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Abstract

Composite synthetic grafts with progenitor catistead of autor allograftsoffer
an alternative approach for the fracture repair. The aim of this study was to evaluate
osteogenesis of autologous serdearived albumin (ASA) scaffold seeded with canine

adipose tissuderived mesenchymal stem cells (MECs) in canine segmental l®n
i



defect model. ASA scaffold was prepared with canine serum by-kin&gsy and
freezedrying procedures. Betar i c al ¢ i u mTGPhwas miked aterosé b
linking stage of the proceduread-MSCs were seeded into scaffaddincubated

for a daybefore implantationThe grafts were harvested 16 weeks after implantation
for histological analysidDogs were divided into five groups; control, ASA scaffolds
with and without AdMS Cs, ASA s c af fTOM withsand witloout dal i n ¢
MSCs. The group ofASA scaffold with AAMSCs had largeradiopaquearea on
radiographghan the groupwi t -MCP&nd more bone formation in histological
finding than other groups (p < 0.0®)was suggesteithat AdMSCs seeded into ASA
scaffold enhanced osteogesisin bore defect moddbut b-TCP in the ASA scaffold
prevenedthe penetration of the cells relatexdone heahg. However,more timeis
required to verify whether fibrous tissues the middle of the defectsould be

converted tasteoprogenor cells.
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[. Introduction

The repair of large segmental defects in diaphyseal boaeliwllenge to veterinary
clinics. The use of autologous bone graft or allograft has been viewed asdhedlistandard
of treatment (Drosse et al. 2008) but is associated with substantial morbidity including
infection, disease transmission, and loss of function (Aho et al. 1994, Ehrler et al. 2000,
Garbuz et al. 1998, Head et al. 1999). The complicatiandtieg from graft harvesindthe
limited supply have inspired the development of alternative strategies for the repair of
clinically significant bone defects. The primary approach to this problem has focused on the
development of biological or syntheiimplant materials and using mesenchymal stem cells
(MSCs) (Drosse et al. 2008).

MSCs are multipotent cells derived from bone marrow, adipose tissue, muscle, umbilical
cord blood, and the placenta, which are capable of differentiating into myoblasts tésnocy
chondrocytes, and adipocytes (Drosse et al. 2008, Pittenger et al. 1999). Also, MSCs are
capable of differentiating along the osteoblastic lineage. Previously, we isolated and
characterized the MSCs derived from the adipose sssiudogs (Ryu et al2009).Canine
adipose tissuderived MSCgAd-MSCs9 have an ability to differentiate into osteoblasts and

clear advantages including easy and repeatable access to subcutaneous adipose tissue; a



simple isolation procedure; abundance in supply; amélaively noninvasive harvesting

procedure (Schéffler et al. 2007).

Synthetic bone substitutes and materials containing the osteogenic potential have been

evaluated as scaffold material (Arinzeh et al. 2005, Tseng et al. 2008). Among the synthetic

bone sbstitutes beta trcalcium phosphate ceramics have shown the most promising results

due to their osteoconductive properties, unlimited availapidityd absence of immune

response (Oonishi 1991, Sartoris et al. 199dreover Ad-MSCs mixed with beta

tricalcium phosphate have osteogenic potential in ectopic implan{@yaon et al. 2010).

In order to support cell growth and control osteogenic differentiation, appropriate

scaffolds are essential in bone tissue engineekag.cell scaffolding, the ideacaffolds

would be a highly porous material with good biocompatibility and osteointegrative properties

(Hutmacher 2000, Salgado et al. 2008¢rumderived scaffolds have reportéal posess

great scaffolding potential due to their biologicalorosity structure and high seeding

e f y c i(Galiregoyet al. 201)0In addition, we showed that the combination of collaggei |

enhanced osteogenic differentiation and homogenous distribution-bfS@s seeded onto

ASA scaffold(Kang et al. 2013).

In this stug, we evaluated the osteogenic potential of the canine ASA scaffold mixed

wi t h o r -T@Handseedet with or without AdSCs in the bone defect model of dogs.



[l. Materials and Methods

1. Autologous serumderived albumin saffolds

Autologousserumderived albumin scaffolds were fabricated according to the freeze
drying and chemical crodiking procedures (Gallego et al. 2010, Gallego et al. 2010).
Briefly, 10 ml canine venous blood was taken by venipuncture and ke@Gaf@730 min to
retract fibrin clot. Next, the blood sample was centrifuged at 3000 rpm for 15 min to obtain
serum, and then 0.5 ml glutaraldehyde 25% solution (Sigjlahiach, St. Louis, MO, U.S.A.)
was added td ml of serum obtatinedrom the crosdinking. The serum mixed with
glutaraldehyde solution was transferred to 1 ml disposable syringavasdkept until
s ol i di Thenatheisadution was moved to the freezing machine and maintakv&iGit
overnight. After cutting the syringe, the crdsiked frozen solution was lyophilized for 48
hrin a freeze dryer (DF8603, Operon). After that, the cylindrical sponge was obtained and
rehydrated in graded ethanol series (100%, 90% and 80%) by dipping in each one for 1 h
The obtained scaffold was cut into-g0m-length column and then sterilized in 70% ethanol
for 8 hr. Lastly, the scaffold was neutralized in serim ee Dul beccods Mod
Medium (DMEM; Gibco, Billings, MT, U.S.A.). Excess fluid was removed before cell

seeding and the colunshaped sdtolds were placed in a-@ell plate (Nunc) as one scaffold
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per well.

In the groups witlh-TCPadded, 5 ml of obtatined serum was added and mixed&th
ml glutaraldehyde 25% solutiaand 300 mg ob-TCPat once. Then, it wasansferred to 1
ml disposale syringe andolled wuntil solidification. The latter procedures were th@me as

above.

2. Preparationofbetat ri cal ci um-T€Mosphate (D
Betatrical ci um phosphates granules with part
kindly provided bythe Biomaterial Center, National Institute for Material Science, Tsukuba,

Japan(Kikuchi et al. 2004)

3. Preparation of canine AdMSCs

Canine AdMSCs were obtained by culturing to facilitate the proliferation of
mononucleated cells from adipose tissaesording to the methods described in our previous
article (Kang et al. 2012). Briefly, adipose tissues were aseptically collected from the gluteal
region of a 2yearold beagle dog under general anesthesia. The adipose tissues were
extensively washed withhosphate buffered saline (PBS) and then minced with scissors. The

minced tissues were digested with 1 mg/ml collagenase type | (Sigiriah, St. Louis, MO,



U.S.A)) for 2 hr at 37°C. The tissue samples were washed with PBS and centrifd®&d at

rpm for 10 min. The resulting pellet of stromal vascular fraction was resuspended, filtered
through a 100 pm nylon mesand i ncubated overnight i n D
Medium (DMEM; Gibco, Billings, MT, U.S.A.) with 10% fetal bovine serum (FBS; Gibco,
Billings, MT, U.S.A)) at 37°C in a 5% CO2 humidified atmosphere. After 24 hr, unattached

cells and residual on adherent red blood cells were removed by washing with PBS. The
medium wageplaced every8 hr until the cells became confluent. After cells reacte%
confluence, they were subcultured. At passage 3, these cells were used for seeding into the

scaffolds.

4. Cell seeding

Asuspensionof1xf@ el | s i n ashied svith25PeBpSrified bovine collagen
solution (Nutragen® , AdvancedBioMatrix) in order to improve the celluladherent
properties of the scaffolds and increase the rate of h®@iated bone formation (Kang et al.
2013).They were seeded into the scaffolds placed in wells cixeelb plate and incubateid
the growth mediim (DMEM supplemented with 10% FBS) at 37&0d 5% COZor a day

before implantatioin vivo.



5. Orthotopic implantation and harvest

All animal procedures were performed in accordance with the guidelines of the
Institutional Animal Care and Usgommittee of Seoul National University (SN1212171).
Ten skeletally mature beagle dogs (average weight, 8.95 + 0&&dkaverage age 1+30.5
yearg were used for the orthotopic implantation. Hegmental resection of part of the ulna
was performeditaterally as decribedreviously(Nilsson et al. 1986)he dogs were sedated
with an intravenous injection of acepromazine maleate (Sedaject, Samwoo Medical, Yesan,
South Korea) at a dose of 0.01 mg/kg of body weight and were premedicated with an
subcutaneous injection of atropine sulfate (Jeil Pharmaceutical, Daegu, South Korea) at a dose
of 0.1 mg/kg of body weight. Anesthesia then was induced by intravenous administration of
a mixture of zolazepam/tiletamine (25 mg/ml; Zoletil 50® , Virbac K&eaul, South Korea)
at a dose of 5 mg/kg of body weight and maintained with isoflurane (Aerrane, Baxter,
Mississauga, ON, Canada) in oxygen. Intravenously administered tramadol (Toranzin® ,
Samsung Pharmaceutical, Seoul, South Korea) and cefazolin (Safbangaceutical,
Seoul, South Korea) at a dose of 4 mg/kg and 22 mg/kg of body weight were used as an
analgesic and antibiotics, respectively. Anesthesia monitor (B2iexeda; Microvitec
Display, UK) was used to monitor physiologic factors including teetaperature, oxygen

saturation, end tidal CQ electrocardiogram, minimum alveolar concentration value, and
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pulse rate. Under sterile conditions aaudalapproach was performed to expose the diaphysis

of ulna. The overlying periosteum was resected ftbendefect area. The eighto | e |, 5.0

42-mm dynamic compression plate (Synthes, Switzerland) was contoured and applied to the

medial aspect of the ulna. The plate was then removed and a 15 mm long osteoperiosteal

segmental cortical defect was made attig:portion of the diaphysis with an oscillating saw

(Stryker, USA)(Fig. 1b). The defect was filled with autologous serderived albumin

scaffold (Alb n=4), albumin scaffoldeeded witid-MSCs (Alb + AAMSCs n=4), albumin

mixed withb-TCP scaffold (Ab +b-TCER n=4) , al b u-WGPmcaffold plus 4d wi t h

MSCs (Alb +b-TCP + AdMSCs n=4), ornothing(control, n=4)(Fig. 1c). The plate was

then reapplied, and the prepared scaffolds were implanted in the defect. Each dog received an

i mpl ant on each ulna randomly. After <cl osi

applied for 2 weeks. Two weeks after surgery, all arsmadreactive,fully able to walk and

bearing weight. The implants were harvested 16 weeks after implantation and used for

histdogical examination@-ig. 1d).



Fig. 1. The orthotopic implantation procedure.(a) Scaffold preparation; Leftserum

derived albumin scaffold. Right, seremerived albumin scaffold mixed with-tricalcium

p h o s p RTEP).gb) Sehmental defect in thdnar diaphysis. €) Filling the bone defect

with scaffold; Left, serundeiived albumin scaffold mixed with-trical ci um ph-osphat

TCP). Right, serunderived albumin scaffold. (dinplant harvested aftdi6 weeks.



6. Radiographic examination

Lateral and craniocaudal radiographs of the antebrachium were made before and
immediately after surgery as well as 4, 8, and 16 weeks after implantatioof #ie
radiographsassessethe total area of new bone formation at the proximal and distal host
corteximplant interfaces. Radiographic imaging software (Inifnittpacs® , INFINITT

healthcare Co., Korea) was used to measure the area occupied by new bone formation

7. Histological examination

A 5-cm segment of bonéncluding the defect site wabkarvedstedand fixed in 4%
paraformaldehyde. The samples was decalcified with hydrochloric acid, dehydrated in a series
of ethanol solutions, and embeddedgitudinally in paraffin. The samples wereut in the
sagittal plane. The central longitudinal seas from each ulna were placed on the ground to
a thickness of 100 em and stained wi t h
Massonsostrichrome stains to evaluate new &

Stained sections from each group were observed under a light microscoperand

scanned using an attached digital camera and aEMI®ents system (Nikon, Japan). For
histomorphometric analysis, all groups were analyzed according to the following protocol.

The entire implant area was viewed in six microscopic fields. Each figédcaptured usg
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a digital camera and was subjected to histomorphometric analgts$ace between new

bone and host bone in the hisigical picture was marked by measuring the distance from the
screw hole in the radiograpisrea of the nely formed one area (NBA) were estimated and
converted into a percentage of the total implanted area (TA) using an image processing and

analysis software (ImageJ; National Institutes of Health, USA)

8. Statistical Analysis

Data were analyzed using SPSS statisacallytical software (ver. 18.0; SPSS IDE,
USA). Significant differences in radiographic examination were detected over time with one
way analysis of variance. A Krusk®fallis test was used to assess differences among the
groups A posthoc test was péormed abng with a ManAwWhitney U testP-value less than

0.05 were considered to be statistically significant.

l1l. Results
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1. Radiographic findings
Postoperatively, the defect could be visu
TCPparticles(Fig. 2D andE). In all groups, reactive bone formation at transverse cut edges
of the host ulnar was observed at 4 weeks. By 16 weeks, slightly more bone was present within
the gap, especially along the scaffold inthé groups except controln the control group,
similar changes werenly limited to areas near the interface with the host l§bige 2A).
Radiomorphometric analysis showed thltreated group had significantly larger area of
increased opacity at the proximal and distal hmsteximplant interfaces comparing to
control groups (p < 0. orepshowedsmalat ardaofincreased t h e
opacity changes within bone defect space than the Alb-MB8&s group (p < 0.05)Table

1).
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Fig. 2. Mediolateral radiographs of the treated defects obtained immediately after the

operation as well as 48, and 16 weeks after surgery respectively from the left. The
radiopacity area near proximal and distal Hogtlant interfacesn each group had changed
in the periodical orderThe b-TCP remained in the middle section of the de{€candE).
Control (A), Alb (B), Alb + Ad-MSCs(C), Alb + b-TCP (D), andAlb + b-TCP + AdMSCs

(E) groups.
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Table 1. Radiomorphometric analysif the total area(mn¥) of new bone formation at the

proximal and distal host cortémplant interfacest 4, 8, and 16 weekdterimplantation

4 weeksafter
Groups 8 weeks after 16 weeks after
implantation
Control 4.90t 2.23 5.57+2.25 6.48+ 2.40°
Alb 4.16+ 2.04 10.08+ 4.86 15.33+5.21
Alb + Ad-MSCs 5.47+ 2.62 10.64+ 3.63 19.43+ 3.45
Alb + b-TCP 3.57+2.30 5.84+ 2.40 10.29+ 3.374
Alb + b-TCP A
4.60+2.17 6.63+ 2.50 11.51+3.62
+ Ad-MSCs

Data areresented ahemeant SD. * significantdifference(p< 0.05) compared to the control.

significantdifference(p <0.05) compared to the AlbAd-MSCs group
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2. Histological findings

In all experimental groups, new bone formation was observed in longitudinal sections
throughout the segmental bone defect at 16 weeks after implantation. No adverse host
response had been detected at histological findings. Histologicallly fewned bone was
primarily observed on the cortémplant interfacesespeciallythe proximal pat. Most of the
areas at the middle section of the implant were filled with fibrous connective (Hgug).
Grossly t-TGPappl i ed gr o u-PCP semanedcinthetmiddlg sechion of the
defect(Fig. 3 and 4)ASA + Ad-MSCs group showedhondrocytic change and nemoven
trabeculatbone formatior(Fig. 4)

The bone formation capacity was assessed in all groups by measuring arealy of new
formed bone on histological imagEig. 3). Percentage of new bone formation to total area
was significantly higher for all treatedrgup compared tocontrol group (p < 0.05).
Histomorphometric analysis was consistent with visual scoring, confirmingAthat Ad-

MSCs group had significantly greater amount of bone formation at implant to host bone
interfaces thaAlb group(p < 0.05).MoreoverAlb + Ad-MSCsgroup showed significantly
larger area of bone formation th&nl b -T€PabhdA | b -TEP HAdMSCs group (p <

0.05).
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Fig. 3. Histological findings in the longitudinal sections of thesegmental bone defects 16

weeks after implantation.The merged picture of whole defect area intlgechearby normal

bone areas in each group are shotrControl, B, Alb; C,Alb + Ad-MSCs D, Alb + b-TCP,

E, Alb + b-TCP + AdMSCsgroups The proximal portion is the left of the panels (A ~ E).

There was a higher amount of bone formation Ireaperimental groups compared to the

control groupH & E stain.(ncb; native cortical bone area, nbawy formed bone area; f

fibrous tissue, tsserumderived albumin scaffold mixed wifir TCP)
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