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ox-LDL % B A VA B I 41 it P 1k 6 &0 R 1T R IR &R 185 12 (kynurenine pathway, KP) 23 i 1% 15 (1) PR 328 i i) ik i
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Fik . B 251 ROS Hil MDA K- 8 2 F 5 . R B ox LDL 7] LLif 5 B RAW 264. 7 1A THP-1 B W41 ffg py &
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Establishment and comparative analysis of mouse/human
macrophages derived foam cell models
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[ Abstract]  Objective To establish mouse/human macrophages derived foam cell models were
established and to compare their biological characteristics. Methods Mouse RAW264. 7 and human
THP-1 macrophages were cultured in vitro. After incubating with oxidized low-density lipoprotein (ox-
LDL) for 24 h,the cell morphology was observed under the microscope after oil red O staining. qRT-
PCR was used to detect the effects of ox-LDL on the inflammatory factors of mouse/human
macrophages. Flow cytometry was used to detect the apoptosis of mouse/human macrophages induced
by ox-LDL. The effect of ox-LLDL on the levels of reactive oxygen species (ROS) and malondialdehyde
(MDA) in mouse/human macrophages was detected by microplate reader. Finally, HPLC was used to
detect the effect of ox-LLDL on the activity of indoleamine 2,3 dioxygenase 1 (IDO1), which was the
first and rate-limiting enzyme of tryptophan catabolism through the kynurenine pathway (KP) in
mouse/human macrophages. Results Lipid deposition was observed in the cytoplasm of mouse

RAW264.7 and human THP-1 macrophages when induced by ox-LDL. The addition of ox-LLDL not
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only caused a significant increase in inflammatory factors in mouse/human macrophages, but also
significantly up-regulated levels of ROS and MDA, which indicated that ox-LDL could induce
intracellular inflammatory reaction and lipid peroxidation. When induced by ox-1.DL,apoptosis of THP-
1 macrophages increased significantly, while apoptosis of RAW264. 7 macrophages did not have
significant change. In addition,ox-LLDL could activate the kynurenine pathway in RAW264. 7 and THP-
1 macrophages. Conclusions Mouse RAW264.7 and human THP-1 macrophages could successfully
establish mouse/human macrophages-derived foam cell models induced by ox-LDL.
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(ROS); malondialdehyde (MDA); indoleamine 2,3 dioxygenase 1 (IDO1)
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290 L 501 0 R A A B AT 1 BIE 5 P A (] £ 9
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3 AN T F 5149 96 TR 40 B 194 A= 49 2 R IE CRIN 98 R B
20 P T AR R I

AW B TEM ] ox- LDL 43 58§ RAW 264, 7
A THP-1 Sk 5 1 L 520 L, LARE DL P 0 7K 200 i 17
TR A T s B . DAIEL IR 20 i rh S0E B 1 0 0
00 98 T A M 3% PR 4R (reactive oxygen species,
ROS) 1N —. % (malondialdehyde, MDA) 7K - 3 Lt
AN ) A 5 ) W 2 9014 96 K 200 A5 R 1) A ) 2
FRIE. AL (%R (tryptophan, Trp) 73 i ALY K
R % A% & 42 (kynurenine pathway, KP) 7 AS
A R AR AR R AL i A A gl
Bz 2,3-BInE AL 1 (indoleamine 2,3 dioxygenase
1, IDOD /2 KP 8 A~ KR il H A7 A (5] 9 2K 40 i
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A]) s RPMI 1640 4i ff 5 38 B& . 6 4 36 (36 &
Gibico 23 H)) s 4 I T2 4 I3 390 & C il o AR
BHECA R 7D s MDA K5 42077 &V ROS i i 3 741
(R REWHEARERA D 500 E #& PCR
X5 & ( H A< Takara 2 7)) ; Trizol (3£ [E Thermo
Fisher /& #]); AceQ qPCR SYBR Green Master
Mix (g gt MEREAE MR A R A WD) o H AR oy
] 77 43 Bt 4 B £ 3 4

U2 FiE&E  Calibur FR AL (SEE BD 2
7)) ;CFX96 Touch & [ #" #4 {Y (2% [ Bio-Rad 4%
F]D 5 AR VKA | 1E R B R AR L R O HIL (R
[E Thermo Fisher 28 &) 5 i &5 W A (5 3% A% (3 [
Agilent 28 7)) 5 8] B 2¢Ot B Bt (H A& Olympus 24
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THP-1 i F KRG A MMERBE 7EH
L FRAE (37 °C 5% COO L RAEH RPMI 1640
B3R (5 50 mg/mL % K .50 U/mL 75 3 R Al
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o fdfi THP-1 S 40 M 43468 i THP-1 B W5 41 Jd
SR TIC IV 35 57 AL Ak 2 B SR A A Fin A 10 nmol/L
PMA 4bF40 01 48 h, X B4 H] RPMI 1640 Jfili 55
FRELIE AR, AL TR A MG BE S W R L Rl
% 3% FBS i) RPMI 1640 35334, 3 in A ox-LDL
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IV 40 O 6 T 40 A TR0
RAW264.7 HfEIEF R QA AEEE G E

TEME R IR A6 (37 °C .5 % CO) Fr, % H] RPMI 1640
R (4 50 mg/mL 5% % .50 U/mL ¥ % %
10% FBS) K7 RAW204. 7 4l B+ 54 K0, %
10" ~10° A~/mL W% M T 6 LI FHRR N
XTREAL R 4 10% FBS 9 RPMI 1640 1532 3L 55 55,
LR 2 TR A0 MW BE S W s L RO 300 FBS
1) RPMI 1640 £5 3% 4 I A ox-LDL (29K
25 mg/L)AbHE 24 h, AP B RAW264. 7 B 0 4
I 5 9 T 2 A T

ML O ¥ RAW264. 7 il THP-1 B 14
ML 5] 4Rl T 6 FLAR N 1 ox-LDL if5 3 g 45 45
JaWe 2 i A 0 PBS £ R k% 40 M, 76 40 fg
FMMA 4 Y0 H R 2 W F R E 30 min 5 H
PBS %, I HIA 9 60 20 SN B ¥E 1 k. 7E4H
L2 T A 60% 4L O Y i, EiR N Y
30 min, ABRIEMIR LT O G @08, JF H e 1y
60 % S TR 2 KB 2r O Yekl 52 Pk d.
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T2 KR s BB

qRT-PCR # il 2 fiE B F &k ikx  FIH Trizol ¥
I RAW264. 7 il THP-1 B W40 fig & RNA, B
2 pg RNA, R I 5 B 38 A 3 47 i 5% 5, 3K 1%
cDNA #5#g , # B8 AceQ qPCR SYBR Green Master
Mix §d B 45 % 4 it 2E 17 40 B f ] CFX96 Touch i
R #4Li# 4T qRT-PCR, 7E Bio-Rad CFX Manager
B g 1. 5l Lk 1,

%1 qRT-PCR 3|55
Tab 1 Primer sequence of qRT-PCR

Genes Forward (57-37) Reverse (57-37)
hIL-1p3 GCTGAGGAAG ATGCTGGTTC TCCATATCCTGTCCC TGGAG
hIL-10 CCCTGTGAAAACAAGAGCAAGG ACCCTGATGTCTCAGTTTCGT
hIL-6 AAATTCGGTACATCCTCGACGG GGAAGGTTCAGGTTGTTTTCTGC
hTGF- AACAGCAGCAGCGACCAG GGAGTTCAGAGGGAAGGCAC
mIL-18 CTGGTGTGTGACGTTCCCAT TCGTTGCTTGGTTCTCCTTGT
mIL-10 GCTCTTACTGACTGGCATGAG CGCAGCTCTAGGAGCATGTG

mlIL-6 CAGTGGGATCAGCACTAACAGA
mTGF AAGACTTCACCCCAAAGCTGG

GTTGCCAGGTGGGTAAAGTG
TGAGCGCTCTCTGAGATCCAA

RAABEARENMAREBT ELR ox-LDL 4
P RAW264. 7 1 THP-1 E W40, 4 CF 300 X
g B0 100 min J5RBETTIE . A 1 X 2545 2 h il
(100 pL) B W FT 7 UUVE 58 42 0 % J5 43 i A
Annexin V-FITC (5 nL) Al PIC10 L), RIZIZE
TRATAIA R Tl E 15 min, A 1 X85/ %
P il FACS Calibur i 2040 M43 A T 3 =X 20 A
ARAFHE

ROS K EMFE F RAW264. 7 f1 THP-1 &
W20 L ) 5 4 B A 96 AL AR YL A ox-LDL W 7
24 hJ5, B #t RPMI1640 5t filh K 3% & e @l 1
DCFH-DA T/ER (1:3 000 # R .37 °C 1 iH 15 %
RGBS % 20 min, b BE 5ROk RS VR VR A
ffl . LA 488 nm it & i . 530 nm Sy A6 I 4 L A
P BRI RAW264. 7 F1 THP-1 E I 40 Jifg
W IG5, s ROS K-,

MDA ZEME WHEZL oxLDL £ H 1y
RAW264.7 Fl THP-1 B BEANML, ULIE T304 N,
FE03 ALfH A A . 12 000 X g Bl 10 min, FEPCHE , A
JH BCA 35 [ 5 B2 A I i 711) &0 46z I 2 1 Joie ke i O
M5 MDA A EEEE RS &, 808
A 100 p L B B S A [R)HR BE 1R BR 1 i 22 il b
W B I A SE R FR S MDA F il TAEW . 7
100 °C B T35 A A 15 min, B A1 B =i,
1000 X g B0 10 min J5 FFUCVE - 7E 96 FLAR A IA L
T » DSCHFFR AL LA 532 nm Sy e 0 35 < 1000 S W ' B L
T3 MDA BERRIEE . ARIEBEHT HtE A X B &
¥ RAW 264, 7 Fil THP-1 E BEAR 1) MDA &,

HPLC # 7 IDO1 i& M 20 9B 100 pl 4 ox-
LDL 43 A5 RAW 264, 7 f1 THP-1 E W40 15
FEARLEE LV E Tp MR IR AR
(kynurenine, Kyn) & &, il 22 {8 Jy SZ bR ¥k BE /9 1/3,
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R S5 BN A SRR EA- LRV W (15 mmol /L, %
R BN 6 Y0 M . pH = 3. 6) 5 (435 #E 4 Agilent
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#i& Trp #1 Kyn f 0 1i A2L, A H] A5 dE il 26 2% 0 5
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B B AR A R BT IR 40 © &0 i (& 1B)
PR I I 4 0 A R 00 A Y 4 A A i L O A
TEAS [R) A R T 23 Al BB 27284 .

ox-LDL X B . A iR B W 40 Ay 9 28 i B F B9 52 M
qRT-PCR Ry &5 R & 2 fron. X B4 B
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B4 4 P4 E I T-7E mRNA /K- 1 2 3k B A% 22
ox-LDL 5 35 . 40 i P9 48 5 IR 19 R ak # Iy,
W IL-10,10L-6 #1 TGF-B £k KIEE T & . 2R E S
Pl L (P<<0. 05, & 2A), R4 A THP-1
W 40 i L TL-10  TL-1B8.1L-6 A1 TGF-B F ik /K -
BAK: 4 ox- LDL i %5, IL-10 IL-1p il TGF-B %
B EE(P<<0. 05, & 2B) ,1L-6 FikBE A 2
W T m B2 R TG #E L. ox LDL 25|
A T R Y88 8y W 240 JL 1R 0 DR 35K T L e
L5 20 i o A 98 S o

ox-LDL X R ANEERMMATH®mE A
It 2 A A A 0 A48 R O T b L I X 3 YR i S S 5

A Blank ox-LDL
ey
P
) )
RAW264.7 o
B Blank ox-LDL
4
2 (B
B q -,
THP-1 RPEA 5,

RAW264.7 (A) and THP-1 (B) macrophages were incubated
with ox-LDL for 24 h to form foam cells. Data were based on at least
3 independent experiments.

1 RABFERAMKEKMEMAHIEBLER(X600)

Fig 1 Oil-red staining of mouse/human macrophages

and foam cells ( X 600)
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% ox-LDL 4L 38 24 h J5 20 0 08 1= bb % W3 1
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5| 7 T o AS ] A VR 1 v 00 i o BRAS [)  E  R T
Forp N5 THP-1 B REAH 6 ox-LDL 554 U8k
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EL W 40l 1 ROS 28GR BE hy 48, 79 + 6. 41, fim A
ox-LDL L E 24 h J5 . 4l N ROS %5158 Ji 1k 3|
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JE 46,69 £3.69. /i1 A ox-LDL 30 F 24 h J5 . 40
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RAW264.7 f1 A THP-1 B W40 o MDA & &
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10° pmol/mg., il A ox-LDL i S )5 , ¥ F ok I B
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RAW264.7 (A) and THP-1 (B) macrophages were incubated with ox-LDL for 24 h. The mRNA levels were measured by qRT-PCR. Data

were based on at least 3 independent experiments. ("’ P<C 0. 05.
B 2 ox-LDL xf & . AR B i 40 B P 5 E B F mRNA /K B 5200

Fig 2 The effect of ox-LDL on the mRNA levels of inflammatory factors in mouse/human macrophages

A
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10 5 .
10° 10° S
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PI : ©
e & 5
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100 L 0 1 L 1 0
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B
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3 ;\; ()]
L OO By <30
TSN NP -z
PI | 107 N %20
&
10! o § 10
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0° — ) . Blank ox-LDL
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RAW264.7 (A) and THP-1 (B) macrophages were incubated with ox-LDL for 24 h. PI was used for nucleus staining’s and Annexin V-
FITC was used for cytomembrane staining. The first quadrant represented cellular debris and damaged cells. The second and the third quadrant

represented apoptosis cells in late or early stage respectively. The fourth quadrant represented normal cells. The total cell apoptosis was the sum

of the percentage of late cell and early cell apoptosis. Data were based on at least 3 independent experiments. ("’ P<C 0. 05.
3 ox-LDL Xt iR\ A iR E 6 48 A ) T 19 2

Fig 3 The effect of ox-LDL on the apoptosis of mouse/human macrophages
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RAW264. 7 (A) and THP-1 (B) macrophages were incubated with ox-LDL for 24 h. Data were based on at least 3 independent

experiments, (V' P< 0, 05.

4 ox-LDL 3. AR EBEZH AL A ROS F1 MDA 7k 5 B 5 i
Fig 4 The effect of ox-LDL on the levels of ROS and MDA in mouse/human macrophages
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Km0, 5 A, in A ox-LDL i i
RAW264., 7 EWE4A M0 N IDOT 1% T+ il 2. 4 f%,

2R A5 L (P<0. 05,8 5A), A THP-1
Fi W 40 i in A ox-LDL %5 5 )5 . 4 s N Trp 78
FEA 40% M E Kyn W E &, IDO1 & % (Kyn/
Trp) FHEE 3 4. 22 A e it 5 L (P<<0. 05, &
5B,% 2), ox-LDL 1] I i§ RAW264. 7 1 THP-1
B W20 iy IDO1 36 PE 5 B0E KP.
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RAW264.7 (A) and THP-1 (B) macrophages were incubated with ox-LDL for 24 h. The activity of IDO1 was represented by the ratio of

Kyn/Trp. Data were based on at least 3 independent experiments. ¢’ P<Z 0. 05.
5 ox-LDL X R\ NiRE K28 f s KP 15 BR i 8§ IDOL & 14 i %2
Fig 5 The effect of ox-LDL on the activity of IDO1 (KP rate-limiting enzyme) in mouse/human macrophages
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Tab 2 Serum concentrations of Trp,Kyn and the ratio of Kyn/Trp in mouse/human macrophages (z %5

Index RAW264. 7 RAW264. 7 + ox-LDL THP-1 THP-1 + ox-LDL
Trp (umol/L) 45.4+35.3 13.611.3 14.16£6.13 8.31+3. 84
Kyn (pmol/L) 0.46%0.13 0.53%0.24 1.52%1.30 2.30+1.18
(Kyn/Trp) X 100 2.82%1.73 6.75+2. 46 11.2+8.03 29.6+6.07
117 ox-LDL 354 1Y AL B2 %o 1 6 240 I s B 4t b
1) it A AL 15 . 3 Z 8 ox-LDL 5 41t {5 0 40 i

AS J&— B A B8 0P G 8 NI 3K B
PPk RAEPHT Y . B AN A L P R A0 L T v
LA Z R a2 5 AS &4 &R, ox-
LDL &2 TA I 75 5 10048 N BE 50 J 0 1Y) 3 2 1 B
32— AT LSS B A% 200 i 4 Ak o I e 40 93
I L W38 200 L PN ) G 938 B 7 » B i 51 % g Jo AR SR 3
WA B 78 AS kB VR IBERPRE 2 XE
SR ™2, ox-LDL 5 S5 4 2 (19 R[] o 7K 40
J A5 7R 8 R T A Ta] A B 5 e s DRk WD A S ) >R T
MR AN AE AS KAk B A v ) 2 10 24 R AE
XfFiE— 2 R AS ML B EEE L AR
T 8 45 7 5 W0 ox-LDL J I & 37 B R
RAW264.7 #1 A5 THP-1 B W 41 i 1 5 41 i 4
LU GRURT EANOR/ S RN 3 % Ny o AW N 95 1E 1R A
TEAS [R) 2k 15 B I W 200 L P R L 3 A A AN ] 53X
5 DUFE RO 5 45 BEANAF A . I 20 K A W AR
F T B0 T 400 R 45 4 0 45 400 e B o AT —
H 5 0 Jay 0 S8 E SN LA K 200 0 6 R 386 B S AR AE L e
K ASFHIE . AWK ox-LDL A] L)
Bl % RAW264. 7 1l THP-1 [ K 40 i k&2 40 b 1L-
10 IL-18.1L-6 F1 TGF-B. M Ifi 75 4 i P9 5| & il 21 1y
RAE SN HIX LE A i 2 5 1 RAE (S 5 % 508
% H A ANE R

ox-LDL 23l o — 2615 5 3 P& 175 A B0 1) 4 i
B PEAE e 8 mT S S50 I 40 L SF TE UL AR L PN
AR AL T . AR IE R BAH R e ox-LDL
BHSE . THP-1 T A5 2 £%. 1 RAW 264, 7
PT R EEA AR, 3 — 25 AE ], ox-LDL 2 79|
R N i /O S e S NI o G
THP-1 %} ox-LDL 5] i 7y 4 fg 94 1= 55 o Bk, 78
A JEHIRESE o SR BTE THP-1 B 21 1R R ox-
LDL %S 09 B W 40 i 08 7= 15 5 38 % o BBl 24k
LDL J& 580 AS i kk X R B B E =R 2 —,

WEBET, e M AS BEHUE 17 . A 5T 45 R
B, A ox-LDL AU 2s & i LI RAW264. 7 Fil
N THP-1 B B 20 i oy B BT 0 AR [ iAo fg 35 | ]
ALy ROS Fl MDA 335 . 75 & i i 2ot 404k -
LR A R A 7. PR D80 B A A Y 4R 1k
1477 38 5 W 240 M ) e AR R T X AS B IR S
BITRAHREREZ L.
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