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Prdx1 regulates macrophage polarization by maintaining
mitochondrial homeostasis

ZHANG Xiang, ZHANG Ziyue, QI Yiming, ZHANG Xiaona, YIN Songna*

Medical College, Yan’an University, Yan’an 716000, Shaanxi, China

Abstract: In order to investigate the role of Prdx1 in macrophage polarization, mouse leukemia
cells of monocyte macrophage (RAW264.7) were treated with lipopolysaccharides (LPS)+
interferon gamma (IFNy) or IL-4 to induce type 1 macrophage (M1) and type 1 macrophage (M2)
macrophages, respectively. The Prdx1l gene knockout cells (Prdxlf/ ) were used for the study.
Flow cytometry was conducted to detect M1/M2 macrophage markers, and ELISA kits were
used to measure M1/M2 cytokine levels. Inducible nitric-oxide synthase (iNOS) activity, arginase-1
(Arg-1) activity, and oxidative damage were also assessed. The Seahorse XFe24 Extracellular
Flux Analyzer was employed to measure extracellular acidification rate and oxygen
consumption rate. The mitochondrial membrane potential was analyzed using the mitochondrial
membrane potential dye (JC-1) fluorescent probe, and mitochondrial superoxide was detected
through fluorescence staining. Additionally, the impact of adding a mitochondrial reactive
oxygen species (ROS) scavenger on RAW264.7 macrophage polarization was examined. The
results demonstrated an increase in ROS, hydrogen peroxide, and 8-hydroxy-2 deoxyguanosine
(8-OHDG). Cytotoxicity and mitochondrial toxic effects, including mitochondrial superoxide
accumulation, decreased adenosine-triphosphate (ATP) production, reduced mitochondrial
membrane potential, and decreased mitochondrial DNA copy number, were observed.
Furthermore, down-regulation of translocase of inner mitochondrial membrane 23 (TIM23)
mitochondrial protein and mitochondrial stress protein heat shock protein 60 (HSP60) was noted.
The extra cellular acidification rate (ECAR) in M1 macrophage polarization in RAW264.7 cells
was increased, while oxygen consumption rate (OCR) in M2 macrophages was reduced. These
findings indicate that Prdx1 knockout in RAW264.7 cells can inhibit M2 macrophage
polarization but promote M1 macrophage polarization by impairing mitochondrial function and
reducing oxidative phosphorylation.

Keywords: macrophage; polarization; mitochondria; Prdx1
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# 1 MTATP6 #1 RPL13A 5141551

Table 1 Sequences of MtATP6 and Rpl13a primers
Name Primer sequence (5'—3")

MtATP6-F CAGTCCCCTCCCTAGGACTT
MtATP6-R TCAGAGCATTGGCCATAGAA

Rpl13a-F GGGCAGGTTCTGGTATTGGAT
Rpl13a-R GGCTCGGAAATGGTAGGGG
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Figure 1 Knockout of Prdx1 in macrophages.
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B Praxd Xf B WE40 i M1 B Ab AR &4 CD8O0 I CDS6 RURZIN. C: mihE Prox1 X E MEAN I M1 B4 AL i
TNF-a F5200. D: mlR Prdxd XFEWE40 L M1 BUARALRY IL-6 A52N. E: miFR Prdxd X§ B WE4H i M1 7Y
WAk Ar &4 CDS8O A1 CD86 A A A . **. P<0.01

Figure 2 Knockout of Prdx1 promotes M1 polarization in macrophages. A: Effect of knockout of Prdx1 on
iNOS activity in M1 macrophages. B: Effect of knockout of Prdx1 on M1 markers CD80 and CD86 in M1
macrophages. C: Effect of knockout of Prdx1 on TNF-a in M1 macrophages. D: Effect of knockout of Prdx1

on IL-6 in M1 macrophages. E: Flow cytometry analysis of M1 markers CD80 and CD86 in M1 macrophages
with knockout of Prdx1. **: P<0.01.
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O
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3 BUR& Proxl ATHIGIEMELAREEY M2 BIARIE A BB Prdxd X E WELHI Arg-1 WETERISEIE. B: A
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Figure 3 Knockout of Prdx1 inhibits M2 polarization in macrophages. A: Effect of knockout of Prdx1 on
Arg-1 activity. B: Effect of knockout of Prdx1 on M2 markers CD163 and CD206. C: Effect of knockout of
Prdx1 on IL-10 in M2 macrophages. D: Effect of knockout of Prdx1 on pSTAT6 in M2 macrophages. E: Flow
cytometry analysis of M2 markers CD206 and CD163 in M2 macrophages with knockout of Prdxl.

**: P<0.01.
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Prdx1 Xf B WEANAE HyO, 36 PERISEM. C: bR PraxL Xf B E4NAE 8-OHDG &t YR, **. P<0.01; Meo:
SRl

Figure 4 Knockout of Prdxl causes oxidative damage in macrophages. A: Effect of knockout of Prdx1 on
ROS in macrophages. B: Effect of knockout of Prdx1 on H,0, in macrophages. C: Effect of knockout of
Prdx1 on 8-OHDG in macrophages. **: P<0.01; M¢: Macrophages.

A Gl Ol 2-DG ++ .
o U:SOSE 189 : —O—Prdxl_‘_ 40 Glycolysis
( : | | o Prdxl” r ® Prdx[*"

I I I
-

Y N ! L ! ol L o+ [ [ 4 |
0 20 40 60 80 PrdxI1* PrdxI™

Time (min)

B S5 Bk Praxl X EREZHR ECAR BISZ00 A miBR Prdxd X M1 B AL E WE40 M ECAR B9520H. B

MR Prdxd Xf M1 B AL E KR4 ECAR BYSZIR. **: P<0.01
Figure 5 Effect of knockout of Prdx1 on extracellular acidification rate (ECAR) in macrophages. A: Effect
of knockout of Prdxl on ECAR in M1 macrophages. B: Effect of knockout of Prdx1 on ECAR in Ml

macrophages. **: P<0.01.
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B Prdx1 4 M2 IR AL E 2 OCR HIFZIR. **: P<0.01

Figure 6 Effect of Knockout of Prdx1 on oxygen consumption rate (OCR) in macrophages. A: Effect of
knockout of Prdx1 on OCR in M2 macrophages. B: Effect of knockout of Prdx1 on OCR in M2 macrophages.
**: P<0.01.

A 1 Praxi B
1.5~ e
I Prdxi
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1 1
Mg (LPS+IFNy) Mo (IL-4)

7 Rk Praxl SHERMMMERARG A &R Prdxl X LPS BiA IFNyRL K IL-4 A0 A
LR MAE DUER 2R, B REBR Prdx 4 LPS B4 IFNyRLK TL-4 7554 B4 B W 2 i 2ok (A G Bt 26
FOSLIR. **. P<0.01; mtDNA: ZEkifk DNA

Figure 7 Knockout of Prdx1 causes mitochondrial damage in macrophages. A: Effect of knockout of Prdx1

on mtDNA in M¢ (LPS+IFNy) and M¢ (IL-4). B: Effect of knockout of Prdx1 on mitochondrial protein in
Mo (LPS+IFNy) and Mg (IL-4). **: P<0.01; mtDNA: mitochondrial DNA.
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Figure 10 Effect of ROS scavenger on iNOS activity (A) and Arg-1 activity (B) in macrophages with

knockout of Prdx1. **: P<0.01; n.s.: No significance.
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