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Abstract

The cell surface receptor low-density lipoprotein receptor-related protein 5 (LRP5) is a key

regulator of bone mass and bone strength. Heterozygous missense mutations in LRP5 cause

autosomal dominant high bone mass (HBM) in humans by reducing binding to LRP5 by

endogenous inhibitors, such as sclerostin (SOST). Mice heterozygous for a knockin allele

(Lrp5p.A214V) that is orthologous to a human HBM-causing mutation have increased bone mass

and strength. Osteogenesis Imperfecta (OI) is a skeletal fragility disorder predominantly caused by

mutations that affect type I collagen. We tested whether the LRP5 pathway can be used to improve

bone properties in animal models of OI. First, we mated Lrp5+/p.A214V mice to Col1a2+/p.G610C

mice, which model human type IV OI. We found that Col1a2+/p.G610C;Lrp5+/p.A214V offspring

had significantly increased bone mass and strength compared to Col1a2+/p.G610C;Lrp5+/+
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littermates. The improved bone properties were not due to altered mRNA expression of type I

collagen or its chaperones, nor were they due to changes in mutant type I collagen secretion.

Second, we treated Col1a2+/p.G610C mice with a monoclonal antibody that inhibits sclerostin

activity (Scl-Ab). We found that antibody treated mice had significantly increased bone mass and

strength compared to vehicle treated littermates. These findings indicate increasing bone

formation, even without altering bone collagen composition, may benefit patients with OI.

Introduction

Osteogenesis Imperfecta (OI) is a genetic disorder in which skeletal fragility is a hallmark

feature (1). Most patients with OI have mutations in genes encoding type I collagen,

COL1A1 and COL1A2, or in genes encoding proteins that participate in the assembly,

modification, and/or secretion of type I collagen (2). Bisphosphonates, which inhibit

osteoclast function, are currently used “off label” with various degrees of success in patients

with OI (3-5). The rationale for using bisphosphonates in OI is that inhibiting osteoclast-

mediated degradation of abnormal bone enable osteoblasts to effect an increase in bone mass

and, as a consequence, an increase in bone strength. Bisphosphonates have been reported to

increase bone mineral density and reduce fracture rates in patients with OI (3, 5). However,

the effectiveness of bisphosphonate therapy in patients with OI as well as the optimal

treatment regimen remain controversial (6, 7). Also of concern are the long-term side effects

of bisphosphonates, since these agents may ultimately increase skeletal fragility by

facilitating microdamage accumulation and potentially increasing the risk of “atypical” (e.g.

subtrochanteric) and non-united fractures (8, 9).

The cell surface receptor low-density lipoprotein receptor-related protein 5 (LRP5) regulates

bone mass and bone strength in humans. Loss-of-function mutations in LRP5 cause the

Osteoporosis-Pseudoglioma syndrome, an autosomal recessive disorder presenting with very

low bone density and fractures (10). Specific missense mutations in LRP5 cause an

autosomal dominant phenotype characterized by high bone mass (HBM) and increased bone

strength (11, 12). In vitro and in vivo studies suggest that LRP5 functions in the Wnt

signaling pathway and that the HBM-causing missense mutations make LRP5 resistant to its

endogenous inhibitors Dickkopf1 (DKK1) and sclerostin (SOST) (12-15).

The HBM phenotype has been recapitulated in knockin mice that have Lrp5 missense

mutations orthologous to those found in human patients (16). These Lrp5 knockin mice

(e.g., Lrp5+/p.A214V) have improved bone mass and bone strength compared to wild-type

mice. Dual fluorochrome labeling and quantitative histomorphometry of bone in the knockin

mice indicate that the principal effect of the HBM-causing alleles is increased bone

formation rather than decreased bone resorption (16). These data indicate that increasing

LRP5 signaling could be an effective strategy for improving bone mass and bone strength in

humans.

One strategy for increasing LRP5 signaling derives from the identification of mutations that

compromise the expression or function of the LRP5 inhibitor SOST/sclerostin in individuals

with van Buchem Disease or Sclerosteosis, respectively (17-20). These findings suggested

that reducing sclerostin activity would increase bone mass, and led to the development of
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monoclonal antibodies that inhibit sclerostin activity. These antibodies improved bone

properties in wild-type mice, rats, monkeys and humans, and are effective in animal models

of disuse-induced and ovariectomy-induced bone loss (21-26).

Here we describe two proof-of-principle experiments, which show that increasing bone

anabolism via the LRP5 pathway significantly improves bone mass and bone strength in the

Col1a2+/p.G610C mouse model of OI. Col1a2+/p.G610C mice have a missense mutation in the

α2 chain of type I collagen which is identical to that found in a large kindred affected with a

moderate form of OI (27). The Col1a2+/p.G610C mice have lower bone density and bone

strength than their wild-type littermates (27). In the first experiment we crossed

Lrp5+/p.A214V mice with Col1a2+/p.G610C mice and determined the effect of the LRP5 HBM

allele on bone properties in the offspring. In the second experiment, we administered a

sclerostin inhibiting antibody (Scl-Ab) (26) or vehicle alone to wild-type and to

Col1a2+/p.G610C mice and determined the effect on bone properties.

Materials and Methods

Mouse strains and genotyping

Col1a2+/p.G610C mice have been previously described (27) and were obtained on a fixed

C57BL/6 background from The Jackson Laboratory (Bar Harbor, ME). Lrp5+/p.A214V mice

(16) have been maintained on a fixed 129/SvJ background. Tail snip DNA was recovered for

PCR genotyping using the HotSHOT method (28). Genotyping was performed as previously

described (16, 27).

Mouse care and handling

For the experiments involving genetic crosses, male Col1a2+/p.G610C mice were mated with

female Lrp5+/p.A214V mice to generate offspring with the following 4 genotypes: wild-type

(Col1a2+/+;Lrp5+/+), OI (Col1a2+/p.G610C;Lrp5+/+), OI with HBM

(Col1a2+/p.G610C;Lrp5+/p.A214V), and HBM (Col1a2+/+;Lrp5+/p.A214V). Offspring were tail

clipped for DNA extraction and given ear tags for identification before 10 days-of-age,

weaned before 28 days-of-age, and then group housed as same-sex littermates. When 11-

weeks-old, each mouse was given a single intraperitoneal (IP) injection of calcein green

(Sigma-Aldrich, St. Louis, MO; 10 mg/kg), followed 4 days later by an IP dose of alizarin

complexone (Sigma-Aldrich, St. Louis, MO; 20 mg/kg). When 12-weeks-old, each mouse

was anesthetized with IP ketamine/xylazine and measures of bone mineral density (BMD)

and bone mineral content (BMC) were obtained with the Piximus II dual energy x-ray

absorptiometer (GE Lunar, Madison, WI, USA). While still anesthetized, the mouse was

euthanized and blood was collected by cardiac puncture. Both femurs were then removed.

The left femur were fixed in 10% formalin and the right femur was dissected free of soft

tissue, wrapped in sterile phosphate buffered saline (PBS)-soaked gauze (Gibco-Life

Technologies, Grand Island, NY), and stored frozen at -20°C.

For the experiments involving treatment with Scl-Ab, male Col1a2+/p.G610C mice were

mated with wild-type 129/SvJ females. Tail clipping, ear-tagging, weaning, and group

housing of offspring were performed as described earlier. BMD and BMC measures were
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obtained when the mice were 6-weeks-old. Mice were then randomized based on sex and

Col1a2 genotype to receive twice-weekly subcutaneous injections of either Scl-AbIII (25

mg/kg in PBS) or PBS for a total of 6 weeks. Scl-AbIII (Amgen, Inc., Thousand Oaks, CA)

is a ratized monoclonal antibody against sclerostin (26); antibody stocks were stored frozen,

thawed and diluted to 5.56 mg/mL in PBS prior to use. When treatment was initiated, each

mouse received a single IP dose of demeclocycline HCl (Sigma-Aldrich, St. Louis, MO: 75

mg/kg). Mice were weighed every three doses and the dose of Scl-Ab was adjusted

accordingly. When 11-weeks-old, each mouse was given a single IP injection of calcein

green, followed 4 days later by an IP dose of alizarin complexone, as described earlier.

When 12-weeks-old, bone mineral density (BMD) and bone mineral content (BMC) were

measured and, while still anesthetized, mice were euthanized and blood was collected by

cardiac puncture. Both femurs were then removed and processed as described earlier. No

significant differences were detected between the wild-type (Col1a2+/+;Lrp5+/+) and OI

(Col1a2+/p.G610C;Lrp5+/+) groups compared to their genetically identical counterparts that

received six weeks of vehicle (PBS) treatment and thus the data from the PBS treated and

non-treated animals were combined for the analysis of the genetic cross experiments.

Assessment of bone properties

MicroCT (μCT) measurements of the left femur (midshaft cortical bone and distal trabecular

bone) were performed as previously described (16). After μCT measurements were obtained,

the left femur was embedded in methyl methacrylate, sectioned, and imaged for quantitative

histomorphometry as previously described (16, 29). Calcein and alizarin complexone

labeling was used for quantitative histomorphometry in the genetic experiment and

demeclocycline, calcein and alizarin complexone labeling was used in the Scl-Ab

experiment. Osteoblast and osteoclast covered surfaces were measured in distal femur

trabecular bone from MacNeal/von Kassa- and Trap- stained sections as described

previously (16).

The right femur was used for biomechanical testing in a three-point bending assay as

previously described (16). Briefly, the frozen femur was brought slowly to room

temperature (∼1.5 h) in a saline bath, positioned with the posterior side down across the two

bottom supports of the three-point bending apparatus and mounted in a Bose Electroforce

3200 electromagnet test machine (Bose, Eden Praire, MN), which has a force resolution of

0.01 N. Each femur was loaded to failure in monotonic compression using a crosshead speed

of 0.2 mm s-1, during which force and displacement measurements were collected every

0.005 seconds.

Measurement of serum biomarkers for collagen synthesis and degradation

Cardiac puncture was performed in order to obtain the maximum amount of blood.

Following cardiac puncture, blood was then immediately put into Amber serum separator

tubes (BD, Franklin Lakes, NJ) and centrifuged at 1723 × g for 15 min at 4°C. After

centrifugation, the serum was stored at -20°C until further use. Serum procollagen type 1

amino-terminal propeptide (P1NP) and C-terminal telopeptide of type I collagen (CTX)

were measured in duplicate with commercially available ELISA assays following the

manufacturer's instructions (Immunodiagnostic Systems, Scottsdale, AZ).
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Bone Collagen Analysis

Femurs from male 12-week-old Col1a2+/+;Lrp5+/+, Col1a2+/p.G610C;Lrp5+/+, and

Col1a2+/p.G610C;Lrp5+/p.A214V mice were recovered following euthanasia. Mid-shaft bone

was decalcified overnight in 0.1M HCl at 4°C, minced and heat denatured at 90°C for 10

min in SDS sample buffer. Equal amounts of demineralized tissue were separated by 6%

SDS-PAGE.

Individual α-chains were cut from the gel and subjected to in-gel trypsin digestion (30, 31).

Electrospray MS was performed on the tryptic peptides using an LTQ XL ion-trap mass

spectrometer equipped with in-line liquid chromatography (LC) (Thermo Scientific,

Waltham, MA) using a C4 5 μm capillary column (300 μm × 150 mm; Higgins Analytical

RS-15M3-W045) eluted at 4.5 μl min. Proteome Discoverer search software (Thermo

Scientific) was used for peptide identification using the NCBI protein database.

RNA-seq Analysis

Messenger RNA (mRNA) expression in the tibiae of male 12-week-old

Col1a2p.G610C/+;Lrp5+/+ (n=3 mice, 6 tibiae) and Col1a2p.G610C/+;Lrp5p.A214V/+ (n=3 mice,

6 tibiae) mice were compared as previously described (32). Briefly, tibiae from each mouse

were extracted within 10 minutes of euthanasia and cleaned of soft tissues. Epiphyses were

excised, bone marrow was removed through centrifugation for 1 min at >15,000 × g, and the

remaining diaphyseal bone was immediately frozen in liquid nitrogen. Each frozen tibia was

homogenized and total RNA was extracted. mRNA was enriched and reverse transcribed

with random hexamers. The resultant cDNA constructs were amplified and washed to

remove primer-dimers. Individual mRNA libraries were pooled (n=8 per lane) and

sequenced on an Illumina HiSeq 2000 machine (Illumina Inc., San Diego, CA) to obtain 50

basepair paired-end reads.

Raw sequence data were mapped to the mouse genome (mm9) using RUM (33). Normalized

numbers of reads uniquely mapping to exons were used when quantifying gene expression.

Differential expression was calculated with an EdgeR (p<0.05), where the results were

corrected for multiple hypothesis testing (false discovery rate<0.05) (34). The significant

differences were filtered with leave-one-out cross validation to eliminate outlier effects due

to a single sample or animal. Transcripts of skeletal muscle, bone marrow and blood origin,

which could potentially contaminate bone RNA-seq libraries, were also excluded in the

analyses. A complete list of these transcripts and additional details of the library preparation

and data analysis protocols are provided elsewhere (32).

Statistical Analyses

Bone density and strength properties were tested for normality using the Shapiro-Wilk W

statistic and no significant departures or outliers were detected for males or females on any

parameter (35). Therefore, two-way mixed model analysis of variance (ANOVA) with

genotype and treatment as factors was applied with least-significant difference (LSD) post-

hoc testing used to compare groups and assess genotype and treatment effects (36). The

sample sizes of 7-17 animals per group for each gender provided 80% power (α=0.05,

β=0.2) for detecting mean differences of 30% (moderate effect sizes of 0.8 or larger) at 12
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weeks of age (version 7.0, nQuery Advisor, Statistical Solutions, Saugus, MA). All data,

except where indicated, are presented as mean ± 1 SD with two-tailed p < 0.05 considered

statistically significant. Statistical analysis was performed using SPSS software (version

19.0, SPSS Inc./IBM, Chicago, IL).

Results

As anticipated from previously published work (27), offspring with the OI mutation alone

(i.e., Col1a2+/p.G610C;Lrp5+/+) had lower BMD, cortical thickness and bone strength than

their wild-type, same sex littermates (Figure 1). Offspring with the Lrp5 HBM allele alone

(i.e., Col1a2+/+;Lrp5+/p.A214V) had higher BMD, trabecular bone volume/total volume

BV/TV, cortical thickness, and bone strength than their wild-type, same sex littermates

(Figure 1). Importantly, we found that offspring with the OI and Lrp5 HBM alleles (i.e.,

Col1a2+/p.G610C;Lrp5+/p.A214V) had measures of bone mass, volume, and strength that were

significantly higher than their littermates with OI alone and either comparable to or higher

than their wild-type littermates (Figure 1).

To determine the mechanism responsible for the improved bone properties in the OI with

HBM mice, we performed quantitative histomorphometry after dual fluorochrome labeling,

collagen mass spectroscopy, and RNA-seq on mouse bone; we also measured serum markers

of bone formation and degradation (Figure 2). We found that the OI with HBM mice

(Col1a2+/p.G610C;Lrp5+/p.A214V) had a significantly increased bone formation rate (BFR)

compared to the OI mice (Col1a2+/p.G610C;Lrp5+/+) (Figure 2) at both the cortical and

trabecular bone surfaces. MS/BS was also increased at the trabecular bone surface. We

found no difference between osteoblast surface or osteoclast surface in trabecular bone

between the OI with HBM mice (Col1a2+/p.G610C;Lrp5+/p.A214V) compared to the OI mice

(Col1a2+/p.G610C;Lrp5+/+) (Figure 2). We did not find any significant differences in the

levels of serum P1NP or CTX, except between male mice with OI compared to wild-type

mice (Figure 2). Yields of collagen type I chains extracted from equal starting weights of

demineralized bone tissue for the mass spectroscopic analyses suggested a higher

concentration of collagen in the matrix of the OI with HBM bone, but no significant

difference in ratio of wild-type to mutant α2(I) chains between OI with HBM and OI bone

(Figure 2). We obtained averages of ∼13 million RNA-seq reads per bone library, with

∼99% reads mapping to the mouse genome, ∼87% uniquely aligning, and ∼14% being

PCR duplicates. Only 9 genes had statistically significant differences in gene expression

between the OI with HBM tibiae and OI tibiae (Figure 2); none of the 9 genes have a known

role in type I collagen expression, trafficking, secretion, or assembly. Also, since RNA-seq

provides expression data at single nucleotide resolution, we measured the relative expression

of the wild-type and mutant Col1a2 alleles in bone, and found no difference between OI

with HBM mice and OI mice (data not shown).

With respect to the sclerostin antibody experiments in wild-type and OI (Col1a2+/p.G610C)

mice, no complications occurred during the 6 weeks the mice received either vehicle or

antibody. At the time these mice were randomized into the vehicle or antibody treatment

cohorts, their bone parameters were indistinguishable from their sex and genotype matched

littermates (data not shown). But as anticipated from previously published work (37), wild-
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type mice that received 6 weeks of antibody had BMD, BV/TV, and bone strength measures

that were significantly higher than the wild-type mice that received only vehicle (Figure 3).

We also observed significant increases in BMD, BV/TV, and bone strength in the

Col1a2+/p.G610C mice that received 6 weeks of antibody compared to those that received

only vehicle (Figure 3). Importantly, the Col1a2+/p.G610C mice that received 6 weeks of

antibody attained bone parameters that were comparable to or greater than those of vehicle

treated wild-type mice (Figure 3).

Quantitative histomorphometry revealed a trend towards increased periosteal mineralizing

surface (MS/BS) in Col1a2+/p.G610C mice that received antibody versus vehicle alone, as

well as significant increases in all measures of bone formation in trabecular bone (Figure 4).

There was increased osteoblast surface, but not osteoclast surface present in trabecular bone

(Figure 4). Treatment with antibody did not appear to affect levels of serum P1NP or CTX

in mice with OI (Figure 4).

Discussion

Our data indicate that enhancing LRP5-mediated signaling either using an Lrp5 HBM allele

or 6 weeks of treatment with sclerostin antibody significantly increases bone mass, volume,

and strength in the Col1a2+/p.G610C mouse model of OI (Figures 1 and 3). These LRP5-

mediated improvements in bone properties are most likely due to increased bone anabolism,

as indicated by the increased BV/TV and the higher rates of bone formation in trabecular

bone (Figures 1, 2, 3 and 4).

The improvement in bone properties is most likely the result of increasing bone quantity,

rather than improving the quality of bone. Enhancing LRP5 signaling did not alter the ratio

of wild-type to mutant α2(I) polypeptides that were deposited in bone matrix, as measured

by mass spectroscopy of pepsin digested α2(I) chains (Figure 2). Furthermore, RNA-seq

data did not identify Lrp5 HBM-associated changes in the expression of genes encoding

type I collagen, its chaperones, other bone matrix proteins, or proteins involved in the

misfolded protein response pathways in the OI mice (Figure 2). We cannot exclude modest

changes in mRNA expression being responsible for the improved bone properties in the OI

with HBM mice, since our RNA-seq method is not sensitive for changes in gene expression

that are less than 1.7-fold (32).

The improvements in bone properties observed in the genetic cross were greater than those

observed in the sclerostin antibody study. However, we gave mice antibody from 6 to 12

weeks-of-age, whereas the Lrp5 HBM allele was present from conception. Therefore, it is

possible that earlier initiation of antibody therapy would result in even greater improvements

in bone properties. In fact, earlier administration of antibody may improve bone properties

to a greater extent than the Lrp5 HBM allele, since sclerostin inhibits LRP5 and LRP6 (38,

39), and both receptors have anabolic effects on bone (40).

Sinder et al. (2013) recently administered Scl-Ab to a different mouse model of OI, the Brtl

mouse (37). A 2-week course of Scl-Ab increased BFR and bone strength significantly, the

latter measured by 4-point bending (37). Consistent with our finding that LRP5 signaling
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increased the quantity of bone in the Col1a2+/p.G610C mice, but not its quality, Sinder et al.

(2013) found no effect of Scl-Ab on bone quality in the Brtl mice using nano-indentation.

Enhanced LRP5 signaling did not cause consistent changes in the serum markers of collagen

formation and turnover between mouse genotypes or treatment groups (Figures 2 and 4).

This may be because our cohort sizes were underpowered to detect small changes. The

P1NP and CTX values we obtained were similar to those reported by other investigators

using these same assays (6, 41, 42). The Sinder et al. (2013) study detected a significant

change in a serum marker of osteoblast activity, Osteocalcin, but not a marker of osteoclast

activity, TRACP5b, following 2 weeks of antibody-mediated sclerostin inhibition (37). This

is consistent with our finding of increased osteoblast surface, but no change in osteoclast

surface following six weeks of antibody therapy. Whether Osteocalcin and TRACP5b are

better indicators of changes in bone homeostasis that occur following sclerostin inhibition,

or whether there is a greater change in serum markers after a short treatment period (i.e., 2-

weeks) compared to a longer period (6 weeks), remain to be determined.

Mouse models have been generated with mutations encompassing the spectrum of clinical

severity and types of OI that occur in human patients (43-50). Importantly, our studies and

those of Sinder et al. (2013) were performed in mice that secrete mutant collagen into the

extracellular matrix. At least one mouse model of OI has a mutation that causes excessive

intracellular retention of abnormal collagen and endoplasmic reticulum stress (46).

Intracellular retention of abnormal collagen has also been reported in one human family

segregating severe OI (51). Therefore, enhancing LRP5 signaling in mice, and in humans,

having mutations that affect the intracellular trafficking of type I collagen could worsen the

skeletal phenotype rather than improve it.

We conclude that enhancing LRP5-mediated signaling is an effective strategy for improving

bone properties in at least one mouse model of OI, Col1a2+/p.G610C. This improvement is

more likely the result of increased bone production, rather than improved bone quality. In

contrast to bisphosphonate therapy, which is anti-catabolic and does not significantly

increase bone mass in adults with OI, drugs targeting the anabolic LRP5 pathway could be

used to improve bone mass and bone strength in adult patients with OI. We obtained a

significant increase in bone strength after 6 weeks of therapy using sclerostin inhibitory

antibody. Earlier and longer administration of sclerostin antibody may cause even greater

benefit. Although we did not directly compare antibody to bisphosphonate in the

Col1a2+/p.G610C mice, alendronate did not cause a significant increase in bone strength after

6 weeks of therapy in the Brtl mice (52). It remains important to study additional animal

models of OI in order to determine how fragility phenotypes caused by other pathologic

mechanisms respond to anabolic therapy. Such studies will help identify patients with OI

who are most likely to benefit from strategies that promote bone anabolism via LRP5

signaling.
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Figure 1.
The Lrp5p.A214V allele improves bone properties in wild-type and in OI mice. (left panels)
3-D μCT reconstructions of the distal and midshaft femurs from male 12-week-old wild-type

(Col1a2+/+;Lrp5+/+), OI (Col1a2+/p.G610C;Lrp5+/+), OI with HBM

(Col1a2+/p.G610C;Lrp5+/p.A214V), and HBM (Col1a2+/+;Lrp5+/p.A214V) mice. Small brackets

in the coronal section of the distal femurs indicate the location of the transverse sections

depicted immediately below. (right panels) Graphs depicting mean (± SD) measures of

bone mineral density (BMD), distal femur trabecular bone volume/total volume (BV/TV),

midshaft femur cortical thickness, ultimate force to failure, and energy to ultimate force in

female (open bars) and male (shaded bars) 12-week-old wild-type, OI, OI with HBM, and

HBM mice. Genotypes, wild-type (WT) or heterozygous knockin (OI or HBM, with respect

to the Lrp5 and Col1a2) are indicated, as is the number (N) of animals with each genotype

that were studied. Brackets indicate comparisons and p values between OI and wild-type

mice, between OI with HBM and OI mice, and between OI with HBM and wild-type mice.

NS – not significant.
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Figure 2.
The Lrp5p.A214V allele increases bone formation and does not alter mutant collagen

deposition in Col1a2+/p.G610C mice. (top panels) Fluorescence micrographs of dual

fluorochrome (calcein green and alizarin complexone) labeled trabecular femur bone from

male 12-week-old wild-type (Col1a2+/+;Lrp5+/+), OI (Col1a2+/p.G610C;Lrp5+/+), OI with

HBM (Col1a2+/p.G610C;Lrp5+/p.A214V), and HBM (Col1a2+/+;Lrp5+/p.A214V) mice. (top
graphs) Graphs depicting mean (± SD) trabecular mineralizing surface/total bone surface

(MS/BS), trabecular mineral apposition rate (MAR), and trabecular bone formation rates

(BFR) in male (shaded bars) 12-week-old mice, and osteoblast surface and osteoclast

surface in male (shaded bars) 12-week-old mice. (middle graphs) Graphs depicting mean (±

SD) periosteal mineralizing surface/total bone surface (MS/BS), periosteal mineral

apposition rate (MAR), and periosteal bone formation rates (BFR) in male (shaded bars) 12-

week-old mice, and serum P1NP and CTX (mean ± SE) in female (open bars) and male

(shaded bars) 12-week-old mice. CTX data for female mice are similar to those of males, but

not shown. P1NP and CTX graphs show values (mean ± SE) from wild-type mice reported

from other papers (41, 42). Genotypes, wild-type (WT) or heterozygous knockin (OI or

HBM, with respect to the Lrp5 and Col1a2) are indicated, as is the number (N) of animals

with each genotype that were studied. Brackets indicate comparisons and p values between
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OI and wild-type mice, between OI with HBM and OI mice, and between OI with HBM and

wild-type mice. NS – not significant. (bottom left panel) Coomassie blue stained SDS-

PAGE gel containing α1(I) and α2(I) polypeptide chains (arrows) recovered from OI with

HBM, OI, and WT bone. Representative mass spectroscopy data for the OI with HBM bone

show the mutant α2(I) polypeptide is present and comparable in abundance to wild-type

α2(I) polypeptide, which was also observed in OI bone (data not shown). (bottom right
panel) Graph depicting mean fold-changes in gene expression between OI with HBM bone

and OI bone (y-axis) and the average number of mapped reads/gene (x-axis). Circles

represent individual genes. The 9 genes whose expression differed significantly between the

two genotypes are indicated and shaded red. The Col1a1 and Col1a2 genes, whose

expression did not differ significantly between the two genotypes, are indicated and shaded

blue.
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Figure 3.
Sclerostin inhibiting antibody treatment improves bone properties in wild-type and in OI

mice. (left panels) 3-D μCT reconstructions of the distal and midshaft femurs from male 12-

week-old wild-type (Col1a2+/+) and OI (Col1a2+/p.G610C) mice that received 6 weeks of

vehicle or Scl-Ab. (right panels) Graphs depicting mean (± SD) measures of bone mineral

density (BMD), distal femur trabecular bone volume/total volume (BV/TV), midshaft femur

cortical thickness, ultimate force to failure, and energy to ultimate force in female (open

bars) and male (shaded bars) 12-week-old wild-type and OI mice that received 6 weeks of

vehicle or Scl-Ab. Col1a2 genotypes, wild-type (WT) or heterozygous knockin (OI) are

indicated, as is the number (N) of animals with each genotype that were studied. Brackets

indicate comparisons and p values between vehicle treated OI and vehicle treated wild-type

mice, between Scl-Ab treated OI and vehicle treated OI mice, and between Scl-Ab treated

OI and vehicle treated wild-type mice. NS – not significant.
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Figure 4.
Sclerostin inhibiting antibody therapy increases bone formation in wild-type and in OI mice.

(top panels) Fluorescence micrographs of dual fluorochrome labeled midshaft femur bone

from male 12-week-old wild-type and OI (Col1a2+/p.G610C) mice that received 6 weeks of

vehicle or Scl-Ab. Higher magnification images represent the areas indicated with white

rectangles. The red arrows indicate the fluorochrome (democlocycline and calcein green/

alizarin complexone) labels. Images of dual flurochrome labeled trabecular bone were

similar to those seen in Figure 2 (data not shown). (middle graphs) Graphs depicting mean

(± SD) periosteal mineralizing surface/total bone surface (MS/BS), periosteal mineral

apposition rate (MAR), and periosteal bone formation rates (BFR) in male (shaded bars) 12-

week-old mice, and serum P1NP and CTX (mean ± SE) in female (open bars) and male

(shaded bars) 12-week-old mice. CTX data for female mice are similar to those of males but

not shown. P1NP and CTX graphs show values (mean ± SE) from wild-type mice reported

from other papers (41, 42). (bottom graphs) Graphs depicting mean (± SD) trabecular

mineralizing surface/total bone surface (MS/BS), trabecular mineral apposition rate (MAR),

and trabecular bone formation rates (BFR) in male (shaded bars) 12-week-old mice, and

osteoblast surface and osteoclast surface in male (shaded bars) 12-week-old mice.Col1a2

genotypes, wild-type (WT) or heterozygous knockin (OI) are indicated, as is the number (N)

of animals with each genotype that were studied. Brackets indicate comparisons and p

values between vehicle treated OI and vehicle treated wild-type mice, between Scl-Ab
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treated OI and vehicle treated OI mice, and between Scl-Ab treated OI and vehicle treated

wild-type mice. NS – not significant.
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