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Abstract

Transforming Growth Factor-3; Accelerates Resorption of a
Calcium Carbonate Biomaterial in Periodontal Defecs

Background: In a previous study, recombinant human TGFRTGF-R) in a
calcium carbonate carrier was implanted into a@ltgize, supraalveolar periodontal
defects under conditions for guided tissue regeinera(GTR) to study whether
rhTGF- would enhance or accelerate periodontal regeoaraiihe results showed
minimal benefits of rhTGF{&nd a clear account for this could not be offef@de
potential cause may be that the rhTGRd$mulationwas biologically inactive.
Several growth or differentiation factors have besnggested to accelerate
degradation of biomaterials used as carriers. Thjective of this study was to
evaluate possible activity of rhTGR-Bn biodegradation of the calcium carbonate
carrier.

Methods: rhTGF- in a putty-formulated particulate calcium carbenearrier was
implanted into critical-size, supraalveolar periothd defects under conditions for
GTR in five Beagle dogs. Contralateral defectsivazkthe calcium carbonate carrier
combined with GTR without rhTGF¢f{control). The animals were euthanized at
week 4 week postsurgery when block-biopsies ofdifect sites were collected for
histologic and histometric analysis. Radiographsewabtained at defect creation,

week 2 and week 4.
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Results: No statistically significant differences were oh&sl in new bone formation
(bone height and area) among the treatments. Haowéstal residual carrier was
significantly reduced in sites receiving rhTGFddmpared to control (p=0.04).
Similarly, carrier density was considerably redudadsites receiving rhTGF:3
compared to control, the difference being borderitatistically significant (p=0.06).
Conclusions: Within the limitations of the study, it may be ofuded that rhTGF+3
accelerates biodegradation of a particulate caldarbonate biomaterial indicating a
biologic activity of the rhTGF-f3formulation apparently not encompassing enhanced

or accelerated periodontal regeneration.

KEY WORDS
Transforming growth factor- ;3 calcium carbonate carrier, biodegradation,

periodontal regeneration.
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Transforming Growth Factor-3,; Accelerates
Resorption of a Calcium Carbonate Biomaterial in

Periodontal Defects

Ki-Tae Koo, D.D.S., M.S.D.
Department of Dental Science, Graduate School, &iddsiversity

(Directed by Prof. Chong-Kwan Kim, D.D.S., M.S.BhD.)

l. Introduction

Transforming growth factor-3 (TGF-R) is a homodiim@eptide with multifunctional
actions controlling growth, differentiation, andnfition of a broad range of target
cells! Tissue-specific and developmentally dependentesgion strongly suggests a
significant role in specific morphogenetic and djsnetic events. Thus far, five
distinct TGF-Rs with 65-80% homology have been fified.! Currently thought to
consist of at least 26 different proteins, TGF€upports wound healing by
augmenting angiogenesis and fibroblast collagemdtion?® In addition, TGF-Ris
thought to be involved in regulating cell prolifécm and differentiation and the
production of extracellular matrix.Also, a role of TGF-Bin recruiting and
stimulating osteoprogenitor cells to proliferatepyiding a pool of early osteoblasts
has been suggestdh perspective, TGFRechnologies appear attractive candidate

therapies to support periodontal wound healingfregggion.



In a previous study, recombinant human TGFfTGF-}) in a putty-
formulated particulate calcium carbonate carriers vilmplanted into critical-size,
supraalveolar periodontal defects under conditifsrsguided tissue regeneration
(GTR) to study whether rhTGF:Rvould enhance or accelerate periodontal wound
healing/regeneratiohControl sites received the calcium carbonate eagombined
with GTR without rhTGF-R The histometric analysis could not discern sigaift
benefits of the rhTGF (¥ormulation. Overall, sites receiving rhTGE-#nd control
treatments exhibited limited bone formation anderegation of the periodontal
attachment suggesting marginal, if any, effecterdfGF-3. Although the results
failed to discern a significant benefit of rhTGE-8n obvious account of the results
could not be offered. Could possibly the putty-fatated particulate calcium
carbonate carrier or the GTR device rendered tloavthr factor ineffective or
biologically inactive? Parallel studies evaluatingf GF-§ using the supraalveolar
periodontal defect model without GTR showed simiianited effects ruling out an
inhibitory effect of the GTR device.Other studies suggest that biomaterials
implanted into periodontal sites indeed may obstbane formation and periodontal
regeneratiofl. Still other studies may be interpreted to suggésit growth or
differentiation factors may accelerate biodegraddkiotransformation of a

biomaterial used as a carrief’.

" Genentech Inc., San Francisco, CA, USA



A re-examination of the study by Wikesjo ef aising additional parameters was thus
deemed necessary to discern possible effects dbFHE on biodegradation of the

putty-formulated particulate calcium carbonateiearr



[l. Materials and Methods

A. Animals

Five male Beagle dogs (age 18-24 months, weight5L&g) were used. Animal
selection, management, surgery protocol, and pemniad defect preparation followed
routines approved by the local Institutional Anin@2dre and Use Committee. The
animals were fed a soft-consistency laboratory dighplemented with vitamins
throughout the study. A soft diet was chosen te@vidte potential mechanical

interference with wound healing during food intake.

B. Surgical Protocol

Surgical procedures were performed under sodiuntoparbital anesthesié20-30
mg/kg, IV) preceded by acepromazifgé mg/kg, IM) Routine dental infiltration
anesthesia was used at the surgical sites. Dutimgesy, the animals received
lactated Ringer's solutidr{300-500 mL, IV)

Bilateral, critical-size, supraalveolar periodontifects were created at thé 3
and 4" mandibular premolar teeth in each aniMagriefly, following sulcular
incisions and elevation of buccal and lingual meagsteal flaps, the alveolar bone
was resected around the circumference of the tesitiy chisels and water-cooled

rotating burs.

"Nembutal® Sodium Solution, Abbott Laboratories, tdaChicago, IL, USA

* PromAce®, Aveco Co Inc., Fort Dodge, 1A, USA
8 Lactated Ringer's Inj., USP, Abbott Laboratories



The exposed root surfaces were instrumented withttes, chisels, and water-
cooled rotating diamonds to remove the cementune fdsulting clinical defect
approximated 5 mm from the cemento-enamel jundii@isl) to the reduced alveolar
crest. The $and 2 mandibular premolar teeth were extracted and tberc of the
1 molar amputated level with the reduced alveolastcr

The maxillary ¥, 2" and & premolar teeth were surgically extracted and the
maxillary 4" premolars reduced in height and exposed pulpalgis were sealed with
cavit®l in order to alleviate potential trauma from the Mary teeth to the

experimental mandibular sites.

C. Experimental Protocols

Using a split-mouth design, contralateral, suprealar periodontal defects were
implanted with rhTGF-3in a carrier or carrier alone (control). Experirian
treatments were alternated between left and right guadrants in consecutive
animals. Both treatments were combined with GTRe Tarrier comprised medical
grade, natural, porous, particulate calcium cart®m@ad medical grade hydroxyethyl
starch providing putty-like handling characteristi®.5% gelatin and 20 uM sodium
acetate solution was mixed with hydroxyethyl stateHorm a visco-elastic gel to

contain the calcium carbonate particles in a magalgemass.

I Cavit®, ESPE, Seefeld/Oberbayern, Germany

T Biocoral® 1000, Inoteb, Saint-Gonnery, France



For each defect scheduled to receive rhT@FRIR25 mL buffer containing 20 pg
rhTGF-3 was added to approximately 0.7 g calcium carbonzdicles, the

hydroxyethyl starch gel was then added to produberaogenous putty-like mass.
Final implant volume/defect approximated 0.8 mLT@&#-3 and control constructs

were prepared under aseptic conditions.

D. Wound Management

Defects receiving rhTGFfor control treatments had the putty-like matesiagped
around the premolar teeth to the contour of theatesl alveolar bone. The teeth were
then fitted with an expanded polytetrafluoroethgléaPTFE) barriérsecured with an
ePTFE suture at the CEJ (Figure 1). Periostea were fenestratetie base of the
mucoperiosteal flaps and the flaps were advancddptad, and sutured using

horizontal mattress sutures approximately 2 mmrmalrto the CEJ.

E. Postsurgery Protocol
A long-acting opioid' (0.015 mg/kg IM, BID, 2 days) was used for imméelipain

control.

* GORE-TEX Regenerative Material Transgingival Counfiion, W.L. Gore &
Associates Inc., Flagstaff, AZ, USA

" GORE-TEX Suture CV5, W.L. Gore & Associates Inc.
" Buprenex Injectable, buprenorphine HCI, Reckitt &iBan Pharmaceuticals Inc.,
Richmond, VA, USA



A broad-spectrum antibiofit(2.5 mg/kg IM, BID, 2 weeks) was used for infection
control Plague control was maintained by twice ydaibpical application of
chlorhexidiné®. (40 mL of a 2% solution) Observations of experitaé sites with
regards to gingival health, flap adaption, edemd, @urulence were made daily. The
ePTFE devices were not removed.

Gingival sutures were removed at day 10. Photograpére obtained at defect
creation, suture removal, and at week 2 and 4.dgaalbhs were obtained at defect
induction, and at week 2 and 4. Thiopental sodimesthesibl (20-25 mg/kg, IV)

was used for suture removal and radiographic negishs.

F. Histological Procedures

The animals were euthanized at week 4 postsurgeng @n intravenous injection of
concentrated thiopental sodium. Tissue blocks dhinly teeth, bone, and soft tissues
were removed. The blocks were fixed in 10% buffefedmalin for 3-5 days,
decalcified in 5% formic acid for 8-10 weeks, trirnd) dehydrated, and embedded in
butyl methacrylate-paraffin. Serial sections (7 pmeye cut in a buccal-lingual plane

throughout the mesial-distal extension of the teeth

i Baytril® Brand of Enrofloxacin, Mobley CorporatioBhawnee, KS, USA

88 Chlorhexidine Gluconate 20%, ICI Pharmaceuticalu@raNilmington, DE, USA
1l Pentothal®, Abbott Laboratories, North Chicago, IL

Every 14th section was stainedwith Ladewig’s cotimectissue stain modified by



Mallory allowing for observations at 100-um intelsza

G. Histological Evaluation

One experienced, calibrated, masked examiner (Kp&formed the histometric
analysis using a PC-based image analysis sySteith a custom application for the
supraalveolar periodontal defect motfeThe most central stained section for each
root of the ' and 4" premolars, identified by the size of the root ¢anas used for
the analysi$? The following parameters were recorded for buemad the lingual
tooth surfaces for each section:

Defect Height: distance between apical extension of the roatiptaand the CEJ.

Device Height: distance between apical extension of the roatiptaand most
coronal aspect of the ePTFE device.

Defect Area: area under the ePTFE device circumscribed byldeed root, the
width of the alveolar bone at apical extensiontd toot planing, and the
device.

Bone Regeneration (height): distance between apical extension of the roatipta
and the coronal extension of new alveolar bone éaraiong the planed root.

Bone Regeneration (area): area represented by new alveolar bone formedyalon

the planed root.

" Image-Pro Plus™, Media Cybernetics®, Silver Sprv, USA



Total Residual Carrier: combined area of residual calcium carbonate earri
particles within the defect site.
Carrier Density: ratio residual calcium carbonate carrier parsidie bone within

regenerated bone.

H. Statistical Analysis

Data was collected at tooth level and this wasrtak# consideration in the analysis.

Standard errors of the mean were adjusted for theelation of the observations

within animals. Generalized estimating equationsewesed to assess the impact of
different factors on carrier resorption. Measureteat tooth level were used and
estimates were adjusted for the clustering of afadiems into animals using a robust
variance estimator. Wald tests were used for maltimmparisons and the level of
significance was set at 5%. A stratified analysimparing residual carrier and new
bone between the experimental groups was carriedsing the median (5.1 nfjrof

the wound area as cut off point.



[1l. Results

A. Clinical Observations

With the exception for one control site exhibitigigpgival inflammation, the surgical
sites exhibited healthy gingival conditions (Figdle There was no specific clinical
characteristic differentiating rhTGR-Bsites from the control. Two animals

demonstrated limited exposure of the ePTFE device.

B. Radiographic Observations

The radiographic appearance of the rhTGRufd control sites was similar reflecting
the particulate nature of the calcium carbonatenhierial. Radiopacity compatible
with the biomaterial was observed in all animalggasting that significant amounts

remained at week 4 postsurgery.

C. Histological Observations

All defect sites were available for analysis witle £xception for one root in a control
site that was lost in the histotechnical preparati®enerally, the barrier device was
located near the CEJ and the epithelium arrestdtbaCEJ. Three animals exhibited
an inflammatory infiltrate, partially or completebgcupying the defect site, localized
to the buccal and/or lingual aspect of the megia/@ distal root of the premolar
teeth in sites receiving rhTGFE:RThese animals also exhibited sites without an

inflammatory infiltrate. Similarly, two control amals exhibited a bilateral

_10_



inflammatory infiltrate occupying the defect sif@efects in remaining animals did
not exhibit an inflammatory infiltrate.

Bone regeneration appeared limited to the apiga@af the defect sites without
notable differences between rhTGF#hd control sites (Figure 2). However, one
animal exhibited considerably greater bone fornmatior both the rhTGF-3and
control site. New cementum formation and regenamatif a functionally oriented
periodontal ligament was limited, if at all appedde, and thus not included in the
histometric analysis. Similarly, root resorptionpepred limited. Ankylosis was not

observed.

D. Histometric Analysis

The rhTGF-Bandcontrol groups did not differ significantly with gards to defect
characteristics (defect height, device height amdind area; Table 1). There were
also no statistically significant differences imledormation (height and area) among
the treatments. On the other hand, total residaaler was significantly smaller in
sites that received rhTGR-Bompared to that in the control (p=0.04). Similarly
carrier density was considerably smaller in the GRI} group; this difference
however did not reach statistical significance (88). This observation may indicate
that rhTGF-B increased the resorption rate of the putty-fornedajparticulate
calcium carbonate carrier, but this effect did mofluence bone formation or

regeneration of the periodontal attachment.

_11_



Table 1.Comparison between experimental groups (mean * SE)

rhTGF-3 Contro p-value
Defect height (mrr 4.1 +0.: 4.3+0.; 0.3¢
Device height (mn 4.1+0. 4.4 +0.; 0.8¢
Wound area (m?) 4.8 +0.¢ 5.5+ 0. 0.37
Bone height (mn 2.1+0.: 2.2 +£0.0 0.3¢
Bone area (m?) 3.2+0. 3.4+0.f 0.81
Residual carrier (m?) 0.9+0.: 1.6 +0. 0.04
Carrier density (% 10.9+2.. 15.7+2.! 0.0¢

_12_



A stratified analysis for wound area showed thatieadensity and residual carrier
area were significantly smaller for the rhTGFdroup in smaller wound areas
(p<0.05) (Figures 3 and 4). No significant differea were observed for these
parameters in larger wound areas (p>0.05). No faignit differences were observed
between experimental groups regarding new bonehheigd area irrespective of
wound area (Figures 5 and 6).

In the multivariable model, residual carrier aressvgignificantly smaller for the
rhTGF-3 group, and this difference remained significantreafter adjusting for
wound and bone area (Table 2). On the other hamaignificant differences were
observed in carrier density between experimentaligs after adjusting for wound
and bone area. Despite its positive effect on #serption rate of the carrier, new
bone height and area were not statistically diffeteetween groups, after adjusting

for wound and carrier area (Table 3).

_13_



Table 2. Effect of rhTGF-Bon biodegradation

after adjustment for wound anaebo

area.
R+ SE p-value

Residual carrie rhTGF-1% -0.51 +0.2. 0.0z
Wound are 0.24 + 0.0 0.00¢

Bone are -0.07 £ 0.0¢ 0.3¢

Carrier densit rhTGF-I3; -1.16 + 1.8! 0.5¢
Wound are 1.79 £ 0.6 0.00¢

Bone are -0.50 + 0.6l 0.41

_14_



Table 3 Effect of rhTGF-Bon bone formation after adjustment for wound and

carrier area.

R+ SE p-value

Bone heiagl rhTGF-3 0.24 +0.2! 0.3¢
Wound are 0.27 £ 0.0 0.000:

Carrier are 0.05+0.1. 0.74

Bone are rhTGF-3, -0.02 £ 0.4 0.9¢
Wound are 0.50 £ 0.1. 0.000:

Carrier are -0.27 +0.2! 0.2¢€

_15_



V. Discussion

The objective of this study was to evaluate theafbf rhnTGF-8 on biodegradation
of a putty-formulated particulate calcium carbonaiematerial used as a carrier for
rhTGF-§ in a well-characterized periodontal defect model.previously observed,
the rhTGF-R construct, alone or combined with GTR, showed igaificant effects
on periodontal wound healing/regeneratiopotentially indicating the rhTGF:R
formulation being biologically inactive. This stydyn the other hand, also evaluating
biodegradation of the calcium carbonate biomateriaicates that the rhTGR-
construct was biologically active accelerating @egtion of the calcium carbonate
biomaterial while not affecting periodontal wourebling/regeneration.

Bone regeneration (height and area) was limitedhowit significant differences
between the rhTGFfland control groups. The reason for this may bebated to
obscure effects of rhTGF-Bombined with GTR or obstruction to bone formatign
the calcium carbonate biomaterial obturating thdecte site to migration and
proliferation of a regenerate from the periodotigdment. In previous studies, we
also observed limited bone formation due to apgasbstruction of the wound space
inflicted by biomaterial&*

It is difficult to accept the limited effect of ridF-3 on bone formation in the
periodontal model; several studies have confirmedsteoconductive potential of
rhTGF-R.>*>* Potentially GTR may compromise osteoconductive erigs of
rhTGF-3 or the 4-week healing interval may have been toortsho reveal

discernable effects of rhTGR:lthe cause may only be speculated upon. Nevesthele

_16_



the amount of residual particulate carrier biomatevas significantly smaller in the
rhTGF-3 group compared to control in smaller wound aréastratified analysis
dichotomizing the defect sites into smaller angéamwound areas showed that while
bone formation (height and area) was not influenmgdvound area, carrier density
and residual carrier were significantly smaller ®&tes implanted with rhTGF¢R3
while no difference was found in larger wound arédsis observation implies that
rhTGF-§ increased the degradation rate of the biomatériat is in agreement with
previous studies where differentiation factors sashbone morphogenetic proteins
have been shown to accelerate degradation of tbmadberials used as carrier
technologies:*°

Additional statistical analysis was performed tdedaine if any other factors
affected the outcome. When the two treatment gravugre compared adjusting for
wound and bone area, residual carrier area wadisagitly smaller for the rhTGF43
group while carrier density was not affected eviéeradjusting for wound and bone
area. New bone height and area were again nottaffdor both groups even after
adjusting for wound and carrier area.

Histometric analysis of new cementum formation eregyation of a functionally
oriented periodontal attachment, root resorptiarkybpsis was not included. The
histological observations revealed limited, if amgw cementum formation. Root
resorption and ankylosis were rare. These obsenatiare in synchrony with

previous studies evaluating GTR technologies amus 4-week healing intervil.

_17_



Tissue maturation in this defect model apparentynmands longer observation
intervals that regeneration of the periodontalciitaent is clearly distinguishable at
least using incandescent and polarized light maopg!®

Within the limitations of the study, it may be ctuabed that rhTGF-f3accelerates
biodegradation of the particulate calcium carbormdenaterial indicating a biologic
activity of the rhTGF-B formulation apparently not encompassing enhanaed o
accelerated periodontal regeneration. This obgervabrroborates a previous study
where recombinant human bone morphogenetic pr@teiceelerated biodegradation
of a biomaterial used as a carrier in the supratdveperiodontal defect model also

without affecting regeneration of the periodontsehment.

_18_



V.Conclusion
In a previous study, recombinant human TGRMRTGF-3) in a putty-formulated
particulate calcium carbonate carrier was implaritéd critical-size, supraalveolar
periodontal defects under conditions for guidedusregeneration (GTR) to study
whether rhTGF-8 would enhance or accelerate periodontal wound
healing/regeneratichControl sites received the calcium carbonate eagombined
with GTR without rhTGF-R The histometric analysis could not discern sigaift
benefits of the rhTGF[ormulation. Overall, sites receiving rhTGE-8nd control
treatments exhibited limited bone formation anderegation of the periodontal
attachment suggesting marginal, if any, effectshrdfGF-3. Although the results
failed to discern a significant benefit of rhTGE-8n obvious account of the results
could not be offered. The present study re-evatlidte previous study utilizing the
same parameters to examine if this finding holde &tind additional parameters were
added to discern any possible effects of rhT@Bribiodegradation of the putty-
formulated particulate calcium carbonate carridne TFollowing conclustions were

made.

1. Bone regeneration (height and area) was limitethawit significant differences

between the rhTGF:@&nd control groups.

2. The amount of residual particulate carrier katarial was significantly smaller in

the rhTGF-3 group compared to control in smaller wound areas.

3. Histological observations revealed limited,aiy, new cementum formation.

_19_



Root resorption and ankylosis were rare findings.

It may be concluded that rhTGIregcelerates biodegradation of the particulate
calcium carbonate biomaterial indicating a biologictivity of the rhTGF-R
formulation apparently not encompassing enhancedoaterated periodontal

regeneration.

_20_
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Figure Legends
Figure 1. Critical-size, supraalveolar periodomtadect implanted with rhrTGF:[in a
putty-formulated particulate calcium carbonate ieapefore and after application of

an ePTFE-barrier for GTR and at 4 weeks postsur@efty.

Figure 2. Photomicrographs showing the criticagsisupraalveolar periodontal
defects at 4 weeks postsurgery. The left photorgieqmh shows a defect site
implanted with rhTGF-3in the calcium carbonate carrier under conditifmnsGTR
and the right photomicrographs shows a controlaeféhout rhTGF-R The green
arrows delineate the base of the approximately 5-tefects; the ePTFE-barriers
adapted to the teeth at the CEJ.

Figure 3. Carrier density by wound area (* p<0.0&)te significantly smaller carrier
density for the rhTGF+group in the smaller wound areas.

Figure 4. Residual carrier area by wound area @.@5). Note significantly smaller
carrier area for the rhTGF-Broup in the smaller wound areas.

Figure 5. Bone height by wound area. No significdifferences were observed
between the two groups regarding new bone heigigpective of the wound areas.

Figure 6. Bone area by wound area. No significaifferénces were observed
between the two groups regarding new bone arespentive of the wound areas.
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Figures

Figure 1. Critical-size, supraalveolar periodontal defegpliamted with rhTGF-8in a
putty-formulated particulate calcium carbonate ieabefore and after application of
an ePTFE-barrier for GTR and at 4 weeks postsur(eity.
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Figure 2. Photomicrographs showing the critical-size, supesdar periodontal
defects at 4 weeks postsurgery. The left photorgreqmh shows a defect site
implanted with rhTGF-3in the calcium carbonate carrier under conditifmmsGTR
and the right photomicrographs shows a controlaeféhout rhTGF-R The green
arrows delineate the base of the approximately 5-tefects; the ePTFE-barriers
adapted to the teeth at the CEJ.
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Figure 3. Carrier density by wound area (* p<0.05). Notendigantly smaller carrier
density for the rhTGF+group in the smaller wound areas.
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Carrier Area
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Figure 4. Residual carrier area by wound area (* p<0.05}teNignificantly smaller
carrier area for the rhTGFR-8roup in the smaller wound areas.
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Bone Height
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Figure 5. Bone height by wound area. No significant differem were observed
between the two groups regarding new bone heigigpective of the wound areas.
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Bone Area
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Figure 6. Bone area by wound area. No significant differengeere observed
between the two groups regarding new bone arespentive of the wound areas.
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