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ABSTRACT

TGFP inducible early gene-1 (TIEG) is a member of the Sp/Krlppel-like transcription
factor family originally cloned from human osteoblasts. We have previously
demonstrated that TIEG plays a role in the expression of important osteoblast marker
genes and in the maturation/ differentiation of osteoblasts. To elucidate the function of
TIEG in skeletal development and maintenance, we have generated a TIEG knockout
(KO) mouse. Three-point bending tests demonstrated that the femurs of TIEG KO mice
are significantly weaker than those of wild-type animals. pQCT analysis of tibias
revealed significant decreases in bone content, density and size in KO animals compared
to wild-type mice. Micro-CT analysis of the femoral head and vertebrae revealed
increases in femoral head trabecular separation and decreases in cortical bone thickness
and vertebral bone volume in KO mice relative to wild-type controls. In addition, electron
microscopy indicated a significant decrease in osteocyte number in the femurs of KO
mice. Taken together, these data demonstrate that the bones of TIEG KO mice display an
osteopenic phenotype with significantly weaker bones and reduced amounts of cortical
and trabecular bone. In summary, an important role for TIEG in skeletal development

and/or homeostasis is indicated.
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INTRODUCTION

The TGFps constitute a family of multifunctional proteins with a wide range of biological
activities [38]. TGFp has been shown to be an important autocrine and paracrine factor in the
formation and maintenance of a healthy skeleton. In fact, bone contains some of the highest
concentrations of TGFp with nearly 100 times more than the amount found in either the kidney
or the placenta [41]. Although the exact mechanisms of TGFp action in bone are not yet fully

understood, members of this family have been implicated in bone metabolism at several levels
[71.

In vivo animal studies have demonstrated that TGFp is involved in osteogenesis and
chondrogenesis and regulates bone growth, cell proliferation and differentiation in
chondrocytes and osteoblast (OB) cells [11,19,25]. The expression of dominant-negative TGFf3
receptors in OB cells in vivo causes a decreased osteocyte density and decreased bone turnover,
suggesting that TGFp regulates OB differentiation [18]. Importantly, studies by Derynck and
co-workers [15,16], using transgenic mice, have shown that the over-expression of TGFf3
induces an age-dependent loss of bone mass that resembles osteoporosis, caused by increased
bone remodeling, whereby the induced bone resorbing osteoclastic activity exceeds the

elevated bone formation.

TGFp has multiple effects on bone cells in culture. Several laboratories, including ours, have
shown that OB cells synthesize TGFp [14,35,36,40,49]. In rodent and human OBs, TGF is
involved in the regulation of proliferation and differentiation of OB progenitor cells, the
regulation of proliferation of mature OB cells at the G1 phase of the cell cycle without any
effects on non-proliferating OB cells and, finally, the regulation of bone matrix production and

mineralization [5-7].



TGFp exerts its effects by binding to specific type 11 serine/ threonine kinase receptors, which
in turn initiate intracellular signaling and gene regulation via phosphorylating the type I kinase
receptor [22,31]. One of the main pathways affected by TGF is the Smad signaling pathway.
There are three categories of Smad proteins, the receptor-regulated Smads (R-Smads), common
mediator Smad (SMAD 4) and inhibitory Smads (I-Smads). The type | receptor
phosphorylates the receptor- associated subclass of Smads 1, 5 and 8 (for BMP) or 2 and 3 (for
TGFp or activin) causing an activation of these Smads and a heterodimerization with Smad 4.
These complexes then translocate to the nucleus and bind to the palindromic sequence

GTCTAGAC as well as variations in this sequence to regulate target gene expression [22,31].

TGFp inducible early gene-1 (TIEG) was first discovered in our laboratory as a transcript that
is rapidly and transiently induced within 60 min of TGFp, BMP or EGF treatment of human
osteoblasts [44]. It was subsequently found in pancreatic, hepatic and lung epithelial cells,
muscle and heart cells, as well as breast and pancreatic carcinomas [4,8,21,37,47,48]. TIEG is
a member of the Sp/Krippel-like factor (KLF) family of three zinc-finger proteins, which are
involved in anti- proliferative and apoptosis inducing functions similar to TGFp action [10].
These factors bind to the GC rich elements via their zinc fingers to regulate target genes involved

in cell growth differentiation and apoptosis [9,28,54].

The TIEG gene encodes a 480 amino acid (72 kDa) protein of which the N-terminal region
represents the activation domain, the middle region, the repressor domain and the C-terminal
region, the DNA binding domain [9,44]. The C-terminal zinc finger region and repression
domains of TIEG have more than 90% homology to Sp-1-like transcription factor family
members, including TIEG2 and TIEG3 [47,52]. However, the N-terminal domain of TIEG is

largely non-homologous.

Our laboratory has also studied the role of TIEG in the TGFB-Smad signaling pathway. We

have demonstrated that TIEG binds to the GC rich/Sp1-like element and positively or negatively



regulates gene transcription [23,24]. We have shown that over-expression of TIEG mimics the
effects of TGFB in human cancer cells, including osteosarcoma [21,47]. As a gene
enhancer/activator, TIEG over-expression has been shown to enhance the TGFf induction of
both the Smad binding element reporter gene activity as well as the transcription of the
endogenous genes p21, PAI-1 and Smad 2 [23]. The ability of TIEG to enhance TGFp actions
on the Smad pathway was shown to be Smad-dependent because TIEG had no effect on Smad
binding element transcription in the absence of Smad4 expression or when an inhibitory Smad

protein, Smad7, was over-expressed [23,24].

Our laboratory has previously developed a TIEG KO mouse model. Analysis of these animals
has revealed that TIEG KO mice have an increase in the number of osteoblasts present in bone
with no concomitant increase in bone formation parameters [43]. Specifically, osteogenic cell
cultures derived from the calvaria of TIEG KO mice have decreased expression of important
osteoblast marker genes including alkaline phosphatase, osterix and osteocalcin, and these cells
also exhibit decreased rates of mineralization in culture. Based on these data, it was of interest

to determine the impact that loss of TIEG expression has on the skeleton in vivo.



MATERIALS AND METHODS

Animals

TIEG-deficient embryonic stem cells were developed in collaboration with Incyte Genomics
(St. Louis, MO) by targeted disruption of 2.3 kb of the TIEG promoter and 5'-flanking
sequences, including exon-1, exon-2 and a portion of exon-3. Mice homozygous for this
disruption failed to express TIEG mRNA and protein [43]. A total of sixty-four C57Black/129
female mice were utilized for these studies. Seven wild-type (average weight= 15.7 = 1.3 g)
and 7 KO (average weight= 15.6 = 1.4 g) 3-month-old mice were used for the mechanical
testing, micro-CT and electron microscopy studies. Twenty-five wild-type (average weight=
21.8 £ 1.5 g) and 25 KO (average weight= 21.1 + 1.2 g) 4-month-old mice were used for the
pQCT measurements. All mice were housed in a temperature controlled room (22 + 2°C) with
a daily light/dark cycle of 12 h. All animals had free access to water and were fed standard
laboratory chow (Laboratory Rodent Diet 5001; PMI Feeds, Richmond, VA). In order to reduce
variability, wild-type and KO littermates were used for all experiments performed in the present
report. The Institutional Animal Care and Use Committee (IACUC) approved all animal

procedures.

Mechanical testing

A three-point bending test was performed on the left femurs of 7 wild-type and 7 TIEG KO
mice at the age of 3 months old. Mice were sacrificed using CO2 and the femurs were dissected
out of each individual and cleaned to be free of all muscle, tendons and ligaments. The femurs
were placed in the anteroposterior direction and disposed on a metal support. This support was

composed of 2 borders that were 5 mm apart [51]. The load was applied in the middle of the



femoral shaft with a material testing machine (490.05C, MTS Corp., Minneapolis, MN, USA)
at a velocity of 0.3 mm/s. The load displacement curves were recorded and the ultimate force

(Fu), stiffness (S) and work to failure (U) were measured [50] for each individual femur.

Peripheral quantitative computed tomography (pQCT)

pQCT measurements were performed with 25 wild-type and 25 TIEG KO mice at the age of 4
months. Mice were placed in a supine position on a gantry using the Stratec XCT Research SA
Plus using software version 5.40 (Norland Medical systems, Fort Atkinson, WI). Slice images
were measured at 1.9 mm (corresponding to the proximal tibial metaphysis) and at 9 mm
(corresponding to the diaphysis of the tibia) from the proximal end of the tibia as previously

described [46].

Microcomputed tomography (micro-CT)

Image acquisition

The right femurs (7 wild-type and 7 KO) and L5 vertebrae (7 wild-type and 7 KO) were
removed. The bones were scanned using a Skyscan® 1072 micro-CT machine (Skyscan 1072;
Skyscan; Aartselaar, Belgium) with a micro-X-Ray source (80 kV, 100 pA, filtered with a 1-
mm thick aluminum filter). The transmitted X-ray beam was recorded by a scintillator coupled
to a 1024 x 1024 pixels 12-bit digital cooled CCD camera. The radiographic projections were
acquired at 70 kV, 100 pA with a fixed exposure time of 3 s per frame and two averaging
frames to improve signal to noise ratio. Transmission X-ray images were acquired with a
rotation step of 0.45° leading to 400 views over 180 degrees of rotation. The pixel size was
isotropic and fixed at 6.25 pm. After scanning, slices were reconstructed with the manufacturer

reconstruction software based on Feldkamp algorithm.



Image processing

The trabecular bone was quantified in the vertebral body (160 slices), lower part of the
diaphysis (300 slices) and inside the femoral head. One transverse slice, corresponding to the
largest diameter of the femoral head, was used for this particular region of bone. The bone
volumes were binarized using a unique threshold, which represents the middle between the

peak corresponding to trabecular bone and the peak corresponding to background.

Image analysis

Morphological parameters characterizing trabecular bone were derived by using Skyscan
software CTan® (Skyscan 1072; Skyscan; Aartselaar, Belgium). The bone volume (BV/TV,
%), trabeculae number (TbN, mm), trabecular surface (BS, mmz2), trabecular thickness (TbTh,
um) and trabecular spacing (TbSp, um) were determined. The middle of the diaphysis was used
to measure cortical bone parameters. The cortical area, cortical thickness, anterior/posterior
(AP) diameter, medial/lateral (ML) diameter and the bending moment were determined as

previously described [17].

Transmission electron microscopy (T.E.M)

Fixation, decalcification and processing of bone samples for TEM

The left femur of 6 wild-type and 6 TIEG KO mice were sectioned (2 mm slices). Samples
were immediately placed into fixative [(2% (v/v) glutaralde- hyde, 4% (v/v) paraformaldehyde
in 0.05 M cacodylate buffer at pH 7.4, with 0.7% (v/v) ruthenium hexamine trichloride (RHT)],
(Polysciences, Inc., Warrington, PA.) for 24 h. Fixation, decalcification and embedding of each
section were performed using a PELCO BioWave 34700 laboratory microwave (Ted Pella,

Inc., Redding, CA). Samples were placed into fresh resin and then polymerized in a 65°C oven



as previously described [30,53]. Ultrathin (0.1 pum) sections were stained with 2% (w/v) uranyl
acetate and lead citrate. Micrographs depicting the osteocytes were taken around each femoral
cross section. All images were acquired with a Technai G2 12 TEM equipped with an AMT

CCD camera, operating at 80 kV at a magnification of 560x.

Statistical analysis (t test)

Unpaired t tests were performed with the software Statgraphics 5.0 (Sigma Plus, Maryland,

USA) to compare the mechanical and morphological parameters between the wild-type and

TIEG KO mice.



RESULTS

Mechanical testing

Following the development of our TIEG KO mouse model, we first determined whether or not
mechanical differences existed in the skeletons of these animals relative to wild-type
littermates. As a first step, we performed a three-point bending test on the left femur of 7 wild-
type and 7 TIEG KO mice at the age of 3 months. The ultimate force, represented as the peak
force (Fu) and reflective of the strength of the bone, as well as the work to failure, represented
as the area under the curve (U) and reflective of the energy necessary to result in a fracture,
was significantly decreased in TIEG KO mice. Overall, these data demonstrate that the bones
of TIEG KO mice are weaker than those of wild-type individuals (Fig. 1 and Table 1). No
differences were detected in the stiffness of the bone, which is represented by the slope of the

linear portion of the curve (Fig. 1 and Table 1).

pQCT analysis of wild-type and TIEG KO mouse tibias

Based on the fact that TIEG KO mice have weaker bones relative to their wild-type littermates,
it was of interest to determine if significant differences existed in specific bone parameters
using pQCT. For these studies, the left tibias of 25 wild-type and 25 KO mice were utilized
and the data are outlined in Tables 2 and 3. Interestingly, significant decreases in the total
mineral content, total bone density, total area, cortical content, cortical area, cortical thickness,
periosteal circumfe- rence and endocortical circumference were observed in the tibias of TIEG
KO mice in the diaphyseal region (Table 2). Significant decreases were also observed in the

metaphyseal region of the tibia and include total mineral content, total bone density, cortical



content, cortical density, cortical area and cortical thickness (Table 3). The percent decrease
for each of these parameters ranged from 3.2% to 18.5% (Tables 2 and 3). These data clearly

indicate that a significant bone phenotype exists in TIEG KO mice.

Micro-CT analysis of wild-type and TIEG KO mouse femurs and vertebrae

To evaluate differences in bone structure, we performed micro-CT analyses on the L5 vertebrae
and femur of 7 wild-type and 7 TIEG KO mice. This analysis revealed significant decreases in
trabecular bone volume (BV/TV) and trabecular spacing (Th.Sp) within the femoral head
(Table 4) and significant decrease in trabecular bone volume (BV/TV), surface of trabecular
bone (BS) and trabecular thickness (Th.Th) within the distal diaphysis of the femur (Fig. 2) in
TIEG KO mice relative to wild-type littermates. Trends of decreases in the trabecular bone
surface density (BS/TV), trabecular thickness (Th.Th) and number of trabeculae (Th.N) were
observed in the femoral head (Table 4), whereas trends of decreases in the number of trabeculae
(Th.N) and trabecular bone surface density (BS/TV) as well as increases in the trabecular
spacing (Th.Sp) were observed in the distal diaphysis of the femur (Fig. 2) of TIEG KO mice.
A significant decrease in the trabecular thickness (Tb.Th) was observed in the L5 vertebrae of
TIEG KO mice whereas trends of decreased trabecular bone volume (BV/TV), number of
trabeculae (Th.N), trabecular bone surface (BS), trabecular bone surface density (BS/TV) and
increased trabecular spacing (Th.Sp) were detected (Fig. 2). These data are reflected in
representative images of the femoral head region and L5 vertebrae from both wild-type and
TIEG KO mice (Fig. 3). Finally, significant decreases were also detected in the cortical area
and thickness of the femoral diaphysis of TIEG KO mice (Table 5). In addition trends of

decreases in the external diameter (ML), internal diameter (ML), external diameter (AP),



moment of inertia (ML) and moment of inertia (AP) were also observed in this region of the

femur in KO animals (Table 5).

Transmission electron microscopy and osteocyte numbers

In light of previous reports demonstrating an increased number of osteoblasts in TIEG KO mice
with defects in osteoblast differentiation and mineralization [43], combined with the present
data demonstrating a significant bone phenotype in these animals, it was of interest to examine
the osteocytes of these individuals. Sections of the left femur of 6 wild-type and 6 KO mice
were examined by transmission electron microscopy to determine the number of osteocytes
present. Interestingly, analysis of these images revealed that there was a 38% decrease in the

density of osteocytes in TIEG KO mice relative to wild-type controls (Fig. 4).



DISCUSSION

Through the morphological and mechanical analysis of TIEG KO mouse bones, we have
identified an important role for TIEG in bone development, growth and/or remodeling.
Although whole body X-rays of these animals do not reveal any visual differences in their
skeletons, mechanical testing, using 3-point bending assays, demonstrated that the femurs of
TIEG KO mice are significantly weaker than those of wild-type controls. pQCT analysis of
TIEG KO mouse tibias revealed significant decreases in multiple parameters in both the
diaphyseal and metaphyseal regions relative to wild-type littermates. Micro-CT analysis of
femurs and vertebrae also demonstrated that significant decreases in trabecular bone
parameters exist in TIEG KO mice. Interestingly, transmission electron microscopy analyses
of these bones revealed that the number of osteocytes is markedly reduced in the KO animals,
suggesting that defects in the final stages of osteoblast maturation/differentiation exist and may
be responsible for the observed defects in bone morphology and strength. These data correlate
well with our previously published data demonstrating that TIEG KO osteoblasts are unable to
fully differentiate and mineralize in culture [43]. Collectively, these data demonstrate that
deletion of TIEG expression in mice results in a significant bone phenotype resembling
osteopenia and implicate an important role for TIEG in the maintenance of bone quality.

TIEG is normally expressed at relatively high levels in bone compared to most other tissues
[45]. Following the development of our TIEG KO mouse model, our initial
immunohistochemical analysis of tibias isolated from 12-month-old wild-type and TIEG KO
animals did not reveal significant differences in a number of specific bone formation/resorption
parameters [43].
However, analysis of osteogenic cell cultures isolated from the calvaria of 3-day-old pups

revealed significantly reduced expression levels of important osteoblast marker genes includ-



ing alkaline phosphatase, osterix and osteocalcin. Additionally, TIEG KO osteoblasts exhibit
reduced rates of mineralization in culture when treated with BMP-2 [43].

Based on these data, we sought to further characterize the bones of younger (3—4 months old)
TIEG KO mice. As is demonstrated in the present report, TIEG KO mice, at an age of 3-4
months, display a significant bone phenotype relative to wild-type littermates. Specifically, the
long bones of these mice are weaker and reveal significant decreases in multiple ultra structural
parameters, in both cortical and trabecular bone, as determined by pQCT and micro-CT
analysis. Although the present data do not exactly correlate with our previously reported
immunohistochemical studies [43], it is important to note that the previous studies were
performed with 12-month- old mice. It is well accepted that compensation for loss of gene
expression occurs in many systems including bone and it is possible that a similar phenomenon
is occurring in our TIEG KO mice with age.

TIEG is a member of the Sp/Krlppel-like family of transcription factors. Other members of
this family have been implicated as playing important roles in bone growth, development and
maintenance. Deletion of Sp3 in mice results in lethality immediately after birth; however,
detailed examina- tion of embryos revealed severe defects in tooth formation and skeletal
ossification [20]. Deletion of osterix, another important member of the Sp/Kriippel-like family
of transcription factors, results in the absence of differentiated osteoblasts and no subsequent
bone formation [33]. In addition, disruption of the Sp8 gene results in severe truncation of both
forelimbs and hindlimbs [3]. Although the bone phenotype described in the present report is
not as severe as those reported for other members of the Sp/Kriippel-like transcription factor
family, these data nonetheless demonstrate a significant osteopenic phenotype and reveal the
importance of TIEG in bone development/growth and/or maintenance.

Interestingly, the deletion of KLF11 (TIEG-2), TIEG's closest family member, does not result

in any skeletal, or other, phenotypes observed to date [42]. It is possible that TIEG- 2 is capable



protein functions by binding to the activated receptor complexes which in turn blocks the
phosphorylation of R-Smads [2]. In addition, Smad7 can also induce ubiquitin-mediated
degradation of active receptor complexes through its ability to recruit E3 ubiquitin ligase family
members [2]. The ability of TIEG to repress this inhibitory Smad 7 gene, as well as to increase
the expression of Smad2, results in the overall enhancement of Smad signaling in cells. Thus,
the loss of TIEG expression would result in the overall suppression of the TGFB/Smad
pathway.

Others have demonstrated that activation of the Smad pathway by TGFp, specifically Smad
3, results in the inhibition of Runx2, which, in turn, inhibits osteoblast differentiation [1].
Runx2 represents a major osteoblast lineage determining transcription factor involved in
directing precursor stem cells to the pre-osteoblast lineage and regulating their subsequent
differentiation [26,27]. Runx2 regulates the expression of important osteoblast marker genes
including osteocalcin, bone sialo protein, osteopontin and type 1 collagen [12,13,26,27]. Runx2
is also known to induce the expression of osterix, a transcription factor which is required for
terminal osteoblast differentiation [33]. It is interesting to note that some of these same genes
have decreased expression levels in osteogenic cell cultures isolated from TIEG KO mouse
calvaria [43]. It is possible that TIEG, through its regulation of the Smad signaling pathway
and the subsequent downstream effects on the expression of important osteoblast marker genes,
is also involved in the maturation and differentiation of osteoblasts.

These findings correlate well with the present data demonstrating a significant decrease in
the number of osteocytes in TIEG KO mouse bones. The decrease in osteocyte number in TIEG
KO mice may reflect defects in osteoblast maturation and differentiation. In addition, previous
studies have demonstrated that expression of dominant-negative TGFf receptors in OB cells
in vivo causes a decrease in osteocyte density suggesting a role for TGFf in OB differentiation

[18]. It is possible that deletion of TIEG expression in our knockout mice results in a similar



phenomenon because TIEG is known to mimic the effects of TGFf [21,47]. Although the exact
functions of osteocytes remain to be elucidated, they are believed to work as mechanosensors
in bone [34]. Thus, the increased fragility and decreased strength of TIEG KO mouse bones
may be caused by the reduced number of osteocytes as has been observed in other model
systems [29].

Our data reveal that the lack of TIEG expression results in a significant osteopenic bone
phenotype and implicate an important role for TIEG in the maintenance of bone quality.
Although the exact mechanisms for this particular bone phenotype are not yet fully understood,
it is possible that the overall enhancement of the Smad signaling pathway, and the subsequent
down-regulation of important osteoblast marker genes, may in part explain the observed

decrease in multiple bone parameters, including bone strength, in our TIEG KO mice.
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Fig. 1. Graph of 3-point bending test results. Representative force displacement graph
generated during a three-point bending test performed on the femurs of 3-month-old wild-
type and TIEG KO mice. The ultimate force (Fu), stiffness (S) and work to failure (U)
are indicated.
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Fig. 2. Graphs depicting trabecular morphological parameters as determined by micro-
CT in wild-type and TIEG KO mice. lllustration of the trabecular morphological
parameters (mean+SEM) analyzed by micro-CT within the L5 vertebrae (V) and the distal
diaphysis of the femur (F) in 3-month-old wild-type (WT) and TIEG KO (TIEG) mice.
The following parameters are indicated: trabecular bone volume [BV/TV (%)], number
of trabeculae [Th.N (mm)], surface of trabecular bone [BS (mm2)], bone surface density
[BS/TV (mm)], trabecular thickness [Th.Th (mm)] and trabecular separation [Th.Sp
(mm)]. Significant differences between wild-type and TIEG KO mice are indicated (**P
< 0.05).
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Fig. 3. Representative micro-CT images of the L5 vertebrae and femoral head of wild-
type and TIEG KO mice. Representative micro-CT images of the L5 vertebral body of
wild-type (A) and TIEG KO (B) mice and the femoral head of wild-type (C) and TIEG
KO (D) mice. These images reflect the micro-CT data, graphically represented in Fig. 2,
indicating a reduction in multiple trabecular parameters in TIEG KO mouse bones relative
to wild-type littermates.
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Fig. 4. Electron micrographs and graph depicting reduced numbers of osteocytes in TIEG
KO mice. Representative transmission electron microscopy images (560x) (A) and an
enlarged image (B) showing the osteocyte cells in the cortical region of the wild-type
(WT) and TIEG KO mouse femurs. (C) Graph indicating the average number of
osteocytes per 114.28 um?2 in wild-type and TIEG KO mouse femurs (**P < 0.05) as
analyzed by transmission electron microscopy.

TABLES
Table 1.

Average ultimate force (Fu), work to failure (U) and stiffness (S) of 7 wild-type and 7
TIEG KO 3-month-old mouse femurs (**P < 0.05) as measured by 3-point bending tests.

WT TIEG KO % Difference
Fu (N) 31.56+1.51 23.31+3.26** 26.1
U (mJ) 10.09+1.11 7.84+1.14** 22.3

S (N/mm) 89.76 £ 8.56 84.41+11.90 6




Table 2.

Morphological parameters (mean+SEM) measured in the tibial diaphysis by pQCT on 4-
month-old wild-type (WT) and TIEG KO mice (**P < 0.05)

Tibial diaphysis parameters WT TIEG KO % Difference
Total content (mg) 0.81£0.02 0.73 £ 0.02** 9.9

Total density (mg/cm?d) 674 + 8.94 638 + 5.06** 5.3

Total area (mm?) 1.2+0.02 1.14 +0.03** 5

Cortical content (mg) 0.89+0.10 0.79 £ 0.10** 11.2

Cortical area (mm?) 0.56 +0.01 0.50 + 0.01** 10.7

Cortical thickness (mm) 0.16 £ 0.004 0.15 = 0.002** 6.3
Periosteal circumference (mm) 4.26 +0.24 4.04 + 0.26** 5.2
Endocortical circumference (mm) 2.88+0.18 2.74 £ 0.22** 4.9

Table 3.

Morphological parameters (mean £ SEM) measured in the tibial metaphysis by pQCT on 4-
month-old wild-type (WT) and TIEG KO mice (**P < 0.05)

Tibial diaphysis parameters WT TIEG KO % Difference
Total content (mg) 1.98 £+ 0.06 1.75 £ 0.05** 11.6

Total density (mg/cm3) 581 +8.72 555 + 8.45%* 4.5

Cortical content (mg) 1.19+0.04 0.97 +0.03** 18.5

Cortical density (mg/cm3) 942 + 8.52 912 + 8.50** 3.2

Cortical area (mm?) 1.26 + 0.04 1.06 + 0.03** 15.9

Cortical thickness (mm) 0.22+0.01 0.19 +0.01** 13.6

Table 4.

Trabecular morphological parameters (mean + SEM) within the femoral head of 3-month-old
wild-type (WT) and TIEG KO mice by micro-CT (**P < 0.05)

Femoral head region WT TIEG KO % Difference
BV/TV (%) 56.87 +2.81 45.25 + 2.60** 20.4

BS (mm?2) 6.56 + 0.76 6.80 + 0.46 3.7

BS/TV (mm) 27.13+1.44 24.21+0.46 10.8

Tb.Th (um) 74.74 +5.05 65.76 + 2.49 12




Table 5.

Cortical morphological parameters (mean+tSEM) measured in the middle of the femoral
diaphysis in the mediolateral (ML) and anteroposterior (AP) positions with micro-CT (**P <
0.05) on 3-month-old wild-type (WT) and TIEG KO mice

Cortical parameters WT TIEG KO % Difference
Cortical area (mm?) 1.00 £ 0.06 0.79 + 0.05** 21

External diameter ML (mm) 2.01+0.13 1.76 £ 0.08 12.4

Internal diameter ML (mm) 1.23 £0.07 1.14 £ 0.04 7.3

External diameter AP (mm) 1.26 £0.02 1.24 £ 0.03 1.6

Internal diameter AP (mm) 0.83+0.02 0.87 +£0.04 4.6
Thickness (um) 235+10.51 191 + 15.10** 18.7
Moment of inertia ML (mm?) 0.16 £0.01 0.13+0.02 18.8
Moment of inertia AP (mm#) 0.43 £0.05 0.33+0.06 23.3




