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1. bFGF

2. TGF-p,

3. VEGF

HDMEC

HDMEC

HDMEC

HDMEC

HDMEC



(extension), (attachment),

(detachment) (adhesiveness)
) (seeding
time), confluency, , (phenotype of
cells)

fibroblast growth factor (FGF), transforming growth factor (TGF),

vascular endothelial growth factor (VEGF)



bFGF, TGF-B;, VEGF

human neonatal dermal microvascular endothelial cell
(CC-2505, BioWhittker Inc., Walkersville , MD, USA) 3-~4
basal medium single Quots
endothelial cell basal medium-2 MV (EGM-2 MV)
Bullet kit system (CC-3202, BioWhittker Inc., Walkersville, MD,

USA)

, 5 (0.01 ng/ml, 0.1 ng/ml, 1

ng/ml, 10 ng/ml, 100 ng/ml) ,

380 ( 0.5
mm) well plate 2x10?
CO, 24 , time-lapse video
microscopy 24
bFGF TGF-B; 1 ng/ml VEGF

10 ng/mi



bFGF 1 ng/ml 8.736 = 0.948 pum/hr,
TGF-B; 1 ng/ml 9.859 + 1.904 pm/hr, VEGF 10 ng/ml
10.293 + 1.612 ym/hr  VEGF

, TGF-B;, bFGF

, , bFGF, TGF-B,, VEGF



(extension),
(attachment), (detachment)

(adhesiveness) :



(seeding time), confluency, ,
(phenotype of cells)
fibroblast growth factor (FGF), transforming

growth factor (TGF),vascular endothelial growth factor (VEGF)

3

bFGF, TGF-B.,
VEGF

(Human dermal microvascular endothelial cell, HDMEC)



human neonatal dermal microvas-
—cular endothelial cell (CC-2505, BioWhittker Inc., Walkersville,
MD, USA) 3-4
basal medium  single Quots endothelial cell
basal medium-2 MV (EGM-2 MV) Bullet kit system (CC-3202,

BioWhittker Inc., Walkersville, MD, USA)

2.

(HDMEC only) bFGF (HDMEC
with bFGF), TGF-B, (HDMEC with TGF-
1), VEGF (HDMEC with VEGF) 4

3.

video-microscopy system



video-microscopy system
CO,
color charge-coupled
device (CCD) camera ,
video-tape recorder (VTR) system CCD camera

computer system

4 phase contrast lens
, CCD camera 8 bit mode
37 , 5%
CO; 4 mM L-glutamine, 1.5 g/L sodium bicarbonate,
4.5 g/L glucose 10% fetal bovine serum (FBS)
Dulbecco’s modified Eagle’s medium (DMEM)
75 (Nunc, Naperville, IL, USA)
380
( 0.5 mm) 2x10?
37 ,5% CO, 1
.1



bFGF (F0291, Sigma, St.Louis, MO, USA)
TGF-1(T7039, Sigma, St.Louis, MO, USA), VEGF121 (V3388,

Sigma, St.Louis, MO, USA ) Esherichia Coli

, 5
(0.01 ng/ml, 0.1 ng/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml)
37 , 5% CO; 5% FBS,
0.2 ml  hydrocortisone, 2 ml  hb-FGF, 0.5 ml VEGF, 0.5

ml  R3-IGF-1, 0.5 ml ascorbic acid, 0.5 ml hEGF, 0.5 ml

GA-1000 endothelial cell basal medium-2 MV
(EGM-2 MV)
3 (bFGF, TGF-f4,
VEGF) bFGF: 1 ng/ml, TGF-B; : 1 ng/ml, VEGF : 10
ng/ml . well
plate )
time-lapse video-microscopy system mini-
incubator 24



16 n '

Excel 2000 (Microsoft, Seattle, WA, USA)

student t-test ,

p < 0.01 , p < 0.05

,p <01

bFGF, TGF-B,, VEGF



bFGF 1 ng/ml 8.736

+ 0.948 pm/hr ( 1), TGF-B; 1 ng/ml 9.859 =+
1.904 pm/hr ( 2), VEGF 10 ng/ml 10.293 *= 1.612 p
m/hr ( 3) bFGF TGF-B; 1 ng/mi , VEGF 10
ng/mi

VEGF

, TGF-B.  bFGF

, . (P<0.01)
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Medium 0.01 0.10 1 10 100
only
The concentration of bFGF (ng/ml)
1. bFGF HDMEC
37 , 5% CO, 5% FBS, 0.2 ml hydrocortisone, 2

ml  hb-FGF, 0.5 ml VEGF, 0.5 ml R3-IGF-1, 0.5 ml
ascorbic acid, 0.5 ml hEGF, 0.5 ml GA-1000
endothelial cell basal medium-2 MV (EGM-2 MV)

well plate

. bFGF 1 ng/ml

8.736 +£0.948 pm/hr

L(***: p<0.01 )
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Medium 0.01 0.10 1 10 100
only
The concentration of TGF-b1 (ng/ml)
2. TGF-p, HDMEC
37 , 5% CO, 5% FBS, 0.2 ml  hydrocortisone, 2

ml  hb-FGF, 0.5 ml VEGF, 0.5 ml R3-IGF-1, 0.5 ml
ascorbic acid, 0.5 ml hEGF, 0.5 ml GA-1000
endothelial cell basal medium-2 MV (EGM-2 MV)

well plate

. TGF-B;: 1 ng/ml
9.859 +1.904 um/hr
(*: p<0.1, **: p<0.05, *** : p < 0.01

)

12



140 r
*kk

120 ¢
£ - -
£ 100 ok
2
D 80 f ook
(]
)
c 60
=
S 40 ¢
2
=

20 -

0.0

Medium 0.01 0.10 1 10 100
only
The concentration of VEGF (ng/ml)
3. VEGF HDMEC
37 , 5% CO, 5% FBS, 0.2 ml hydrocortisone, 2

ml  hb-FGF, 0.5 ml VEGF, 0.5 ml R3-IGF-1, 0.5 ml
ascorbic acid, 0.5 ml hEGF, 0.5 ml GA-1000
endothelial cell basal medium-2 MV (EGM-2 MV)

well plate

. VEGF 10 ng/ml
10.293 +£1.612 pm/hr

(***: p<0.01 )

13



bFGF TGF-p;
1 ng/ml , VEGF 10ng/ml

video-microscopy system

( 4),

VEGF, TGF-fB;, bFGF
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37 , 5% CO, 4 mM L-glutamine, 1.5 g/L sodium
bicarbonate, 4.5 g/L glucose 10% FBS DMEM

well plate
(bFGF: 1 ng/ml,
TGF-B1: 1 ng/ml, VEGF: 10 ng/ml), time-lapse video

microscopy system mini-incubator 24

VEGF, TGF-31, bFGF
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37 , 5% CO, 4 mM L-glutamine, 1.5 g/L sodium
bicarbonate, 4.5 g/L glucose 10% FBS DMEM
well plate

(bFGF: 1 ng/ml, TGF-B;: 1 ng/ml, VEGF: 10 ng/ml), time-
lapse video microscopy system mini-incubator

24

VEGF, TGF-pB,, bFGF

(*** : p<0.01 )
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15

(permeability)

FGF, TGF, VEGF
.16
FGF acidic FGF
(aFGF), basic FGF (bFGF) 2 fibroblast
keratinocyte 17-19

bFGF  aFGF

bFGF

_20 TGF y , TGF—Bl,

I321 BS ,
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TGF-B,

21

VEGF #
.23—26
VEGF
VEGF
thrombin glycoprotein
osteopontin osteopontin
integrin alpha, beta;
2 VEGF

intercellular adhesion molecule (ICAM-1), vascular cell adhesion
molecule (VCAM-1)
2" VEGF
%8 epidermal growth
factor (EGF), keratinocyte growth factor (KGF) cytokine
2 glucose  VEGF

glucose

VEGF mRNA VEGF
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glucose 3031 VEGF

psoriasis, rheumatoid arthritis,
proliferative retinopathy, tumor
3234 VEGF

: VEGF/R1 R2 ,

VEGF VEGF 121, VEGF 165, VEGF 189,

VEGF 206 4 isoform 3 VEGF

collateral vessel

10-12

VEGF
13 connective tissue growth factor
(CTGF) cysteine rich mitogenic peptide integrin
alpha,betas

.36

puromycin insentive

leucyl-specific aminopeptidase (MPILSAP) integrin

19



angioblast
vasculogenesis
angiogeneisis . (ectoderm)
(mesoderm) angioblast

vasculogenesis

angiogeneis

, bFGF

platelet-derived

endothelial cell growth factor VEGF

Vasodilator-stimulated phosphoprotein (VASP)

filamentous actin formation ,

. VASP (pre-
endothelial cell)
° VEGF VEGF
. VEGF VEGF Flt-1 (VEGFR-1),
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FIk-1 (VEGFR-2), angiopoietin-1 , Tie=2

implantation , VEGF
in tissue hybridization m-RNA
villous trophoblast extravillous trophoblast
villi decidua
VEGF
7
.8
1-2mm
(endogenous)

angiopoietin 1, angiopoietin 2,

mikine, pleiotropin, leptin, maspin 2

21



collagen type | cryptic epitope  HUIV2

monoclonal

monoclonal

plasminogen activator (u-PA)

bFGF
bFGF
bFGF immunoreactivity
bovine arterial endothelial (BAE) cells
cytokine
BAE OSM
38 bFGF

protamine sulfate  suramin

22

(bud)
, HUIV2

,  HUIV2

urokinase-type

u-PA

37

cytoplasm
20 bFGF

oncostatin M (OSM)

bFGF



39 bFGF G-

protein-coupled phospholipase A G-
protein pertussis toxin bFGF

80% A0 bFGF,
TGF-B;, VEGF high-density

lipoprotein (HDL)

5 microviscosity

alpha-tocopherol, cholesterol, lysophospholipids

bFGF,
VEGF  microviscosity A
bFGF VEGF
bFGF VEGF
VEGF bFGF
synergistic effect
.42
EGF, bFGF,
aFGF
VEGF 3
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bFGF, TGF-B;, VEGF

computer-aided time-lapse video-microscopy

video-microscopy system

, time-lapse video-microscopy

system

VEGF

, TGF-B, bFGF

VEGF

43

24



VEGF

A4 VEGF

45 VEGF encoding gene

transfection VEGF

46

Boyden chamber?’, wound healing*®, micro-carrier

bead®, fence assays®

time-lapse video-microscopy system
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FGF, TGF, VEGF

computer-aided time-lapse video-microscopy

system
bFGF 1 ng/ml 8.736 +
0.948 pm/hr, TGF-f3; 1 ng/ml 9.859 =+ 1.904 pm/hr
VEGF 10 ng/ml 10.293 + 1.612 pm/hr bFGF TGF-0;
1 ng/ml VEGF 10 ng/ml
24
VEGF
: TGF-B;  bFGF
(p< 0.01) VEGF,
TGF-B,, bFGF
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Abstract
The Effects of Growth Factors on Motility of Cultured

Human Dermal Microvascular Endothelial Cell

Young Soo Kim
Deparatment of Medicine
The Graduate School, Yonsei University

(Directed by Professor Dong Kyun Rah)

Cell migration is essential for many important biological events, including
embryonic development, wound healing, inflammatory response, and tumor
metastasis. As a result of endothelial cell migration, angiogenesis is very important
factor in embryogenesis, wound healing, tumor development, flap survival.
Angiogenesis is dependent on endothelial cell proliferation, migration and motility is
one of the most essential for many important biological events. The speed of cell
migration is regulated by extension, attachment, detachment of cell membrane and
ahhesiveness of cell to extracellular matrix. Growth factors such as FGF, TGF, VEGF
is well known to play a major roles in the migration of endothealial cells.

This study was designed to compare the motilities of human dermal microvascular
endothelial cell (HDMEC) in growth factors such as bFGF, TGF-3; & VEGF. The
motility of cultured HDMEC was compared using a video-microscopy system that
was developed in combination with a self-designed CO, mini-incubator. To determine
migration speed, cells were viewed with a 4 phase-contrast lens and video recored.
Images were captured using a color CCD camera and saved in 8-bit full-color mode.

Experimental Groups were divided into four groups: group I (with a Control,
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HDMEC only), group I (HDMEC with bFGF), Group I (HDMEC with TGF-f3)),
Group IV (HDMEC with VEGF). At the concentration of 1 ng/ml (bFGF), 1 ng/ml
(TGF-f,), and 10 ng/ml (VEGF) as the most effective dose for cell migration through
preliminary study, the speed of migration is 8.736 * 0.948 pm/hr, 9.869 = 1.904
um/hr, 10.293 + 1.612 pum/hr, respectively. These data shows that groups with growth
factor accelerate the HDMEC migration than a control group, and the VEGF is most
effective growth factor in the HDMEC migration than bFGF and TGF-f3,

Key Words: HDMEC, cell migration, bFGF, TGF-; and VEGF
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