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PRI BXREIE A E B E EAR /MR
B I S R R M B

SR, 8] #eor, Rbt A
(RILVE#R LVAEBHRAKEFECERXELRE, LK &% 271000)

AE.BH RIS HE RO A E U (PLTP)J5 Mt s Ko 3 A8 KT o9 £ 5, Hedk PLTP- stk
O B B B i 4535 (RCT )RR, ik k458 AR R & PLTP /) R & 8 X, "RA G A5 44 4 B
&, Bk R b B e B B2 (TC) =Bt H W (TG) . & ZE EKE G2 E B (HDL-Ch) k5 EKE G
2 B2 (non—-HDL-Ch)7K-F , Western blot #i) s 3 % 5 & & AL(apoAl) & ik , /s RIS E 44 *H- J2 B B2 49
Ev¥4m i, 48 h )& , B Rdn 38 AR it s i Ae 48 ) R R I SO s ROB2A LR P e E L, i A
F B AHE B (RT-PCR )M AT 2128 7 8 X 24k BI(SR-B1) f&F E 5 & & A (LDL-R) , BB I 5 4
4435 % 8 G5/G8(ABCG5/G8) JF X %4k o (LXRa ) 2B # 7o #AE(CYPTAL). J\# ABCG5/G8 #=
M x4k a (LXRa) $9A B AR, 282 MILTFHM PLTPY &, M PLTP MRl ¥ TC.TG.
HDL-Ch #= non-HDL-Ch # %% X9 2 & % , {2 apoAl /K-F, £ F A % it 5 & L(P<0.05), #H PLTP /s
Bt & AN RCT £ 27 5 40 PLTP s A0, dbk PLTP- /s R e 32 Fo N I P 30576 B 4L, BT
B 2 e 4B AR HE I, 2 A S E L (P<0.05), #4 PLTP ) &5t % ;RT-PCR %7 : 5
PLTP~- /s RAa ¥k, ¥kt PLTP- s R FFIE F RCT 48 B F LXR o \ABCG5/G8 & CYPTAL kit , 2 FH %
it 5 &L (P<0.05), % PLTPY &5t &, M SR-B1.LDL-R &% &80 B % AL ; 1 A LXR o \ABCG5/G8
FAARILAREN, it HBEHEEG ARG, S PLTP R a2 B B 14 i3 A R & T M
PLTP &, Al P RCT A8 % & L B £ A 3w,

KR AR G R B BEiE 4512 S H - MR B R A 5] £ ¥

FESES: R-332 SCERFRISED: A

Effect of gender difference on reverse cholesterol transport
efficiency in PLTP mice*

Ying Zhang, Yan-hong Si, Shu-cun Qin
(Key Laboratory of Atherosclerosis in Universities of Shandong, Taishan Medical University,
Taian, Shandong 271000, China)

Abstract: Objective To compare the effects of phospholipid transfer protein gene knockout (PLTP~-) on reverse
cholesterol transport effiency, and observe the changes of plasma lipids in male and female PLTP - mice. Methods
In this study 8 male and 8 female 8-week littermate PLTP~- mice were selected and fed with high-fat diet for 4
weeks. Then plasma lipids such as total cholesterol (TC), triglyceride (TG), high -density lipoprotein cholesterol
(HDL-C) and non-high density cholesterol (non-HDL-C) were detected by an enzymatic method. The plasma level
of apolipoprotein Al (apoAl) was analyzed by Western blot. Then all mice were injected intraperitoneally with 3H-
cholesterol labeled macrophages and the appearance of ®H-tracer in plasma, liver, bile, intestinal wall and feces over
48 h was determined by liquid scintillation counter. The mRNA expressions of scavenger receptor class B type 1
(SR-B1), low density lipoprotein-receptor (LDL-R), ATP-binding cassette transporter G5/G8 (ABCG5/G8), liver X
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receptor o (LXRa) and cholesterol 7a-hydroxylase Al (CYP7A1) in liver, and ABCG5/G8 and LXRa in intestinal
wall were determined by RT-PCR. Results Compared with the male PLTP~ mice, the expressions of TC, TG, HDL-C
and non-HDL-C in the female PLTP - mice were not obvious changed, the expression of apoAl was increased
significantly (P < 0.05). The isotope tracing experiment showed *H -cholesterol of plasma and intestine had no
differences between the female and male mice; *H-tracer of liver, bile and feces was increased significantly (P <
0.05). Meanwhile, RT-PCR analysis showed the mRNA expressions of LXRa, ABCG5/G8 and CYP7AL in the liver
were up -regulated significantly in the female mice compared with the male mice (P < 0.05), while the mRNA
expressions of SRB1 and LDL-R in the liver and LXRa and ABCG5/G8 in the intestinal wall were not different
between the female and male mice (P > 0.05). Conclusions Reverse cholesterol transport efficiency is higher and the
mRNA expressions of the genes related to reverse cholesterol transport in liver are also significantly higher in the

female PLTP”- mice than in the male PLTP"- mice.

Keywords: phospholipid transfer protein; reverse cholesterol transport; *H-cholesterol ; gender difference

JiH [ fi 306 %% 35 (reverse cholesterol transport,
RCT) &4 H1 & 2H 2200 A PR 114 AL [0 Pt i o ot A0 2
D 5 % B i £ 11 H [ 5 (high density lipoprotein -
cholesterol, HDL-Ch) i =X 3% iz 2 JiFIE , 76 )1 e %
P RRRYTIR , FeJe AZSAE AT S HEE R 2 i 2, AT
By 1k A [ e 4D S L 2 AR TR . 7E RCT i 72
1, BT HDL A% 7 R BN mE g i o, i
7B [ B A oz A T 3h koo A R A
(Atherosclerosis, AS ) ) & A= Fil & JigW,,

Wi g% iz % 11 (phospholipid transfer protein,
PLTP) /225 HDL A H [ i iz 1 B 244
H, EAEE T AR U M A 2% rh i is N & &
=Pt H i (Triglyceride, TG )4 apoB JE#E 11 k. i
iz % HDL, MMM AN HDL ki R/ NFI D) g i
PR BFFEUESS , R GePE PLTP k= ] B R 9 1 3¢
HDL 7KF-B1, Py Y 4 sl S0 4 PLTP = ml #5145 —
W IR IR A7 45 & & %418 T A1l (ATP binding cassette
transporter A1, ABCAL )/ 1% I [ 5 DA 2 10 241 i 37
HES, BT SCIESE, PLTP Sk= Al A RCT 2%
R AHH AR DL ) 22 57 X5 RCT 250G 52 M (1) 4 ¢
HRIE ARG XF R B TR

1 #MHEERE

KA 58

LA B2 B & 1 (acetylated low density
lipoprotein,, ac-LDL ) # 5 SCi#ik 7 v il %%, 1, 2-3H- i
[ i 0 T 3 [& PerkinElmer/A ] , Raw264.7 [ I 21 fifd
W T IV 240 L AE 5 T, RPMIL 1640 35 57 FE R iR
A 1L WA T &k Giboe 23 &, TC. TG \HDL-Ch i
) 0 Wy b 5 3 B A R A BR S 7], apoAl —
Pr M H 3% E Abcam 73 ® , Quantscript RT Kit Quant

11

cDNA 55 — 5 & ik 7| & RealMasterMix (SYBR
Green) 74 .DNA fiff | 1A H 7= QIAGEN
INFUERE, S8 A T AR TR B AR,
W N80 24 E Beckman Ls 6500,
1.2 P ESRFE

8 Jil i PLTP™ B (MERE 2 8 H) o % 26 i 4%
(& SUNNY K27 )4 it 7eili & o 25°CHI = Sl
X Ry 55%I1) 38 F P, 12/12 h SGREE A XS 5
Y IR AL (21%)8 I A1 0.15%1H [F iz ) MR 4 JH
1.3 LDLB9Z Btk

BB e A 2%, fE s 2OB R BEER LDL, e 4 2
59/L,4CE&MHT, 7EAT EDTA A BREL K BT
24 h o PKIETAKITERET 8 1 mIt FIES IR A in A
A Lml LDL(5 m@) A N, PR (2w I/ 35 Jin
7.5 mg BERREF (29 LDL 2 /9 1.5 4%, 30 min 3%
Insese), BEFE 30 min J5 A BN, 4°C TR iBW
24 h &1 2. WAk 7S TBARS {H M 1.415, B hkE
WERL K R BRI T 1A%, KW LDL #% £k
b, 193] ac-LDL M, H g by ik 4 5 :0.15 mol/L
NaCl,0.3 mmol/L EDTA,pH7.4,
1.4 °H- PBEEEFRICHI B IS K 40 A hO 1S 55

il g B TR A0 ©. Raw264.7 15 W 41 it 5% 55
T RPMI1640 15573, A 5 mCi/L *H- JH [ Bz Al
100 mg/L ac-LDL W¥ & 24 h, AN, BREHHE LS L
AT PBS Wik 2 3 , B5.0> 2 min(1 000 r/min) , fii
Y EVE T PBS, MR AN 1.2 x 100 4~ /L, &
Tk Ao RN B S T EP 45 (100 w I/ )
FESC, VSR 10 o |, AR ARG T, R 3
W WLRRIA BT, A 200 w | IE e/ SR (3
2) IRA5T B0 KA WU B2 T (Bl 2 30 ), WA
DRV RRASCAE5C, T8 40 P L T B~ 34 EL 43
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SRR, S5 < e 91 22 S5 X WA a2 A A 2 DR PR 5/ Bt UL I i o S8R A

YA N Y >95%
1.5 /NRRAA P B Bl B2 e iE 3008

FIRME AR PLTP R 4 s, PIRRIRUMm 100 w1,
B BUMSE TR TC . TG .HDL-Ch HI non-HDL-
Cho /N BRI B 59 °H- 0 [ A 1 i B g 3 UK
AR, 48 h ARSI I I R SR s P It
5010 min (2 500 r/min), HC 20 w | L3 A A KR
W10 ml, RS E . /NRES R 12 h [ ARFE, BUIR
T A TNRRIE 10 mil 6 055 36 o I P S i
PRSI R L B ZH 2, 504 A= FEER 7K ik, U
AT FRE A, HIEC BE 1 SFINEE(3 = 2) 2 HL
(EHE 3 W), MEENRR)Z , AW UR TRV 4, K Dl
SRS o 2SR S I P A I MR < B 48 h
PIZSERREE , 76 4°CHBAIK TR (1 9/20 ml),
K H A S5 LRSI B 200 w | A1 A T
TR
1.6 IMIEAERRF apoAl K4

fifg I 5 1L 3%+ TC . TG #1 HDL-Ch 7K3F, non-
HDL-C /K1 TC J8Z= HDL-Ch3k75., Western blot
SRS if 2K 1 apoAl K-,
1.7 FHERREMHmERN(RT-PCR)X

U S/ M % 50~100 mg, ¥ A WIS A
A TG 1 ml Trizol WEAFEEASA) WK . 2 IR
B 5 min, BL.OB W, FU0E . EIEWTIA 200
A5, IrEELES, HTFRZIES 155,4CE L
15 min(12 000 r/min), 53~ 3 )2, 5F AT T2, L
JZIKHZ) 400 | 2 EP 4, INA SRR N, IR
A7, ZIRBCE 10 min,4°C 5.0, 12 000 r/min, 15 min,
sk LW, CKBERERAE RTINS I, A DEPC
K B 75% B 1 ml PETTHE, 4°C B0 5 min
(7500 r/min). FFEPEM, DLvE = 1415 ~ 20 min,
B F/K 20 w I(DEPC AbH ) IR ITTE o BL 2 o | BRI
B —EPAd, fINA 98wl DEPC 7k, A1, LU
DEPC 7K M= FAXT R, Al 260 nm 5 280 nm i K
T % OD {#,1 OD & =40 .g RNA, 0D260/280 i
>1.6 M FR A PEFTI2 5, 7F 1.80 ~ 2.00 Y1 PN A AL A
AEFFRE . B B RNA, SIS SR e e vk 46 )
RNA I DA 88 . 5 10 g & RNA Fi ke
T 30| DEPC /K7, A 5wl DNA il | IRGW T
37°C/KE 40 min, FHNA 3.5 1 20 mmol/L /Y EDTA,
75°C 10 min K{% DNA BG4 . LiRIR G 05 qE
PAAS I N HE T UK BN RR RNA, )RS TR
AR TERZ I RIS 5's) , fi 40 B O IS B 45 e ik

BRI, 37 CHF T 60 min, SR 27449 Jy vk SEa E B
MRNA 7KF-, LABEPIAHXS B -actin Z{EAE S 2RIA%L
{H. RH Rotor-gene Q #f% Ver.1.7(Qiagen), &1
SHHEE 3 W, WK 1,

*£ 1 RT-PCR FTH3I#FE%

HBFR J¥51(5'-3")
ABCG5
NAD| TGCCCTTTCTGAGTCCAGAG
A GTGCTCTTTCAATGTTCTCCAG
ABCGS
NAD| ATGAGCTGGAAGACGGGCTG
A GCCAGTGAGAGCAAGGCTGA
LDLR
E AGGCTGTGGGCTCCATAGG
A TGCGGTCCAGGGTCATCT
SRB1
E TCCCCATGAACTGTTCTGTGGA
A TGCCCGATGCCCTTGA
CYP7AL
1E [\ AGCAACTAAACAACCTGCCAGTACTA
S 1A] GTCCGGATATTCAAGGATGCA
LXR«
NAD| CGACAGAGCTTCCGTCCACAA
S 1A] GCTCGTTCCCCAGCATTTT

1.8 SitFEFHiE

K HH SPSS 13.0 BAFHEATEE 74T, IR A
AR = bR 22 (x £ 5) Fom , R e K3, AP <
0.05 NEFAGITFE L.

2 HR

2.1 PLTP ERE R bR/ REEF T ERI 0

PR /N BR A 4 B R B 8001 L35 2. =i BRI 4
JEJG ML T HErE PLTP- /B, M PLTP /NERLY
(KRB AT E S350 T % T 19.152%Fl1 28.57%, 25
AR X (P<0.05),

xR 2 BEEMA 4 BRIEE PLTP WNRHEEFER

FFigE (L
1A /g
28.204 +1.51
22.805 + 2.32°

(n=8,x+s)

JFEE /g
1.410+0.22
1.007 +0.20°

215
ek PLTP* /NEL
Wbk PLTP /NEL

JHHEEK 1%
4.999 +0.28
4.416 +0.22

T SkEME PLTP /MNRILEL, P<0.05
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2.2 PLTP & B BBk X3 b 4 PLTP- /N B 1fn B B9
Al

= IR 4 J5 JE, MEYE PLTP- /NELIY TC
HDL-Ch TG #l non-LDL-Ch 43%|°4 61.701.16.722
103.011 #1 45.013 mg/dl, M ¥ PLTP /N KL 4 TC.
HDL-Ch.TG # non-LDL-Ch 434>/ 65.721.18.533

102.403 #1 48.511 mg/dl, SHEM: PLTP /NERAHEL,
MEPEPLTP /N iR TR AR Toge 17 5 L (P =0.091
0.112.0.553 1 0.080 ) ( IL&] 1), Western blot il
P PLTP?- /NER apoAl Fiki fy 0.49, MEPE PLTP
/INVER apoAL Ky 0.69, M5 EL AR , M /N BRAH EL T I
£ PLTP /NERFRIAFHET T 40.25% (ILIE] 2).

100 30
80 I =
Z 60 I El I I
< =
\\ﬁ 40 L')
S é 10
20
| 0 1
MM PLTP W PLTP et PLTP MEPE PLTP
A B
80 106 ¢
= 105f
En 60
= [ I = 104
o =
s 40 5 T
%, (g 103 T
§ 20 102f
0 | 101 !
et PLTP B PLTP- e PLTP e PLTP-
C D
1 SHEIEM 4 FE, 8 PLTP /NRIMASEIZS  (n=8,x£5s)
2.3 PLTP ERE & PLTP- /)R BB El 215 e Wik
IE R R0
RO URG I SS S 3% , MR PLTP /1 R “a"p‘“
I ok S I EE 435 A 0.613 Fi 0.655, i 25 R 6 A
SR X (P=0.212), MEMEYE PLTP /NEU/INIB TR
WO B4y ol 2.723 1 2.822, B He A, 22 R . !
GiitepE X (P=0.072)  MePE PLTP /NEUTFIE JIEY '
TS T CS 75 43 590 3.112.,0.282 il 4.031, M « 08 T
A PLTP /N BRUFFAIE AEL R0 25 8 e (5 Jc S B 4 1) = o6l I
7 6.024.0.514 F18.012, AHLL T HEH: PLTP- /NER, Pg oal
WEPE PLTP /N BTS20 3 v 57.89% . i@oz
66.67%71 87.52%( LI 3)., '
- Y §_— N |
24 PLTP Eﬁi%xqﬂglilﬁil;ﬁ?gg*ﬁ 9&%% /Aﬁlﬁ p|_'|'p-/— lﬂﬁﬁlﬁ F’LTP"'
ey p=A B

RT-PCR SZH 5 R R, Mtk PLTP /N
LXR o \ABCG5/G8. AH[EEE 7 o ¥4k (cholesterol
7-alphahydroxylase,CYP7AL) #3545 1439.1.401
1.423 1 1.476, #E PLTP /NS LXR o LABCG5/

A:Western blot 2% 5 ;B 58 Bl 2R 1 AR 4 i AR L+ 5 e
PLTP™ 4%, P<0.05
2 BEWRA4ER, WEPLTP RINAE+H

apoAl HRIEZEWN (n=8,xx5)
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SRR, S5 < e 91 22 S5 X WA a2 A A 2 DR PR 5/ Bt UL I i o S8R A

G8.CYP7AL #ik433|H 1.824 1,602 .1.614 F1 1.735,
FH LG FHEME PLTP /NER, HEPE PLTP /N U AR
LR TEbRY 22 5 A Gt E L (P =0.016.0.023,
0.034 1 0.014), ik -7+, SR-B1 . LDL-R ik 5HF

T GiitrE X (P =0.073 F1 0.105) ( VL& 4A), 1
LXR o .ABCG5/G8 7r M lf PLTP /N /N rh 263k
BTG4 L (P=0.077.0.125 F1 0.081) ( . [&
4B),

;
1.0r 4
< 8
= 0.8} g §
£ ] £, I 23 [ I
0.6} I i i
e b =
5 =4 &2
& 0.4} = I =
fg * F
R 0.2L =2 R 1
= ES <
0.0 | | |
Tt PLTP+ HEPE PLTP- It PLTP HEPE PLTP Tt PLTP+ Mtk PLTP
A B c
T i
0.6 10 :
= I N
8
i 0.4 = 6
g g 4 I
=02 s
+ o2
= Eci
0.0 L 0 L
e PLTP- W PLTP- e PLTP- Wt PLTP-
D E
+ Stk PLTP Fbis, P<0.05
3 PLTP™ ifek/NGR X BB BElES S T SR MM (n=8,x =)
25 + 250
SN i3
.20 2.0
=
=18 = 15 mAEpE
-~ junng
< = o
é 1.0 <ZC 1.0¢ | Jirides
g a
E
0.5 05
0.0 0.0
A B
+ Stk PLTP Fbis, P<0.05
4 PEEESFEEFE X EE mRNA 7£ PLTP- ik /NRATAE(A) 5/ B5(B)hpy®RiE  (n=8,xxs)
3 itit ¥:iz#E 1 (cholesterol ester transfer protein, CETP)

RCT J& A [ s 5 B A AR ) o 289k 452, 1973
AF i GLOMSET S5MIp Yk #2 i, IR PR W& 521 RCT
PEEk . AR AN W, e I 2R A FE 2 B A 1
(G 2 A7 H 31 apoA-1 5 HDL . 1fit % - HDL %
7 (RS 40 RE [ B T 5 LDL VDL B8 7L JBE Tk
A TG SmimE (PL) HEA T3S 48 , 1if 2 A< i JIH [ Pt i

%, JEEMKEE PLTP /50 PLTP R{UA5 PL 5%
¥, i rh % K/ o -HDL Bl oK i HDL, B
JFTNE apoA-1, Mgk oM IR [ B s . Hk,
HDL B Il TG 2 IR AT, 25 & e M2 A SR-B1,
HDL #5717 A A [ B s S8 P o JFF U v g A T e v
25 CYPTAL AL AR R THR, IR Z:ABCB4/BL1

- 17 -



T E A A

521 %

HMEZERRAE A0 A A TEHE H 5 R g ]
IRl B4 ABCGS/G8 Hhiz Nyt rh, iz defi
He 441

S IE S PE I 25 R T PLTP /N BRI
RCT A%, [Alf 2R ER 525 W « S fEME PLTP /N
SR G, EME PLTP /N ERUFFAIE L IR 2 *H-
JIE [ v, i A v BH- [ i TC B Ak
XHERHEME /N BRI IR RCT RORM =, 4
B HAEHE R S NS g L K
A & PCR SE4% % L« W /)N BRUFFE H ABCG5/G8
S CYPTAL Rk Tty , ixX W], /INER F 22 LA B 4%
HEW s LARR PR TE ACHEMANE RIS . A S IG 7 IE S HE
PE/NFUFIE LXR o AR LXR o SEBCIARIE LI
FESER T, FEMRN RCT M bl E + 0 EE A/
Fi. LXR o -ABC i 78 RCT i 2 i HAT B B 4
YEF ,LXR o i % ABC % J% 1 ABCAL ABCGL,
ABCG5/G8 45 (1) & 1 1 7 B H2 V8 45 40 Jfd JIEL ] e AR,
o S *H- MR REFR IR TCEAANT R, 5E0a
W JIE 361 B 1A 1) e im B . ABCGB/G8 K H: Uiy
iia R TTAE

PLTP 2475 HDL (RSB Rz —, HE
IKASAEEL I HDL A1 RCT B9 235, (HAE5
225X PLTP [ RCT DIREAYRZ I A WARIE . A
SRS MER F O A B EA PR PR, Ht
AS [ 2255 049 1048 PN Rz L il A8 o L L il B
FATEE I AR A M, /i S sk SE , PLTP =
JG B AL T HDL v Y & B B B2 e (sphingo-
sine-1-phosphate,S1P) (1) % & ™, 3f H. S1P /& HDL
O I PR B 1 FH A A s, R O, o o
HDL 7ECx I 45 P9 B2 DR 4P R A A PT BE 55 e 1 33
R SIP KA G FAHSCHLE A fpik— 2R
AWFE
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