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Hyperglycemia metabolic memory effect in late endothelial progenitor cells

from human peripheral blood
Tang Kang,Zhang Min ,Zhou Bo
(Department of Endocrinology ; Laboratory of Lipid & Glucose Metabolism,
The First Affiliated Hospital of Chongqing Medical University)
[ Abstract)Objective ; To explore whether there is a hyperglycemia metabolic memory in late endothelial progenitor cells (EPCs) from
human peripheral blood. Methods ; Peripheral blood mononuclear cells(PBMC) were separated by density gradient centrifugation.
Then PBMC was induced and cultivated for two weeks to late EPCs. Immunochemical staining was used to identify cultured cells.
MTT was used to explore the gradient of concentration and time of high glucose. Cells were divided into three groups,namely :
normal glucose group(NG,5.5 mmol/L treatment for 6 d),high glucose group(HG,30 mmol/L treatment for 6 d),hyperglycemia memory
group(MG,30 mmol/L treatment for 6 d then 5.5 mmol/L treatment for 6 d). Adhesion test, MTT,EdU experiments, Transwell chamber,
angiopoiesis experiments were used to measure the ability of adhesion, proliferation , migration , tube formation respectively. Results .
The adhesion results showed that the adhesion ability was lower in high glucose (38.296 + 6.615) group and hyperglycemia memory
group (37.815 £ 6.196) than in normal glucose group(63.370 + 10.363) (P<0.05). MTT analysis showed that the proliferation ability
was lower in high glucose (79.041 + 19.678) group and hyperglycemia memory group(81.524 + 6.710) than in normal glucose group
(100.000 + 0.000) (P<0.05). EdU analysis showed that the proliferation ability was lower in high glucose (45.809 +7.945) group
and hyperglycemia memory group(37.740 + 8.206) than in normal glucose group(88.858 +5.727) (P<0.05). The migration results
showed that the migration ability was lower in high glucose (25.111 +6.051) group and hyperglycemia memory group (25.778 +
6.037) than in normal glucose group (64.889 + 10.729) (P<0.05). The tube formation results showed that the tube formation ability was
lower in high glucose (12.690 + 3.616) group and hyperglycemia memory group(14.198 +4.073) than in normal glucose group
(64.407 £ 6.358) (P<0.05). Compared with those of high glucose

group, the adhesion, proliferation, migration, tube formation of
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hyperglycemia memory group was still not improved (P>0.05).
Conclusion :Late EPCs exist hyperglycemia metabolic memory.
[Key words ]endothelial progenitor cells;density gradient cen—

trifugation ; hyperglycemia ; metabolic memory



— 752 —

BERERKZFIR 2018 £5 43 55 6 5 ( Journal of Chongging Medical University 2018.Vol.43 No.6 )

N Bz #H 21 Y (endothelial progenitor cells, EPCs)
KR T E 8, IR 0 > BT T REE
TEAE L P 34 58 o3 A S S0 e 3 EPCs , 326 17 7
BN IAE PN B AR N R TR AR 2, IS IR SE
Az T e 25 LR W A s A8 722 e A K JRe R 0 B
PRI MR BEERE S S EPCs A= W24 1 2R Ak i i
SN B LA S RE ) TR DU 2 20 B A P AR
I ICHEIR T, 200 R B A /N AT BIEE  BE - Bk
2 TR R 88 5 HE SR A0, BNl S
A AR KT TR (BT A s 1 K LR R R
A5 240 B 1 I e T B A FRe A XU o1 gt R
E 30 0oL A RTRN VAR E i1 % T B Sy L
W AR SO BT AR ST 3 75 A 10 2 0 A B i ) e S8
EPCs S xf g ARG mpi A OISR, A0
EPCs [RGRE J95E TR RS SFNREA T 8505
BRS04 A7 A8 A AR A2 30
G, 0 W BRI I 72 8 40 M 2R T T IR R T
LR

1 WEFTE

1.1 #4550

N YEE R AW H SIGMA AR ECM-2 FE i 374k
WA | LONZA 23] 5 NAIE Ik B 200 43 6 90 4 1l S 20 42
PRI 1 v [ R B S ] MR $h 22 IR (PBS) W A
k2] Dil BRC I 2 BRI E NS 8 1 (Dil-Ac—LDL) I 4
Molecular Probes A 7l ; FITC i 38 5 5E 8 & (FITC-UEA-
I A SIGMA 23 &) 5 B4t A CD31.CD34 ,CD309 B 77 [ it
RHI E BD 2] AT CD133 S FREHiARIA F Mitenyitk
PN FITC FRiCHIEHT B 8T RBITC FRICHIEHT R 4t
W A5t R AR A W HOR 2 W) s D-H A B 3 SIGMA A F
MTT 60 [ R s A R A BRA B EdU 0 i 58
R £ B ) M T B R PR A BN ] 5 Miigel KT
H BD A#],
12 %k
121 B RIS REEHEN#HKm 8 mL, HFE4T
T , BB P B0 B AR LA A A0 L 0 40 P 35
1 x 10* 4>/mL, K 4 M2 Fh T A N i Y 12
L, BRI 4 d IR E IR, LIS 3~4 d BT
K, AUMEERFRE 14 d 22470, B T WS 40 52 7 A (1 34 B
GRETEAS X BT 0.25% A J 28 1 TR U s 20 A 715 16 Rk
ARG B3
122 ZiMi¥E BURAUS dHIEE TiZ i o S
1.2.2.1 43 Dil-Ac-LDL 454 FITC-UEA-1 BE 3 1]
ARG M3 35 PN 10 pe/mL B4 Dil-Ac—LDL, B W45 4
WEEIFE 4 h 5 WIS, TN 4% ZRHFEE 4 CHE 10 min,
PBS % 2 #5110 wg/mL (1) FITC-UEA-1, % IR B CHE &
1 h,PBS 0% 2 i, 518 56 BB FWEIFE RO PER

41,

1222 ZUME R BRI 40 S b g A 08 CD31
CD34 .CD133,CD309 SER MR EYIFRE  FHL UG g
FhFHUCHCE A S5 A 12 FUA D, A bR B A0 ss
2 80% L AT RS, 4% 2 R ERIEC A, 4 CREIE 30 min,
PBS Ik 2 i, 25 1R T £ 30 min, I T AW, 4 Cidt
&, CD31.CD309 N HEARPEDN, HE —Pidw G, 52 K
Jin DIPA 3% 10 min, B H 5 T8 B 2006 0 M NS ;
CD34 .CD133 R pesd s, W E — Il e, 5 2 Kl
TN HTAEW , 50 30 min Ji5, DIPA Jui 3 H 5454

1.2.3  MTT #REFEH MR EE R BREE  435IH 5.55.
10,15.20.,25.30,35 mmol/L ¥ B 1 2 KL 2 4110 8 d 7
AT MTT 3288, FAFLAPI A 50 L 1 x MTT, 5 054 N %
H 4 h, WIRFLARAN FIFHE, BFLIA 150 pL —F ZE 60
(DMSO) , TR IR #7507 10 min, & 4 FLANIRIOE
J¥ (absorbance, A){H , 4% = i AE FH 09 fe vk 2 )5, H 30
mmol/L Bk /340 T 71 0.2 .4.6.8.10.12 14 d J5 17 MTT
SEH WA T TR (R A0 A B, SR s i 0 etk
B

1.2.4 A¢HALPRANMG AL 5.5 mmol/L D44 AL PN
L 6 d; EbE4 30 mmol/L DAL LA 6 d;iC1Z4H 30
mmol/L D—ATHHLFIANM 6 d 5 , ¥ 5.55 mmol/L D724
AbEE 6 d,

125 ANFEAAMATIREARI e 5250 5 20 AL AN S | T4
Ak ML, IR AN MR B R 1 % 10 4>/,

1.2.5.1 AEBRES) K AN TR T OBl A AT 4 1 R
FIRY 24 FLARH  REAHIR S 3 A5 AL, EIEAE P15 R 30 min,
BFLBENLIELE 9 SHET (200 x ), 78 W8T F 35O BE 40

1252 #4550 (OMTT 2 KA R T 96 FLAKR
HEE 6 MRS, B 37 CHHATNBEE 24 h, (E4ARNGEE , )
LB 1 x MTT, & 37 CHAAIBEE 4 h, WRFLHR A 1
THE A DMSO, Z30 T AR ST S REEEARY 490 nm
PR FEFLAYROGEE A5 51 S FLATARM A i, @EdU Kl .
A0 MR T 96 AL, B 37 CIFAR IR 24 h, (H 401
WEEE [ FLAR I 50 wmol/L EdU K532 JE 3 IR FH 2 h,
PBS T8 V6 20 M5 R FE I A 206 P 52 T (7 30 min) L H&
12 B3R (GERIEE 10 min), PBS RIS IMA 1 x Apollo
YUt ] R, WO IR E 30 min, A BB HIEE 20 min
S FH AT 9E 2 YR IMA 1 x Hoechst33342 2 HGBEE %8 1
I F 30 min J5 H PBS VETE 2 1R, PO A T WSS BRI
T4, H Hoechst33342 Yekbi Al iz e it (o, 5
EdU 454 1 4 Az 0 i e e 216,

12,53 EBAES IR A A BN |, 351k s
i, KA AN T AL IS BT 109064 1L Y 1640 K773
N TR AR 1x10° AN/mLL, [7] 24 FLERI LA 600 L

EGM-2 1532 3E /N B LR, FE I/ NE A 400 pL
NAEI, B N R 9R 24 b, U /NG, FERR SRR 18/
= RAYANM, PBS 9k 1385 , 4% 2 5 F S [ 2 /2 4
fig 30 min, FAH 30%H L HE YL (5 10 min, PBS 06 3 i, 85 T
WS R R IS DU HE TR, BT AT RS 5 1 55 (19 40 i



BERERKZEFIR 2018 £5 43 55 6 H7 ( Journal of Chongqing Medical University 2018.Vol.43 No.6 )

— 753 —

P,
1254 BAERES AAEIRIIET EGM BiFRIL (4 CHIY)
CEPRARMG B Mirigel B, 18] 24 FLACHINFRBEJS Mirigel B2, B
A% E 30 min, 7 Mitrigel FZEE & S5 HUH | 7] Mtrigel f2 I
TS [V ZE 59 G AR, 5L 500 WL, 4R ARG Y5 3%
24 h J5 WA B TS DU HBAR . M T8 KN 58
JE 4 A5 R UL ERIACHTE i N . S FLREDLPRIE 5 A
(200 x ), 7E S fee BB BB R, TR R,
13 “itzam

K FH SPSS 22.0 Geit i1 ge it 40, BORER I
B+ ARUEZE (x £5)F0R o B T A B2 55 I )6 B2 i 2
KAy HAN RIS 3 AN T RE ) HL AR B SR 207 220000, 4%
2H R R) P LA SR Turkey 5, A3 /K 1fE @=0.05,

2.1 fEfa¥Ei

SH AT B ARAS RO AN E LB A A S PR, IR 1A BiF
AR ARG R 1 RS AR AN 2 IniEl 1B FioR . ARG
IR 2 JEARS  KARIE AN M s/ AN S B ST AR I B A
PR W 1C iR Z MBS AR A e Ty RER . LA
S AN AR R o B — 3, S S IR RS B A B DR S AR A K
AK L WE 1D Fis

& N d\!lﬂ

B. 1555 1 Jd

C. B2 2
1 REBMAREEIMEFRESEHE (200 %)
Fig.1 Morphology variaton of EPCs in vitro culture(200 x )
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Fig.2 EPCs absorb ac-LDL and combine with UEA-1(200 x )

A. CD31 FiAEN B. CD34 Fik i

C. CD133 Kk

D. CD309 k15
B3 WEEMmMmERELEE00x)
Fig.3 Phenotypic characterization of EPCs (200 x )
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Fig.4 Experiment of concentration gradient of late EPCs
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Fig.5 Experiment of time gradient of late EPCs
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Fig.6 EdU result of three groups(100 x )
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2H 5] KB (n=9) MTT ( n=6)

EdU (n=3) T (n=9) WA (n=5)

IEHELL (NG) 63.370 + 10.363
T (HG) 38.296 + 6.615°

100.000 + 0.000
79.041 + 19.678°

idfZ4 (MG ) 37.815 + 6.196 81.524 + 6.710"%
F1E 91.310 5.461
Py 0.000 0.017

88.858 £ 5.727
45.809 + 7.945'

64.889 = 10.729
25.111 £ 6.051"

64.407 + 6.358
12.690 + 3.616
37.740 + 8.206# 25.778 + 6.037" 14.198 £ 4.0734
41.630 74.430 179.300
0.000 0.000 0.000
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IEBEAL FLA, P=0.001 5 g2 S5IEMELL FLAS, P=0.000; h: 5 S HLEE , P=0.42651: 5 IEAHALELAL, P=0.000;5 : 5 St Al FL A, P=0.983 sk S51E MR He

8, P=0.000;1: 5= #E4H LU, P=0.876



BERERKZEFIR 2018 £5 43 55 6 H7 ( Journal of Chongqing Medical University 2018.Vol.43 No.6 )

— 755 —

B. b4 (HG)

AL IEHEYL (NG )

C. 184241 (MG)

E7 3HLMEERBER(200x)
Fig.7 Migration result of three groups(200 x )
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Fig.8 Tube formation result of three groups(200 x )
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