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D-glucose and Free Fatty Acid

XING Harr Ying', LING YrLing', ZHAO Xiao- Yun?, and AN-Wei’

(1. Department of Pathophysiology, Hebei Medical University; 2. Hebei Provincial Geriairic Key Laboratory, Shijiazhuang 050017;
3. Capital University of Medicial Science, Beijing 100054, China)

[ KEY WORDS] Heme Oxygenase 1 Gene; Endothelial Cells; Free Fatty Acid; Gene Transfer;  Palmitic Acid
[ ABSTRACT] Aim To investigate the effect of overexpression of heme oxygenase [(HO-1) gene on endothelial cells
injury induced by high D-glucose and free fatty acid. Methods With gene recombination and transfer techniques,
human HO-1 gene was tranfected into human umbilical vein endothelial cells( ECV304). Expression of HO-1 gene was
analyzed in ECV304 and transfected into endothelial cells by using semr quantitative reverse transcription polymerase chain
reaction.  Transfected cells and ECV304 were cultured in media containing D-glucose (5.5 mmol/ L, 20 mmol/ L) and/
or palmitic acid ( 125 Bmmol/ L, 250 Bmmol/ L, 375 Pmmol/L).  After 48 h, cell viability in each group was deter
mined by 3-(4, 5 dimethylthiazot 2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay, the release rate of lactate dehy-
drogenase was measured by colorimetric assay.  Lipid peroxidation in cells was tested as malondialdehyde content.
Results The expression level of HO-1 mRNA was increased significantly in transfected cells.  Treatment of ECV304
cells with 20 mmol/ L D-glucose and different concentration palmitic acid caused a great decrease in cell viability, and an
increase in malondialdehyde contents and lactate dehydrogenase release rate.  Transfected cells showed higher viability,
lower malondialdehyde contents and lactate dehydrogenase release rate compaired to those untransfected cells with the
same treatment. The protection effect of HO-1 was abolished when HO-1 inhibitor zinc protoporphyrir &was used in
transfected cells. Conclusions T hese findings suggest that the upregulation of heme oxygenase 1 gene expression was
able to enhance endothelial cell resistance against injury induced by high D-glucose and free fatty acid, which may be relat-

ed to it’ s activity as antioxidant.
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1.1 #H

HAGBR. D-# & 4. 4 J& v} ¥ (zinc protopor
phyrin, Znpp @F 4 miE B & & (Lo Oy HEE
*[E Sigma A 5] . G418 F1 DMEM 35X W B Gib-
co /- El. Trizol # Invitrogen = & . LB fit 4 B
(lactate dehydrogenase, LDH) F1 7 — B 46 | 3 77| &
M E R ERERANNE . REBEER Y A
RAANEFEGBREEBEARFTRAE > &,
1.2 HpRREER

B4 A4 & 4 A 1(human heme xoyge
nase 1, hHO-1)cDNA 2 KW XM X R EFE
MM R PA317/hHO- 1 (¥ # X mEFREELK
XM6/hHO-1 £ Lipofectin /-5 4 4 \ PA317 41 ff,
AR EHEEMAERE Neow UATHE) Y &
BHMERAFUHMAEY R LRHZEE. PA3LY/
hHO-1 Fn/)h ROR 47 28 40 e & NIH3T3 40 f 3 5+ T
4 10% Fb 4k & B9 % % DMEM F, A BFEE Bk A
4fE R ECV304 3 7# T & 10% ft 4 i 7& 89 1K 4%
DMEM ## £(45.5 mmol/L D-&Z ) F.
1.3 MORFEE | EEEEFARERKAR 4

PA317/hHO-1 £/ FRER ERE LE. ¥
E LR E AR, DU NTH3T3 4 8 40 f % HL 2
FRERE. REdEUEEARET £ AR TR
(CFU/mL) 1 4 45 4%

2x10° A~ ECV304 4 i f T 25 em® 40 3%
FHR,24h EAA 1 mL & LiERLEEKE A 8 mg/
L # polybrene T 37 C¥# 55 6 h, #A /G /lm A 3 mL #7
IR R A S R 48 ho 4 B R I3E AP\ 500
mg/L G418( AR &), ik 14 REHFEMMERX
B, ST AEARGIE L AR, &% N ECV/
hHO-1. A KEFHRAM LA w1, AR E

B RS BB RSSO, 7 A A

1.4 R -—REEYER NN ANE M F M
EZ5 48 1 mRNA IFRIE

Trizol — # ¥ #& Bl ECV304/hHO-1 %4 i f=
ECV304 40 jf & RNA. ¥ # X RN A KB A 25
UL, #% RNA 10 Mg, B %3 RN, 45 # 47
hHO-1 #1275 & B-actin £ F B R A B4k X338
hHO-1 89 £ T 5] 4% B8 Xk [ 5] % it, 2 Al 4:
5 -CAG GCA GAG AAT GCT GAG TTC3’,5-
GAT GTT GAG CAG GAA CGC AGT-3’, &1 Lig 4
WMIRNE AR, T HWELEKS555bp , R
R EKYEFR 54 #: 94C 5 min  94°C 40 s
60°C40 s 72°C 455,35 MEH; &5 72°C M 5
min. Bactin £, T#H G4 2 A #: 5-ATC TGG
CAC CAC ACC TTC TAC AAT GAG CTG CG-3’,
5’-CGT CAT ACT CCT GCT TGC TGA TCC ACA
TCT GC-3", =#1K Z % 838 bp. ¥ 3 =43 1T 1.
5% 3 REAE K, UVP B R B G X3 # A+ #TEHE
AT
1.5 MEMIEENE AR MRGEEER

ECV304 ## ECV304/hHO-1 %8 B 3 #+ T 25
em” ¥EFRARE, ML 90% LA 5, 1 F T dLE K bR
DMEM ## 24 h, bL4& 3L 8 x 10° 40 f £ 7 96 3L
W, 28T  K#HZ ECV304 4; @ECV304/
hHO-1 #4H; (DZnpp- & 20 Hmol/L) + ECV304/
hHO-1 H. FHAM L H 4 5.5 mmol/ L D-# %
BE( £ B R E AT 4) .20 mmol/ L D-F % #E. 20
mmoV/L D-# % # + 125 Hmmol/L %X f§ B . 20
mmol/ L. D-% & # + 250 Pmmol/ L % fg ® F2 20
mmol/ L D-& Z ##+ 375 Bmmol/ L ¥ S i 3 5= &
(LEEFREHE 204 NFEEEG) 5% 48 h, #
FAEEZNGHABEEMN 8 (n=8). FxE
g, A mA 20 BL EM T (5.0¢/L),37 CHEE
4h, FELER MmN "X T 150 UL, 74
BRRJE DL 492 nm AW K K, 620 nm K H#E H K
B AR DU R B (A) o 40 B A7 E AT & 7 ik e
T:LLECV304 2 E Rk E M RARKLEHE N
100%, AR it E= £ BEH MM A E/ ECV304
IE % *T B 20 L A T 3418 % 100% -
1.6 FLEERIG SESFERZERANE

ECV304 % ECV/hHO-1 ZB Ll 1 x 10° M/ L
BMT 244K, L DMEM A 24 h E &4
R4 B A 5.5 mmol/ L D-# & ¥ ( A E K E) .20
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mmol/ L. D-% 2 #.20 mmol/L D-# % # + 250
Ummol/ L # 8 ® 5 # 48 h, KEE # LiE k. Fil
AN 0.5 mL 40 SRR R (1% # $38 X-100. 150
mmol/L. NaCl. 50 mmol/L Tris HCl. 1 mmol/L
EDTA), #& % 20 min, Y5 2 e SR 7R, I b & 3k o
FMEEAN(n=6)EHK L FRIEAEEERFT W
FLER A EEE . DASE S bR P LB L AR S
AL g bV TR e 40 B S AR R P SLRR B A e KU
MBI E 4t A LR L AT B A R .
1.7 AZEESEHNE

WA RAEREER LDH Bk XN <. f
48 h EHELEWE, FAPBS sE3 Rk EHAMAO0.5
mL AMHBER FARELI R, SRA _BEH
MRAAERABNEHERA _BEaE. AREEE
1.8 GitF4IE

K Rl SPSS11. 0 J 4 it AT $ AL B2 S 3o ¢
. BEXAHHK IHREZ LT, FHITERHE
EHRRAEE R FE2H(ANOVA) F1 5 F H3X
(LSD #) .

2 g R

2.1 MAESEE | HFEEANKAEAEL

DA NTH3T 3 40 £ i ) 52 97 2530 £ 4 x 10°
CFU/L. UL RE R 8 3 n] DL 58 4 PEAT B 1A 1
SURNHIER Y, TR — 25K, ECV304 # 4
YA 225 G418(500 mg/ L) 3ESE 2 IR ik, ECV/
hHO-1 ¥JREFE & G418 MH; 77 3 p AR K, T X FR 4
SRR A ERAE TS Wi R KA EE RN i R
B: KRB 41 ECV304 48 hHO-1 ) mRNA &
ik E R, T G hHO-1 £ K #) ECV304 4 i
hHO-1 mRNA RixEEEF (K 1, Figure 1) .

1. BRI SRASEAIE S 48 h B R AN ARG ERNT W« T,

2.2 D-EEBESHERMSENRAREETEN
A

AR FE R AT HE( 5. 5 mmol/ L) 597 48 h J5, #%
UMM AR R S R LT R E R (K 1,
Table 1) o ME;FRIE AR EHE N 20 mmol/ L KGR
N 125 Ymmol/ L B, ECV304/hHO-1 2H 48 jg 7% %
KRR ERPEAEREE(P> 0.05),
ECV 304 ZHMI7E 20 mmol/ L 7% B FIAS [5]94 FEE # g
FRILEES 9% 48 h J5, HAEBIKREH &4 (5. 5 mmol/
L) xR, AR E FRE(P< 0.05), mH
b KRRV FE B T+ S A7 36 2 T MR 3 50 9 B
1M ECV 304/ hHO- 1 40 M A7 3% 28 550 AH [F) Ab 22 R 35 1)
ECV304 B & (P < 0. 05); 0 HO-1 #0117
Znpp @F, ECV304/hHO-1 40 i i 77 35 3R 5 #p 4l
ECV304/hHO-1 7240 F B, 11 H 125 Bmmol/ L %X
HEE 20 mmol/ L. %% ¥+ 250 Bmmol/ L ¥ G ER £5
48 h JEMAAIER 5 ECV304 40l EL B H BT
[%(P< 0.05) .

M ! 2 3 4 5

1000 bp

500 bp

1. AM4IRFEAES | mRNA 7£ ECV304 ZHAEFNGE L4000
FIE 1 HECV304 40 B actin( 838 bp); 2 AHESLANHE Bacting 3 4
ECV304 41 hHO- 1 3487 4)( 555 bp) ; 4 NEEJANAE hHO- 1 318747,
58 PA317/ hHO- 1 40 hHO- 1 3 86740; M > DNA FrifE.

Figure 1. Expression of human heme oxygenase 1 mRNA in ECV304
cells and transfected cells

n= 8)

Table 1. The changes of survival of each endothelial cells group after exposure to D-glucose and/ or palmitic acid for 48 h

P I E i YRR WEHE(20 mmol/ L)+ HAHE(20 mmol/ L)+ HHATHE(20 mmol/ L) +
- (5.5 mmol/ L) (20 mmol/ L) (125 Bmmol/ L) HHRER( 125 Pmmol/ L) HKHRER( 250 Pmmol/ L) #MRER(375 Pmmol/ L )
ECV304 4 100. 00% £16.22% 105.40% £10.25% 97.30% £13.89% 86. 48% *18.75%* 62.16% *13.04%" 24.32% *22.22%"

ECV304/hHO-1 41 108. 10% £7.50% 118.92% 6. 82%

ECV304/hHO-1+

o 94.59% F2.85%
e Enbi- @ v v

105. 95% £10.26%

97.29% £8.33% " 87.84% £15. 63% !

105. 41% £7.70%¢ 89. 19% £9.09%° 35.13% *15.38%¢

83.78% £5.71%" 37.83% £21. 429% 18.92% *14.28%

a: P<0.05, b: P< 0.01, 5 ECV304 #1(5.5 mmol/ L #i&¥¥) tL#; o P< 0.05, SHFALIEEFE KK ECV304 HAMALL; & P< 0.05, SHFLEEER

ECV304/hHO-1 4R kH EL .

2.3 AMHSEERHENARRE_BESENTHK
TE 5.5 mmol/ L #j & HEREFRIEFHREFE 48 h 5,
ECV304 il ECV304/ hHO-1 408 LDH % R f1 41

MR —EEEERY LR ZENM(K 2, Table 2) . &
20 mmol/ L Fi % B+ 250 bmmol/ L #ISRREEFE 48 h
J&, ECV304 1 ECV304/ hHO-1 4i i LDH B E
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AN S 25X AL P B &E(P<
0.05), {5 ECV304/ hHO-1 4 i ECV304 40
FTR#A, B AL E R B EM (P< 0.05) . fE4H

5] 5 9% 244 T A Znpp @ECV304/hHO-1 41 i
LDH BSR4 uN & & —2 EF(P< 0.
05) .

F 2. BEBERN KKAEEIES 48 h BERANNARARREERRENE _BSBOTU(x t5, 1= 6)
Table 2. Lactate dehydrogenase leakage and malondialdehyde contents of each endothelial cells group after exposure to D-glucose

and/ or palmitic acid for 48 h

A B & 8 (Mmmol/ g HH)

FLIR I BRI

s A 1% B (20 mmol/ L) + A 2 H%( 20 mmol/ L) +
HiEHE (5.5 mmol/ L) 3 4( ) HiEHE (5.5 mmol/ L) 4( )
BB EE (250 Bmmol/ L) G R (250 Bmmol/ L)
ECV304 41 0.67%0. 16 1.71 %0. 18" 19. 04% *£3.20% 55.75% t4.64%"
ECV304/hHO-1 4 0.63 *0. 12 1.19 *0.37* 14.31% £2.03% 37.82% +2.75%*
ECV304/hHO-1+ £ J5 ik ok
0. 74%0.32 2.10 *0.26% 17.56% 5. 14% 66.37% 16.89%

=
T

a: P< 0.05, 5 ECV304 41(5.5 mmol/ L & &i8H) LLE: b: P< 0.05, SARFAEEFE 26 ECV304 AIAMMAALL; o P< 0.05, 54 [ kb B %

B ECV304/ hHO-1 A 40 AR LE

3 W

V2 M ThRe R RSP Om 1 R A R B 5 A
WO REE), Wk o R A Ak R0 o I 25, B R R
5V PN A7 1 v LA AR i 28 R A R I 3 R R A
DAL 7 200 Y 9 P S P 1, X2 PN R T 8 A 1 2
BN Z — o ZMEAN IR R A HO-1 /)
FiEAKPFOY, HO-1 WM RN R NG R, — &
TR Bk . B X R A HAR M = H 20 %
WAL SR A AR F A A RS RA m—
A S —E BB, BN —HNES ST,
5HO $LFEM A HO/ CO i@ %, HA #1715k 7
2 Fhae >0 . AW IR S Bh R R YR
A HO-1 FI3RIA, 7T LASE 3540 fudt H,0, Ak
RIRE L YRR ATHEN w0 SR A 52 AN N HO-1
IR KT A B T4 v A B 4t B e s b R i
REWT B E AL I B8 )1, RAFRY I 2 A A I AE S

T SR B AR T ) S TR A Y S R TRV T Y
Tk —, BRI EE T FE AR T I 3 3, (EF A AR
FHXT 22 4, AN il a4 B PR B L1 J5 3 T L RE
FaE e & )15 E R4, 5% H 1 DNA &4,
BAMAREAA, REPEEMRK M E R, AL
B Bhiti 4 SR B SMEPE HO-1 EF R AW
B A, 45 SRR 0 B 3 DR 75 5 e 1 o8 B 4 R IR
B, T ARG HERFREREKT.

ARSI P R 240 P AP v A P R T B B AR
FERRMETR RS 7% 48 h, HAWEL BIAF 15 2 1) B S5l 2%,
P& LA v W AN 8 P4 A e 3 i B Sk 4 B 4 49 0
FYT, TR A 3 7 R 1 3 TR 3 () % 7% S T L

RPN B H B A7 5 26, HL I S0 R R vk B 38 A7 & 2R
B0 R R, PRORTERE R IS 451 35 R 2E 1 B A 3
LR FF i S R T R 6T P R AN B 1) 45 4% 4 AN AT 22
Mo BHFTCUESE HO-1 7] LIRS b8 S 10 i B 4
AR U AR A T RE R KR HO- 1 S
Bl —J5 bR R DL 9E /D BRI R P R A P A,
M HO- 1 X P Bz 4 B PRy 4 S5 e mr 4 B i it
SEALRE S, WD BE R A A R . A S v
IR i T A 5 ) 40 P 7R — T & B 186 0, O HL S5 40 i
EIE 2 LDH BT B Al — 2, LDH 2 he &
ARG I — P E B R, T2 AFAE T SR 40,
FLRE T % 0T R i B 40 M 2 R AR, T T R A
B H 3B A W 2 AN RN R B R 51 % AR i 4R
TRFT T BRI =4, e 7 mT DR 20 2R AL 3 A 72
FE, 31X — 25 B4 Mg ot i S A IR R TE R i S
IR B Bz 4R BB i R R 3 — e AE A . I R4l
MIFER G2 HO-1 J5, BT BAA R FRAR S AL RLBOK P,
FHR S R BE A B R TR 2R TS TR R R )
G2, TN A Zopp- @THIH] HO-1 3 M, i 2 48
ML F 545 FFE T2, ECV304/ hHO-1 4 i85 Znpp-
HAWBEEHA -8 M LDH B E AN & T
ECV304/hHO-1 4, 0 &3 &+ ECV304 41 g, 3%
AIHEM AR 56 BT F 19 Znpp- G E X W JE I HO-1
WA —E WA VE H, AR5 Qe g0 i N YR % HO-1 X
T S HE R E B G I R 3R —— =
WA R A — X PUE A IERET AN
HO-1 7] DU it py 5z 41 o J A, AT o7 4 o 384
RN2 B SO HO- 1 % A B2 20 i B 447 4 ]
REFF AN PR T 3G s 4l M Pt B pe oo TR AN R A
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