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[ Abstract |

Methods: Stripping endodermis from human aorta, using collagenase | to digest endothelial cells from endodermis, and then utilizing

Objective: To Establish the methods of extracting and cultivate human aortic endothelial cells (HAECs) in witro.

immunohistochemistry and flow cytometry (FCM) to detect purity of HAECs. Results: 0.1% and 0.2% collagenase type I , the best
digestion time was 50 min, the adherent cells number in 2 h were (25.2 + 2.1)x10°, (40.5 + 3.8) x10°. After cell fusion, cells were
cobblestone - like growth in inverted microscope. Cells were identified by CD31 and VIl factors as positive, the cell purity reached
(96.43 + 4.12)%. The ability of endocytosis of ox-LDL and angiogenesis were normal. Conclusion : The method that blunt dissection of
the aortic endothelium and simply use type 1 collagenase digestion was better to separate HAECs. Enzyme concentration and
digestion time are important factors. The method is simple and convenient, shortening the training cycle and obtaining high purity cells.
[t is beneficial to the endothelial cells experiment in vitro.
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5 VN B2 240 ) R B FAE It A AR AR R R v T R
FHESEERE™ . HATSE 50 2 BT w0 Ak N i
AR, A AN S Sk B 4R, B IR bk oA e
YA T AR R, Rk Z) Ak i N 328k
Fz 4 g (human aortic endothelial cells, HAECs) #H %
R , SEIRAE R AT SRR 5 3 Ah W ITK P B2 41 0
PE55 3 Tk P e 20 AN 56 4 — 35, LAUBE K P 1 240 i
R BIIKN K A AT S B 2 7 e 22 . AR SEERTE
RSMIIHEAT T N FE SR B M B A o0 2 5 45
F%, e IS AR IS T SEA

1 MEFTT %

1.1 A

PR A T g ot B B R 2= 5 — B = B0 ik
M AR A S kAR v B RO 14 5 3 3 Bh ikl
2L ARG T AR IR RS H A (RS
2016-SR-144) . VK% 0.9%4 FiEh K A7 55 , B
BE 1 h X HAECs #7700 B 1555 .

PN HZ 41 i 33 77 5L (endothelial cell culture medi-
um, ECM) G4 3% (Sciencell 237, £ ) , K220
B A=K US4 (endothelial cell growth additives , EC-
GS, Sciencell 2~ A, 1), 1 B 5 (Sigma 28 7,
X ), 0.25% [ (Gibeo 23 7], € [# ) , PBS (Hy-
Clone, £ ) , BT AVILA FHi A (Santa Cruz 2 F ,
), FITC-BT A CD31 HLiAk (Abcam A F] , F2[H ) o
{88 5 3BT (Nikon 23 H], HAS) , M TAE & (5 M
Airtech 28 @) , RS H0 5% 1) CO K5 55246 VB DAL
(Thermo A H], 3£ ) , 40 ifAY (Beckman /A ] , €
), 70 wm 4HAE T (Falcon 23], ) .

12 Fik
12.1 HAECs#» & 533

WEPKTFREEWEIPKT cmx1 em, FHBHE
£ rP S I A A LI B A% 0.99% 4 BER K v 3 38
JRU Pk 25 S e ThT i A AR . B #E KRR Y RRL BT
IRBHEE , F-55 3% ML ARSI 1045 P9 il 2150 5%
SR B I AE N B, VR I8 ) g R T IAE N R
T 0.9% 4 HE K FRR mgk 2~3 30, 0V 25 il 4
Mo T 0.9%4EFEK P BTG, 5% 15 mL .05
g1 EHLE L (900 t/min, 3 min) 3 3 ¥, 0.1% 8%,
0.2% 1 BRI il dE 2 N B, B B3 3R L T 5%
CO,.37 CHNMIEEF=FE T, WAL 20~60 min , 2 JfL i 12
U U ZWAES 0 (1 200 /min, 5 min) , 3¢ LI, F
JEUTTE RN Jg N B2 4, ECM 35 32 L B UIE , B &
25 TH:FEMD , BT 5% C0O,.37 CANM I 3246 h i

FRo 24 hE i, G BE 1~2 d i 11K, K2y 3~5d
N R 2R 22 90%
1.2.2 HAECs/4&

2 HAECs fil& 2 90% )5 , i85 77 4% , LT PBS
THVE2~3 1K, 0.25%BEHEZ AL 2 min, 55 F WK
PN Rz A B A 4 A (B, 52 4 SR 2 (3 5% 2R 1L ) &
1AL, 5520 (1 200 t/min; 5 min) , 38 |, ECM 53
FRIE (7 5% 1ML ) R ANME , 4328 5 25 TH: 770
FFHEYRE T 5% C0O,.37 CAMEEFAa R %

1.2.3 HAECs %%

1.23.1 HAECsTHAS %%
TS S AT 12~24 hES F WS T 4%
1.2.32 ol im

55 SR HAECs, 3X10° 4 il #8096 FLAR , 5%
CO,.37 CHIMI L FEFE 1595 2 h, LAR &4k HAECs
Vi B, T A 40 B 3 58 R0 40 B 75 e M ik ) £ -8
(cell proliferation and cytotoxicity assay Kit-8, CCK8)
Je 565 B2 (optical density, OD) , 3 LA A3t 2
Je 85 24 W KEI OD A, 22 A AR T2 I
1.2.3.3  CD31" AV F -F 48 % 30 7 #em)

JEAR P R 200 e 0 B i 37 0% 9 3 PBS W5 Tk, 4%
% 58 H B [ 72 10 min, PBS ¥£7% , 1%BSA 5 1 h,
CD3UHLAAR (1: 100 F ) FVITER FHii (1: 50 Fi ke )
4 CHFHE LR, PBSPEY 33k , 4313 LA FITC bric LA
K 594bRic — i, EiRIFE 1 h )5, DAPL A% Hh .
1234 AKX e AR

80%~90% il & 1Y) HAECs , 0.25% [ 45 11 i 1 1k
J& L B0 (1 200 r/min, 5 min) 3¢ 7%, PBS & &40
J, 1k 3 38 )5 250 (1 200 r/min, 5 min) 3 F 34, 4%
Z2 5 W 5 10 min [BE A0, 1% BSAEE 1 he
RN, CD3 1 HiAR (1: 200 F B ) M F 2 h,
PBS V& R 5 F T L FITC (1: 1 000 % B8 ) bRic i — 47t
ZEIRIFE 30 min, U0 ARG o
1235 WALEREIFICHENIREE KRG
(ox-LDL)#&m|

ARG BE IS, IN AL 58 SR DIl BRI A
JEE ox-LDL, B F 5% CO0,.37 CHNMIE; 3256 h 15 37
3 h, P BN MEE HAEC 771 ox-LDL I HE
1.2.3.6 i A R AL A

Ibidi 15 p-Slide Angiogenesis 3% 54 , 10 pL fL
FE TR, 37 C 4 M 3% 7 46 Hh 1R 3 5 A [ 2
J , BFLIN 5x10° 4> HAEC, 5% C0,.37 “C4H it 15 37
FEh SR 6 hEHAE,

13 %itsEr
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K Stata 11.0 GE 4 Bdla A7 20 M, o
B S B bR 22 (3 = 5) R o AL s 2 )
VB STREAS e K or b AT LU . BT B R R H
GraphPad Prism 4.0 521, P<0.05 W2 5A50
EZ- 38

2 # R

2.1 HAECsH&
JEAC HACEs 5557 2 h J5 , PN 2 240 B T s D e A

=0.19%J5 5 il ‘ ;‘:
0. 2915 Ji it g

10 20 30 40 50 60
THAEHS ] (min)

w =
2 hIl§BE HAEC 4% (x10*~/mL.)
O = N W A~ W

K, Ik XTI B 248 it T LA RO 2 ) 5 TR (I
1A) ARAEGEERIRD, T 2L T B 5L I 1L 50 min 7]
PRI BEAR R e 22, AR AT T 1] 5 0.29% 1A S il
B0.1%B B AL B A M BE AR K ke &2 0 255 K
LI E A S ARAE L LR 2R A A IR A [
TE L Bl U e 20 5 R O A AR HE S AR R (T
1B) . YUY 5 AUmE, 4 ST W, 40
J P (18 1C) 5 255 9 AU R WL, AR iR A
AMIRL I, AL AR | A A ok B, 2 e T S

A 53 S FHVR BE Ry 0.19%0F1 0.29% 14 T TR 5 S5 11 A , AS [0 A s BT 0 BOAS S5 4500 9 W BE A 5 B« A QA A % 5 5 R R A 5 e 81 2 0 i e
(x200) N “FETIARE"HE A4 ; C HAECs 55597 255 5 AURME B & 030 N SR (x400) ;D : HAECs K57 255 O AURHE A S B3R W4 (x400) .
1 FERHAECSHEREE
Figure 1 The number and morphology of primary HAECs

Wt (EI1D),
22 mApE AN

AT A A 28 R N 0 i g X A R )
D7 ¥, R 0 2 AT ) () R AR, G SR AN
YR AR SR . — o AR R R I AR 8
FeEEAE A K 2R, 55 S AR HAECs 7 d By WOBEE
B 5 5 5 1k HAECs Z 8] 22 S o482 2 (P >
0.05) , B[V BF 19 2 240 [ A= < i Ze S A — 3%, 2
i AR 2 ) 25 S 0P W g i L (E2) .
2.3 CD31 4=Vl -F 405 %%

WU T A R BDE MRIE S ZE , 4

121 o i 5/LHAEC

-8 R HAEC

0.0 T T T T T T 1
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FFE KA (d)
B2 RARHAECsHERE HAECs A4 KBESN
Figure 2 Ccell growth ability of the primary HAECs and
the commercial HAECs
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MR b VIR 732 A FARL N, o il 2 4k e 5
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CD31 HLJ5IE N B2 4 et s i —FP R
HAEC 5 CD31 Huik L0 & J5 , AR 9% B 43 41 ja rh
CD31 3K 1 Lu I mT MU 73 25 0 I8 B A 26 3 .
RAMPIARZE T BIR , (96.43 + 4.12) % 040 Il 2 1H it
i CD31 35 FAPE , 3R BT 43 23 35 97 1) HAECs 41 )&
1%(96.43 + 4.12)%(n=5,1K14) .,
2.5 LERAFITHBANKE ERE G AR

PN Bz 20— S e ] 4 5108 A W 4 174
PR, ABATT A M S ) A0 TR IR BE R 2 R ZH 4, T
BN R A L 2R e P E A I AR IR B, T
LA Dil#Ric oxLDL 5 HAEC 0 5 )5 , R IELT (05
() R AR BE , T LU HAECSs BT (5 FGA] DL K 40 i 7
WEDNBEIRAL . A58, Dil-oxLDL 5 HAEC L5 &
3 h/E 2L BB Tl WL Y ECE A R 2T
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VLA -+ CD31

DAPI Merge

PRI BN MBEARAE MR SR A FRIE R CD31 LA AN 12 /A 2L S ehmid VIR 7
B3 YRR L CD31 FVIIE-F (x400)
Figure 3 The cells characteristically express CD31 and VIl factors(x400)

407

30-_

b

" 96.70%
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El4 mzCaER ARG R R AR E
Figure 4 Flow cytometry detected the endothelial cell
concentration

TURLIRYY , W B P B 20 M A Wk ) B 21 (2 bm i
LI BE AR 1T, /8 HAEC 751 ox-LDL I fiE
I (ES).
2.6 i AR A Al

LA PN B 2R AR A M — R VS IRE ), 4%
JEAC HAEC % F Thidi 15 w-Slide Angiogenesis 3% 5
Hrrbr 3% 6 h e, 7R E AR T n] L4 it 2 FRIR
HEZ B RS 0L i A8 48 J A 45 48, 1) A1 S e A
Ko 578 HEACS 202 1SR R iR THT AR
P i AE TR Lo A e i W 22 5, SR B DA R i 2L
AR R M4 RE T (8 6) .

3 it g

FI N 1973 4F Jaffe 557 438 1 P4 B2 40 AR S0 s
SR TG | S 2738 X A e A i rr) A 1 3%
FROTEBEAT T Bt MBI , A5 L JBE bk P9 Bz 4
i B =Sk P B AR A (E R A 9 S N B
ok A B 2L AR SR IR 0 ik o — T T OB AR IR
M, T3 — 7T, 2R KR BN B AR A,

A B,
AR S IR BRI 240 6L P A SRR BE AR B I RE 1o, POt B
BT IR, 2N B AR LA SO ERIC Y ox-LDL, A : HAEC 4fiig N #F
FALRFE N ;B SICHAEC W& A LR IR 1A .
5 MAMABEBNERVREEEEGRNTHEREER
(x400)

Figure 5 There was no significant difference in the abili-

ty of endocytosis to oxidize low-density lipopro-

tein between two groups of cells (x400)
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AR ST 50 S BBUI) 0 I 0L A S RE 9 . A HAEC 4 L3R L8 A=
B B:SACHAEC A AE AL 2R MORRINHES , B IS (BUAE IR P Bz 240
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Figure 6 There was no significant difference in angio-
genic capacity between the two groups of cells
(x100)
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R B 20 S VS 5 AT 3RAS  FLRRE 5 R0 A
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22100 BRTIT I R o A A SR 31 75 22 5~7 L, 45 3% ]
W T AR S DUBE PR 2 25 N B2 J2 S LA T AU D il
THAL A T AR ] ) SR AR A RN 5 3~5 d, KR4
R T RS 5 — O W EE R B IR AR AR
4 i 2 B A, S i LI 2 R A SE B Al
L N R 2 5 AR BB A 46 R G (96.43 +
4.12) %, MRAERE &, e WS B 2 ST (5 B v

ARSI B I OFR AR IS BN Z0 & A TR
UK 0.9% 1 BRER K - A7 5 3z, S i) (8] P 58 B X
HAECs fUAbBR A8 ) T OR3P P K 40 B %) T35 1 2 5
NSk N Bz A0 SRR s @7l 53 B 1078 N
RS T 1 7 = A B S S Y A 2
by 20 TR 2% 5 055 N I 2R 0.9% 4 38R 7K o
Ve, D8 I A0 TR 2% 5 (DD L il B A S Mk o2 f 4
AN JER P, (o2 U E 1A I 2 2 2 11 G IR 2
P A 5, T AN 103 DR 440 L 3% 17 445 ) 1) S0 1 e
WIAE AR e 6 B b R B 1, (S 20 e ) 285 5 A B P
fif, PR EAT — e 40 . BALlR 0191 J5E il
THALBCRAR , SR 0.2% 1 B9 Jie J5 B Ak , AR R4 iR
1, 3G T 0.25% T Xt 40 B B A 5243 5 (DT Ak st ]
2 AE 50 min Z2 47, B[RS T 30 min, 440 /D,
A I BE A0 AN AL 2% 104 5 Bsf ] K F 60 min, 41 i
TG 22, WU B 40 AR A5 AT Ak SO min J b5 T AU
JEUTEEH Ak 5O min B AT 345 0 R 41 i B i e 22 | eIt
S0 5 PR R A X A i, LS R TGO s ©ARSL IR
7E HAECs /5 1¢ 245 8 {C s T UL P4 52 41 i I 245 I

GRS, SR A AL A0 2 8 AR TS , AT A e 20 B 76
PE S S 25 AR ) AT Sk

AR SRR T = 2B 1Y R4 HAECs, 8% T UWL40
AT, 4 A% St [BE S B |, 40 il % A
Jo S RGN RS S AU A G 6 B s 2 i
i 5 2235 CD31 FIAE S M Rk VI 5 i X 4 oA
6 I 210 i % 18 0 ) CD31 28 3k BH P 55 15 (96.43 +
4.12)%(n=5) , H5 E A1 i AL A0 R A0 Heg , 76 1
MR I AR . ARSI R G

NSk N B AR RSN SR SRR T 2%
(&% 30k ]
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