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[ ABSTRACT] Aim To determine the genes involved in the mechanisms of LDL oxidation mediated by endothelial cells.
Methods Microarray analysis on human signal transduction associated proteins was applied to profile changes in gene expres-

Results In 1 990 genes detected, 52 genes were

Lipoprotein, LDL; Atherosclerosis

sion of human ECV304 endothelial cells induced by low density lipoprotein.
identified to be > 2-fold difference in expression, among which 23 genes with elevated expression and 29 genes with reduced ex-
Conclusion

pression.  Some of these 52 genes encoding proteins have been determined to be correlated with atherosclerosis.

Those genes expressed differently may provide new insights into the possible mechanisms of low density lipoprotein oxidation me-

diated by endothelial cells.
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R
RPMI1640 3% 7= 4 37 & 4 f1 7 (new calf serum,
NCS) #1 TRIzol & 7| 1 & Gibeo /A 8, ik & & B (tryp-
sin) J4 B Amresco /A 8], Oligotex mRNA midi R_A &
Bl Qiagen /8], AF7T & i 2 19 B K X W Mg F o,
HEARANEFRFO NG, ADEAXEHRE
ECV34 HARXAFEXFRFRESRELERRE.
1.2 MEEEEBEEANSTE

SRIEFEALS 7k, RAREH-DLE LK, B
FHRABOEKRELSE A MK LDL. PBS &4 %
A, B ZRAL4N, B2 0.22 Um JEREIT JEIAH 4 CIR
H 4 Fl . Bradford =8 0NE & RKE .
1.3 AMEAREHZR ECV304 BRI FF
W EEEANERER. A4 10% NCS B
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RPMIIOA0 R E (4 FEZ B EF) B 37C.5%
CO, £t T3, FiRJEM K #H 0% 4 ER, #
R EFA 4 0.25% R & G B+ 0.02% EDTA 1.
1.4 HHEXHEEEREEMNRLES

HHAKRFWAER, TEEREIICERT
2h, 5 A & 10% % £ 4 7% 200 mg/L LDL X 1
Umol/L. Cu™ B RPMI 1640 35 5% 2 5 5,20 h 5K &
& Y . K% LDL A28 Wy 40 B/ 4 7 R,
1.5 4HBEMAE RNA BY4RELE mRNA 958

I 0 Trizol R TIHEFARLF, HHEE L 3~
5 min, F_E3&, w200 UL & 15, 48 4,4C 12
ki/min & /3 15 min. B V&, fm A\ 500 ML 7 A B, -
80 C# & K %I, 12 ky/min 4 C#E & 10 min. # & £
ECURAT5% L8 ikk. BEBOEFLE, A
R E B A, A T B3R T8 BE R B P kA
M, W OD E. %R & ¥ F A Qiagen 2 B BY
Oligotex mRNA midi X 7| & 4% mRNA. A7 A 48 k.
EP % R 8 W3 81 £ DEPC K+ E W&, KEE
ETHTRBRFEEE.
1.6 A{5S DNA EEFHEHE

AESHEEHAEE DNA & L+ A TR
B, B AAEEE 1990 4 cDNA £ .3 980
NEEBEREB L, 24N BHE DNAs 5 B
ERAERTK. HE AN “FEREHMEAEHE
AR vIAEE FHRE BN AE. K EE
W TR % HE AR A A4 B | 45 5% 23 kDa & B #Y H. sapiens
mRNA \ubiquitin c. % B B B A2. & £ ubiquitin f7 &
BB LI, pTriplEx2 DNA #7 pucl8 Jii & DNA 1 %
BR M B
1.7 FAFR

BB BT 8 em x 12 em W B EF T 6 x
SSC % % 2 min ULk, fim X\ 40 mL 42 & & &
B f8 4% DNA( 100 mg/L) 600 ML, ¥ BEEHE, A 2%
EH,BAEZFF 68 CHAERX3h UL,
1.8 WHRREHYERMMREHRD

Bl mRNA 1 Mg, im NFEALT| 41(8 M #E) 3 WL,
74 RNA B8y K ¥ E 20 ML, 70 CA % 3 min
J& KA, K A N M=MLV (5 X buffer) 10 UL.RNA B
##| % 1 WL TP(A-) 1 UL.dATP 1 HL.M-MLV B 2
UL, Fu¥ P-dATP 15 HL, 3847, 37 C A% 30 min /&, B
42 CA# 1.5 h, KB LK G Hm 1.5 HL 10 mol/L & &
L4, B A 5~ 7 min, BUH K EAH 3min &, KK
AN 0.9 UL kB BL fu 10 UL BEBR 44, A BB m A
2.5 R LA, MKERAE 15 k/min & 10
mn. REEFZF—FEPEF, MERAREM LFE

HH Countso 7] JLIE F A A\ 40 ML 75 RNA B By K&
MR, B
1.9 ZZAGELR

MR B, FMERR, MERK 6
mL 17 P % 45 DNA( 100 mg/L) 80 UL, #m X\ 40 HL 47
THA . NEXFE 68 CHK 24 he BH X JE,
B 500mL #E& 1 9,37 CRBFERESmin. #HEE
500 mL #£3K 2 F, 37 CABEIR H 15 min. #H ZE 500
mL #E& 3 #,37 CABIRH 1 ho # 500 mL %K 3,
62 CABIR 1 he EAERK, AERRTHE.
M Z fE 7R Y Counts, ¥ Counts 7 & /& 5 B 4]
1.10 ERETHEABMREES RS

FLA-3 000A 7% 5t ik & - AT U 6 Jr 2647 33 4,
AT BRABAENBARLET 2R, BHAK
EBEER.

2 4R

¥ 200 mg/L LDL 5 ECV304 4 i iR & 20 h'™,
Trizol 13771 $2 HY 41 g 5 RNA, 284> &5 $2 475 3] mR-
NA, W% cDNA RIS AT BREbrid. 8 fEH
SR, BRI SR K 1, o] 0L 5 X B2 A0 T,
ECV304 5 LDLIEHE 20 h /5, A 52 MEFE IR IEE
B 2 f5 LA L, Hodr 23 ANBE R R GA 3G 0, 29 R
IR o MR ERLES Py 434 B (P 1) RS ot x4
( 2) BATVIRAER IS LDL —i e & Jo b 34140 i
FRIXT HE ZH 40 P ik Rl R TE AR AE 22 7

3 1fig

FEN A 52 D RIE KA 7 H AR Bk R
BAFEERIEE &, 29 MEEEREFER. K, F
TANFERIER As KA 5%, RIS & B9 MAP/micro-
tubule affinity-regulating kinase 3 F chemokine ( C-C
motif) receptor 6, ik FEAK 1A KR 4F 4t Gay LAY
PRI B 6k A5 A 5 7% % 1 1( carnitine palmitoyltransferase
1, muscle, CPT-1) . phospholipase A2 group V . protein ki-
nase ( cAMP-dependent, catalytic) inhibitor alpha Al his-
tidine triad nucleotide-binding protein. ' CPT-1 &
57 LRR R R F R ALE], /3K EERR TR iz
T AL 2 A P IS, AT R IR AR . T T R A
B VAR B o, o S0 e G B 0 980 R % A ( peroxci-
some proliferatoractivated receptor, PPAR) 18 i ¥ 7%
CPT-1 48 o 24 WL 4 dife 25 g U 2 10 5 N, 32 T A2 2 M
RIS o B IL AT Y CPT-1 RIABEAR, LRk
A S BB 15 I I R /b, 2 T MR s P A o A HE AR
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F=1. £ 1LDLAEBHMEN K MEMFRIAETHER

B[R] AR B K & K o AR PR (A IE)
X99585 SMT3 ( suppressor of mif two 3, yeast) homolog 2 ADAAFG11 2. 92496092593912
D29958 KIAAO116 25 H ADBAPC11 0. 443209692788006
X03963 GRIFZ R al ADBABBI10 0. 489766788373425
M80359 AP/ S R 1T B 3 ADBABDO8 2. 37837654500943
AW273780 MR HERI R E A 3 ADBBNH11 0. 422339856954874
AJO10841 thioredoxirr like 2 ADBBOFO06 0. 275642699642604
M31470 ras FEER H ADBBOGI12 0. 474717974957549
U62317 JULZRY P 5 U A % 7% i 1 02B03 0. 40118572492565
X15183 PARTEE E 90 1a 02B10 0. 468492689193726
AF047433 BHTFMEEED 03D04 0. 475125474865943
AW410423 ribosomal protein S2 ADBBIC06 3. 82656989704044
myxovirus (influenza) resistance 1, homolog of murine
AF135187 ADBCLF04 0. 499091837462657
(interferorr inducible protein p78)
U03090 phospholipase A2, group V ADCAGGI12 0. 355867476226724
S76965 BB A PR F0 17 a cAMP K35 ADCAGH10 0. 255939475580188
ATI346507 ESTs, Moderately similar to 2109260A B cell growth factor [ H. sapiens] BMFAOC04 2. 31769555452497
BE274335 stathmin 1/ oncoprotein 18 ADBCT'DO0O2 2. 22816697199485
AF038633 MpV 17 transgene, murine homolog, glomerulosclerosis ADCAJGO8 0. 440436546128625
U11050 NIMA (never in mitosis gene a) ¥ 2 BMFARAOQ7 0. 480391858199011
AWS575605 chemokine ( C-C motif) 24 6 CBCBQAOL 2. 10253182949255
NM_014232 FIEAH K IEE A 2 (synaptobrevin 2) ADBDHE09 0. 49778487876659
AF061739 protein associated with PRK1 ADCATEO3 0. 421667902042129
X82068 glutamate receptor, ionotrophic, AMPA 3 ADCABAOS 2. 34182636490372
U15979 deltar like homolog ( Drosophila) ADCAVAO1 2. 228262512152
U44103 RAB9, member RAs oncogene family CBFAKAQ9 2. 66357079431216
L77213 phosphomevalonate kinase CBFALBO09 2.95725780619413
AF034790 translocase of inner mitochondrial membrane 17 (yeast) homolog B CBFAXF09 3. 22335843913253
D83492 EphB6 GLAAADOS 0. 430120582970146
U07857 signal recognition particle 14kD (‘homologous Alu RNA-binding protein) CDAAOAT1 0. 419492476049702
AL031230 glycosylphosphatidylinositol specific phospholipase D1 GLCABGO7 0. 167377001908513
ABO011170 B cell RAG associated protein GLCBLEO1 2. 24073527280719
NM_006420 brefeldin A-inhibited guanine nucleotide- exchange protein 2 GKCFEBO7 2. 70057665621062
AB000509 TNF receptor-associated factor 5 GKCCUEO!1 0. 469245182379042
NM_001882 corticotropin releasing hormone-binding protein GLCCWEQ7 0. 384746609525013
K02276 v-myc avian myelocytomatosis viral oncogene homolog GLCDHF09 0.243251081842102
AC005192 interferorr related developmental regulator 1 GLCDVBI1 0. 486877214095716
U91932 adaptor-related protein complex 3, sigma 1 subunit HTBABBOS5 3. 80036608049052
NM_013241 FH1/FH2 domairr containing protein HTBAVGO3 0. 341112534246647
U51004 histidine triad nucleotide- binding protein HTBACAOQ7 0. 43071850335227
AF112200 NADH dehydrogenase ( ubiquinone) 1 beta subcomplex, 7 (18 kD, B18) HTBAZBO1 2. 18752759739481
NM_004105 EGF- containing fibulirr like extracellular matrix protein 1 HTBCEG10 2.25138560273607
AL096723 arsenate resistance protein ARS2 HTBBBG09 2. 24952346745225
AL117505 ATPase, Ca+ + transporting, cardiac muscle, slow twitch 2 HTBBDD09 2. 14214978232954
AF038966 secretory carrier membrane protein 1 HTCANF09 0. 4922887571566
AF049895 calbindin 1, (28 kD) NPCAVCO06 2. 45521070867129
AAS21128 transcription elongation factor B (S @, polypeptide 1 ( 15 kD, elongin C) NPCBBH12 0. 499724642592542
ESTs, Weakly similar to RHG6 HUMAN RHO- GTPAsE- ACTIVATING
AA046743 NPAATGO 4. 435951380002393
PROTEIN 6 [ H. sapiens]

AW957224 ESTs, Moderately similar to A47582 B-cell growth factor precursor [ H. sapiens] HTCBECO07 2.07499152831453
M25393 protein tyrosine phosphatase, norr receptor type 2 NPCBGBI11 3. 18660697034961
U12134 RADS2 (S. cerevisiae) homolog MDSBHAO1 3. 23517802846468
W27031 PF 3 kinase related kinase SMG-1 MDSBHA10 2. 53313864550395
AL.034417 Gene 33/Mig 6 NPCBNBO1 0. 299691938939769
AF113125 E-1 enzyme CBFAKFO1 0. 032161450201855
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1. YRR ER ECV304 E A H A E
B 4 LDL AbTH i) Py K7 2 i

A NIEH W E A,

2. AR ECV304 AR LA Fnxt BB 4R B F s F# = B

g A A et S A i 5T, 4 B i ok S AL K P 52
H Ak LDL 8 7).

AL R T 32 Ak G B BRI 2 A 5K TR
JR 53, AR RTEAL T4 R R AN E], AL T
SEARTTRI 7> AP EZ R CCR Al CXCR. A%
&1L B2 1(monocyte chemotactic protein 1, MCP-
1), BT ¢-C WK G, FEFET As L, B
A SRR BTE As K H I RIE O 2 A
FEEA" . CCR2 AMCP-1 {524k, HFRIL AT
J51& As JE K, LDL &34 0 Al fie i CCR2 MR ik 1
T, 4T IR X MCP-1 (¥ 4k 52 B2 3 7T {2 i3 5
R0 M 0 9% RE VT4 SO 1™ . CCRS 7E B #e A
K As IREHAEEEEN, X5 EEEN
VAT RO M BE 3 A 5K . CCR6 JE (K ALtk Th g
HTANTE, MR 4 5 PR Fy 40 20 45 2R LDL % 3 CCR6 T
e, R FRATTHE I T BE R As BUTE R 5.

5 As 5K 53 5 AN EE A, MAP/microtubule af-
finity-regulating kinase 3 1 phospholipase A2 group V 5
ox- LDL 1 FI 400 ™ 25 1) R B AR 5%, 31X ] RE PR 40 i
5 LDL E A I 3K (20 W), #4 LDL &R 4 &
K. AN GPS. 39 BN FZ LY ox- LDL A i
1L MAP #, /> & o LDL W] S A e R 40 i iy £
AR T 1S 5 1% 3842, 10 ox- LDL 75 A 301
BERMESHS.

FEPRIES B R RE X B DR R IE BEAT W07, 47 AE I
PR AR B 2 &5 2R 1) L, A i, 72 BLJS B BF 98 AR
1, AT ZH PI-PCR I Westerm Blot 36 iiF 55 K] 5
Fr bR RIS S A

[ &EH#]

[1]  Exner M, Susani M, Witztum JL., Hovorka A, Curtiss LK, Spitzauer S. Li
poproteins accumulate in immune deposits and are modified by lipid peroxidation in
passive Heymann nephritis [J].  Am J Pathol, 1996, 149: 1 313320

[21 RZEH, ME.  (REEEENES B R EE SRS LT
FII. FTEEEFERSE, 2003, 19(1): 1618

[3] EEAR, IR, RAE, B, PEAL SR WS 0E
PO BB M ARACE B RRE R E A, RFEAKX
F 4R, 1995, 24 (3): 169171

[4] Hist J, Robinson MS.  Clathrin and adaptors [ J].
1998, 1404 (1-2): 173193

[5] LauP, Nixon SJ, Parton RG, Muscat GE. RORalpha regulates the expression
of genes involved in lipid homeostasis in skeletal muscle cells: caveolinr3 and
CPT-1 are direct targets of ROR [J]. J Biol Chem, 2004, 279 (35): 36 828
840

(6] HFIR, BRizol. SRR ana R | I vtk 2 A T BB AR S 4T
JEU 1 R ZAARITER R B E R KM S — B i)+ BUEA [J].

&+ BB RAE A &, 2000, 8 (4): 322326
[7] Inoue S, Egashira K, Ni W, Kitamoto S, Usui M, Otani K, et al.  Antrmono-

Biochim Bigphys Acta,

cyle chemoattractant proteirr 1 gene therapy limits progression and destabilization of
established atherosclerosis in apolipoprotein E-knockout mice [ J].  Circulation,
2002, 106 (21): 2 700-706
[8] Han KH, Chang MK, Boullier A, Green SR, Li A, Glass CK, et al.  Oxidized
LDL reduces monocyte CCR2 expression through pathways involving peroxisome
proliferator-activated receptor ¥ [J1. ] Clin Invest, 2000, 106 (6): 793-802
[9] Luckow B, Joergensen J, Chilla S, Li JP, Henger A, Kiss E, el al. Reduced
ntragraft mRNA expression of matrix metalloproteinases MMP3, MMP12, MMP13
and ADAMS, and diminished transplant arteriosclerosis in Cer5-deficient mice
[J].  Ew J Immunol, 2004, 34 (9): 2 568578
[ 10]  Fernando RL, Varghese Z, Moorhead JF.  Moorhead Differential ability of cells
to promote oxidation of low density lipoproteins in vitro [J].  Clin Chim Acta,
1998, 269 (2): 159-173
[11]  Lupo G, Nicotra A, Giurdanella G, Anfuso CD, Romeo L., Biondi G, et al.
Activation of phospholipase A(2) and MAP kinases by oxidized low-density 1
poproteins in immortalized GP8. 39 endothelial cells [ J|.  Biochim Biophys Ac-
ta, 2005, 1735 (2): 135150
(SESCHRiE B A)





