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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).
TREMZ2-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
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R —Fh R, PTRE EEA BOS FRBE T0 ARE S
N A FE A 2 8 ECR W )5 i Z2 4 (lipopolysaccha-
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PRTE", LS 23 S R X LPS JUr S5 15 W3 4 B 54736 1) 52 i 1
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L1 EFEMNHF

Series 2 BIANNI R F= 46 H 55 E Thermo Fisher Scien-
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Olympus A HJ
1.2 FEARSRF
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TNF-o, IL- 10 I TL-6 i 4 14 4 it PRI e 551 4 (it
439k 20220314 ,20220517 20220418 ) 4 [ v [E g 5t
AR TR ST s Sebit/ RIS 57— S AL A5 1 (in-
ducible nitric oxide synthase,iNOS) (Fi£5-ab178945) . #%
F kB p65 (nuclear factor kB p65, NF-kB p65) (it 5
ab32536) — Hit A1 1L =F 1 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, #{t 5 SIC001) Fl%%
e (k5 L3287) ¥4I F Fi 1+ Qiagen 24 Al ; Cy3 Arict i1y
HIPEH RIS A0516) FI b H RIR S IR
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3 AR LR, LA 14 B IR 2 vk . Uk
BRI AR TS 22505
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2.1 LPSIEHRREHIFE
2.1.1  ZHAESr2H bR

SR LY LPS IR EE 4 40 M 534 Control 2
FIUAS ] T 5 46 J2 (1,10, 100 ng/mL, 2% 1 52 06 45 5%
EOLPSAFRL . AIAE S A IR FR AL 25 b
FRIENIFE 24 h)5 , AT DL 30K
2.1.2 YHMERESR LI IL-6 ZKFrAs

2R FD T 24 ALK P, BB 5X 10"/, 24 h
YU RE J5 , #“2. 117N kol (A 8 L) 4
2 KEFRUNM, SRS PR FLAN M 5% LI 200 pL
TR N, T4 °CTF 5000 r/min &0 30 min, 550045
F5 W3 IR 150 L, AR TL-6 32057 & id B A5 A8
IL-6 7K -,
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2.1.3 4P iINOS & 13RS o A

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
YU RE f5 , #52. 117N kol (B 482 40) 4
2y BEFRANE . BERES AR W LR SR R IR
£h 2% i % (phosphate buffer saline, PBS) J# ¥t 3 ¥ (5
min/{K) , SR 5 BEFLINAGH A 4% 2 500 L, 7£ 4 °C M3
fif% 5 min , SR FH4H MR 4 OIS 20 i i B0 N L TR
4 °CF LA 12 000 r/min &5.0> 30 min Ji5 , Y0 5E L1, %
Bradford VA#FA 728 e i, UE FTEEA T M iR AR VRIS L
A7 58 TR M Tk Mg sk e i 9k (Rl 120V, B A ] 2 h) L IF:
et 2 B — 3 LR MR B (BRI LU 200 mA, 5% [ 1]
2h) A 5% BB A B A AR R T, 4 cCiE R
5 A B INOS . GAPDH — 471 (s B LL 451 23 531
1:500,1:1000),7£ 37 °C ¥ 5 4 h; PERESE A LL=E4T
B 1gG T RF —Be (R REELA) A 1:1 .000) , % 3R & 60
min; fff AR KO0 65 SR FHEER R R G A
{8 ] Tmage Lab #4530 Hr 45 2541 9K EE A, LLINOS 25 1
55 GAPDH 4 [ %) JK B AH U A 678 INOS 25 111 1Y % 3k
Ko
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2.2.1 My Kb B

S22 FH OGSk A 2 S R Tk B K 4 e 43R Con-
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[7] ) FIUAN [] e o 2 S i 1 T2 (85 32 3643 1) 45 0.01.,0.1
1 wmol/L Z¢J5 A FN 10 ng/mL LPS) , 520 8 M fL. I44H
JAE S A R 2GR a3 325 A R SRS B & 24
h &, HEFT LA 45504
2.2.2  AUMEEEFR LI TNF-o JIL-18 7K B4R

Fie 2,127 WUR Jy A R A0 AR, B RS SR | T A
BEJG  H“2.2.1" W0 N - T A oy 4 AR 25 S 8RBk
Ji MR AR TNF-o0 A1 TL-18 328055 & Ul W A I A i 55 77 1
W TNF-o JL-18 7K,

2.2.3  ZHHIrF INOS \ TREM2 5 235 7K F- By A&

& HI Western blot I 45l 41 il iNOS . TREM2 4 [
FFIRAKN o #2242, 13700 7 AR An i, MG 5%,
FRAH ARV BE S, $e“2.2.1" 300 7 ik A 7 20 M A3 20 (g 4
ANEAL) ARG KRR H 2137 TR i AR A
A 525671 iNOS . GAPDH , TREM2 , B-actin — 7T 14 s ¢
o5 43590 1:500 121 000, 1:200,1:1 000, LLiNOS
HH1 5 GAPDH & [ K BE A HHEFRR INOS 85 H 1Y 3RiA
7K, L TREM2 2K 11 5 B-actin 45 [ A4 76 B (8 LA % m
TREM2 & [0 FR3E7K -

2.2.4 4RSS BA

KU MTT 2 I 20 M35 7 o F 20 3 T 96 LR

o 1XL0° AL, Fr A B BE fS 54 2.2.17 T

TEZED 2023455 34 55 21

BT A A (R 8 NI AL) ARSI . KRG
W5, BFFLINA MTT %% (5 mg/mL)20 wL, 37 °CHF 5 4
hJ s W5 BRI R, JAL N A 150 wL i DMSO, #&3%
15 min, £ F R 58 0l , BUas FLFLN 150 L Z8 487K
YER28 AL, 7E 490 nm YK AR FH AR S0k D25 FL IO
B TS T . A0S T (%) = (SEER 0 WO B —
75 FEH WG )/ (Control 2 W6 — 28 AL OEE ) X
100%.
2.3 TREM2 7£ 4% J& B8 #I] %l & & 28 R 8 iE R O 1E B
=
2.3.1 %Y« TREM2-siRNA X [ W 411 jifd o TREM2 25 [
FIRIKF-HIEE R

P2 AN T 6 FLAR T B 1 X 10°A /AL, B2 fh
24 hJ5 , W o b 2R R 3, AL A % 90 pmol 11
TREM2-siRNA %44 1 mL,37 °CHE & 6 h ), W3 )2
MUY PBS RS UE 3 UK, B LA 4 it 24 i i 200
pL, 2% 30 min /& , WCAR ML 5 4% <2.2.37 300 K J7 A A
4 rh TREM2 88 A RIAKT . S A 41K,
2.3.2  Hiff o2 K Ab B

kL 5E TREM2 78 23 J5 i 0 il 5 0 4 e 50 v £ 1
H K453 Control 2 \LPS ZbPH£H (10 ng/mL LPS) |
SR PRFRALPS [ 15 FR KL 1 wmol/L 4¢J5 R ($22.27 W K
45 B E ) A1 10 ng/mL LPS], TREM2-siRNA+43 J5i iR +
LPS #H (i1 2 TREM2-siRNA ZbF 5 , P45 1 umol/L 4
J5 % F11 10 ng/mL LPS 43 ) Fl SC-siRNA+Z¢ Ji i +LPS
2H (4B 28 SC-siRNA AL B , 1528 1 pumol/L 2% 5t iz il
10 ng/mL LPS4b38) , RR2H 8 M AL, ESA LR
RS dE 23 ISR 24 hs , P T AR & 306
2.3.3 T4 TREM2 ik )5 4l i 15 57 L35 W TNF-a,
IL-1B 7KF A

Fie 2,127 N Jy A0 AR, B RS S R A A
BEG $422.3.2" 50 T i TAnME o4 2525 ARG TNF-ar
TL-1 12501 85 U BH 5 A0 41 i 55 % - ¥ W P TNF-oc  IL-
1B 7K.
2.3.4 T TREM2 £k J5 4004 INOS 25 FA YL (15 Bl 1)
sl

2 M TR AR A R R SR LD
IX10° AL Rl 24 hm , $#242.3.27 W F 7 ik 4y Al 4b
WA FRR SR RALINA 4% 2 R PR 1 mL
7€ , 30 min J5 , PBS I ¥k 31K, 5 min/UK; B , RFLIMA
1% 4= M8 F 8 1 1 mL g AR RS 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 15 ¥k 3 K, 5 min/iK ; £
LA Cy3 FRic i L AT 26 — 40 (ke L4914y 1+
100)200 pL, % I #EOGIEE 90 min; Bi5 , &:FLINMA 100
pL % DAPI 4L ic 40 Ma i (B £2) |, iR kG & 5
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min /5 , PBS #EOGIFBE 3K, 5 min/iK ; 2k FH R AE Wil
1 532 nm AL TEFT LI, I BEALE B EFFAIE
2.3.5  THL TREM2 ik 5 4 i TREM2 . iNOS FI NF-
kB p65 5 [ &A1 A

$i2. 13" WU Jr ik R AN, R RS 3R | For 20 B LG
BEJG , $5242.3.27 W F ikordl AbPE A 4N AL,
FEAERE  #22.1.37 500 F A4 BRI TREM2 . iNOS Fil
NF-«B p65 7 [1 % ik /K F , iNOS, GAPDH , TREMZ2 , 8-
actin NF-«kB p65 —HTAH e Hb 45143714 1:500,1:1 000,
1:200,1:1000.1:200, LAiNOS 15 GAPDH %5 [ #Y JK
JEAE LB 22 7R INOS 2 1 11 638 7K F , L TREM2 , NF-
kB p65 4 [ 5 B-actin £ F1 1Y K B H L AH 70 1 & 7w
TREM2 NF-kB p65 25 1 122157k
24 HFitEFIE

S R SPSS 20.0 X AEIEAT AT AL BE . BT AT
BAEYIR x5 308, A0 22 5 R B R 207 20001 Al
Tukey Z & WK S -4 T 400 . K90 /K ifE «=0.05,
3 Z£R
3.1 LPSE#EKERIFIELER

5 Control £ [(7.25+2.22) pg/mL] kL # , 10,100
ng/mL LPS AbIRZA 4I5S i IL-6 7KF[(121.80 +
8.85) . (126.30+8.65) pg/mL]#4 & & Tt & (P<<0.05) .
5 Control 41(0.12+0.02) Fb%%, 10,100 ng/mL LPS 4 #
ZH 4 A INOS 25 11 235 7K (0.84 +0.06 ,0.86 + 0.04)
1 3 FF 5 (P<<0.05) , H 10,100 ng/mL LPS &b ¥ £H [f]
i INOS 2 1 FRIB KT e 22 S RS i 2 L (P>
0.05) o PRIt , ASffF 9% E 45 57 2 ¥ £ iy 10 ng/mL (1) LPS
VAT IR EESE 5 iINOS 25 2k iy FEL vk B ILIET 1o

Gappi A S 0o

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

1 AERERELPSERATERMMEFINOSER
FRiEHIEKE

32 FREBABHRENFEER

25 (# 2) I~ , 5 Control 41 Fr458 , LPS AbH2H 8% 57
Fr TNF-a IL-1@ 7K d 2 FH5 (P<<0.05) 5 5 LPS b 3
2 HE#5,0.01,0.1,1 wmol/L £R iR T 4l 40 i 55 5% L3
P TNF-a IL-1B /K-35 2 3 B (P<<0.05) . 5 Con-
trol ZH Lb45¢ , LPS 4b FRZH i ffd v iNOS £ [ 3RIA /K1 i 3
ThiE (P<<0.05) ; 5 LPS AbBHAH He 45, 0.1 wmol/L 4% JF iR
T TRZH A0 A H INOS 4 [ Rk KT i 3 PRI (P<<0.05) 5
50.1 wmol/L Zg iz T T4 b #¢, 1 wmol/L & Ji i + 1
ZH AN A P INOS ik /K- 8 3 T 5 (P<<0.05) , 45 5 UL ]
3A, 5 LPSAMIRA HLH, 0.1 mol/L & 5% T 1 45 4 Jfd
o TREM2 25 [ e ik /K- i 35 T8 (P<<0.05) , 25 1 L &
3B, AN, R4S AbBRAH (B 40 TS ) A s e g
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3.3.4  T#H TREM2 23k % TREM2 NF-kB p65 Fl iNOS
GHEESLy SRl

55 Control 41 %5 , LPS 40 F 20 41 Jitg v iNOS i1 NF-
kB p65 i 1R IA K- i 2 75 (P<<0.05) ; 5 LPS 4b
FRZH LUK , 4 )5 R +LPS 41 41 i iINOS 1 NF-kB p65 25
1 F2 ik K 14 i 3 G L TREM2 25 14 26 16 /K F i 35 71
5 (P<<0.05) ; S5 4¢ R+ LPS 41 4% , TREM2-siRNA+43
JERR+LPS ZH 40 1 HF iINOS FIINF-kB p65 15 [ 215 7K -4
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