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METHOD FOR ENHANCING BONE FORMATION

Throughout  this invention, various publicatibns are
referred to by Arabic numerals within parentheses. Full
citations for these publications are presented immediately
before the claims. Disclosures of these publications in
their entireties are hereby incorporated by reference into
this application in order to more fully describe the state

of the art to which this invention pertains.

Background of the Invention

Platelet-rich ©plasma (“PRP”) is derived from piésma
enriched for platelets and may be efficacious in enhancing
wound healing and increasing the rate of bone graft healing
in the field of oral and maxillofacial surgery (1, 2).
Platelets are known to contain a number of growth factors
such as platelet-derived growth factor (“PDGF") ,
transforming growth factor beta (“TGFR”), insulin-like
growth factors (“IGFs”), epidermal growth factor (“EGEF”),
and epithelial cell growth factor (“"ECGF”) (3, 4).

In the early stages of wound healing following bone
fractures or surgical interventions, platelets  are
activated by the coagulation cascade, particularly thrombin
and subendothelial collagen. Activated platelets
subsequently release the content of their granules into the
wound site. Current methods of PRP preparation use bovine
thrombin for clotting, which has been associated with the

formation of antibodies to <clotting factors V, XI and
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thrombin, resulting in life-threatening coagulopathies (5).
Thrombin is a serine protease mediated through activation
of specific thrombin receptors to elicit a variety of
cellular responses. The thrombin receptors from human
platelets have been sequenced and cloned. Thrombin
receptors belong to the seven-transmembrane-spanning domain
receptor family coupled to G-proteins (Fig. 1). Thrombin
binds to and cleaves its receptor between amino acid

2 to generate a new amino terminus.

residues Arg?' and Ser?
The newly generated N-terminal segment of a l4-amino acid
peptide SFLLRNPDNKYEPF functions as a “tethered ligand” and
activates the receptor (6). Thrombin receptor activator
peptide-6 SFLLRN (“WTRAP”) is a synthetic peptide
corresponding to the amino terminal peptide sequence (amino
acids 42-47 of the thrombin receptor) that mimics thrombin

in eliciting thrombin-signaled cell responses in platelets

independent of receptor cleavage (7, 8).

Although the bone remodeling cascade 1is not yet fully
understood, the sequence of eyents appears to be under the
control of a number of growth factors. Initially,
chemotaxis of osteoblast precursors to the site of bone
regeneration is mediated by structural proteins such as
collagen and/or osteocalcin, as well as growth factors such
as PDGF and TGFR (9, 10, 11). This is followed by
proliferation of osteoblasts. PDGF, TGFB, as well as
fibroblast growth factor (“FGF”) and IGF-I and II have all
been shown to stimulate proliferation of osteoblasts (12).
The differentiation of osteoblasts into mature bone cells
is also controlled by growth factors, most significantly by
IGF-1 and the bone morphogenetic proteins (“BMPs”) (13,
14).
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The aforementioned growth factors within the granules are
believed to mediate normal bone healing and regeneration.
The efficiency of growth factors in enhancing bone
regeneration is 1likely dependent on dosage, spatial
distribution, and temporal sequencing of the available
growth factors. Previously <reported methods of . PRP
preparation have reported platelet enrichments of 300 to
700% (3, 4) while assays for growth factors in PRP showed a
7-fold increase in TGFB and a 30-fold increase of PDGF
using Enzyme-Linked Immunosorbent Assay (“ELISA") (15).
Whether these enhanced levels of growth factors in PRP are
locally available to the osteoblast at the critical time

has not been investigated.

Growth factors activated at the appropriate temporal
sequence and spatial distribution have a profound effect on
bone regeneration. PDGF has been shown to stimulate
mitogenesis and proliferation of mesenchymal-derived cells
such as osteoblasts in bone healing. TGFR is a mitogenic
and chemotactic factor that induces proliferation and
differentiation of mesenchymal cells into osteoblasts (16).
In vitro studies.showed that the combination of cytokines
and growth factors increased osteoblast proliferation and
differentiation (17) . The spatial and temporal
localization of the growth factors 1is critical in bone
cellular growth and differentiation. Although PRP has
proven to be effective in enhancing bone graft healing in a
limited number of studies, the temporal sequence and ievels
of growth factors released from the PRP composite have not

been well studied.
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Bone regeneration requires osteogenic cell source, growth
factors and nutrient supplies. PRP alone does not have any
osteoconductive or osteoinductive effect on bone

regeneration and is usually used in conjunction with bone

.graft or bone substitute materials. BioOss (Osteohealth,

Shirley, NY) is a bone substitute made from bovine bone
after removal of all organic materials. The morphological
structure of BioOss resembles human cancellous bone. The
porous nature of BioOss provides a scaffold for the
formation of the new bone (18). AlloGro (Ceramed,
Lakewood, CO) is demineralized freeze-dried bone allograft
(“DEFDBA") . DFDBA has been used extensively in bone
grafting, as it is known to have osteoinductive
charactéristics that will enhance bone cell growth (19).
4585 BioGlass is a melt-derived biocactive glass ceramic.
In vitro studies have shown that BioGlass has the ability
to stimulate the growth and estrogenic differentiation of

human osteoblasts (20).

The dominant mechanism governing growth factor release from

‘the composites of PRP and bone substrate is diffusion, and

this process 1is driven by the local growth factor
concentration gradient present at the graft site. In vitro
models of growth factor release must take into account
several processes, which are unique, in vivo.
‘Specifically, the temporal concentration and spatial
distribution of growth factors within the graft site are
expected to vary as a function of fluid infiltration during
the initial repair response, as well as the subsequent
uptake of available growth factors for cellular function
during the bone regeneration stage. Repcrted in vwvitro

growth factor release studies wusually adapt either the
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static or dynamic mode of incubation. In the static mode,
no media exchange 1is performed and concentration values
will eventually reach steady state. In the dynamic mode,
fresh solution 1s added periodically to the system to
emulate the location changes in growth factor concentration

and utilization.
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Summary of the Invention

This invention provides a method for facilitating bone
formation in a subject comprising delivering to a bone
formation-requiring site in the subject a composition of

matter comprising platelet-rich plasma, calcium, a PAR-

activating agent and a bone-forming material (i.e., a bone
regeneration-facilitating material), wherein the
composition is free of exogenous thrombin, thereby

permitting the composition to facilitate bone formation.

This invention further provides a method for facilitating
bone formation in a subject comprising (a) delivering to a
bone formation-requiring site in the subject a composition
of matter comprising platelet-rich plasma, calcium and a
bone-forming material, wherein the composition is free of
exogenous thrombin, and (b) contacting the composition so
delivered with a PAR-activating agent, other than thrombin,
under conditions permitting clot formation in the
composition, thereby permitting the composition to

facilitate bone formation.

This invention further provides a method for facilitating
clot formation in platelet-rich plasma comprising the step
of contacting the platelet-rich plasma with a PAR-
activating agent, other than thrombin, under conditions
permitting clot formation, thereby facilitating clot

formation in the platelet-rich plasma.

This invention further provides a method for producing a
formable gel comprising ‘the step of admixing platelet-rich

plasma, calcium, a bone-forming material and a PAR-
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activating agent, other than thrombin, thereby producing a

. formable gel.

This invention further provides a composition of matter
comprising platelet-rich plasma, calcium, a PAR-activating
agent and a bone-forming material, wherein the composition

is free of exogenous thrombin.

Finally, this invention provides an article of manufacture
comprising a packaging material having therein, in the same
or separate compartments, calcium, a PAR-activating agent

and a bone-forming material.



10

15

20

25

30

WO 2006/015275 -8- PCT/US2005/027119

Brief Description of the Figures

Figure 1 Schematic of the Function of TRAP. Thrombin binds
to and cleaves its receptor between amino acid residue Arg*
and Ser?’ to generate a new amino terminus. The newly
generated N-terminal segment of a l4-amino acid peptide
SFLLRNPDNKYEPF functions as a “tethered ‘ligand”.‘and
activates the receptor. Thrombin receptor activator
peptide-6 SFLLRN (TRAP) is a synthetic peptide
corresponding to the amino peptide ‘sequeﬁce and mimics
thrombin in eliciting thrombin-signaled cell responses in

platelets.

Figure 2 Clot diameter and distribution. Differences in
clot diameter were observed between the thrombin, TRAP, and
PRP Composites AlloGro (AG), BioOss (BO), and BioGlass
(BG) . Larger and more evenly distributed clots were

observed for the PRP composite groups.

Figure 3 Temporal Effects of Clotting Substrate on PDGF
Release. The thrombin clots released the highest amount of
PDGF at 24 hours compared to all other groups tested
(p<0.05) . Bone substitute groups BioGlass (BG), BioOss,
and AlloGro (AG) had approximately 80% less PDGF release
than the thrombin group. All bone substitute groups
retained on average 60% more PDGF than the thrombin  group

after 14 days. * denotes statistical significance between

groups (p<0.05, n=3).

Figure 4 Effects of Media Exchange on PDGF Release from

Clotting Substrates. In Group 2, media exchange was less

frequent compared to Group 1 (see Figure 3). Similar
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release profiles were observed for Group 2 substrates when
compared to those from Group 1. While the mean values of
release may be higher, no statistically significant effects
on PDGF release due to the frequency of media change were

observed for the Thrombin, TRAP, AlloGro (AG) or BioOss

groups.

Figure 5 Effects of Clotting Substrate on TGFp Release.
The thrombin group released the highest amount. of TGFP post
clotting (p<0.05, n=3), with over 81.4% of the growth
factor already released from the thrombin clot within 24
hours. The TRAP alone as well as the PRP composite groups
released significantly lower levels of TGFB (p<0.05).
Within the bone substrate groups, BG had the highest TGFp
retention compared to the two other groups tested (p<0.053).
No significant differences in growth factor release weré
observed between the bone substrates at the remaining time
points. After 14 days, all of the TGFBP in thrombin clots
had been released, while all of the Dbone substrates
retained approximately 44% more of the factor compared to
the thrombin group. * denotes statistical significance

between groups (p<0.05, n=3).

Figure 6 Effects of Media Exchange on PDGF Release from PRP

Composites. A significant difference in PDGF release due
to media exchange Was only observed in the BioGlass (BG)
substrate (p<0.05, n=3), where Group 1 released
significantly higher amount of the factor compared to Group
2 in which the media was exchanged less frequently. No
significant difference in release was observed for
thrombin, TRAP, and all other bone substrates tested as a

function of media exchange. It is likely that the AlloGro
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(AG) and BioOss substrates exhibited improved retention of
PDGF compared to the BG group. * denotes statistical

significance between groups (p<0.05, n=3).

Figure 7 Effects of Media Exchange on TGEp Release from PRP
Composites. TGFP release from the substrates was dependant
on media exchange in the PRP composite fofmed with AG
(p<0.05,  n=3). Group .1 released significantly higher
amount of the factor compared to Group 2, where the media
was exchanged less frequently. Media exchaﬁge was found to
have no significant effect on the retention of TGFB by the
BioOss and BioGlass group. * denotes statisﬁical
significance between groups (p<0.05, n=3). These data
suggest that BioOss and BioGlass have enhanced retention of

TGFB.

Figure 8 Additional schematic of the function of thrombin
receptor agonist peptide-6 (TRAP). See Figure 1 for
details.

Figure 9 The addition of thrombin resulted in rapid
clotting of platelet-rich plasma (PRP). When 30 units of
thrombin was added to 0.5 mL of PRP mixture, complete
polymerization occurred at 6 minutes. The addition of 100
units (units thrombin/mL PRP used clinically) resulted in
clot formation at 3.25 minutes. The addition of thrombin
receptor agonist peptide-6 (TRAP) at lOOAumol/L took 9.25
minutes for the clot to completely solidify.

Figure 10 The platelet-rich plasma (PRP) control clot

(calcium only) took significantly longer to gel and

resulted in - a clot with very poor structural
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integrity (data not shown). Virtually all of the clot
retraction was complete by 2 hours. Thrombin caused
considerable clot retraction. The addition of 100 units

of thrombin showed 43% shrinkage of the clot at all time
points. In contrast, thrombin receptor agonist peptide-6
(TRAP) (50 and 100 umol/L) measured only a 15% decrease in

the clot diameter

Figure 11 Clotting times using the different bone

substitutes were determined using 100 pmol/L of thrombin
receptor agonist peptide-6 (TRAP) with either 25 mg of
Allogro, BioOss, or 4585 Bioactive Glass (BG). Arrows

indicate clot size.

Figure 12 Thrombin receptor agonist peptide-6

(TRAP) /Allogro (11%, 25 mg at 24 hours), TRAP/BioOss
(21%, 25 mg at 24 hours), and TRAP/BioGlass (8%, 25 mg at
24 hours) all had significantly less clot retraction than

thrombin (56%, 100 units, 24 hours].

Figure 13 The highest volume of supernatant was collected
at day 1. At all time points, the thrombin group measured
the largest volume. At day 1, the thrombin group released
the highest amount of platelet-derived growth factor
(PDGF)-AB (P < .05), approximately 36% more than the
thrombin receptor agonist peptide-6 (TRAP) group. At 7
days, the TRAP group had the highest PDGF-AB release
compared with thrombin. At 14 days, both groups released
minimal amounts of growth factor (A). The amount of
transforming growth factor-p (TGFR) released by the platelet-
rich plasma (PRP)-clotted thrombin and TRAP is shown (B).
Similar to the case with PDGF-AB, the thrombin group
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released the highest amount of TGFPB at day 1 postclotting.
The total amount of TGFR contained in the original PRP
volume was measured to be 13,982 * 2,673.81 pg. -In the
thrombin group, over 81.4% of the growth factor was already
released from the clot in 24 hours. In contrast, the TRAP
group released significantly lower levels of TGFB (P < .05).
Compared with the thrombin group, clotting of éRP with TRAP
retained 39.2% more of the growth factor at 72 hours.
After 14 days, all of the TGFB in thrombin clots had been

released.
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Detailed Description of the Invention

Definitions

“Autologous” shall mean, with respect to any of the instant
methods, originating from the subject on whom the instant

method is being practiced.

“Bone regeneration-facilitating material” shall mean a
solid material which, when placed in, or in Jjuxtaposition
to, 1living bone under suitable conditions, serves as a

scaffold for the formation of new bone by bone-forming

cells. Bone-forming material includes, without limitation,
collagen, bioglass (e.g., 4555 BioGlass), BioOss (calcium
phosphate-based bone graft substitute), Pepgen P-15

(synthetic P-15 peptide bound to a natural form of
hydroxylapatite) and AlloGraft (demineralized bone matrix,

allograft-based bone graft substitute).

“Bone formation-requiring site” shall mean a site on or in
the bone of a subject where the formation of bone is
desired. A bone formation-requiring site includes, for
example, a space or recess formed in bone through decay or
surgical bone removal. Such site can exist on or in any

bone (e.g., maxillofacial or vertebral) in any subject.

“Calcium”, with regard to its use in the instant invention,
shall mean calcium ions, which exist together with one or
more types of negative ions. In one embodiment, calcium

exists in the form of a CaCl, solution.
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“Conditions permitting clot formation” include, without
limitation, the presence of calcium ions and a temperature

of about 37°C.

“Added growth factor” shall mean a growth factor which does
not originate from the plafelet—rich plasma used in the
instant invention. For example, human PDGF added to human
platelet-rich plasma constitutes exXogenous growth factor,

as opposed to the PDGF already in (i.e., originating from

" and hence endogenous) the platelet-rich plasma.

“added thrombin” shall mean thrombin which does not
originate from the platelet-rich plasma used in the instant

invention.

“Facilitating”, with respect to bone formation, shall mean

permitting and/or increasing the rate of bone formation.

“PAR” shall mean thrombin-binding, G protein-coupled
protease-activated receptor whose amino terminus is cleaved

by thrombin.

wpAR-activating agent” shall mean an agent which binds to
PAR, resulting in its activation in the form of a

transmembrane signal.

wplatelet-rich plasma,” also referred to in the art as
“pRP,” shall mean plasma having therein platelets at a
concentration which exceeds the concentration of platelets
usually found in whole plasma (i.e., plasma whose
components have not been altered, diminished -or removed) .

In one embodiment, platelet-rich plasma has a platelet
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concentration of between about 300% and 700% greater than

the concentration of platelets in whole plasma.

“Subject” shall mean any organism including, without
limitation, a mammal such as a mouse, a rat, a dog, a
guinea pig, a ferret, a rabbit and a primate. In the

preferred embodiment, the subject is a human being.

“Trap-6”, also referred to as “TRAP-6” and “TRAP”, shall

mean thrombin receptor activator peptide-6 having the amino

acid sequence SFLLRN.

Embodiments of the Invention

This invention provides a method for facilitating bone
formation in a subject comprising delivering to a bone
formation-requiring site in the subject a composition of
matter comprising (i) autologous platelet-rich plasma, (ii)
calcium and (iii) a PAR-activating agent, wherein the
composition is free of added thrombin, thereby permitting
the composition to facilitate bone formation. In one
embodiment, the PAR-activating agent is TRAP-6. In another
embodiment, the composition of matter further comprises a
bone regeneration-facilitating material. In another
embodiment, the bone regeneration-facilitating material is
osteoconductive. In another embodiment, the bone

regeneration-facilitating material is osteoinductive. In

.another embodiment, the Dbone regeneration-facilitating-

material is selected from the group consisting of collagen,
BioOss, PepGen P-15, AlloGro, 45S5 BioGlass and autologous
bone. In another embodiment, the composition further

comprises one or more added growth factors. In another
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embodiment, the added growth factor is endogenous to the
subject’s platelet-rich plasma. In another embodiment, the
added grthh factor is exogeﬁous to the subject’s platelet-
rich plasma. In another embodiment, the added growth
factor is selected from the grbup consisting of platelet-
derived growth factor, bone morphogenetic protein,
transforming growth factor beta, insulin-like growth
factor, epidermal growth factor, epithelial cell growth
factor, and vascular endothelial growth factor. In another
embodiment, the composition is a formable gel. In another

embodiment, the subject is human.

This invention further provideé a method for facilitating
bone formation in a subject comprising (a) delivering to a
bone formation-requiring site in the subject a composition
of matter comprising (i) autologous platelet-rich plasma
and (ii) calcium, wherein the composition is free of added
thrombin, and (b) contacting the composition so delivered .
with a PAR-activating agent, other than thrombin, under
conditions permitting clot formation in the composition,
thereby permitting the composition to facilitate bone
formation. In one embodiment, the PAR-activating agent is
TRAP-6. In another embodiment, the composition of matter
further comprises a bone regeneration-facilitating
material. In another embodiment, the bone regeneration-
facilitating material is osteoconductive. In another
embodiment, the bone regeneration-facilitating material is
osteoinductive. In another embodiment, the bone
regeneration-facilitating material is selected from the
group consisting of collagen, BioOss, PepGen P-15, AlloGro,
4585 BioGlass, and autologous bone. 1In another embodiment,

the composition further comprises one or more added growth
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factors. In another embodiment, the added growth factor is
endogenous to the subject’s platelet-rich plasma. In

another embodiment, the added growth factor is exogenous to
the subject’s platelet-rich plasma. In another embodiment,
the added growth factor is selected from the group
consisting of platelet-derived growth factor, bone
morphogenetic protein, transforming growth factor beta,
insulin-like growth factor, epidermal growth factor,
epithelial cell growth factor, and vascular endothelial

growth factor. In another embodiment, the subject is

human.

This invention further provides a method for facilitating
clot formation in platelet-rich plasma comprising the step
of contacting the platelet-rich plasma with a PAR-
activating agent, other than thrombin, under conditions
permitting clot formation, thereby facilitating <clot
formation in the platelet-rich plasma. In one embodiment,
the PAR-activating agent is TRAP-6. In another embodiment,

the platelet-rich plasma is admixed with a bone

regeneration-facilitating material. In another embodiment,
the bone regeneration-facilitating ~material is
osteoconductive. In another embodiment, the bone
regeneration-facilitating material is osteoinductive. In

another embodiment, the bone regeneration-facilitating
material is selected from the group consisting of collagen,
BioOss, PepGen P-15, AlloGro and 45S5 BioGlass, and
autologous bone. In another embodiment, the platelet-rich

plasma is human platelet-rich plasma.

This invention further provides a method for producing a

formable gel comprising the step of admixing platelethich
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plasma, calcium and a PAR-activating agent, other than
thrombin, so as to permit clot formation, thereby producing
a formable gel. In one embodiment, the PAR-activating
agent‘is TRAP-6. In another embodiment, the method further
comprises the step of admixing a bone regeneration-

facilitating material with the platelet-rich plasma, .

calcium and PAR-activating agent. In another embodiment,
the bone regeneration-facilitating material is
osteoconductive. In another embodiment, the bone
regeneration-facilitating material is osteoinductive. In

another embodiment, the bone regeneration-facilitating

material is selected from the group consisting of collagen,

_ BioOss, PepGen P-15, AlloGro, 4585 BioGlass, and autologous

bone. In another embodiment, the method further comprises
admixing one or more growth factors with the platelet-rich
plasma, calcium, a bone regeneration-facilitating material
and a PAR-activating agent. In another embodiment, the
growth factor 1is selected from the group consisting of
platelet-derived growth féctor, bone morphogenetic protein,
transforming growth factor beta, insulin-1like growth
factor, epidermal growth factor, epithelial cell growth
factor and vascular endothelial growth factor. In another
embodiment, the platelet-rich plasma is human platelet-rich

plasma.

This invention further provides a composition of matter
comprising platelet-rich plasma, calcium and a  PAR-

activating agent, wherein the composition is free of added

thrombin. In one-  embodiment, the PAR—activating agent is
TRAP-6. In another embodiment, the composition further
comprises a bone regeneration-facilitating material. In

another embodiment, the bone regeneration-facilitating
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material is osteoconductive. In another embodiment, the
bone régeneration—facilitating material is osteoinductive.
In another embodiment, the bone regeneration-facilitating
material is selected from the group consisting of éollagen,
BioOss, PepGen P-15, AlloGro, 4585 BioGlass, and autologous
bone. In another embodiment, the composition further
comprises one or more added growth factors. "~ In another
embodiment, the added growth factor is endogenous to the
platelet-rich plasma. In another embodiment, the added
growth factor is exogenous to the platelet-rich plasma. In
another embodiment, the added growth factor 1is selected
from the group consisting of platelet-derived growth
factor, bone morphogenetic protein, transforming growth
factor beta, insulin-like growth factor, epidermal growth
factor, epithelial cell growth factor and vascular
endothelial growth factor. In another embodiment, the

platelet-rich plasma is human platelet-rich plasma.

This invention further provides an article of manufacture

comprising a packaging material having ’t:herein,~ in the same

or separate compartments, calcium and a PAR-activating
agent. In one embodiment, the PAR-activating agent 1is
TRAP-6. In another embodiment, the article comprises in

the same or separate compartments, a bone regeneration-
facilitating material, calcium and a PAR-activating agent.
In another embodiment, the bone regeneration-facilitating
material is osteoconductive. In anotherl‘embodiment, the
bone regeneration-facilitating material is osteoinductive.
In another embodiment, the bone regeneration-facilitating
material is selected from the group consisting of collagen,
BioOss, PepGen P-15, AlloGro, 4585 BioGlass, and autologous

bone. In another embodiment, the article further comprises
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one or more added growth factors. In another embodiment,
the added growth factor is endogenous to platelet-rich
plasma. In another embodiment, the added growth factor is
exogenous to platelet-rich plasma. In another embodiment,
the added growth factor is selected <from the group
consisting of platelet-derived growth factor, bone
morphogenetic protein, transforming growth factor Dbeta,
insulin-like growth factor, epidermal growth factor,
epithelial cell growth factor and vascular endothelial
growth factor. In another embodiment, the article further
comprises instructions for use in facilitating Dbone
formation in a subject. In another embodiment, the article
further comprises container(s) and reagent(s) for preparing
platelet-rich plasma and, using the platelet-rich plasma so
prepared, admixing the platelet-rich plasma with the
calcium and a PAR-activating agent to form a bone-

formation-enhancing composition.

This invention will be better understood from the
Experimental Details which follow. However, one skilled in
the art will readily appreciate that the specific methods
and results discussed are merely illustrative of the
invention as described more fully in the claims which

follow thereafter.
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Experimental Details

Example 1

Synopsis

Preparation of PRP with thrombin results 'in a large
immediate release of growth factor into the supernatant,
which could be lost into the interstitium in vivo.
Materials other than thrombin such as TRAP and bone
substitutes are believed to be more efficacious in
sustaining growth factor levels critical for the cascade of
events leading to bone formation. Growth factor retention
was a function of both the substrate used as well as the
specific growth factor examined. Use of this in wvitro
system to control growth factor release from PRP composites

has use in enhancing bone regeneration.

Materials and Methods

Preparation of PRP

PRP was prepared by a modification of Landesberg et al (4).
Sixty milliliters of venous blood from healthy adult
volunteers were mixed with ACD Solution B in 9.0 ml
vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ).
The ACD solution contained 13.2 g/L. trisodium citrate, 4.8
g/L citric acid, and 14.7 g/L dextrose. The samples were
centrifuged at 200 x g for 15 minutes (ACE Surgical Supply
Company, Inc; Brockton, MA). The plasma and buffy coat
layers were removed and placed into 5 ml tubes, and tubes

were spun at 200 x g for another 10 minutes. The upper
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half of the preparation was designated platelet-poor plasma
(PPP) and subsequently discarded. The lower half of the
plasma and the pellet were re-suspended and pooled to be

the platelet-rich plasma (PRP).

Preparation of PRP-Bone Substitute Composites

PRP composites were prepared by mixing PRP and TRAP with
bone substitutes commonly utilized in the clinical setting.
Twenty four-well plates (Corning Inc., Corning, NY) were
coated with 1% bovine serum albumin (Sigma, St. Louis, MO)
and incubated for 1.5 hours at 37°C. Sterilized BioOss (25
mg, 0.5-1.0 mm), AlloGro (25 mg), and 45S5 Bioactive Glass
(25 mg, 300 pm) were uniformly dispersed within the wells.
Fresh PRP (0.5 ml) aliquots were then dispensed into the
pre-coated 24-well plates, and 30 pl of 10% calcium
chloride solution were added to each well. Experiments
were performed in triplicate (n=3) with the addition of
bovine thrombin (75 units) or thrombin receptor activating
peptide (TRAP, H;N-Ser-Phe-Leu-Leu Arg-Asn-NHjy) . TRAP was

used to clot PRP for all bone substitute groups examined.

Growth Factor Release - Effects of Bone Substitute and

Incubation Mode

The temporal release of growth factors was examined as a
function of bone substitute and mode of sample incubation.
Specifically, the PRP composites were allowed to clot, and
all samples were incubated at 37°C and Thumidified
environment for up to 14 days. The media were exchanged
for all groups at 1 day after incubation. The wvolume of

fluid released from the clot was measured and equal volume



10

15

20

25

30

—-23-
WO 2006/015275 PCT/US2005/027119

of fresh Dulbecco’s Modification of Eagle’s Medium (DMEM,
Mediatech, Herdon, VA) without serum was added back to each
well. Subsequently, in the dynamic incubation mode (Group
1), the fluid released from the clot was collected and
equal volume of fresh DMEM was added back into the well at
3, 7, and 14 days. 1In the static mode (Group 2), the media

was exchanged only at the designated time points (7 and 14

. days) . All collected supernatant samples were stored at -

70°C prior to analyses.

Quantification of PDGF and TGFp

Supernatants collected from all time points for both Group
1 and 2 were assayed for PDGF-AB and TGFB content using
diagnostic kits from R & D Systems (Minneapolis, MN). Both
assays are based on a sandwich enzyme immunoassay
technique. The PDGF-AB assay uses a pre-coated microtiter
plate with a monoclonal antibody to PDGF-AA. Preparation
and dilution of samples and standards were performed as
directed by the manufacturer. Both the standards and the
samples were incubated for 3 hours at room temperature.
The plate was washed with buffer and a conjugated antibody
to PDGF-BB was added to the wells and incubated at room
temperature for an additional 1 hour. The plate was then

washed and substrate added for 20 minutes at room

temperature. The reaction was stopped and absorbance was
determined at 450 nm using a spectrophotometer
(SpectraFluor Plus, Tecan, Maennedorf, Switzerland)- A

standard curve was generated and the PDGF-AB levels (pg/ml)
of each sample were determined. The total amount of growth
factor was calculated based on the amount of supernatant

obtained after clot retraction.
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TGFp was assayed with a similar enzyme immunoassay
technique. A dilution series of TGFPp standards was
prepared in 100 pl volumes in 96-well microtiter plates
coated with TGFB receptor Type II. The sample supernatants
(0.025 ml) obtained from PRP composites were diluted with
0.075 ml of phosphate buffer saline solution. The samples
were then activated with 0.1 ml of 1.0 N HCl ﬁncubated at
room temperature for 10 minutes, neutralized by an addition
of 0.1 ml of 1.2 N NaOH/0.5 M HEPES (N—[Z—hydroxyethyl]
piperazine-N-[2-ethanesulfonic acid]) . The supernatant
fractions were then incubated - for 3 hours at room
temperature. The wells were then washed and enzyme-

conjugated polyclonal antibody to TGFPl was added and

"allowed to incubate for 1.5 hours at room temperature. The

reaction was stopped and absorbance was measufed at 450 nm
using a spectrophotometer (SpectraFluor Plus, Tecan,
Maennedorf, Switzerland). A standard curve was generated
and the TGFP levels (pg/ml) of each sample were determined.
The total amount of growth factors was calculated based on

the amount of supernatant obtained after clot retraction.

Statistical Analyses

Al]l results were expressed as mean i standard deviation.
Multi-way Analysis of Variance (ANOVA) was performed and
the Tukey-Kramer test was wused to compare between the

means. Significance was determined at p<0.05.
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Results

Thrombin results in rapid clotting of PRP. When 30 units
of thrombin are added to 0.5 ml of PRP mixture, complete
polymerization occurs at 6 min. Addition of ‘100 wunits
(similar to the ratio of that used clinically) and 300
units resulted in clot formation at 1.25 min. The addition
of TRAP at 100 uM took 14.5 min for the clot to completely
solidify. The addition of collagen accelerated the clot

formation by 4-7 min.

The highest volume of supernatant was collected for all
groups at day 1. At all time points the thrombin group
measured the largest volume. At day 1 the thrombin group
released the highest amount of PDGF-AB (p<0.05, 32,526 pg),
approximately 36% more than the TRAP group (20,642 pg).
PDGF-AB release from the bone substitute groups, BioGlass
(8,757 pg), BioOss (6,847 pg), and AlloGro (5,519 pg) was
approximately 80% less than that from the thrombin group
(Figure 3). At 7 days the TRAP group had the highest PDGF-
AB release (11,624 pg) compared to thrombin (5,068 pg),
while BioGlass (5,304 pg), BioOss (6,646 pg), and AlloGro
(3,775 pg) measured similar levels. At 14 days all groups
released minimal amounts of growth factor. All Dbone
substitute groups retained on average 60% more PDGF-AB than

the thrombin group after 14 days.

The amount of TGFR released by the PRP composite is shown
in Figure 5. Similar to the case with PDGF-AB, the
thrombin group released the highest amount of TGFB at day 1
post clotting. The total amount of TGFP contained in the
original PRP volume was measured to be 13,982+2,673.81 pg.
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In the thrombin group (TH), over 81.4% of the growth factor
was already released from the clot. In contrast, the TRAP
alone as well as the PRP composite groups released
significantly lower levels of TGFB (p<0.05). Combared to
the thrombin group, clotting of PRP with TRAP retained
39.2% more of the growth factor, while the bone substrate
groups retained significantly higher amounts of TGFB: (AG
retained 54.3%, BioOss retained 45.8%, and BG retained
67.0%). Within the bone substitute groups, . BG had the
highest TGFB retention compared to the two other groups
tested (p<0.05). No significant differences 1in growth
factor release were observed among the bone substrates at
the remaining time points. After 14 days, all the TGFﬁ in
thrombin clots was released, while all the bone substrates.
retained approximately 44% more of this growth factor

compared to the thrombin group.

The effects of media exchange on PDGF and TGFP release are
shown in Figures 6 and 7, respectively. Figures 3 and 4
compare speéifically the release profile of PDGF under
dynamic (Group 1) versus static (Group 2) modes of media
exchange. In terms of PDGF release, a significant
difference 1in release was only observed for the BG
substrate as a function of media exchange (p<0.05). Group
1 released higher amounts of PDGF compared to 'Group 2
(p<0.05, n=3). No significant difference in release was
observed for thrombin, TRAP, and all other bone substitutes
tested as a function of frequency of media exchange. In
contrast, TGFR release from the substrates was affected by
media exchange in the PRP composite formed with AG
(p<0.05) . Group 1 released significantly higher amount of

the factor compared to Group 2, where the media was
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exchanged less frequently. Media exchange was found to
have no significant effect on the retention of either PDGF-

AB or TGFBR by the BO group.

Discussion

In this study, the release of growth factors PDGF-AB and
TGFRp from different preparations of PRP was evaluated, and
the effect of the frequency of media exchange. on the
release profiles was monitored. Current methods of
preparing PRP utilize commercially available thrombin
derived from bovine plasma which has been associated with
the development of antibodies to clotting factors V, XI,
and .thrombin, resulting in the risk of 1life-threatening
coagulopathies (5). This invention provides an alternative
method for PRP clotting using Thrombin Receptor Activator
Peptide-6 (TRAP), a synthetic peptide that mimics thrombin
in eliciting thrombin-signaled cell responses in platelets.
Studies have shown that TRAP results in significantly less
clot retraction than thrombin while providing excellent
working time in the preparation of PRP. Since TRAP is a
synthesized  peptide it is devoid of contaminated
coagulation factors present in bovine thrombin, negating
the risk of serious coagulopathies. Therefore TRAP was
chosén to activate clotting of PRP in the present study.
The results from this study show that TRAP, when used alone,
retained more PDGF-AB than thrombin. Moreover, when TRAP
was combined with BO, BG and AG, approximately 60% more
growth factor was retained compared to thrombin. These
results suggest that PRP with TRAP and TRAP plus bone
substitutes are potentially superior to PRP prepared with

thrombin.
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In this study PDGF-AB and TGFB release from PRP and PRP
composites were evaluated. There were no significant
differences in PDGF-AB release among any of fhe bone
substitutes at all time points. These results suggest that
the retention of PDGF-AB by the TRAP/bone substitute
composites is relatively nonspecific to the ~ tested
substitutes. In contrast, differences in TGFP release were
observed among the various bone substitutes as a function
of time. Growth factor retention is dependént on both the
substitute used, as well as the specific growth factor
examined. In contrast to PDGF-AB, there was a large
release of TGFB (40 — 50 %) at day 1 in all bone substitute
groups. This suggests that the bone substitutes have a
much greater potential for the retention of PDGF-AB. While
IGF-1 was not tested in this study it is known to be a
component of PRP and is critical to osteoblast
differentiation in the later stages of bone regeneration
making it extremely important to delay its release. IGF-1
is considerably smaller than PDGF-AB and TGFP (PDGF, 30 kD;
TGFB, 24 kD; IGF-1, 7.6 kD) (21) and may have a different

release profile than the growth factors tested.

The effects of media exchange on growth factor release from
PRP and the PRP composites were evaluated. The rationale
was to identify an optimal and realistic in vitro model
that will mimic the local bone grafting environment in
which the growth factors will be delivered. PRP-derived
growth factors at the grafting site will most likely be
released from the platelets and wutilized during bone
healing. However, continuous interstitial fluid exchange

or infiltration of vasculature will alter the local
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concentration of the growth factors. The frequency of

media exchange was used to mimic this continuous process.

In all experiments, PRP clot media was changed at day 1.
Group 1 (dynamic mode) had additional media changes'at 3
days, while<in Group 2 (static mode) no additional changes
were performed between 1 day and 7 days. Iﬁ the static
mode, it 1is anticipated that the growth factor release
level would reach steady state and then remain at the same
levels. While it was observed that mean value release of
PDGF-AB was consistently higher in the group where the
media was more frequently exchanged (dynamic mode), the
release profile reached a plateau in both cases after 7
days. If growth factor release were based solely on
equilibration, it would be expected that the accumulative
factor levels from day 1 to day 7 in the dynamic group
would be equal to the total amount of growth £factor
released for the static group within the same period.
Interestingly, it was found that PDGF release from the BG
sample was lower in Group 2 than in Group 1. In contrast,
TGFBR was significantly less in Group 2 of the AG sample,
leading us to conclude that AG and BO enhance the retention

of PDGF-AB, while BO and BG promote retention of TGFpB.

In this study, growth factor retention by a select group of
pone substitutes was examined. In terms of substrate
chemistry, AlloGro 1is based on demineralized bone matrix,
which is composed of organics, while BioOss is
deproteinated .bone with a calcium phosphate matrix.
Bioactive glass develops a surface calcium phosphate layer
which has been shown to promote bone .bonding. Calcium

phosphate ceramic-based materials have been combined with a
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variety of growth factors including TGEFB to successfully
promote bone healing in vitro and in vivo (23, 24, 25).
The specificity or the chemical nature of the interaction
between the specific growth factors and the biomaterial

substrate tested here remains unclear at this time.

At present, there exist several schools of thought
regarding the clinical efficacy of PRP in enhancing bone
regeneration in oral and maxillofacial surgery (22, 26).
Based on the known sequence of events that takes place
during bone regeneration, it is desirable to have PDGF and
TGFEpR preéent in the early phases followed by TGFf during
the intermediate phase, and IGF-1 and BMPs during the final
phase of bone differentiation and maturation. The observed
difference in growth factor retention and temporal
availability reported in the present study suggest that the
bone regeneration potential of PRP may be controlled by
matching growth factor release profiles with the known

cascade for bone healing.
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Examele 2

anogsis

The use of platelet-rich plasma (PRP) as an adjunct to
bone grafting procedures in oral and maxillofacial surgery
has seen an increase in popularity since its'introduction
in 1997 by Whitman et al (1). PRP has technical benefits
and theoretically may enhance wound healing by increasing
availability of critical growth factors that are released
by platelet degranulation (2). Preparation of PRP
requires concentrating platelets through centrifugation
and subsequent polymerization to form a semisolid gel.
Several commercially available methods for enrichment of

platelets are currently used in the clinical setting.

At the present, all methods of PRP gelation wuse
calcium and Dbovine thrombin to initiate PRP <clot-
formation. The use of bovine thrombin has unfortunately
been associated with the development of
antibodies to clotting £factors V and XI and thrombin,
resulting in the «risk of . potential 1life-threatening
coagulopathies (3-8). Consequently, there is a growing
interest in identifying alternative agents for PRP

clotting.

Thrombin signaling of platelets .is mediated by a G
protein-coupled protease-activated receptor (PAR) . The
PAR is activated after thrombin binding and subsequent
cleavage of the amino-terminal end of the receptor (9).
This new amino terminus acts  as a tethered ligand and

binds intramolecularly to the body of the PAR, resulting
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in a transmembrane signal (Fig 8A). in 'contrast,
synthetic peptides such as thrombin receptor agonist
peptide-6 (TRAP) activate the receptor independent of
receptor cleavage (Fig 1B). TRAP is a hexapeptide that
corresponds’ to amino acids 42 to 47 of the thrombin
receptor and mimics the effects of thrombin such as
platelet aggregation, an increase in tyrosine
phosphorylation, inhibition of cAMP, and increase in
cytosolic calcium (10-12). These reports suggest that

TRAP is a promiéing candidate as a clotting agent for PRP.

After gel formation, PRP undergoes clot retraction, and
growth factor such as platelet-derived growth factor
(PDGF), transforming growth factor-f (TGFB), and vascular
endothelial growth factor (VEGF) are released (13, 14).
The degree of clot retraction could have significant
effects on the biocavailability of these growth factors
and consequently the clinical efficacy of PRP-enhanced
bone regeneration. In addition, excessive shrinkage of
the PRP gel may affect graft adaptation, resulting in
significant loss of growth <factors from the graft
composite. The time course and the amount of shrinkage
that takes place after PRP gelation using thrombin or
alternative clotting agents have not been fully

characterized.

Clinically, PRP is routinely combined with bone
substitutes such as BioOss, an inorganic bovine bone
substitute, AlloGro, demineralized freeze-dried human
bone allograft and 4585 BioGlass, a melt-derived bioactive
glass ceramic, during oral and maxillofacial surgery

procedures. BioOss and BioGlass are osteoconductive



10

15

20

25

30

~37-
WO 2006/015275 PCT/US2005/027119

materials, and Allogro is osteoinductive (15, 16). The
present study also determines the potential of TRAP-6 to
clot PRP in conjunction with bone substitutes. The time
course and the amount of shrinkage that takes place after
PRP gelation with TRAP in the presence of bone substitutes

are also evaluated.

The objective of this study was to investigate the use of
TRAP as an alternative to thrombin in the clotting of
PRP. The optimal concentration, the time course of
gelation, and the resultant clot retraction were evaluated
using an in vitro assay system. The hypothesis is that
TRAP will offer a safer alternative to PRP gelation
resulting in adequate working time and decreased clot
retraction compared with thrombin was tested.
Furthermore, it was tested whether TRAP-initiated PRP:
clot retraction would result in a reduced release of
relevant growth factors, potentially increasing the

bioavailability of these regenerative agents.

Materials and Methods

Preparation of Platelet-rich Plasma

PRP was prepared through a modification of the met=thod of
Landesberg et al (13). Briefly, 60 mL of volunteer blood was
collected into 10-mL tubes containing 1.0 mL ACD Solution B
(Becton Dickinson, Franklin Lakes, NJ). The ACD solution
contained 13.2 g¢g/L trisodium citrate, 4.8 g/L citric acid,
and 14.7 g/L dextrose. The tubes were spun at 200 X g for
10 minutes. The plasma and buffy coat layer were

transferred to 10-mL tubes and spun at 20 X g for 10
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minutes. The upper half (platelet-poor plasma) was
discarded; the lower (PRP) was resuspended and used for

this study.

Clotting of Platelet-Rich Plasma with Thrombin and
Thrombin Receptor Agonist Peptide-6

PRP (0.5 mL) aliquots were dispensed into 24-well plates
precoated with 1% bovine serum albumin (Sigma, St Louis,
MO) . Thirty microliters of 10% CaCl, solution (American
Reagent Laboratories, Shirley, NY) were added to each well.
Experiments were performed in triplicate (n = 3) with the
addition'of bovine thrombin (30, 100, 300 units; GenTrac,
Middleton, WI) or TRAP (10, 50, 100 umol/L; Bachem Bioscience
Inc, King of Prussia, PA). At 30 minutes, 1f still
attached, the clots were gently released from the sides of
the culture well with a pipette tip. PRP prepared with
CaCl, solution with the addition of thrombin or TRAP served

as the control group.

Clotting times were monitored by visualization. Clot
retraction was determined by measuring the clot diameter at

1, 2, 4, and 24 hours, and the value was normalized against

the well diameter.

Preparation of Platelet-Rich Plasma-Bone Substitute
Composites with Thrombin Receptor Agonist Peptide-6

After the optimization of TRAP concentration, experiments
were repeated with the addition of 25 or 50 mg of bone
substitutes. To minimize nonspecific binding, the culture

well (Corning Inc, Corning, NY) was precoated with 1%
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bovine serum albumin (Sigma) and incubated for 1.5 hours at
37°C. Sterilized BioOss (25 mg, 0.5 to 1.0 mm; Osteohealth,
Shirley, NY), AlloGro (25 mg; Ceramed, Lakewood, CO), and
45S5 Bioactive Glass (25 mg, 300 pm; Mo-Sci, Rolla, MN) were
uniformly dispersed within the wells. Fresh PRP (0.5 mL)
aliquots were then dispensed into the precoated 24-well
plates, and 30 pL of 10% CaCl, solution (American Reagent
Laboratories, Shirley, NY) was added to each well.
Experiments were performed in triplicate (n = 3) with the
addition of TRAP HQN—Ser—Phe—Leu—Leu-Arg—Asn—NHg) to the

wells containing bone substitutes.

Growth Factor Release from Platelet-Rich Plasma Prepared

with Thrombin or Thrombin Receptor Agonist Peptide-6

The temporal release of growth factors was exémined as a
function of time and mode of PRP preparation.
Specifically, the PRP clotted with thrombin or TRAP was
allowed to gel, and all samples were incubated at 37°C in a
humidified environment for up to 14 days. The volume of
fluid released from the clot was measured. Growth factor
release was assessed at 1, 3,'7, and 14 days. All collected

supernatant samples were stored at —70°C before analysis.

Quantification of Platelet-Derived Growth Factor and

Transforming Growth Factor-f

Supernatants were assayed for PDGF-AB and TGFER
content using diagnostic kits from R & D Systems
(Minneapolis, MN). Both assays are based on a sandwich
enzyme immunoassay technique. The PDGF-AB assay used a

precoated microtiter plate with a monoclonal antibody to
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PDGF-AA. Preparation and dilution of samples and standards
were performed as directed by the manufacturer. Both the

standards and the samples were incubated for 3 hours at
room temperature. The plate was washed with buffer, and a
conjugated antibody to PDGF-BB was added to the wells and
incubated at room temperature for 1 additional hour.
Following the addition of substrate and termination of
the reaction, the absorbance was determined at 450
nm using a spectrophotometer (SPECTRAFluor Plus;
Tecan, Maennedorf, Switzerland) . A standard curve
was generated, and the PDGF-AB level (pg/mL) of
each sample was determined. The total amount of

growth factors was calculated based on the amount of

supernatant obtained after clot retraction.

TGFR was assayed with a similar enzyme immunoassay
technique. A dilution series of TGFB standards were
prepared in 96-well microtiter plates coated with TGFp
receptor Type II. The sample supernatants (0.025 mL)
obtained from PRP composites were diluted with 0.075 mL of
phosphate-buffered saline solution. The samples were then
activated with 0.1 mL of 1.0 N HCl, incubated at room
temperature for 10 minutes, and neutralized by an addition
of 0.1 mL of 1.2 N NaOH/0.5 mol/L  HEPES (N-[2~
hydroxyethyl]piperazine—NL[2—ethanesulfonic acidl) . The
supernatant - fractions were then incubated for 3 hours at
room temperature. The wells were then washed, and enzyme-
conjugated polyclonai antibody to TGFBRl was added and
allowed to incubate for 1.5 hours at room temperature.
The reaction was stopped and absorbance was measured at
450 nm using a spectrophotometer (SPECTRAFluor Plus; Tecan).
A standard curve was generated, and the TGFR level (pg/mL)
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of each sample was determined. = The total amount of growth
factors was calculated based on the amount of supernatant

obtained after clot retraction.
Statistical Analysis

All results were expressed as mean f SD. Multiway analysis
of variance (ANOVA) was performed and the Tukey-Kramer test
was used to compare between the means. Significance was

determined at P < .05.
Results

Thrombin resulted in rapid clotting of PRP. When 30 units
of thrombin was added to 0.5 mL of PRP mixture, complete
polymerization occurred at 6 minutes. Addition of 100
units (units thrombin/mL PRP used clinically) resulted in
clot formation at 3.25 minutes. The addition of TRAP at 100
pmol/L took 9.25 minutes for the clot to completely solidify

- (Fig 9). The PRP control <clot (calcium only) took

significantly longer to gel and resulted in a clot with
very poor structural integrity (data not shown). Virtually
all of the clot retraction in the groups tested was
complete by 24 hours. Thrombin caused considerable clot
retraction. The addition of 100 units of thrombin led to
43% shrinkage of the clot at all time points, whereas 30
units of thrombin resulted in a 34% clot retraction (Fig
10). In contrast, TRAP at both 50 and 100 uymol/L
concentrations showed only a 15% decrease in the clot

diameter (Fig 10).
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Clotting times using the different bone substitutes were
determined vising 100 pmol/L of TRAP with 25 mg of Allogro,
BioOss, or BioGlass. Clots with Allogro showed complete
solidification within 12 minutes, whereas the BioOss (25
mg) composite did not completely polymerize until 13
minutes. Thé BioGlass group was completely clotted at
8.75 minutes. The clotting time between boné substitutes

was not significantly different from each other.

Clot retraction was measured at 2, 24, 72, 168, and 336
hours for all groups with bone substitutes. Retraction
was essentially completed by 24 hours, as no significant
differences between the 24- and 72-hour measurements were
noted for thrombin, TRAP, or TRAP plus bone substitutes.
At 24 hours, the TRAP/Allogro (11% * 2%), TRAP/BioOss (21% *
4%), and TRAP/BioGlass (8% #* 3%) groups all had significantly
less clot retraction than thrombin (56% * 3%) (Figs 11,
12). Quantitative analyses (Fig 12) of clot diameter
corresponded well with observations (Fig 11). 1In addition,
the highest volume of supernatant was collected at day 1.
At all time points, the thrombin group measured the

largest release volume.

In terms of growth factor release as a function of PRP
clotting method, at day 1 the thrombin group released the
highest amount of PDGF-AB (P < .05, 32,526 * 6,752.4 pg),
approximately 36% more than the "TRAP group (20,642 =
1,170.0 pg). At 7 days, the TRAP group had the highest
PDGF-AB release (2,797.6- £ 612.0 pg) compared with
thrombin (1,738.2 * 443.0 pg) (Fig 133). At 14 days,

both groups released minimal amounts of growth factor.
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The amount of TGFR released by the PRP composite 1is
presented (Fig 13B). Similar to the case with PDGF-AB, the
thrombin group released the highest amount of TGFp at day 1
postclotting. The total amount of TGFB contained in the
original PRP volume was measured to be 13,982 * 2,673.81
pg. In the thrombin group, over 81.4% of the growth factor
was already released from the clot within 24 hours. In
contrast, the TRAP group released significantly lower levels
of TGFBp (P < .05). Compared with the thrombin group,
clotting of PRP with TRAP retained 39.2% more of the growth
factor at 72 hours. After 14 days, all of the TGFpP present

in the original PRP thrombin clots had been released.

Discussion

A number of centrifugation protocols are presently
available for concentrating platelets; however, all methods
use bovine thrombin to accelerate clot formation (2, 17).
Bovine thrombin has been associated with the formation of
antibodies to factors V and XI and thrombin that may result
in life-threatening coagulopathies (3-8). This study
examined the potential of TRAP as an alternative to
thrombin for the clotting of PRP. The findings from this
study show that compared with thrombin, TRAP preparations
of PRP resulted in longer working time, larger . clot
diameters, and extended bioavailability of specific growth

factors necessary for bone regeneration.

TRAP is a synthetic hexapeptide that activates the thrombin
receptor independent of receptor cleavage. It corresponds
to amino acids 42 to 47 of the thrombin receptor and mimics

the effects of thrombin (9-12). An in vitro system was
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developed here to quantify polymerization time of PRP using
thrombin, TRAP, and TRAP-bone substitutes. When a
clinically relevant concentration of thrombin was used to
clot PRP, it resulted in rapid clot formation with a large
amount of clot retraction. In contrast, at concentrations
of 50 and 100 umol/IL, TRAP significantly decreased the
degree of clot retraction while providing an appropriate
working time. The efficacy of TRAP was unaffected with the
addition of several bone substitutes (Allogro,. BioOss, and
BioGlass), as minimal clot retraction was meésured when the
clot had fully polymerized. In a related study, it was
recently shown that on clot retraction, significant
levels of growth factors are released from the PRP gel (18).
Consequently, decreasing clot retraction in PRP
polymerization will potentially retain optimal growth
factor amounts with a desired delay in biocavailability as
well as maintenance of graft‘adaptation to the perimeter of
the bone defect. Therefore, one of the goals of this study
was to identify a PRP clotting agent that would result in

minimal clot retraction.

PRP is derived from plasma enriched with platelets and may
be efficacious in enhancing bone regeneration when used in
oral and maxillofacial surgical procedures. While the use
of PRP in bone grafting procedures offers some mechanical
advantage based on the adhesive properties of the gel,
significant controversy exists regarding the ability of PRP
to accelerate bone regeneration. Marx et al (2) performed
radiographic and histomorphometric studies on 88
mandibular discontinuity defects of 5 cm or more, where
half of the patients received a cancellous posterior ilial

bone graft with PRP. The study found that the PRP grafts
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matured earlier and had higher total bone content than the
grafts without PRP. There have, however, been a number of
clinical as well as animal studies that have failed to show
the efficacy of PRP in facilitating bone repair (19, 21) .
Tt is postulated that the stimulation of bone healing by
PRP is due to the increased concentration of relevant
growth factors, including PDGF, TGFB, vascular endothelial
growth factor (VEGF), and insulin-like growth factors
(IGFs) (2, 14, 22). While the optimal levels as well as the
temporal sequence of growth factor delivery in Dbone
regeneration have not been established, growth factors that
promote osteoblast differentiation and maturation (ie, TGFP
and IGF) are believed to act at a later time in the bone
regeneration cascade (23-25). Within this context, the
findings from the present study suggest that the
alternate PRP preparation method using TRAP and TRAP/bone
substitutes can enhance bone graft integration and
maturation by delaying the release of relevant PRP-derived
growth factors and extending their bioav;ilability during

the bone regeneration process.

in conclusion} the use of TRAP in the preparation of PRP
provides a safe and economical alternative to thrombin
while minimizing the amount of clot retraction and the
potentially rapid loss of critical bone regenerative growth

factors into the interstitium.
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What is claimed is:

A method for facilitating bone formation in a subject
comprising delivering to a bone formation-requiring

site in the subject a composition of matter comprising

(i) autologous platelet-rich plasma, (ii) calcium and

(iii) a PAR-activating agent, wherein the composition
is free of added thrombin, thereby permitting the

composition to facilitate bone formation.

The method of claim 1, wherein the PAR-activating

agent is TRAP-6.

The method of claim 1, wherein the composition of
matter further comprises a bone regeneration-

facilitating material.

The method of claim 3, wherein the bone regeneration-

facilitating material is osteoconductive.

The method of claim 3, wherein the bone regeneration-

facilitating material is osteoinductive.

The method of claim 3, wherein the bone regeneration-
facilitating material 1is selected from the group
consisting of collagen, BioOss, PepGen P-15, AlloGro,

4585 BioGlass and autologous bone.

The method of claim 1, wherein the composition further

comprises one or more added growth factors.
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10.

11.

12.

13.

14.

The method of claim 7, wherein the added growth factor

is endogenous to the subject’s platelet-rich plasma.

The method of claim 7, wherein the added growth factor

is exogenous to the subject’s platelet-rich plasma.

The method of claim 7, wherein the added growth factor
is selected from the group consisting of platelet-
derived growth factor, bone morphogenetic protein,
transforming growth factor beta, insulin-like growth
factor, epidermal growth factor, epithelial cell

growth factor, and vascular endothelial growth factor.

The method of claim 1, wherein the composition is a

formable gel.
The method of claim 1, wherein the subject is human.

A method for facilitating bone formation in a subject
comprising (a) delivering to a bone formation-
requiring site in the subject a composition of matter
comprising (i) autologous platelet-rich plasma and
(ii) calcium, wherein the composition is free of added
thrombin, and (b) contacting the composition so
delivered with a PAR-activating agent, other than
thrombin, under conditions permitting clot formation
in the composition, thereby permitting the composition

to facilitate bone formation.

The method of claim 13, wherein the PAR-activating
agent is TRAP-6.
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15.

l6.

17.

18.

19.

20.

21.

22.

The method of claim 13, wherein the composition of
matter further comprises a bone regeneration-

facilitating material.

The method of claim 15, wherein the bone regeneration-

facilitating material is osteoconductive.

The method of claim 15, wherein the bone regeneration-

facilitating material is osteoinductive.

The method of claim 15, wherein the bone regeneration-
facilitating material is selected <from the group
consisting of collagen, BioOss, PepGen P-15, AlloGro,

4585 BioGlass, and autologous bone.

The method of claim 13, wherein the composition

further comprises one or more added growth factors.

The method of claim 19, wherein the added growth
factor is endogenous to the subject’s platelet-rich

plasma.

The method of claim 19, wherein the added growth
factor is exogenous to the subject’s platelet-rich

plasma.

The method of claim 19, wherein the added growth
factor is selected from the group consisting of
platelet-derived growth factor, bone morphogenetic
protein, transforming growth factor beta, insulin-like

growth factor, epidermal growth factor, epithelial
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23.

24.

25.

26.

27.

28.

29.

30.

cell growth factor, and wvascular endothelial growth

factor.
The method of claim 13, wherein the subject is human.

A method for facilitating clot formation in platelet-
rich plasma comprising the step of cohtacting the
platelet-rich plasma with a PAR-activating agent,
other than thrombin, under conditions permitting clot
formation, thereby facilitating clot formation in the

platelet-rich plasma.

The method of claim 24, wherein the PAR-activating
agent i1s TRAP-6.

The method of claim 24, wherein the platelet-rich
plasma is admixed with a bone regeneration-

facilitating material.

The method of claim 26, wherein the bone regeneration-

facilitating material is osteoconductive.

The method of claim 26, wherein the bone regeneration-

facilitating material is osteoinductive.

The method of claim 26, wherein the bone regeneration-
facilitating material 1is selected from the group
consisting of collagen, BioOss, PepGen P-15, AlloGro

and 4585 BioGlass, and autologous bone.

The method of claim 24, wherein the platelet-rich

plasma is human platelet-rich plasma.
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31.

32.

33.

34.

35.

36.

37.

38.

A method for producing a formable gel comprising the
step of admixing platelet-rich plasma, calcium and a
PAR-activating agent, other than thrombin, so as to
permit clot formation, thereby producing a formable

gel.

The method of claim 31, wherein the PAR-activating
agent is TRAP-6.

The method of claim 31, further comprising the step of
admixing a bone regeneration-facilitating material
with the platelet-rich plasma, calcium and PAR-

activating agent.

The method of claim 33, wherein the bone regeneration-

facilitating material is osteoconductive.

The method of claim 33, wherein the bone regeneration-

facilitating material is osteoinductive.

The method of claim 33, wherein the bone regeneration-
facilitating material 1is selected from the group
consisting of collagen, BioOss, PepGen P-15, AlloGro,

4585 BioGlass, and autologous bone.

. \
The method of claim 33, wherein the method further
comprises admixing one or more growth factors with the
platelet-rich plasma,- calcium, a bone regeneration-

facilitating material and a PAR-activating agent.

The method of claim 37, wherein the growth factor is

selected from the group consisting of platelet-derived
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39.

40.

41.

42.

43.

44.

45.

46.

growth factor, bone morphogenetic protein,
transforming growth factor beta, insulin-like growth
factor, epidermal growth factor, epithelial cell

growth factor and vascular endothelial growth factor.

The method of claim 31, wherein the pldtelet~rich

plasma is human platelet-rich plasma.

A composition of matter comprising platelet-rich
plasma, calcium and a PAR-activating agent, wherein

the composition is free of added thrombin.

The composition of c¢laim 40, wherein the PAR-

activating agent is TRAP-6.

The composition of claim 40, further comprising a bone

regeneration-facilitating material.

The composition of «c¢laim 42, wherein the bone

regeneration-facilitating material is osteoconductive.

The composition of claim 42, wherein the bone

regeneration-facilitating material is osteoinductive.

The composition of claim 42, wherein the bone
regeneration-facilitating material 1is selected from
the group consisting of collagen, BioOss, PepGen P-15,

AlloGro, 45S5 BioGlass, and autologous bone.

The composition of claim 40, further comprising one or

more added growth factors.
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47.

48.

49.

50.

51.

52.

53.

54.

The composition of claim 46, wherein the added growth

factor is endogenous to the platelet-rich plasma.

The composition of claim 46, wherein the added growth

factor is exogenous to the platelet-rich plasma.

The composition of claim 46, wherein the added growth
factor 1is selected from the group consisting of
platelet-derived growth factor, Dbone morphogenetic
protein, transforming growth factor beta, insulin-like
growth factor, epidermal growth factor, epithelial
cell growth factor and vascular endothelial growth

factor.

The composition of claim 40, wherein the platelet-rich

plasma is human platelet-rich plasma.

An article of manufacture comprising a packaging
material having therein, in the same or separate

compartments, calcium and a PAR-activating agent.

The article of claim 51, wherein the PAR-activating

agent is TRAP-6.

The article of claim 51, comprising, in the same or
separate compartments,' a bone regeneration-
facilitating material, calcium and a PAR-activating

agent.

The composition of «claim 53, wherein the bone

regeneration-facilitating material is osteoconductive.
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55.

56.

57.

58.

59.

60.

61.

62.

The composition of «c¢laim 53, wherein the bone

regeneration-facilitating material is osteoinductive.

The  article of <claim 53, wherein the bone
regeneration-facilitating material is selected from
the group consisting of collagen, BioOss, PepGen P-15,

AlloGro, 45S5 BioGlass, and autologous boné.

The article of claim 51, further comprising one or

more added growth factors.

The article of claim 57, wherein the added growth

factor is endogenous to platelet-rich plasma.

The article of claim 57, wherein the added growth

factor is exogenous to platelet-rich plasma.

The article of claim 57, wherein the added growth
factor is selected from the group consisting of
platelet-derived growth factor, ©bone morphogenetic
protein, transforming growth factor beta, insulin-like
growth factor, epidermal growth factor, epithelial
cell growth factor and vascular endothelial growth

factor.

The article of claim 51, further comprising
instructions for use in facilitating bone formation in

a subject.

The article of claim 51, further comprising
container(s) and reagent(s) for preparing platelet-

rich plasma and, using the platelet-rich plasma so
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prepared, admixing the platelet-rich plasma with the
calcium and a PAR-activating agent to form a bone-

formation-enhancing composition.
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