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(# =] [B#] BZARAEARIRE G 2(RIP2) 5t B o 4 e, K M 7E AL B AR M #4009 v 383T RIP2 £ E o4
ém}i@iviéimﬁﬁwﬁﬂ &8 (ox-LDL) TR F 89 4E ALkl [FHiE] AREF Z (10,25 # 50 mg/L) 4 ox-LDL
422 THP-1 JRb Ev£ 2088 24 h, B JA 50 mg/L ox-LDL 2432 THP-1 R Ev£ 208 16 & 24 h, B A LM E kT 5
PCR #= Western blot %~ 3| ##] THP-1 R4 E *% 20 #2 F RIP2 mRNA Fo & & 49 &35 | 5 JA ELISA A &m A i 555 37 58, B
F o TNF-o) 4 m A AL B & 1 (MCP-1) 8 23k, % it 3 3+ RIP2 siRNA, & A hiperfict # 33X 7] 45 $¢ RIP2
siRNA #EA i, B A 52 0 % %2 8 PCR = Western blot # THP-1 /R B v 4w i 4% 3 5 RIP2 mRNA F= % & 6 &
3R M B i 3% 3 SIRNA 35 25k Ao 3% 2089 — *T siRNA, JA 3% A 2k RIP2 siRNA 4% % 29 §6. /5 |50 mg/L ox-LDL 4t
27 24 h, & JAl ELISA # %] TNF-a MCP-1.& #aieA~Z% 10(1L-10) . & fa Je -2 12(1L-12) 89 5ok, o A LT 36 2 %
PCR #:i # §& — &AL £A-8 (INOS) My R BB 1 (Arg-1) 89 %k | R A 7 X 4m B AR A ) 4m B0 & 81 3R CD86 ., CD8O
#= CD163 #9 & ik, [ZER]  ox-LDL 2AF & Ao bd RIR 69 75 XiF 5 E " 49 0 RIP2 #9 & ik | B8 % ox-LDL 4L 22 7
2 & Bt 1A 6938 Am RIP2 mRNA & & G 69 & K38 m H P 50 mg/L 42 RIP2 R G4y R AR AT R4 7.6 45,24 h 44
RIP2 % & %9 &k & 3T BB 2049 17.9 45 (P<0.001) , ELISA 2% 87 [ % ox-LDL 4 22 7] & % B} 14 #9 3% #n  TNF-o F=
MCP-1 # %7+ % (P<0.05) . RIP2 siRNA #: % tm 6 j5  ELISA #2452 % , ox-LDL £8 TNF-o \MCP-1IL-10 #) %~
oA ALY 2.4 45 2.9 45 1.8 45 (P<0.01) ,TL-12 #9238 3 AL T T 34.2% (P<0.01) ;siRNA+ox-LDL 48
TNF-a MCP-1.1L-10 %%~ 3:4% ox-LDL 285 3| T T 37. 4% .45. 3% 27. 4% (P<0.01) ,IL-12 #923635m T 31. 4%
(P<0.05) , AX R A Lot 32728 PCR &R 27, 0x-LDL 41 CD86.,CD80 F= iNOS mRNA #4 & ik o # 52 2t 18
2069 14.2 15 33. 8 4542 4.5 4% ,CD163 #= Arg-1 mRNA 9 kAR 25 3 T T 33.4% #= 43.0% (P<0.05) ;
siRNA +ox-LDL 28 CD86.CD80 #= iNOS mRNA #% % % % ox-LDL éﬂ/\;ﬂl T T 27.6% .29.3% #= 34.3% ,CD163 F=
Arg-1 mRNA # &£ 533 T 30.3% #2 38.6% (P<0.05) , [&it] E# @M d RIP2 484k ox-LDL v\ #| & fo it
R X iFF R, RIP2 A BRBUE T vA374) ox-LDL % 544 B % 2w e M1 & #54¢
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Role of RIP2 in macrophage inflammatory activation and polarization transformation
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[ ABSTRACT ] Aim  To observe the effects of receptor interacting protein 2 ( RTP2) on macrophage inflammatory ac-
tivation and polarity transformation, and to explore the mechanism of RIP2 in macrophage phagocytosis of oxidized low den-
sity lipoprotein (ox-LDL). Methods THP-1 derived macrophages were treated with different doses (10, 25 and
50 mg/L) of ox-LDL for 24 hours, and treated with 50 mg/L ox-LDL for 8, 16 and 24 hours. ~ Real-time quantitative PCR
and Western blot were used to detect the expression of RIP2 mRNA and protein in THP-1 derived macrophages, and ELISA

was used to detect the secretion of tumor necrosis factor-a (TNF-a) and monocyte chemoattractant protein-1 (MCP-1).

[ EHI]  2024-03-28 [fEEIEHI] 2024-06-03

[(HE&TH] 74 HRREAIEATHE (2019023015) ; G AT LA HEZ 51400 H (WX200Q10)

[MEERIN] s, FIREIN, FZFL M B 1AL G RBFSY , E-mail ; drthou@ foxmail. com, JBEEH T EH, M1,
P WA A S, E AL YRS, E-mail : yanchunding@ aliyun. com,



CN 43-1262/R 1 [E sh ik fb42ids 2025 4F55 33 555 1 1)

31

Three pairs of RIP2 siRNA were designed, transfecting them into cells using hiperfict transfection reagent, real-time quanti-
tative PCR and Western blot were used to detect the expression of RIP2 mRNA and protein in THP-1 derived macrophages
after transfection, in order to screen for the optimal siRNA transfection concentration and the most effective pair of siRNA.
After transfection with the most effective RIP2 siRNA, cells were treated with 50 mg/L ox-LDL for 24 hours, ELISA was
used to detect the secretion of TNF-a, MCP-1, interleukin-10 (IL-10) and interleukin-12 (IL-12), real-time quantitative
PCR was used to detect the expression of inducible nitric oxide synthase (iNOS) and arginase-1 (Arg-1), flow cytometry
was used to detect the expression of cell surface antigens CD86, CD80 and CD163. Results Ox-LDL induced the ex-
pression of RIP2 in macrophages in a dose-dependent and time-dependent manner. ~ With the increase of ox-LDL treatment
dose and time, the expression of RIP2 mRNA and protein increased.  Among them, the expression of RIP2 protein in the
50 mg/L group was 7. 6 times of the control group, and the expression of RIP2 protein in the 24 h group was 17. 9 times of
the control group (P<0.001). The ELISA results showed that with the increase of ox-LDL treatment dose and time, the
secretion of TNF-a and MCP-1 increased (P<0.05). After transfection of RIP2 siRNA into cells, ELISA results showed
that the secretion of TNF-a, MCP-1 and IL-10 in the ox-LDL group was 2. 4 times, 2.9 times and 1. 8 times of the control
group (P<0.01), and the secretion of IL-12 decreased by 34. 2% compared to the control group (P<0.01) ; the secretion
of TNF-a, MCP-1 and IL-10 in the siRNA+ox-LDL group decreased by 37.4% , 45.3% and 27.4% , respectively, com-
pared to the ox-LDL group ( P<0.01), while the secretion of IL-12 increased by 31.4% (P<0.05).

cytometry and real-time quantitative PCR showed that the expression of CD86, CD80 and iNOS mRNA in the ox-LDL group

The results of flow

was 14.2 times, 33. 8 times and 4. 5 times of those of the control group, respectively, while the expression of CD163 and
Arg-1 mRNA decreased by 33.4% and 43.0% , respectively, compared with the control group ( P<0.05) ; the expression
of CD86, CD8O and iNOS mRNA in the siRNA+ox-LDL group decreased by 27.6% , 29.3% and 34.3% , respectively,
compared to the ox-LDL group, while the expression of CD163 and Arg-1 mRNA increased by 30. 3% and 38. 6% , respec-

tively (P<0.05).
time-dependent manner.
[KEY WORDS] receptor interacting protein 2

VFZ 9 E AR, sh kol FERE AL ( atherosclerosis
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R H (oxidized low density lipoprotein , ox-LDL)
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B RM AT F g, W IR R R, 2 5 4 &
P RBEHIE 15 K e B koo B A A B B B R
850 Rl ) =95 e S RN S S B B 07 g
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SR =N ( nucleotide-binding oligomerization domain
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oxidized low density lipoprotein ;

Conclusion RIP2 expression in macrophages can be induced by ox-LDL in a dose-dependent and

RIP2 gene silencing can inhibit ox-LDL induced M1 macrophage transformation.

atherosclerosis; macrophage
binding oligomerization domain,NOD)1 12 J& NLR %
R R EBERL L, NLR 5 BCARSS G 5 v E T liF
A9 RIP2 , i i3 #% K F kB (nuclear factor-«B , NF-«kB ) &
12l 22 54 )53 A6 B B ( mitogen-activated protein
kinase , MAPK) i& 1215 S 40 K 7 S LR 75 10 &
B BIURRRER I, BFFEHE e 5 A A g
(¥ P4 £ 40 i, NOD1 \NOD2 | RIP2 Fil NF-kB ) %1k
1 TR B 40 4 2R 8 (interleukin-8, 1L-8) [y
R, 27 RIP2 W] REZ: 15 15 48 A AH OC 1) 2l Ik ok A+
AL R BRI T & B, RIP2 25 KR
SNk I 0 P 7 o R R Il - T UL i Y
RapE R A A B RIP2 W BES 5 o) ik A A
PRI I, AE AL i £

AW 5E A8 A ox-LDL 2b 3 THP-1 Y5 1 E 1 4
i, WA RIP2 R IR7E AL ; Bl UER RIP2 S [, WL
%% RIP2 siRNA X ox-LDL Ab3 (% THP-1 J54: E W40
R g8 PRFE A o (tumor necrosis factor-ot, TNF-at )
PR 40 B ¥4 4k 25 1 1 ( monocyte chemotactic
protein-1, MCP-1) %5 4 iE: K] 43 h S b M 2 Ak 1 5%
Wil , 5 TEAR T RIP2 7 W 0 i 2 P 1% Ak R0 P 5
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1 #RHGE

FELWH R
THP-1 28 g, i T o E A} 2 |5 48 g B ; RPMI 1640
AT HyClone 27 3 f6 4 g T b w2 X4
AR RN F ox-LDL 1 F )~ NAZIE £ B 5 A R
N RO A & LR KO € B PCR A & W T
TaKaRa /A 7 ; hiperfict % %23 7| ¥ T Qiagen 4 41 />
B ;B M B8 1 T Sigma N F] ; R4 A RIP2 % 7 LK
¥ F Santa Cruz Biotechnology Inc 4 4 /A 5 ; % 351 A
B-actin ¥ 7%, & 11K W T Proteintech 4 # /A 7 ; & A
B | & \BCA & & K E N & R 7 & W T 93 4
WA A R F; A MCP-1, TNF-a, IL-10 , IL-12
ELISA 7l & W T 46 /R & & BH A IR A3 5 5
48 1, 470 & CD86-FITC . CD163-FITC . CD206-PE 1 F
F & BD A 48] AR O B R sk BT AL
1.2 #HREiZEZER THP-1 ARAIES S

WEFHLRERMAFEHRDLF, 37 C. 4
5% CO, % A4 T8, THP-1 41 i & % & &
H 10% Ba 4 o 7 o % & RPMI 1640 H: b 2 3
NEAREFHEE, ARET2~3 REHAT1RH
R, 233 ~4 hERE, U 1x10%/mL t % & 4 %
Bl FAE, I A 160 nmol/L # % Bs 4 EE 24 h
B W EEERL L R EBRFANEARL,
i 2, A B g 4a R, THP-1 R % B o
40 i % 10,25 & 50 mg/L ox-LDL 4 32 24 h, = 50
mg/L ox-LDL 4 3 8 16 X 24 h,
1.3 THP-1EMEEMMET RIP2,FFE—FHL
RAEMEIBEREEE | mRNA BIRIZHEN

| Trizol X 7| 4 BX & 41 # K & RNA, R # & )
cDNA, 3t 3 4T PCR & 31, 5 4 # Invitrogen A &] &
., 54 F %] RIP2 iE L4 % 5'-GCTGCATCACTG
TCCTGGAA-3'", & X %% % 5'-CCAGGCTGCAGACGTT
CTG-3"; % & A — & fb A & B (inducible nitric oxide
synthase ,iNOS) IE 3 4% % 5'-CTGCAGCACTTGGATC
AGGAACCTG-3', & X # %7 5'-GGAGTAGCCTGTGTC
ACCTGGAA-3'; %5 & B B 1 (arginase-1, Arg-1) 1E X
# K 5'-TGCATATCTGCCAAAGACATCG-3', & X #
N 5'-TCCATCACCTTGCCAATCCC-3', R 1K & %
20 pL, # ¥ SYBR Premix 10 pL, PCR L # 3| 47
(10 wmol/L) 1 wL, PCR T # 5| 47 (10 wmol/L)
1 wL,ROX 0.4 pL,cDNA 2 pL, K # # % K 5.6 pl,
KB 4195 CHAE %30 5,95 CH M3 s,55 CiE
K 30 5,72 °C ZEf# 30 s,40 & IR, VL B-actin K W

1.1

S O N = S o NI - S 3
mRNA A8 % & 3
1.4 THP-1E4EEREHMMF RIP2 EHMRIEEN

W5 2m L, BEAT B B R, m F R AR SDS &
WG E W E UL 220 mA WIE E BT A R T M
BERE IR ik 4% 100 min; B E B R#EH E
PVDF fi b5 —44 CHER,ERHH 42 h,
FE 4 TBST %k % 3 %k, 4 % 10 min, ECL % % 4
Kl 4 R F Image ] A7 2 34T R E 0 2
WA, LB E G S B-actin BB K AE Bt
14 B & Ak ik KT,
1.5 RIP2 siRNA BJi&it#I & K A

&A% RIP2 mRNA JF 7, % 1t 3 %t RIP2 siRNA,
RIP2 siRNA-1 iF 3 %%.5'-GAGAACAUUUGAAGAGAUA
dTdT-3', & X %k . 3'-dTdT CUCUUGUAAACUUCUC
UAU-5';RIP2 siRNA-2 IF 34 .5'-CAAUAUGACUCC
UCCUUUA dTdT-3', 5 3 %% . 3'-dTdT GUUAUACU
GAGGAGGAAAU-5"; RIP2 siRNA-3 I X % 5'-
GAAAGAGGACUAUGAACUU dTdT-3', & 3L 4. 3'-
dTdT CUUUCUCCUGAUACUUGAA-5', [ % 3t B
siRNA d & # . L 30,50 & 80 nmol/L siRNA
B THP-1 RME S M, KR LEMERA TN
g g & | SLaf Ok £ & PCR &Il & 41 RIP2
mRNA 8 5 35, T 0 3% %% 42 3 R & £ 89 siRNA
WK JE ., | Western blot # il & 41 RIP2 & & iy % 3£ |
i % HH 4% 24 R & £ 1Y siRNA,
1.6 ELISA # il THP-1 & 14 E I 40 f TNF-o.
MCP-1,1L-10 % 1L-12 #9453 i

WA R, -80 CHREFA . HARE &
W A AT 15 min 2 LR B, 7R K & 4R i B9 BE AT
MR % AL BTl AR T B A AL, AR R
100 L, 5 9 £ & 100 pL, BE AR AR B % ,37 CIRE
2h;F AT, AL AN 100 pl A E K A,37 C
WA hy FR, AR 3 R, LN 100 pl 4 A
M B,37 Ci & 30 min; F &, AT, A4S K, &AL
N JR 7 90 pwL,37 C# AR & TN
M50 WL, &0k RORL, 7 Uk B AR AR R B8 T KR &
A9 g, 3L B B AR A AE 450 nm K K T OD fE,
SO ARt & B A 7 A2 4% TNF-a \MCP-11L-10
FOIL-12 R
1.7 AR THP-1 B E M R E i
J& CD86.,CD80 K CD163 KIFKi%

RIP2 siRNA % % % i, /5,50 mg/L ox-LDL 4b 32
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24 h, R EBmELER)E, HHITE,EE 1x10°
g B, B E PBS V% 2 #,100 pl PBS
FAMM B N 20 pl Ko E ARG HY CD86
CD80 .CD163 7 K Hi Ak, % i # X & 15 min, ik
WA, E R L E 10 ming 2 500 r/min & O
3min 5,% ¥, mN0.5 mL PBS 847, & & 4},
KA R BRI L Flow J 3 A7 25 B UK
B 40 A Y B 4 P AR Y LA AT,
1.8 ZitELH

K | SPSS 18.0 ##F xt L FEHAT it 247, I
ERR L xes K-, BN LR KA BE & 7 Z 4047,
R RXA ¢ %5, P<0.05 Xk 7 £ FH %K ¥

2 # B

ox-LDL 3t THP-1 iR B W 40 Bl RIP2 RiZH

PIASA A& (10,25 £ 50 mg/L) f ox-LDL 4k
PEOTHP-1 U5 PE B W 40 i 24 h, K 45 38 s,
ox-LDL RE AFI &4 1) 7 20175 5 B Mg 4 ffd v R1P2
1933k, Hirh 50 mg/L 41 RIP2 45 [ A FE kS ) FR 40
[ 7.6 f5(P<0.001), H 50 mg/L ox-LDL 43 54k
PR THP-1 P50 W5 40 i A [RI B [B] (8 .16 J2 24 h),
i 25 8 7R, ox-LDL i LA B[R] 4R 858 /%) O X% &
THP-1 4 B W 40 i rh RIP2 A5, Hivb 24 h 41
RIP2 5 [ Ay 1k J2 X B4 Y 17.9 % (P<0.001;

B,
20
S S N 5
g & s&g «o“\Q N g
<3 S A 281
T3 — S5
g ; de 8
® ‘ e
0
10 40 P<0.001
s P<0.001 S 32 P<0.001
<@ P<0.001 Control 8h 16h 24 h <@ P<0.'001—|
Zo P<0.01__P<0.001 Da S 824 o000 =001
cs RIPQ‘-——-.—-Q!GO a g-Q <0.! I_‘
Yo o o 16 P00t
=2 B-actin | M s e o 43kDa L > |—|
o g | o = 8
[ °
0
Control 8h 16 h 24 h Control 8h 16 h 24 h
& 1. ox-LDL % THP-1 iR E M4 RIP2 mRNA F1ZE B RIEHWFIE(n=3)
Figure 1. The effect of ox-LDL on RIP2 mRNA and protein expression in THP-1 derived macrophages(n=3)
2.2 ox-LDL 3t THP-1 iE 1 ERELHAR TNF-a \MCP-1 PR & A9 3% i, TNF-, MCP-1 #4336 3% Jin, LA

ibBy R
ox-LDL PIASIAE] 57 2 FIAS [A] i [6] Ab B THP-1 Y5
P E R 4H M, ELISA #6145 5 i 78 | B % ox-LDL A&

50 mg/L 41 530 5 Fc e s B ox-LDL Ab B [i] f1) 3
Jil, TNF-ac MCP-1 B0 163800, LA 24 h 4143 W&
E(FELME2),

= 1. REFER ox-LDL 4 E Xt THP-1 IR 14 E &40 TNF-a MCP-1 5 B8 0E (n=3)
Table 1. The effect of different doses of ox-LDL treatment on the secretion of TNF-a and

MCP-1 in THP-1 derived macrophages(n=3) AT ng/L
E=g X AR 10 mg/L ox-LDL 25 mg/L ox-LDL 50 mg/1. ox-LDL
TNF-« 18.51£0.77 24.7+2. 47" 30.64£1.96" 71.53+2. 35"
MCP-1 49.11+4.03 108. 54+4. 96" 127.91+4. 13* 163.4+7.22"

Ha i P<0.01, 53 BG4 LA ;b o8 P<0.05 ¢ 9 P<0.01,5 10 mg/L ox-LDL # Fb#;d 2 P<0.01,%5 25 mg/L ox-LDL £ %5,
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% 2. 50 mg/L ox-LDL A3 [E] i i@ Xt THP-1 iR 1% E 408 TNF-o, MCP-1 53 i B850 (n=3)
Table 2. The effect of 50 mg/L ox-LDL treatment at different times on the secretion of TNF-a and

MCP-1 in THP-1 derived macrophages(n=3) FAAT i ng/L
EELAN X 2 8h 16 h 24 h
TNF-a 19.51+0. 89 27.01+0.95° 44.71+2.06™ 71.53+2.35"
MCP-1 50.01+3.11 74.51+3.93" 77.76+7. 24" 163.4+7. 22"

H:a i P<0.01, 5T L ;b 9 P<0.05,5 8 h 4 HL# ;¢ i P<0.01,5 16 h 41 104,

2.3 RIP2 siRNA Xf THP-1 iEMEERELAE RIP2 mRNA B RIP2 siRNA-3 fE 5256 siRNA(E 3) .
EARIEHZM

TEDOC R A T, R AR 73 40 Bl A M 21 45,5801
FER IR 40 L R E e A siRNA | #9145 34 1 B Y 5k
RELF (K 2) . LURFFE siRNA 4% THP-1 J&
PEE RN, SC a2 O f PCR Rl 25 R ok, 5
XTHRAAAH HE , 50 nmol/L Y siRNA & [K 17T BR300 i
B, FRET 88.2% (P<0.001) , # 2EHL 50 nmol/L

YER IR T, 3 X siRNA #44J5 , Western blot B 2. BB RIP2 siRNA $34 THP-1 B
MZER R, S IRAIAE L 3 4 siRNA 357] DIFEZR E W 40 B 1R

FKSE 4] RIP2 #9263k, Ho RIP2 siRNA-3 117 LB OGEE WA E A A B SO0 B R
RO W R T IE T 83% (P<0.001) e vk Figure 2. Fluorescence microscope observation of

RIP2 siRNA transfection into THP-1 derived macrophages
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3. RIP2 siRNA %} THP-1 iR 14 EE AR RIP2 mRNA fE B RIEMEIM(n=3)
Figure 3. The effect of RIP2 siRNA on RIP2 mRNA and protein expression in THP-1 derived macrophages(n=3)

2.4 RIP2 siRNA ¥f THP-1 & 1% E I 40 il TNF-o % 3. RIP2 siRNA 3 THP-1 JE % E I 408 TNF-o, MCP-1,

MCP-1.1L-10 J TL-12 4> i B9 250 IL-10 B TL-12 SRR (n=3)
SXTJ. B ZH AH 1. . ox-LDL 20 TNF-a . MCP-1 _1L-10 Table 3. The effect of RIP2 siRNA on TNF-«, MCP-1,

IL-10 and IL-12 secretion in THP-1 derived
macrophages(n=3) A ng/LL
s Xof HEZH ox-LDL 41 siRNA+ox-LDL 41
TNF-a 12.77+0.67 30.68+1.31" 19.31+1.65°
MCP-1 17.29+2.34  50.77+5.20" 27.74x1.17°¢
IL-10 40.14+1.06 74.15£2.56" 53.84+2.78°

P43 06 i 2 38, TL- 12 14306 2070 (P<0.01)
5 ox-LDL 4 #H L., siRNA +ox-LDL 20 TNF-a, MCP-
1 IL-10 ()43 306 & 28 sk /0, TL-12 1) 43 1 I 35 438 Jn
(P<0.05 5 P<0.01;%3),

2.5 RIP2 siRNA X THP-1 &4 B % 40 i CD86.
CD80.CD163,iNOS K. Arg-1 FRiXHIEZ00

?ﬁﬁéﬂﬂﬂ@ﬁ(ﬁi}ﬂﬂéﬁ%ﬁ%,ox-LDL 2 CD86 E"J IL-12“ ‘ 28.16+0.89 18.53‘%1.‘34“ 24.%612.29"

e L AL 14,2 15 CD8O [k 2 % HE 41 1) ()X_L];i;iégo.m , SN IR EE ;b S P<0.05,¢ i P<0.01, 5
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0.001) ;5 ox-LDL ZHAH kb, siRNA +o0x-LDL 4] CD86
K FFET 27. 6% ,CD80 YFIA & T 29.3% ,
CD163 #ikTHE T 30.3% (P<0.01) . LD GE

H# PCR

ZE R 7R ox-LDL 20 iNOS mRNA A3k &

X RRZH Y 4.5 1%, Arg-1 mRNA [ IBH0F RLH T [
T 43.0% ; 5 ox-LDL 41 #H b, siRNA + ox-LDL 41
iNOS mRNA [ 3K FFET 34.3% , Arg-1 mRNA [
FEIRBENNT 38.6% (P<0.05;/K 4)
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