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[ ABSTRACT]

standing the molecular basis of atherosclerosis.

Lipoprotein, LDL, oxidized; Foam Cells;

Aim

ferentially expressed ¢cDNA species in foam cells induced by incubation of U937 cells in the presence of oxidized LDL.

Genes;

Hybridization, Suppression Subtractive

Identification of genes that differentially expressed during foam cell formation is important for under

Methods We used suppression subtractive hybridization( SSH) to isolate dif-

This led

to identification of more than twenty differential expressed sequencetags( EST) after further cloned and sequenced and homology

searched in Genbank with software advanced BLAST 2. 0.

NA) had very low homology with sequence in Genbank, which may be new genes.

firmed that FRG4 and FRG14 are indeed genes induced by ox-LDL.

numbers in Genbank as below: BI50286, BI502587.

way and human retinoblastoma binding protein 4 differentially expressed in foam cells.

hybridization( SSH) is a kind of high efficient method to clone differentially displayed genes in tester and driver.

genes or ESTs may be related genes of atherosclerosis.
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Results  EST FRG4(a 273 bp ¢DNA) and FRG14( a 346 bp cD-

Moreover, the results from RT-PCR con-

The sequences have been assigned the database accession

Also we have found other genes such as human ubiquitir proteasome path-

Conclusions  Suppression subtractive
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F1 RPMI1640 3 55 % % Gibco BRL 7= & ; mRNA 4 &
A& cDNA fHHRBRAFNE. FRERAGBmER
RLIR 7 &8 AdvanTAge " PCR % &R 7 £ 3 4 Clon-
tech 7= dn; H AR 3 4 # 0 R E = o db .
1.2 EREREARE I ST

ANBER & 1 40 M U937 48 HL( 5 x 10°/L) A &
100 mg/L. FE £.100 mg/L 4 E £ 7 10% f6 4 f &
B RPMI1640 3 # % F 37°C 5% CO, ¥ 5. LB A
K% 5 & & (low density lipoprotein, LDL) % Jf| 55 &
BB QT R &, B R B R R S E A
B—ZAa#. ¥ LDL E T4 10 Mmol/L. CuSO,
PBS % #,37°CI&H 24 h, & /5 & T4 200 Umol/L
EDTA H9 PBS % AT 48 h, JEL B H /5 4 CRF. T
8 48 1 fm & ft. & LDL( oxidized LDL, ox-LDL) 4 3, 5Z
B4 ox LDL &K E 4 80 mg/L, 5 48 h 5, M A &
BB AR .1 AT Fo e B OW 2, 40 i Y RE B R B 4T
HE V9 B B B B 50% LA b B i o ok 4E e
1.3 4HBES RNA 2ENAN mRNA 95

% RNA #4442 # PR TRIzol" & 7 3 B8 4 3 4T,
AR R A BA MK L RNA, EE T L
RNase By A, B 45 7 1. 8~ 2.0. 40 fi mRNA #)
4B KX mRNA 2 B A &L 45, £ I mR-
NA £ % T & RNase 89 A (3K E 4 500 mg/L), A T
A R 4k cDNA .
1.4 & RMEE cDNA

cDNA % — 4 & & % F| PCR-Select™ ¢DNA ¥ %
I & P R R, RN R SRR 10 ML, AR
A R KA F A4 I F B Poly A+ RNA(2 M) 2~ 4
UL, ¢DNA 4 & 5] 47( 10 Hmol/L) 1 ML, 70 C 2 min, 7
FHE 2min J&, N 5x B — 4k RN E R 2 UL,
dNTP mix ( 10 mmol/L each) 1 ML, Sterile H,O 1 HL,
AMV R % F (2.0 10" unit/L) 1 ML, 42°C 1.5 h.
cDNA % Z 44 R AR & 80 HL, Sterile H,0 48.4 UL, 5
X 8 4k RN & vF R 16 PL, dNTP mix( 10 mmol/L)
1.6 UL, 20x % — 48 K [ B8 44 4 VL, 16 C 2 h.
A\ T4 DNA % 48 2 HL(6 unit), 16 'C 30 min, /2 A\
20 x EDTA/glycogen 4 ML 18 — g & R R M. T
- 20 CR %o
1.5 HIFEERFZ B ST R N1

1F 1 98 9 DA ox-LDL A 22 48 f 4 5 46 0 F, *f BR
28 4 BV A BRAE T K v B L IE ¥ 4E B AR A A
F,ocLDL & 2 41 fi1E 4 WAL F. #1E % 2% PCR-
Select " cDNA 74 WA 7| & 3B 4 #H 1T, @R T
cDNA £ UL Rsal B8 ¥ 1k Ak 42 W9 Fr BX, ¥ 40 90 F B9 oD
NA A28, A EBERAANARENEHREITHE

BHBREL 1 F 2, RE0 A5 RATF cDNA #X;
AH2MEXFMEFRERA T DNA B F 2 B4
KRR AR BT EARATER ML FN
PR, ERNF DNA FRFRERTRLENHA &
BRI FEY .
1.6 REHHER NI =M 5 . iR F
%A AdvanTAge " PCR % R Al &4 # = &
B % #: 2| pI-Adv Vector /5, % X, TOP10F/ E. coli &
ZARMEM, FT RN NTFR ERBREEFE, 2
BB AL DNA, 4 EcoR ivEg 17 /5 3 ig ¥E Bk Ji e i 45 €
BKUMI3 HE| MR AR N HEE, R
P ST e E A A DNA, 464k 5 Al ABI 377 DNA H 3
MBI R, W F 5| 41 % M13R. 45 F 7] # 2 E
| Advanced BLAST 2.0 3 5 GenBank # Y % 7 |
HAT IR
1.7 ¥ESFHR BREMBERNEE
WFF e B fE ok B #T & B B cDNA 7
Fl o ik it & F A 7 8 5] 4 (genespecific primers,
GSPs), Fl fl T 4 % —R A WesE R & & o f5 41
K2l cDNA R 3 B 3 ¥ 3 % A (rapid amplification of
cDNA ends, RACE) £ ¥ 8 cDNA 35 09 K F JF 51
FRG4: GSP1 5°-CTIT GCT CTC TGC CAT TGC TC-3’
GSP2 5°-CGT GGC CCT GGT CAT GCT CG-3°
FRG14: GSP1 5°-GGC TGC AGA TGA GAT AGG GC-3’
GSP2 5°-ACA AAA CI'G CGG ACA CCA CG-3’
a7 AU AL DNA A8 i, 3% 48 B o 48 3L A9 RNA 1
BRDNA HHER, RABWMER LY ¥, R LEF
H: 94C3min TH; 94C30s, 68°C 1 min, 30
PE3F; 68°C 10 min ZE . 1. 2% 37 A W8 Wk g o ok 4~
#o

2 &R

2.1 HIFIERAEER

LI AZ AP PCR 318 )5, PCR 724
22 2% TF N HE B K 0 B . AL 1( Figure 1) 7] I,
FRREMERNY EE(KE 1% 5~ 81H), R
RIEFAM WA R, (HE 5 5 H R A SR N
FHE(E 1 1~ 438), EAN A EE R RIE K
AL AR B AR 2 E 2R, TS R A IR R
JOLAT 1 R R R Fr ik PR 2 SR AN
2.2 ERTHNREMBTILEE

MEFAS TR _EFEHLEEEL 10~ 15 DN EEBETE, 317
UKL DNA 4 EcoR ivEg V) & B % 58, Bk K/ A
3.9 kb, B Y] BEK/INME 300 bp~ 1 000 bp [
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500 bp—

1 FEREEX RGBSR N BE R RIL DNA
B

BASERKEIE. 55 1~ 4 BN PCR M, 5 5~ 8 IEAN
# PCR 7=4.
Figure 1. Results of SSH PCR amplified foam cells differen

Lane M: 100
bp DNA size marker, Lane( 1~ 4): Secondary PCR products of subtracted

tial expression cDNA from subtraction experiment.

foam cell and control cell cDNA, Lane( 5~ 8): Primary PCR products of sub-
tracted foam cell and control cell ¢cDNA, Lane 1: Control cell as driver 1,
Lane 2: Foam cell as tester 1, Lane 3: Foam cell as driver 2, Lane 4: Control

cell as tester 2% agarose gel /EtBr gel.

2.3 M RENRTH

Bk 25 AN B U A BEAE 300~ 800 bp F BH 4 72,
B, /N 4 B ORL DNA, 246 5 7. 3819 20 A
cDNA T, M F45 RE R 5 2 N2 MFsl, Ko m
AN TEBE FRG4 I FRG14 )7 51 2 Genbank 1 %, 1%
BRI AR FEF S, 320 AT aek BB 2R,
Genbank & 3% 5 4: FRG4( BI 502586) 1 FRG14( BI
50287) . FFHIUNE:
FRG4 (273 bp) TCG AGC GGC CGC CCG GGC AGG TAC CCC
GI'G GCC CTG GTC ATG CTC CAG GAG GAT GAG CIG CTA
AGC AAG ATG AGA TIT GCC CTC GIT CCT AAA CIT GTIG
AAG GAA GAA GTG TTC CTG GAG GAA CTA CTT TTA CCG
CGT CTC CCT GAT TAA GCA GTC AGC CCA ACT CAC GGC
CCT GGC TGC CCA ACA GCA GGC CGC AGG GAA GGA GGA
GAA GAG CAA TGG CAG AGA GCA AGA TIT GCC GCT GGC
AGA GGC AGT ACC TCG GCC GCG ACC ACG CTA
FRG14 (346 bp) CGA GCG GCC GCC GGG CAG GTIG TIT AAA
AAT TGG TIT AAA ACA AAA CTG CGG ACA CCA CCA TAA
AAA TGG AAT CAA AAG AAA GTIT AAT TTA TGA AAT TAA
GAG GTC AGC AGA ATA TAC TCA GTG ATG GAA GGC ACT
TGG GAA AGT CIT TTT AAT AGA ACA AGA ACG ATC TTA ATT
TAA GAA TAT TAT CCT GGT TTA ACA ACA GTG CCC TGT TTA
CAA CAG ATT GTIG CCC TAT CTC ATC TGC AGC CGA GGA

ATA AAG GAT TCT GAT TAG AAA GAG GGT TGC CTA CAG
ATT AGT AAG CAA TTC CIT GGA TCT TAT GCA CAG AACTTG
TAC CTC GGC CGC GAC CAC GCT A

2.4 ¥EEBURR REBHRRNETE

3 5 LA U937 4H B R I 3 4 o N ik P R 4
AT ox-LDL Ak 3 ¥ P 57 48 B 45 2 F 48 i o £ B
RNA 53¢ cDNA MR, L GAPDH Ay Py i ff, 4R
% FRG4 1 FRG14 ¢DNA 55 %t GSP 514, RT-
PCR #3 FRG4 1 FRG14 SR Fr Bt H A BRIy
4 202 bp H1206 bp. 55625 1 AR H Ik (1) & Fb
YHH T A & FRG4 A FRG14 Fr B A HE R s s ik
(H 2, Figure 2) .

M 1 2 3 4
A
—983 bp
206 D= 02 bp
B
983 bp
200 B —202 bp

E2 pEF-REBERNKENESKIE FRCGL M
FRG14 FEIIE M P AIRIZ.  A: ocLDL 4bBE U937 40, B:
ox LDL AL 38 N JF &0k A S A ff. 58 1 R3S 3 ST R 4L, B2 A
47879 ocLDL ZbBEAL. 35 1 AN 2 51 ¥~ FDG14, PCR =¥ N
206 bp, 5 3 FIZE 4 151994 FRG4, PCR F=4124 202 bp.
Result of RT-PCR using Gene specific Primers
The size of
Lane M:

Figure 2.
( GSPs) .
PCR amplification is 202 bp and 206 bp.
200 bp DNA size marker.

Reverse transplate total RNA as ¢DNA template.
GAPDH is 983 bp.
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3 3t
HHIA V2 70 B 2 A R IK R M7k, R
2 7% PCR( differential display PCR, DD-PCR) - JH J 4%
%Z ( subtractive ¢<DNA hybridization, SH) + cDNA 3% £
7 5% 73 M7 ( cDNA representetional difference analysis, ¢D-
NA-RDA) FI RNA #8405 AR (RNA fingerprinting) %%, {H
TR AR R B 22 5 R OA B R, VA D% 52 A
B ELRCRAR, 252 AT RNA F 80U T 1 6 1
AL IR BB PAVE AR i FIVH D2k 32 (SSH) #£18
FHF 963 52 1 [E] I 5] 33E 401 1) PCR( suppression PCR) ,
G T o B SRR R OUEE cDNA (¥ R, 4 1 F HL
R, AT RN R . BATRH SSH A U937
AR AR L B P VIR A P T 3RS T 20 RFE R
RIEH] DNA B, Horh fr Bt FRG4 HI FRG14 B A
Fp 9 AT RESE R RGBT 2 R R B BEANERAE T AE
2 JH A 58 R, RHAXER 2 SR AN =, SSH T i
SN NEE VS
R H] SSH. 3RAT H £ 8 4%/ B W 40 B v oK AL 1 72
22 R R IA B © R PR N R 3k it T T 22 [R] (e
man palmitoykprotein thioesterase gene) ~ & [ R ( 1)
Big 2 757 JF £ (human protein phosphatase 2 regulatory
subunit B) « ¥ I 5% JIE &% 1 2& [Al ( human lysophospho-
lipasel gene) 132 T B2 it S B ( putative 2-hydroxy acid
dehydrogenase gene) 55 5 JIg & F A A ¢ bR &
M L3 Z& [A] ( human ribosomal protein L3 mRNA) 1% ##
A8 H S24 3£ (human ribosomal protein S24 mRNA)
FIZEAH A F 1-a 2 [K] ( human elongation factor 1-alpha
mRNA) 55 5 3 [N e SR RIEH K Z RM AW E2A
(human ubiquitin-conjugating enzyme E2A) Fl1 A\ A 4 J
BRI 4545 8 H 4 £ K] ( human retinoblastoma- bind-
ing protein 4 mRNA ) %55 21| ffd Ji&] HA A 4 F0 41 g 4 -
AR, FHERFEEAEEAET U937 Aot
KU TS, BEFHRERS S, K
il SSH ik 3R 153 X L R R 5 5 A% 41
PEVEVL IR A B AR RIE R — D FAUESE . X
WAL 7~ 918, 5 K& & BRI E A BEA R4
( the ubiquitin-proteasome system) A~ {3 & [ fif A48 14 1] |
S W B B A (0 £ 5, T L B B AR SR R T L A I
HEMAMEAMESSRARED. 2R —HEOMHE

1B P TE A A M B S5 /KPR B TR I P
A AR RS IR 32 A 0 R A R
N 3 o 2 FE A AR . W R BUAT 40
Z hepG2 X HARE A B KM 2B Z & —&
HEEERE, ARG RE S EIEE D B Bk
DAB IR R A B R AR R S S A
AR LDL 953 55 77 1 N B 48 il &R ECV-304 AT A%
AR T A RS A UK ZE ERRE A &R
—EAME SHRIEEE . IR ARSI IR
R T AA B R B R4 i PR AE L, AT 5
SRFEME AT . HArERA 8 T A
BT 3CPE DNA JERl#Y S 2l PCR PRIE S 19 <DNA K
IR, 3k 53 EST FRG4 42K cDNA J¥51. 1%3E K 4
£ 2 031 bp, 4alid 15 b6 5 fil b ¢ B [ (synapse-
associated protein , sap47- -fruit fly) & 37% [FJE %, 5
B A AU AN R 40 B T i T 1 28 R A B LR
RIEEWIE. AR5 LA LRI, X35 3 R 1)
RIEF TR T IEAE 4R 4R
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