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Objectives

Osteophytes are products of active endochondral and intramembranous ossification, and
therefore could theoretically provide significant efficacy as bone grafts. In this study, we
compared the bone mineralisation effectiveness of osteophytes and cancellous bone, includ-
ing their effects on secretion of growth factors and anabolic effects on osteoblasts.

Methods

Osteophytes and cancellous bone obtained from human patients were transplanted onto
the calvaria of severe combined immunodeficient mice, with Calcein administered intra-
peritoneally for fluorescent labelling of bone mineralisation. Conditioned media were
prepared using osteophytes and cancellous bone, and growth factor concentration and
effects of each graft on proliferation, differentiation and migration of osteoblastic cells were
assessed using enzyme-linked immunosorbent assays, MTS ((3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium)) assays, quantitative real-
time polymerase chain reaction, and migration assays.

Results

After six weeks, the area of mineralisation was significantly higher for the transplanted
osteophytes than for the cancellous bone (43803 um,, sb 14660 versus 9421 ym,, sD 5032,
p = 0.0184, one-way analysis of variance). Compared with cancellous bone, the conditioned
medium prepared using osteophytes contained a significantly higher amounts of transform-
ing growth factor (TGF)-B1 (471 pg/ml versus 333 pg/ml, p = 0.0001, Wilcoxon rank sum
test), bone morphogenetic protein (BMP)-2 (47.75 pg/ml versus 32 pg/ml, p = 0.0214, Wil-
coxon rank sum test) and insulin-like growth factor (IGF)-1 (314.5 pg/ml versus 191 pg/ml,
p = 0.0418, Wilcoxon rank sum test). The stronger effects of osteophytes towards osteo-
blasts in terms of a higher proliferation rate, upregulation of gene expression of differentia-
tion markers such as alpha-1 type-1 collagen and alkaline phosphate, and higher migration,
compared with cancellous bone, was confirmed.

Conclusion

We provide evidence of favourable features of osteophytes for bone mineralisation through
a direct effect on osteoblasts. The acceleration in metabolic activity of the osteophyte pro-
vides justification for future studies evaluating the clinical use of osteophytes as autologous
bone grafts.
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Article focus
To prove our hypothesis in a biological
sense, that osteophytes have greater min-
eralisation efficacy than cancellous bone
using mice in vivo and osteoblast-like
cells in vitro.

Key messages
Six weeks after transplantation, osteo-
phytes produced a greater amount
of newly mineralised area around
bone grafts, in vivo, than cancellous
bone.
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Osteophytes release more growth factors (transform-
ing growth factor (TGF)-$1, bone morphogenetic
protein (BMP)-2, and insulin-like growth factor (IGF)-
1) than cancellous bone.

Conditioned medium prepared from osteophytes
stimulated greater proliferation, differentiation and
migration of osteoblast-like cells in vitro, than medium
prepared from cancellous bone.

Strengths and limitations

To our knowledge, this is the first study to demon-
strate the specific character of osteophytes as an
autologous bone graft source.

The principal limitation of our study is the small num-
ber of mice used in quantitative in vivo experiments,
and the use of MG-63 and Saos-2 as osteoblast-like
cells, in vitro, rather than primary osteoblasts isolated
from humans.

Introduction
Bone defects requiring treatment are frequently encoun-
tered during various orthopaedic surgeries, including
fracture reduction and fixation, arthroplasty and osteot-
omy. Bone grafts, such as autograft, allograft and artifi-
cial substitute materials, are options to fill these bone
defects. Among these options, autografts provide a rich
source of progenitor cells, bone morphogenetic proteins
(BMPs) and growth factors which facilitate new bone for-
mation."2 Autografts are therefore commonly used due
to their osteogenic, osteoinductive and osteoconductive
properties. The iliac crest is the most common source of
bone autograft, providing a relatively easy harvest of a
fair quantity of bone. However, harvesting in general
increases surgical time and blood loss, as well as the over-
all cost of the procedure, and carries the risk for donor
site morbidity which, at the iliac crest, includes infection,
pain, haemorrhage, fracture, muscle weakness and nerve
injury.3

Osteophytes are osteocartilaginous metaplastic tissues
that generally form at the margins of osteoarthritic
joints.4> The development of osteophytes follows a basic
pattern of endochondral and intramembranous bone for-
mation,%” in which growth factors and BMPs play an
important role.®19 Considering the contribution of endo-
chondral and intramembranous bone formation to oste-
ophyte development, we hypothesised that osteophytes
could provide sufficient osteogenic efficacy to be used as
autologous bone grafts. From a clinical perspective, we
conceived that a medial open-wedge high tibial osteot-
omy (OW-HTO), for the treatment of varus knee osteoar-
thritis (OA), would be ideal for the use of osteophyte
bone grafting.

The OW-HTO procedure is well accepted in practice,
with documented good clinical results since 1987.1
However, one of the concerns of OW-HTO procedures

involves the residual gap at the osteotomy site, which can
lead to several complications such as delayed bone
union, loss of correction and breakage of the fixation
plate and screws.’?2 Therefore, methods and materials
that could accelerate bone union would be desirable. As
a clinical study of feasibility, we have been using osteo-
phytes as an autologous bone graft to fill the gap at the
osteotomy site during OW-HTO procedures, harvesting
the osteophytes arthroscopically from the intercondylar
notch or medial edge of the femur, and grafting them
around the lateral hinge area of the osteotomy site.
Among 11 consecutive cases of implantation of osteo-
phytes at the osteotomy site, bone healing was achieved,
at a mean 5.3 weeks post-operatively,’® an accelerated
rate of bone union than previously reported.’> Our clini-
cal experience to date supports our hypothesis regarding
the favourable bone-forming efficacy of osteophytes, and
of their potential usefulness as bone grafts. Therefore, the
aim of our study was to compare the osteogenic efficacy
of osteophytes and cancellous bone grafts, specifically
addressing the following three questions: do osteophytes
produce more bone mineralisation than cancellous bone
in vivo?; do osteophytes secrete more growth factors
than cancellous bone?; and do factors released from
osteophytes have stronger effects on proliferation, differ-
entiation and chemotaxis of osteoblasts than those from
cancellous bone in vitro?

Materials and Methods

Mice and human samples. All animal experiments fol-
lowed protocols approved by the institutional animal
care and use committee of our institution (approval
number: A25-216-0). A total of 18 eight-week-old male
CB17-severe combined immunodeficient (SCID) mice
(Charles River Laboratories Japan Inc, Yokohama, Japan)
were used for this study. Animals were housed in sepa-
rate cages in the animal centre of our institution, with
free access to water and standard food provided.

Both human osteophytes and cancellous bone tissue
were obtained from 19 female patients during total knee
arthroplasty for OA. In order for the surgical samples to
be used in experiments, written consent was obtained
from every patient. Nine of the osteophyte samples were
used for in vivo transplantation and ten were used for
incubation in a conditioned medium. Although it is rela-
tively easy to distinguish osteophytes from normal bone
at the femoral condyle, tibial osteophytes blend into the
tibial plateau, such that the transition between normal
bone and osteophyte cannot be determined.’* Therefore,
we exclusively used femoral osteophytes in our study.
Cancellous bone was harvested from the mid-portion of
bone resected from the chamfer cut on the femoral con-
dyle. These procedures were approved by the institu-
tional review board for clinical research of our institution
(approval number: 25-173).
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In vivo transplantation. Using an aseptic technique,
human osteophytes and cancellous bone were divided
into 0.05 g pieces and transplanted onto the calvaria of
mice under general anaesthesia. An incision was made
on the head of CB17-SCID mice, the periosteum peeled
off, and the osteophyte or cancellous bone was trans-
planted into nine randomised mice for each graft type.
The wound was closed with a surgical suture.
Histological analysis. Three mice in each of the two exper-
imental groups, osteophyte and cancellous bone, were
killed at three and six weeks following transplantation, for
histological analysis. The whole calvaria were fixed in 4%
paraformaldehyde, decalcified with 0.5 M ethylenediami-
netetraacetic acid and embedded in paraffin wax. Coronal
sections (5 um thick) were stained with Safranin O, fast
green and Weigert’s iron haematoxylin, and examined by
light microscopy. Concurrently, consecutive slices were
stained with haematoxylin and eosin (H&E).

Micro-CT scanning. For morphological observation, spec-
imens were scanned by micro CT (Hitachi Aloka Medical,
Tokyo, Japan) at both time points of histological analysis.
Mineralisation around the graft. The remaining three
mice in each group were killed for histomorphometrical
analysis at six weeks following transplantation. Calcein
(Dojindo Lab, Kumamoto, Japan) was subcutaneously
administered at a dose of 10 mg/kg of body weight at
five weeks post-transplantation for fluorescent labelling
of the area of mineralisation. For analysis, the calvaria
was fixed in 70% ethanol, treated with Villanueva bone
stain for six days, dehydrated in graded concentrations
of ethanol, and embedded in methyl-methacrylate (Wako
Pure Chemical Industries, Osaka, Japan) without bone
decalcification. The area of fluorescence and total area
of the graft were measured by fluorescence microscope
with image processing software (BZ-X700, Keyence Co,
Osaka, Japan) and the ratio of labelled area:total area of
the graft, was calculated.

Osteophyte- and cancellous bone-conditioned medium.
Osteophytes and cancellous bone were milled and placed
into sterile dishes containing Dulbecco’s Modified Eagle
Medium (DMEM,; Life Technologies, Grand Island, New
York) supplemented with 100 U/mL penicillin and 100
pg/mL streptomycin (Sigma-Aldrich, St. Louis, Missouri),
but with no serum. A ratio of 3 g of osteophytes or cancel-
lous bone (wet weight) per 10 ml of culture medium was
used. After a 24-hour incubation period, the osteophyte-
conditioned medium and cancellous bone-conditioned
medium were collected.

Enzyme-linked immunosorbent assay. The amount of
transforming growth factor (TGF)-1, BMP-2 and insulin-
like growth factor (IGF)-1 in the osteophyte-conditioned
medium and cancellous bone-conditioned medium were
measured using Quantikine Colorimetric Sandwich
enzyme-linked immunosorbent assay (ELISA) kits (R&D
Systems, Minneapolis, Minnesota) in accordance with

the manufacturer’s protocol. To activate latent TGF-B1
for measurement, the conditioned medium was heated
to 85°C for ten minutes. Data from ten independent sam-
ples were analysed.

Cell culture, RNA extraction and real-time reverse tran-
scriptase polymerase chain reaction. The human osteo-
sarcoma cell lines, MG-63 and Saos-2, were purchased
from ATCC (Manassas, Virginia) and maintained in DMEM
supplemented with 10% foetal bovine serum (FBS). For
gene expression analysis, cell lines (5 x 104/well, 24-well
plate) were exposed to the osteophyte-conditioned
medium or cancellous bone-conditioned medium for 72
hours. The osteophyte-conditioned medium and cancel-
lous bone-conditioned medium were diluted three-fold,
using DMEM with 10% FBS. As an untreated control, the
cells were exposed to DMEM with 6.7% FBS. Total RNA
was isolated from cultured cells using the RNeasy Mini Kit
(Qiagen, Hilden, Germany), and was reverse-transcripted
using the PrimeScript Reverse Transcriptase (RT) reagent
kit (Takara Bio, Shiga, Japan) to make single-stranded
cDNA. Quantitative real-time RT-polymerase chain reac-
tion (PCR) was performed with the LightCycler 2.0
System (F. Hoffmann-La Roche AG, Basel, Switzerland)
using SYBR Premix Ex Taq Il (Takara Bio Inc., Shiga,
Japan). The primer sequences are included in the supple-
mentary material. For analysis, data were corrected for
expression of the housekeeping gene GAPDH and the
results are shown in the figures. Data from ten indepen-
dent samples were analysed.

Proliferation assay. To evaluate the rate of cell pro-
liferation, MG-63 cells (1.5 x 103/well, 96-well plate)
were incubated in the osteophyte-conditioned medium
or cancellous bone-conditioned medium, which were
diluted three-fold, using DMEM without FBS or DMEM
without FBS as an untreated control, for up to 36 hours.
Viable cells were identified using CellTiter 96 AQueous
One Solution Cell Proliferation Assay (Promega, Madison,
Wisconsin) according to the manufacturer’s protocol.
Data were corrected for the absorbance at time zero.
Data from ten independent samples were analysed.
Migration assay. A migration assay was performed using
Transwell chambers (Corning Costar Corp., Cambridge,
Massachusetts), with 6.5 mm-diameter polycarbonate
filters (8 um pore size). Polyvinylpyrrolidone-free poly-
carbonate filters in the upper chamber were coated with
type 1 collagen (Nitta Gelatin, Inc., Osaka, Japan) and
used as a cell permeable membrane. MG-63 cells (1.0 x
103/well) were suspended in 200 pL serum-free DMEM
and seeded in the upper chamber. The lower cham-
ber was filled with 600 pL of osteophyte-conditioned
medium or cancellous bone-conditioned medium, which
were diluted three-fold using DMEM without FBS or
DMEM without FBS as an untreated control. MG-63 cells
were allowed to migrate for six hours at 37° Cin 5% CO,.
Cells which migrated to the lower side of the filter were
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Safranin O-fast green staining shown at (a) three weeks and (b) six weeks
after osteophyte transplantation and, similarly, at (d) three weeks and (e) six
weeks after cancellous bone transplantation (original magnification, x80).
(c) Haematoxylin and eosin (H&E) staining, six weeks after osteophyte trans-
plantation, is shown, with the arrowheads indicating bone lining cells at the
edge of the bony structure of the osteophyte (original magnification, x400).
(f) H&E staining, six weeks after cancellous bone transplantation, is shown
(original magnification, x400).

fixed with methanol and stained using the Diff-Quik kit
(Sysmex Co., Kobe, Japan). The cells that migrated to
the lower surface of the filter were counted in three ran-
domly selected microscopic fields (x400), with the aver-
age of three measurements used for analysis. Data from
ten independent samples were analysed.

Statistical analysis. All parameters were tested for nor-
mality with the Shapiro—Wilk test, with normally dis-
tributed variables first assessed using Levene’s test. If
appropriate, datasets with statistically significant differ-
ences from control values were analysed using a one-
way analysis of variance (ANOVA), followed by Tukey’s
post hoc test for multiple comparisons. The results are
reported as mean and standard deviation (sD). Wilcoxon
rank sum test was used to analyse specific sample pairs
for significant differences, such as the ELISA for each con-
ditioned medium. The results are reported as median and
interquartile range. Statistical analyses were conducted
using JMP (version 11.0; SAS Institute Inc, Cary, North
Carolina). A p-value < 0.05 was considered statistically
significant.

Results

Histological changes of transplanted osteophytes and can-
cellous bone in vivo. At three weeks following transplan-
tation, histological assessment confirmed staining of the
extracellular matrix of the cartilaginous structure of the
transplanted osteophyte by Safranin O (Fig. 1a). After six
weeks, the staining with Safranin O disappeared and was
replaced by tissue stained with fast green (Fig. 1b), with
bone lining cells visible at the edge of the bony structure
in a high-power light microscope field (Fig. 1c). In con-
trast, no obvious morphological changes were observed
by Safranin O staining of the cancellous bone at three
and six weeks post-transplantation (Figs 1d and 1e), with
relatively sparse bone lining cells visible (Fig. 1f). Figures
shown are representative of the full dataset.
Mineralisation potential of osteophyte and cancellous
bone. Representative images of the Villanueva bone
staining, obtained by Calcein labelling six weeks post-
transplantation, are shown in Figure 2. Under fluorescence
microscopy, the green line, indicative of mineralisation
that is due to new bone deposition, was visible over
almost the entire circumference of the transplanted osteo-
phyte (Fig. 2b), while being visible in only a limited area
of the cancellous bone transplantation (Fig. 2f). Much of
the mineralisation is also observed on the surface of the
calvarial bone in both groups. As it was observed not only
below the graft, but also over the entire circumference
of the calvarial bone, we suggest that it likely represents
normal local intramembranous ossification. On micro-CT
performed at three (Fig. 2c) and six (Fig. 2d) weeks post-
transplantation, newly formed bone was confirmed only
for the osteophyte transplantation at six weeks.

On quantitative analysis, the area of fluorescence in the

grafted mass was significantly larger in the osteophyte
group (43 803 um,, sb 14 660 versus 9421 pm,, sb 5032,
p =0.0184; Fig. 3). The ratio of the labelled area to the total
area of the graft was also significantly higher in the osteo-
phyte group than in the cancellous bone group (0.788%,
sD 0.101% versus 0.127%, sb 0.03%, p = 0.0035).
Therefore, osteophyte grafts continued to promote active
bone formation even at five weeks post-transplantation,
which is when the Calcein was administered.
Growth factor secretion and anabolic effects on osteoblasts
in vitro. Quantitative analysis by ELISA of the osteophyte-
conditioned medium and cancellous bone-conditioned
medium revealed a higher total amount of growth fac-
tors such as TGF-f1, BMP-2, and IGF-1 for the osteophyte
than cancellous bone preparations (Fig. 4).

MTS assays of the cultured MG-63 cells in the
osteophyte-conditioned medium, cancellous bone-
conditioned medium and untreated control medium
confirmed a higher rate of proliferation in the osteophyte-
conditioned medium, compared with the untreated con-
trol medium throughout the period up to 36 hours (Fig. 5).
After a 36-hour incubation period, the proliferation rate
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Fig. 2c

Fig. 2d

Fig. 29 Fig. 2h

Villanueva bone staining and micro CT scans of the transplanted osteophyte (a to d) and cancellous bone (e to h). Resin-embedded undecalcified specimens
were observed under (a and e) natural and (b and f) fluorescent light. (b) The green fluorescent line, corresponding to area of mineralisation, is observed along
almost the entire circumference of the transplanted osteophyte (arrowheads). (f) In contrast, the green line is limited to only one area for the transplanted
cancellous bone (arrowheads). For (b) and (f), arrows represent the mineralised surface of the calvarial bone (original magnification, x80). Micro CT scans at
(cand g) three weeks and (d and h) six weeks after transplantation are shown as a reference. Arrowheads in figure d represent the newly formed bone, six weeks

after osteophyte transplantation.

1 p=0.0184

5000 +

Osteophyte Cancellous bone
Fig. 3a

: p = 0.0035

Osteophyte Cancellous bone
Fig. 3b

Graphs showing quantification of the area of mineralisation (a) and the ratio of labelled area: total area of the graft (b) is shown, with results reported as the
mean and standard deviation. Statistical analysis was performed using one-way analysis of variance (both n = 3).

rose significantly higher in the osteophyte-conditioned
medium than in the cancellous bone-conditioned medium.

Quantitative PCR analysis revealed the effect of each
conditioned medium on osteoblast differentiation factor
expression. MG-63 cells are known to exhibit a relatively
pre-mature osteoblast phenotype.!> After a 72-hour incu-
bation of the cells in each medium, the differentiation
marker collagen type 1 alpha 1 (COLTAT1) was significantly

increased in the osteophyte-conditioned medium
group, compared with the untreated control and can-
cellous bone-conditioned medium groups (p < 0.0001
and p = 0.0003, respectively; Fig. 6). In order to confirm
gene expression of a more advanced stage of differentia-
tion, Saos-2 cells were similarly cultured in each
medium. The expression of alkaline phosphatase (ALP),
a marker of a relatively later stage of differentiation, was

VOL. 6, NO. 2, FEBRUARY 2017



78 K. ISHIHARA, K. OKAZAKI, T. AKIYAMA, Y. AKASAKI, Y. NAKASHIMA
| p = 0.0001 p =0.0214 p =0.0418
1.5 .
2 4
- ~ 150 4 o ~
E ] 0 £ E °
~ ~ 4 =
2] Z EAES
c = 100 4 c
S . S 0 S
] © . ° o 17 o
8 . 8 o o 8
» 0.5 4 % —— @ 50 ] —_ —— )
—&= == . —— 0.5 4 0 °
1 o o b 3 —_— o
© - © ——
0 0 0
ocM ccMm ocM ccMm ocM ccMm
Fig. 4a Fig. 4b Fig. 4c

Graphs showing secretion of transforming growth factor (TGF)-B1 (a), bone morphogenetic protein (BMP)-2 (b) and insulin-like growth factor (IGF)-1 (c) in
each conditioned medium assessed by enzyme-linked immunosorbent assay, with results reported as the median and interquartile range. The values are as fol-
lows: TGF-p1, 471 (344.5 to 750) versus 333 (189.5 to 478.3) pg/ml; BMP-2, 47.75 (25.88 to 79.35) versus 32 (12.22 to 52.3) pg/ml; and IGF-1, 314.5 (230.3 to
1060.8) versus 191 (170 to 228.5) pg/ml. Statistical analysis was performed using Wilcoxon rank sum test (all n = 10). OCM, osteophyte-conditioned medium;

CCM, cancellous bone-conditioned medium.
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Graphs showing the effect of each conditioned medium on osteoblast prolif-
eration, assessed using the MTS assay, showing a significantly higher MG-63
cell proliferation rate, up to 36 hours, in the osteophyte medium group than
in the untreated control group: 12 hours: 1.09 fold, sp 0.107 versus 0.847
fold, sb 0.0402; 24 hours: 1.43 fold, sb 0.179 versus 0.934 fold, sp 0.0758;
and 36 hours: 1.91 fold, sp 0.232 versus 1.02 fold, sp 0.0695. After 36 hours
of incubation, the rate was even higher than for the cancellous bone group:
1.91 fold, sp 0.232 versus 1.46 fold, sp 0.198. Data were corrected for the
absorbance at time zero. Results are reported as mean and standard devia-
tion. Statistical analysis was performed using one-way analysis of variance
with Tukey’s post hoc test (all n = 10). OCM, osteophyte-conditioned medium;
CCM, cancellous bone-conditioned medium.

significantly increased in the osteophyte-conditioned
medium group, compared with the untreated control
and cancellous bone-conditioned medium groups
(p = 0.0026 and p = 0.0091, respectively). In contrast,
the expression of osteocalcin (BGLAP), a marker of the
terminal stage of differentiation, was inhibited in both
conditioned mediums.

Transwell chamber assay for the effects of each
medium on osteoblast migration revealed a significantly
higher migration of MG-63 cells towards the osteophyte-
conditioned medium than towards the cancellous bone-
conditioned medium (202 cells, sD 64.7 versus 83.9 cells,

SD 72.6, p = 0.0002) and untreated control (202 cells,
SD 64.7 versus 20.2 cells, sD 6.83, p < 0.0001) after six
hours of incubation (Fig. 7).

Discussion

Although the nature of osteophyte formation, as a patho-
logical joint alteration or an adaptation to instability is
unknown, the molecular mechanism of osteophyte
development is fairly well defined. Mesenchymal stem
cells within periosteal or synovial tissue differentiate into
chondrocytes and form osteophytes via endochondral
ossification, with an additional contribution of intramem-
branous bone formation within the covering fibrous tis-
sue and bone formation within the marrow spaces.”
Expression of growth factors capable of inducing osteo-
genesis and chondrogenesis, such as TGF-$1, BMP-2 and
IGF-1, is upregulated during osteophyte formation.810
Therefore, osteophytes may contain stronger bone-form-
ing potency than cancellous bone as a source of bone
graft. We have previously confirmed the clinical feasibility
of using osteophytes as autologous bone grafts to fill the
gap at the osteotomy site during OW-HTO, with evidence
of early bone union.’3 Here, we corroborated our clinical
findings, providing evidence of enhanced bone minerali-
sation in vivo using a mouse model, and enhanced prolif-
eration, differentiation and chemotaxis of osteoblasts, in
vitro using osteoblast-like cell lines, with transplanted
osteophytes compared with cancellous bone.

The clinical significance of our findings, however, is
limited by the small number of mice used in quantitative
in vivo experiments, the use of MG-63 and Saos-2 cells as
osteoblast-like cell lines in vitro, and the lack of authenti-
cation of these cell lines. As MG-63 cells exhibit a rela-
tively premature osteoblast phenotype and Saos-2 cells a
relatively mature phenotype, we used these two cell
types to confirm graft effects on osteoblast differentiation
as a function of the stage of differentiation. Although the
most desirable method would have been to use primary
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Gene expression is shown after 72 hours of incubation of MG-63 cells or Saos-2 cells, with the data corrected for expression of the housekeeping gene GAPDH.
The value of each mRNA expression relative to that for the untreated control is indicated. The results are reported as mean and standard deviation. Statistical
analysis was performed using one-way analysis of variance with Tukey’s post hoc test (all n = 10). OCM, osteophyte-conditioned medium; CCM, cancellous

bone-conditioned medium.

osteoblasts isolated from humans, the similarities of
MG-63 and Saos-2 to human osteoblasts have been
established.’> Furthermore, although we have presup-
posed the clinical feasibility of using osteophyte grafts in
OW-HTO procedures, there are points that need to be
considered. First, the amount of osteophytes obtained
during surgery is commonly insufficient to fill the gap at
the osteotomy site, particularly in the presence of mild
deformity. In our practice, as we consider bone union at
the lateral hinge of the osteotomy to be critical, we spe-
cifically localised our osteophyte graft in this area, and no
additional bone graft was placed. No complications, such
as leaving bone fragments inside the knee joint or the
prolonged haemarthrosis, have been reported.’® Future
studies will need to evaluate the feasibility and usefulness
of osteophyte grafting to treat bone defects in other situ-
ations, including arthroplasty, osteotomy for hip OA or
hallux valgus, and fractures around the knee associated
with osteoarthritic changes.

The more active mineralisation of bone with trans-
plantation of osteophytes than with cancellous bone
likely reflects the differential secretion of growth factors
by each graft type. Growth factors, such as TGF-p1,
BMP-2 and IGF-1, are expressed during osteophyte devel-
opment, including a strong phosphorylation of Smad2,

which has been described in a mouse model.’6¢ Moreover,
injection of TGF-B1 stimulates osteophyte formation
similarly to that of osteophytes observed in murine OA
models.” Therefore, TGF-B1 plays an important role in
the initiation of osteophyte formation during OA. BMP-2
is also expressed in hypertrophic chondrocytes of osteo-
phytes, while IGF-1 is expressed in proliferating perichon-
dral cells, chondrocytes and osteoblasts.8 In animal
models, BMP-2 and IGF-1 treatment stimulated type I
collagen and aggrecan expression,'®1? indicative of their
contribution to chondrogenesis and the development of
osteophytes.

With regard to osteogenesis, local application of TGF-
B1, IGF-1 and BMP-2 at fracture or osteotomy sites
accelerates bone healing in animal models.2%21 In the
early process of osteogenesis, proliferation of osteopro-
genitor cells, inside and/or around the graft, and recruit-
ment of the osteoblastic lineage are needed, with
TGF-B1 signalling known to promote this recruitment
through the mitogen-activated protein kinases and
Smad2/3 pathways.??2 The importance of BMP-2 and
IGF-1 to the differentiation and maturation of the osteo-
blastic lineage is well recognised,?3:24 with TGF-B1 fur-
ther inducing osteoblast proliferation.?> In our study,
we identified a higher expression of these growth factors
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Migration assay using Transwell chambers, showing a significantly higher migration activity of MG-63 cells towards osteophyte-conditioned medium than
towards cancellous bone-conditioned medium and the untreated control after six hours of incubation. The cells were counted in three randomly selected micro-
scopic fields (x400) and the mean taken, with representative images shown for the ten experiments (original magnification, x400). The results are reported as
mean and standard deviation. Statistical analysis was performed using one-way analysis of variance with Tukey’s post hoc test (all n = 10). OCM, osteophyte-

conditioned medium; CCM, cancellous bone-conditioned medium.

in the osteophyte-conditioned medium, compared with
the cancellous bone-conditioned medium, using ELISA.
To our knowledge, we are the first to have reported the
amount of growth factors secreted by osteophytes into
their surroundings. Growth factors exuded from osteo-
phytes may play a key role in mineralisation around the
graft. Although stronger mineralisation was confirmed in
the in vivo osteophyte transplantation model, the expres-
sion of osteocalcin from osteoblasts, recognised as a ter-
minal differentiation marker, was inhibited when
osteoblasts were cultured, in vitro, in the osteophyte-con-
ditioned medium. We do know whether TGF-B1 is a
potent inhibitor of terminal osteoblast differentiation and
mineralisation,2¢ and therefore, this discrepancy between
in vivo and in vitro results likely reflects the involvement
of various factors other than the three growth factors we
measured, or it is likely that TGF-B1 activation would be
different in each microenvironment.

In order to form new bone in the appropriate location,
osteoblasts need to migrate and gather at the edge of the
existing bone, with IGF-1 involved in the recruitment of
osteoblasts at the site of bone formation.?” The osteo-
phyte-conditioned medium, which contained large
amounts of IGF-1, induced greater migration of MG-63

cells than cancellous bone. Previous research, using a
mouse allograft transplantation model, reported that
osteoblasts surrounding bone graft are gradually
replaced by host cells over a period of six weeks.?® IGF-1
secreted by osteophytes could, therefore, make a great
contribution to bone mineralisation by recruiting osteo-
blasts from its surroundings.

In conclusion, the greater osteoblastic efficacy of oste-
ophytes over cancellous bone is supported by the greater
amount of newly mineralised area around the graft in
vivo at six weeks following transplantation. Moreover,
osteophytes express a number of factors which favour
bone union such as TGF-$1, BMP-2, and IGF-1, with the
combined effects of these growth factors likely to contrib-
ute to osteoblast proliferation, differentiation and migra-
tion. Their usefulness as bone grafts should be considered.
Further research is required to further evaluate the feasi-
bility of osteophytes for other applications requiring early
bone union, such as arthroplasty with bone defects, or
other osteotomies of arthritic joints.

Supplementary material
A table showing primer sequences is available
online at www.bjr.boneandjoint.org.uk
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