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Abstract (J Korean Assoc Oral Maxillofac Surg 2010:36:87-93)

Maxillary sinus floor elevation using autogenous skin-derived mesenchymal stem cells
in miniature pigs

June-Ho Byun?, Eun-Ju Kang?, Geun-Ho Maeng?, Gyu-Jin Rho? Dong-Ho Kang?, Jong-Sil Lee*, Bong-Wook Park*
'Department Oral and Maxillofacial Surgery, School of Medicine and Institute of Health Science, Gyeongsang National University,
*College of Veterinary Medicine, Gyeongsang National University, *Departments of Neurosurgery and *Pathology, School of Medicine,

Gyeongsang National University, Jinju, Korea

Introduction: In our previous studies, we isolated porcine skin-derived mesenchymal stem cells (pPSDMSCs) from the ears of adult miniature pigs
and eva uated the pluripotency of these pPSDM SCs based on expressions of transcription factors, such as Oct-4, Sox-2, and Nanog. Moreover, the char-
acteristic of mesenchymal stem cells was reveded by the expression of various mesenchymal stem cell markers, including CD29, CD44, CD90, and
vimentin. The aim of this study was to evaluate in vivo osteogenesis after maxillary sinus lift procedures with autogenous pSDM SCs and scaffold.

Materialsand Methods. The autogenous pSDM SCs were isolated from the 4 miniature pigs, and cultured to 3rd passage with same methods of our
previous studies. After cell membranes were labeled using a PKH26, 1x 107 cell§/100 pL of autogenous pSDM SCs were grafted into the maxillary
sinus with a demineralized bone matrix (DBM) and fibrin glue scaffold. In the contralateral control side, only a scaffold was grafted, without
SDMSCs. After two animals each were euthanized at 2 and 4 weeks after grafting, the in vivo osteogenesis was evaluated with histolomorphometric
and osteocal cin immunohistochemical studies.

Results: In vivo PKH26 expression was detected in all specimens at 2 and 4 weeks after grafting. Trabecular bone formation and osteocalcin
expression were more pronounced around the grafted materialsin the autogenous pSDM SCs-grafted group compared to the control group. Newly gen-
erated bone was observed growing from the periphery to the center of the grafted material.

Conclusion: The results of the present study suggest that autogenous skin-derived mesenchymal stem cells grafting with a DBM and fibrin glue
scaffold can be a predictable method in the maxillary sinus floor elevation technique for implant surgery.

Key words: Skin-derived mesenchymal stem cells, Tissue engineering, In vivo osteogenesis, Maxillary sinus floor elevation.
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2] (floating sphere) & A sl= Zlo] 7] A Exj %
o] 4o, o] E M EE EF B A 275 71dL
5 Wl A m st e E X‘ZHHOJ AE A g
ojth. mtebA o] 2 gk SKPs= A7 5 el aﬂ*ﬂi(neural
crest-derived stem cells) 9} 7+ 54 & HolH, &5 AN A
2o Aol F&8kA AHES 5 ol gt 7] gt o
ol t'Hﬂl MSCSL 2 7tA] 54 S Boled, AANZ v kvt
o F-2-9 el (adherent state) 2 v =™, 24 2 7R Al
EZ X E A R(cell surface markers)oll k4] o] M (CD13,
CD29, CD44, CD73, CD90, CD105, CD166 %), M A 2 Hj #]
(invitro) el A A%, & % QA ZR F37} M5 d Y
5o] MSCse| 714 & & A o]t} Riekstina 522 217k9]
7)o 4] 454 ¢l SKPsg %ow s g, 94
(fetal bovine serum, FBS)©] &% ull %] ol fibroblast growth
factor-2 (FGF-2)2 Z7}5to] mj x| uleto] )55 A £ 2
23 A E A 25 s, of 7]l A MSCse] 54
LAY o2 BB &g g A 7] A Z(skin-derived
MSCs, SDMSCs)2t & at i th. o 2] W & A A Fol
AP Aol A g7 fe 271 EE FE5 a3 A
WHo®, vy A 9 o] F 3 %E5 DMEM/F12 vl #] of
FBS, endothelial growth factor (EGF), basic fibroblast growth
factor (bFGF), 2] 22 penicillina} streptomycing & 3}3 uj
AN o 3457 vl Fste] B R AEES FE3
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33193 k. 3 CD29, CD44, CD90, 18 ¥

+ MSCs®| #A| A7} —w—l:r THE S AFA
thooly st AHE AP AFolA FE3 A 7FH =714
Sz AL 719 9] SKPs9}= = SDMSCSE} AN

Y s} x] 9] o] H o A =3 porcine SDMSCs
(pPSDMSCe)& AJAl W 14 atAS A AA Ul FsH =
of e HrtE B0 Z 217} pSDMSCsE € 3] Z(dem-
ineralized bone matrix, DBM) 3} fibrin glueE & $3} scaffold
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(Invitrogen, Carlsbad, CA, USA)<|| 10% FBS (Invitrogen), 10
ng/mL EGF (Sigma-Aldrich, St. Louis, MO, USA), 10 ng/mL
bFGF (Sigma-Aldrich), Z72] 22 100 U/mL penicillin (Sigma
Aldrich) 2 100 pg/mL streptomycin (Sigma-Aldrich) ] s}A8
A S 93 ) Aol A 385C, 5% CO. 2+ humidity 2740 2
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aminetetraacetic acid (EDTA, Invitrogen)©. 2 A& & Atj
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A Al F g 9 R 71 E7F oF 70% A =9
confluentol] =&3&lH, A 225 PKH26 & 32 kit (Sigma-
Aldrich)E o] &3}o] A 23] ALe] vy o 2 & 3¢ A4 (label-
ing) 3t} Q. 9FalH, trypsin-EDTAS o] &3}o] ulj k& Al
¥ EL B3 % Dulbecco s Phosphate Buffered Saline
(DPBS, Invitrogen) £ ©] &3t Al % 5}, o] & 400X g& 5
E7F A E7 sttt 1 mLe Diluent C9F 1 mL2] 4% 10°
molar PKH26 dyeZ 718 3 25°Coll A 5% 1F 1H-8-417)
t}. o] % 2 mLe| 10% FBSE 137+ WS A7) 77, wpx| ek o
2 9" A = DMEM/F122 33] A 4 sl o},



At i| EH E7|M=Z2} DBM %! fibrin scaffoldS
0|28t MASH Has

AdEE2 10 mg/kgd] tlletammezolazepam (Zoletil,
Virbac, Carros, France) 2.2 AAlvlz 3 oE AgdA+9)
FUA® ) H2Y R WUAA ) G 4orE A

2Nt AW Ze) AetE Ave 4 Leme] 23
J el 3 AFelk=E A u(Schneider’ s membrane) S 7 A3}
(Fig. 1L A), ots 533t o Abo] o] F-7ke] PKH26=
A g 1x 107 cells/100 pl o] A7} 3] 52 744 =714
X (pSDMSCs)E 0.25 cce] DBM (Grafton, Osteotech,
Eatontown, NJ, USA)$} 0.3 mL 2] fibrin glue (Greenplast kit,
Green Cross, Yongin, Korea) 9} &3tato] A AHA o]
gttt o4 Al AFotE Wl DBME WA o2 ate] 24
S 2R 51 A & 5, pSDMSCsE fibrin gluee] &g
Fobg vlo] FAbshe WA 02 o)Al Wi &
Zo= D BGE MITE @R & PBe ko
e olsan. e e 2e 4
g} (Lyoplant, Aesculap, Melsungen, Germany) ©. 2 3]
% 24-41:'20] ol%i@-ﬂ. N/\]g}oﬂom‘ Al
ol A &} A (Cefazolin, Yuhan Corp., Seoul, Korea) S
ok, 44 Al (Meloxicam, Boehringer Ingerlheim,
Ingelheim, Germany) & 19 83 A2 £ 519t}
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Fig. 1. Maxillary sinus floor elevation using autogenous
porcine skin-derived mesenchymal stem cells. (pSDMSCs)
A. The lateral window was formed via an extraoral approach
in the anterior wall of the maxillary sinus. B. Augmented
graft material was found under Schneider' s membrane in
the harvested specimen. (arrow)
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glassol 23315, A 243t 4
dide glassE A 2ol A 12A]7F H #3F & TrissEDTA buffer
(LabVision, Thermo Fisher Scientific Inc., Fremont, CA,
USA)ol| &3¢ PTmodule (Labvision) W ol 4] 100°C ol A 25
RS A AN Gt a3 AA G E FA A Ao
™, o] & Tris Buffered Sailine (TBS, LabVision)<} of] 3% 71 2
3] Al sk ik W14 peroxidases Abetst7] ¢l Akt
= 247 (hydrogen peroxide) S 4 2o A 1087} 92 A1 A 11,
TBSe|| 3&7F 23] A & 514 th. Osteocalcmfﬂ] o) &t 1x}38}HA)
= 1:2002. 2 3] 3 primary mouse monoclonal antibody
1gG2a (MA1-5071, Thermo Scientific, Rockford, IL, USA)&
AL&-3FG oW, 2= o] o A 7] (Lab Vision Autostainer, Lab
Vision) S AR-g3te] 37Coll A 40 7F 12 8HA| & wha- A 2
1, o] % dide glassE biotinS - 2}&F 2x}38} 4] ¢ biotinylat-
ed polyvalent secondary antibody &<} © 2 Az & 4
horseradish peroxidase-conjugated avidin-biotin complex = =}
<2171 % 3,3-diaminobenzidinez} hydrogen peroxideE A&
sle] WAl 519 © 1, hematoxylin® 2 818 o) 22519
t}. Hematoxylin-eosin ¢4 4] 2 osteocalcin Udgﬁ Aol ojf gk
Aot $A e 2y % AFTAN A2 T ol
ARBE Adete Fean 40w Ao @ A
Q= 2% o) Wl skt AA S AT 58] Al 0
9] osteocalcin R = A TAF FHY THAIZ
(osteoblasts), A1 A & ] o] ZA| J_(osteocyteﬁ) a8 F4
F Abol AgzA W) nAys *dw‘”ﬂ FAA E
(immature fibroblast-like cells)& =41 &
OHE S 9 3 PKH269 ‘o 3 %_ :
o 2 214245 cryomolde] ¥ % O.C.T. compound
(Tissue-Tek, Sakura Finetechnical Co., Ltd., Tokyo, Japan)&
He ¥ -28CE F% YEdh YE5E 25 < Cryocut
(LEICA CM3050S, Leica, Wetzlar, Germany)g ©]-& 3} ¢] 4 um
712 A2 3 slanec] T8 ¥ dide glassel] £ @t} dide
glass= 4',6-diamidino-2-phenylindole (DAPI, VEC-
TASHEID, Vector Lab., CA, USA)Z G A1 5l & e
33 n] 7 (Olympus BX51, Olympus Optical Co., Tokyo,
Japan) s}l A #2313, & 3371 2 (Olympus DP72,
Olympus Optical Co., Tokyo, Japan) 2 &< 5} ¢ o}
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T 2 Al A A *ﬁ%A A3t ##stAth(Figs. 4.C, D) =
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P THoZ ZeUt HY = S E A

A7F B REGH ENAEE o4 d AP 259 45
Fo 24 ERA tE2FEY €53] =2 osteocalcing]

Fig. 2. Cell labeling with PKH26. (A & B: 2 weeks after
sinus grafting, x40 magnification: C & D: 4 weeks after
grafting, x100 magnification) A. Numerous cells were
observed in DAPI staining. B. PKH26 positive cells were
plentifully detected in the same specimen. C, D. Abundant
DAPI and PKH26 positive cells were also observed in the
specimens of 4 weeks after sinus grafting.
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Fig. 3. Histological features at 2 weeks after autogenous
pSDMSCs grafting in the maxillary sinus floor. (A & C. x12
magnification; B & D, x40 magnification) A. Sinus opening
and graft materials were observed in control specimen. B.
High magnification of control specimen. Grafted DBM
(arrow) was observed in the sinus elevated materials.
However, new bone activity was barely detected in control
group. C. Experimental group. The sinus grafted matrix
was also detected in experimental group. Newly generated
trabecular bones were clearly found in the peripheral por-
tion of grafted material in the maxillary sinus. (arrows) D.
High magnification of the experimental specimen, new
bones were observed growing into the grafted materials.

Fig. 4. Histologic appearances of the in vivo generated new
bones in the experimental specimens (A, x 40 magnifica-
tion of 2 weeks specimen: B, x100 magnification of 2
weeks specimen: C & D, x40 magnification of 4 weeks
specimens) A, B. New bone generation potential was
detected in the specimens of 2 weeks after sinus grafting.
C, D. More enhanced new bone generation and maturation
were observed in the 4 weeks specimens compared with 2
weeks specimens. (Abbreviations: *, basal bone: arrow,
borderline of basal bone and newly generated bone: arrow
head, newly generated trabecular bone)
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Fig. 5. Immunohistochemical staining of osteocalcin in the in
vivo osteogenesis specimens. (A, control at 2 weeks: B,
control at 4 weeks: C, experimental at 2 weeks; D, experi-
mental at 4 weeks) (x40 magnification) A. Osteocalcin was
almost negatively expressed in graft material except around
DBM (arrow). B. Weak osteocalcin expression around
newly generated bone (arrow) was found in the sinus graft
material. C. Strong osteocalcin expressions were observed
in the experimental specimens at both time points. D.
Higher bone-morphogenic activity (arrow) was observed
with enhanced osteocalcin expression in the peripheral
portion of grafted material, especially in the immature
fibroblast-like cells.
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