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Abstract
Factor inhibiting ATF4-mediated transcription (FIAT) interacts with Nascent polypeptide
associated complex And coregulator alpha (αNAC). In cultured osteoblastic cells, this interaction
contributes to maximal FIAT-mediated inhibition of Osteocalcin (Ocn) gene transcription. We set
out to demonstrate the physiological relevance of this interaction by altering gene dosage in
compound Fiat and Naca (encoding αNAC) heterozygous mice. Compound Naca+/−; Fiat+/−

heterozygous animals were viable, developed normally, and exhibited no significant difference in
body weight compared with control littermate genotypes. Animals with a single Fiat allele had
reduced Fiat mRNA expression without changes in the expression of related family members.
Expression of the osteocyte differentiation marker Dmp1 was elevated in compound
heterozygotes. Static histomorphometry parameters were assessed at 8 weeks of age using
microcomputed tomography (μCT). Trabecular measurements were not different between
genotypes. Cortical thickness and area were not affected by gene dosage, but we measured a
significant increase in cortical porosity in compound heterozygous mice, without changes in
biomechanical parameters. The bone phenotype of compound Naca+/−; Fiat+/− heterozygotes
confirms that FIAT and αNAC are part of a common genetic pathway and support a role for the
FIAT/αNAC interaction in normal bone physiology.
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1. INTRODUCTION
The leucine zipper protein, FIAT (Factor Inhibiting ATF4-mediated Transcription), forms
inactive heterodimers with the transcription factor ATF4 and inhibits its binding to DNA
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(Yu et al., 2005; Yu et al., 2008). Because ATF4 is a key regulator of osteoblast biology
(Yang et al., 2004), the net result of the binding of FIAT to ATF4 is an inhibition of
osteoblast function. Over-expressing FIAT in osteoblasts of transgenic mice leads to
reduced Osteocalcin (Ocn) gene transcription and osteopenia with reduced bone mineral
density, lowered trabecular volume, and decreased bone strength (Yu et al., 2005).
Reciprocally, inhibition of Fiat expression using siRNA-mediated knockdown leads to
increased ATF4 activity and results in higher Ocn transcription, type I collagen synthesis,
and mineralization (Yu et al., 2009b).

FIAT was initially cloned using a yeast two-hybrid screen for proteins interacting with
αNAC (Nascent polypeptide associated complex And Coregulator alpha, encoded by the
Naca gene), a transcriptional coregulator of gene expression in bone cells (Akhouayri et al.,
2005; Yu et al., 2005; Yu et al., 2006; Meury et al., 2010). This interaction was
independently confirmed using over-expression of epitope-tagged proteins in heterologous
cell systems (Yoshida et al., 2005). Our recent work has confirmed that endogenous, post-
translationally modified αNAC functionally interacts with the FIAT protein in osteoblastic
cells to maximally repress ATF4-mediated Ocn gene transcription (Hekmatnejad et al.,
2014). We set out to provide evidence of the physiological relevance of these findings
through manipulation of Fiat and Naca dosage in genetically modified mice, with particular
focus on skeletal development.

The Fiat gene (NM_178935.4) is located on the X chromosome and is ubiquitously
expressed at the mRNA level (Nogami et al., 2004), but its protein expression pattern has
only been studied extensively in bone cells (Yu et al., 2009a). The Fiat gene, like the
majority of X-linked genes, is subject to random inactivation of one allele in females (Lyon,
1999). Therefore, approximately 50% of the cells in Fiat mutant heterozygotes should
express the mutant allele, and the other half express normal allele. The Naca gene
(NC_000076.6) maps to chromosome 10 (Yotov and St-Arnaud, 1996b) and encodes the
related proteins αNAC and skNAC through differential splicing of its large third exon
(Yotov and St-Arnaud, 1996a). Global targeting of the Naca gene in conventional knockout
mice results in early embryonic lethality (Akhouayri et al., unpublished), and we had to use
knock-in mutagenesis to confirm the physiological role of αNAC in bone tissue (Meury et
al., 2010). However, mice heterozygous for the conventional Naca knockout mutation have
no detectable phenotype and their skeletal development is normal (Pellicelli et al.,
submitted), therefore allowing gene dosage alteration in compound heterozygous animals.

We crossed heterozygous Fiat-deficient mice with heterozygous Naca-deficient mice to
generate double heterozygous Naca and Fiat female mice. Femoral bone microstructure was
examined using microcomputed tomography (μCT). While trabecular bone was not affected
by altered gene dosage for Naca and Fiat, compound Naca+/−; Fiat+/− heterozygous mice
displayed significantly higher cortical porosity with increased expression of the osteocyte
differentiation marker, Dentin matrix protein-1 (Dmp1). This phenotype confirms that FIAT
and αNAC are part of a common genetic pathway and supports a role for FIAT/αNAC
interactions in bone physiology.

2. MATERIALS and METHODS
2.1 Generation of Naca; Fiat Compound Heterozygous Mutant Mice

A 9.6 kb genomic fragment spanning the 5′ UTR, exon 1, and the first intron of the mouse
Fiat allele was used in the construction of the targeting vector (Fig 1A). A 34 bp LoxP
sequence was inserted upstream from exon 1 and a 6.4 kb PGK-neo-HsvTK cassette flanked
by two LoxP sites was introduced within intron 1. The backbone vector was pBluescript.
The targeting vector was linearized and electroporated into R1 embryonic stem (ES) cells
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(Nagy et al., 1993) that were subsequently cultured in the presence of G418. Positive clones
were identified using Southern blotting and PCR. Blastocyst injection into C57BL/6 was
performed according to standard protocols (Hogan et al., 1994). Chimeras were bred with a
general deleter Cre transgenic strain (CMV-Cre) (Su et al., 2002) to delete the selection
cassette.

The αNAC targeting vector was constructed using a genomic Naca clone (Meury et al.,
2010) by inserting an IRES-LacZ-Neo cassette at the start codon within exon 2 to create a
null allele (Fig. 1B). Gene targeting and production of chimeric mice were performed
according to standard protocols (Hogan et al., 1994).

All animal procedures were reviewed and approved by the McGill Institutional Animal Care
and Use Committee and followed the guidelines of the Canadian Council on Animal Care.
Mice were kept in an environmentally controlled barrier animal facility with a 12-hour light,
12-hour dark cycle and were fed mouse chow and water ad libitum. Naca+/− males were
crossed to Fiat+/− females to obtain control (Naca+/+; Fiat+/+, Naca+/−; Fiat+/+, Naca+/+;
Fiat+/−) and test (Naca+/−; Fiat+/−) genotypes.

2.2 Genotyping
Initial homologous recombination in ES cells and germline transmission of the mutant Naca
allele was confirmed using Southern blotting with diagnostic wild-type 8.5 kb and mutant
7.6 kb XbaI restriction fragments (Fig. 1B). For subsequent routine genotyping, DNA was
prepared from tail snips (Laird et al., 1991) and analyzed in two independent polymerase
chain reactions (PCR) for the presence of the Fiat and Naca wild-type and targeted alleles.
For each allele, three primers were used.

Fiat primers: 5′-TGAATAGGCTTCCAGCCCAAAGG-3′; 5′-
CCAAGAGTCCCAAAAGAGCATG-3′, 5′-CCTTCTGGGGCTTGTAGTCTC-3′. Naca
primers: 5′-GTGTTCGAATTGGCCAATGACAAGAC-3′, 5′-
CTTTCTTCCCCGAAGAGTCCC-3′, 5′-TCGGAATACTTAGACTAGGCGGA-3′.

2.3 Real-time Reverse Transcription quantitative PCR (RT-qPCR)
Calvaria from 8 week-old mice were collected into RNAlater solution (Ambion, Austin, TX)
and were stored at −20°C until further processed. RNA was extracted with TRIzol
(Invitrogen) following the manufacturer’s instructions. One microgram of RNA was reverse-
transcribed into cDNA using the High Capacity cDNA Archive Kit as per the
manufacturer’s recommendations (Applied Biosystems). Real-time PCR amplification was
performed using the TaqMan® Universal PCR Master Mix (Applied Biosystems) on a 7500
instrument (Applied Biosystems) and specific Assay-On-demand TaqMan® assays for Fiat,
α-taxilin, β-taxilin, Naca, Ocn, and Dentin matrix protein-1 (Dmp1). Relative quantification
of mRNA was performed according to the comparative Ct method with 18S ribosomal RNA
as endogenous control (ABI PRISM 7700 Sequence Detector User Bulletin [2], PE Applied
Biosystems 1997). Fourteen to sixteen samples per genotype were assayed in duplicates.

2.4 Sample preparation
Femurs were collected and cleaned of soft tissue, fixed overnight in 4% paraformaldehyde,
washed with 1X phosphate buffer saline, and dehydrated in 50%, then 70% ethanol.
Samples were stored in 70% ethanol at 4 °C until scanning.

2.5 Static histomorphometry
Microcomputed tomography was performed using the SkyScan/Bruker 1172 high-resolution
μCT scanner of the McGill University Health Center Orthopaedic Research division. The
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parameters were 5 μm pixel size, 50 kV, 194 μA, 0.5 mm Al filter, angular rotation step of
0.45°, and an exposure time of 500 ms with a total scan duration of 45min. Three-frame
averaging was used to improve the signal-to-noise ratio. After scanning, 3D microstructural
image data was reconstructed using the manufacturer’s software (Skyscan NRecon). The
ring artifact correction was 4 and the beam hardening correction was set at 30%.

Structural indices were calculated using Skyscan CT Analyzer (CTAn) software. The
regions of interest (ROIs) for trabecular microarchitectural variables was defined starting at
0.639 mm proximal to the growth plate of each femur and extending 1.475 mm in the
direction of the diaphysis where trabeculae were no longer visible. An upper threshold of
255 and a lower adaptive threshold of 50 were used to delineate each pixel as bone or non-
bone and the following parameters were measured: tissue volume (TV, in mm3), trabecular
bone volume (BV, in mm3), bone volume/tissue volume (BV/TV, %), trabecular number (1/
mm), trabecular separation (in μm), trabecular thickness (in μm), structure model index
(SMI), and connectivity density (1/mm3).

To quantify cortical bone microstructure, ROI for each animal was chosen starting at 4.42
mm (900 lines, each line being 0.005 mm) distal to the growth plate and 1mm in height.
Cortical bone measurements consisted of cross-sectional total and cortical area, cortical
thickness, percent total cortical porosity, percent open porosity, and percent closed porosity.

2.6 Biomechanical parameters
In order to assess mechanical integrity, right femora were loaded to failure in a three-point
bending assay using an Instron model 5943 single column table frame machine. Tests were
carried out in the posterior-to-anterior direction at a loading rate of 0.05 mm/s and a support
distance of 7mm. From the resulting load vs. displacement curves, structural properties were
calculated to describe the specific aspects of the tissue’s mechanical behavior under load.
Those properties included stiffness (N/mm), maximum force at failure (N), displacement at
maximum force (mm), and maximum displacement at failure/ultimate displacement (mm).
Stiffness was defined as the slope of the elastic portion of the load/displacement curve and
the maximum force was defined as the largest load value registered during the tests.

2.7 Statistical analysis
Kolmogorov-Smirnov tests were employed to confirm normal distribution of the variables in
each dataset. Data were expressed as mean ± S.E.M. Statistical differences were calculated
using Student’s t-test or Analysis of Variance with posthoc tests. P<0.05 was accepted as
statistically significant.

3. RESULTS
3.1 Gross phenotype

Female mice of all control genotypes (Naca+/+; Fiat+/+, Naca+/−; Fiat+/+, Naca+/+; Fiat+/−)
and compound heterozygous (Naca+/−; Fiat+/−) mice were viable and born at the expected
Mendelian ratio. Mice developed normally and exhibited no obvious behavioral or physical
phenotype. Furthermore, Naca+/−; Fiat+/− compound heterozygous female mice fed on a
regular diet showed no differences in size or body weight when compared with control
littermate genotypes, at birth or up to 8 weeks of age (Fig. 2 and data not shown).

3.2 Gene expression monitoring
Animals with a single Fiat allele had reduced Fiat mRNA expression without changes in the
expression of the related family members, α-taxilin and β-taxilin (Nogami et al., 2004) (Fig.
3A–C). We did not measure an impact of Naca gene dosage on Naca expression (Fig. 3D).
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Surprisingly, the mRNA levels of the best characterized transcriptional target of FIAT and
αNAC, Ocn, were not affected when one allele of either or both genes, Fiat and Naca, were
inactivated (Fig. 3E). However, expression of the osteocyte differentiation marker Dmp1
was increased in Naca+/−; Fiat+/− compound heterozygotes (Fig. 3F).

3.3 Absence of trabecular phenotype
To evaluate bone structural histology, femurs from compound heterozygous and control
females were compared by 3D analysis using μCT. Trabecular histomorphometric
parameters were evaluated at the distal metaphysis. There were no significant effect of
heterozygous Naca and Fiat deficiency on trabecular bone volume, number, thickness, or
separation and other trabecular parameters assessed for any of the genotypes (Table 1).

3.4 Cortical phenotype
Microcomputed tomography measurements of cortical bone from the femoral mid-diaphysis
revealed that the mean values of cortical traits (area, total cross-sectional area within the
periosteal envelope, and cortical thickness) were statistically indistinguishable in both
control and compound heterozygous mice (Table 1). On visual assessment, cortical porosity
appeared increased when one copy of Naca and one copy of Fiat were inactivated (compare
panels A and B, Fig. 4). Since values for all control genotypes (Naca+/+; Fiat+/+, Naca+/−;
Fiat+/+, Naca+/+; Fiat+/−) were highly homogeneous, results from these animals were
grouped and expressed as ‘Control’ to increase statistical power. Total cortical porosity was
significantly increased in mice heterozygous for both Naca and Fiat (Fig. 4C). When open
and closed porosity were analyzed separately, percent closed porosity, reflecting osteocyte
lacunae and intracortical resorption, was significantly higher in Naca+/−; Fiat+/− mice when
compared to control genotypes (Fig. 4D). In addition, percent open porosity, reflecting
vascular canals, was augmented in bones of compound heterozygous mice (Fig. 4E).

3.5 Biomechanical properties
We next analyzed whether the increased cortical porosity measured in mice with altered
Naca and Fiat gene dosage leads to a decreased biomechanical stability. Mechanical testing
of femurs via three-point bending revealed no differences in stiffness and strength between
compound heterozygotes and controls. In addition, there was no difference in ultimate
displacement or displacement at maximum force (Fig 5).

4. DISCUSSION
We previously confirmed the interaction of endogenous FIAT and αNAC proteins in
osteoblasts and demonstrated a functional role for this interaction in osteoblast function,
related to maximal repression of ATF4-mediated transcription of the Ocn gene
(Hekmatnejad et al., 2014). In the present study, we attempted to assess the physiological
relevance of the interaction between αNAC and FIAT by creating a mouse model of
combined Fiat and Naca heterozygous deficiency. Gene dosage alteration is often used to
provide evidence that proteins are part of common genetic pathways (Yang et al., 2004; Lee
et al., 2007; Ferron et al., 2010; Oury et al., 2011). Compound heterozygous ablation of
Naca and Fiat resulted in an increase in cortical porosity, which included both open and
closed porosity. This bone phenotype confirms that FIAT and αNAC are part of a common
genetic pathway and support a role for the FIAT/αNAC interaction in normal bone
physiology.

There are several types of porosity in cortical bone (Cowin et al., 2009). Resorption cavities,
ranging from 50 μm to 300 μm, can be observed during bone remodeling. The vascular
porosity, which consists of the column of all the tunnels in bone that contain blood vessels
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and includes all the primary and secondary osteonal canals as well as transverse (Volkmann)
canals, is measured in the order of 10–20 μm in diameter. Lacunae-canaliculae porosity is
associated with osteocyte lacunae (10–20 μm) and canaliculi channels (in the 100 nm
range). Finally, the smallest pore size in bone is associated with the collagen-apatite
porosity. These pores are found between the collagen fibers and apatite crystals and average
40 nm. Vascular porosity in mice tissue has been reported at a value range of 1–5% while
the lacunar-canalicular porosity accounts for ~1% of the bone tissue (Cardoso et al., 2013).
Our preferred interpretation of the increased porosity in Naca+/−; Fiat+/− mice is that
lacunar-canalicular porosity was increased. This is based on the emerging evidence that
impaired αNAC nuclear activity affects osteoblast maturation and osteocyte number in vivo
(Meury et al., 2010; Pellicelli et al., submitted). Mice with a knock-in mutation that reduces
the nuclear translocation of αNAC have osteopenia with a reduced volume of immature,
woven-type bone characterized by an increase in the number of osteocytes (Meury et al.,
2010). In addition, FIAT protein expression has been localized to osteocytes in adult mice
(Yu et al., 2009a). Reduced αNAC and/or FIAT expression or activity in compound
heterozygous mice could lead to increased osteocyte numbers, which would translate into
increased cortical porosity due to a larger number of lacunae and canaliculae. This
hypothesis is supported by the measured elevated expression of the osteocyte differentiation
marker, Dmp1, in Naca+/−; Fiat+/− mice (Fig. 3F).

Recent studies have indicated that osteocytes are an essential source of RANKL for
osteoclast formation (Xiong et al., 2011). Thus, osteocytes have the ability to independently
regulate the rate of bone remodeling (Xiong and O’Brien, 2012). It is thus also possible that
the increased porosity of Naca+/−; Fiat+/− compound heterozygous mice was due to
increased osteoclastogenesis secondary to increased expression of RANKL in osteocytes.
However, we did not detect any changes in Rankl mRNA expression or circulating RANKL
concentrations in mice with reduced Naca and/or Fiat gene dosage (data not shown).

Cortical bone contributes significantly to the mechanical strength of bone (Mazess, 1990).
Several studies have demonstrated the association between intracortical porosity and cortical
bone strength and stiffness, and small changes in cortical porosity can lead to
disproportionately substantial losses in bone strength (McCalden et al., 1993; Turner, 2002).
It was thus surprising that the changes in cortical porosity measured in Naca+/−; Fiat+/− mice
were not accompanied by changes in biomechanical properties. Bone strength is determined
by a large number of interrelated factors including the amount of bone, the spatial
distribution of the bone mass, and the intrinsic properties of the materials that compromise
the bone (Clarke, 2008). Therefore, investigation of these parameters in Naca+/−; Fiat+/−

mice could provide valuable insight as to the different roles that each plays with regard to
skeletal bone quality.

Expression of Ocn, a transcriptional target of both αNAC and FIAT, was not affected by
Naca or Fiat gene dosage alterations (Fig. 3E). Recent data highlight the key metabolic and
developmental roles of OCN (Lee et al., 2007; Ferron et al., 2010; Oury et al., 2013). Ocn
transcriptional regulation involves a large number of factors (reviewed in Jensen et al.,
2010) that must provide redundancy to insure adequate Ocn expression under a myriad of
genetic or physiological conditions. We surmise that one wild-type allele of Naca and Fiat
help maintain homeotic Ocn expression as opposed to what is measured when all alleles of
each gene are mutated (Meury et al., 2010; Hekmatnejad et al., unpublished observations).

Females singly heterozygous for Fiat (Naca+/+; Fiat+/−) had no discernable bone phenotype
compared to wild-type Naca+/+; Fiat+/+ females despite reduced Fiat expression and X
chromosome inactivation (XCI). The lack of Fiat gene dosage effect on bone phenotypic
manifestations suggests that cells affected by the heterozygous Fiat mutation are actively
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trying to maintain a similar activity level of FIAT as the wild-type ones. Potential
mechanisms involve skewed X chromosome inactivation. In most females the number of
cells with either X being active is roughly equal; however, skewing of X chromosome
inactivation in a percentage of females can occur (Abkowitz et al., 1998). Some individuals
may undergo skewed XCI by chance (random inactivation) or there may be factors
controlling the initial choice of which X to inactivate, resulting in primary nonrandom
inactivation (Minks et al., 2008). For instance, in mice the choice of chromosome
inactivation involves the inactivation center, a region of the X chromosome that differs
between strains and is necessary in cis for inactivation to occur (Heard et al., 1997).
Therefore, we can propose that skewed X chromosome inactivation favors the cells with the
normal Fiat allele thus influencing the phenotype of Fiat heterozygous female mice.

A number of factors could also have affected phenotypic manifestations in Naca+/−; Fiat+/−

compound heterozygous mice and explain the lack of impact of gene dosage alteration on
trabecular bone. Redundancy of function caused by compensatory expression of Fiat-related
family members (α- and β-taxilin) can be ruled out since their mRNA levels remained
unchanged regardless of genotypes (Fig. 3B, C). However, functional redundancy could be
achieved in bone through other family of proteins able to form inactive heterodimers with
ATF4. Candidates include ICER (Chandhoke et al., 2008) or other leucine zipper factors
such as CHOP (CCAAT/Enhancer-binding protein Homologous Protein) (Pereira et al.,
2007). It is also possible that a stronger phenotype could be detected in older mice. Finally, a
challenge to bone homeostasis could evoke a more pronounced phenotype. Experiments
along those lines include the ovariectomized (OVX)/estrogen deficiency model of
postmenopausal osteoporosis, fracture repair and/or distraction osteogenesis, or skeletal
unloading.

At any rate, our results confirm that Naca and Fiat are part of a common genetic pathway.
We are developing and characterizing additional mice models that will help to further
understand the role of FIAT/αNAC interactions in bone physiology.

Acknowledgments
We thank Guylaine Bédard for preparing the figures. We used the microcomputed tomography instrument of the
McGill University Health Center Orthopaedic Research Division and acknowledge support from the Network for
Oral and Bone Health Research for access aid to this infrastructure. This work was supported by NIH grant
AR53287 and by Shriners Hospitals for Children grant 86400 to R.St-A.

ABBREVIATIONS LIST

FIAT Factor Inhibiting ATF4-mediated Transcription

αNAC Nascent polypeptide associated complex And Coregulator alpha

Ocn Osteocalcin

Dmp1 Dentin matrix protein-1

μCT microcomputed tomography

ATF4 Activating Transcription Factor 4

siRNA silencing ribonucleic acid

skNAC skeletal isoform of αNAC

UTR untranslated region
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PGK-neo-HsvTk phosphoglycerate kinase-neomycin-herpes simplex virus thymidine
kinase

ES embryonic stem

PCR polymerase chain reaction

IRES-lacZ-neo internal ribosome entry site-lacZ-neomycin

RT-qPCR Reverse Transcription-quantitative Polymerase Chain Reaction

ROI region of interest

TV tissue volume

BV bone volume

BV/TV bone volume/tissue volume

SMI structure model index

S.E.M standard error of the mean

RANKL receptor activating nuclear factor kappa ligand

XCI X chromosome inactivation

ICER inducible cAMP early repressor

CHOP CCAAT/Enhancer-binding protein homologous protein

OVX ovariectomized

Wt wild-type

Mut mutant
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HIGHLIGHTS

• We measured a significant increase in cortical porosity in Naca+/−; Fiat+/−

heterozygotes;

• Confirmation that FIAT and αNAC are part of a common genetic pathway;

• Results support a role for FIAT/αNAC interactions in bone physiology.
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Fig. 1.
Targeted disruption of the murine Fiat and Naca genes by homologous recombination. A.
Fiat targeting vector. A LoxP sequence (triangle) was inserted upstream from exon 1 and a
PGK-neo cassette flanked by two LoxP sites was introduced within intron 1. B. Schematic
drawing of the wild-type (Wt) and mutant (Mut) Naca alleles. An IRES-LacZ -neo cassette
(gray-black box) was inserted at the ATG start site within exon 2. The diagnostic wild-type
8.5 kb and mutant 7.6 kb XbaI restriction fragments are indicated in the Southern blot from
targeted ES cells (left) or tail snips from the first germline transmission litter.
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Fig. 2.
Fiat and Naca gene dosage alterations do not affect weight gain. No changes were observed
between Naca+/−; Fiat+/− compound heterozygous mice and control groups.

Hekmatnejad et al. Page 13

Gene. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3.
Gene expression monitoring. RNA was isolated from calvaria of 8 week-old mice (n=14 to
16 mice per group), reverse-transcribed, and analyzed by RT-qPCR. 18S ribosomal RNA
was used as endogenous control, and expression levels are compared to Naca+/+; Fiat+/+

control mice which were arbitrarily ascribed a value of 1. A. Fiat. B. α-taxilin. C. β-taxilin.
D. Naca. E. Ocn. F. Dmp1. *, p<0.05; **, p < 0.01, ***, p<0.001.
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Fig. 4.
Increased porosity in femurs from compound heterozygous mice. A, B. Three-dimensional
reconstructions of the cortical mid diaphysis. Representative images from a control (A,
Naca+/+; Fiat+/+) and a compound heterozygote (B, Naca+/−; Fiat+/−) are shown. C–E.
Cortical porosity measured using reconstructed images from μCT. Values for all control
genotypes (Naca+/+; Fiat+/+, Naca+/−; Fiat+/+, Naca+/+; Fiat+/−) were highly homogeneous
and results from these animals were grouped and expressed as ‘Control’. C. Total porosity.
D. Closed porosity. E. Open porosity. *, p<0.05; **, p < 0.01.
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Fig. 5.
Bone biomechanical properties. Three-point bending tests revealed no changes in femoral
stiffness (A), maximum force (B), ultimate displacement at maximum force (C), or ultimate
displacement (D) between genotypes.
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Table 1

Static histomorphometry

TRABECULAR PARAMETERS Naca+/+; Fiat+/+ Naca+/−; Fiat+/+ Naca+/+; Fiat+/− Naca+/−; Fiat+/−

BV/TV (%) 5.83±0.21 5.60±0.20 5.92±0.16 5.59±0.25

Trabecular number (1/mm) 1.70±0.04 1.64±0.05 1.70±0.04 1.64±0.07

Trabecular separation (μm) 248.0±3.70 250.0±3.00 247.2±3.00 250.0±4.80

Trabecular thickness (μm) 34.1±0.50 34.0±0.26 34.8±0.37 34.1±0.35

SMI 1.97±0.02 2.02±0.02 1.99±0.01 2.00±0.03

Connectivity density (1/mm3) 196.4±7.04 184.1±8.52 199.2±6.08 194.4±15.22

CORTICAL PARAMETERS Naca+/+; Fiat+/+ Naca+/−; Fiat+/+ Naca+/+; Fiat+/− Naca+/−; Fiat+/−

Total tissue area (mm2) 1.57±0.02 1.54±0.04 1.64±0.02 1.61±0.03

Cortical bone area (mm2) 0.57±0.01 0.56±0.02 0.60±0.01 0.59±0.01

Cortical thickness (mm) 0.11±0.11 0.11±0.01 0.11±0.01 0.11±0.01
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