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Abstract
Objective—To test the hypothesis that hematopoietic stem cells (HSCs) generate bone cells using
bone marrow (BM) cell transplantation in a mouse model of osteogenesis imperfecta (OI). OI is a
genetic disorder resulting from abnormal amount and/or structure of Type I collagen and is
characterized by osteopenia, fragile bones and skeletal deformities. Homozygous OI murine mice
(oim; B6C3Fe a/a-Col1a2oim/J) offer excellent recipients for transplantation of normal HSCs,
because fast turnover of osteoprogenitors has been shown.

Methods—We transplanted BM mononuclear cells or 50 BM cells highly enriched for HSCs from
transgenic enhanced green fluorescent protein (EGFP) mice into irradiated oim mice and analyzed
changes in bone parameters using longitudinal Micro-Computed Tomography (micro-CT).

Results—Dramatic improvements were observed in 3D micro-CT images of these bones 3 to 6
months post-transplantation when the mice showed high levels of hematopoietic engraftment.
Histomorphometric assessment of the bone parameters such as trabecular structure and cortical width
supported observations from 3D images. There was an increase in bone volume, trabecular number
and trabecular thickness with a concomitant decrease in trabecular spacing. Analysis of a non-
engrafted mouse or a mouse that was transplanted with BM cells from oim mice showed continued
deterioration in the bone parameters. The engrafted mice gained weight and became less prone to
spontaneous fractures while the control mice worsened clinically and eventually developed kyphosis.

Conclusions—These findings strongly support the concept that HSCs generate bone cells.
Furthermore, they are consistent with observations from clinical transplantation studies and suggest
therapeutic potentials of HSCs in OI.
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Introduction
Osteogenesis imperfecta (OI) or brittle bone disease is an autosomal dominant disorder caused
by a mutation in one of the 2 genes that encode type I collagen, COL1AI or COL1A2, the
primary structural protein of bone. It is the most common hereditary bone disease and is
characterized by mild to severe reduction in the quantity of bone matrix that leads to repeated
fractures and bone deformities including metaphyseal flaring and thin diaphysis [1]. Normal
bone responds to fracture or loading by increasing bone resorption and formation [2]. In a
similar way, the OI bone initiates a cycle of bone remodeling in an attempt to form a stronger
matrix. A high bone turnover rate has been documented, especially in severe forms of OI [3]
[4]. Given this high turnover, it is feasible that the deleterious effects in OI could be reduced
or neutralized by the presence of normal osteoprogenitor cells. It has been observed that marrow
stromal cells delivered via the circulatory system can migrate to and become incorporated into
the bone in mice [5] [6]. Based on this concept, transplantation studies with normal bone
marrow (BM) cells have been performed in a limited number of children with severe OI [7]
[8] [9]. Even though the number of patients was small, these studies suggested beneficial
clinical effects of BM transplantation for OI, including increase in total bone mineral content,
growth speed and a reduced frequency of fracture.

While studies by Horowitz, et al. point to the BM as a potential therapeutic source of
osteoprogenitors, the cell within the BM capable of giving rise to these cells remains unclear.
Current dogma suggests that BM contains two types of stem cells, hematopoietic stem cells
(HSCs) and mesenchymal stem cells (MSCs), and that their repertoire of differentiation/
reconstituting potentials are distinct and separate from each other. HSCs produce blood cells
while MSCs are thought to generate a number of mesenchymal cells including fibroblasts,
adipocytes, chondrocytes and osteocytes [10]. However, studies have begun to question the
distinction between the potentials of HSCs and MSCs. Reports have demonstrated that
transplantation of 3000 side population (SP) cells that are highly enriched for HSCs generated
osteoblasts in vivo [11]. Likewise, Dominici, et al. [12] transplanted marrow cells that had been
transduced with GFP-expressing retro-viral vector and observed a common retro-viral
integration site in clonogenic hematopoietic cells and osteoprogenitors from each of the
recipient mice. Using a transplantation model in which the BM of lethally irradiated recipient
mice is reconstituted by a clonal population of cells derived from a single enhanced green
fluorescent protein (EGFP+) HSC, we have documented that many types of tissue fibroblasts/
myofibroblasts are derived from the HSC (reviewed in [13]). Recently, we have also
demonstrated in vitro and in vivo that adipocytes are of HSC origin [14]. Collectively, these
studies suggest that HSCs may be able to give rise to mesenchymal tissues.

In the present study, we used a mouse model of OI (osteogenesis imperfecta murine; oim) and
tested the hypothesis that HSC transplantation would improve clinical pathologies in animals
with OI. We transplanted EGFP+ mononuclear cells (MNCs) or purified HSCs from EGFP
mice into irradiated oim mice and analyzed changes in bone parameters using longitudinal
Micro-Computed Tomography (micro-CT). The results demonstrate dramatic improvements
in bone parameters, including bone volume, trabecular number and thickness, cortical width
and bone density of the transplanted oim mice relative to control oim mice, suggesting the
utility and feasibility of HSC transplantation as a therapy for OI.
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Material and methods
Mice

Breeding pairs of transgenic EGFP+ mice (C57BL/6) [15] were kindly provided by Dr. Okabe
(Osaka University, Japan). These mice ubiquitously express EGFP under the control of the
actin promoter and were used as BM donors. Homozygous OI mice (oim; B6C3Fe a/a-
Col1a2oim/J) were purchased from Jackson Labs, Bar Harbor, ME. This mouse model has been
shown to have a phenotype similar to that seen in human type III OI, including a decreased
body size, abnormal bone mineralization (contributing to the brittleness of the bones),
decreased bone density and a fragile skeleton susceptible to fractures. While the skeleton
becomes progressively deformed with age, homozygous mice can live a normal life span. All
mice were bred and maintained at the Animal Research Facility of the Veterans Affairs Medical
Center. All aspects of animal research have been conducted in accordance with guidelines set
by the PHS Policy on Humane Care and Use of Laboratory Animals and the Institutional
Animal Care and Use Committee of the Department of Veterans Affairs Medical Center.

Reagents
For use in negative immuno-magnetic selection, purified antibodies to B220/CD45R
(RA3-6B2), Gr-1/Ly-6C (RB6-8C5), TER-119 (TER-119), Mac-1/CD11b (M1/70), CD4/
L3T4 (GK-1.5), CD8/Ly-2 (53.6.7) were purchased from BD Pharmingen (San Diego, CA).
The Dynabeads® sheep anti-rat IgG beads were purchased from Invitrogen Dynal AS
(Carlsbad, CA). Antibodies used for cell sorting including phycoerythrin (PE)-conjugated anti-
Sca-1 (D7), allophycocyanin (APC)-conjugated anti-c-kit (2B8), biotin-conjugated lineage
panel antibodies (B220, Gr-1, CD3ε, TER-119, Mac-1) and streptavidin-conjugated APC-Cy-7
were purchased from BD Pharmingen. Biotinylated anti-CD34 (RAM34) was purchased from
eBiosciences (San Diego, CA). Appropriate isotypes were also purchased from BD
Pharmingen. PE-conjugated antibodies used for multi-lineage hematopoietic engraftment
including B220/CD45R (RA3-6B2), Thy-1.2/CD90.2 (30-H12), Mac-1/CD11b (M1/70) and
Gr-1/Ly-6G and Ly-6c (RB6-8C5) were purchased from BD Pharmingen.

Cell Preparation
Ten to fourteen-week-old EGFP mice were used as donors. BM cells were flushed from tibiae
and femurs of euthanized mice, pooled and washed with phosphate-buffered saline (PBS)
containing 0.1% bovine serum albumin (BSA). MNCs were isolated by gradient separation
using Lympholyte-M (Cedarlane Laboratories Limited, Ontario, Canada). For transplantation
of BM cells that are highly enriched for HSCs, the MNCs were further processed for lineage-
negative (Lin−) cells by negative selection using antibodies to B220, Gr-1, CD4, CD8,
TER-119, Mac-1 and Dynabeads® sheep anti-rat IgG beads. Candidate HSCs were identified
by staining the resulting Lin− cells with PE-conjugated anti-Sca-1, APC-conjugated anti-c-kit,
biotinylated anti-CD34 and biotinylated lineage panel antibodies (B220, Gr-1, CD3ε,
TER-119, Mac-1) followed by streptavidin-conjugated APC-Cy7. The cells were then
resuspended at 1 × 106/ml in Ca2+-, Mg2+- free Hanks balanced salt solution (HBSS;
Invitrogen, Gaithersburg, MD) containing 2% fetal bovine serum (FBS; Atlanta Biologicals,
Norcross, GA), 10mM HEPES, 1% penicillin/streptomycin and Hoechst 33342 (Sigma, St.
Louis, MO; 5μg/ml) and incubated at 37°C for 60 min [16] [17]. The cells were then washed,
stained with propidium iodide (1 μg/mL), resuspended in PBS with 0.1% BSA, and kept on
ice until sorting. Cell sorting was performed using a MoFlo Cell Sorter (DakoCytomation, Fort
Collins, CO). Appropriate isotype-matched controls were analyzed. The gates used for side
population (SP) cells corresponded to R3 and R4 fractions of Goodell, et al. [18] and R1 and
R2 populations of Matsuzaki, et al. [19]. Purified Lin− Sca-1+ c-kit+ CD34− SP cells were
sorted and kept on ice until transplantation.

Mehrotra et al. Page 3

Exp Hematol. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Transplantation
Five-month old oim mice were used as recipients for MNC transplantation, and 3-month old
oim mice for HSC transplantation. All the recipient oim mice were scanned by micro-CT before
transplantation to obtain baseline images. Recipient oim mice were given a single 800-cGy
dose of total-body irradiation using a 4 × 106 V linear accelerator. Either 2 ×105 MNCs or 50
Lin− Sca-1+ c-kit+ CD34− SP cells prepared from the EGFP mice were injected via tail vein
into the irradiated oim mice. The mice transplanted with 50 Lin− Sca-1+ c-kit+ CD34− SP cells
also received injection of 2 × 105 un-manipulated BM cells from an oim mouse which served
as radio-protective cells during the post radiation pancytopenia period. A transplanted oim
mouse which showed no engraftment and an irradiated oim mouse transplanted with 2 × 105

MNCs from another oim mouse were used as controls. After transplantation, the mice were
fed an irradiated breeder’s diet (Tekland Global Diets, Harlan Labs) and milliQ water ad
libitum. Neomycin was added to the water in the first month after transplantation to prevent
infection. The mice were followed for 6 months after transplantation. For analysis of
hematopoietic engraftment, peripheral blood (PB) was obtained from the retro-orbital plexus
or the tail vein of the recipient mice at 3–6 months after transplantation. Red blood cells were
lysed with PharM Lyse (BD Pharmingen). Donor-derived EGFP+ cells in T cell, B cell,
granulocyte and monocyte/macrophage lineages were analyzed by staining with PE-
conjugated anti-Thy-1.2, anti-CD45R/B220 and a combination of anti-Gr-1 and anti-Mac-1,
respectively. We performed the analysis of hematopoietic engraftment using a FACSCalibur
(Becton Dickinson, San Jose, CA).

Micro-CT Analysis
Micro-CT scanning allows nondestructive analysis of bone architecture at the trabecular level,
both qualitatively by visual inspection of three-dimensional (3D) images of the trabecular
network, and quantitatively by calculation of model-independent 3D morphometric
parameters. In vivo scanning of small animals allows longitudinal measurement of local
architectural changes of the bone in the same animal over time [20]. High-resolution (18
micrometer on-a-side cubic voxels) micro-CT images were obtained from live mice under
isoflurane anesthesia using the Siemens Inveon micro-CT scanner (Siemens Medical Solutions,
Knoxville, TN). Mice were positioned on a movable bed and imaged with a bone mineral tissue
density phantom within the scan field of view. The scan field of view encompassed only the
hindlimbs, minimizing radiation dose to the body of the animal. Importantly, it has been
established that radiation doses to mice with micro-CT scans are well below the lethal dose for
mice [21]. Each acquired image set was composed of 203 individual projections with 6.5-s
exposure time per projection. After acquisition, each raw data set was reconstructed using the
Siemens software package IRW and Cobra EXXIM software (EXXIM Computing, Livermore,
CA), implementing the modified Feldkamp filtered backprojection algorithm (Shepp-Logan
filter) with isotropic 18.29 μm3 reconstructed voxel size, which resulted in an image matrix
size of 1024 × 1024 × 1536 pixels [22]. Two-dimensional axial and 3D images were
reconstructed for qualitative and quantitative analyses. For region of interest (ROI)
measurement and analyses, axial images were displayed using the 2- and 3D biomedical image
analysis software package (CT Bone Visualization and Analysis, Siemens Medical Solutions,
Knoxville, TN). Axial reformats were performed to allow slice-by-slice, manual tracing of the
contours of the cortical and trabecular bone. For cross-sectional study of trabecular bone, a
region of 183 μm2 was analyzed approximately 250 μm below the growth plate, while cortical
bone width was measured in an equivalent area of 183 μm2 in the diaphysis approximately
4500 μm from the growth plate. The analysis gave information about the main
histomorphometric parameters including bone volume, trabecular number, thickness and
spacing and cortical width. The bone mineral density within the region was also determined.
Information about the trabecular pattern factor was also obtained. Trabecular pattern factor is
a relationship between the convex and the concave surfaces wherein the convex surfaces are
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more numerous in disconnected structures while the concave surfaces are abundant in well-
connected surfaces. Consequently trabecular pattern factor is low in well-connected bone and
high where highly disconnected trabeculae are observed [23] [24].

Results
Improvement in bone parameters after MNC transplantation

Six months after transplantation of MNCs, the levels of hematopoietic engraftment in 2 mice
were 50% and 94%, respectively. Micro-CT images of distal femur and proximal fibula/tibia
from the mouse with 94% engraftment taken before and 6 months after transplantation are
shown in Figure 1. Panels A and B show images of the femur, fibula and tibia respectively, of
the oim mouse prior to transplantation and Panels D and E the same structures at 6 months
post-transplantation. These images document dramatic improvements in the bone architecture
both in the femur and tibia. Macroscopically, improved bone structure can be appreciated in
the femur (compare Panels A and D), while new bone formation was observed in the tibia as
evidenced by the filling of previously observed gaps (compare Panels B and E). Calcification
was observed in the patellar tendon (Panel D, asterisk). Regions of interest for
histomorphometric analysis were similar in all data sets. In this analysis, improvements were
seen in both trabecular bone architecture and the cortical bone width after transplantation
(compare Panels C and F).

Morphometric analysis of the data obtained before transplantation, at 3 months and at 6 months
post-transplantation is presented in Table 1. Continuous improvement was noted in all
parameters. Most striking, bone volume of both femur and tibia increased 2.5-fold in 6 months
with transplantation. The trabecular number doubled with an increase in trabecular thickness
and a concomitant decrease in trabecular spacing, which illustrates betterment of the trabecular
architecture. Cortical width showed approximately 20 and 40% increase in femur and tibia,
respectively. An increase in the trabecular and cortical bone densities was also observed. There
was a 63% decrease in the trabecular pattern factor in tibia and a 71% decrease in the femur
at 6 months post-transplantation, indicating an improvement in trabecular connectivity and
structure.

The mouse with 50% engraftment also showed similar results after transplantation (images not
shown). There was a 62% increase in the bone volume, a 30% increase in the trabecular
thickness, a 24% increase in the trabecular number with a 35% decrease in the trabecular
spacing. The trabecular pattern factor decreased 49% while the cortical thickness increased
about 60%. A substantial increase in the trabecular and cortical bone densities was also
observed at 6 months post transplantation.

Exacerbation of bone parameters in a non-engrafted mouse
One mouse injected with MNCs from EGFP mice showed complete absence of hematopoietic
engraftment at 3 and 6 months after transplantation and provided an excellent non-engraftment
control. In contrast to the dramatic improvements seen in the engrafted mice, the bone
parameters in this mouse continued to deteriorate over the 6 month time period. The gaps in
the bone structure seen in femur, fibula and tibia at 0 time point became more prominent 6
months later (Figure 2, Panels A, B, C and D). Cross-sectional analysis shows that there was
a loss of trabecular bone architecture (Panels C and F). These observations were supported by
morphometric analysis showing decreases in bone volume, trabecular number, trabecular
thickness and cortical width and increase in trabecular spacing (Table 2). The trabecular pattern
factor increased from 5.66 to 16.22 in tibia and 34.81 to 44.45 in femur, indicating that the
connectivity of the trabeculae becomes worse. The density of the trabecular and the cortical
bones essentially did not change over the time period.
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Improvement in bone parameters following HSC transplantation
We next transplanted 50 Lin−, c-kit+, Sca-1+, CD34−, SP cells into irradiated oim mice to
determine the role of HSCs in the etiology and the potential therapy for OI. Flow cytometric
analysis of PB cells from the mouse is shown in Figure 3. EGFP+ cells represented
approximately 72% of the total cells. The images of distal femur and proximal fibula/tibia are
shown in Figure 4. An improvement in the bone architecture can be appreciated by comparing
the images of the femur, fibula and tibia before transplantation (Panels A, B and C) with the
images taken 6 months after transplantation (Panels D, E and F). Interestingly, as seen in the
mouse transplanted with MNCs, calcification was observed in the patellar tendon (Panel D,
asterisk). Cross-sectional analysis showed improvement in both trabecular bone architecture
and cortical bone width. Morphometric analyses of the tibia before transplantation and at 3 and
6 months post-transplantation are presented in Table 3(A). Notably, at 6 months post-
transplantation, there were higher than 30% increases in bone volume, trabecular thickness and
cortical width. There were little changes in the trabecular number and spacing. There was a
27% increase in the trabecular bone density, but no change was observed in the cortical bone
density. Trabecular pattern factor showed a 62% decrease in the tibia at 6 months post
transplantation, indicating an improvement in the connectivity and structure of the trabeculae.

Deterioration of bone parameters in a mouse transplanted with oim BM cells
An additional control consisting of an oim mouse transplanted with MNCs from an oim mouse
showed a steady deterioration in the bone architecture over the 6 month period in all bones
analyzed (Figure 5). Loss of bone stability is suggested by the shift in the position of patella
at 6 months (Panels A and D, asterisk). Morphometric analysis of the tibia shown in Table 3
(B) illustrates the most substantial decrease in trabecular number (43%) accompanied by an
extensive increase in trabecular spacing. While trabecular thickness and density increased
slightly, there were 32% decrease in bone volume and 20% decrease in cortical bone width.
Similar to the other control mouse (Table 2) the cortical density showed no change.

Discussion
In this brief report, we present evidence that the transplantation of normal HSCs provides long-
term amelioration of the bone abnormalities in the oim mouse model. We transplanted
irradiated oim mice with either BM MNCs or 50 BM cells from transgenic EGFP mice that
were highly enriched for HSCs and carried out longitudinal micro-CT analysis of the femur,
fibula and tibia of the recipient mice. Dramatic improvements observed in the 3D micro-CT
images of these bones 3 to 6 months post-transplantation, correlated with high levels of
hematopoietic engraftment and corresponded to improvements in histomorphometric
parameters. Analysis showed an increase in bone volume, trabecular number, thickness and
density and a decrease in trabecular spacing. Decrease in trabecular pattern factor indicated an
improvement in the connectivity and structure of the trabeculae. In addition to quantifiable
improvements in the bone architecture, we also observed clinical improvements in the
engrafted oim mice. The weight of the mice increased over the course of the experiment,
perhaps in part due to the dramatic improvements in the bone architecture and density. The
mice also became more active and were less prone to fractures during routine bedding changes
and animal husbandry. In contrast to the mice engrafted with normal HSCs, the bone
architecture in the control mice continued to deteriorate over the course of the experiment.
Clinically, the weight of the control mice decreased and the mice became sluggish and remained
prone to fractures. They also exhibited marked dorsal kyphosis as has been reported in these
mice with increasing age [25].

There have been few reports of transplantation studies using mouse models of OI. Studies by
Wang, et al. [26] and Li, et al. [27] showed that the transplanted cells undergo osteoblastic
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differentiation, deposit matrix and form bone in vivo. In these studies, the graft cells had been
cultured before transplantation and the durations of the observation were 4 weeks or shorter.
Because the cultured cells expressed low levels of Runx-2 under basal conditions, the bone
engrafting cells were considered to be committed osteoprogenitors [27]. More recently,
Dominici, et al. [28], using a different OI mouse model, studied long-term effects of
transplantation of retrovirally GFP-labeled non-adherent BM cells. While hematopoietic
engraftment persisted for 12 months the number of GFP-labeled bone cells declined to almost
nil by the end of 52 weeks. No assessment of bone parameters or clinical effects of the
transplantation was discussed in their paper.

Our observations in an OI mouse model are in agreement with the reports of clinical BM
transplantation in children with the severe form of OI. In the first trial, three children with OI
were transplanted with un-manipulated BM cells from sibling donors [7]. Three months after
osteoblast engraftment, biopsied trabecular bone specimens showed evidence of new bone
formation. There was an increase in the total body bone mineral content associated with
increase in growth speed and reduced frequency of fractures [7]. Similar results were seen in
an additional study with five children with severe OI [8]. With extended follow-up, the patients’
growth rates either slowed down or plateaued, but bone mineral content continued to increase,
suggesting a durable engraftment of osteogenic donor cells. Interestingly, when gene marked
donor mesenchymal cells were used to treat six children with severe OI, enhancement in growth
velocities was observed without increase in the total body bone mineral content [9]. Findings
presented in this brief report together with the clinical observations by Horwitz, et al. [7] [8]
[9] suggest therapeutic potentials of HSCs in OI. Studies are under way to confirm the donor
HSC origin of the osteogenic cells in transplanted oim mice and to determine the mechanisms
by which HSCs affect structural and clinical improvements in the OI model. These studies will
unequivocally establish the origin of bone cells in HSCs as well as their use in the therapy of
OI.
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Figure 1.
Micro-CT images of femur, fibula and tibia from osteogenesis imperfecta murine (oim) mouse
before and 6 months after transplantation of MNCs. Three-dimensional images are of the
digitally reconstructed distal femur (A) and proximal fibula and tibia (B) from an oim mouse
before transplantation and the images of the same areas (D and E, respectively) 6 months after
transplantation. The irregular bone structures in the femur before transplantation (arrows, A)
improved after transplantation (arrows, D) and calcification of the tendon attaching to the
patella was noted after transplantation (asterisk, D). Gaps in the bone in the fibula and tibia
(arrows, B) cannot be seen after transplantation (arrows, E). Comparison of the cross-sectional
images of tibia before (C) and after (F) transplantation highlights the extensive improvement
in both trabecular (TB; green) and cortical (CB; blue) bone. The images in A, B, D and E are
shown at ~ 100% magnification, C and F are shown at ~ 290% magnification. Correlative
images are all displayed using the same threshold values.
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Figure 2.
Micro-CT images of femur and fibula and tibia from a non-engrafted osteogenesis imperfecta
murine (oim) mouse. The irregular bone structure and gaps in the bone seen at initial imaging
before transplantation (arrows, A and B) worsened 6 months later (D and E). Comparison of
the cross-sectional tibial images before transplantation (C) and after 6 months (F) also showed
marked loss in trabecular architecture. TB indicates trabecular bone and CB indicates cortical
bone. The images in A, B, D and E are shown at ~ 100% magnification, C and F are shown at
~ 290% magnification. Correlative images are all displayed using the same threshold values.
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Figure 3.
Multilineage hematopoietic engraftment from transplantation of purified EGFP+ HSCs. Shown
is a flow cytometric analysis of nucleated cells from PB of a mouse 6 months after
transplantation of 50 Lin− Sca-1+ c-kit+ CD34− SP cells. Isotype control is shown in (A).
EGFP+ cells represented 72% of total nucleated cells and consisted of 43% B-cells (B), 5% T-
cells (C) and 24% granulocyte-macrophages (D).
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Figure 4.
Micro-CT images of femur, fibula and tibia from osteogenesis imperfecta murine (oim) mouse
before and 6 months after transplantation of purified HSCs. The irregular bone structure in the
femur before transplantation (arrow, A) improved after transplantation (arrow, D).
Calcification of the tendon attaching to the patella was again noted after transplantation
(asterisk, D). Similarly, the gaps in fibula and tibia (arrows, B) were filled after transplantation
(arrows, E). Comparison of the cross-sectional images of tibia before (C) and after (F)
transplantation highlights the extensive improvement in both trabecular (TB; green) and
cortical (CB; blue) bone. The images in A, B, D and E are shown at ~ 100% magnification, C
and F are shown at ~ 290% magnification. Correlative images are all displayed using the same
threshold values.
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Figure 5.
Micro-CT images of distal femur and proximal fibula and tibia from an osteogenesis imperfecta
murine (oim) mouse transplanted with BM cells from another oim mouse. The images are of
the digitally reconstructed bones before (A and B) and 6 months after transplantation (D and
E). The general worsening of the bone structure in the femur is exemplified by the loss of
normal two-condyle structure of distal femur (D) and dislocation of the patella (asterisks in
A and D) at 6 months post-transplantation. The irregular bone structure and the gaps in the
bone (arrows, B) worsened 6 months later (arrows, E). Narrowing of the fibula can also be
seen over the 6 month period (B and E). Comparison of the cross-sectional tibial images at the
start (C) and at the end (F) of the experiment show marked loss in trabecular architecture. TB
indicates trabecular bone and CB indicates cortical bone. The images in A, B, D and E are
shown at ~ 100% magnification, C and F are shown at ~ 290% magnification. Correlative
images are all displayed using the same threshold values.
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