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Effect of denatured collagen type I on endothelial cell proliferation, migration and angiogenesis-related
proteins expression
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[Abstract] Objective - To reveal the effect of denatured collagen type I on the endothelial cell proliferation, migration, and angiogenesis-related
proteins expression. Methods -+ Human umbilical vein endothelial cells were cultured on the plates coated with normal collagen (normal collagen group),
half concentration normal collagen (half collagen group) or denatured collagen (denatured collagen group). CCK-8 assay was performed to test cell
proliferation ability two days later. The effect of collagen on cell migration was measured by scratch test. The expressions of membrane-type 1 matrix
metalloproteinase (MT1-MMP) and vascular endothelial growth factor (VEGF) were detected by Western blotting. The expressions of angiopoietin 1
(Ang-1) and Ang-2 were measured by ELISA. Results - CCK-8 results showed that the proliferation activity of denatured collagen group was significantly
higher than that of normal collagen group and half collagen group (P<0.05). Cell migratory capacity was increased in denatured collagen group, of which
the scratch was almost covered after 16 h. The protein expressions of MT1-MMP and VEGF were significantly higher in denatured collagen group than
those in the other two groups (P<0.05), in which the concentration of Ang-2 was also higher than that in normal collagen group (P<0.05). However,
no significant difference was found in the concentration of Ang-1 among the three groups. Conclusion - Denatured collagen type 1 can promote
proliferation, migration and MT1-MMP, VEGF, and Ang-2 expressions in endothelial cells, suggesting that collagen denaturation may play an active role
in the process of angiogenesis during wound healing.
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HMEFRRERY, AT ST TS IR TR T B 500 oA B A i
WE ., i SEDNRERTRCMN, TR VERY ECM (ERE0 & &
HITER

1 SR E

11 788 PRI B i Wl 2 B JE Dt A e 1 35 MLy o 2

£ 9 AR R 57 LR ) 18 e A 2 e IR i ik
e 4391 1.5 mg/mL 1 0.75 mg/mL, LAJGIEY 0.006 mol/L
CFRAFE S mg/mL LR T AU RIRR (DU KB
BARAMRAE) #3], #% 5Smg/mL iy 1 BRFEERE T
50 C kit 30 min PREERAE P T, HJE Y 0.006 mol/L
CEMFER 1S mgmL, J5ikEEA 1.5 mg/mL i IE# IR
DA S PR BRI 20 A A M e SR T

H b 2 B T R AR L 2 e TR R AR
e R, % 6 FLRE FE A AL 1 mL, 96 FLKF 7%t 4 AL
100 pL g s It , HITHEEFRNECANIE, 4 5ok EH 5
4. PR R A PR R A

1.2 MBSz s ALt

NN B2 41 (human umbilical vein endothelial
cells, HUVECs) 3k B £ EHA I FHWESEE (American
Type Culture Collection, ATCC), M EF}#beAWwits
524l A= My T I A e A

MR I AR AR, SCHVE T 37 CHifes o5
ki, R S LRI T A N R AR S Y £ O
IR, HRBHAAR TR A E 10% I5 4 MG
(Gibeo 23 w], ZI[E) [ DMEM ¥ 5:if¢ (Gibeo 23w, 3
E), REWKITIEAG 176 x g 8.0 3 min; 5 FIBRE
o, BRI AT, R N BRI EE 5 4 R
AN SRR . £ N B AN A K BT Rl A I 0.25% &
FC RN O (EDTA) R & A B A R (Gibeo 24
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ml, EE) i, B ELL 10 mL & 10% BE 24 I i
ff) DMEM 5% &, JHRANIIR S 5 < 10° 4> /mL /¢
fi, (ERETR.

1.3 20 145 06 P A D

THML. il N B A A AniE R, T %2 3 < 10° /> /mL,
12 5 AL 100 pL 248 £ 7RI AN [ 5 S5 7 1 B B 11 96 AL
Be, 5% CO,, 37 CEiFA P i % 48 h, 4ALIMA 10 uL
CCK-8 i ([R{fb, HA), JF5EFETIIERS
JE W E 1 h, 38 i SpectraMax190 fiff #r {2 (Molecular
Devices 24 &, EE ) M & £F 450 nm )%+ &b 19 W g8
{& [D (450 nm) |,

1.4 RIS

3x 10" 4> /mL A B AR Bt AL 1| mL B2 TR i
6 Lk, FranilbEEIFo 2@ sRtk)a i 10 uL JCRie
SKRVETEET 6 Lt ikigah, HlEkR, S
BEFRIR, BRI sk N B4, A 5% CO,, 37 °C
B RINAREE SR, 43l T 0, 4, 8, 12, 16 h HlHgL,

1.5 Western blotting

Western blotting 45 A 6 il 5 7Y 2 it 4 J& & F g -1
(membrane-type 1 matrix metalloproteinase, MT1-MMP)
Fiafm 4 Bz 4 M A K B F- (vascular endothelial growth
factor, VEGF) EAKIE, {EARMEE AR ELWERE
FeWa b 35 N R 4 i 48 h, RIPA SNl 2 i (i3
DRAEYHEARGMR 2 w]) VEH 30 min J5HC R {EREITHR
HE R, WS0pg BEA, 17 Zhe ke — BN
FOE I e e L Dk oy B R Y, TV AR I R MR 4T 4k 325,
5% ME A E A E M L h, MA—$LTIER (VEGF fit
& Je MT1-MMP $iifk, 30 F 5[5 Abcam 23 v, fikE &
Jy1:1.000), 4 CHEEILA; IMA 1:2 000 Bk A LA Es
(HRP) {89 — 41 (Cell Signaling Technology, [H ),
Ein FEM 1.5 h, b Ekieikisg, Bt, DA ER
SRR B2 BE(H (integrating optical density, 10D) B&
PAN 2 H il B8 -3- @R I &0 F (GAPDH) #y IOD {d, fir
EE RN H R F AR & &,

1.6 M HiiIe Lo E — W KA ELISA

1x 10" A /mL Pz 4R B UL 1 mL/ FLEERRT R A
FICIR ) 6 FLE: Rt rp, 37 CANRRE RS 24 h, 1F
i SN B e 2 BB MUK )G, 3R RIS LATUR
1 x PBS #2560k, BALFIA R & G2E M) DMEM £
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FRIRARLEES 5 24 h, WedE iSO T ELISA A0, 4L
NI % A ik 25 1 (angiopoietin 1, Ang-1), Ang-2 P 53 [
DU RERA , AR S,, BEEE A F b
Ang-1 8 Ang-2 $ith, TEREB R &4, UL HRP Fr
IR RN S AR FEAAAE N, iR IMA BRI 3, 3,
5, 5= IR AR KR (TMB) (Ang-1) #(4B8% "k (OPD)
(Ang-2), FeZUARERR L b2 1k s, il 3k B s (S04 M
D (492 nm) {4 (Ang-1) F1 D (450 nm) 14 (Ang-2); i#
Tk 2 o il 2 TR L AR IUAE S Ang-1, Ang-2 HUYR
%KY ZHE R R SRLA PR 2 Rl T

1.7 SEil*#orbr

K SPSS 20.0 #4347 £ 45 43 M, 7 = BTRHEY LA
xtsFons ZHMRLERMRRNFTG Zoir, YEFHEA
Gt B R LSD {5347 R LR . P<0.05 A4 2
SRHAGIE L,

I e R

Oh

4h

&h

12h

16h

Y. EFERR A 100 um

B 1 3ENKRMMmETBEES (XIREE, x100)
Fig 1 Cell migration of three groups of endothelial cells (scratch test, x100)

2.3 PU4Nie MT1-MMP fil VEGF B i #5150
Western blotting %5 5 i 7% : MT1-MMP & [1 48 %} 4>
i #2404 74 000, UL GAPDH “ANZ:, 1E% KR4 MT1-
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2.1 A BN B T

T3 FhA [ JoT e i /B e 9 200 e 5 5 b= 2 b N 2
4l 2 d Jm, #Ef7 CCK-8 A a G AR M. 25 2R Bow,
iE % 4L D (450 nm) {5 2k 0.473+0.111, = & i Ji
S % 0.704+0.071, 25 P i B 41 2k 0.847£0.166 (n=14,
P=0.000) ; 1F i )R 2 AN R oA 6 B 2K T2 SR A
FAs PR JRAL (3 P=0.000), =& %R 41 5K A8k
JB L (P=0.004)

2.2 WBANINITRE )

KPR SEIREE R R PR BRI BN EFE RE
Heof, 16 h BV RRE A 28, BT PR IERI
JRF A ARIRIERSRE ik 2, i1 1 3 i S e Of
BN AT ERE Diss (& 1),

i I

MMP Z [ H AR 26355 7k 720 0.301 +£0.008, 2 5 Ji J5i 41
2 0.434+£0.015, A5z JH 2 A 0.629+0.016, 728 P ik
2 MT1-MMP AR E R, HE5HAM 2 H 2RZERY
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BHUHFEL (n=5, #) P=0.000), W& 2.
VEGF % [ #4435 5 2524 42 000, 1F % Jie R 20
VEGF & [ A #3587k F- 24 0.408 £0.019, 8K JH 4 h

A
ER Rl MR TR _
MTI-MMP — — %
VEGP e S - %
i

0.81

0.6

0.44
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0.497+0.014, 7254 5 JE 40 K 0.596 +0.046, 75 1 i & 4.
VEGF B Hik s, HE5HM 2 HEREAESISE
X (n=5, ¥ P=0.000), WLI& 2,

B
O A e EE
B iR o @3
{1 B kR = T
MTI1-MMP VEGF

E: A Western blotting & [14¢7F; B. M FISRMLLE., “P=0.000, SIEHBIFAILE; ©P=0.000, 5l bk

2 3 HMREHE MT1-MMP 1 VEGF K E R RIAKTE

Fig 2 Protein expressions of MT1-MMP and VEGF in three groups of endothelial cells

2.4 PMBeANL sy i Ang-1, Ang-2 IR

ELISA £5R B A8 PRI IRAL Ang-1 ik ifess, 1
3HAZER LI #EN (P>0.05), 3 4H Ang-2 & 4%
KEEREFGIFE L (P<0.05), ASMEREA D S5 T
ERERA (P<0.05) (F1),

1 3PS Ang-1, Ang-2 BT OLELEE (ELISA i%)
Tab 1 Comparison of the secretion of Ang-1 and Ang-2 by endothelial cells in three
groups (ELISA)

2153 n Ang-1/ (ng/mL) Ang-2/ (ng/mL)
TEH . 7 0.164+0.017 1.108 +0.842
B 7 0.171+0.023 2.044+0.632
AR e SR AL 7 0.184+0.021 3.596+0.933 7
Fid 1.71 10.76
P1E 0.209 0.001

TE: O P=0.000, i #IesA bk
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DA B2 200 e 7 g o A 1 487 JEC S A o 5 2B kR 4R
W, 1 HLBE S T4 RBR AT AR 52 3 ECM BELAT, fi
fig BCM 1.4 0 R o A 1 0 487 A B R D 1 3 2245 A
B4R E AR kA, MG BRE. AL ERELFR
A R R A BRI " Hodh MT1-MMP & —Fh
BIEEN, 254085 ECM &84 fl, RERER ECM 1y
R LK 5y, i VEGF ol lbifs . GRS 1R I RIE K
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