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ABSTRACT

Autologous fat grafting (AFG) has been widely used as an injectable substance for
breast reconstruction in cosmetic surgery; however, the clinical outcome of AFG is
generally considered an unpredictable procedure, with long-term retention commonly
varying between 20 and 90%, which is believed to be caused by poor blood supply in the
early after grafting. Negative pressure using external volume expansion (EVE) has long
been theorized as a potential means to precondition the recipient bed. In addition, the
mechanical force has been confirmed to play a pivotal role in mesenchymal stem cells
proliferation and differentiation. Accordingly, to investigate the effects of in vivo
mechanical loading of EVE on cell proliferation, vascular growth and subsequent
maturation as well as cellular markers, proliferation capacity and differentiation potential
of adipose stem cells (ASCs) in subcutaneous fat, a swine model was devised to take
advantage of anatomical and physiological similarities in skin and subcutaneous tissue

between pigs and human.

In this study, pigs were treated with continuous suction at -50 mmHg during the
same eight-hour (9:00-17:00) interval each day until 10 or 21 days. Before sampling on
day-11 or 22, an ultrasonography was performed to study the soft tissue thickness and
results revealed that EVE-induced soft tissue enlargement is a transient effect. Specimens
from control and treated groups conducted a various analysis. The result of H&E staining
showed that EVE can enhance the process of vascular remodeling but has no significant
effect on adipocytes size and numbers. IHC stain with Ki67 showed cell proliferation in
basal keratinocytes and adipocytes did not appear significant difference as compared with

the non-treated group; in contrast, vascular networks layered with smooth muscle cells
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increased in EVE treated groups as evident by the a-SMA staining. On the other hand,
the epidermal thickness was measured by image J but no significant difference was
observed across the groups. Immunofluorescence stain with CD31 suggested that blood

vessel density would gradually increase with the loading time of EVE.

Stromal vascular fraction (SVF) cells and ASCs were isolated and purified from fat
tissue, respectively. Proliferation capacity of ASCs was measured by doubling time and
colony-forming assay but no statistical difference was found between the control and
EVE treated groups. ASCs were subjected to adipogenic induction for 21 days followed
by Oil-Red O staining and adipogenic differentiation potential of ASCs had no significant
difference across the groups. Flow cytometry analysis showed regardless of treatment
interval, ASCs expressed mesenchymal markers such as CD29, CD44, CD90, CD105
while lacking expression of hematopoietic marker such as CD34. Multicolor flow
cytometric analysis of SVF cells revealed no significant difference in the ratio of ASCs
across the groups; in contrast, the percentage of endothelial cells of EVE treated groups

significantly increased as treatment lengthened when compared with the control group.

In conclusion, the predominant mechanism of action of EVE, which would modulate
neovascular network formation, growth and maturation of functional blood vessels. The
preconditioning effect of EVE has been demonstrated in the swine model, which may be
easily translated into clinical practices to enhance cell and tissue engraftment. It is
expected that this understanding may help clinicians to optimize the vascularity of the

recipient bed to further improve fat volume retention before the operation.

Key words: Autologous fat grafting, External volume expansion, Adipose stem cells,

Stromal vascular fraction, Fat volume retention
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Figure 3. Brown adipose tissue (left) and white adipose tissue (right).
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3 4o (hyperplasia) (] 4) o %+ 5 |+ %3 9% %2 (hypertrophic adipocytes) & 5 ™ 71
FEk (1) R R LG e Y o R eimte £ ko~ & (necrotic-
like abnormalities) » i& @ 3 w22 g 7 o (2) 99 By 3kimie € 3 4o B L F R
fw¥e ¥c%  (pro-inflammatory cytokines) e Ao i > @ 5 R F]S (tumor
necrosis factor a, TNFa), interleukin (IL)-6, IL-8 12 2 ¥ 4% 'm?z 4% i* }—v (monocyte
chemoattractant protein-1, MCP-1) » &4 % € ¢ nuclear factor kB = Jun N-
terminal Kinase signaling » # insulin receptor substrate-1 ¥ ek seps 3 4 Fips i
(serine phosphorylation) » # 3z 3% § % e fi (insulin resistance) @ B - gt % RaE
FUF pmied Y g5 LA R e 0 & B e T b » R »E
WA XF o (3) fgtrmie it B g ig SARE A R R @ R G IV
A ERF AR R P AR A F LR R A TIARE ¢
HAvo gt thig T fidie® g3 o @ < RAVFRA ARy i ko @
E B B G e R o e e > EROE 1% w3 4 (ectopic lipid
accumulation) {=73 % ¢ & (lipotoxicity) - 4p ¥+ @ 3 > 5 %% f s e R

(hyperplasic expansion) » Z d *g %% 5§ fm e A (v & Fg 8k imbe o LR AR K 3F 5 4T
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+ ez #T3 & > B4 peroxisome proliferator-activated receptor y (PPARy) % &%

374 = ~ CCAAT/enhancer binding protein (CEBP) # #{riadF g ip4 & o a7 & % »

FEAFRPN for g A A SRln e chd AR T EN) X 8 WAT g e w

)4 _

Skimie < £ 77 &3t CD317, CD34" stromal vascular fraction (SVF) » @ -] 85 { %

B argiad 2w Sphmie g yen] 4k ¢ 35 CD457, CD31, Terl19-, CD29%, CD34",

Sca-1"4- CD24"* m*z (Choe et al., 2016) -

£ m1aTM
©Q mzamm

O adipocyte

O dead adipocyte

—— Hyperplasia Hypertrophy ——
+ cell number t + cell size 1
* FFA release | « FFA release 1
+» adiponectin t + adiponectin |
« pro-inflammatory cytokines | + pro-inflammatory cytokines t
+ immune cell recruitment | + immune cell recruitment 1
« hypoxia and fibrosis | + hypoxia and fibrosis t
+ insulin sensitivity t « insulin sensitivity |

(Choe et al., 2016)

B 4. 57 5 g5 4 vy v e 2k o

Figure 4. Characteristics of hypertrophic and hyperplasic adipocytes.
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2.2.5 Ppirle 2 wie B

AR R iR R giriFimie ~ g PR e s m B e e
(pericytes) ~ a2 fm¥e ~ Eeiimre fore ok LA E 7% & (Yoshimura et al., 2006) -
g ¥k m iz d 2T E T A 2t 50~130 um o g ik e A A 90% 4 b oo e 0w e A S 4T
4> 50% (Sugaetal., 2008) ° #q 9o ¥ & 7 plat B B 0 g ihlete d LR Ged BT
EAHE (stroma) P oo B - BEgRmre 30 fo- iEia F AR GE pmE R

P REAR 0 % Al p Lt AP EEAR § ~ EEHE (Gomillion and Burg, 2006) -

HeP ) ey i e 3 ok gL 5 d ¥R -9 v (collagenase) i& {7 4 f#1s >
T Ly b e g ke sk B v A e e e A 3 ) %A A e BB (cell
pellet) » 5ot @427 BB LT FRTIM ¢ 0 RS GERC BRRIFOER S 7y
5 ke o i 4 ",f o FUHRITHL S F R emie MBLA G A F e F e (stromal
vascular fraction, SVF) > # ¢ 2 & ¢ 7 & p L & F A F e (stromal cells) {=
fEimre (mural cells) o 5 &>t SVF ¢ chlmre 5 ¢ i & & wie Kihanimie > &
1 1 g s BRinde (pre-adipocytes) ~ R e v p A n¥e s m F T itine
(vascular smooth muscle cells) ~ & % *wm*2 (immune cells) fr?q35iz m?e (Shukla et
al., 2015) (Bl 5) c AT F e > BREF- ¢ 72X 2RP HRe R
(circulating blood-derived cells) Hl4rd w FRfrizm 3 > RS INL 2 o n ¥ 5 d
MR R FHEIE - B LD Ragrizime v 5 d 21 CD31 CD34" CD45
CD90" CD105 CD146" ehim®e it {7 %> fe 33 % PF § ¥ *F % 3 CD105* (Yoshimura,
2006) - @ J&d Fh P 7B~ {B 2. SVF ¥ hj fimre ¢ 3 37%:hv o 7k (CD45") - 35%
Pa¥kit mPe (CD31°CD34"CD45Y) » 15%:1p 4 wm?s (CD31" CD34'CD45) fr# v
im¥e (CD31 CD34 CD45) » & ¥ igdt 5 i ki chim % o7 (ke &0t ¢ 1995 B A8
w fmm F P A0 o (Suga et al., 2008; Yoshimura et al., 2009) -
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A Components of Lipoaspirate |,

—Adipose Tissue—_

|~ Infranatant
Bload & Local Anaesthetic i Collagenase Digestion
| & Cantrifugation
—SVF Pellet ELL
e ——-...
@, Pericytes
B  Components of Adipose Tissue + CD140b*, CD1467, NG2* C Components of SVF Pellet
= (D31, CD34, D144, vWF- - )
Adipocytes |

~<2> Adipose Derived Stem Cells
+ (D13, CD29", CD34*", D44, CD90", CD104a*

s = (D14, CD31", (D45, CD106, CD144

" % . . 2 (D146, aSMA

: . &> Pre-Adipocytes

,-::*4 : \ O %

o ¢ Q o > Endothelial & Progenitor Cells

AT QTN + CD31°, CD347, CD90", CD146", VWF*
i~ 2. = (D45

= o
o U
ﬁ Haematopoetic Cells
.

Monocytes/Macrophages Tissue Culture Cell-Assisted Lipotransfer

(Shukla et al., 2015)

B 5 e Sfeh i F mie 2w e o

Figure 5. Cellular compositions of adipose tissue and stromal vascular cells.
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2.3 p WA BAE
231 @4

PR BT AL G - fEp B8 S 4~ (autologousfiller) o Bow e R LIE * RS
% FfrE 2 2% (Maileyetal, 2013) o qpfa > H v A 1w 5 > p P98 5 B
BEE - BAPFMFE-FRZT REHHFEZ PRI Rp K% EE (Khourietal,
2014) - 7y Hﬁ.ﬂ_#«,_ 7 H ABEM S d Bz 3 (heterogeneous cell population) i
W VR e FlG o~ gk e d £ F1S o g AL W de AR L 2R e e
(multipotent stem cells) e F]+ %k 22 % e & cjicdk 3t (Largo et al., 2014) - #5955
EETARG - A EE A (dynamic filler) > 2 Z 5 8 fE 73 B A Lo i
(supplementary effects) » & & : %% # »z & (volumetric effect) f= £ # »< i
(regenerative effect) : = & * ** 2 4R gir ke B e o 18 Ry G X HEIR 2 4 H R
B 4p g #Xenth g (Mojallal et al., 2009; Rigotti et al., 2016) -

PrERE G B RLF LS O RN P ARFIE S RA
2 g T B EAE RN A X HERT ] LR AR KA
BAE g ipleid 3ak L 8 g A R EMDE AT L Fldept o TRk p R
R LR R ER o HE Y 5T F - &R 20~90%2 7 &
(Cherubino and Marra, 2009) -

Btk AR B TR R A F S R AL R LR Gty e iR L
% 4% %3t (Rueda-Clausenetal., 2011) ; #fec%q ek 7 % v (liquefied) » H

BFF R Ted A% RIEB R Arig 2R (Eirin et al., 2012) ; @A a S F d
e deo o FEEFET LB 4 2 24 20%5] 90%=2 3# (Cherubino

and Marra, 2009) ; T ié ~ R4 P iple et < £ g iklmie ® S0 4E 0 e R X T2 M
Rl e 2 E R A G 4 ik € ARE B qca )4 (Chien et al., 2012; Huang et al.,
2016) -

232 i F i ngE
2bw g it P a4 (nonvascularized fat grafts, nVFGs) 2 A RIS R B E

W Gaped kB F K2 s TR 2 il e 5 T ML sl
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BB A BT PN (Serra-Renom et al., 2010) &>t H 45 2 fg ip B %‘”l 2
ERd EFF A e dme e e F AR &R RS IAS
(conventional fat grafting) (Mailey et al., 2013) -

g m e gt G 3Rak ke 2L TR AR h R DIFE 0§ F Al 3B ATE D
Matr + 5 5 A& (pO2=15mmHQ) #-$3% 75 95 mie 3t 24 | PER 4= o
MER L EFERAEE P L me s RS o AP T s g kiR me T 3R iE 3

X > ;L_g‘g 3 X zZp o s;]a;g‘;_gmn g’?‘ﬁt/rlb , Txa’@tl_ﬂ4g‘4f%m ‘_E,_%\q,\@ i

T
.

T E L LR e e H & frigp2 4 2 (Sugaetal., 2010) (] 6)

A ERLIMEROE G Flr XM Rn e § s R

A EFF B FEIFmE RS mE o B X E “‘ XL R FE = tmYE gﬁ%z

DFGF 408 © F] 3 » % fijcry 9533 fm % 3% HGF % W+’ﬁﬁﬁﬁnﬁﬁ”
e A T drdlgait A o n MR G - BB Lz £
L e TS (B 7)e 5 fieehe A i & ABHE  RELY ik

fmrz fem BRinie € E T R F A PR MR B E RN 2 e b ? ENP IR

{6 € ALz imie & A BRlm iz A4 LT — e 4 (Yoshimura et al., 2011) -

pO, = 60mmHg

Stem cell
death

Macrophage
Infiltration +

phagocytosis

activation

Regeneration

(angiogensis +
adipogenesis)

B 6. 7q ik MOt A G PF2 e S E o (Suga et al., 2010)

Figure 6. Cellular events in ischemia tissue.
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ECM disruption
Dying cells

Tissue injury Bleeding
Platelet activation

Hypoxia
Release _
= s Release
bFGF, TGF-B
Proteinases TNF-a, EGF

@

Necrosis PDGF, EGF

Apoptosis TGF-B, S1P
ECM fragments
Inflammatory cells,
° @ Bone-marrow-derived
IL-1,6,8 e 0. progenitor cells
L
Adipose tissue and o .. °
capillary remadeling HGF, VEGF, SDF-1, KGF ... °
= B '.o .

Angiogenesis, adipogenesis
Inhibit fibrogenesis

(Yoshimura et al., 2011)

B 7. fgirlea B2 miefos R o

Figure 7. Cellular and molecular events after adipose-tissue grafting.

233 imre B2 i
£GP e MR 0 o h
AEACF F B T g i e ] § REB S ot Gl e i F:

BEenTy v % ek £k F et o P L AT ok F FE Y AT R

N

PR FArE A EATA L F LA B S EHA G B g RBT

B

fmrz e 5 (Yazawa et al., 2006) -

R BREER? F §F kR AT LR % w2 fofy 942 e (adipose
derived stemcells, ASCs) ez » P -BiE R L S =B RE I 3EF L4 ®

% (B 8) o bt s cnHl s 5% » BAAH300 pm: H ¢ 2ot i % % b j
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PEEF F T e e ASCS ¥V R E S R R s £ A% B R RPRMCR
B plct Flledan gAFfof §F ik B A0 RE S B Y
1x3ke 7= > @ ASCs ¢ AT = ‘P frd 3 & 2 Rrenfgiplmie - 7= dhln
e B 4 A M1 macrophage #75 ¥ > 3 & # AR AT T B SR E S R
Hoe rgipmefo ASCS ¢ 7= > B ¥t HE 42 iffe- REF- 2w ? & 32

M@ F 0 5 d M1 macrophage =z ¥ ¥ 4 M2 macrophage &% 2} it @ 3k 2

(Eto et al., 2012) -

Mg a2 R FHFTF 2 BLEHRE ¢ 45 0 (1) The cell survival
theory : TR B M 4E A4~ 2 Pq s imie d XAV SGIFATIT Y P R B E T
n AR mE M FE PR e L bAm H1E 2 e (Peer,1950) ; & (2) The host
replacement theory : 7 K A {52 Pq Whlm e 23057 = > 75 EME IR &
H A A An B 2 W BRan e gL R 0 3 oA W ASCs B foa b g b B i g s dm e
% ASCs 2 4 2_#7m*2 (Dolderer et al., 2011; Eto et al., 2012; Kato et al., 2014) -

Katoetal (2014) & At | 8F7 7 = % 2 WP # e g 3 F 2 - 1% 0 4p

o
‘%
122

s

Bt h 0 e A G 300 um Py e b0 BT S R 0 g v A

A

=

£h 3

A B RN 2 e miad A d S L g s e e o B0 e B 4
PR o @S Rk imie A AR DR A F R T ke 9 B Y P AR T o A
g dkimre b 3 B0 g ARATEN A m e ik o " iF (lipid droplets) ¢ Ak E
TR e (e B2 M P P B g e R T e B0
G FLEES O f R 2Rtz A SRR T DR A AT o AR S
T I F g AR e fom Bphn e v 2 @ )R AT st e 0 RBR A R
WAL o B AR S N R 3 F R R hd e AR P EE
Gl e BT ASB R R AR PR A3 B AR D g
bk 3B P i AF S A i o RITpR g B3 T 12 B0 2 p £ 45 (Kato et
al., 2014) (] 8) -
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A “Three zones” from the periphery after grafting

Surviving zone Adipocyte
® \SC

Adipocytes survive.

fipocyte

Regenerating zone ASC

Adipocytes die, but stem cells survive.
Dead adipocytes are replaced with new ones.

Adipocyte
Necrotic zone & AS(C

Both adipocytes and stem cells die.

N\ “

!

\
AN

§

-

AL
.-’\

®-0-0

-
5
5

-

- -
e
L)

replacement

(Eto et al., 2012; Kato et al., 2014)

B 8 By iz BRB{Bmie A B ipiE 2 Bl o
Figure 8. (A) Conclusive schema for three zones of the grafts. (B) Conclusive schema

for the fate of adipocytes in grafted fat.
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234 mF A HBEFTFHL R

ETRSCESM ROV G WEE G LEES e f s LB
AERBEF B R N RBEFEVEF R AT LSS

P FL B A FAE G A AR
- ~ Pginafs e e cnig it (optimization of the fat grafts) » % 2L g & fa > 3¢ ¢

(1) w2 @ 2% 7q 954548 (cell-assisted lipotransfer, CAL) » # 4]* ASCs £ 3 &

it A rgapinte fos N A S0t s 4 a0 4 02 ASCs FluskaR i & Ak § A A
& g 4 = F|F b4 HGF - SDF-1 (stromal derived factor-1) He4m ¢ 4 = » st
5 RGF i 4o ASCs & SVF sk ot 7 9 Jw o 3 00 73 v Jn B 18 5 48 4815 4 45 ASCs
4 324 %% % (Yoshimuraetal., 2009) o & §_» BiT ATk F ArE RS B R
38 P ASCs 4 Lz fis » & Hed e > F]pb Foar et eny U A L W sE (Zhao
etal, 2012) ; jik # &% & 4in ASCs £ § HiS s il 4 ot P F R R
*E s BA e ASCs i (7 /A8 14545 (Pandey et al., 2011; Sharpless and DePinho,
2007)c 5 ¢k >heie ko fodf p 33 & ASCs e 58 oA 1t i £2. 7Rt F]5 2 3= ASCs
el 7B oA it~ 3 & ASCs el B e A 1 AR & F] & ~ v F13 {1 ASCs 4
RGBT F s B ASCSs FF R~ AR FIHE R ASCS BB R i o ip pl

s F & & CAL RBOE T N eRE 2. L iF ~ 31 (Huang et al., 2016) -

(2 BERL o Jf: (platelet-rich plasma, PRP) » H £ 4 i i & B~jiat i
JEFEES R G 0 e gL 2K TS (VEGF) 0 £ 4 24 £ FS
(epidermal growth factor, EGF)» x. ] f i 4 4 £ ¥]+ (PDGF)- #& i 4 £ %]+ (TGF-
1) » TGFP2 fr#gi% § % 4 £ F]+ (IGF-1) (Nakamura et al., 2010; Oh et al., 2011) -
WPﬁﬁﬁiﬁﬁﬁ%ﬁ’iﬁﬁii(%%igﬁ$aﬁﬁﬁ)$wiﬁﬁﬁ$
R E ST BRI My F o BIFA] ML K #e o PRP Ai * o > &R
L g v 4r( CaCIz)me 4 s pF (plasmathrombin) ie;;r;éi ‘| 4% f§ % a- granules
3 R i *  (degranulation) » X fs i & fa4 & F]F o ¢ HEd B APM DA & F]S
kigiEn g 2 & (Jamesetal., 2016) o e > BT RSk ArF R 0 € * 7 ¢ PRP ¢h
s ERBEEFOFLE RUE D Uihe F R bldon FARNE LA
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(Rigotti et al., 2016) - ] » G ¢ 7 7 1 21 J1* EGF > H a2 wmie 4 £ F]5
(fibroblast growth factor, FGF) » 12 2 PRP kit i faisffe iz isd ¥ v pjE e
g% (Ohetal., 2011; Park et al., 2011; Tamura et al., 2007) » fe i dt = jx edd 8L
BN FERFEEDTRENE R TRILH I D P TR R L R Y
FALAFHAJE R GEFTTE o FU > PRP =~ RAER * A W% w0 2
e aniB g R HEF fomn

=~ A R e SoehAf L 2 (preconditioning the recipient bed) o fu2 AL *
FMIFEEE (EVE) thf BRASLITY A XMt P He T3 FSFLET B
B flgcinse B A anit 4 > T ] B RR 4 i KR 4o RN e

o

F’B’Fﬁf{ﬁ'n&'fi ﬂ_?i%\' R f"-»fa:F"‘ ‘E"’?gﬁ ET»'” “Fﬁ;f@ »m A g,}f}' ﬁ;’}’s#”"}’”

R ff B e R I i 48R 4 (interstitial fluid pressure, IFP) o 4% X 5 538

BN

m

s EVE 2z B2 JE 0 m A gggﬁﬁnsanﬁ ?%nguq F"*Té,? ¢ 5 |FP g Izl -
B3 e ehi R A R F B B &?%ﬂw BHELPE S
# 7 (Khourietal, 2014) (B8] 9) o 714 ik B * + » 518 3 E N IMMMFIHEL

w,pu§4E?W@ﬁi%%%%%&ﬁi%%%,U£i&ﬁ@%i@’ﬁ%

AR R L F e BT B 0 R4k B 35 (Kosowski etal., 2015) (B 10) -

FE it EVE BE A 7&5‘2 EP A dFamek o FF 7 AP f R Z (negative
pressure therapy) ¥ & # 3F % 2% » B @ & il A mﬁhi’db i g 4 = (Heit et
al, 2012) « f i * pF s e SR AFpFI2at § 0 7 11 HIF-1o/VEGF 4 3 RS » i
m g w g 24 = (Erbaetal., 2011; Lancerotto et al., 2013; Lee et al., 2015) -
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A Normal IFP,
Normal O, delivery
to native fat,

B # Fe.

', 0, delivery

Large coalesced
grafts

C EVE-Induced

Vascularization,

Normal O, delivery

Diffusely distributed W
small grafts

Bl 9.EVE o= F g sftes RIT o

(Khouri et al., 2014)

Figure 9. The principle of EVE allows large volume fat transplantation.

(Kosowski et al., 2015)
Bl 10.EVE == 3 {10 p Mg fiid 52 S MER -
Figure 10. EVE creates a larger and more favorable recipient site for AFG surviving.
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24 3 &4 % & (mechanobiology)
241 @A

4 14 & (biomechanics) iZ4p# 3 2+ 404 B % > bldoic i@
FAup g gl s e E R R o R F FLE PO B BHE ~ Fliete 2 3 K 0 A
FRTE AL 4 F 2 FH 5 (mechanobiology) » # i & 3t R 4 kB
R N A & R SN
(mechanotransduction) » $f>t 2 $~ 484 32 ~ 3¢ ¥ {rp 5 SR (David Merryman
and Engler, 2010) - &]4op & fmre en4 B R R % (mechanosensors) < #5441k
MR i XA B RBE s PV D ML GRS T s B
RAFodd Fend R 0 Bl anrt i ¢ 458 L AT B 2

L 8+% (Chien, 2007) (@ 11)

Mechanical
Forces

Chemical
Ligands

Extracellular Matrix

(Chien, 2007)

Bl OLL 848 58 0 L e i -

Figure 11. Mechanical forces modulate the functions of endothelial cells.
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242 I B mre A

% # Folkman 4 Moscona . % 3| fm % 25k B ¥ w52 ¥ iy b 4 ] &

(Folkman and Moscona, 1978) - ‘m®s 55 + 115k % 5o (focal adhesions, FAS) i & d %

n#“

B A GAo B Gev (integring) o #-dnre o endm i 28 foie b JUBT IR BRIT
e iTil g AR Bikend BET o B ¢ e B 2 A ¥ 5 A Gt % (rigid
struts) > ficim Sk fr® B w3k 5 S (elastic elements) o sg b e i 2 B W 0B HE
P e i mre  Fen: W o AL 5 R F AR (tensional integrity or
tensegrity) (] 12) » — & F b4 T 3t T Hr@ dmoe N 82 v F il g BioA S
% o ijﬁg P e A B o i B ahr it (Ingber, 2003) o Pt ¢t kv 4% e
%ﬁkﬁﬁ%@mWW&ﬁ’ﬂP%%ﬁﬁﬁﬁ%ﬁ@%%#?%@%’%ﬁ*

| g B 42 8L DNA #2554 Flehig 4 (Buxboim et al., 2010) -

(Ingber, 2003)

B 12. .f‘:m’?f?iéé;}j_ii-ﬁ_ﬁr.gg‘%*# .

Figure 12. The tensegrity structures of cells.
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Integrins F w2 - F e o X8> d 18 B a{-8 B B =t H o1l 24 ﬁz
heterodimer receptors » 3 & ‘e 22 %z ¢k JL 47 enfkoi 22 i 30 (Legate et al., 2009) o
W4 @YEP sintegrins L B AT BB O A o od Bk YR L BET e
e dmve 28 2 = F-v (e.g.actomyosin) ~ f¥ % (e.g. tyrosine kinase) fe#rix F-v
(adaptor protein) @ A = integrin adhesion complex (IACs) » & @ 3 & fm¥e chrh i 4
Mo oe A ~ER W -~ it F (Rossetal, 2013) o 17+ & F7 7 # w2 i )
% TAgd AR TS A e kad e A 0 BE & F Ak (integrinadhesion) » &% it
B 4 dn i M 7 e B IR 1 F lw e R oh LR B AL T P T integrin =% ¥ i~ > =
5 AL FF ey e E R ek (Jeanes et al., 2012; Nikolopoulos et al.,
2005; Streuli and Akhtar, 2009) - Integrins % = # £ %]+ <X %8 (growth factor receptors,
GFRs) > %d PI3K/Akt = Mek/Erk & /= 18 :& S #p #r % cyclin/Cdk complexes 2 = >
* dr4] 2 ' f2 cyclin-dependent kinase inhibitors (CKIs) #]4e p27 = p21; ¥ ¢
integrins %d Rac /& it e PFEL T & oz il 72 (Moreno-Layseca and Streuli,

2014) (® 13) -

o2 & hlwre > F lwie W e T2 R0 0B e oh L2 A A Bf
%Akt 2 Ak F s (focal adhesions, FAS) » & FAs siim®z BTk ) # 5 3% 7 488 3o 5k
(actinfilaments) 7 )= & > F 5 4 & & (stress fibers, SFs) (Tojkander etal., 2012)-
SFs g ff e = ok ﬁ fmir2 vt R e FEvedi ok B9 (actomyosin) s ek d-v (myosin
) ~ §f 3~F -4 (o-actinin) frH v Pz ¥ 2 2 2= 39 (Burridge and Wittchen,
2013)c f 4 Hime R4 BiRE 2 Al e o LT 2 BRIT e 2 3R 8
A wl A & dointegrins fe cadherins 2 o § R4 d mrE t Fmir p HEpE > VAT
bRV ARE R e Bed 0 A P et o L iR e e 75 B3] B
4~ A dv oz B B (cytokinesis) # (Chen et al., 2004; Horton et al., 2016;
Tojkander et al., 2012) - A %-F sachie = kv ¢ > pl30Cas (Crk-associated substrate)
EERIPRS BEF L PR ES F T 25 7%) 5 Rapl(Sawadaetal., 2006) ; talin

¢ Ei%‘fﬁi‘] MA@ D H T Rd 238 k4o vinculin jEm RS ERIT R 4 RS
it &2 4 (Kanchanawongetal., 2010) - ¥ “t 5 % &= actin filaments j€ 4k ¥ srif 4% 3

% % % [F]A; = actin cap associated focal adhesion (ACAFAS) » d 25 = 2_ actin cap
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fibers #Fd 4 % frine & 2 4 eif & 48 (LINC complexes) ¥ 2 poiid i
WP R4 T o s d gt F 3L S (physical pathway) 3 & 2 Flendk I (Kim et al.,
2012) -

A
/ B
Signal
assodalm crosstalk

S

adhesion Yo adhesion complex
complex 1T ! [ profeins
[ e L 1
G &hﬁegﬁn r Mﬂgrin
LA+ A

;ﬁ;\TECM ::fﬂ\\;j':iv ECM

(Moreno-Layseca and Streuli, 2014)
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B 13. Fuido 2k 4 £ F3 XD F ek -

Figure 13. Integrins cooperate with growth factor receptors in cell cycle regulation.

243 4 B Eizmm A1

R # #7 w2 (mesenchymal stem cells, MSCs) /& 4F it 4% %m #2  (multipotent
stem cells) » & p # L #7 (self-renew) st 4 > ¥ 23 p F 8~ 995 ~ v B B
T o ELAE SR R AU R S RTINS T R BRI
Wi s gk i s soatmie oL fatimie B o pteby Tl L L H Tk e s

Yok poth ek eop (Km0 B R p R e e foik iR Pz (Zhang et al., 2012) o

FRhmrz 2. a0 BTN e T 2 MRTRBL 0 € BT R IETFS S o AR
(extracellular matrix, ECM) 12 2 jpzik ‘w2z 2_ [ crjp 3 4224 (8% > 7 3% B dm ¥ it 59 3§
B s It R #%ﬁ%%ow4’amﬁﬁkw,w%ﬁ%}
v (integrins) ﬂfr&m‘_h% (cadherins) > ¥ & B] 24 & w2 AB443Y ECM F 28 22 4R:1T ' 72
(Lietal.,2011) (B 14) - &7 ;3 4% 4 ¢ > transforming growth factor-p (TGF-B) ~
platelet-derived growth factor (PDGF) 4= fibroblast growth factor (FGF) 1% 5 i 2
(activin) #7134 & = fd ~ 3 3L 527 MSCs 4~ it 2 B 4234 /= (Ngetal., 2008)-ECM
PR e Fk| R (stiffness) ~ #4] (topography) frie = (composition) ¥ 3% & 'm

F3lRA BETIAP AR 2 o 35 4r P IR B TE AT P RS T E e
e dem i+ i~ BIR= BAE G 39 (heterotrimeric G proteins) ~ F-v jpFfr i

B E L e gt th s e § FIR K pACTRE Y L L A BB A e e A HeA 4

T2 A GRS S kA PE T L B R4 R (force-

dependent) z f F14 Mm% it (Wang et al, 2009) -
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Soluble factors
(e.g., growth factors and cytokines) @™

¥/

= —

Cell—cell adhesion T — :
(e.g., cadherin-mediated adhesion) 7 Cytoskeleton o

Cytoplasmic
mediators

W : Cadherins

Nuclear
mediators

ECM

Celi-ECM mteractions (e.g., composition, stiffness and topography)

Regen. Med. © Future Science Group 2011

(Lietal., 2011)
B 14, e B DI wmie2 HiF o

Figure 14. The cellular microenvironment control cell fate.

2431 AR RIEFEF w2 A L &1 (Substrate stiffness directs MSC fate

specification)

et e fed vinre 2 4 FFy e Mo e gpl D] ECM BT eh
£ & 14 (Paszek et al., 2005) - Engler # 3 B/} % - = & &= A T k| & (stiffness)
A e A gF Eizrwre (hMSCs) &8 crnE & 1 (Engler et al., 2006) - # i 4 =
H 3 %R I-9 2 BB G peRsR (polyacrylamide gel, PAAG) 1% 5 48 e it ¥
2 A3 ZKF A AR B TR 1 B L R R R B A
AEHE AR B IR A AP hMSCs cnB P - B 5 F R £1Ed ATHIA A
T e R RO B E . (0.1-1kPa) A FTRE s e § AR DA AL
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Al e 20 B RIR (8-17 kPa) A B € A VR MR P A )
B % (collagenous bone) z 4p%t® K1+ (25-40 kPa) HAA ¢ £ R~ F fwre 2 Fin
(Engleretal., 2006) - ¥ 2 jic*d 7 2 45 (microarray analysis) & % & & % B 4p i
AT oA GEA e MR LG FRDEART R er T2 B o KA o 4Rt
AEEE AR 2 e Bk iR AR T A 1 AT # 50% T
BEATEL T LB EE A RHNE T S HIE MSCs 2 e i Agp
& o B A 3 4] 0 Engler & 4 £ 57 2Esvp suzk v (non-muscle myosin |,
NMMII) efird] § resr L Bl g 2 mre it e 2 B Pmee B v o § #40
o AFRAETEE? B4 e 4 i (directed differentiation) (Engler et al.,
2006) - ¥ A5 #F F MSCs ok i k) & Ap 021 o X B pF > NMMI 5 i 4 4 e
Vgt s 2t h - R AR R R 0 P 48 & (mechanical coupling) i &
RS frime p3E 2 w2 B (Zemel etal., 2010) o F]p BT B B R G S e

vz o3l @Ry LIENFE

ECME| R MSCsm it cnf: B A { 7 2 124phf 2 3D & L B 7o
Huebsch & 4 #-] & MSCs #t %32 % > 3D k&% & = 2. ECM (Huebsch et al., 2010)-
B ARG Y > AFRIARA$E MSCs 23| 2 REF2ZFFE HP 3F ot &
4 4¢ H5Ep (11-30 kPa) » @ fp i A it A & A g d B (2.5-5.0 kPa) AcTRE Y -
82X AL E R B 4 MSCs s~ 5 P L erii 2 2 2D B A R - % 0 2 £.3D
BAATRIET A& FE £ (integrins) chig & 72 2 LAl ahd e o A F 420

%
:

MSCs #8 % 5 % 5l izdgdtrs 2 = & & i 4p B 12 (Engler etal., 2006) - { £ & h& >
AFREZ TR SFmeFt L v A ST ow 2 p AT -Bola 70 &3
WIE 3 % & (~100kPa) #73g % e §2ime € 4 4 H iz % (stemness) » ¥ 3 7 5
fmreehf A4 AT PR T o BTRR g R (12KkPa) e g A
bR A gl R R B B B A AT o B4 G4 S g
(Gilbertetal., 2010) - 3B 7 S5 L ZFF > AFTH AT AL fAirwre 2 & 0L
fiE o
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AFEE R R MSCs = F & it E.5d  integrin-02/ROCK/FAK/ERK1/2 g f&
(Shihetal., 2011) (B 15)- # "+ ECM 3+ (elasticity) %+ MSCs & # # & 1]
o A FAs 39 B fed 2 v (Duetal, 2011) - FAs 4 £ feif £ Bt
BARTOB R > 47 ECM 347 4 & FAs B & (assembly) - Integrins 5 e &
22 4 BR m® (mechanical sensors) » MSCs *+ 4 #t32 % £ 3% % Pl integrin /& 1t ¢
AR R FRMHE R A S 0w i ehintegring Arp B MO R 5 & AL
H R FIEA K ECM ¢ P A4 3 integrin 2 p 81t  (internalization) » #“ IR % 1 &
% d  caveolae/raft-dependent p & i * (endocytosis) - Integrin p ¥% it ¢ F#r] bone
morphogenetic protein (BMP) — Smad pathway @ % 3 MSCs /L4 5 fm¥e & v ; 2 i
* caveolae/raft g+ 4| - methyl- B- cyclodextrin » #-¢ e integrin p 38 2@ [2
# MSCs »t A St A B+ &~ v A4 Slwre o 4 gt A 7 #r+4] BMP —Smad pathway % 4
5= d integrins @ & 2. BMP £ #8¢p & i£*  (Higuchi et al., 2013) (%) 16) °

Osteogenic differentiationT

L) DifferentiationT
ERK1/2T '
FAKT FAK & vinculinT (Focal adhesion)
t Stem cells '
ROCK T
W Integrin
Integrin o2

Cell adhesion Matrix stiffness
molecules

x DGtEA ‘Matrix stiffness
Matrix (ECM) Matrix (ECM) Z—Q

(Shihetal., 2011)
Bl 15 B2 AFTREAPEFEirmre o it 2 4] -
Figure 15. The mechanism of the effect of culture substrate stiffness on MSCs

differentiation.
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Neural cell or Adipocytes
differentiationT differentiation™

Osteogenic differentiationT

1 1
Blocking of BMP-Smad

signaling J:izlt'i:;a"t;c;n of BMP-Smad

Focal adhesion
formation

Soft surface Hard surface

00 Integrin
@ Cell adhesion domain (e.g., RGD)

(Higuchi et al., 2013)
B 16.8 & % pfRit 5 d BMP —Smad B8 & B Eizlmre & 1 o

Figure 16. Integrin internalization regulates MSCs differentiation via the BMP — Smad

pathway.

2432 WAk A & F Rz 2 £ 2 » (Cell shape regulates commitment of

MSCs)

R{pATDFTHET > e k¥ e da > 5Efcs PR SGIHER
(Chen et al., 1997; Roskelley et al., 1994) - % 7 £33t Ak ic .27 1A &
hMSCs m*z # it » McBeath % * i€ i #cig & i (micropatterning technique) %
Frdimre A5k doim e JFACAE A T F o3 hMSCs b5 ~ b T fraf B pF > e (7 &
A F oz R BT R RF e 3 g hMSCs #-4 1 4 #q %5 mPz  (McBeath et al.,
2004)° ¥ 4 F2 5 % o1 fmre A5k ¢ #28Rho 725 ¢ GTPases (i 1+ (Renetal., 1999)-

v

57 %% RhoA £_F 2% mre F 1 » McBeath % % 72 7 # I ! ECM # §7 2 ‘w2
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4% € 3 i RhoA 122 Rho #p B 3-v s (Rock) 2 4 + gejfid-% MSCs & it &i8
(McBeath etal., 2004) - RhoA =% i+ #-24  MSCs 2z_ = % & v » & 2 Pl A it & g%
e o gL j;,%gd RhOA Az fmie it 4, 2 R oed o —Zk Jod & 4 94 >

M AEETAMA TS 2 (Amsdorfetal., 2009) o g IE A F Ao dm e Ak o
e 24 BioRhoOA M 4 i i gizmie o i @ E & 3 o

2433 HA B PEFEizwr 2 438 (Topographic changes influence MSC

fate)

ECM 2.4 3 53V H ~ 4 2407 b A | chih oo & 2 f s p 2 B4 P 7 &
7 ECM #3214 4] ¢ F2 Bz 7 5 (Curtis and Wilkinson, 2001) - g ¥ & &+ & % %
(electron beam lithography, EBL) #tjitrz_ % & > ¢ 7 * 3 @i 22 2 3
S bl MGRE 7 2 KRB AR S 1T 247 o i 1§ EBL #iv > Dalby ¥ X #F
MSCs 4rir i % F 3% 25 45 e (Dalby etal., 2007) - 74 & EBL 74l 2 % f 4]
B R E AT RA P 2 e ok T > Tt Dalby A7 B3 4] % EBL
A2BRFADEFL  FAZEF AR KT DR A AREPH LR 0 B 74
(1) & = A3 7] (square array, SQ) : A& & & R 4~ Bl & & & 120 nm 2 /= > 100 nm i#
13 K (nanopits) » T EF Y 5 300 nm ;5 (2) & F & > A5 5] (disordered
square array, DSQ) : nanopits /£ 2 & SQ =% s = H 3 % 50 nm (DSQ50)
g 20 nm (DSQ20) ; (3) RAND : nanopits 1% % 150 pm x 150 pm 7% 3¢ » T & 45
E A lem? Goff o 54 21 X {8 - DSQ50 5 MSCs £ I 2% - 4 ECM 3
8 4o 4 -9 (osteopontin) f- 4 4T F-v  (osteocalcin) 4 2 & H g &) =
(Dalby et al., 2007) -

]t ECM & 5 dugfez S gl 2 4p 4% BIA ¥ @02 MSCs 24 SFs fr
FAS @ L= 4 fm®e & it > 5 SFs fr FAs A = £ B Fr4 | P L5 4% e & 1 (B 17) o

% F oa FlA #ce ECM & 02 @@ integrins v ECM 2 2 % & BEEpNI
(integrin internalization) > i& @ & FAS & ;% 3= » w2 & 2 g o1 By & 45 eniS i 13

5 (Duetal, 2011) - ECM 4 S {2 JF 7 fo e dn 1 2 Pt 2 2 364 P A Feh
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270 % ECM 25 BB 2 M AT R 4viwre p sk 4 > E R %55 2 35 4
lamin A fe= ¥ fmre & it qp B A F12 £ IR F 200 MK R ECM € "% i imie p 38 4
@ A 4ot i 14 Ap B A B2 & 3R (Higuchi et al., 2013) o fme 4 F A2 Y fhd 22

wPe F 2E 5k 4 4 & MSCs er it 2 % > ECM BB ¥ #2242 F 28 39 - lamin A
i d serum response factor (SRF) ¥2 YAPL #& @ & 5 SFs 4p B 2L F]2_ % 3 (Swift et
al., 2013)-lamin A # 2t (silencing) ¢ i%i¢ MSCs %2 $tsECM A it % 595 ¥
@ lamin A 3 4c B] i8¢ MSCs %M 7 ECM A& it 5 = # ‘w2 o ECM ehf» JZ 51
2 retinoic acid (RA) BT T wmP2 $2 24 & lamin A g4+ (Huang et al., 2015;
Swift et al., 2013) () 18) -

-~

BIE -~ X G 8 AR HETRBAECM AT L > €4 ESF e o it 1 F 2
¥ MSCs# & 23 Mh|&R - T % | A HALRLDECM AT A€ H
$ 595 %% A i+ (Huang et al., 2015) (@] 19) -

FE it ECM enje I 43 B ik R MSCs ¢4 1+ b3 o § MSCs 2 % .2 § 3

Neurogenesis Adipogenesis Myogenesis Osteogenesis

More and matured focal adhesions

Fewer and less developed focal adhesions
More and robust stress fibers

F d weak stress fib
ewer and weak stress fibers = ECM

Stiffness

‘S‘oft Hard'
——-—-——“[Poromty
'High Low'

(Huang et al., 2015)
Bl 17, 9% b LA Fchde L A § B E iR me A T o

Figure 17. Physical properties of ECM regulate MSCs fate and differentiation.
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=== Actin fiber
= Lamin A
@ Focal adhesion
-» Force on nucleus
Tension in stress fiber

(Huang et al., 2015)
B 18, s ot A enm| RG] s Rimre B sk 4 PEAFAR

Figure 18. ECM stiffness affect gene expresion by altering cytoskeletal and

nuclearskeletal tension.

Cells undergoing Cells undergoing
Osteocyte oo osteogenic —ammm MSC  e—f— adipogenic - Adipocyte
diferentiation diferentiation

B 19 et A enp @ FZ A ST Eirmz 2 o i i o (Huang et al., 2015)

Figure 19. Physical parameters of ECM regulate MSC fate and differentiation.
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2434 BRI AR ERRR AATLR

MSCs &k it ** <RI (stiffness) {ri3] (topography) & P &isi 5

g5 (intrinsic mechanlcal cues) TR b iSRS ELOAeIR A T 4 R4 S
KR ek 4 K T g d e Wb chdp 3 il - me 2 B eh cadherins ~ fm e fore ¢
#& B enfocal adhesion & fnre pocdmie F R L PR L o KA BV R AT
Be i m 33 & MSCs 4 it (Steward and Kelly, 2015) (#] 20) - £ @ 3 3F 5 77 1
ReAB R TIBOIR 5 3 & e B fos o M EE TR o dm e MR R T iR 4 @R
DAL EH T e 3R FRH S R MELER A S e 2 F T e
(Discher et al., 2009; Engler et al., 2004; Janmey and McCulloch, 2007; Yeung et al.,
2005) - Kurpinski & 4 & #* #zit i34 (micropattened strip) & MSCs et 7| ¥ H
Pl 4 7w o Bk B T e e chfkse calponinl sk IR e 0 @ i A TR
RAREM B F R RIEE N S e §R O ATIA RS
(Kurpinski et al., 2006) o p* & % £ 7 4 $ MSCs chA FIA I E 3 iR L o
MY -BAFTER FR- 2¢ TGF-A1 1\7%}%“&1%##),@4 e pries pF o ¥ i3
calponinl AL F1& L 4r > P ¥ 3 L F]F fois R 4 33 ¥ MSCs ezl 7] &
7. (Kurpinski et al., 2009) = g+t > ji48 5 4 € 5 d i i* RhoA — ROCKII i /5 4% B
actin filaments 3& 4 > 3£ E 2 % wmre & 45 B A F] Runx2, Wnt, Ror2 4 I8 o %
& * LPA (lysophosphatidic acid) i RhoA R € #r] 55 %5 fm¥e & 1t 4p B 2K 7
PPARy % 38 ; @ & * cytochalasin D #r#]4## 3-v F & ¥ 3 4 PPARy I Fri|
Runx2 14 3. (Arnsdorf et al., 2009) -
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Intrinsic mechanical cues Extrinsic mechanical cues

Substrate/Matrix stiffness Fluid flow Pressure

De!
%«

Cell shape \

lon
channel

/ Compression Tension

Differentiation

Mechanotransduction

Primary cilia

(Steward and Kelly, 2015)
B 20. M AE Y ABREEASTFEIzDE 2 AL o

Figure 20. The intrinsic and extrinsic mechanical cues that regulate the differentiation of

MSCs.

244 WA B F AR

37 # 253 (neovascularization) 19455 4 £ a4l b A& A 5 =46 (1)
i F #4724  (vasculogenesis) d ¢ sl kiR p A W Spinre A FLE 2 A e
(angioblasts) 4 i A fn%e 45 #1 F st £ F]3 fodg it F]5 (chemokines) ¥ #77)
S AT F o f TP e B 27 ¢ (2) & F 2 = (angiogenesis) & ¥

(hypoxia) *73% %2 p A ¥ (endothelial cells, ECs) e/ it » i Fw § 24 M
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F oAyl vl F e(3) #F% A S (arteriogenesis) i JATR P chd w FRARIE I D
mop AL ATl G SRR F g ehip) L 5% (collateral arteries) ™ MER A E IR

ehgf i (van Oostrometal., 2008) - % angiogenesis i 425 ¥ > ECs fle s & Jhj 2

o

£ FH P EE F g BALL & F Y (vascular sprouting) (Song and Munn, 2011)
& F ] 4 4 % FF (vascular endothelial growth factor, VEGF) 5 5 # 2 2 i & ¢33
§F) 5 0 i F 3 B enin e A 0y i VEGF 25 % VEGF k& BB » & 8 eh
iF B G e i oA eyl o A flger sl s F i Y (Eilken and Adams,
2010)« 4 F27 % mindeak g A 24 i Y 4 (fluid shearstress) € r— § it § iz 43
77 3% (nitric oxide-dependent manner) 33 ECs chpi 5 5 ¥ ¢h i # B 12 n %
A 4 ehfF % 00 (interstitial flow) € 513 ECs Al a3 24 frpi 7 o F)pt > i T 4 e
VEGF kB #- A ¢ ECs £ & 3| 5 {vfs ¥ 2 P ¢ (Song and Munn, 2011) -

487 4 (fluid shear stress, FSS) & 45 = /% ® SR n P A e g
> B4 > ¥ RGER Rk R p L W Spiwe (endothelial progenitor cells, EPCs)
A G AR 2 A fmre o EPCs »t g ¢ 5 FSS 18 % {5 H Zhvid ~ 3845 ~ WA o g )
Fae A AN R 0 ¥ P e i e 2 39 M 4e Tie2, VEGF-R2, VE-cadherin #
2 1 mRNA £ & % P &2 > @ PIBK/AKUMTOR 3t & @ yipe =y 2 EPCs 3y
Ffrabf T Ep L G ez b9 FAIRG M (Obietal, 2012) - ¥ b Frdg] 4~
7 &g FSS i®* *t integrin Bl {4 € 54 Ras/ERK = FAK/Paxillin = f&3t & &L
JE3 & mre b JF ehE AT (cytoskeletal rearrangement) & @ # 3% EPCs s it

(Cheng et al., 2013) -

¥4 4 (mechanical tension force) 53t + BB IRF BEDE A ko §
BAZILE R b chfhis PECAM-1 303 PP A e @ 2 24 (8% (S g o ji f
B F 2 (heterogeneity) fr® A& $5d s izt ¥ L4 £ % (vascular remodeling) 7
& 8 # i (Pietramaggiorietal., 2007) » g ¢h =4 {8 % chiffe @ § i3 & R @fritas
% »RT-PCR ~» {7 % 87 F {48 4 ¥ P & 2 hypoxia-inducible factor 1-alpha
(HIF-1a) A F1& R B S M3 BB 452 0§ 2 S #E4e-%]F (Chinetal, 2010) -
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ek s BRI e B4R S TR P AL S F BN ORI EE
(vacuum-assisted closure, VAC) » # & >t 1997 & * rioBepp fiom B 2 £ B4R - 5
o fefehk R RET T 5 o ’Ei 2o F IR G wFARL Ao g
K u« (granulation tissue) 775 = £ 1 }5‘_ 2_ p = (Argenta and Morykwas,
1997) - VAC % 8 i § # 328 L Hk bl4e 5 34 4252 44 (porous foam) 2z B % £ i #%
= LR g v fopd (semiocclusive wound dressing) * KRR 3 v B > & vF
P kR @ﬁ%] M A F BB 4 3T o & (wound bed) - 2 2 i F (connecting
tube) 3T E 7 %% (vacuum device) o § ¢ * VAC %% #* 307 # 6 30 = b4
HEE A E X E S EUE EEHEE T L SRR R g L1
4 %25 (microdeformations) i fm®z ¥ B (stretch cells) # i i i # 2 & frim e
AR G B T BRI RR R B R T

THB%MIES M A kB kG o g e {oR 2 (Lancerotto et al., 2012) (] 21)

o

= 2011 # Erba % A% VAC fe% 5[ R4 g v Auls3 @@ (125
mmHg; 6 - pF >3 X fr7 %) Eixdp i (125 mmHg = 50 mmHg < % 2 » 48 ; 7
) LR BHEEER e R F LR ERE S v FKF R
2w g 2 £ 4B F1+ : HIF-1a, VEGF, VEGF-R2 { PDGF ° % % &7 VAC /2 2
 F IR BRARKRSE A ERESEZ # it ¥ 2 Pimonidazole
hydrochloride % ¢ % Western Blot 4 47 & % %71 > VAC-foam £ & v /i & %] i<

—

¥ $i&m B¢ RRE L E g m®e (hypoxic macrophages) 2= VEGF k& # A& » 8¢
BAG T AIMAER B2 25 42 £IRT-PCR A 7R et F 4 & %15 mRNA

AME LAY 6 FAPREAR ) RS 3 X Bi A B EHE 2 F T

X o @ E Y VAC A2 e 4 L E %1 pl#H @ &g (Erbaetal., 2011) - 3
- jEd

R S R S RO R E R S F S R L A

PAg 3|2 % & Fp i mAf et § g s HIF-1o/VEGF Bajim Biga ¢ 2 =

(Lancerotto et al., 2013) -

iT% 4] > 2013 & Lancerotto & * 12 4p e B 4 wx vt ] BIFIRE L 2 ]
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VAC ie% prg s A T 2RS4 > F3ol b genfadge a A T BRFHIUE

B AR S AT A 4 4§ B R (hypoxia gradient) > g i E A T e w2 HIF-lo
2B 40 2@ T VEGF chi 3« 1335 0 3P ehad § 0 R e BUR K 1) ¢ 3

FHRLE Dl > i 474 e VEGF ¢ e S e LR E R 0 o @ A 2

VEGF k & #- & (concentration gradient) - iv 3 H o # AF T2 AL 0w 4
(Huang et al., 2014) (®] 22) -

E
23

Thermoregulation & moisture retention

ot Macrodeformation
<

Drainage of wound exudate including:
- Excess fluid

- Inflammatory mediators

Microdeformation

(Lancerotto et al., 2012)
Bl 21, 3B Y F RIIGLA & F% 484 o

Figure 21. The primary mechanisms of action of VAC.
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-
ﬁ Suction force

Compression force

(Huang et al., 2014)
B 22, 3B f B3IGE 2§ 5 o VEGF kR H R34 F4 £ o

Figure 22. VAC establishes hypoxia and a subsequent VEGF gradient that drives the

directionalized blood vessel growth.

Hypoxia-inducible factors (HIFs) % £ & = F & (heterodimeric) crés %+ »
d HIF-1o/HIF-1B f= HIF-2a/HIF-1p » %] % = HIF-1 = HIF-2 > H #723 & p & 2L 7]
2o % E FERRE NP o *g Aokl A frimre B S F o wie i K
§ 527 %& (Dunwoodie, 2009; Rankin and Giaccia, 2008) - &% % Hin™ (% 3
E>5%) > HIF-lo chE %8 ¢ 724 & (<5 » &) > w2 7 BB E (cellular
oxygen sensors) : % ¥efs 2z 5L it fis (prolyl hydroxylase, PHD) » ¢ i HIF-la ® 4 2
S MRAL iR 7 23 A 1Y (Pro402 - Pro564)- 54 E3 ubiquitin ligase 2 - % von Hippel-
Lindau protein (pVHL) 3 & > &% % 3-v9 pd8ie {7 "% f2 (proteosomal degradation) -
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Ao F FRT (5 7 £<5%) 0 ¢4 2-oxoglutarate-dependent - Fe?*-dependent
prolyl hydroxylases =7 i ;] » & HIF-1a 7% @ 7 44 2% (ubiquitin) &% % f& - X {4
HIF-lo 3 ## & &4 3% % ) i 475 > &2 HIF-1p 25 = = K48 (dimers) &
P H oy Et 73 2 & 3 hypoxia-responsive genes ® £ promoter : hypoxia response
element (HRE) fxd+ P & A Flend L » ¢ HEPEf2A% % & (/R ¥ ©* # (anaerobic
metabolism) 1 % VEGF § # A s Flimee *h 2 2 2 2 & {8 Ragx F 4 & (Maeset

al., 2012) (@) 23)

Angiogenesis

/

i
]
3 ]
& ]
& | Glycolytic
Proteasomal _v_ i enzymes
dgfgﬁc;«::ﬂm P Nucleus
: Anaerobic
i metabolism
1

(Maes et al., 2012)
B 23. HIF-1a-VEGF 3 4, g% j&

Figure 23. The HIF-10-VEGF signal pathway.
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25 RabFHS WIS FRLAY
251 $ N2 ff A

4 5 (animal model) 4y 3 Bd 3 S0 F AL S AFAL AR AP RL A
GG Fo A F AL BN HIEA BT I RS S 0TS R
FLAIARBEFILE AR PP En FREE AR ISR K E ¥ bR
R FE G B R R RS R AR e VR L E S R
AR AR AR F L R ARSI ER A E
F ARG b LIS RILIGAT T B S AP L e T I ARG SRR TR
AR ERRFL L N VEB LA SRR 2 P BT AR
Lz dode B b NIRRT 2h o

LR A MERRE P LE A AT e e B R I FERY o4 F
SRE R R AN AHT Y R BB TR TF o Rip ik fLE R B il AR

ol R IR R T FEARG ERhE BRI F R A
DA AR e end TR A B IE R o B BN s T BT 2 g

N

VETDRREIARE Mt A2 GRFAR el fos S BFOE S FR S F K
kp lARRE S > FEE] R o U HGEFREG BN EA g (F
PRI e X AR A MARBRRH EBE UE L 2 ¥4 (Shultzetal., 2007)-
Ra o) B2 BERBe AR5 PR B ) B ¥ &2 L7 iR A fiE
g iE o Flpt A 18 s fefE 5 e g B A it ens Al d 4N o B
4 2005 & Turk % A g iF 5 N d 48 m 0 fEE R KA (L eh i8R A
Fz@ o g B A Frenfk 2 (Suzuki et al., 2011; Turk et al., 2005) »

252 }AHEBFHSL BB

LRGER L L R L LR S SUAES s E S
o HY - J}E&‘ﬁtﬁﬁ?ﬁﬁé A1 #  (miniature swine) » & i fLehik (n g (Minipigs) e
ek S 3 S o Bk L - & (breedyear-round) ® H - % iF #cf i 10~12 &
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Pebol AR At A B AR ey 2 A ggAp 3 31T (Lunney, 2007)
(% 1)« FAEAIS A 2 5500 0 i 49 2 R AT R0 Sl A 0 Gldo [ AT R S
HeeniE Bk & (multiple tissue biopsies) @ * 7 F & & &5 > Fpt H - B4 B AY
FUHERFRP AR VTR F LA DR RN B X8 8 Frairk Y Gk
# v S ffglse (Duran-Struuck etal., 2015) - & % #p ek Fllem 73 F 1 © HF 7
e,% ko3 7k ik (phylogenetic status) Apdt e de e L 4217 A K7 0 T R e TR
fode FHipETHE v L A& R kT B £ (advanced) (Aigner et al., 2010;
Swindleetal., 2012) » Fl» i [ AR TSP L2 FFREET I Apy £ & o

YR EEEB PRSP oG S SE o F N ERE P oA
Bpie BT 0 ) AR B R A E AR PR AT Y S ke
& 2o AP A BFOTRA R ALSY PR R R AR DL AN 0 )
T BT AARR T P A AR E Y RIS A MRS e B %R T
PEALAL 5 PR A 115k % 2 5% (proof-of-concept trials) » # 1 & P e K ¥ 86 4 #C
A E IR R SRR AR B PSS Y- B RS
@@%ﬁﬁﬁﬁi&%&ﬁ£$iﬁ1$%ﬁw’aiﬁ%ﬁ%@gzﬂgim
BeE B 5% a0 58 b A gk sk 2 BicE (Stricker-Krongrad et al., 2016) -
AW IHEFAT R Y o R p A R TR L o ] F R A F AR

AP BE 2 R g BUAL L RIT R el g 05 o
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Table 1. Advantages of swine as a biomedical model.

Human size — particularly miniature pigs

Physiology similar to humans

Large litter sizes

Cloning and transgenic technology well-advanced

Numerous well defined cell lines

Similar disease progression

o metabolic , e.g. obesity and heart disease

o Infectious diseases — numerous organisms cause
infections across species

e Ability to deliberately time studies and collect repeated
and, at kill, detailed tissue samples

e High sequence and chromosome structure homology
with humans

e Improving genomic and proteomic tools

(Lunney, 2007)
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Y= #%&3
31 MHMHEREHFERER - woH A fre FELEL2LHP
3.1.1 #3

195 2012 & Heit # 7 BIFf 9758 4 02 )gle Ze57 o I f R 25 mmHg i 5 '
fol B FRA L 28 p T b IRER 4% 5% (external volume expansion, EVE) > ¥ &
BB e+ 3R 2 NI L g2 (precondition) X REIR i g L p R A R (S 0
BEFM o RRSEHT R AT ERER e 2 BeP fri § R A £357
B ¥ 2 W4 o ¥ 3% 7 p 12 corrosion casting L2 ficw ¢ i StenE 7 (remolding of
microvasculature) = »z > %% & EVE ¢ 3 &4 § 2 £ % (reorganization) - i<
% %‘5 v E b FEEZBERESEFL F2ZER o KEEVE T
* 28 P2 s 0 FERE TP A e 3z platelet endothelial cell adhesion molecule-1
(PECAM-10r CD31) dZ e d » Fhlpr H i g R RPFEOTIRL G EE
e iE 191 (p=0.01) 2 3 - ¥ 2 proliferating cell nuclear antigen (PCNA) # %
mie AR R AR ERA T > BRI AR AL CHAEE BN L g )
o RO R EY > A E B 2019 B (p<0.05) (Heitetal, 2012) - ¥ § £
TR TR REERS > FHER S N LR el B fon F2 AR
(Chin et al., 2010) - X @ > # 4 @7 D] h % £ F & 5 o4 5 F 14 (clinical

..

significance) ™ F i&— # ™ > d 3P A2 W HAREOT ] REFRLEH T 2 5 87
A2 o bARk fRT VA 6 ER7 B2 %% (Lancerotto et al., 2013) o * Egk
#F 2 FRFECBLA rA TR AR AR P A EApift, X2 uE X
e 8 | P2 R R EVE iv* pFR (10 pfr 2l p) HRMINEL e

%‘«E;‘E: e L pARZAM P AROPTE BT EA o
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312 Mg 3
3121 #mb P AL R E F

MER TR Z BRI E A5 43~44 25 5 6~65 1 #£2 vpi 3 R (Lee-Sung
femalepigs) & Mg W= SF A ERHF T Lo T ER: S FHERL R € TR
B IR o MEKR 2T T E‘;’;ﬁﬂﬁ P % R R 7dFk2 7 3 = (National Institutes of
Health, NIH) #74 # 2. 4 s 64 @ {ri¢ * 453 (Guide for the Care and Use of

Laboratory Animals) et o 388k inAR? 7 * G frat B 2 58 % B S HRE o

REPBIOENEP R AW F P ARR TR S AR (95 98
foT 5 B ) 5 R R SR X T F IR K R L § R A
kAo E P BT 0 AME FUFHE L N AERREREF B0 L)

AR 5 B‘_a@?é‘ BAFH R o

3.1.2.2 5k AR 3

WHREARAG P REYREN - BRADZEP > VREZAPLT LT G HF
(B 24A) - 325 rit * 2 SRR LR ¢ F68 /27 24 PINE M 5 140 3 2
2 F17E & ¥ £ % (dome-shaped rubber device) » % % ¥ @41 B 25 4§
(suction pump) (VAC Instill, San Antonio, Texas) » & #-& 4 2% z_% 700 mmAg (% 50
mmHg) (] 24B, C&D) o p* B 4 X T 5 F & #7ae KX 2 B~ "R > T ¥ AEkEAR
A ErTAA A A2 A F o blheR R AL A

g f RS50mmMHg & p >t Ap ke 2 PERY RV R 4 (F % 8] pF (9:00~17:00) E
2% 10p % 21 p (B 25B)-vx+ 45 (suctioncups) »c% 2 =% Ak & %
AR BB T PANGER 6 24 o F - BRIV PR T 0 ol
ABEE 0 AF2ZWOFEEL G5 20 > F 2 LG4 Bl Y FEITL R
o FIPEBEEA G BREKE AR IHRE (AEEPIZ)EVE T* 10
PA-EVE 8% 21 p o 5 71 35— RpEfe> T 91w g A s 10 p ik
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Dl Hrf (SR e s 21 P gR e A F B Y B R F RS H R () 25C)¢
We- FRE - RIS S 3k @K F A RIFG 56 EVE AR o Ft A 2
L_F,é%]:'lf]m é\fg" P ln\‘;—alij‘.rr Bﬁﬂ*«:}’ﬁ:’fi " 4 ,Tl'ﬂ—\’il"'

32y

FRFEE ik A#BcE: 60 &
Ax Ll pEFE Sy QL /a2e) dkhHpReas 22

Prle B R (W] 25A) ¢ ¥ ¢ E B2

\31

=% (10 p @...__)

PEt # 2 aEED LA R A BIE
TAFRAENT AP I(DH&E 24 BB L F £ % 02 pipimre aht ] ol 5 (2)
fB AR 1L KI6T LB m e HE 0 o-SMA BLE & B T iz 5 (3) Image J iR

BAABLRE (4 AEF XL 1 CDI AYrs § B A -

%2 H (v PR 7R W

Bl 24. *h3INREAL I
Figure 24. External volume expansion device and the pig was positioned in a limited

space during EVE treatment.
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Sonography Sonography

SRy Sam;Iing Sam;[ing
¥ ¥ v
DO D10 D11 D21 D22
I H ——>
10 days —EVETC
21 days | EVETX
B
-50 mmHg -50 mmHg
(10 & 21 days) _. s £
'? = Aterior - Laterl S mmediaté
9:00 17:00 9:00 17:00 view view after Tx

B 25. EVE EJ22 @k {oineB o (A) #FokEK 7 2 7 ke {fopr /420 -
(B) *F2RRLfR 5 2 AT o (C) *HIVHRIE LR cHR T 2 f R A A iER i

Figure 25. The experimental designs and flow chart of EVE treatment. (A) Study groups
and time chart of experimental design. (B) The EVE treatment pattern. (C) The negative

pressure and treated sites of EVE device.

3123 &3 AMEHEHER

BB R e EA KoL T R JIH AZF L H 2 7.5 MHz s 52§
pE @ gt B (linear-array real-time transducer) :& 7 Bl & (LOGIQ 700 MR, General
Electronic Company, Milwaukee, WI, USA) - i s 8 5 & 3¢ = 3 p* F 8Lig (7RI £ -

w _EVE &2+ (day 0) » EVE g2 k|5 & p¥ (day 10 & 21) r2 2 #4:+ (dayll
B22) o AZF AR E TS - AT
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3124H&E % ¢ r1 % "y imie & /| frdc® 2 B E

Pedichinshos 10%:0dE B HRaB (7 B LS o MR AT -k S0k R R i
AR FRRAE T o TR ERY SR R PR E e 2. &
R ABre it Y > FRMR 2E

SRV BRI RS R A B FA IR SR TR
Bt e r BB MR AR X Aum B R el s B ey BONE ks P R
T gl b BT ASCCIEIR A Y Mg 0 FTE R el B2 R F o K o B
Z PP ERC T FY RO R gd EREPFEE R AR FHg kY T
Ad o Mt BB AMARIEFTLS 5 A4 Bodi Pkt k 15 A A8k~
Ak )0 vr T0%e Q0% ¢ ok £ 10 A4l M BB R C RS
Ad 5 B kR LH PR RO RS 2 FRBF R R B
PFL AT FYERPAT S TV UEMEBRE o £ F Bis (Axiolmager M1
microscope, Zeiss, Germany) i %14 40 f= 200 2z ©& & (Plan-Neofluar objective
with 0.50 NA) #fe 38> 3 @ hlmie S (TR > g ¥hwie cht o] {oficd L4
Adiposoft p # it #2387 4 47 o

Adiposoft & - i ¥ *c 44048 (open-source software) » ¥ &4t 57 3 ¢ o 4
PR BGR T 2 p BTt 4T o o gy b d QAR AT O] s 1T B AR A 7
(sequence of image analysis routines) » #X & v fipt A fe B v 2 58 > # 3L G
ey B ez it (T E A 17175 § £14F % (goldstandard) > v 2 BK * chp #

iv fmoe %% (cellsinsuspension) 4 47 o & % &+ Adiposoft fr# v & f& = ;4 2

3 P Bgeh- 32 (significant concordance) - I ® R Adiposoft it % %11 = & 72 I
FEL g R hlmie A o ¥ b s Adiposoft £ £ ds o 1 ehig ismie E S E G

B R A0 B fo i< & B (low disagreement) (Pearson correlation = 0.856, with 95%
confidence interval) (Galarraga et al., 2012) o F]p* 5 "L ff fo 4 4 O™

Adiposoft it 53 4% B rreas 72 % o
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3.1.25Ki67fra-SMA 4. % 2% % ¢ (Immunohistochemistry for Ki67 and a-SMA)
RIFBAE G R
Citrate Buffer Antigen Retrieval Protocol

S HRF L @ R T % (cross-links) o @ F5 AR R A S
FRARF LA GRIFHF LI PP A LM N HFE - RIFFEPIF R
FHRBE I FROCIRR A hEAES HRA U rils B e
" E P -2 i (epitopes) v iE @ MR R d B R o

& 4 % B3 ke ¥ (10 mM Sodium Citrate, 0.05% Tween 20, pH 6.0) :

#-2.94 5. entri-sodium citrate (dihydrate) ;% f#*t 1000 ® = g% 47 -k (distilled
water) > 2 INHCI # & pH €3] 6.0 > £ 4 » 0.5 % 2 enTween20 > ¥R fr3=m3 >

Bg iR s 4°Crkdaig s o

1 #7 P ER -9 FP9 A BA5 4048 TR

2. #r B 100%¢e fgd k0 & =0 3 44 0 LA W2~ 95%1- 80%¢2 B & - =t o
&= 1 A 4s o 7R K (rehydrated) - 7878 3~ ZAg-k ¥ R (rinse) o

3. #r Bz x 10 mmol/L & 544+ (sodium citrate) 3% (pH 6.0) - #cid 10 »
48 > B {TFLR 24 (antigen retrieval) o

4, #r R ~Ad & x (stainingdish) > dEdEE F E S 0 -RiE 20~40 4 48 (195

iE ﬂ b FEEERT) o

Brido? SRR EH REBITRY ORI 2044

#rr 2oz~ PBSTween 20 & ki (7/8% » & =X 2 A~ 48 o

4+ % 12 avidin 2 biotin i& = blocking » 30 4 4

© N o O

Bt BT s 73 - é»im?ﬁaﬁrf% % =% (dilution buffer) » >~ 8 *-kip 1 ] pF »
BT 4°Crk itk oo

9. 12 PBSTween20 i+ je*r & =x » & =X 2 b di o

10. #-+» % 2x » peroxidase blocking solution » 10 4 45 -

11. 12 PBS Tween 20 i*je*» & 3= » & =t 2 » 45 -
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12. ¥7 Ki67 - =448 (Lab Vision, Freemont, CA) % /8 -kig 1 -] ¥ o

B B rp pr B 2te 444 alpha smooth muscle actin (0-SMA) & 7 % 4
(Sigma-Aldrich, St Louis, MO) - a-SMA — & #ud8*t 4°C-kip B % » @ KiB7 — Bdw
%% (Lab Vision, Freemont, CA) ** z #-kip 1 /] P > M E 3c+ & * tyramide

amplification system (PerkinElmer, Boston, MA) -

3126 mweafri A ER2 2§

wgvnfed g e el 00 KIBT & s sher B0 2200 4 B T w3
W7 iy e oot B A7 BB B AR (five high power fields) » # 78 vt 5
"2 ke 1 B IR KI6T B ik 973 dm e 7 ehf A vt o ¥ ‘b B 2 8 basal keratinocytes £
ROFVE G b e vk B B ER o Z B AR b SREY AT
BEHRB RN OFRT AN AR LR IR T AT A T £

RER AT B353 7 B2 (evenly space points) i {7/ E £ * ImageJ ~ #7 °

3.127CD31l £ & ¥ %% ¢ (Immunofluorescence for CD31)

1. #-3um h g 7 P e Fme ~ LR o

2. #=r 5 2xor 10 mmol/L & ¥gpedh iz (pH 6.0) > Bk 10 248 & 2 = 0 B {7
Rk 242 (antigen retrieval) -

3. ™ % 3 4% Bovine albumin solution 72 PBS #+2L4% 2 M p IR {2y (non-specific
endogenous antigens) i {7 block -

4. @# * A& 2 (unlabeled) - &y 4%+ CD31 :i& {7 # #] (Abnova, Cat #

PAB11924, Taipei, Taiwan) » ** 4°C-K 5 i & ©

" PBS itk 35 0 B 54 o

TUE KR T 2 = s ot Bt 4°CRR TR B R o

4 PBS %k 35 » 0 5 Ak o

L N o O

vk B st (Axiovert 100, Zeiss) i {7 ELE o
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9. # CD3L thi d *» 2 £ 200 e~ & %7 12 3 4 4¥F (three fields) i (7:%
w o #7242 & ¥ % (CD31positive cells) 12 ImageJ # ij~ 47 43+ & CD31 15 1%

% (CD31 positive area) i+ > R % (total image area) f 4+t o

3128 n FHARfrEE2 2

20X BE FRA B CD3L hR d 22 ¢ 4 200 A REFT L3 B R ARE
(three fields) & {737 - #72 &= ¢ % (CD31 positive cells) 4 Image J # A 47 #&
935 CD31 K+ % (CD31 positive area) it > B % (total image area) g & vt o
f F AR B e T -SMA 2 L e Bl o B - o g
WEPZ BT > P EE T2 B o F kb HETIHE -

3.1.29 »ite 7

% 2 Beyg i€ * SPSS version 13.0 (SPSS Inc., Chicago, IL) #it48:& 7 4~ 47 >
v Student’s t-test RIEF e frRiEz LR o Bdpd o FTIHE £ R BHL
(Mean + SD) o #75 P3E595 e > GBI HE 5 95% - & * Shapiro-Wilk # P #¥x
A o0 % F-test pliEE 2 X (equal variance) - & Ho#de g pF > @ * m #

Fc ezt @ g Mann-Whitney U # %% - % p<0.05 pF 2% & HFEIHFLE -

50

d0i:10.6342/NTU201700117



313 ¥%831%

3131 ARFrA TERZBE

® % Agf s 4Fde (ultrasonography) Rl frle s B & o @ FEA KoL T g i K
chgg i LR ELA W 5 EVE AU % > EVE ATk 2 s (510 24021 )
PR (% 1L R e 22 %) o B3t %A 0 EVE AJE L2 F e

ERTZGHELRE (p>001) - %a » FEVERIEE RS Tei7[AKRE >
Rl €% AP EVE 2% > e 5 R F B FH 4 (157 £0.99 mm vs. 13.2 %
1.04mm > % 10 = ;159+£1.02mmvs. 13.24£0.99mm > % 21 = > p<0.01) > d y*

TR 8 ) Prenvh 0 R IER o gl 85 B T 54 19% (% 2) o b > EVE
T R RS F MG RASLINE R A IR (% 10 & 21 ) 2R

% ¢ B EVE (£% 30k (88 2 o 0 2 % 0P EVE 314 § e 5k i B >t A ps

Ml TR GE2L X FRITE o MR R LG PR

o2 A2 R B ERE R -

Table 2. Measurement of soft tissue thickness by ultrasonography.

10 days (n=4)

13.134+0.98

15.7+0.99

13.2+1.04

<0.01

0.38

21 days (n=4)

13.2440.99

159+£1.02

13.3+1.01

<0.01

0.41
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3132 £ FER LR L W\

fd H&E % ¢ i& {7 w5 3] i eh4 47 (histomorphometrical anai_lysw
PIEEVE G2 Eg ¥ 0 85 10 2 3% 21 % 5 g agit (Iumenizatim])“_,; B3

\
5

£ RES EBH B 0 2 )RR F B R o B B4 EVE AU § k8
» FE R s (B 26) o

Control 10 days 21 days

] 26. é’uiii%kﬂ’b EZER FEW c A EVERIZEY » L T g iadn § kL
g EprE it o R AR T (R B F TR 40 B
T @B 1200 ) -

Figure 26. The vascular remodeling was examined by IHC. In EVE treated groups, the

vascular networks in subcutaneous fat were stabilized by progressive lumenization and

specialization of vessel wall (magnification; upper panel: 40X, lower panel: 200X).
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3.1.3.3 Fghpimie chilcg o o)

J€.2012 & Heit 7 7 BF o) BN e Sk % % 80 » EVE P i 4 L T "3 95
B R o AR o gkl ey > 2 A 5 e M 09 < (hypertrophy)  fem f dic
2 enf 4o (hyperplasia) @ 4 &2 321 B3 3 @ &ow K 5 Y W g
is ﬂ % EFlm e 2w B hw e 2. = Fp & ib (adipogenic differentiation) o s & iR @ *
Adiposoft software & ™ g5 le s P iy dhimie < o fric@ e 7 p BT %10
foo 7 o SRR R kT > 10 X {021 2 EVE 282 g T 'Y ahig ik m e 4
J Al ® o ApRYHRBRE > P HEF LR (p>0.05) (W 27)

= Conftrod
—@— 10 days
&~ 21 days
o 260+
E i v
= |
. 2504 {
& L 3
E z“* . I ?; ! i
E 25 |
: |
o
'§. 220 +
a
T 210
< |
0+ r ¥ ,
0 5500 6000 6500 7000
Adipocyte size {umz)

B 27. A T npl Ly npl 85 m e X 2 5;(":}}9% Hﬁvgmség{iﬁ.‘_‘gg]ﬁ o

Figure 27. Plotting of adipocyte size versus adipocyte number in subcutaneous fat.
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3134 meeHAfri AR TR AT

Ki67 & - 822 'w¥e 3 76 4p B c09% 3¢ (nuclear protein) » I 22 % A48 RNA
(ribosomal RNA, rRNA) i skt B > Kib7 e 5 -4 rRNA eh s 2 2 e T %
(Bullwinkel et al., 2006) - % im?z & 4 & #p (interphase) » ¥ flm® {5 & — 1 P
Ki67»m &f 54 % ¢ (mitosis) % 214 Ki67 36 & €372 =514 ¢ 44 5 -Ki67
fimie o kPP (Gl ~ S~ G2 fr Mphases #25 £ 3R 0 it e #F 2 #p GO B 7
F IR o Ki67 e L2 mPe B 7E 5 %f‘ BEnBE B > R H A 5 2EF B enkd Fike o
TRPE - B BLEa A wmie s E AR EiE ¥ (Rahmanzadehetal.,

2007; Scholzen and Gerdes, 2000) -

hiEshprh KIBT 5 e 3 A ikie i mte chimse P 4 4 0 JE Y KIBT
Bl A d Bk L iwie (basal keratinocytes) {r g ¥ fm e e 58 ik & (]
28A) o ¥ H#-F A fed TR s B RLKIGT B E Renim e it (T E R e £ i o it
A 15t6 ¥ # R EVE RSZ et B R b A L fofg R ¢ KIBT B fdwre Sk chp A
VAR RO EE PR B BE AR M Ao PR m Ty St ez &2 (p>0.05) (B 28B)-
ek o mage R R A A B R Z BSRET 0 10 X o2l X RUR e o R e B and
AERZFHFEALRE (p>0.05) (B 28C) -

A Control

54

d0i:10.6342/NTU201700117



3

B RS —e— Controt | C T 100+
.; .7 | —e— 100ays =.

2] ® 21days | ==
7 N .
E£ ] i I 'ﬂ___’
2 | 1 x (04
a1 & 1 E
Ll
3 > 404
® 10
:
i s % 204
s ¢ a 0
s oo 1 2 3 4 3 w Control 10 days 21 days
% of positive adipocyte (Fat)
Bl 28, wre A fcd A BR 2 LEAFTEF o (A) KI6T L odé AR

B imre foigiplmie 2 mie 7 (x5 1200 ) o (B)Ki67 #rikic 2 A& & Fimoe
forgipimiz e » v Z R F A £ (n=6pergroup; *p<0.05) - (C) # A & & 3t973

w2 FalgF LR -

Figure 28. The results of the quantitative analysis of cell proliferation and epidermal
thickness. (A) Immunohistochemistry stain with Ki67 for cell proliferation in basal
keratinocytes and adipocytes (magnification: 200X). (B) There was no difference in the
percentage of basal keratinocytes and adipocytes labeled with Ki67 (n = 6 per group; *p

< 0.05). (C) No difference in epidermal thickness across all groups.

3135 2 FRAZ TR A7

w o] PR dm e FE 4~ 3+ -1 (platelet-endothelial cell adhesion molecule-1,
PECAM-1) # # cluster of differentiation 31 (CD31) » E_# & 3k 3-v g 7%
(superfamily) = B 2. — » & # b5 | 5~ H 53¢ (monocytes)w%’ ® 43k (neutrophils)
frRr e sg Az T -CD31 5 p & Mz cniw s # (intercellular junction) =
fﬁrk BP0 B ARARP L e o pteh > CD31 ¥ MAF R BRI 0 X £
0o I 7 A%fee ¢ BE (leukocyte transmigration) s ¢ 2 = (angiogenesis) fr& & %
(integrin) % i+ (Baldwin et al., 1994) -
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»35 it * CD31 (PECAM-1) $Hp A w7 L& ¥ X % ¢ » & (7 F
PR XEA YT SR FMEVE AL (10 p £ 21 p) s e E 4 frd
T T AT L 5 5 CD3L B fims (B 29A) ¢ ¥ b i i R B A 0 10 % A
Bt E A e ATt F AR RO P B 4 (p<0.05) 5t 421 R
BB et B el T e peni H AL AR 10 X EVE AJLi (p < 0.05)
(B 29B&C) o p* B % 5P » i 4 B B #AEF EVE chi® ¥ priy @ 18 bid 4o o

Control 10 days 21 days

- --
" --

B coNn CcD31

¥ 1

191
104

Contrel 10 thrl M awn

| S

T

oL

Coatrol Waars M dnys
Fat

L]

% of immunofluocroscenco
o
% of immunofluorescence
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B 29. 5 F % A2 TR AT % o (A) PECAM-1 (CD31) & ¥ k44 LRE A
fed TrgisP Rt F A8 (Gt #1200 )0 (B, C) AR AArA T AgiAY
EVE AUL e dp st R m s § %A § P AH 4o o

Figure 29. Quantitative analysis of blood vessel density. (A) Immunofluorescence stain
with PECAM-1 (CD31) for neovascularization in dermis and subcutaneous fat
(magnification: 200X). (B, C) In dermis and subcutaneous fat, the EVE-treated groups
showed significant increases in calculated blood vessel density when compared with the

control groups (n = 6 per group; *p < 0.05).

3136 #ar e B AR TE AT

FOEFRALZ 8 P ARV BEL PR LRI 0-SMA T R
(stainable property) kg% o F]L g AL 7 Tirudd pAAAMR G # A o B
@ E s f e (vasoactivity) fes F EEenE % (Park et al., 2004) o AR ] T
Fivmie 55 2 E R KT aieiEiRis 9 (contractile marker proteins) &) 4= smooth
muscle a-actin (a-SMA) 2 4 > 87 LR W WL d o F%4oB] 30A #77 T RE
I EVE g2 ? > B3 T e 2 ﬂ.*g P LA NP AR A o B 5 0 21 %
EVE dgZie® T3 4 %54 168 B § > @ 10 = EVE AL friff R o i T

FRANRFRTLI|-25 B ¥ (B 30B)-

S7
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Fat

T

i

b

'

Vascular density (per me)
5

Centrol 10 doyn 71 days
Fat

B 30, i F S H2 XEAFTES o (A) eSMA LA BHA S 3L T g ms i H

B (X F 1200 ) (B)EVE AUZ 7 &) o-SMA fh3e2 i F e %P0 BEH 4o o

Figure 30. Quantitative analysis of vascular maturation. (A) Immunohistochemistry stain
with a-SMA for vascular networks in subcutaneous fat (magnification: 200X). (B) The
EVE-treated groups demonstrated a significant increase in vascular networks layered

with a-SMA (n = 6 per group; *p < 0.05).
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3.2 *hIRLAE JHE T A e B A TR 2 H vk e 2
3.2.1 %%

39743 w72 (adipose stem cells, ASCs) 35 fe?g %% e 5 ¢ che fiF m P » 3%
iz chgr s L (R13L) > VARG 3 At d hF iz mie (MSCs) - ASCs
L5 p AL ATEA A A Ve 4 (multi-potent differentiation capacity) » ¥ 4= % 2
FRBH > TV FEL L N F e s I F e g iRme SR e s AL
fmre ol Smre & > Fp Ep e 15 I 8 e kR (Wolbank et al., 2007) -
ASCs ¥ 1 st m F 24 & > $ P i h e Bz BAp g £ & 0 ¥ R R R A

2% s gEAs £ e > @ ASCS P~{8 { 5 F % (Huangetal., 2016) -

I LA

ASCs 1% & 135 (surface markers) £ F Fizmoz ~ & g *hiim? (pericytes)
*E L seimie 5 90%:endp v & (Traktuev et al., 2008) - 7 # % 4p i * #5571 ASCs
& F WA EiF e (BM-MSCs) 7 F et CD49d & 4 3* ASCs» @ CD106 i
% 3>t BM-MSCs (De Ugarte et al., 2003; Zuk et al., 2002) » @ * BM-MSCs & % 3
¥ 0§ (<1%) HCD34%m e iz ¥ #2 ASCsewii— £ £ (Yoshimuraetal., 2006)-
$t b ASCs € ¥ 3% & PF R 2% 418 =t i (passage number) e 4@ e H £ @ R
7& » »4r CD11, CD14, CD34 {r C45 ¢4 M R T ¢ i7 b1t > » F 2 CD29, CD73,
CD90 - CD166 7% -k T € 3 4 3] % 2 # (Mclntosh et al., 2006; Mitchell et al.,
2006) - ASCs 4p 2% BM-MSCs ¢ # 3.# B -k L -7 CD117, HLA-DR {- CD34 % =
iz w2 £ % 3z (Hamidetal.,, 2012; Reichetal., 2012) - # %8 m % » + %4 ASCs
% € % 3 CD13, CD29, CD44, CD63, CD73, CD90 = CD105 % ¥ ¥ s ff3e
(mesenchymal markers) » @ % # 3 CD14, CD31, CD45 {r CD144 % i & 'wPz f&3e
(hematopoietic markers) (Tsuji et al., 2014) - X @ S AB k32 & 12 > ASCs € & ¥ 3 4«
CD105 ¢h# I > fe § #if - % ch ASCs § fdz %1 2 ik % 4 CD34 ihi 7
(Yoshimura et al., 2006) -

LFAA TSR S B A2 e £ 4 R 3 L @iken

Rl

\

PR TV FEFEirwre 2 g F A it foL res it (Kurpinski et al., 2006; Park

_j
I

etal.,2004) - k7@ » & A ¥ EVE 7% {& mf’f)‘%‘« A M A e SVF H dmfe e s > 102

59

d0i:10.6342/NTU201700117



ASCs 3 78 iy 4 ~ & 1 i frimfe fRis i (7370 o Bt > A&V P EVE e

WEER (10 p o2l p ) 3 R BRI me a7 i 4~ Py kA 1 R IR It

adipose
stemn cells
fertilized mesenchymal
egg stem cells

totipotent
cells

neurons,glia,astrocytes
e

endodermal Q
A ﬁta’rn_oﬂlls
> &

blood cells,immune cells

(Huang et al., 2016)
B 31. =~ 4giziwe * Fagd|as it o

Figure 31. Branches of different types of adult stem cells.
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3.2.2 g3
3221 Wipizimre Al s ML %

R BRI 2 LT s e s Lo %5 transport buffer (DMEM p
z 100 U/ml penicillin, 100 mg/ml streptomycin, 1.5 ug/ml amphotericin B) 2_'&+4r ¢ >
EHLIEFH T2 o LRt dvep frig B m i g T ke
S ] BB 18 12 phosphate-buffer saline (PBS) & (7 jis o #2818 #-Pg 95 ln 2~ 7
3 0.075% # & 39 = (collagenase) 2 PBS i3 /% ¢ (Wako Pure Chemical
Industries, Osaka, Japan) » ** 37°Ci& (7 R 30 4 48 "% J Bovi ¥ & iR 16 2 g
Wim I Y g Y 0 M EE T 7 8009 A 10 A4 0 BRI K R R g ik e
e B w B f @ P B KRR ehn e BBLAR 5 stromal vascular fraction (SVF) - #
P % 7Pk kR 2§87 e (adipose-derived stem cells) - % 2 20 ml DMEM/F12
10% FBS 3% & i #- SVF ‘%z i# iy £ 5 £ 12 800g &~ 10 4 48 > £ 48 7%
2~3 & o Bt - ik anime R e 11 70 mm g B FI AT F o TR
BAA S 30mb Tt o & 10cm B E 4 5x10° i % >+ 37°C % 5%CO;
TR o JI* ASCs Epb'gdFit > S % 24 | i 2 K,% A Rbrtimre > ¥ F ] {
¥ %2 ASCs . A3Egk w33 % % & * M-199 medium > p 7 10%7s2 & i (fetal
bovine serum), 100 Ul penicillin, 100 mg/ml streptomycin, 5 ug/ml *+% (heparin) f=
2 ng/ml pe M+ sk a2 wmee 4 £ ¥]3F  (acidic fibroblast growth factor) - 4= i m ¥
(primarycells) #2 % 7 = » & % & 5 Passage0(P0) - & 3 = { 4 &k » & TN
Wi o KA N A T R 18 0 M F ehimie 1095 Fn FE) 1 o 32 2000 cells/cm? e

TRBAHAREERY o

3222 BHPFEREfrimre FEA5+ A4

Bt avrgipirmie 36 well B % - & B well 75 5000 B ASCs » =
4 | pEF - o B FET 168 ) BT A TR e BB (T
¥ % (growth curve) - & 3 pF ¥ (doubling time, DT) &+ & f:E Boimbe b $#cd £
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- BPER (t -ty AY) > DT = (- tr) x log2 / log(q2 - q1) » to - b1 & iw*e % & &

o2 YA LY E R B LR E > ql 5 ikt £ e Bt e e 0 2t 8
‘e eHf 4o - BT PER > £t k= @ (control, 10-day, 21-day treated groups) ¢
SR -

‘wPe F jT A5 = & 47 (colony-forming assay) = # iBl¥#mPe B 7w e 4 h ¥ - B 58
B LA % (PO) 2. ASCs f1* 6 well 3 % = 12 5000 cell/well 2% 7 p o = % {2
B2 2 tnve B % 1B {7 giesa stain (Gibco, 10092-013, USA) » =+ B &z 2 3 20 B 12

b oehmmre 4 P B

3.2.2.3 mpvkizimie Rt W g s L L 2 A4

#-ASCs 4c » P ipm 4 i 2 e &% (M-199 medium p %2 10 uM dexamethasone,
0.25 puM 3-isobutyl-1-methyl-xanthine, 4 uM recombinant human insulin, 10 uM
troglitazone, 10% fetal calf serum) » #[E 3 2 & - X FE L ZF R B H 1 21 &7
iz 4 (Oil-Red O stain) 3% ¢ 7 LM-tmfe 2 PBS ik 2 =t » 4t > 737 10%
formalin 2. PBS iz /% @ &7 F 2 1 | P £ * @ F &AM kik 3= R4~ Oil-
Red O % #] (0.6% Oil Red O dye inisopropanol : water=3:2) »* %844 1] >
@Eﬁ%ﬂuﬁﬁ§%¢ﬁﬁi%’i%%émﬁéﬁﬁ%°%5ﬁﬁﬁu
isopropanol Z 7 4% Nonidet P-40 i& 773 f21s > £ A k kR L& 520 nm &7

TE AT o

3.2.2.4 i3S imre s 1 (flow cytometry analysis)

AR N fm e R FEET_ASCS 2. fL K dmve £ LT o Mk & ¢ e ASCS 8 & R
2 “f s » 11 PBS i % 3 =t » 4r ~ blocking solution (3% serumin PBS) i % 30 4 4& -
dm ¥z 12 trypsin-EDTA 518 BvT » #-fw?e s 12 1200 rpm Bs 5 42 45 - w3 82
% % t& > 2 washing buffer (49.5 mI PBS, 0.5 ml FBS) i#i% » P~ 10 ml washing buffer
i mre BBLE FATRE 0 £ 1 1200 rpm dEee 5 o4 48 o Bk ié * 2kl (BD
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Biosciences) ¥ fm*z ;2 fr (1 x 10°cells/100 ul) - ¥ ip| 2 #7484 &] & CD29-PE, CD44-
PE, CD90-PE, CD105-PE £ CD34-PE o #-gt. g 4 ¢ Rk > ¥ 2 4°CB %
30 4~ 48 ° 2_{$ 4 » 500 pl washing buffer & #7%& 5 » 2 2000 rpm &= 5 2 48 >
HHMEAF S F o 2R FiR (s > #lnre B4~ 500 pl fixing buffer (48.1 ml PBS,
0.5 ml FBS, 1.35 ml formaldehyde) %5 is:& {7 /n 3% %2 ix » +7 (FACSCalibur, BD
Biosciences, San Jose, CA) -

¥y 154 oniimre ik (LSRN, BD Biosciences, San Jose, CA) 4 47 SVF cells 2
e oA o R 2. Fkl 4 w5 anti-CD31-phycoerythrin, anti-CD34-phycoerythrin-
Cy7, anti-CD45-fluorescein isothiocyanate (BD Biosciences, San Jose, Calif.) - 1245 %

BoiEe A B B B e m A A
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323 B3 23
3.2.3.1 "y it ime AN 4 A I

P AR e PR R A 4 & NEF M = k] 4o @ B b % (Wall etal., 2007) 5 &
AiEE i 7 A% (PO) ASCs ¥HH 7 it 4 17 R B AT o F 0T R B PR R
F ASCs 2 BimE % My S A MAZ 2 BUSHBEF I X2 M¥LE (B
32A) o T iR 5 A5 A4 ASCs 2 Hi i 4 o 3t % 4 B EVE AJR gt
BT RMELE (Bl 32B)c 6% 47 ASCs Hhim 4 ¥ 2 ¢ £ 7|7 3835 4
2R T R B B M

sl 14
»
é 80+ E 124
'E € B8+
% 40- E 6-
4
Q 20 © N
0~ 0=
Control 10 days 21 days Control 10 days 21 days

B 32. EVE pJ2 e 2 Rl ¥ Py ipizm i@ B 7 a0 4 A 47 o (A) 47 1 g R e 2
REPEAF L e? T35 BEDPELE - (B) & 25000 g 557 e 3047 4533
{8075 & B % B o

Figure 32. Proliferation capacity of adipose stem cells (ASCs) from control and EVE
treated groups. (A) Doubling time of PO ASCs. No difference was noted across all groups.

(B) Number of colonies formed after 7 days of culture at initial plating of 5000 ASCs for

each group.
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3.2.3.2 "y onizimte 7 A N A

ﬁ##%ﬁ%%@%é%%jﬁ@ﬁ* F] R g 8k e Hoed b - 2R
JE P vREE hmbe B ow BRlm e Ak it @ ok (Kajitaetal., 2012) - @ #3747 4 I EVE %
FALPRFIAAE R 2 PR S ABTPREH LT BRGGAme

(Lujan-Hernandez etal., 2016) = # ;&% 4 EVE 8% 1 ihle oor o 40 e ASCs i& (7

\F‘b

R obrgap e (b4 21 < 15 > 12 Qil-red O stain 4+ ASCs #3954 - Jeat 12 (7 2
e

\-13

Fro Rk T O GEAMRT AR w2 B LG AR REERTZEZ B2
Oil-red O Bt enimizsr t A ¥ ¥ £ 8 (B 33) -

A Control 10 days 21 days

% of positive stain
*

Control  10days 21 days

B] 33. EVE /AJ® e g2 4 B8 i ¥ 7y 353 fmve A 14 R A 47 o

Figure 33. Analysis of differentiation potentials of adipose stem cells from control and

EVE treated groupd.
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3.2.33 Wiz m 4 5 A3 i

ARG B e P s 47 ASCs 2. £ d il o g g P o * 4t ASCs 2 & -
PG ih v R FRP 3R s e A3 ASCs e 225 & o e ¥
B ASCs {18 @ 3 m I~ BHH (Huangetal., 2016) - F)pt & * 5 &4 & Fk
z & RFT e chdE i > % B ASCs » CD29, CD44, CD90 - CD105 % ¢
3> w3 £ 3 CD34 (] 34) - CD29 (Bl-integrin) = Mwfe B §8 > &2 w7 BLA
B> 32 ORI T B s AR e iz B 4 @R (Hynes, 1992) 5 CD44
e koo 2 e o TGP F R (hyaluronate) ~ # 33 % (osteopontin) ~ ¥ i F-

54 MMPs 2 3 f£% ig

9

2 iR Ak o #  (Goodison et al., 1999) ; CD90
(thymus cell antigen-1, Thy-1) # & 4% 3>/ 8139 ﬂﬁzm}?é (Adesetal., 1980) - “,f % IR
*“"»Jﬁi wie e T M T3k Vi 3F fizlmizs € 2R FR o blicl Fizlwre ~ i3
¥ iwe fr & Fiziwre & (Kisselbach et al., 2009) ; CD105 (endoglin) % TGF-p %
Mexz - hwn §FiAdmgFyfrn g 24P L5 08% ¥ 2w f e
@ B 8 me 4] i {1 4 (Sanz-Rodriguez et al., 2004) ; CD34 ] # £ 3>t i R ok
Mk Rz SR o bldeid & R wfe foh L T SRam e & (Sidneyetal., 2014) o < B

¢ ¥ T ASCs ik & 24 A~ 4788 » ASCs phenotype i B {214 2 surface
marker sn& N ZEF AR ¥ - 3 o K F B o e ASCs Bt B R iz imie B
% = I ephenotype> @ ¥ fe EVE i * pFRF & B o » 7&—5'\;:‘; D R JL PR R R
ASCs [ #: % 3R CD29, CD44,CD90 - CD105 % R & 'w*# cramarkers » & 4 > CD34
i o dm?e marker e0% 3L (B 34) - 1345 Pittenger #7 3 B F3 3t 1999 & % £ 2 2 1]?& v
7 0 A MSCs engFpic it 2 £ 5 5 & T3 kv > ¢ 3% CD29, CD44, CD71,
CD90 f- CD105 > 14 % 44 Z v o Fffrig o P2 2 3 F-v > ¢ 35 CD14, CD34 fr
CD45 (Pittenger et al., 1999) - zp? 2 R 7 ASCs £2 A 55 MSCs #74 2 fh3e 3o 2L
¥Ap 02 e
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4
Control s

=3
i ! =
1 %
e 1 2
e T
15 N
e
14
i~
3
o
’
)
&
o
(=
1 e
J
&
x0
o
2
o

21days | |

A 17.66% : b 236%
1 \ — — : -

Bl 34. jiiNmre FpEL 47 RER e 2 oo fie o g RiR lme el A & AR T &
Edowm he R BN a0 o SRV e k2 7 8o CD29, CD44, CD90 v
CD105 s et B 'Rk T » CD34 endk Tt e MK T o

Figure 34. Flow cytometry analysis of surface marker expression of ASCs.
Immunophenotype of adipose stem cells (ASCs) of each group revealed very similar
expression patterns of surface markers. Flow cytometry analysis showed the expression
of CD29, CD44, CD90, and CD105 were at high levels and the expression of CD34 was

at a lower level.

3234 AF i § w2 e A

-ty 95 m s collagenase & 18 1S d dres 3 ik S E fg P lmie B G
B {8 IR s B ORINim e BBAR G E&%‘U’n % w7 (SVF cells) - SVF d 25 % &
Flmbe ¥ e R irime 2 H o Splme s p L e s lon IR Has

%

3

BN T dmte s p e~ H PR Eetinre & (Cawthornetal., 2012; Han
et al, 2010) - AR5k * 7 4 jiil e R A 7 SVF 2wz s > 7 LA 5 CD34Y
& CD45" x ;% kikimre &2 CD34” & CD45™ a3 kikim® » {4 "ﬁ - # & 5 CD31Y
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& CD34" p A im®,CD31 & CD34" #3343z m#, CD31" & CD34™ # ¥ % (i

2wt s REimte o § 4 Winre %) (] 35A) - CD45 4 v s 32 ¥ F fik  CD3L

(PECAM-1) =« & £33N L w2 - CD34 1 & At wiflwe 2 H w0 Splmie >

Te FFIFALEAP CD3M Fi 4 A H v 83w b4 £ i ~ AR

‘m?z  (interstitial dendritic cells) ~ & B sz 2 0 £ = Spiw?2 & (Lin et al., 2012;

Nielsen and McNagny, 2008) - j* *t CD34 » ¢ # A3t R B ipimie > & ¢ FIRE 32 %
war4 2 H & 3 (Cawthorn et al., 2012; Sidney et al., 2014) -

WRCEVE RUR M L3 me st SVE F F A A 2 B F A RS
2 AP ASCS W X2t A LR (32 50+£19% 10 % A2 % : 56+25% -
21 % g2 e 1 48+23%) (p>0.05) - 4pF ¥ »EVE &2 ¢ chph L w7t} 7
A g F TR PER AL P AR A (R 2181£1.9%10 % &g 2 :15.2+3.0%>
21 % Eg? @ : 20.3 + 3.8%) (*p<0.05, **p<0.01) (%] 35B) -

21
"z

2 BB p b oty indr e i Bl 5 B F 4 B (] 35C) -

yoebaty &P &5 fpikir g SVF e o ASCs chdic® > St B 5 T =
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—8— Controd

ASCs e
' == Endothelial cells > -o— 10days
g . 1004 == Other cells 25 4 —®- 21daps
v R " ‘:g -
3 -—
J 5 30: ‘st_n 2.0 9
§_ 601 2 151
‘ 3
‘| _ E 40+ o 1_°J
. P |2 " 1 B .
S S 24 ? 0.5 1
S [ 0.0 ~ ~ - - \
€034 Control  10days  21days 0 1 2 3 4 5

ASCs cell (10%/g fat)

Bl 35. Z ¢ it RATAT L F w2 miz e o (A) ¥ 5 N mie ik
47 SVF e 2. (v 4 g Bllicdy - (B) &2 &R ASCs et g £ & > & EVE 2
¢ N R P v R AP G BT E S e (F Bk A =6 *p<0.054p 4
R > **p<0.01 AP ¥R > p<0.05 4p et 10 X g2l o (C) g tkiie
e o F e R T LG BB AR o

Figure 36. Multicolor flow cytometric analysis was performed to determine cell
compositions of SVF cells. (A) Representative plotted data of SVF cells using multicolor
flow cytometry analysis. (B) No difference in the ratio of ASCs across the groups,
whereas the percentage of endothelial cells of EVE treated groups significantly increased
when compared to the control group (n=6 per group; *p<0.05 vs. control, **p<0.01 vs.
control, and p<0.05 vs. 10-day treated groups). (C) No significant difference was noted

in the total number of ASCs and stromal vascular fraction cells.
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Fri FEH

2013 # - Lancerotto #7 § ®]fj 4 7% EVE § 314 e s 4 pk it 4k § - & it HIF-
1o/VEGF » & g% » ie @ 3 %5 F 4 & (Lancerottoetal., 2013) » %]t i i 4% 4
Al AT T AIEATH L B E 2 e BT W APEOTE 5 ¥ 22 BT
EVE ¥ %= = #2844 o324 4 s BRAfof 4 5 { HFE BN
2 g L 2% (Heitetal, 2012) - 5% % EVE ¥ * »:cl p g af ez £
BT Eirme HiE 0 KRB S Heit 775 B 2012 # 905 £ 2 %k S 5
AP FRREEFE T E A 4pk 8 2 PR IR & * f & 50mmHg i *
T10p 221 p W {EFFEEEVEH B ENRCEALLT _9_3%.‘« A A en
Pl o

FRrAz R el e AR > BB 8 | EVE Y 0 T gtk
f%bﬁ}%-}i?i\géc 19% > X @ Lbi‘ﬂ}%-ﬁ{a?\ 4 EVE % I} 14 5 16 - J%Pxﬁzﬁ/ﬂ% ;gL
R * AL A RIE Bt € F A S8 R 2 EVE UL ot 502 AR 4

(p>0.05) gt 5P » 1 &2l p e HiEAZ2 N 0 EVE 3f S 40w g £ -
M~ p AT G B EA A R RBHP T AL R D &
MR FEL PR ER2IGH 0 A EVE SR ALK 2 SRk
R L R LR R SO IR EX PN Jo R

YR ERG I ER EVE L "ﬂ/}'%fn. P2 S e g £ a0 T A ¥ e
PR AR P isd R TR REFEORE RBET R RTEE Ao T Agn
£n "F? e B IRF b e iR 4 PR "‘Z%’E‘r w2 blde & B mbe foig ik lmie {5 AT
Bt ) B Y o B A K A SR F LR ol i T RE TR E AR T
REE AL S g URRE e T B R L BT NA L

~m

% % & suctioncupss3l { 5 % IR K = i~ VR e S i (Swanson,
2014) - F]pt EVE 2 4§ 28 = 8. F Z av 3% Harle ‘° e s s B F e Bk 4?“'%%“ R
FUBGE2Z g o gt oh o mqip e SR b 3048 4 1™ 45 B 12 (expandability)
fohgEeh? ¥ @R 5 AR B @ Pl sk kAT 0 EVE 2 )
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oo R BLT L g R BRI IR E R IV AR T 0 R R L d T
PRBRZIEVERSAR N2 848 1 M LA BRFEE{L T 88T R
£k Hahmm g (Lancerotto et al., 2013) o 2§k ¢ 4k = -k MEferg st & 2 B 5 BB
Mo F AL REFEFMT RFTH L CARAFZRAPE - HPT 8
RRTOHT ROFYTREEfZ R L o R g e (v F]F ¢ 35 CEBP-o » PPAR-
y f= adiponectin i {7 3% & (Aschen et al., 2012) = d ¢ ¥ 4 o] EVE ** /] B 550 #75]
B IR R St £ e A o T R - BRI A 0 BT
gl R EIR A R E F i B RIER chE BT AP o T

FEERL Bk R L RAILY B - BATPEILIE B 0 8 0 e et
R 4em B (Gigliofiorito et al., 2013) -

SR A K e AL AN o TG F G Rt S A fiigd

kR A e & BRAm e r A (L 0 ¥ P B R B foime Mgfﬂngﬁ?fsij £ th
#wAE (Kajitaetal, 2012) c ¥ 3 3% 5 A7 £ 77 P30 flkv A Sizme 0 2 v

Wi 2 e R i ¥ R P e AL @R A L H U e pIR T
BHE AP CENEE D& wmie 2 B4 ~ At {oif 7 (Discher et al., 2009;
Engler et al., 2004; Janmey and McCulloch, 2007; Yeung et al., 2005) o # &5 #-4 4
B s e iR e B S P Ao BT ) A TR AN 4 R RIL R B
i SR B SRiEARY 010 X 2 21 X 2 5 EVE #3070 9553 o be ey
7aag A feigin e (L B AP FOTHBR BRI G BF R (p>0.05) 5 At B
SCOEVER 28 % fre P AER{AeAL T B B P s e Bic (Heit et al., 2012) -

Wi CT i MR B MR AR e 2 2 T GE > RV AT S e R
(extracellular matrix, ECM) 1 2 4p sk km¥2 2. [ cfp 3 4234 (8% > 4% ik 'w %2 0 59 3 78 ~
T BNl e gl (Liet al, 2011) o 3 1 F)F ¢ 35 TGF-P ~
PDGF 4r FGF %£13 & MSCs 4 * 22t & 8. (Ng et al., 2008) « ECM 2 4 18 |4
oo 4kl R (stiffness) {-t4] (topography) - ¥t MSCs p 2 { A7{os it &8 2 23
e MAETY [ Hl4cEF FHIAEZ ECMEBRTHEMSCs 2 2 F £ 10 F 211

B3k Py 0k 4 i (Engleretal., 2006; Huebsch et al., 2010)-ECM 2_ #4] & ¢ MSCs

71

d0i:10.6342/NTU201700117



RIAE s T B2 AR AR A o @ Aut B Y R ILFAl2 MSCs #-
Qﬂé%%@%(Mﬁ%mamimﬂoéﬁjﬁpfﬁ%ﬁﬂ’&dﬂAT£$
¢ ECM e i F R { § 130 ASCs 2 Lg% kmie g (7 4 14 5 IEL)*T%Z}. 3

e%2 ECMPmE a3 28T 5 Jeadme st oRld F L= HRiF2-

R RS AEVEAST e iy 10X 1 % 21 % > P AR
B MFEVERRE 287 AT RS & gd S gipd)a 2 H S RAOE RS
BEmu BREFL BRI 2B A W5 o P EVE S p W B2 Bt
Heie 0 AR S FALMPNTF AL FRRS A AR At g2 S

HooJm v U g E kel pRE 2T A RIT Tk -
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FI% @

ARHRSRET EVESL R F Bl a2 FHATASL T nand
B FAFEL A S F e p EVE AR Y % 10 2 3 %21 =
FRROEREY  HFEVE RILInE T o b F PR BT L AT T
VUi e cO A s B VRIEGBET S 1 R E RRIE ig/:% PR S d a N e kA 5
H

AFh gwmre2 mzedmEsip- k> A E Ag? @ % ¥

FIHERS A
e Lme o d g F AR f RG] RS F BB G TR ST RN Ak
2 TEH Yot ohs G $HOP IR he e R B Lol T g ip e mg_?'ﬂl £~
FHILE H G F P s B R kdf 1 o Bt > EVE R R B AR

B ML a i BV B ERE L AR S o
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$2% ALBY

VAR TS SR A I 2 B bl her e @K K SEFR g R
HE LR B Bﬁf’fﬁ« ¢ERime A AR B PR dE e BT ANtk sr:k:a‘_
EAeRI] o R o gk im i kL LY SR PSR M EMOMRB e L s
TrF FER A EDPBETTIHRLIMETF 2 L PF REBHIELRE T 6
4c CALfcPRP %3 3% > Y A B HEIFE S PR § R %) “f 1k e 4

ED

P
]

FAEZFF X Tl d L2 3t aRF ARSI FESF A

ORI ER Lo s i & SRR R BV R E S UK

Wi

FESE A LB AT P A RIE SRR pow e (g FEE Y
(translational research) #-Z A #F 7 = % frfph TR R 2 B = Bf SR A

Tk K B R frie AR PRt e fap o B AR M ERBERAE TS
j\a <

R
FH2 & §AF od 2 EVE g L &J22% % & S 03 REH Y @55y > »
BEVOEIAECSWRAFTRLY T UAF e e R B A S LM TR
H*%gi LA E T R RN g F A T - L B i e &
LSRN ¥ SR Lt E Y e R el LR R 2
PO RAFERFE A TV B s b (FEf et e
T ZEFG  HHEVEFT & A2 8 or FRE- B o

Pl FE? ¢ MEVETE p BB E S ey, » ugd L
g2 AR LR o e BT BN 2T % & EVE 2 HA B
2 ookrfog U F o ¥ ORARRmie chd B SRa dph 2 A S IE Y F -
HBFIET - DPELFP- P EVE LW PHELTRAERY + > 2 &7 %305y

45 T ,/gg—ﬂ_ ? it = s AN e fgx W OF PR g;vgmsiaﬂfp—.;—; SE fn PE 4’3‘_@;1 V5 tm Pe

A R
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