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[Abstract] Objective To investigate the effect of reactive oxygen species (ROS) on foam macrophage formation by
regulating the expression of peroxisome proliferator-activated receptor-y (PPARy). Methods From June 2018 to
December 2021, human blood samples were obtained from 30 healthy donors, and peripheral blood mononuclear cells
(PBMCs) were isolated. The PBMCs were differentiated into human monocyte-derived macrophages (HMDM:s) and
subsequently infected with Mycobacterium tuberculosis H37Ra strain to establish an in vitro human macrophage
infection model. ROS production was modulated using N-acetylcysteine (NAC) and emodin, while PPARYy activity was
regulated using the PPARy agonist (BRL49653) or antagonist (GW9662). The effects of H37Ra infection on intracellular
ROS production and lipid formation in macrophages, as well as the impact of ROS generation on foam macrophage
formation, were assessed using 2', 7'-dichlorodihydrofluorescein diacetate (DCFH2-DA) and Oil Red O staining. The
influence of ROS production on PPARy expression in macrophages was examined by qRT-PCR and Western blot.

Furthermore, the involvement of PPARy activity in ROS-mediated regulation of foam macrophage formation was
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investigated by modulating PPARYy activity. Results The results of Oil Red O staining and DCFH2-DA detection showed

that, compared with the control group, H37Ra infection promoted ROS production in HMDMs and induced foam cell

formation, with statistically significant differences (P < 0.01). After treating HMDMs with NAC or emodin for 1 hour and

then infecting with H37Ra, NAC treatment reduced intracellular ROS levels and lipid content, while emodin increased

intracellular ROS levels and lipid content, both with statistically significant differences (P < 0.01). Western blot analysis

indicated that H37Ra infection inhibited PPARy production, NAC promoted PPARY expression, and emodin inhibited
PPARYy expression, with statistically significant differences (P < 0.05). Pre-treating HMDMs with BRL49653 or GW 9662
for 1 hour before H37Ra infection showed that GW9662 promoted lipid accumulation in the cells, with statistically

significant differences (P < 0.01). Conclusion
the expression of PPARYy.

[Key words] Foam macrophages H37Ra

receptor-y

2% 9% (tuberculosis, TB)J& i &5 #% 43 KT 1
(Mycobacterium tuberculosis, MTB) &Y 5 | i (1) —Ff 4
FEYNEBR . B (20244 R BREE R L5 Vi, k2
A 5r 2 — N TR MTB, 20234, FTif 2 i
PR 18 8205 91, B Dy s BT . MTBZE IR
TE R 5 B IR R, Bl R0 A v, JUEMTBS,
FL AN A 22 K — RGN A8 Ak, A0 65 H 4 A1 i o 45
YR, A N AR B A AN A0 N IR B A . XSS Ak
BHIRZ — R P ORI e B A N R, e
IR B W AN (foamy macrophages, FMs) ™', Z I
FEARW, EMsAT WA AN B ) fiE 3 835 WA itk — 2P
WFFE W], EMsH A i B2 40 0 A MTT B A 28 22 fiE R U,
A B T MTBAEE WA b A AT s HeAh, — L8l R
FEIB R, FMsTEMTBE TR B 130 it 45 8 244 1,
FMsHIIE B0 T MTBAE AN PN ARSI LK S5 R0 1
WOs AR R ) SR, MTBEG S5 N FMsIE I
MIBLHIA S R TEAE

AR, 9T & LI 14 4 (reactive oxygen species,
ROS) 2 5 Ik FERE AL I EMS I I, 1 1ROSAKF-1J
AR 1S EMSHUIE B S, ARSI 5 A MT B e 2
75t i e HEROS Y A K 5 S EMs T il B ALl
IR TE W) TG 5% IRy (peroxisome proliferator activated
receptor gamma, PPARy ) J& FMsJE W H & 4% 8 2 /E Y
N BRI AL AR Z — o PidiiE, PPARy ] i ATPES &
&% i2 1 G1(ATP-binding cassette transporter G1,
ABCG1) A 14 B[ B A M i AR MG 4542 3 BT I H37Ra
VI FMsHIE I 0 AT AR T A SM A i B A% 20
Ji Sk 5 14 W 41 Y (human macrophages derived from
peripheral blood mononuclear cells, HMDMs), ¥R
H37Ra/B Y X 520 it P ROS I 7= A= g ST AR 52 i,
ROSHLE AT EMsTE I L 648 it P9 PP ARy 6 1K A S0,

Reactive oxygen species

ROS can promote the formation of foam macrophages by downregulating

Peroxisome proliferator-activated

LK ROST 5 FMs B IE B2 7552 PP ARy P B 5200, )45
BAFEROSIE il 1T A PPARY R A M FMsTE il . #1
WIEWT,

1 HRET®

1.1 ZRREfnE#k

20184F:6 1 -20214F 12 (8], A58 A 3044 {4
T D SRIBCT NARIMRAEAS, B NS 110 mLH T
FiFHMDMs, A58 A8 1 [F) 2500, IF 358 5K
50— B B B R 2E SR AR B2 5L 23 (A HE (R 3G
(2023)CDYFYYLK(08-012) ), #t {44 % —4F . H37Ra
PR A S0 28 Z AT A T IR A7
1.2 FERAFA

Ficoll-Hypaque. 10% A ABIMLYE . N- £ BEF bt & iR
(N-acetylcysteine, NAC) | JHI£LO . 2-54-5-fiFf H % H it flie
(GW9662, PPARYFEDLHI) |, 2,7 - A AWM E LM
fit (DCFH2-DA) . KR e &K I T 3E ¥ Sigma’/A ¥, RPMI-
164035 35 3 T 25 [H Gibeo A 7, % 44 51| i (BRL49653,
PPARy# 7)1 F 5% [E Cayman/A ], CD14, CD68.
CD11bFCD164T1A N T 3 E Beckman-Coulter A A,
OADCH: KAh5E5 . Middlebrook 7H9 A W4 T3 [E BD-
Bioscience/ 7], RIPAZYf# L% i . BCAFE ARl &
W F i 2350 7], PPARYUIA , B-actindi {35 [
CSTA ), B E AT S lg GU AR T [ 2 A5
/NG
1.3 WHRAE
1.3.1 H#Fmnid i~

A SR AR TERT B A W) % 2 "9 (laboratory
biosafety level 2, BSL-2) (U ¥REE Hifb A7, SE6 i FH Y 2E
W2 4AE i JRHR900- 1T B2, 45K /A AF #H37Ral#
PRAE T 10% OADCHE K ARFEF L 0.05% Tween 807110.2% H



686 PUN S22 (B2 )

5 5745

B Middlebrook 7HIR 7 H F°37 CHEFR E X EAE K/
T, R ARAT RO, R AR I H 37 RasB ORI AR
G, I AN 75 o SO AR AL 110 min. HH B 3 HGT
BT B AR I A R A

K Ficoll-Hypaque J& 15 J3 1500 0 D fd R 45 04 %
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Fig 1 The effect of H37Ra infection on reactive oxygen species (ROS) and lipid accumulation in macrophages

A, Flow cytometry was used to identify human macrophage phenotypes. B and C, ROS levels in human macrophages were measured using the DCFH2-DA assay (n =

3). D and E, Lipid droplets in human macrophages were detected using Oil Red O staining (1 = 3). ~ P<0.01, " P < 0.001.
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Fig 2 The effect of reactive oxygen species (ROS) generation on foamy macrophages (FMs) formation

NAC: N-acetylcysteine. A and B, ROS levels in macrophages after pretreatment with NAC or emodin were measured using the DCFH2-DA assay (1 = 3) (original

magnification x 200). C and D, Lipid accumulation in macrophages after pretreatment with NAC or emodin was detected using Oil Red O staining (n = 3) (original

magnification x 1000). " P<0.01, " P<0.001.
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Fig 3 The effect of reactive oxygen species (ROS) generation on PPARy expression in macrophages

NAC: N-acetylcysteine; PPARy: peroxisome proliferator activated receptor gamma. A, PPARy mRNA expression levels in macrophages after pretreatment with NAC

or emodin (n = 3). B and C, PPARy protein expression levels in macrophages after pretreatment with NAC or emodin (n = 3). " P<0.05, " P<0.01,”" P <0.001.
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Fig 4 The influence of PPARYy activity regulation on foamy macrophages (FMs) formation

NAC: N-acetylcysteine; a, Control; b, H37Ra; ¢, H37Ra + BRL49653; d, H37Ra + GW9662; e, H37Ra + NAG; f, H37Ra + NAC + GW9662; g, H37Ra + Emodin; h,

H37Ra + Emodin + BRL49653. A and B, The effect of PPARYy activity on FMs formation was assessed by Oil Red O staining (n = 3) (original magnification x 1000).

C and D, Whether the regulation of FMs formation by ROS is influenced by PPARy activity was assessed using Oil Red O staining (1 = 3) (original magnification x 1000).
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