cortical bone sites from 16 week old male

wild-type (WT) and sclerostin knockout (KO) mice, which

had been treated with vehicle or iPTH from age

10–16 weeks, were examined by micro-computed tomog-

raphy (lCT) to measure bone volume, backscatter scanning

electron microscopy (bSEM) to assess global mineralization,

and Fourier transform infrared microspectroscopy (FTIRM)

to examine matrix composition (mineral-to-matrix ratio,

crystallinity, collagen cross-link ratio, and carbonate substi-

tution). The FTIRM measurements were restricted to the tis-

sue formed during the 6-week treatment period. iPTH

treatment led to increased trabecular bone volume

(p\ 0.001) and this effect was much greater in KO mice than

WT mice (interaction effect, p\ 0.001). iPTH treatment led

to reduced trabecular crystallinity (p = 0.047), increased

cortical bone area (p\ 0.001), decreased cortical bone

crystallinity (p = 0.002) and increased cortical bone collagen

cross-linking (p = 0.028) to similar degrees in both WT and

KO mice. Compared to WT mice, sclerostin KO mice had

higher trabecular and cortical bone mass (p\ 0.001) and

lower mineral-to-matrix ratio in the trabecular (p = 0.010)

and cortical (p = 0.016) compartments. Thus, iPTH-induced

changes in bone mass are dependent upon sclerostin status in

the trabecular compartment, but not in the cortical compart-

ment. In contrast, iPTH-induced changes in matrix compo-

sition are sclerostin-independent in both trabecular and

cortical compartments.

Keywords Mineralization � Bone quality � Matrix

composition � Sclerostin � Parathyroid hormone

Introduction

Pharmacological control of the bone formation process

presents an opportunity to treat low bone mass conditions

such as osteoporosis. Currently, there is only one clinically

approved anabolic, or bone forming agent—a 34-residue

fragment of the human parathyroid hormone (PTH). PTH

directly activates osteoblasts and indirectly activates

osteoclasts, subsequently up regulating the bone

& Ryan D. Ross

ryan_ross@rush.edu

D. Rick Sumner

Rick_Sumner@rush.edu

1 Department of Anatomy and Cell Biology, Rush University

Medical Center, 600 South Paulina, Suite 507, Chicago,

IL 60612, USA

2 Department of Bioengineering, University of Illinois

Chicago, Chicago, IL, USA

3 Department of Orthopaedic Surgery, Rush University

Medical Center, Chicago, IL, USA

4 Department of Anatomy and Cell Biology, Indiana

University, Indianapolis, IN, USA

5 Richard L. Roudebush VA Medical Center, Indianapolis, IN,

USA

6 Department of Biomedical Engineering, Stony Brook

University, Stony Brook, NY, USA

7 National Synchrotron Light Source-II, Brookhaven National

Laboratory, Upton, NY, USA

123

Calcif Tissue Int (2016) 98:149–157

DOI 10.1007/s00223-015-0074-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s00223-015-0074-6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00223-015-0074-6&amp;domain=pdf


remodeling process [7, 17]. If given intermittently at low

dose, PTH increases bone mass by preferentially upregu-

lating bone formation over resorption [10]. Additional

anabolic agents currently in development include sclerostin

antibody. Sclerostin, encoded by the SOST gene, is a sol-

uble antagonist to the Wnt co-receptors Lrp5/6 that limits

bone formation by inhibiting osteoblast differentiation,

activity, and upregulating apoptosis [33]. Neutralizing

monoclonal antibodies to sclerostin increase bone forma-

tion rates and bone mass in rodents and non-human pri-

mates, and several are currently in phase II/III clinical trials

[23–25, 28]. Emerging evidence has suggested that the

anabolic responses associated with PTH treatment and

sclerostin suppression are not independent. Indeed, treat-

ment with PTH has been shown to cause substantial scle-

rostin suppression [3, 11] and the anabolic effects of PTH

appear to depend on sclerostin status [14, 29].

Bone quality describes the factors, independent of bone

mineral density, that determine bone strength and fracture

risk [8]. These factors range in scale from the structural

organization of bone to the nanoscale matrix composition.

At the nanoscale, bone matrix is composed primarily of

organic type I collagen and inorganic hydroxyapatite

mineral crystals. Alterations to either phase can have

detrimental consequences on the strength of bone [5].

There has been growing interest in the quality of bone

formed during treatment with bone-targeted therapies. In

the case of PTH, previous studies have found that treatment

of animals and humans with PTH generally triggers a slight

reduction in the average tissue mineralization and an

increase in the mineralization heterogeneity [6, 12, 19, 20,

26, 27]. In contrast, suppression of sclerostin with scle-

rostin antibody does not impact global tissue mineraliza-

tion in nonhuman primates or rats [31]. It is unclear

whether the mineralization differences between PTH and

sclerostin inhibition are caused by differences in the model

systems used or if there are differential effects of PTH and

sclerostin suppression on the matrix maturation process.

The goals of the present study were to compare the effects

of PTH treatment and sclerostin deficiency on bone matrix

composition in a single model system and to determine if

PTH-induced matrix effects were dependent on sclerostin

status.

Materials and Methods

Mouse Tissues

Sclerostin intact wild-type (WT) and sclerostin knockout

(SOST KO) male mice bred on a mixed 129/SvJ and Black

Swiss genetic background were obtained from a previously

published study [29]. The development of the mice was

previously described in detail [16]. Injections of 100 lL of

either vehicle or 90 lg/kg intermittent parathyroid hor-

mone (iPTH) were given daily for 7 days per week

between 10 and 16 weeks of age. Flourochrome labels

were injected subcutaneously 3 days before the first PTH

injection (oxytetracycline) and 3 days before sacrifice

(alizarin complexone). Therefore, the labels differentiated

the tissue that was formed during the 6-week treatment

period from tissue formed prior.

A total of 24 animals were split between four groups; (1)

WT treated with vehicle (n = 6), (2) WT treated with PTH

(n = 6), (3) SOST KO treated with vehicle (n = 6), and

(4) SOST KO treated with PTH (n = 6). To measure bone

matrix composition, the right humeri were fixed in 70 %

ethanol and all subsequent analyses were performed on the

trabecular and cortical bone.

Micro-computed Tomography (lCT)

Humeri were scanned submerged in 70 % ethanol per-

pendicular to the bone’s long-axis using 55 kVp and

145 lA, with a 300 ms integration time and a 10 lm iso-

tropic voxel size (Scanco lCT 40). Trabecular bone

architecture was measured in a proximal region just distal

to the growth plate through 30 % of the total length. Pri-

mary trabecular parameters included bone volume per total

volume (BV/TV), trabecular number, trabecular thickness,

and trabecular spacing. Cortical geometry was measured in

a 100 slice diaphyseal region located just distal to the

deltoid tuberosity at 55 % of the total length of the

humerus. Primary cortical parameters included cortical

area, total area, medullary area, and cortical thickness. All

parameters are reported using conventional nomenclature

[4].

Section Preparation

Following lCT scanning, bones were dehydrated in a

graded series of ethanol solutions and embedded in a non-

infiltrating epoxy resin (EpoThin, Buehler). A series of

700 lm thick transverse sections were made spanning the

length of the humeri using a low-speed wafering blade

(Phoenix 4000, Buehler). Sections were then fixed to

plastic slides and ground and polished to a mirror finish

using a series of grit papers followed by decreasing

diameters (30 and 9 lm) of colloidal diamond suspen-

sions (Metadi, Buehler). Trabecular measurements were

made on sections from the proximal humerus, between 1

and 1.5 mm distal to the proximal growth plate, while

cortical measurements were made on diaphyseal sections

cut from the cortical midshaft, just distal to the deltoid

tuberosity, similar to the region of interest used for lCT

analysis.

150 R. D. Ross et al.: Bone Matrix Composition Following PTH Treatment is Not Dependent on…

123



Quantitative Backscattered Scanning Electron

Microscopy (bSEM)

To measure global mineralization, polished specimen block

faces were carbon coated to prevent surface charging

(Cressington carbon coater 108carbon/A). Global miner-

alization measurements were performed using established

techniques [31]. Briefly, a series of images were collected

within each region of interest using an accelerating voltage

of 25 kV at a magnification of 9150, with a resulting pixel

size of 0.67 by 0.62 lm (Hitachi S-3000N). Calibrations

were performed prior to imaging by adjusting the bright-

ness and contrast settings so that the grayscale values of

aluminum and carbon tapes (electron microscopy sciences)

were *210 and *45, respectively. After collecting bone

images, the standard materials were re-imaged to ensure

beam stability throughout the imaging session. Any

grayscale fluctuation of [2 units measured in the carbon

standard was considered unstable and the specimen in

question was re-imaged following further surface

preparation.

Conversion from grayscale to Z-equivalent was per-

formed by linear interpolation by setting the atomic num-

ber of the aluminum (Z = 13) and carbon (Z = 6). The

resulting series of bSEM images was compiled per speci-

men and a bone mineral density distribution (BMDD) [30]

was derived. The resulting BMDDs were further processed

via a custom MatLab script (MathWorks) designed to

assess the mean mineralization (Z) and the full width at half

maximum, or the mineralization heterogeneity (Z).

Assessing Osteocytic Osteolysis

Using backscatter SEM images, lacunar area measurements

were made with the built-in Particle Analyzer in ImageJ.

Peri-lacunar mineralization was assessed by determining

the mean mineralization and mineralization heterogeneity

within three pixels (*2 lm) of the lacunar surfaces

(Fig. 1).

Fourier Transform Infrared Microspectroscopy

(FTIRM)

Matrix composition was measured using Fourier transform

infrared microspectroscopy (FTIRM) on a tissue-age

specific basis at the National Synchrotron Light Source at

Brookhaven National Laboratory (beamline U2B). Spectra

for each compartment were collected in a specular reflec-

tance configuration with the synchrotron source using a

Nicolet Continulm IR microscope and a MCT-A detector

(Thermo Electron Corp). A total of 128 scans were col-

lected per pixel, with a spectral range of 650–4000 cm-1

and a spectral resolution of 8 cm-1. The aperture was set to

10 9 10 lm for trabecular measurements and 12 9 12 lm

for cortical. An average of 26 (±14) and 20 (±12) regions

were collected for trabecular and cortical compartments,

respectively.

Background spectra were collected using a gold-coated

slide. Resulting reflection spectra were transformed into

equivalent absorbance spectra using standard procedures

[1, 18]. Four matrix compositional parameters were

obtained from the resulting spectra; mineral-to-matrix and

collagen cross-link ratios, crystallinity, and the carbonate

substitution. Each individual region was baseline corrected

according to validated techniques [1]. The mineral-to-ma-

trix ratio was calculated using the phosphate peak, inte-

grated at 900–1200 cm-1 (baseline correction of

900–1200 cm-1) and the amide I peak, integrated at

1600–1700 cm-1 (baseline: 1300–1800 cm-1). The car-

bonate substitution parameter was assessed by normalizing

the carbonate peak at 1414–1424 cm-1 (baseline:

1300–1800 cm-1) by the phosphate peak. Crystallinity was

measured using the stoichiometric/non-stoichiometric

phosphate ratio (1037–1033 cm-1/1027–1023 cm-1,

baseline: 900–1200 cm-1), and collagen cross-linking by

the 1661–1659 cm-1/1691–1689 cm-1 ratio (baseline:

1300–1800 cm-1).

Matrix compositional parameters were measured in the

new tissue, defined as tissue between the two flourochrome

labels. In the cortical compartment, there were no differ-

ences between the matrix compositional parameters mea-

sured in the periosteal and endocortical compartments

(paired samples t test) and, therefore, the data were

grouped. Sites of intracortical remodeling, presumably due

to PTH treatment [29], were excluded from analysis.

Statistical Analysis

Data were initially tested for normality using the Kol-

mogorov–Smirnov test. The majority of the primary out-

come variables were normally distributed. Trabecular bone

volume fraction (BV/TV) however, was not normally dis-

tributed and, therefore, the data for this variable were log

transformed prior to statistical analysis. All primary out-

come variables were analyzed using two-way analysis of

variance (ANOVA) to assess the effects of treatment (ve-

hicle vs. iPTH) and genotype (wild-type vs. SOST KO).

The presence of a significant interaction term between

treatment and genotype was interpreted to mean that the

iPTH treatment effect was dependent upon sclerostin status

(genotype). Post hoc analysis was performed using an

independent samples t-test to determine which specific

treatment effects were significant within genotypes and

which genotype effects were significant within treatment

groups.
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Results

Global mineralization was assessed using backscattered

scanning electron microscopy (bSEM, Table 1). Neither

the global mean mineralization nor mineralization hetero-

geneity were affected by iPTH treatment in either the tra-

becular or cortical compartments. In the cortical

compartment, there was a significant increase in the

mineralization heterogeneity in the SOST KO animals

compared to wild-type controls (genotype effect:

p = 0.024).

Osteocytic osteolysis was assessed by measuring the

average lacunar area, lacunar density (lacunar number per

area), and the peri-lacunar mineralization (mean and

heterogeneity). None of the parameters measured were

found to be impacted by iPTH treatment (Table 2). There

Fig. 1 bSEM imaging protocol. a Calibrated bSEM images are

obtained across the entire cross section of the embedded humeri.

b Histograms representing the bone mineral density distribution

(BMDD) were then used to quantify the mean and the full width at

half maximum (mineralization heterogeneity). c Osteocytic osteolysis

was evaluated by measuring the lacunar area, and by d deriving a

second peri-launcar BMDD to evaluate the matrix surrounding

osteocytes

Table 1 Global bSEM-derived matrix mineralization parameters

WT vehicle WT PTH SOST KO

vehicle

SOST KO

PTH

PTH

effect

Genotype

effect

Interaction

term

Mean trabecular mineralization (Z) 11.02 (0.76) 11.20 (0.30) 10.88 (0.30) 11.03 (0.28) 0.382 0.420 0.930

Trabecular mineralization heterogeneity (Z) 1.17 (0.39) 1.90 (0.21) 1.20 (0.46) 1.51 (0.55) 0.236 0.474 0.598

Mean cortical mineralization (Z) 11.39 (0.31) 11.41 (0.22) 11.55 (0.12) 11.57 (0.65) 0.887 0.326 0.994

Cortical mineralization heterogeneity (Z) 0.95 (0.18) 1.26 (0.36) 1.43 (0.17) 1.37 (0.35) 0.310 0.024 0.154
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were no genotype effects, but there was a significant

interaction term for peri-lacunar mineralization hetero-

geneity in the cortical compartment (p = 0.005) due to a

non-significant reduction in mineralization heterogeneity

following iPTH treatment in the wild-type animals and a

significant increase in the SOST KO mice (p = 0.014,

t test).

Matrix compositional parameters were measured within

tissue formed during the 6 week treatment period. In the

trabecular compartment, iPTH treatment led to decreased

trabecular crystallinity (treatment effect: p = 0.047, Fig. 2)

and marginally reduced mineral-to-matrix ratio (treatment

effect: p = 0.093), but did not impact the other matrix

compositional parameters. The mineral-to-matrix ratio was

significantly reduced in the SOST KO animals compared to

WT animals (genotype effect: p = 0.010), while no other

parameters were impacted by SOST deficiency. In the

cortical compartment, iPTH treatment significantly reduced

the crystallinity (p = 0.002, Fig. 3) and significantly

increased the collagen cross-link ratio (p = 0.028). SOST

KO animals had significantly reduced mineral-to-matrix

ratio compared to their WT controls (p = 0.016). Carbonate

substitution was not impacted by either genotype or treat-

ment. There were no significant interactions for the matrix

parameters in either compartment.

iPTH treatment increased BV/TV for both wild-type and

SOST KO animals (treatment effect: p\ 0.001, Fig. 4),

and this effect was greater in the SOST KO animals than

the WT animals (interaction term, p = 0.003). PTH treat-

ment increased cortical area in both wild-type and SOST

KO animals (p\ 0.001). Unlike the trabecular BV/TV,

there was no significant interaction for cortical area. In

both compartments, SOST KO animals had greater bone

mass than wild-type controls (p\ 0.001).

Table 2 Parameter describing osteocytic osteolysis

WT vehicle WT PTH SOST KO

vehicle

SOST KO

PTH

PTH

effect

Genotype

effect

Interaction

term

Trabecular lacunar area (lm2) 26.28 (3.61) 26.52 (3.34) 25.49 (0.96) 25.11 (3.40) 0.957 0.383 0.803

Trabecular lacunar density (number/lm2) 630 (160) 950 (210) 820 (165) 820 (320) 0.127 0.762 0.118

Trabecular peri-lacunar mean mineralization (Z) 9.99 (0.49) 10.11 (0.22) 10.04 (0.29) 10.08 (0.14) 0.512 0.923 0.744

Trabecular peri-lacunar mineralization

heterogeneity (Z)

3.25 (1.00) 3.45 (0.44) 2.98 (0.33) 3.42 (0.35) 0.211 0.543 0.634

Cortical lacunar area (lm2) 26.74 (4.44) 26.87 (3.18) 23.88 (2.66) 24.07 (3.61) 0.918 0.081 0.986

Cortical lacunar density (number/lm2) 730 (420) 810 (170) 750 (90) 640 (200) 0.934 0.356 0.288

Cortical peri-lacunar mean mineralization (Z) 10.14 (0.21) 10.50 (0.31) 10.77 (0.13) 10.55 (0.80) 0.706 0.086 0.136

Cortical peri-lacunar mineralization

heterogeneity (Z)

3.54 (0.39)* 2.93 (0.61) 2.72 (0.50)* 3.50 (0.50) 0.707 0.575 0.005

* Indicates post hoc significance (p\ 0.05), independent t test

PTH effect: p=0.093
Genotype effect: p=0.010
Interaction term: p=0.723
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Fig. 2 Trabecular matrix composition derived using Fourier trans-

form infrared microspectroscopy (FTIRM). Matrix compositional

parameters measured include a mineral-to-matrix ratio, b crystallinity,

c collagen cross-link ratio, and d carbonate substitution. Measure-

ments were made during the 6-week treatment period. The results are

presented as the means with error bars showing the standard

deviation. Results from the two-way ANOVA are presented in the

legends. Significant post hoc tests are indicated with horizontal bars

for specific treatment effects in animals of the same genotype

(p\ 0.05)
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Discussion

Sclerostin and parathyroid hormones are strong negative

and positive regulators, respectively, of bone formation;

yet their roles in the process of bone matrix maturation are

still emerging. In the current study, we evaluated bone

matrix formed in wild-type and SOST KO animals during

iPTH treatment. iPTH treatment resulted in significantly

increased trabecular and cortical bone mass, reduced

mineral crystallinity in trabecular bone and increased col-

lagen cross-linking in cortical bone. SOST deficiency

resulted in significantly increased trabecular and cortical

bone mass, and reduced mineral-to-matrix ratio in both

trabecular and cortical compartments. While the magnitude

of the PTH-induced bone mass increase in trabecular bone

was dependent upon sclerostin status, the matrix compo-

sition differences induced by iPTH treatment were not

dependent on sclerostin status.

Bone mineralization is a dynamic process and newly

formed tissues generally take time to reach mineralization

maturity. Therefore, the global mineralization tends to

decrease with increased bone formation rates due to the

accumulation of new and relatively young tissue [30].

iPTH is known to substantially increase the bone formation

rate and yet in this study and others, the global mean

mineralization reduction tends to be non-significant [6, 12,

19, 20]. Although in several of these studies the mineral-

ization heterogeneity is shown to increase in humans

Fig. 3 Cortical matrix composition derived using Fourier transform

infrared microspectroscopy (FTIRM). Matrix compositional param-

eters measured include a mineral-to-matrix ratio, b crystallinity,

c collagen cross-link ratio, and d carbonate substitution. Measure-

ments were made during the 6-week treatment period. The results are

presented as the means with error bars showing the standard

deviation. Results from the two-way ANOVA are presented in the

legends. Significant post hoc tests are indicated with brackets for

specific genotype effects of similarly treated animals (p\ 0.05)

(a) (b)

Fig. 4 a Trabecular bone

volume fraction measured in the

proximal humerus and b cortical

area measured in the humeral

diaphysis. The results are

presented as the means with

error bars showing the standard

deviation. Results from the two-

way ANOVA are presented in

the legends. Significant post hoc

tests are indicated with

horizontal bars for specific

treatment effects in animals of

the same genotype while

brackets indicate specific

genotype effects of similarly

treated animals (p\ 0.05)
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following iPTH treatment [19, 20], we did not note any

differences in the current study, which may be due to

species differences in the inherent mineralization rate. The

most consistent treatment effect was found in the crys-

tallinity parameter, which was significantly reduced in both

the trabecular and cortical tissue formed during treatment.

This finding is consistent with a decreased crystallinity

noted previously in primates [26] and humans [27] fol-

lowing iPTH treatment, which has been attributed to the

formation of relatively immature tissue.

Sclerostin is a potent inhibitor of bone formation and

recently it was shown to inhibit osteoblastic mineralization

in vivo [2, 22]. Our results show a reduction in the mineral-

to-matrix ratio in SOST KO animals compared to their

wild-type controls, which is consistent with previous

characterization of SOST deficient mice and human biop-

sies from patients with sclerostin mutations [9]. It is likely

that this is due to the dramatically elevated bone formation

rates noted in SOST KO animals [16, 29]. It is interesting

that the local FTIRM measurements found reduced min-

eral-to-matrix due to the SOST deficiency, but the global

bSEM mineralization measurements did not show any

evidence of depressed mineralization. This seeming dis-

crepancy may suggest that the reduced mineralization is

transient; although Hassler et al. [9] noted that the reduced

mineral-to-matrix ratio persists into tissue-ages of at least

65 days. Further, experiments are necessary to determine

whether the maturation process is permanently impaired by

SOST deficiency or whether there is a new peak tissue

maturity level when sclerostin is absent. Additionally, it is

interesting that these same effects were not noted in ani-

mals treated with sclerostin antibody [31], but this may be

due to currently unrecognized matrix differences between

protein suppression and genetic mutations.

Another possible explanation for the discrepancy

between local FTIRM and global bSEM mineralization

measurements in the SOST KO animals is an increase in

the osteocytic lacunae size or density, a process-termed

osteocytic osteolysis, as the FTIRM measurements were

performed at a considerably lower spatial resolution than

was bSEM ([100 vs. \1 lm2). Since it was possible that

PTH treatment or sclerostin suppression could affect

osteocytic osteolysis and, therefore, confound the global

mineralization or FTIR measurements, we included anal-

ysis of the average lacunar area and the peri-lacunar

mineralization. Previous studies have reported increased

lacunar size following treatment with superphysiological

doses of PTH [15, 32] and in biopsies from patients with

hyperparathyroidism [21]. In the current study, animals

were treated with intermittent PTH, which did not alter

any of the osteocytic osteolysis parameters, suggesting

that PTH concentration must be consistently elevated to

induce a catabolic phenotype in osteocytes. Similar to

PTH, increasing the SOST concentration, by providing

recombinant sclerostin to cultured osteocytes [13] or by

transgenic manipulation in mice [13] has been shown to

induce osteoclast-like phenotypes in osteocytes. In the

current study, SOST deficiency was not found to affect

osteocytic osteolysis. Therefore, although osteoctyic

osteolysis may work through a sclerostin-dependent

mechanism, it appears that under normal bone develop-

ment, sclerostin is not necessary for peri-lacunar matrix

maturation.

Emerging evidence has suggested that the anabolic

responses associated with PTH treatment and sclerostin

suppression are not independent. Indeed, treatment with

PTH has been shown to cause substantial sclerostin sup-

pression [3, 11] and the anabolic effects of PTH appear to

depend on sclerostin status [14, 29]. Two published studies

have investigated the skeletal response to PTH in animals

with genetic sclerostin modifications. Kramer et al. [14]

found that bone formation was attenuated in both sclerostin

knockout and sclerostin overexpressing mice. On the other

hand, we have reported a compartment-specific response—

cortical bone mass gains were offset by an increased

resorptive response to PTH, while the anabolic effects of

PTH in trabecular bone appeared to be largest in the

sclerostin knockout mice [29]. Tissues from the current

study were derived from our previous study, and therefore,

it isn’t surprising that the current results show an increased

anabolic response to iPTH in the trabecular compartment

of the sclerostin deficient animals. In the cortical com-

partment, the sclerostin knockout animals seemed to build

bone similarly to wild-types in response to iPTH, although

we did not measure bone resorption or cortical porosity in

this experiment.

Despite the interaction between PTH and SOST from

previous studies and those found in the bone volume data

in the current study, the matrix composition differences

between vehicle and PTH-treated mice were not dependent

upon sclerostin status. Specifically, the reduced crys-

tallinity following iPTH treatment occurred independent of

the sclerostin deficiency, while the reduced mineral-to-

matrix ratio in the SOST KO animals was present in both

vehicle and PTH-treated cohorts. Therefore, the assessed

PTH effects on bone matrix composition were independent

of SOST status in the present study.

The current study was limited by a relatively small

sample size. Despite this limitation, the majority of the

primary endpoints were normally distributed and several

parameters showed significant genotype and/or PTH

treatment differences. The combined use of techniques

presented in the present study and future materials char-

acterization will allow for further understanding of the role

of these two proteins in the bone matrix maturation

process.
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Conclusion

The current study evaluated matrix composition following

intermittent PTH treatment in wild-type and SOST KO

mice. iPTH treatment-reduced crystallinity, while SOST

deficiency led to decreased mineral-to-matrix ratio in both

trabecular and cortical compartments. Similarly, iPTH

treatment and SOST deficiency increased bone mass in

both compartments. The iPTH-induced changes in bone

mass were dependent upon sclerostin status in the trabec-

ular compartment, but not in the cortical compartment. In

contrast, iPTH-induced changes in matrix composition

were sclerostin-independent in both trabecular and cortical

compartments.
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