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[ ABSTRACT] Aim  To identify the role of low density lipoprotein receptor (LDLR) on the proliferation and differ-
entiation of CD11b" myeloid subsets, particularly CD11b"Gr-1" immature myeloid cells with LDLR deficiency mice; To ex-
plore the mechanism of abnormal immune cell reaction in the pathogenesis of atherosclerosis. Methods 6-8 weeks old
LDLR ™" mice and control wild type (WT) C57 mice were fed with normal diet and high-fat diet for 12 weeks. Flow cy-

tometry was used to analyze the subsets of immune cells in peripheral blood, spleen and bone marrow, especially the ex-
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pressions of CD11b* Gr-1" myeloid immune cell

CD11b" Ly6C* mononuclear macrophage and CD11b"CD11¢" dendritic

cell. Simultaneously the expression of Lin~Sca-1~CD34" cKit" common myeloid progenitor (CMP) was detected in LD-

e
LR™" mouse bone marrow.

v . . . L L
LR™" mice aortic atherosclerotic plaque was monitored noninvasively in vivo.

Using T marker anti-CD11b as a molecular probe, inflammatory microenvironment of LD-

Results (1) Under the condition of nor-

mal diet and high-fat diet, LDLR deficiency markedly enhanced the expressions CD11b" and CD11b" Gr-1" myeloid cells in

peripheral blood and spleen of LDLR™™ mice.
in peripheral blood and liver of LDLR ™"
LDLR™" mice.
with WT mice, but decreased under high-fat diet.

(3) Under normal diet, the percentage of CMP was increased in LDLR™"
(4) Using CD11b as the molecular target of inflammation, SPECT/CT

could be used to monitor the atherosclerotic plaque of LDLR ™"

(2) The expression of CD11b" Ly6C" mononuclear macrophages increased

mice; The expression of CD11b"CD11c" dendritic cells increased in the spleen of

mice bone marrow compared

mouse in real time. Conclusion LDLR deficiency sig-

nificantly increases the proliferation and mobilization of CD11b"Gr-17 myeloid immune cells, and promotes the differentia-

tion of mononuclear macrophage and maturation of dendritic cell in LDLR™" mice.

With CD11b" myeloid cells as a target,

the inflammatory microenvironment of atherosclerotic plaques can be monitored in vivo.

IR %5 2 I 25 11 32K (low density lipoprotein re-

ceptor, LDLR ) 2y — i 5 28 fix =X S8 8 2R 1 A2 4
A LDL 50RE E 2k A 22 1 B100, ] A ZLAE

OB M K rh ) 25 BE AR 28 11 1 A 38 22 11 E (apoli-
poprotein E, ApoE ) , 7£ g 5T 1 5 F1 3y ik o4 4 £ 1k
(atherosclerosis, As) & EHH HEEEMIEMN, KHE
PETT BT R 2% Tshibashi 61 o7 F 7] R 2 41 9 J7 =X
mEbR/NER LDLR R A5 4 540 7, i i T
LDLR™ /N, 5808 & 1 E 2 &R /N B
(ApoE™ ") A, LDLR ™ /)N ERIfin 2% A i1 i = A7 A
F LDL, HAREE (4 B HaE A2, IEFIKE TN,
4F LDLR ™™ /NERUML 3R IR B2 24 2y 2 o/ L, 3l 3 = BR IR
£ (high-fat diet, HFD) 55, LDLR ™ /]™ [ IfiL 3% AH [#
FEREGE 2 10 o/L A4, BB ApoE™ /N
ALY As 78 B LDLR ™ /N BRUAR 3l bk ok A 5 £ s
ARFE BB ApoE ™ /N BRUME 2 BE AR 0F 55 1 A
ApoE™ "I LDLR™/INRHEAT As AH G By LAl AT R
GMITTIT, 2 X TE X PR As BIUBCHE R R /N BLE) S
wIMARAEAL

FATLE AT WO 55 K B ApoE it & B 3 1
ApoE™" /N B A1 JE If CD11b* Gr-17 6 & 40 Jfd
CD11b"Gr-1" FRAZ A L, 1773 L6 4 22 240 Jf P 375 1) 2
W o1k, S 5 0 RAE ROV AE As 1 &AL KR
A AEIVEY, HAE CD1IL" Gr-17 5 2 40 M 75
LDLR ™~ /N S 223k 18 L an ol , B Fi i & A7 SCik 4
i, ASCLL HFD 55 LDLR ™ /N U7 As 50
of T A M B2 AR 43 7 AN ] CD11b™ i 25 20 if S
£ LDLR ™ /NRAIA N RIE T o0 e B HER IR CD11b”
i, ARSME IR S E Ao fh . DFIE 25 R IR
AT As 199 E AH G & 9 AL A B 4 1z A LD-
LR /N AT 9 18

1wtk

1.1 KIS zh#

R 6~8 F# LDLR™ /N (R E 20 ) 5 4
A (wild type, WT)C57 /NR (X 4) & 20 A, ¥ K
e, pr ol o 4 A e LB B A PSR BE, LDLR™C
WT /NR &% 2 4, 27 % F & &K & f HFD,
HFD 4B B 8 0.15%, fg i 21% 47 7% 12 A,
1.2 FERXFIRALEE

DMEM/LG ¥ 7 3 ( Gibco /A 8 ), 47 Y Bo 4 i
% (Hyclone A7) , @L? 2 #h %% 5 7% ( phosphate buff-
ered solution, PBS; & W 1 4+ /£ /A ] ), FITC-anti-
CD11b PerCPcy5.5-anti-Gr-1( Ly6G/Ly6C) ,PE-anti-
CD11C PE-anti-Ly6C #1 FITC-anti-F4/80 % 7% ¢ 47
B (9 B BD Bioscience 7 eBioscience /2 & )
5 4 & 4 28 JE ( common myeloid progenitor, CMP)
4 # & Ji 89 FITC-anti-Lin , PE-cy7-anti-Sca-1, APC-
cy7-anti-CD34 F1 APC-anti-cKit % & 247 0 R 3T B
Biolegend A & , | & 48 % § #% %% /1 A2 4L Nikon =
& K A % BD FACSAria™ 11 9% &% 48 o L & BD
N AR
1.3 40 Ppa AR+ N BE F 2 e 7 B 70 5% 2 tH 40 e

BREEAL 6/ B, A ZE F B IR 249 1 mL, 0%
AoFE T B AR 10 mL BRI, B B R
R Z A 200 wL &5 40 & A R E 2 8 3 BN
Be(HEAN), % 40 pm JE W L #E &, PBS » ik
WRK EEAN A, BB KA S 2% M 4 fLE 8
PBS It & 4 I, 2 40 wm 8 K R 0K &k R,
H M BUE (110" cell/L) % B 1 2 100 B9 K &,
SR NPT F K OEAR IR IR, vk E IR F 40 ~45 min,
PBS Wtk 40 5, B 0 E & £ 4 DAPI #7 200 ulL
PBS %, i R A7 Ak B B Ao 4h B fn CD11b”



CN 43-1262/R  h Eah kAL 4d 2017 4F56 25 555 5 1) 435

Gr-1" % % %40 ffi . CD11b" Ly6C* ¥ ¥ E v 20 i1
CD11b"CD11c" #f R 4k 20 i ( dendritic cell, DC) & &
Al A, CMP % A Lin Sca-1-CD34" cKit" 3t 47
Ao
1.4 CDlIb' BERMAMMEIRS EFFESE R
a4

N T JE B R, L T4 PBS v ik E B
£ 40 pm JE W 3E R 4K & VR R, 1200 v/min B0 S
min, ¥ EWE WA EMEMREL AN, ERK
B S min, FAANE 2%M 4 miEH PBS &R A,
1200 r/min #/& 5 min, 3 F7&, N 1 mL 4 2% fik
41 ¥ By PBS A& 40 M, £ BB AR UL 4 A ek 3k 30
& (anti-CD11b micro-beads, /£ [El Miltenyi) ,4°C % &
40min, Al PBS % 1~2 K, B2 B4 B H
CDIb i, B ARELEE M, ITH R
# 100 5 A2 /3 AN 6 FUAR o 3 5k, ARHE L3
T, K O 2 B g L TR R F (60 pg/
L,24 h) &, Fm NEA MWK E B & & (oxidized
low density lipoprotein , ox-LDL) (80 mg/L,48 h) % %
& g A sk
1.5 EFNBXPEHRML O £

INRA T A RS, R 1 mL A 4454
R EE ST 10 mL PBS & 5 mL % R H B AT E
o BEREEBRMNEMAT R ES kK2 BHER
T,ET4%%RFEFYEZ 6 h, F¥%HE 20% %
WBER IR, BRI H s AT H I, K
W, B 60% 57 7 B2 0 10 min, & E F
B30 20 O TAE R 4 30 min,60% 5+ B IZ 3k 3~5
mn, EX R L FHEHA, ETEELARLEA LA
B, BANRER3 RANR#ATLEE, £ KMLE
B/ it 4% T ARk H Image) 24T 047
1.6 '"I-Anti-CD11b B9 &

AL E A% EF A% K, P Todogen 77 3% 3
AT, R4 T A% H Todogen( 27 10 wg) th K%
F 1K %k Am N\ 100 pL rat anti mouse CD11b( BD Biosci-
ence 0.2 ¢/L) .50 wL 4 Na'”1 #7 0.1 mol/L PBS(40
Ci/L) % %R 4, i 44 T KA 10 min, KA ¥
BAAKNBEASAR(FE: K=85:15)K BT
7], bl Whatman 3 mm B iRk 48 E A AR IR
% 'P]-Bevacizumab ] Rf=0,Na'”1 #y Rf=0.8, 2
AAR(EBA3 R)EFRL2HELRFEKES 1 mGi
7 A7 P 1-Anti-CD11b A V& W ,3 h J& fE 5 3 4 100
pl 2.5% Bt % 44 BB, % micro SPECT/CT ( Nano-
SPECT/CT® £ B A¥WEMEEKR) £ 5 2%,
& R/NR AT SPECT B4 = # & 46 # 4T CT #

#,CT A 4 % $ 28 B 256 4k 26 Bk oy bl o 3
45 kVp k%2 B & F7 0.15 mA B3 DA K 500 Z 55/
bRy B E DR A F ER A4 Y T min, £ %
S W% 1 E Bt 38 3T Nucline 1.02 %% 4 (& 7 Al
Mediso 2 ] ) #AT L6t % 3D 2, CT HH#i4 K
&, ¥ 4T EHL SPECT 4%, SPECT H 4% A 4 41~ &
AHEO LR E A4 B A B LI AR
FoE REUE, B 5 B 1| mm/pixel B4 FE K
256x256 B 4E [ HE P LA K 24 M A AR R L F60 s
By E N R A S T AT 24 min, 35 TR
Ja , 1% 38 3T InVivoScope 1.44 2% 1 ( % [E Bioscan
NE])HAT3D-OSEM £ 2 ERZH FHF 4T R
B 6 RERITE, EELHE N 0.4 mm/pixel,
1.7 it ath

BAE Al SPSS 16.0 B H#AT 24T, TR X A
xxs T, FIALE L BRAE R LR ¢ I, £ 411
LB B A & 7 2 44T (ANOVA) %, P<0.05 X
KA FLHBERZR,

2 & R
2.1 LDLR &5 @#HZ 4 CD11b' BE R 4R T B 1)

R
pai

56 LDLR /N A B WT /)N B/ Ry
KA HED K 12 J8 4 41 (414 8~10 H/h
) o o8 T I8 LDLR SJC X Sog i, JUHOZ 46 R
Y ZRIB AR A, AT T =4 M H R (FACS)
FLAE AT T AS [R5 22 G 28 40 B B E HIFD 13- 38
PRERZEAY LDLR ™ F1 WT /N UM I Y 22 15 175
(Bl 1A), FACS 45 .78 CD11b" #f & 40 f (&
IB). ¥ 8 ¥k £ LDLR” /M R & F WT /b R
(13.08%+3.26% ¥, 6.54%+1.55% ,P<0.05) , Bk
2 LDLR ™ /NELE T WT /N (13.14% +3.67% 1t
7. 42%+2.02% , P<0.05) ; CD11b" Gr-1" A il B £
A1 fif ( immature myeloid cell, IMC) ( & 1C) ; 338 7k
& LDLR /MR A T WT /N (5.70% + 1.65% L
2.27%=+0.78% ,P<0.05) , K& LDLR /NS
T WT /N (6.09% £1.99% [t 3.08% +1.09% , P <
0.05), FACS £ & B CD11b* CD11c¢* DC 7£
LDLR ™ /)N BRI BB s WT /N B S 25 188 ([
D), FE K LDLR /N T WT /N (3.83%+
1.16% I 2.62%+0.84% , P<0.05) ,
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Figure 1. The expression of CD11b* myeloid cells in LDLR™~ and WT mice by FACS (n=10)
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BLE ful 384 i, {0 5 =2 (8] O 8 2 22 51 (¥l 2A-D) .
{HE7E HFD 1RFE 12 JA )5, 458 W8 LDLR ™ /N AY
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i — 0 5% i 2R AH 200 O B R L DE P Y 2%
ik o T 45 R R B AR W AR RS , LDLR ™
JNERUVEBE N Lin~ Sca-17CD34" cKit* CMP %8 WT /)N il
WA i, {H & HFD 3% T, Lin~ Sca-1CD34" ¢Kit*
CMP 7E WT /Iy B 88 P B G908 i, 76 LDLR ™™ /N ER
BB PN ST S s (T 2E) , HFD £ 3% R JgUAE Y
CMP 9 4% L #E LDLR ™ /NEURT WT /) B 8 0
(B 2F) , sxebgk BHLIR LDLR ™ /N BUFE 40 A 1 A
KRS CD1LL B8 R 40 A1 CD11b* Gr-1" IMC,
AT REAS J2& b B BE AR E N Lin~ Sca-1" CD34 cKit”

BEFNPEAE CDI1L' BE R 4H

CMP a3 mprs i
2.3 LDLR”{Zi# CDI11b"Ly6C* Ba% B I 40 i g4 &
iz R
IR A PRAZ 40 i B DA ) B W 20 B Ak A A ox-
LDL JE B0 VR 240 i, 3 A3 — 22 43 Fr T CD11b”
Ly6C* B E W 40 76 LDLR ™ /N BURT WT /) BUAY
SR RE BN ) ARG B, XSS R R TE
HFD /4 F,CDI11b* Ly6C* A% 4 ig 76 LDLR ™ /N
SR AN A I A 4 He B WT N B B 3 Y 3
(13.05%+3.62% It 8.67%+2.04% ,P<0.05; K 3A) ;
CD11b"Ly6C" BLi% 40 M i) B 43 Lt 7€ LDLR ™™ /MR
JEFRE s S 5 (18 3B) it U e R W E S, R4
TEBHBKARERE AL 1Y CD11c™ CD8O™ M DC 7E
R E LDLR™ /N B BB %) 1 43 R WT ZNER
HBERIEIN(3.83%+0.92% It 2.62% +0.84% , P<
0.05; ¥l 3C) ., FAT#E— 2L WT /R B &5 2
CD11b"IMC, F 80 mg/L ox-LDL #¥ 5 48 h, i [ 4%
SUE S AT 0] B W 4 oAb T X P a5 SR e T
ox-LDL § & 2 #F CD11b* F4/80" E W 41 ifd i 43 1k
(K 3D),
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Figure 2. The expression of CD11b*immature myeloid cells and CMP in the bone marrow and spleen of LDLR”™ and WT

mice(n=10)

2.4 SPECT/CT B4& LDLR ™ /NRBFR K MR

YT CD1Ib R S AAEAE LDLR /NG R
5, FRAHENHAE LDLR/NREERN S B Rk, B
JeH HFD 4A7# LDLR /NG WT /INER 12 A il 4
As /NIRRT ARIC anti-CD11b /N shIk

FEBT, 22 SPECT/CT 145 HFD /349 LDLR”™ Al WT
N 3 H) . LDLR™/NRAE F sk =3
(AP P ) BRSPS G WT /N 3 3 (1 4A) ¢
FFWKINLT O Ye 45 H 8% LDLR™ /AR WT /NE
AR I A PR S 2Bk i (1 4B)



438 ISSN 1007-3949 Chin J Arterioscler, Vol 25,No 5,2017

A B
O~ 207 31
o D?ﬂ?g SR oCON
EA a " a8 mHFD
- O = 2F
Qc 12t ac
8% Og
°% gl S o
o @ o ®
o O’_c‘]_
£8 g8
g5 4T =5
EE OE
s o
o 0 "o
WT LDLR™-

10 Q1 I Q2 10t Q2
i590% | CONTi7% i53g%  OxLDLggoe,

10°] 10°}
1 < 1

Percentage of CD11¢"CD80'DCs
in spleen(%)

FITC-A

WT WT+HFD LDLR” LDLR™+HFD & E10°| | £ 107

F4/80

10"

0'('

7N Q3 i = Q3
100 s, o G0 100 S iz
10° 10" 10* 10° 10* 10° 10" 10*_10° 10*
APC-A APC-A

CD11b

& 3. CD11b'Ly6C* £iZEM A LDLR /NRA WT /NRRIZEREEEBABMANL (n=10) A WS, B WA
JE, C SRR, D A 2ok A B AL (400%) . CON HEIRE . a b P<0.05, 55X HRAI b4,

Figure 3. The expression and differentiation of CD11b*Ly6C* monocyte/macrophages in LDLR™”~ and WT mice(n=10)
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Figure 4. Inflammatory CD11b" cells in atherosclerotic plaques detected by SPECT/CT imaging and oil red O staining(n=3)
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