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METHOD OF PROMOTING BONE GROWTH WITH HYATLURONIC
ACID AND GROWTH FACTORS

Cross Reference To Related Applications

This 1s a continuation-in-part of U.S. Serial No.
08/811,971, filed March 5, 1997, which is a continuation-
ln-part of 08/611,690, filed March 5, 1996, both

incorporated by reference in their entirety.

Background of the Invention
Hyaluronic acid 1s a naturally-occurring
polysaccharide containing alternating N-acetyl-D-
glucosamine and D-glucuronic acid monosaccharide units
linked with beta 1-4 bonds and the disaccharide units

linked with beta 1-3 glycoside bonds. It occurs usually

as the sodium salt and has a molecular weight range of

about 50,000 to 8x10°.

Summary of the Invention
The present invention provides a bone growth-
promoting composition comprising hyaluronic acid and a
growth factor such that the composition has a viscosity
and biodegradability sufficient to persist at the site of
desired bone growth for a period of time sufficient to

promote bone growth.

Compositions comprising hyaluronic acid and a
growth factor are provided which have the requisite
viscosity and biodegradability.

As used herein, the term hyaluronic acid,
abbreviated as HA, means hyaluronic acid and its salts
such as the sodium, potassium, magnesium, calcium, and

the like, salts.
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By growth factors, 1t 1s meant those factors,
proteinaceous or otherwise, which are found to play a
role 1n the i1nduction or conduction of growth of bone,
ligaments, cartilage or other tissues associated with
bone or joints.

In particular these growth factors include bFGF,
aFGF, EGF (epidermal growth factor), PDGF (platelet-

derived growth factor), IGF (insulin-like growth factor),

TGF-p I through III, including the TGF-f superfamily
(BMP-1 through 12, GDF 1 through 12, dpp, 60A, BIP, OF).

Brief Description of the Drawings
FIG. 1 1s a graphical representation of

experimental data set forth in example 1 below; FIG. 1A
shows the bone thickness formed as a function of bFGF
dosage; FIG. 1B shows bone thickness formation as a
function of hyaluronic acid concentration;

FIG. 2 1s a graphical representation of the
experimental data set forth in Example 2 below.

FIG. 3 1s a graphical repreéentation of the load
at failure of healing rabbit fibula after 23 and 30 days
following treatment according to Example 3.

FIG. 4 1s a graphical representation of the energy
to failure (in pounds) of healing rabbit fibula after 23
and 30 days following treatment according to Example 3.

FIG. 5 1s a graphical representation of the bone

thickness data in rats following treatment according to

Example 4.

Description of the Preferred Embodiments

The processes by which the compositions and the

method of their use are described in more detail.
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The HA 1s preferably uncrosslinked having a
molecular weight of 500,000 and above, typically in the
range of 10* to 10’. The bone growth-promoting
compositions will typically contain from about 0.1 up to
4 percent by weight of uncrosslinked HA in an agqueous
solution which also contains other solution excipients
such as buffer salts, sugars, anti-oxidants and
preservatives to maintain the bio-activity of the growth

factor and proper pH of the composition. A composition

containing from about 0.1 to 2 percent by weight of
uncrosslinked HA ‘is preferred. A typical pH of the
solution will be in the range of 4 to 9, preferably about
6.0 + 1.0 and most preferably about 5.0.

The growth factor will typically be present in the
solution in a concentration range of about 10°° to 100
mg/ml of solution, particularly in the case of bFGF
preferably about 0.1 to 20 mg/ml. The concentration will
be dependent upon the particular bone site and
application, as well as the volume ef the 1njection and
specific activity of the growth factor. An intra-
articular site 1is preferred.

It 1s important for the solution used to promote

the growth to have a viscosity which allows it to be
injectable through a syringe or catheter, but not to be
prematurely diluted by the body fluids before the bone
promoting effect can be achieved. Preferably, the
viscosity of the composition is within a range of 10 to
10° cP and, in the case of bFGF-containing compositions,
preferably about 75,000 cP.

It 1s also i1mportant for the composition to have a
biodegradability which is sufficient to allow it to
remain in place at the site of desired bone growth to

effect the bone growth-promoting activity.
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The composition must usually persist at the site
of desired bone growth for a period from about three (3)
to about thirty (30) days, typically from three (3) to
about fourteen (14) days. If the composition is
dispersed prematurely, the desired bone growth-promotion
effect either will not occur or the formed bone will not
have the desired strength.

If the composition persists at the site of desired
bone growth for an excessive period, its presence at the
bone site may inhibit the natural development of the
bone, sometimes resulting in no bone formation at all.

The compositions are typically formed as solutions
by mixing the HA and growth factor in appropriate amounts
of excipients such as sodium citrate, EDTA and sucrose soO
that the HA and growth factor remain in solution at the
desired concentration and the solution exhibits the
appropriate viscosity and biodegradability. The solution
may be applied to the site of desired bone growth in any
convenient manner, typically by introduction through a
syringe or catheter. Administration at an intra-
articular site is preferred, where there is a bone joint.

Administration of a bone growth composition of the
present i1nvention may be desirable to accelerate wound
healing, prevent further tissue damage occurring
subsequent to injury, avoid treatments that compromise
the natural healing process and create optimal physical
and biological conditions for healing. Sites of desired
bone growth include tibia/fibula fractures; femur/humerus

fractures; forearm fractures; posteriorly displaced

distal radius (Colles) fracture:; stress fractures
including sports fractures associated with shin splints
and foot injuries; vertebral compression fractures, rib

fractures and clavicular fractures. Sites of desgired
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bone growth also 1nclude pathological bone defects
assoclated with osteoporosis, osteomalacia,
hyperparathyroldism, renal osteodystrophy, and primary
and metastatic cancer of the bone.

The invention 1s described 1n more detail in the
following examples, which are provided by way of
1llustration and are not intended to limit the invention

set forth in the claims.

Example 1
Sodium hyaluronate (Genzyme, MW 2x10°, sterile,

viscoslity in 1% solution of 6500 c¢P), DbFGF (Scios-Nova,
4.3 mg/ml solution (pH 5) in 9% sucrose, 20 mM sodium
citrate and 1 mM EDTA) were mixed. The formulations were
formed by mixing sterile-filtered solutions of bFGF and
other excipients (sodium citrate, water, etc.) with the
appropriate amount of solid, sterile HA. The HA was
dispersed quickly by repeated back and forth syringing to
prevent the formation of large aggregates of particles.
Formulations were prepared aseptically and administered
1n prefilled 1 ml plastic syringes with 21G needles into
male Sprague-Dawley rats (8-9 weeks old, 160-180 grams),
which were anesthetized with acepromazine, xylazine and
ketamine. A 5-10 millimeter incision was made laterally
in the skin at the back of the neck to locate the
intersection of the sagittal and lambdoid sutures. Fifty
microliters of the test formulation was injected with a
21G needle between the periosteum and parietal bone. The
animals were euthanized 14 days following treatment.

Tissues for histological analysis were fixed in
10% neutral buffered formalin. Tissues were decalcified
for at least 2 hours i1n formic acid (RapidBone Decal)

with constant, gentle agitation. Samples were dehydrated
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and infiltrated with paraffin. Specimens were then
embedded 1n a cross-sectional plane and sectioned at 5
um. Sections were stained with hematoxylin and eosin for
histological analysis. New bone formation was scored on

a scale of 0 to 4 as shown in Table 1.

Table 1: Qualitative description of new, woven bone
formation on parietal bone following subperiostal

injection.

Description of New, Woven Bone Formation
Trace/patchy areas of woven bone
Areas of both continuous and patchy woven bone

Thin, continuous woven bone (<50% of original
parietal bone)

Thick, continuous woven bone (>50% of original
parietal bone)

4

The total thickness of the parietal bone was

measured similar to the method of Noda et al.,

Endocrinology, 124:2991-4, 1989. A photograph of each
histology section was taken 2 to 3 mm lateral to the
sagittal suture (the approximate midpoint between the
sagittal suture and the edge of the section). Three bone
thickness measurements of total bone were taken at the
left, middle, and right side of the photograph and scaled
to determine total bone thickness. Both dense cortical
bone and new, woven bone were included in the
measurement.

In all groups the response to each treatment was

consistent between animals in the same treatment group.
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Qualitatively, the groups of animals treated with all of
the bFGF/HA gel formulations exhibited new bone formation
while placebo treated and growth control animals show
minimal or no new bone formation (table 2). It was
apparent that only small differences existed between the
bFGF/HA formulations examined in this study. However,

there did appear to be a dose response effect. (FIG. 1A,
1B) .

Table 2: Qualitative results of histological scoring
(table 1) of animals recelving subperiosteal injections
of bFGF formulations 14 days following treatment.

Formulation Total number of animals
with a bone formation score of:

bFGF Dose HA Conc.

sham 3
operation
growth 2
control

Table 3 shows the total bone thickness of the rat

calvaria after receiving different formulations by
subperiosteal injection. All formulations containing

bFGF and HA exhibited new bone formation. The first two
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entries 1n table 3 represent replicate experiments.
Replicate groups of animals receilving 100 ug bFGF in a 2%
HA gel had a total parietal bone thickness of 0.49+0.10
mm in the first study and 0.59+0.12 mm in the second
study, a 17% difference. However, the total bone
thickness of both groups was qualitatively and
quantitatively significantly different than control. All
formulations containing 100 ug of bFGF and HA had at
least a 61% 1ncrease 1n new bone formation compared to
animals receiving no treatment.

FIG. 1A and 1B show the effect of bFGF and HA
concentration on total bone thickness. As the dose of
bFGF 1increase from 10 to 100 ug, the total bone thickness
increases 20% from 0.45 to 0.54 mm. As the concentration
of HA increases, an increase 1n total bone formation is
seen until a maximum increase 1in bone formation is
observed near 0.5% HA; 1ncreasing the concentration of HA
above 0.5% does not result 1n an additional increase in

new bone formation elicited by bFGF in this model (FIG.
1B) .
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ble 3: The total bone thickness of a section of the
rat calvaria 2 mm anterior of the lambda and 2 to 3 mm
lateral to the parietal suture 14 days following
treatment. Bone thickness 1s the average of 3
measurements per animal. n 1s the number of replicate
animals, and the percent 1ncrease represents the

fractional increase over growth control.

rﬂ
Q)

Formulation Total Bone Thickness
bFGF Dose HA Conc. n mean + SD Percent
(ug) (%) (mm) Increase

sham 0.24 + 0.04 -14%
operation

growth

control

It was thus shown that a single, subperiosteal
injection of 100 ug of bFGF in an HA gel showed
significant qualitative and quantitative effect on
intramembranous bone formation over controls. Fourteen
days following administration, up to 111% new bone is
formed at the site of injection in animals treated with
100 pug of bFGF 1in HA gels. Placebo and control groups
all had less than a 18% increase in bone thickness 14
days following injection. As the dose of bFGF increase

from 10 to 100 ug, the total bone thickness increases 20%

e
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from 0.45 to 0.54 mm. Increasing the concentration of HA

above 0.5% doeg not regult in an additional increase in

new bone formation elicited by bFGF i1n this model.

Example 2
5 The tests described 1n Example 1 were conducted

using 8 different formulations. The bFGF was used in
combination with hyaluronic acid as compared to 7 other
compositions wherein bFGF was used with other carriers or
the carriers were used alone as placebos. The results

10 are shown below and are summarized 1n FIG. 2 and Table 4.

Table 4: The total number of animals with a bone
formation score

Total number of animals
with a bone formation
score of:

0 1 2 3 4
100 ug bFGF in 2% mA I
15 || 2% #a placebo I

100 ug bFGF IN 2% collagen 2 2
(CSF)

2% collagen (CSF) placebe N N N
100 pg bror dm2spex. swie. | 2 |1 | | o |

20 | 2% pex. sulf. placebo P A
100_ug BFGF in 2% Ficoll’ S
2% Ficoll placebo a1 11

* An uncharged polysaccharide.

Formulation
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Example 3
Formulations of sodium hyaluronate (2%) and bFGF

(4 mg/ml) were prepared as in Example 1 for
administration to a fracture site 1n rabbits. A
formulation was also prepared contalning 4 mg/ml bFGF, 6
mg/ml rabbit fibrinogen, 0.2 mg/ml aprotinin, and other
exclplents to maintain pH and stability. This fibrinogen
formulation was similar to a previously published
composition used for fracture repair'. A 1 mm cut in the
fibula mid-diaphysis was surgically created in New
Zealand White rabbits to model a bone fracture. This
experimental method has previously been utilized to
examine the healing of fractures in rabbits?. Animals
were treated with 50 uL of the HA/bFGF formulation, 50 ulL
of the fibrinogen/bFGF formulation, or remained

untreated.

The mechanical strength of 10 healed fibula per
treatment group was measured by a four point bending
technique 23 days following treatment. Figure 3
1llustrates the load at failure for untreated, HA/bFGF
treated, and fibrinogen/bFGF treated fibulae. The HA/bFGF
treated fibulae were 53% stronger than untreated control,
while the fibrin/bFGF treated fibulae were 30% stronger
than untreated control. Figure 4 shows the energy to
failure for all three treatment groups. By this
measurement, the HA/bFGF treated fibulae were 43%
stronger than untreated control, while the fibrin/bFGF
treated fibulae were 3% weaker than untreated control.

In addition, the mechanical strength of 10
untreated fibulae and 10 HA/bFGF treated fibulae was
measured 30 days following treatment. Figure 3 shows
that the load at failure is 36% higher in HA/bFGF treated

animals over control and that this difference 1is
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statistically significant (p=0.02). Figure 4 indicates
that the energy to failure is 79% higher in the HA/bFGF
versus control and that this difference 1s statistically
significant (p=0.01). Figures 3 and 4 also show that the
strength of HA/bFGF treated fibulae return to the
strength of intact bone more quickly than untreated
fibulae, i1ndicating accelerated bone healing.

1. Hiroshi Kawaguchi, et al., Stimulation of

Fracture Repalr by Recombinant Human Basic Fibroblast

Growth Factor in Normal and Streptozotocin-Diabetic Rats,

Endocrinology, 135:774-781, 1994.

2. A.A. Pilla, et al., Non-invasive Low-intensity
Pulsed Ultrasound Accelerates Bone Healing in the Rabbit,

Journal of Orthopaedic Trauma, 4:246-253, 1990.

Example 4

The method 1n Example 1 was used to compare total
bone formation of the HA/bFGF formulation in Example 1,
the fibrin/bFGF formulation in Example 3, and a bFGF in
an aqueous sucrose/citrate buffer formulation. 100 ug of
bFGF 1in 50 pL each formulation was administered by
subperiosteal injection, and animals were sacrificed 7
and 14 days post-administration. In addition, animals
recelving no treatment were used as controls.

In each of the four groups the response to each
Lreatment was very consistent between animals. At 7 days
all DFGF treated animals show intramembranous bone that
has formed on the calvarium in response to the bFGF. The
control animals show minimal or no new bone formation.
Qualitatively, the group of animals treated with bFGF in
a HA gel had more new bone formation than in any of the

other bFGF formulations. In the 14 day specimens, the

difference in the amount of bone formation in the bFGF/HA

- 12 -



10

15

20

25

30

CA 02378328 2001-12-20
WO 01/07056 PCT/US00/20373

gel treated animals was even more apparent. While new
bone formed in all bFGF treated animals, it was readily
apparent that a much thicker bone mass had formed in the
bFGF/HA gel treated animals than in any other treatment
group.

Figure 5 shows the quantitative results of the
bone thickness measurement. The thickness 7 days after
treatment 1s 95% thicker in the animals administered 100
ng of bFGF 1n a 2% HA gel than in animal receiving no
treatment (i.e. control). The other bFGF treated groups
showed a 86 and 55% 1ncrease in bone formation by
treatment with bFGF in a fibrin gel and bFGF in an
aqueous citrate buffer, respectively.

At 14 days 111% new bone is formed in animals
treated with 100 pg of FGF in an HA gel (Figure 5).
Other DbFGF treated groups had only a 25 and 21% increase
1n bone formation in rats treated with bFGF in a fibrin

gel and bFGF in an aqueous citrate buffer, respectively.

Example 5
The effect of the molecular weight of hyaluronic

acid in basic fibroblast growth factor (bFGF)
formulations on intramembranous bone formation was

examined by subperiosteal injection to the rat parietal

bone.

Materials and Methods
The HA with a molecular weight of 760 to 2300 KDa

(from Genzyme and Lifecore Biomedical) was used to
prepare formulations. The BFGF was provided (Scios-Nova)
as a frozen solution (4.3 mg/ml) in 9% sucrose, 20 mM

sodium citrate, and 1 mM EDTA adjusted to pH 5.0. Other
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reagents (sucrose, sodium citrate, EDTA) were purchased
from Sigma.

Formulations were prepared by mixing a sterile
filtered solution of bFGF (2 mg/ml) with the appropriate
amount of HA (20 mg/ml). The solution and carrier
lnitlally were in separate syringes connected by a
stopcock. The formulation was mixed by repeated back and
forth syringing. Formulations were prepared aseptically
and administered in prefilled 1 ml plastic syringes with
a 21G needle.

Male Sprague-Dawley rats (8-9 weeks old, 160-180
g) were anesthetized with a mixture of acepromazine,
xylazine, and ketamine. A small incision (5-10 mm) was
made laterally in the skin at the back of the neck. The
intersection of the sagittal and lambdoid sutures was
located, and 50 uL of each formulation was injected with
21 G needle on the left side between the periosteum and
parietal bone. Fourteen days following treatment animals
were euthanized by CO, asphyxiation.}

Tissues for histological analysis were fixed in
10% neutral buffered formalin. Tissues were decalcified
for at least 2 hours in formic acid (RapidBone Decal)
with constant, gentle agitation. Samples were dehydrated
and infiltrated with paraffin. Specimens were then
embedded 1n a cross-sectional plane and sectioned at 5
pM. Sections were stained with hematoxylin and eosin for
histological analysis. New bone formation was scored on
a scale of 0-4. A score of 0 represented no new woven
bone; a score of 1 represented trace or patchy areas of
woven bone; a score of 2 represented larger areas of
patchy bone formation; a score of 3 represented thin,

continuous woven bone (< 50% of original parietal bone)
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and a score of 4 represented thick, continuous woven bone

(>50% of original parietal bone).

Bone Thickness Measurement

The total thickness of the parietal bone was

P

determined at the site of injection. A photograph of

each histology section was taken 2 to 3 mm lateral to the
saglittal suture (the approximate midpoint between the
sagittal suture and the edge of the section). Three bone
thickness measurements of total bone were taken at the
left, middle, and right side of the photograph and scaled
to determine total bone thickness. Both dense cortical
bone and new, woven bone were included in the

measurement.

Results

Qualitatively, all groups of animals treated with
bFGF exhlbited some new bone formation while HA only gel
treated animals and controls show minimal or no new bone
formation. Histologically, DbFGF treated animals showed
the presence of new, woven bone and mature lamellar bone.
At the 1njection site a marked layer of new woven bone
had formed superficial to the more mature underlying
bone. Occasionally, the woven bone is present on the
right side, but is not present to the same extent that is
seen on the left side. The new woven bone show normal
reversal lines, marrow spacing and general staining
characteristics. Most animals in these groups received a
bone formation score of 3 (28/30), while two animals
received the maximum score of 4. Above the woven bone,
there 1s an area of adipose and fibrous tissue in close
approximation to the new woven bone and appear normally

configured. No areas show foci of chronic inflammatory

- 15 -
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cells which would be an indication of antigenic potential
of the HA/bFGF formulation.

The HA gel treated animals showed no or very
little new bone formation, and most animals received a
bone formation score of 0 (26/30). Three of 30 animals
had a bone formation score of 1 while a single animal had
a bone formation of 3. The new bone formation may be a
result of elevation of the periosteum during the surgical
procedure. No abnormalities are observed in any part of
the tissue, and there 1s no indication of antigenic
potential 1n any of the HAs examined.

Animals recelving no surgery and no treatment
showed no new bone formation and all six animals received
a bone formation score of zero. This group was very
similar to the groups receiving HA gel, except that no
new bone formed as a result of elevation of the
periosteum. The specimens consisted of mature bone in
which normal osteocytes are present in lacunae, and
marrow spaces were seen. Small amounts of fine fibrous
tissue are present superficially to the bone tissue in
all sections.

With respect to bone thickness, FGF treated groups
had a 68-100% increase 1in bone thickness over the growth
control. The animals treated with bFGF in a gel formed
from Lifecore's highest molecular weight HA available had
the largest increase in bone thickness (100%). There was
a slight effect of molecular weight on bone formation.

As the molecular weight of HA increased, the amount of
new bone formed also increased. This increase in bone
formation could be due to the increase in viscosity of
the formulation. As the viscosity increased, it became a
larger diffusional barrier for the FGF maintaining it at

the site locally for a longer period. The longer
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residence time of HA then results in more bone formation.

Example 6
This Example addresses the local distribution and

persistence of hyaluronic acid following subperiosteal
injection of an HA + bFGF gel. This study examined the
proliferation of the periosteum, new bone formation, and
the local distribution and persistence of hyaluronic acid
(HA) following subperiosteal injection of an HA gel
contalning basic fibroblast growth factor (bFGF). The
periosteal thickness at 3 days and bone thickness at 10

days was determined by histologic evaluation.

MATERTIALS AND METHODS

Materials

Sodium hyaluronate (HA) was purchased from
Lifecore Biomedical (Chaska, MN, 1300 kDa). DbFGF was
provided by Scios-Nova as a frozen solution (4.3 mg/ml)
1n 9% sucrose, 20 mM sodium citrate; and 1 mM EDTA
adjusted to pH 5. Formulation buffer reagents (sucrose,
sodium citrate, EDTA, BSA) were purchased from Sigma.
Adipic dihydrazide (AD) and l-ethyl-3[3-
(dimethylamino) propyl] carbodiimide (EDC) were purchased
from Aldrich. Sulfo-NHS-Biotin (SNB), 2-(4°
hydroxyphenylazo) benzoic acid (HABA), a 3,3’ diamino
benzidine tetrahydrochloride (DAB) metal enhanced
substrate kit, and an avidin-horseradish peroxidase (Av-

HRP) conjugate were purchased from Pierce. Tween 20 was

purchased from Baker.
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Biotinylation
The HA-Biotin (HA-B1l) conjugate was prepared by a

two step reaction. Hydrazido-HA was synthesized followed
by preparation of HA-B1l according to the method of
Pouyanli and Prestwich, Bioconjugate Chem. 5:370-372
(1994). Hydrazido-HA was prepared by dissolving 200 mg
of HA 1n 50 ml of water. AD (3.5 g) was added to the HA
solution and the pH was adjusted to 4.75 with 0.1 N HC1.
EDC (382 mg) was added to the solution to begin the
reaction. The pH was monitored periodically and
malntained at 4.75 by the addition of 0.1 N HCl. The
reaction was stopped after 4 hours (at this point no
further increase 1n pH was detected) by neutralization to
pPH 7 with 1 N NaOH. This product was dialyzed for 72 hrs
(Specta/Por, 6000 to 8000 MW cutoff) and then lyophilized

for 48 hours.

The HA-B1 conjugate was prepared by dissolving 15
mg of Hydrazido-HA 1n 1.5 ml of 0.1 M NaHCO3. The SNB
(50 mg) was added to begin the reaction. The solution
was stirred with a small magnetic stir bar for 20 hours
at room temperature. The solution was dialyzed for 72
hours and then lyophilized for 48 hours. The degree of
substitution was determined by a displacement assay
according to the manufacturer's protocol (Pierce).
Briefly, 900 uL of avidin-HABA reagent was placed in a 1
ml cuvette. The absorbance at 500 nm was compared to the
absorbance of a solution of 900 ulL of Avidin-HABA plus
100 uL of a 1 mg/ml HA-Biotin solution. The average

degree of substitution was 30 moles of repeating

disaccharide unit per mole of biotin.

Formulation
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Formulations were prepared by mixing a sterile-
filtered solution of bFGF with solid HA as described in
Table 5. The formulation was mixed by repeated back and
forth motion of two syringes connected by a stopcock.
Formulations were prepared aseptically and administered
in prefilled 1 ml plastic syringes with a 21 G needle.
Table 5: HA-Bl1 formulations.

Formulations
Component
HA-Bi+bFGF HA+bFGF
basic fibroblast growth factor 4 mg/ml
(bFGF)

4 mg/ml

4 mg/ml

4 mg/ml

9%

Hyaluronic Acid-Biotin Conjugate

(HA-B1)

Hyaluronic Aeid (%) |16 mgm
odium citrate |20 m
eoa [iw

Animal Model

20 mg/ml | 16 mg/ml

\O
o\©

20 mM 20 mM

\O
o\®

1 mM 1 mM

Male Sprague-Dawley rats (6-7 weeks old, 160-180
g, n=5 per group) were anesthetized with a mixture of
acepromazine, xylazine, and ketamine. A small incision

(5-10 mm) was made laterally in the skin at the back of

the neck. The intersection of the sagittal and lambdoid
sutures was located, and 50 uL of each formulation was
injected on the left side with a 21G needle between the

perliosteum and parietal. Fourteen days following

Creatment animals were euthanized by CO, asphyxiation.

Histology
Tissues for histological evaluation were fixed in

10% neutral buffered formalin then decalcified in a 13 to

15% solution of EDTA with constant, gentle agitation.



CA 02378328 2001-12-20
WO 01/07056 PCT/US00/20373

10

15

20

25

30

Samples were dehydrated and infiltrated with paraffin.
Specimens were then embedded 1n a cross-sectional plane
and sectioned at 4 um. Two sections were prepared for
each specimen and were stained with hematoxylin and eosin
(H&E) or stained for HA with Bi:Av-HRP histochemistry by
the following method. Tissue sections were incubated for

30 min in blocker solution (1%BSA/0.05% Tween in PRBS)

followed by a 60 min i1ncubatilion 1n detecting conjugate
solution

(1 pug/ml Avidin-HRP in 1% BSA/0.05% tween in PBS). These
tissue sections were then placed in wash solution (0.05%
tween in PBS) for 5 min. The wash in PBS/tween was
repeated 5 times with fresh solution. A metal enhanced
DAB kit was utilized to stain for the HA-Bi:Av-HRP
complex. Five minutes after applying the DAB substrate
the sections were rinsed in water. A black precipitate
formed 1in the presence of the complex. Finally, these

sections were counterstalned with hematoxylin (H) for

cellular detail.

Periosteum and Bone Thickness Measurement

The total thickness of the periosteum and parietal
bone was determined at the site of injection. A
photograph of each histology section was taken 2 to 3 mm
lateral to the sagittal suture (the approximate midpoint
between the sagittal suture and the edge of the section).
Three thickness measurements were taken at the left,
middle, and right side of the photograph and scaled to
determine total bone thickness or periosteum thickness.
Tlissue with similar staining characteristics and cell
morphology to normal periosteum was 1included in the

periosteum thickness. Both dense cortical bone and new,
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woven bone were i1ncluded 1n the bone thickness

measurement.

Results

Animals treated with bFGF in an HA gel showed an
increase 1n the thickness of the periosteum at 3 days and
significant woven bone formation at 10 days. Animals
treated without bFGF showed limited periosteum thickening
and bone formation. HA-Bl1 was detected i1n the tissues
immediately adjacent to the thickened periosteum at 3

days and the newly formed bone at 10 days.

For HA-Bi, administration at 3 davys

At the injection site a distinct mass of HA was
present above the periosteum. There was a portion of the
periosteum elevated from the lamellar bone from the
surglical trauma. In the area stained for HA, there was a

localized area of fibrous tissue and a non-specific

cellular infiltrate in which lymphocytes and degenerating

cells were evident. The surrounding tissue consisted of

fine fibrous tissue.

HA-Bi1, administration at 10 davs
The HA-B1l treated animals showed normal lamellar

bone with an area of non-specific fibrous tissue
resembling granulation tissue above i1t. This area
contained lymphocytes, fine blood vessels, fat cells and
a few fragments of unstained material. The brownish-
black peroxidase stain was within the dense fibrous
tissue superficial to the calvarium on the left side.

The HA was distributed non-specifically within the

fibrous tissue.
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For HA-Bl1 + DFGF administration at 3 days

At the 1njection site there was hyperplasia of the

periosteal layer overlaying the pre-existing lamellar

bone. Quantitatively, the periosteum in HA-Bi + FGF

treated animals was 403% greater than animals treated
only with HA-Bi gel. A mass of vascularized, exuberant
fibrous tissue was present above the thickened
periosteum. Within this fibrous tissue, fat cells were
present and a non-specific inflammatory cell infiltrate
containing some polymorphonuclear leukocytes, histocytes
and plasma cells were present. The residual HA extended
across the midline suture and appeared to be undergoing
encapsulation. These samples showed a concentration of
brownish-black stained material (i.e. HA) mainly
concentrated within the confines of the encapsulated
tissue. More of this material appeared to be non-
specifically retained within a fibrous network and some

appeared to be non-specifically accumulated within the

cytoplasm of local histocytes.

HA-B1 + bFGF, administration at 10 days

The injection site showed that the preexisting
calvarial lamellar bone was covered by a thick layer of
maturing woven bone which was normal in structure and
stalning qualities. The total bone thickness was 70%
greater 1n animals treated with HA-Bi + FGF than in
animals receiving HA-Bi gel. This new bone typically
extended just beyond the midline suture onto the right
side of the calvarium. DAB staining for HA was seen in
the superficial layers of the fibrous tissue
proliferation surrounding the newly formed woven bone.
The peroxidase staining indicated that the HA was

typically present in tissues adjacent to newly formed

- 292 -
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bone. Above the woven bone a fibro-periosteal layer was
present. Superficial to this there was an extensive area

of fine fibrous tissue which was vascularized and
contained adipose cells. Some lymphocytes, plasma cells,
and histocytes were also present 1n this well developed

area which was limited by a thin fibrous tissue layer.

HA + DFGF administration at 3 days and 10 days
Qualitatively and quantitatively conjugating

biotin to HA had no effect on the biological response to
the formulation (Table 6). The periosteum and bone

thicknesses of the HA + FGF treated group were not

statistically different from the HA-Bi + FGF treated
group (p>0.05), but were significantly different than HA-

Bi treated controls (p<0.001). Histologically, the
animals treated with HA + bFGF with no biotin were
similar to the HA-Bi + bFGF except that there were no
areas that were stained brownish-black from the DAB
substrate. These areas were not expected to stain
because of the absence of biotin. A few cells did stain
posltively because of the presence of endogenous

peroxidase activity.

Table 6: The periosteum and bone thickness of the three

groups examined 1n this study

Periosteum thickness, 3 Total bone thickness, 10
days (]im) days (um)
Treatment
mean + SD % greater than mean + SD | % greater than
HA-Bi gel "HA-Bi gel

HA-Bi + BFGF 1033 164 & 21| 708
i + bror a1 420 5 16
A5 gel : 2726

o\°
A\
~J
A\
+

)
-
o\°
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The administration of an HA + DbFGF gel by

subperiosteal injection had a significant effect on the

proliferation of the periosteum and active bone

formation. Three days after administration, the
periosteum was nearly 5 fold thicker than control. 1In
addition, 10 days following administration the parietal
bone thickness was 70% greater than control in HA/bFGF
treated rats. The HA carrier 1n the formulations
examined here directs the formation of new bone by
placement of the material; HA 1is seen in areas of active
bone formation. 'Following injection of HA + bFGF, the HA
provides a reservolir of bFGF adjacent to the site of new
bone formation.

In addition to providing site directed release of
bFGF, HA has biological properties that appear to support
an environment to promote bone formation. HA may have a
synergistic effect with FGF.

The foregoing disclosure and description of the
invention are illustrative and explgnatory thereof and
various changes in the size, shape and materials as well
as 1n the details of the preferred embodiment may be made

without departing from the spirit of the invention.
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WHAT IS CLAIMED:

1. A composition for treatment of diseased,
injured or abnormal bone composition comprising an
effective amount of a mixture of a growth factor and
hyaluronic acid sufficient to enhance bone growth rate
and magnitude and having sufficient viscosity and
biodegradability to persist upon application at an intra-
articular site of desired bone growth for a period of
time sufficient to enhance said bone growth rate and

magnitude.

2. A composition according to claim 1 wherein

sald hyaluronic acid 1s uncrosslinked.

3. A composition according to claim 1 wherein
said composition comprises 0.1 to 4% by weight of
hyaluronic acid in solution.

4 . A composition according to claim 1 wherein
sald growth factor comprises DbFGF.

5. A composition according to claim 4 wherein
sald bFGF is present in said compos%tion in a range of
about 10°° to 100 mg/ml of said composition.

6 . A method of treating diseased, 1njured or

pr—

abnormal bone at an intra-articular sgsite of desired bone

growth comprising the step of applying to said site a

composlition comprising an effective amount of a mixture
of hyaluronic acid and a growth factor sufficient to
enhance bone growth rate and magnitude and having
sufficient viscosity and biodegradability to persist at
sald site for a period of time sufficient to enhance said

bone growth rate and magnitude.

7. A method according to claim 6 wherein said

hyaluronic acid is uncrosslinked.
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8 . A method according to claim 6 wherein said
hyaluronic acid in said composition comprises about 0.1-
4% by weight of said composition.

9. A method according to clailm 6 wherein said

growth factor comprises DbFGF.

10. A method according to claim 9 wherein said
bFGF is present in a range of about 10°° to 100 mg/ml in

sald composition.
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Figure 3
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—4— 100 pg bFGF in a 2% HA gel
—O— 100 pg bFGF in a fibrnin ge

—A— 100 pg bFGF in a sucrose /citrate buffer
—4&k— Control
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Time (days)

Figure S
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