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1. M2 & oY
A. Medpor®#(sheet)

Medpor® (Porex Surgical Inc., CA, U.S.A.)
A Fej 2 Azt AMgstdth. B 7o A
717} 150~300 pym$ 1 mm 5719 Medpor®#S
g5 AH HF7I(KAI sterile dermal biopsy
punch, KAI MEDICAL, Oyana, Japan)S AH&
gkl A5 8 mmE A AstaL o gdl SAtol= 7px 4
o Ag & AP AH&stth(Fig. 1).
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C. Athymic nude mice
W 2 A Z 9} 2] Medporatel A o] Qh2ka)

g Ao S ek a7} Q1S YA A7F [
9] Alare} Tl Aof ARERS-S HolX] ¢+ athymic

nude mice (Jackson Laboratory, Maine, USA)
207 E ARSSITE AREE w929 Py AT
100~200 golley, =8 T~8F# oSt

D. Cell culture media

W AP E2] viFS 1097 endothelial basal
medium (EBM) (Cambrex, SanDiego, CA)9I
5% fetal bovine serum, human vascular
endothelial growth factor, human fibroblast
growth factor-2, human epidermal growth
factor, insulin-like growth factor-1, ¥
ascorbic acidg F7}ste] AHE-3tSTh.

g x&

2. X| MIZ(ASCs)2| 22| X LHLTTAIE byt

. A ZEZA (Adipose tissue) MFH} =7 £
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felel AEAEE B 4 BE A

Figure 1. Thin Medpor® sheets (Porex Surgical Inc., CA, U.S.A.)
were cut to 8 mm in diameter and were used after sterilization.
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A AHBIATE. 5 ml FAIR FUS ASS EddE
7H992 AA Atz Hank's Balanced S 1t
Solution (HBSS, Life Technologies)2 2 ThHA|
A Hsact. 239 0.1% clostridial collagenase
(Worthington Biochemical), 10 mg/ml porcine
heparin (Sigma) in Medium 199914 37T, 30
1 AYstRa, duE AZRE AREste] Ed HA
o 2FS A A FHoll AES 900 X g=2 1083 H
B A=

B. WA EZ(Endothelial cell) ¥4 ¥ £%

w29 AEZE 0.5 ml9 HBSSZ ##3 %
fluorescein isothiocyanate (FITC)-labeled
Ulex europaeus agglutinin (UEA)-1 (Sigma) <
150 pg/ml H7¥star 4ToA 10w3F A28t &
AT 67 ym nylon filter mesh®@ H¥E §3& %
Z 3 AE5E 2A590 3x10° AFESE Magnetic
associated cell sorting (MACS) buffer (0.5%
bovine albumin, 2 mM EDTA in PBS)& A%3}
3 anti-FITC-MACS magnetic nanospheres
(Mitenyi Biotec, Auburn, CA)E A&ttt
UEA-18 &% MEE mini-MACS column
(Mitenyi Biotec)Z #&]3lt}.

C. FHFAM xS 54 gl

WA E2] 4 B91L fluorescence-activated
cell sorting (FACS)o.2 3¢tk 2x10° AES
vascular endothelial-cadherin (VE-cadherin:
BD PharMingen, San Diego, Calif.), CD31
(BD PharMingen), CD34 (BD Pharmingen),
FITC-UEA-1, 1,1'-dioctadecyl-3,3,3",3"~
tetramethylindocarbocyanine-labeled acetylated
low-density lipoprotein (DiLDL) (Biomedical
Technologies, Stoughton, MA), Z22]3 FITC-labeled
von Willebrand factor (BD PharMingen)Z
4CoAA 3087 GAsE & FA|EZEA7] fluorescence-
activated cell sorter (FACS) SCAN flow cytometer
(Becton Dickinson Bio sciences, San Diego,
CA)$}F 53387 (confo cal microscope) (LSM510
Meta: Carl Zeiss, Germany) & 2433t}

3. Medpor®He| LHIMTA|ZS} MF
nude mouseofl2| 0]A!
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Afksl EENE A2t 4%
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1%, 1 U/ml7} 5=
8|43ttt oju) oA
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2E H7lstelol sk A9-dle 1x10° cell/mle] )
ATAE7E B5H serum free EBME AH8-319
o W ATA I} 7k e JriEA e dia
o} E%‘ﬂ% Y FIZ 4TColA AT 7Y
% 7l 300 WA &H A 37CAA 2087
I 4%‘:101 W HA = FdstA Hgstaer, A
5\-7} A2® Medpor®#& endothelial growth
medium (EGM) 2.2 37TColA 2¥7F o sjFstict
Pentobarbital® 160 mg/kge] §#o 2 B
T8t pFAAIZ|AL vR-2 S (back) ] S ol
= WA ATA Y A522 A28 Medpor® &S, 3}
R $Zde A4S A2 Medpor®#e, 181
S-Sl = i{a]é}x] ore Medpor®#S 747} 93}
2 AYS F 9ie 2555

T4 vk 20vte]E At At
7 o]48 Medpor®#He £ 5, 2749 #4
S5 RIS f8te Bl 249 FAE 47 5%
3}al lysis buffer® 4Co|A 24417 22N EFAXE
£ 379 59 892 Hematology system
<ADV10TM120 BAYER)E d7AZE =333t

Fro) Aol ek BA 5 El= Wilcoxon signed rank
testE ARSI T

Medpor®zte] A4S 2AsH 0z 3lelslr] 918}
o] TEUor 1A j.— plastic resin®.2 £=2 #|
2519} 1 um FAZ 23S A9st T Hematoxylin
& Eosing4 ¥} Tol dine blueZ @43t vAE
BT NS s

g919] B-Xo EAjsl= I3IAUZACZREH Uy
AFAEE Eolsle #23t A3 Figure 2A9 29]

A Z7] AEAME AxZV) AERFTE(cyto
plasmic vacuoles)7} ZAT Figure 2C$} 2ol &
37t Afolle MEZ7| AZEFET} ZrolAHA
Bl de #2% + UsUT Figure 2BSH 22
ol Al

Nile red O (DAPI nuclear counter staining)
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Figure 2. Adipose stem cells (ASCs) and endothelial
progenitor cells (EPCs). (A) Light microscope image of
cultured ASCs; (B) Nile red O staining of ASCs(DAPI
nuclear counter staining); (C) Phase contrast microscope
image of cultured EPCs.
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e Wo TR EAS 3%l 149 CD31,
CD34, UEA-1, acLDL Z18]aL von Willebrand factor
(factor VIID 2 FAste] FAZ #4719} I8
Aoz FRIsAt(Fig. 3, 4). AW 28 A XLZHH
W AFAEZE biotin-conjugated anti-human
CD34 ¥A= #gs F* FITC (fluorescein
isothiocyanate)-conjugated anti-CD313% PE
(phycoerythrin)-conjugated anti-CD34% 4}
st A7 FEE W HFAE Q9I%E oFF =
tom WAz 542 UEA-13 acL.DL A
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Figure 3. Flow cytometry analysis of isolated and cultured EPCs.
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#H(uptake) E3 45~52% 2 A AH(Fig. 3A).
g WO ATAEESE A Eajdshd 27] B4 By
AE] Z7)17F F7HE e, 2970l CD349] &d
of M3l7} glloy 1094 o= ATA X (progenitor
celD9 EAQ CD349 #Wdo] ZAHAH(Fig.
3B). &3 von Willebrand factor7} A A|lxEZd
S BEE I len, AlE #3tE fEskd Al27t
27 wojA zebd A v A (microtubule) S 34
A, CD319 #Hde =4tk (Fig. 4).
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A. Medpor®®e] W3 -4

o454

deolrd 1 % Aaa99 1 U/ml9 thrombing
35l 8 mm 2712 Medpor®ol] &8 HH4<
(fibrin clot)< ¥Adsla 37Tl 23Y. Hfi4&

o
o=
kS

sk Ak A9

oo i rfot

17} F4E Medpor® 2 EGMeA 297 1
FH(Fig. 5A). WAATALE Hrlete Aol
493 thrombing 348 WIHFAEF 1x106
cell/mleZ 2FH wjAE ARSI 45 4=
=g ATEAE 422 A3 Medpor®#He-, 3}
B o2dE HA44S AP Medpor®#e, 181
a5 2ol e HE)etA] S Medpor®#HS 27 9]8}
A3l st (Fig. 5B).
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A) B)
D) E) F)
Figure 4. Confocal microscope image of EPCs. (A) FITC-labeled von-Willebrand factor staining; (B) PI staining; (C)

overlapping (merge) image of A and B; (D) Phase contrast image of EPCs in 3-dimensional matrix culture; (E) FITC-labeled
CD31; (F) PI & CD31 staining.
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M ¥ oy dr &L o

A) B) Medpor®#Hghs o] 23 F9lols Fad4S
g = gioy, 4fas AP Medpor®#}
AFAEL} Afas H2)d Medpor"#e o4&
el BAFE I UAHFig. 6). d
28] ke Medpor®#e FHZA 9] §
S FLVE AP L YA AL
Figure 5. Medpor” sheet and postimplanted mouse. (A) A28 Medpor®#e FH 2479 3

Medpor® sheet treated with EPCs and fibrin; (B)
postoperated mouse 1) RUQ (Right upper quadrant) &

é‘.:m
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o

LUQ(Left upper quadrant) were implanted with Medpor®

o ru
ol
£

sheet treated with EPCs and fibrin. 2) LLQ (Left lower ERis as < 4 'j’bﬂoi 4 0}7 ] 34
quadrant) was with untreated Medpor® sheet. 3) RLQ (Right Medpor 2] FA1& 6]'51 dIAEE SH8IA
lower quadrant) was with Medpor® sheet treated with fibrin. o} 34 MedDOI"@{]_'«] A1 FAE WA Z e}

Figure 6. Gross examination of Medp0r® sheet; (A) Medp0r® sheet treated with EPCs and fibrin; (B) Medpor® sheet treated
with fibrin; (C) Untreated Medpor” sheet.
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Figure 7. Weight of Medpor® sheet. * p<0.001, ** p<0.01.
Al AEe A9 86.2:25.2 mg, AFaThe A
gk 4§ 64.6£12.9 mg 13 A stA| F& A5
35.4+15.3 mgolAtH(Fig. 7).
slmaene e S4HA dgtoy HeTe A
o= gRlo] HAow, WadFAEe} HFAE A
& 74 METE 0.230.02 (x103 cells/ul), 28
E 0.1+0.01 (x10° cells/ul), A&7 AE)s
- WELE (0.1340.01 (x10° cells/ul HYTE
1£0.01 (x10% cells/ul), 283 HeetA] &S 74
WE L= (.0240.01 (x103 cells/ul), A8F+=

0£0.01 (x10° cells/ul) 1%tk W ATAE} A
g & O 7ol Hlste] FAE S H
2 AY1E Z7} 5o AATHp0.001).
S AT LAME AeetA & ol Hlg
S7HpC0.01) ¢k A2 F7Hp<0.001)
A TH(Table 1).

e 2 g 32 do © Ho & oy 4 o opet
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Table 1. Quantitation of blood cells in Medpor® sheet

(meantstandard deviation)

WBC RBC
(x10° cells/ul) (x10° cells/pl)
EPCs+Fibrin' 0.23+0.02* 0.1£0.01
Fibrin* 0.13+0.01* 0.1£0.01
Medpor” only® 0.02+0.01 0.0+0.01
* p<0.001; +Medp0r® sheet treated with EPCs and fibrin;

*Medpor® sheet treated with fibrin; ¥ Untreated Medp0r®
sheet.
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Figure 8. Implanted Medpor”
staining; (A) Gross finding of implanted Medpor” sheet; (B)
Medpor” sheet treated with EPCs and fibrin; (C) Medpor”

sheet treated with fibrin; (D) Untreated Medpor® sheet.
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W AFAEet A A e 24 f37 o
AL FgH oz BAe 918t 349 Medpor®
3 ¥y2dydog 1AHI T plastic resin 2=
AZelal 1 yme] FAZ

i

Aohsle] 24 Zejo|m2 ub
€ H toluidine blue9t H&EZ 44319
Toluidine blue |4 Az} WIAFAZe} A4
A 77 A A oA AR EHA & el H
st =2 AEEEE Qe 4 dlon FF A
2 ol vliste] Wad A2} A el Tl A
4 2 AXYEE 308 F AAH(Fig. 8).
H&E 94 4 Medpor®# 9/¥& vl 8932 o
W A e} AR FollA 22 2UET) =
I @] B Btk AfA A FelME A

(=R

T

1A 2 ol Wigte] duER 3 29w A4 Y
Estth(Fig. 9).

Medpor®# WS vla 89S wf Wl o) A4 29}

CEES DEE RREEEE SRR EEEE )
Bolth s A2 ZAME AetA gL 2ol v

shel BUREI B ehton] e A ge T
NE 23e] 28 27 o|s]d] ozte] AR o] B

HAH(Fig. 10).
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Figure 9. H&E staining of external wall of implanted
Medpor®; (A) Medpor® sheet treated with EPCs and fibrin;
(B) Medpor® sheet treated with fibrin; (C) Untreated
Medpor” sheet.

¥} pegd MBS SJste] Bag HFEo
#H3}7} o] Fol A Fof|o} rpsEtnE AaEw
of wpe} hate] s A o] o] FofA| = Al
Ae @yo] 1 H7|= g

Qbsh ol A PBRE P B T A 2
o+ 9] 24 (extraperiosteal tissue)?l AW} =&
o] ith. <tel el AYE T AdEe] UA HE

Figure 10. H&E staining of internal spaces of implanted
Medpor®. (A) Medpor® sheet treated with EPCs and fibrin;
(B) Medpor® sheet treated with fibrin; (C) Untreated
Medpor” sheet.

gk xkake] A A A (biointegration) o] o] F01A]
HH 1271€e] 289, a8y o34 Z2golEdl ¢
WAE AMETE 42 (skeletal muscle) ol 44
Alell o #h] g3l7t 511 53], 2 (fibrous capsule)
S AATRE woll AYE] Hp Be RiRo] &
frob AEFgo 2 AFEAEAGo] Wz, waha
G4 Ao 9okl 5~6 mm FEE S AAG
T IurAQl RARRT £ o ¢FoF AN &
TR AP
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aHBE o A5 ok e ded Ade A
Aol FEto2 HEshe WS AdE FHd A
< S7HIAM FHARAT AA= Aole) 24 mE
FaA A A GFA o] skl A= mEd
FHe AaAdle He =w0] HA 4t 28Es
o gAs] AT AdTFHEEAAEAA ted A
AE9] =Zo] ol wAFThy LeiA Ack!

oj} T2 IHT TAES Ad=ol AAFHA
< UYEHESE AaEy F9d 05 FHE dfee
s do. webd AdEY dRdasts 34
71 7les /Wdshe Aol A3 a7HoA sttt

dustE F31417)7] A3 e s daddAE

[o

o] IS E1 ot I T EFRIAME AR
(vascular endothelial growth factor, VEGF),
AFEAIRE Q1A basic fibroblast growth factor,
bFGF) & & Wl o8 ZAo|A Mxe F4& &
Agletal FAAFE FXNZTE ARo] BFs A
ol AARIAE o] &3t tetFHES] A3t E FXIA
718 A7 AIRFEUY. 2 FAHE bFGF= A2
- BAEH FAgd 28 oY 7pA] A2t S
AF3te] Aol Bagh AAEH, otz 18
1 A9skE ZRAA 7=, WAz o) 49 A
o] Z|AAME Wl It g A k>

Bigham et al®*& recombinant human basic
fibroblast growth factor (Rh-bFGF)E A}&-3k
E71430lA bFGFE AX|g #4k8113]4 (hydro
xyapatite) T3& ¥ o4 g SHE &
FollA syt FXE ATk s, Soparkar
et al’s EZAPNAN TaA ZeloldAF AL A
oM E Z28-9] epidermal growth factor (EGF)
o} bFGFE AHE-SF ol A 53 o] 2~4n)] =vhal 3}
At

ov AR A LD T BAFFO THE FAE
o] sEslolo} @y ARHOR o AFAANE
¥ F94e Bsl] FRANS PoT)HE AE

S 3

1Y

7129 Wa M *E(endothelial cells, ECs)E 7]
d#e] B3} (angiogenesis) 9t olo] A E A
<2l (vasculogenesis)dll #A3IAE o] A=
Aol ot a8y WIATHEE N2 23FA

2N

5 7 2R IR o) A S F
12 4 ek, o]gh & i A ZolE 24 (bone

marrow),” T8 ¥Z (human peripheral mo

>
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nonuclear cells)®* 2 Az2 0o A wjokg 3]
AFANE} ed 2579 Ade A2 59 & AR
Al HlaA de] AREE I glom Qb W ol xRk
AFAolol o] wETh, T3k TR A A
WHATHEZE Egat7] Heirs 228 50 mlel
A 645 CD34+cells per milliliter &}l

gol AREE A= F A oo Hlste] o

30
AA

AAEo] AA TxYA WIHLAHEE £
SRS W FFHo] HA &= dHo] Jo AR A
ZA A EEetan. AW 28 Az2RE E2E Y
IATAEZE FITC (fluorescein isothiocyanate)
-conjugated anti-CD313 PE (phycoerythrin)
-conjugated anti-CD34% 9413 Ay Ezjd U
AFHEL 2= 99%E oFF =%ow Y+
Azl 5421 UEA-13 acL.DL A3 =38 45~52%
2 A

a8y FEE WAAFHEE Az std 2¢
A= CD349 wdd ¥yt gldoy 102
ATAE] EAQ0 CD349] #do] fasnzg wjek
T 10¥ ol W ATAEE AEStE Aol £5 A
o2 Alg 9t}

e Aol WA FAZHE o2 Medpor”
o]l AAg 3¢ Medpor®7} 5ol A2 0|
oflE g o] Wolzny, 1A AR 2 AR
O E FAS FEATIE A8 HFE T ot &+
YH 229 HF | o] & 2 F A= FEFSE Aira

i

2
(Tisseel® kit, Baxter)E #o] Ax3}4ct.

Rosenthal et al®e dAo/HGLYU/ESH &
A o] &3ate] E7|oA 1T ZHo]| A S AAEA T
ojAL A el F53 Afrdhe ABAE, PAE
W, ZIAEAS S AMEAY A, AAER
2 AfoE F4E FEAIE & HE A8 E 2
I e =42 4eEA s

A2 e Ao g ad= =A A 7t

Adafz A dFo P4 9T ¢
= AFEH} o] EEE 249
Aol o] & & = oy, Al MAE Afa ofnl AHA)
7} AE A BEAEAN AFolHNE S0 GFS Fol F
ARl Bgo] 2 & g Ik e ofae
AL AFadY s29 Aha gI-AkE Atol9 W
+ HHA olule] FI&ErE A

SRLol ] olmFo] FA, 1 F9o A Ea
A5 J&, aprotinin® & 5ol 23 Utk oA
S ARE w EERY FrAES gEFoaHN Sl
AZAE 24 & 5 e, § EEY 500995

vL=sE -
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2 AHg3HE 603 ool Sk AR M iz
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=ABSTRACT=

The Role of Endothelial Progenital Cells and Fibrin on
Vascularization and Stability in Orbital Implant

Jae Wook Yang, M.D., Ph.D.l, Ho Young Lee, M.D.l,
Sae Gwang Park, M.D., Ph.D.>, Young Il Yang, M.D., Ph.D.’

Department of Ophthalmology, College of Medicine, Inje University', Pusan, Kora
Department of Microbiology, College of Medicine, Inje Universilyz, Pusan, Kora
Department of Pathology, College of Medicine, Inje Universily‘g, Pusan, Kora

Purpose: The effects of endothelial progenitor cells (EPCs) and fibrin on fibrovascular growth into porous
polyethylene orbital implants (Medpor” sheet) were investigated using stem cells.

Methods: EPCs were separated from human adipose fat tissue for culture. Fluorescence-activated cell sorting
(FACS) was used to identify the phenotype and to analyze the purity of EPCs cultivated from human adipose
tissue. Processed Medpor® sheets were inserted in each quadrant of the subcutaneous fat layer under the dorsal
surface of 20 anesthetized athymic nude mice, using sterile methods. Medpor” sheets processed with
endothelial progenitor cells and fibrin were inserted into the two top quadrants, a Medpor® sheet processed
with fibrin was inserted in the lower right quadrant, and an unprocessed Medpor” sheet was inserted in the
lower left quadrant of each mouse. The mice were sacrificed on the seventh day. The adhesiveness and blood
vessel formation were quantified by weight and the number of blood cells within the Medpor® sheets.
Hematoxylin and eosin (H&E) and toluidine blue stains were used to analyze fibrovascular and cell growth
within the Medpor® sheets.

Results: The sheets processed with EPCs and fibrin were heavier and contained more white and red blood
cells (p<0.001) than the other sheets. The sheets processed with fibrin alone were heavier (p<0.01) and
contained more blood cells (p<0.001) than the unprocessed sheets. The degree of vessel formation and tissue
adhesiveness was greatest in the group of Medpor® sheets processed with EPCs and fibrin. The sheets
processed with fibrin only had greater tissue adhesiveness and fibrovascular proliferation than the unprocessed
Medpor® sheets.

Conclusions: Endothelial progenitor cells and fibrin applied to Medpor® sheets improve fibrovascular
proliferation and tissue adhesiveness. When both are applied together, a synergistic effect is seen.

J Korean Ophthalmol Soc 49(7):1135-1145, 2008

Key Words: Endothelial progenital cells, Fibrin, Fibrovascularization, Medpor® sheet
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