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Ao FiE AL LPS#ALRE 5 A1 ¥4 1,10,100 ng/mL 4 LPS 323k e 24 h, 4ol tm fe 3 Jr L ik i b & o e~ 6(IL-6) K P F=
oL P R — AL R A BE (INOS) & & A KT, S I i 40 R B 26 25 R, ¥ 4m R % Control 41 | LPS 4 32 4 Fe 3 AR Rl ik
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6, TREM2 & & & 3A , ¥ 40} 5 % Control 28 \LPS 4L 22 480 | 4% JR 8 +LPS 41 . TREM2-siRNA+%% JR B +LPS 41 = 4L 5> -siRNA (SC-
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iNOS #» NF-kB p65 & @ £ & /K -F 3 2 % 4% . TREM2 & & £ ik K-F 2 %3 (P<0.05) ; 5 2k R BA+LPS 28 b 4%, TREM2-siRNA+
2k RER+LPS 2848 1L ¥ INOS 7= NF-kB p65 & & & ik K -F 3 £ 391 % . TREM2 & & £ 4 K-F 2 3% 41%(P<<0.05) , TREM2-siRNA #
BT GRE G ERVER ;M SC-siRNA A 3T Rk & A 6 LRAE R R P, B SR T R 5 49H) LPS %t E *4& 40 i) 3%
&, 3K AE R T A A 8 i TREM2 & G549,
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Mechanism study of chlorogenic acid alleviating macrophage activation

ZHENG Wei', LANG Jing’, HUANG Xifeng', XIAO Rui', BAI He', JIA Ji'(1. Dept. of Anesthesiology, General
Hospital of Southern Theatre Command, Guangzhou 510501, China;2. Dept. of Orthopedics, General Hospital
of Western Theatre Command, Chengdu 610083, China)

ABSTRACT OBJECTIVE To observe the effects of chlorogenic acid on the activation of macrophage induced by
lipopolysaccharide (LPS), and to explore the role of triggering receptors expressed on myeloid cells-2 (TREMZ2) in the action.
METHODS To find a suitable LPS concentration, the cells were cultured with 1, 10 and 100 ng/mL LPS for 24 h. The level of
interleukin 6 (IL-6) in the cell culture supernatant and protein expression of inducible nitric oxide synthase (iNOS) in the cells
were detected. To search for a suitable chlorogenic acid concentration, the cells were divided into control group, LPS group and
three chlorogenic acid (0.01, 0.1 and 1 pmol/L)+LPS groups. The levels of tumor necrosis factor & (TNF-a) and IL-18 in the cell
culture supernatant, the protein expressions of iNOS and TREMZ in the cells and cell viability were detected. To observe the effects
of TREM2 in chlorogenic acid alleviating macrophage activation, TREMZ2-small interfering RNA (TREMZ2-siRNA) was taken to
intervene in TREM2 protein expression. The cells were divided into control group, LPS group, chlorogenic acid+LPS group,
TREM2-siRNA+chlorogenic acid+LPS group and SC-siRNA-+chlorogenic acid+LPS group. After 24 h incubation, the levels of TNF-
o and IL-1B in the cell culture supernatant and protein expressions of TREM2, iNOS and nuclear factor kB p65 (NF-«kB p65) in
the cells were detected. RESULTS 10 ng/mL LPS promoted
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meanwhile increased TREMZ2 expression without effect on cell viability, and 0.1 pwmol/L chlorogenic acid was taken in the next
experiments. Compared with the control group, the protein expressions of iNOS and NF- kB p65 in the LPS group were
significantly increased (P<<0.05) ; compared with the LPS group, the protein expressions of iNOS and NF-«kB p65 in the
chlorogenic acid+LPS group were significantly decreased, the protein expressions of TREM2 was significantly increased (P<<
0.05) ; compared with the chlorogenic acid+LPS group, the protein expressions of iNOS and NF-kB p65 of TREMZ2-siRNA+
chlorogenic acid+LPS group were significantly increased, the protein expressions of TREM2 was significantly decreased (P<<0.05).
TREM2-siRNA could significantly reverse the above effects of chlorogenic acid, while SC-siRNA did not significantly affect the
above anti-inflammatory effects of chlorogenic acid. CONCLUSIONS Chlorogenic acid can inhibit the LPS-induced macrophage

activation, and its anti-inflammatory may be mediated by TREM2 protein.

KEYWORDS chlorogenic acid; macrophage; lipopolysaccharide; inflammation; triggering receptors expressed on myeloid cells-2

I A4 ) 32 0BG 5 22 Tl JORE AH DGR I 19 i A
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AT, B3 45 IR IRFE R T o (tumor necrosis factor o,
TNF-a) . 14l f2 4 % 1B (interleukin 1B, IL-1B) il IL-6
8o IR A At M DR - AT il YRR FR A iR 2
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I, T A 0 o T B AT A B g 7K
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ZINHE TS A4 T AN 7Y p38 43 B4 i I Y 2R 1 B/ Toll
FEZARSE A8 B (B TR S ML o5 AN I
B BE A0 2 3% 3K 1Y fik & 57 4K (triggering receptors ex-
pressed on myeloid cells-2, TREM2) & % 15 T F W 41 it
A —Fh R, PTRE EEA BOE FRBE I0 ARE S
N A FE A 2 8 ECR B )5 i Z2 4 (lipopolysaccha-
ride, LPS) H3#/IN R RAW264.7 A A , 5400 I 4
PTG, LB 23 S R X LPS JUr S5 15 W3 4 B 5476 1) 52 i 11
TREM2 7t H BT, S B B 4 S 1) 0 R ALl 42 1L
SEgR A R
1wy
L1 FEMNF

Series 2 BIANNI R F= 46 H 555 Thermo Fisher Scien-
tific 2 1 ; Infinite 200 % 45 A W [ %t 1 Tecan 23 7]
Criterion 7 B3, 3K {LFl GelDoc Go AU ¥t it A% R 4230 A
5% [ Bio-Rad 28 ) ; FV10i B 1L 5 8 i B I B H AR
Olympus A HJ
1.2 FEARBSRF

SRR J5URE 24 (15 327-97-9, 4l F >95% ) . DMEM
20 M 15 7R 5L (5 D5796) i A= L1 (L5 9014-87-7)
- F 3L VAR (dimethyl sulfoxide, DMSO) (15 67-68-5)
HMIMTT (41t 5 298-93-1) ¥ H 3 [ Sigma-Aldrich 22 7] 5
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TNF-o, IL- 10 I TL-6 i 4 14 4 it PRI e I 551 4 (it
439k 20220314 ,20220517 20220418 ) 4 [ v [E g 5t
AR TR ST 5 Sebit/ NI 3 P — S AL AL 5 1 (in-
ducible nitric oxide synthase,iNOS) (Fi£5-ab178945) . #%
F kB p65 (nuclear factor kB p65, NF-kB p65) (it 5
ab32536) — Hit A 1L =F T R 1gG T W B — 41 (it =
ab7090) #1114 H 9% [E Abcam 23 7] ; TREM2 /N T4 RNA
(TREM2-small interfering RNA, TREM2-siRNA) (it 5
HU079401) . LFF-siRNA (SC-siRNA , #lt 5 SIC001) FI%%
Ju (k5 L3287) ¥ F Fi 1+ Qiagen 23 Fl ; Cy3 Anict i1
HPEH RIS A0516) FI b H R IR S TR
(15 C0223) 10y 7 H [E 5 = RAEYIFARAFBRA A
1.3 #EE

SEH /N RAW264.7 4 22 35088 T v [ Rl
B b i AE i B 22 B 5T T . RAW264.7 B 41 i 7E
DMEM A i35 57 Herh 45 5% {9 565 10% G4 1M iis . 10
U/mL (975 8 Z M 10 ng/mL EEEE . BHERNES
% 95%0. F1 5%CO., I R 37 °C IR JE R 100%, Hf2~
3 AR LR, LA 14 B IR 2 vk, Uk
BRI AR TS 22505
2 FHik
2.1 LPSIERREHIFE
2.1.1  ZHAEr2H R Aab B

SR LY LPS IR FE 4 40 M 534 Control 2
FIAS ] 5 5 16 J2 (1,10, 100 ng/mL , 7% 1 52 56 45 5%
BOLPSAFRL . AIAE S A IR FR AL 28 b
FRIENIFE 24 h)5 , AT LN & T0R
2.1.2  YHMERESR LW IL-6 AP rAs

2R T 24 ALK P, BB 5 X 10° /4L, 24 h
YU RE J5 , #2. 117N kol (A 84 E L) 4
2 KEFRUNM, SR 5 PR A FLAN M5 5% LI 200 pL
FELE N, T4 °CTF 5000 r/min 5.0 30 min, 550045
FG W3 FIE R 150 L, AR TL-6 320570 & id B A5 A8
IL-6 7K.
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2.1.3 4P iINOS & 13RS o

K FH Western blot 72 K il 21 ffd H iNOS £ F 19 % 15
Vo AR T 6 fLAR D, B R 1 X 10°4~/4L, 24 h
YHMINGREf5 , #52. 1.1 ikl (B 482 40) 4
2y FEFRANNE . BERES IR W LR R R IR
£h 2% i i (phosphate buffer saline, PBS) J# ¥t 3 ¥ (5
min/{R) , SR 5 BEFLINAGH A 2447 K 500 L, 7£ 4 °C M3
fif% 5 min, SR FH4H MR 4 MU B 2 3 i i B N L TR
4 °CF LA 12 000 r/min Z5.0> 30 min Ji5 , Y0 5E 1, %
Bradford VA #1728 e i, UE FTEEA T M iR AR VRIS L
A3 58 TR M Tk Mg Bk e i 9k (PR 120V, B A R] 2 h) L I
et 2 B — 3 LR MR B (CRE LU 200 mA, 5% [ 1]
2h) A 5% BB WA B A AR R U, 4 °CiE R
5 A B INOS . GAPDH — 471 (s B LL 451 23 331
1:500,1:1000), 7 37 °C ¥ 5 4 h; PERESE A LL=E47T
G 1gG TR BF — Bt (R RE LA 1:1 .000) , % iR & 60
min; fff AR OG0 65 R FHEER R RS A
{8 1 Tmage Lab FA450Hr 45 2541 B9 K EEAA, LLINOS 25 1
55 GAPDH 4 [ %) JK B AH U A 6 78 INOS 25 111 19 % ik
Ko
2.2 RIFEBRLGAIRENIFIE
2.2.1 MGy eH Kb B

S22 FH OGSk A 2 S R Tk B K 4 43R Con-
trol 41 \LPS A HHZH (10 ng/mL, #%“2.17 T F 45 1% &, F
[7] ) FIUAN [F] e i 2 Jir e 1 T2 (8% 32 3643 1) 45 0.01,0.1
1 wmol/L Z¢J5 A F1 10 ng/mL LPS) , 420 8 M fL. H44H
JAE S A LR 2GR a3 3k /25 A R RS v B & 24
h &, JEFT LA 45304
2.2.2  AUMEREFR LI TNF-o IL-18 7K B4R

Fie 2,127 WUN Jy A R A0 A, B RS SR | Tr A
BEJ 3 “2.2.1" W0 N - T A oy 4 AR 2 S 8 R AR
Ji MR AR TNF-o0 F1TL-18 328055 & U W A N A i 55 77 B
W TNF-o JL-18 7K,
2.2.3  ZHHIrF INOS \ TREM2 5 235 7K F By 4G

& HI Western blot {245l 411 il H iNOS . TREM2 4 [
F IR0 #2242, 13700 7 AR an i, MG 5%,
FRAH RN RE S, #e“2.2.1" 300 J7 bk A 7 20 M A3 20 (i 4
ANEAL) HAEG KSR H 2137 A AR A
A 525671 iINOS . GAPDH , TREM2 , B-actin — 7T 14 5 ¢
o5 435 1:500 . 1:1 000, 1:200,1:1 000, LLiNOS
15 GAPDH & [ K BE A LUEFRR INOS 85 H 1Y 3iA
7K, L TREM2 2K 11 5 B-actin 45 [ A4 3K B (8 LA %6 m
TREM2 & I FR3E7K -
2.2.4 4RSS BRI

KU MTT 2 U 20 M35 7 o F 20 3 T 96 LR
o 1X10° AL, R B BE fS 542217 30

TEZED 2023455 34 55 21

DT A A (R 8 NI AL) ARSI . KR
W5, FEFLINA MTT %% (5 mg/mL)20 wL, 37 °CHF 5 4
hJ s W5 BRI EE, JAL N A 150 wL i DMSO, #&3%
15 min, £ F R 58 0l , BUas FIFLN 150 L 7848 7K
YER25 AL, 7E 490 nm YK AR FH AR SR D 25 FL IO
B TS T . A0S T (%) = (SEER 0 WO B —
75 FEH WG )/ (Control 2 W — 28 AL OEE ) X
100%.
2.3 TREM2 7£ & [ B8 #I] % & & 28 R 8 i& R O 1E B
=
2.3.1 %Y TREM2-siRNA X [ W 41 jifd o TREM2 25 [
FARIKF-HISE R

PR AN T 6 FLAR T B 1 X 10°A /AL, Befh
24 hJ5 , W7 b 28 %3, AL A % 90 pmol ¥
TREM2-siRNA 44 1 mL,37 °CIE & 6 h ), W3 12
M LU PBS RIS UE 3 UK, B LA 4 it 24 i i 200
pL, 2% 30 min /& , WCAR 0 ML 5 4% <2.2.37 300 K J7 A K
4L rh TREM2 88 A RIAKT- . SEI A 40K,
2.3.2  Hiff o2 KAk B

W 5E TREM2 78 £ J5E 1 il 5 0 4 i 0% v £ 1
H K453 Control 2 \LPS ZbPH£H (10 ng/mL LPS) |
SR JRRRALPS [ 15 FR KL 1 wmol/L 4¢J5 R (3422.27 1 K
45 B E ) A1 10 ng/mL LPS], TREM2-siRNA+43 J5 iR +
LPS #H (Zfiffi 28 TREM2-siRNA ZbF 5 , F5-45 1 umol/L 4
J5 % F11 10 ng/mL LPS 43 ) Fl SC-siRNA+Z¢ JF i +LPS
21 (428 SC-siRNA AL B , 1528 1 pumol/L 2% 5t iz il
10 ng/mL LPS 4b3R) , RR2H 8 M AL, S A LR
RS dE /23 ISR 24 hs , P T AR & 306
2.3.3 T4 TREM2 Rk )5 4l i 15 97 L35 W TNF-a,
IL-1B 7K F Ay

Fie 2,127 WU N Jy R A0 AR, B RS SR TR A A
BEG $422.3.27 50 Ty bl TAnpa o4l (4525  FRYE TNF-a
TL-1 12501 85 U BH 5 A0 41 i 155 % - 3 W f TNF-ac  IL-
1B 7K.
2.3.4 T TREM2 £k 5 4104 INOS 25 FA YL (a1 Bl 1)
sl

2 M TR AR A R R SR LD % R
ILX10° AL, Rl 24 h)m , #42.3.27 W0 F 5 4y 4l 4b
WA FRR SR RALINA 4% 2 R P W 1 mL
7€ , 30 min J5 , PBS I ¥k 31K, 5 min/UK; B , AFLIMA
1% 4= M98 F 8 1 1 mL g AERE S PEDUE , 30 minJ5
PBS i ¥k 1 WK ; & fL i A iNOS — Bt (Fs B Lo il o0 1:
100) ,7E 4 °C ¥ H 12 h & , PBS 1 ¥E 3 K, 5 min/iK ; &
LA Cy3 FRic i L AT S 2 6 — 40 (Fks L4914y 1+
100)200 pL, % I HEOGIEE 90 min; Bi5 , &:FLINMA 100
pL 1 DAPI 4L i 40 a2 (B £2) |, iR kG & 5
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min J5 , PBS #OGIEE 3 UK, 5 min/iK ; >R FH SR AE W i
1 532 nm AL TE TN , I BEHLLE BRI
2.3.5  THE TREM2 ik 5 4 i TREM2 . iNOS FI NF-
kB p65 5 [ & IA7KF- 1A

$52.1.3" T Ik R AN, R RS 3R | For 20 B LG
BEJG ,$5242.3.2" W F ikordl Wb PR A 4N AL, $E
FEARE  #22.1.37 500 F ) k4 BRI TREM2 . iNOS Fil
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1:200.1:1000.,1:200, LAiNOSZ[15 GAPDH % [ 1K
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TREM2 NF-kB p65 % 1 192157k -
24 HitEFIE

S R SPSS 20.0 FXAEIEAT AT AL BE . BT AT
BAEEIR x5 308, A0 22 5 R H B R 207 2 000 Al
Tukey Z & WK S #7400 . K90 /K ifE «=0.05,
3 H£R
3.1 LPSE#KERIFIELER

5 Control 41 [(7.25+2.22) pg/mL] kb %, 10, 100
ng/mL LPS AbIRZA 4I5S i IL-6 7KF[(121.80 +
8.85) . (126.30 +8.65) pg/mL]4 i & JI & (P<<0.05) .
5 Control 41(0.12+0.02) Fb%%, 10,100 ng/mL LPS 4b #
20 41 Jifd 7 INOS ZE 11 £ 35 7K F- (0.84 £ 0.06 ,0.86 +0.04 )
1 3 FF 5 (P<<0.05) , H 10,100 ng/mL LPS &b ¥ £H [1]
i INOS 2 1 FRIB KT e 22 S R G i 24 L (P>
0.05) o PRI, AS B9 26 48 0T 2 Wk B4 10 ng/mL 119 LPS
VAT IR S5 iINOS 25 (2R i FL vk B LIRS 1o

GAPD! I S o

Control 1 ng/mL 10 ng/mL 100 n%/mL
LPSAbHZH  LPSALHEZH  LPSARHEZ

1 ARBRERELPSERATERMEFINOSER
FRIEHIEKE

32 FREBAHRENFEER

25 (8 2) 7, 5 Control 41 Fr4s , LPS Zb 20 15 57
Fer TNF-o | IL-18 7K d 2 FH55 (P<<0.05) 5 5 LPS b 3
ZHHE#5,0.01,0.1,1 wmol/L £R iR T Fl 4 40 i 55 5% L35
P TNF-a IL-1B /K-35 . 3 B (P<<0.05) . 5 Con-
trol ZH LL45¢ , LPS 4b FRZH 21 ffd v iNOS £ [ 3RA /K1 i 3
ThiE (P<<0.05) ; 5 LPS AbBHAH He 45, 0.1 wmol/L 4% JF iR
T TRZH A0 A INOS 4 [ Rk KT 3 PRI (P<<0.05)
50.1 wmol/L Zg iR T T4 b #¢, 1 wmol/L & JiL i + 1
ZH AN A P INOS ik /K- 8 3 T 5 (P<<0.05) , 45 5 UL ]
3A, 5 LPSAMIRA FLH, 0.1 mol/L & 5 R T 1 45 4 D
o TREM2 25 [ #e ik K7 i 35 T 8 (P<<0.05) , 25 5 L &
3B. Mk, R4S AL B A0S ) e s SRS
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ABIFFE VR 7 0.1 wmol/L LR IFFRFEA 75 22 5256

140
3 120 4 z
-
21007 ] mFa
F 809 [ iR
%
L 60 -
b
=40 b

O'ﬂ'. T T T T

1 il II§ v A

I :Control4l ; I : LPSARBHA ; I : 0.01 wmol/L 4% JFfig T Hi 4 ;
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4, P<<0.05;b: SLPSZM L 4, P<<0.055¢: 50.1 pumol/L Y45
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3.3 TREM2 4k R BRI §I B 1 4 B & R O 1E A
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3.3.4  T#H TREM2 3k % TREM2 NF-kB p65 il iNOS
GHEESIy SRl

5§ Control 41 %5 , LPS 4b 3 20 4 Jitg v iNOS il NF-
kB p65 M 1R A K P12 75 (P<<0.05) ; 5 LPS 4b
PRZH LUK , 4 )5 R +LPS 41 41 il f iINOS 1 NF-kB p65 25
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