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Expressions of atheroscler osis-related genesin aortain young apoE/LDLR
double knockout mice
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Abstract: To systematically clarify the effects of apolipoprotein E (aopE) and low-density lipoprotein receptor (LDLR) gene mutant
on hyperlipidemia, vascular inflammation impairment and pathogenesis of atherosclerosis (AS), total RNA was isolated from fresh aortas
of young apoE/LDLR double knockout (apoE"'/LDLR"') and wild type (WT) mice using TRIzol reagent. Then RNA was reversely
transcribed to first-strand cDNA by reverse transcriptase for reverse transcription polymerase chain reaction (RT-PCR) and real-time
RT-PCR. Primer pairs were designed using primer design software according to the gene sequences available in GenBank. 3-actin was
used as an internal control. Then RT-PCR assay was used to analyze the expression patterns of interleukin-1f (IL-1), tumor necrosis
factor-a (TNFa), nuclear factor-kB (NF-xB), granulocyte-macrophage colony-stimulating factor (GM-CSF), CD36, endothelin-1 (ET-
1), toll-like receptor 2 (TLR2), monocyte chemoattractant protein-1 (MCP-1), vascular adhesion molecule-1 (VCAM-1), intercellular
adhesion molecule-1 (ICAM-1) and platelet-derived growth factor-o. (PDGF-at). SYBR Green quantitative rea-time RT-PCR was used
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to validate gene expressions identified by RT-PCR. Blood samples were taken from the retro-orbital venous plexus, and serum levels
of tota cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL) and high-density lipoprotein (HDL) were measured by using
biochemical techniques. Serum concentrations of circulating TNF-o,, IL-13 and oxidized LDL (ox-LDL) were determined by ELISA.
Frozen sections of aortic sinus were stained with Sudan 1V to visualize intimal fatty lesions. The results showed that the relative
expressions of IL-1, GM-CSF, ET-1, TLR2, CD36, MCP-1, ICAM-1 and VCAM-1 in apoE"'/LDLR”' mice at the age of 1 month were
higher than those in age-matched WT mice (P<0.05, P<0.01), respectively. The expressions of PDGF-o. and TNF-o in apoE”/LDLR™
mice at the age of 2 months were up-regulated compared to those in age-matched WT mice (P<0.05). All the expressions of target genes
continued to be up-regulated (P<0.05, P<0.01) except that ET-1 expression at the age of 2 months, TLR2, VCAM-1and ICAM-1
expressions a the age of 3 months were down-regulated to that in WT mice. NF-xB expression had no significant changes between two
genotype mice at different ages. All the gene expressions kept unchanged in WT mice at different ages, except that IL-1f3 expressions
were dightly up-regulated at the ages of 2 and 3 months. Serum levelsof TC, TG, LDL, HDL, TNFa, IL-13 and ox-LDL in apoE™/
LDLR” miceat different ages were higher than thosein age-matched WT mice (P<0.05, P<0.01), and were increasing with age. Primary
atherosclerotic lesionswere observed in 1-month old apoE”/LDLR™ mice and were progressing with age. There were no lesions observed
in al WT mice at different ages. The data suggest that hyperlipidemia due to apoE and LDLR gene mutant may stimulate the temporal

expressions of AS-related genes and contribute to primary atherogenetic lesions and vascular inflammation impairment.
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Table 1. Primers for RT-PCR analysis

GenBank accession  Gene Forward primer Reverse primer
NM_008361.2 IL-1B 5 -TGACCTGGGCTGTCCAGATG-3’ 5'-CTGTCCATTGAGGTGGAGAG-3’
NM_013693.1 TNF-a 5'-CCTGTAGCCCACGTCGTAGC-3' 5 -TTGACCTCAGCGCTGAGTTG-3
NM_00764 3.2 CD36 5 -GAGCCATCTTTGAGCCTTCA-3 5'-TCAGATCCGAACACAGCGTA-3’
MUSNFKP65 NF-xB 5 -GGTCCCTTCCTCAGCCATGG-3' 5'-GAGCAGGGTCGCTGTCAGCAC-3’
NM_011905.2 TLR2 5 -CAGCTTAAAGGGCGGGTCAGAG-3' 5 -TGGAGACGCCAGCTCTGGCTCA-3'
NM_010104.2 ET-1 5 -GCTGTTCGTGACTTTCCA-3 5 -GTGGCAGAAGTAGACACA-3’
NM_009970.1 GM-CSF 5 -GAGGTCACAAGGTCAAGGTG-3’ 5 -GATTGACAGTGGCAGGCTTC-3'
NM011333 MCP-1 5-ACTGAAGCCAGCTCTCTCTTCCTC-3' 5-TTCCTTCTTGGGTCAGCACAGAC-3
NM_008808 PDGF-a 5 -CCTGTGCCCATTCGCAGGAA-3’ 5'-TTGGCCACCTTGACACTGCG-3’
NM_011693.2 VCAM-1 5" -CCCAAGGATCCAGAGATTCA-3’ 5 -TAAGGTGAGGATGGCATTTC-3
NM_010493.2 ICAM-1 5" -GGGACCACGGAGCCAAT-3’ 5 -GCTTTGGGATGGTAGCTGGAA-3
NM_007393.1 B-actin 5 -TGCTGTCCCTGTAGTCCTCT-3' 5 -AGGTCTTTACGGATGTCAACG-3

IL-1B, interleukin-1f; TNF-c., tumor necrosis factor-a,; NF-xB, nuclear factor-xB; TLR2, toll-like receptor 2; ET-1, endothelin-1; GM-
CSF, granulocyte-macrophage colony-stimulating factor; M CP-1, monocyte chemoattractant protein-1; PDGF-a, platelet-derived
growth factor-o; VCAM-1, vascular adhesion molecule-1; ICAM-1, intercellular adhesion molecule-1.
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Fig. 1. Multiplex PCR-based genotyping of mice. A: apoE genotyping. B: LDLR genotyping. -/-, homozygous; -/+, heterozygous; +/+,

wild type; M, DNA marker.

= (P<0.05), IL-1B. GM-CSFAHICD36%kix52 H
/N B EE A AN K, MCP-1 63885 2 H e /I g
H R, TLR2. VCAM-1 il ICAM-1 k%4 WT
INERKF . #3551 «B (nuclear factor-kB, NF-
«B) 7E % 4F W B apoE™ /LDLR" /| Bl () 22 5 )
WT /NRAHEE TR 25 WT /AN, BRIL-
1B FIALE 2. 3 Hld MR 1 H /N R IR AL,
FLARBEDH R AE 5 A8 /N B 2 TR) 346 2 3 A 1k (]
2).
2.3 LAEE RT-PCR Wi

1 H# apoE"/LDLR™ /Nl ICAM-1 Fl VCAM-1
MRNA X} £k 5 3.71E-03 fil 1.46E-03, 73 Jl%%
[ WT /)N i (6.94E-04 F1 1.43E-04) 514 5 £5 71 10
% 3 JJ# apoE"/LDLR” /N ICAM-1 #1 VCAM-1
FIEE 5 N %% 2.34E-03F13.18E-04, L [HEBWT
/INER (1.88E-03 i1 3.42E-04) LU AT AR AL AN K . SN 5

1 RT-PCR &5 i 52 3¢ & RT-PCR &5 3L AW 45 .
2.4 M4 {LIBFRAEN

AR B apoE /LDLR” /M. TC. TG. LDL.
HDL. TNF-o. IL-1p F1 ox-LDL & &1 & i 1 [
# WT /Nl (P<0.05, P<0.01), 4 ox-LDL #hjBt4E
WK L TF, A3 AW IIA R =, TCHI LDL
B ol B WT /N BT 5140 6 £5 0 40 £i5(P<0.01),
TG, HDL, TNF-a. IL-1B & ox-LDL & &% [F i
WT /N HE 2~3 £%(P<0.05, P<0.01)( 2).
25 EHBEKRBABRESENE

apoE/LDLR™ /)N 1 W8 I 550 ik P s m] A 22
FIBCE IR IR G BT A2 (B 3AL D, #73k
FRICIR) ;782 A1 3 TR I AR X I 22, AR
H(E3B. C. E. F, #ikifaX4k). WT /p
BUTE 75 A7 U B S8 A L 52 21 W S 1) PV B P et X
(1 3G~1).



W

apoE/LDLR A PRI i 5k 4y /I B 3= Bl ik o 20 Ik ok A Al A AR G 6 PRI [ 3Rk 47
M 2M  3M M 2M  3M C ™M 2M  3M

B-"e;t-::iﬁ___mF AL CM-COf ————. | ﬁ(-:al?:ﬁg [ —— == W
o1 — ) G -CSF%{ O3 pr———y |
[ ] S ——| B-actin ————a 1 VT p-actin

B BAL

£ [ov, 3

f 15 | - %

w A - r: [{s]

Q10 | A % % b

M B R g

L Or U= U g

2051V M U =

il 1]

L % % 7 2

o

Relative ET-1 mRNA

PDGF-a L
B—aclm
PDGF-a.

Relative ICAM-1 mRNA

1.2 ¢

= oWT
uE:1.0-

08 | 7
Fos|Or o [
2t | B é
"%0.27 % %
s, AL D\ 7

M 2M  3M
™M 2M  3M
VCAM-1

| — - AL Al
-actin
VCAM-1E .. . 1L WT
p-actin

Relative VCAM-1 mRNA

Relative MCP-1 mRNA

| ™M 2M  3M
TLRZ2 AL
B-actin
TLRZ2 WT
B-actin
< 06 . B AL
z - £
% 05 L
o~ 04
&
Z 03
2ozt
5 0.1
0

™ 2M 3M

K 2. HIREETEARER /N B =3 kb
Fig. 2. RT-PCR analysis of mMRNA expres-
sions of target genes in the aortas from the
mice at different ages. Relative amount of
mMRNA was evaluated by the ratio of band
density of target genesto B-actin. A-K: Bands
corresponding to RT-PCR and relative mRNA
amount of IL-13, GM-CSF, CD36, ET-1,
TNF-o,, MCP-1, PDGF-0,, NF-xB, TLR2,
ICAM-1 and VCAM-1. AL, apoE”/LDLR™
mice; WT, wild type mice. 1M, 1-month; 2M,
2-month; 3M, 3-month. mean+SD, n=10. "P<
0.05, ""P<0.01 vs corresponding WT mice.
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A 2. R AACHEAT
Table 2. Serum biochemical parametersin apoE”/LDLR™ and WT mice

1-month 2-month 3-month
apoE”"/LDLR™ WT apoE"/LDLR™ WT apoE"/LDLR™ WT
TC (mmol/L) 14.35+0.50™ 2.0240.22 16.0+2.40™ 2.07+0.25 16.37+0.52"" 2.80+0.23
TG (mmol/L) 1.91+0.36" 0.71+0.08 2.35+0.57" 0.86+0.14 2.57+0.30° 1.36+0.59
LDL (mmol/L) 10.20£0.54™" 0.45+0.07 10.50£0.21"" 0.30+0.08 11.24+0.76" 0.31+0.06
HDL (mmol/L) 6.15+0.39" 1.56+0.29 6.75+1.81"" 1.80+0.35 7.32+0.25" 2.41+0.21
TNF-o (pg/mL) 8.79+2.38 4.25+0.55 14.58+2.84° 5.69+1.12 17.80+1.36" 7.75+1.80
IL-1B (pg/mL) 20.31+3.54 14.54+1.74 25.41+2.70" 15.08+1.18 43.60+7.06" 16.13+1.24
ox-LDL (mg/L) 12.88+0.18" 5.25+0.77 11.99+0.87 6.36+0.26 11.86+2.05" 6.35+0.43

"P<0.05, ""P<0.01 vs age-matched WT mice. TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; TNF-a., tumor necrosis factor-o; IL-18, interleukin-1f3; ox-LDL, oxidized LDL.

Bl 3. AR B S IR AR B N R TEZS (I3 IV )

Fig. 3. Representative microphotographs of Sudan |V -stained aortic sinus in mice at different ages. A and D: 1-month old gpoE”/LDLR’ mice.
B and E: 2-month old apoE™/LDLR’ mice. C and F: 3-month old apoE”/LDLR" mice. G-I: WT mice at ages of 1, 2 and 3 months. There
were obvious primary atherosclerotic lesions in apoE”/LDLR™ mice at the age of 1 month, which were progressing with age. There were
no lesions in WT mice at different ages. Scale bar, 50 um.
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ghG ox-LDL, B JIH 8] B W N L PN TR G K 4
M, JERCHEHTAS AR

apoE/L DL R XUHE PRI 8 2K 4l /I B 32 3k o 2 Bk ot A A A AR G DR 1) ik 49

NF-kB | ZAAE T HAZ D, AR
(1) 2 K S pr 2 ) R B K EAE NS 5 T
TRIIRRAL,  AEVF 22 G 2 RN JORE S W iR 4 vt B A
Mo TNF-on IL-1. I %K Z 11, ox-LDL. 4
PR DL AR A RS ITOE NFxB, 535
W MCP. Z R4 fu &5 Bt 731 (VCAM-1, ICAM-
1. E. P-%&$%). GM-CSF MHZIHN 1L Fp
YR IR, (E AS R AR JE i R 4% 5B ()
PR ietesstl AR g, NF-xB 3 5 B 2
WS, 12 NF-xB mRNA 1) 2632 48 P 5k R BN B
kbt C R 2E e, BATTHENNX AT RE AL BT NF-
KB O R AR IR G K, AR koK FILERIA
Al R AN K . B ARHLEIE A R 3 — W
TLRS 7746 T- 40 MOlE 1 — 28BS B2 4k, B AN
AT LA G 22 0 R0 2R B S5 M A RO, el
Wl A0 M e A Il A 2 IR 7 A P P IR A R AR
TR . ZPEE A EDA RS B R 5 BoE "
TLRs IS NF-xB AL 5 15 5, A FaER R
B Je Mgk JORE e N AEAR S b, FRATTR L L
H12 i apoE"/LDLR™ /Nl TLR2 ik i, 1 [+
WIWT N RAAA e RIE, X ATREE N B2 40 i
P43 S 7= A 1R P TG AR VRS T ) . X g
7N TLR2 75 B 4005 4 3 (148 1 98 e v el o 22
RS AR VE T o 1L-1B A2 pH S 41 B 23 1k (1) 4% 40
DRI, O IR S5 PR S e F R b, 7 v L[] e R
6L IL-1B & R BT, A, %
FEIR B apoE " /LDLR™ /N B IL-1B &5 &A1 15
JikrH ) mRNA Rk 2w T R WT /N, AT
e B 1 IL-1B W0E NF-xB {55l i, 153
IL-1B S He e RN ¥Rk, S RIEM IL-1p ik
— 5 B NF-xB {55 8 ™, 3 vk 5 3 —
WINE T ASHIJORE Y o $7- FLI 1L-1B ik 11
TEASI AR R I FE B TR AR R R AT [ i,
PIVEHT e TNF-o 2 B3 LA A . I 4 i 55 4y
WAHE R T TNF-o & T 5 2 R DL
FEBE . By ik M6 1 JEE % T G FIVBE 2R A4 4 2% i
B LDL Al S A R0k TNF-ol. ARsE
K, apoE /LDLR™ /NS TNF-ou 2 8 K L5 ik
MRNA FRIATE 2 81 3 HUR IRy AN TNFo
KIETF 5 NF-xB {55 W B BS A <. —J7 1 IL-
18 TLR2 DL H e R FE 1 1 NF-«B 15 5l i#% 1)
Won A S TNF-o 38 L=, 57 iif %
IE K TNF-o0 X3 K NF-xB,  #ey K JE0E W
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M . Aszghd, 2513 Hig apoE"/LDLR™ /M,
TNF-o0 mRNA %34 DLz I3 TNF-o0 & 5% 1 H i T
W, R R P BT AR B TN, 328 TNF-a
A 0] BEI s NF-xB (5 i, SRR 1%
K, YRR AR AL JE SN, S NE AS AR )
YEH] . PDGF j&— P E {2 40 i 43 3457, nl gk
E 0 S B W D 2111 AN =
Mo BN R M . OGS IR . BB AT T
BN IS AZ S A P DA R R TR A I 1R A I L T
JULAN i #0 RE LA B 2 b 1 3 55 v A R OK
PDGF, Jf5AHMN 40 sz Rk g5 45, it i 12 4
Wi 2R REAN M DA R 10551 i LA Jf A A R B
BN MRS . ARSI, RATRBL3 A
i apoE" ILDLR™ /)N il T3l ik PDGF-0u 6 35 5 [ W T
AR B, X eTReE T R LA
Had 7 J5 NF-oB 05 MM 5 PDGF-o 865 THR .
TATHEDN PDGF-on (1)L 7T BE-L5 13 LN HE f 354k
ROEBA - 1Rk,

A2 A RT-PCRECAR 43T T A AR S BX
apoEILDLR" /Nl L3 ik 1 5 ASHIZEH) 11 A %
SR RIBRE, BR T XL AS RAEKRE
REFE BRI I P R AR A, R ER T 3250
Fis A < I T B R I3 v 40 R 7 AR A PR R
R A AR A R A I A 1) 98 S5 N AT 5 2 ) 1) SR K
apoE /LDLR™ JIt 51 & 1) i Jig ik ml A 308 3ok sfl ik = 3
ik 9 RESEDR I PP ek, AR I R AZ AL 1K 4%
RE SN, HEMTINEE ASHRAS . IRARIS 25 SLA I 2 (1)
RE RN 2 M T REMI LR, JERMEEE AS R A4
K&
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