
Young Adult Male and Female +/G610C Mice as an Animal Model of Osteogenesis Imperfecta

Jukka Morko, Jukka Vääräniemi, and Jussi M Halleen

Pharmatest Services, Turku, Finland

E-mail correspondence to Jukka Morko (jukka.morko@pharmatest.com)

www.pharmatest.com

ASBMR 2019

Poster MON-945

We thank all Pharmatest personnel who contributed to the study.

Acknowledgements

Conclusions

Young adult male and female +/G610C mice are

smaller and exhibit less trabecular and cortical

bone, impaired biomechanical bone properties,

and increased cortical BMD when compared with

their +/+ controls. These +/G610C mice are an

excellent animal model of mild-to-moderate OI.
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üBoth male and female +/G610C mice were lighter

and had smaller tibiae than their +/+ controls at 2

and 4 months (Figs. 1A-B, 2A-B).

üBoth male and female +/G610C mice had less

trabecular bone and thinner trabeculae in tibial

metaphysis at 2 months (Figs. 1C-D).

üBoth male and female +/G610C mice had less

trabecular bone, fewer trabeculae, impaired

mechanical properties predicted from trabecular

bone distribution and decreased total and

trabecular BMD in femoral metaphysis, and

decreased total and trabecular BMD in lumbar

vertebral body at 4 months (Figs. 2C-J).

üBoth male and female +/G610C mice had less

cortical bone and impaired mechanical properties

predicted from cortical bone distribution in femoral

diaphysis at 4 months (Figs. 3A-B).

üBoth male and female +/G610C mice had

increased total and cortical BMD in femoral

diaphysis at 4 months (Figs. 3C-D).

üBoth male and female +/G610C mice had smaller

maximum load and work-to-fracture in femoral neck,

and post-yield displacement and work-to-fracture

in tibial diaphysis at 4 months (Figs. 4A-D).

üBone OI phenotype seemed to be more prominent

in females than in males in the present cohorts.

Summary

Human Osteogenesis Imperfecta (OI) is a group of

genetic disorders that results in heterogeneous

symptoms ranging from low bone mass and

occasional fractures to perinatal lethality.(1) Most

cases of OI are caused by autosomal dominant

mutations in type I collagen genes (COL1A1 and

COL1A2) and are classified into subtypes I to IV.

Accordingly, most animal models of OI are gene-

modified mice mimicking genetic disorders observed

in human patients.(2) One model is óAmishvariantô

mouse with a dominant negative G610C mutation in

Col1a2 gene.(3) Heterozygous mice (+/G610C)

mimic human type IV OI with a mild-to-moderate

severity and suffer from low bone mineral density

(BMD) and bone strength.

Introduction

Materials and Methods
Animal experimentation: This study was conducted using male and female

heterozygous +/G610C and wild-type +/+ mice. The mice were weighed, digital

radiographs were obtained from their appendicular and axial skeleton, and bone

volume, cross-sectional dimensions and microarchitecture were determined by in vivo

µCT measurements in tibia at 2 and 4 months of age. Then, the mice were

terminated, and their femora, tibiae and lumbar vertebrae were harvested as terminal

bone samples. This protocol was approved by National Animal Experiment Board,

Regional State Administrative Agency for Southern Finland, Hämeenlinna, Finland.

Bone analysis: Digital radiographs were obtained using Faxitron MX-20 Cabinet X-

ray System (Faxitron Bioptics) and in vivo µCT measurements were performed using

SkyScan 1276 High-Resolution Micro-CT Scanner (Bruker microCT). Terminal bone

samples were studied further. Bone volume, cross-sectional dimensions and

microarchitecture were measured by SkyScan 1276 µCT in femur. Volumetric BMD,

bone mineral content (BMC) and cross-sectional dimensions were determined by

pQCT using Norland Stratec XCT Research SA+ (Norland Stratec Medizintechnik) in

femur, tibia and lumbar vertebral body. Whole-bone biomechanical properties were

analyzed by cantilever bending test in femoral neck and by three-point bending test in

tibial diaphysis using Instron 3343 testing system (Instron).

Statistical analysis: All data is presented as mean + standard deviation. If the

assumptions of parametric tests were fulfilled as such or after data transformation,

one-way analysis of variance (ANOVA) and linear contrasts of means were used for

evaluating statistical significances. Otherwise, statistical significances were evaluated

using non-parametric Kruskal-Wallis and Mann-Whitney U tests.

We characterized the bone phenotype of young

adult male and female heterozygous +/G610C

and wild-type (+/+) mice; by digital radiography and

in vivo high-resolution micro-computed tomography

(µCT) at 2 and 4 months, and by ex vivo µCT,

peripheral quantitative computed tomography

(pQCT), and biomechanical testing at 4 months.

Aim of the Study

Trabecular Bone at 4 Months

FIGURE 2. Trabecular bone phenotype in male and female +/610C and +/+ mice at 4

months of age. (A) Body weight. (B) Volume of marrow cavity in tibial metaphysis. (C)

Trabecular bone volume fraction, (D) Trabecular number, (E) Trabecular bone pattern

factor, (F) Structural model index of trabecular bone, and (G) Total and (H) Trabecular

BMD in femoral metaphysis. (I) Total and (H) trabecular BMD in lumbar vertebral body

(L5). +/G610C vs +/+ mice: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Cortical Bone at 4 Months

C D

A B

FIGURE 3. Cortical bone phenotype in male and female +/610C and +/+ mice at 4

months of age. (A) Cortical bone area, (B) Cross-sectional moment of inertia, and (C)

Total and (D) Cortical BMD in femoral diaphysis. +/G610C vs +/+ mice: ** p < 0.01, ***

p < 0.001.

Mechanical Properties at 4 Months
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FIGURE 4. Mechanical bone properties in male and female +/610C and +/+ mice at 4

months of age. (A) Maximum load and (B) Work-to-Fracture in femoral neck by

cantilever bending test. (C) Post-yield displacement and (D) Work-to-Fracture in tibial

diaphysis by three-point bending test. +/G610C vs +/+ mice: *** p < 0.001.

Trabecular and Cortical Bone at 2 Months

FIGURE 1. Trabecular and cortical bone phenotype in male and female +/610C and

+/+ mice at 2 months of age. (A) Body weight. (B) Volume of marrow cavity, (C)

Trabecular bone volume fraction and (D) Trabecular thickness in tibial metaphysis. (E)

Cortical bone volume and (F) Cross-sectional moment of inertia in tibial diaphysis.

+/G610C vs +/+ mice: ** p < 0.01, *** p < 0.001.
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Representative Images


