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Fig.1 The bleomycin induced pulmonary fibrosis mouse models

(a) The scheme of experimental design. (b) The body mass loss in pulmonary fibrosis mouse models (n=12 animals for saline group and n=16 for

bleomycin group). (¢) Lung wet mass to body mass ratio and lung wet-to-dry mass ratio were measured. n=5. (d) Representative images of lung tissue

stained with H&E and Masson’s trichrome. Quantification of lung inflammation and fibrosis respectively using the Alveolitis score and Ashcroft

score. n=6 for saline group and n=7 for bleomycin group. Data were presented as mean+SEM. Statistical significance was determined using unpaired

t test. **¥**%P<0.000 1.
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Fig.2 The proteome data comparison of normal AMs from saline group in this study and from published data

(a) Venn diagram. (b) Upset diagram. (c) Bar diagram showing missing value for each biological replicate. (d) Correlation plot of Pearson correlation

coefficients. (¢) Histogram. (f) Dynamic ranges of the proteins. The markers of AMs were labeled. (g) Bar plot showing AMs markers intensity.
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Fig.3 The quantitative proteomic of AMs in bleomycin model compared with saline group
There were 20 mice in both saline group and bleomycin group, and AMs from each group was then divided into two subgroups. (a) Dynamic ranges

of proteins. (b) UpSet plot showing the overlap of proteins from two biological replicates in each treatment group. (c) DEPs analysis displayed on

volcano map. Red points represented upregulated proteins, blue points represented downregulated proteins and grey points for non-significance

proteins. (d) The normalized proteins abundance showed on Heatmap. (¢) The mechanism of phagosome forming. (f) Heatmap showing the

upregulated DEPs associated with I-kB/NF-kB, inflammatory response, phagocytosis and TGF-f signaling, colors represent normalized intensity.
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Fig.4 The GO and KEGG enrichment analysis of the upregulated DEPs

(a—d) The terms of biological process, cellular component, molecular function and KEGG pathways. (¢) Heatmap showing the upregulated DEPs
associated with HIF-1 signaling pathway, colors represent normalized intensity. (f) The network of HIF-1 signaling pathway. The standard of
significant enrichments in upregulated DEPs was g-value (FDR)<0.05.
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fluorescence minus one. MFI: mean fluorescence intensity.



2024; 51 (10D

REH, & MITHELEEMEPEEEAMKNERREAFES T

-2767-

TR R, A KA, k&R
41 AMs 3 1k Tle2 [1-F- 2 56 5 B2 B 34 - (P<
0.01, [l 5e). HAMEELR TR, MERERA
AMs Pycard 8 15K F B F e (K50, Bk
S5 L], AMs 7EREF 48 fLJ5 TIe2 il Pycard ) 3
Y S TE S e

3 i@

H RAT 22 R0 ] BT 08 G il 41 4 AL A 2 1Y) 375
A, i, FokER . AMEE . RERERRYOE
% (fluorescein isothiocyanate, FITC) #1 4 4
el Hoh EORERIE ST 4L 5 AR
NHEFAEACARSAR L . AR . 555 HITELF,
& H AT IR e BN B B Se g MRl ok
B RS I AEA ) AL S DAk 2 1 75 40
MIDNA (WL, 74 | 2k, gRim5] &k A ik
RN, SRR T EOARSE, NI | S8 AE 0 I
A FEE YA 2  ASCRAFCR B RIFR
/N U AT AR BRI A9 . FEiZibilrh, /R
TR TR i ZR BRI IH T b
IR Jiti 8 9 1A A4 JH 92 1) AR e st L AR 5 — 2R 91 i B
%, X SEREHGE A R 8 20 I A 4 A A 2
FRIEARAF B

YT AMs 75 4E47 i 2H 23 G 20 B A 285 R0 il 21 4
it e RAEE BN 17 R CE SR T
AMs TE i 20 2L 0E & A BRAN 27 4E AL PR 455 v Y 8 ) o
Fikig AR, AL T RS AMs FIFEAS Tl £ 5
EETRPORRE (38S2), EAMRMEEL, &
R 2% SCHR T (o FH ) 24 W 53 8 mol/L IR 2 FiliR
FIR ) >, i FRAT A R 4 R 1% SDC
100 mmol/L Tris. 10 mmol/L TCEP FI 40 mmol/L
CAA. HI T SDC BB T S5CHb 175 e 241 Jf P4 1) 28
BT, $EEAE SR AR PR ICE Y TR
LR AT T o RO KRR T, AR
S0 R A = Az s, BRI 1% SDC AR T
8 mol/L JRE . TEME MR AP st b, RT
VTN T A, DL AR DR A B AR R A
(filter aided sample preparation, FASP). % J5 kg
%95/ FASP 1 F2 B 8 (B 2R 0 7Rk Ji )
MEHE b, 7E B R M EE  (dithiothreitol, DTT)
5 TCEPH], {RSGEEE T .. AR . Aok
Z5 AL TCEP, 5%, TCEP RERETERRYE pH 5k
pH>7.5 1 26 A1 T AR 4G 1 0 ik, TCEP AJ LA
S A — i e, I BAR R . e

PEfR, R—FE R IR R AR . BRI Z A,
YN 7% R TCEP Il CAA FU2H-45 A% T DTT #l
MLZ, Wt (iodoacetic acid, TAA), HJ LAY E
(182 [ o i AR 1 7 91 i o Lo

T BIRE AR, AT ok
RiET 21 dJ /D BUB ALK AMs 19 28 (A IR 53 .
B TR B0 A= BEER K 2 AMs Rk 5 B K £ 1
A B AMs Fakil B HEAT X, A T R
BHBEGAE] 53201, 145 AMs S MY RAIERR &
Yy, Aeieu AT R . R -, Rk
HRA AMs EAFEHN, 4801 DEPs, Hrh
W3 B 778 4 fE W3 L DEPs & BN
[-«B/NF-«B {5 53l % . 90 S 7 I8 75 3 i . v e
R ST o e = R o I e g 2 = |
JHL Y R RS T AR S I 5 PR T AR R 7, DA
TR SR RAE SNV o 55— 18 DEPs & 4 (13
 TGF-BA55 iM%, TGF-Pid /b REME B R
i AL, e R N ZF 4E AN 35 Ak B4 B RN iE
R Laso o070 NI S 25T 2 240 43 04 ) 240 B D A
Jii (extracelluar matrix, ECM) £ LU, ME
Wk 41 it 1 2 IR B v TGF-B Y Rz — ()
BRGSO L A LS, AMs 2B
A b YIE . KEGG Ml a itk —H R, 1
KA R AMs R AR AL . WA . B B
b A ALY AR HIF-1 {5 558 A5l ki 1 B % b
P o Hoop, HIF-1 {5 5 3 & b Hmox1. Hk2.
Cybb. Pfkl. Aldoc flPgkl Z58E R B & LiH, 5
FHOCHRIE T A e A ROAEE Th R S A A T R —
O SRR AT 4E AL A B AMs e BE H i AR
R

H HiT T A 38 2l R AN [ 9 2 2 B AR5 Al
LA ECRALEL S T IORNS , WER S Fn
5%, ERERARA )7 H, Bowman % 7 FEIf IR
FFE AR S A 2 B AR T I 2 Ak R85 ol
WA AR EY) . Mayr s 74 X i e 4tk i my
IR FE YRR T T 8 AU, I T
5 BB P SRR R 42 T A2 i) M) 5 R N g B
175 050 il 2 210 MRS 09 28 4k . TE S gE v,
Ding 4§ ' 38 o XHE R 85 215 T I 21 2 Ak /) U
U Il ST 8 (R A8, $8R T2y &y
FEUCE LT 44k Dy T 5> FHLEl . Fuss 7 SRA&
FI TR A RIS T R 8 28 A A Ak 5 S i Al 4T 4
AR I 2l 28R Rk i A8t . LA IFSE Y
KHEARAAHAR, AL, Il



2768+ EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (10

VR, AN R AANREAS R IF 8T . ARSCE
AR A 2 A AR AR 55 25175 Il 27 4 Ak /N
SR (1 AMs T THIFSY, iz i AL BRATE
GRS

A B2 TR RNA-seq B AR S Hrfii
L1 A AL TOA B AMs B35 564 . Aran 55 2 9T
N, THAYEALSG AMs FRIhFE U S100a4 . H2-EbI |
H2-Abl . H2-Aa. S100a6 Fl Clga %5 8% L8, &
SCH B T 2 25 S IR A B 7R S100a4 . H2-Ebl Fil
H2-Abl Rk % LE, {HH2-Aa, S100a6 fil
Clqa¥E AN E LS EM AMs TH B 2R (&
S1). Joshi % " WF5Y BN, MliLF itk AMs & %1k
KRB GFRbREY (Itgam. Cd36), LI MAZLT4Edk
LA (drgl. Cer5. Jund. Fnl MIKI9%), TEAR
G R B 4] AMs Pt 5L 80 = 2R3k Argl il CerS
HH, {HItgam fl Cd36 B EK AT B 2R, KWL
Jund, Fnl FIKIOFHE AR (£S3), LR
AMs #5458 AR AR T LT vl B, )2
15 8 A2 TR S R e, Bl — A3
mRNA FER KB A — 8 B A FLAm At i) 2 1T
Fek iy, ORI SRS AR 1) I AL
(W mRNA By 2, 8 (R AEMSE) s m i
B e Rk o FHILRT UL, gl E R A
R A L, ROZARIEEIE B B [ i F
T

EAMEIETE H, TLR2 GEfEE o 5 R 2
LPS S5 e A (1) A BLAE FH S 02 70 455 Ak 10 25 1 5
P ¥ (mitogen-activated protein kinases, MAPKs)
ZEM, LA HE TNF-o FTIL-6 25 96V R 71 43
W, 5l EBEVEAE AL R RN ™ Pycard [ # ik
Bt i N H R AR AR B T B I 40 3 e 1 R
B JF HOAT 5 & NLRP3 RAE/MA S B #0E , e
LRl 7 AE NS DT B RRE PR U ™,
REERYSE, TLR2 RENZ I o {2 U B g 41 il Pycard
RERMIEAL, RIS /IMARY AT FE, M fih
R HRAE N B [FIREHL, AR SO R - A
HAEF R EM G Mras R s, e 4eibig3m5e
AMs H1 TIr2 Fil Pycard ()35 W 2 8, P H i
(AH AR FH 2 AMs A1 28 R 1 (18 DB ) 9 a5

i LTk, ARV EATH¥ SR BN,
AMs T Jili £F 2 Ab 3 R 5% v 52 30 08 B 1 A2 4 0% 12
EREI K B3 F i 1-«B/NF-xB (5538 I% . 4 0F
FREEAT . FEWEVEAY . TGF-B {5 5 i A1 HIF-1 15
S AR ARE T A SCGE B AR . T Y

J&, TIr2 F1 Pycard A AH B 1E H /2 AMs 7E i £F 4k 1k
TOEREE AR AR I OGS . Rtk 42
1017317 AMs fig & AR £F R4 1 & Rk 3, X
TN I 4E L e BRAIL TR 220G E 2L

4 £ ®

ARBEFEHRVT T AMs 1E [ili £F 4 AL 3 Bg b 8
PRIk, SR EI, AMs B RIZ 5
5 RAE M AT AR IR 138 B A, I8 TIe2 A
Pycard /% #H B/ F & AMs R0 &5 B2 AR RGP
P A

M DLARSCRZE R (http://www. pibb. ac.cn, http://
www.cnki.net ) ;

PIBB_ 20240138 Document S1.xlsx

PIBB 20240138 Figure S1.pdf

PIBB 20240138 Table S1.pdf

PIBB 20240138 Table S2.pdf

PIBB 20240138 Table S3.pdf

2 % X #

[1]  Vancheri C. Idiopathic pulmonary fibrosis and cancer: do they
really look similar?. BMC Med, 2015, 13: 220

[2]  Noble P W, Barkauskas C E, Jiang D. Pulmonary fibrosis: patterns
and perpetrators. J Clin Invest, 2012, 122(8): 2756-2762

[3] Martinez F J, Collard H R, Pardo A, ef al. Idiopathic pulmonary
fibrosis. Nat Rev Dis Primers, 2017, 3: 17074

[4]  Richeldi L, Collard H, Jones M G. Idiopathic pulmonary fibrosis.
Lancet,2017,389(10082): 1941-1952

[5] Raghu G. Epidemiology, survival, incidence and prevalence of
idiopathic pulmonary fibrosis in the USA and Canada. Eur Respir
1,2017,49(1): 1602384

[6]  Hopkins R B, Burke N, Fell C, et al. Epidemiology and survival of
idiopathic pulmonary fibrosis from national data in Canada. Eur
RespirJ,2016,48(1): 187-195

[7] Parimon T, Espindola M, Marchevsky A, et al. Potential
mechanisms for lung fibrosis associated with COVID-19
infection. QJM, 2023, 116(7): 487-492

[8] Mehta P, Rosas I O, Singer M. Understanding post-COVID-19
interstitial lung disease (ILD): a new fibroinflammatory disease
entity. Intensive Care Med, 2022, 48(12): 1803-1806

91 Costabel U, Inoue Y, Richeldi L, et al. Efficacy of nintedanib in
idiopathic pulmonary fibrosis across prespecified subgroups in
INPULSIS. Am J Respir Crit Care Med, 2016, 193(2): 178-185

[10] Cerri S, Monari M, Guerrieri A, et al. Real-life comparison of
pirfenidone and nintedanib in patients with idiopathic pulmonary
fibrosis: a 24-month assessment. Respir Med, 2019, 159: 105803

[11] Crestani B, Huggins J T, Kaye M, et al. Long-term safety and
tolerability of nintedanib in patients with idiopathic pulmonary

fibrosis: results from the open-label extension study, INPULSIS-



2024; 51 (10) Wi, % AOLFARU IR R E AN E B RAS

<2769

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

ON. Lancet RespirMed, 2019, 7(1): 60-68

Flaherty K R, Wells A U, Cottin V, et a/. Nintedanib in progressive
fibrosing interstitial lung diseases. N Engl J Med, 2019, 381(18):
1718-1727

Raghu G. Nintedanib in progressive fibrosing interstitial lung
diseases. N Engl I Med, 2020, 382(8): 779-780

Minutti C M, Knipper J A, Allen J E, et al. Tissue-specific
contribution of macrophages to wound healing. Semin Cell Dev
Biol,2017,61:3-11

Zhang L, Wang Y, Wu G, et al. Macrophages: friend or foe in
idiopathic pulmonary fibrosis?. Respir Res, 2018, 19(1): 170
Lazarov T, Juarez-Carrefio S, Cox N, ef al. Physiology and
diseases of tissue-resident 2023,
618(7966): 698-707

Westphalen K, Gusarova G A, Islam M N, et al. Sessile alveolar

macrophages. Nature,

macrophages communicate with alveolar epithelium to modulate
immunity. Nature, 2014, 506(7489): 503-506

Neupane A S, Willson M, Chojnacki A K, et al. Patrolling alveolar
macrophages conceal bacteria from the immune system to
maintain homeostasis. Cell, 2020, 183(1): 110-125.¢11

Liao M, Liu Y, Yuan J, et al. Single-cell landscape of
bronchoalveolar immune cells in patients with COVID-19. Nat
Med, 2020, 26(6): 842-844

Grant R A, Morales-Nebreda L, Markov N S, et al. Circuits
between infected macrophages and T cells in SARS-CoV-2
pneumonia. Nature, 2021, 590(7847): 635-641

Aegerter H, Kulikauskaite J, Crotta S, et al. Influenza-induced
monocyte-derived alveolar macrophages
antibacterial protection. Nat Immunol, 2020, 21(2): 145-157
Machiels B, Dourcy M, Xiao X, et al. A gammaherpesvirus

confer prolonged

provides protection against allergic asthma by inducing the
replacement of resident alveolar macrophages with regulatory
monocytes. Nat Immunol, 2017, 18(12): 1310-1320

Mould K J, Barthel L, Mohning M P, et al. Cell origin dictates
programming of resident versus recruited macrophages during
acute lung injury. Am J Respir Cell Mol Biol, 2017, 57(3): 294-306
Aran D, Looney A P, Liu L, ez al. Reference-based analysis of lung
single-cell reveals a transitional
macrophage. Nat Immunol, 2019,20(2): 163-172
Bringardner B D, Baran C P, Eubank T D, et al. The role of
inflammation in the pathogenesis of idiopathic pulmonary
fibrosis. Antioxid Redox Signal, 2008, 10(2): 287-301
Misharin A V, Morales-Nebreda L, Reyfman P A, et al. Monocyte-
derived alveolar macrophages drive lung fibrosis and persist in the
lung over the life span. J Exp Med, 2017,214(8): 2387-2404

Liu Y, Liu D, Liu Y, et al. Comprehensive proteomics analysis

sequencing profibrotic

reveals dynamic phenotypes of tumor-associated macrophages
and their precursor cells in tumor progression. J Proteome Res,
2024,23(2): 822-833

Wieczorek S, Combes F, Lazar C, et al. DAPAR & ProStaR:
software to perform statistical analyses in quantitative discovery
proteomics. Bioinformatics,2017,33(1): 135-136

Yu G, Wang L G, Han Y, et al. clusterProfiler: an R package for
comparing biological themes among gene clusters. OMICS, 2012,
16(5):284-287

Franceschini A, Szklarczyk D, Frankild S, et al. STRING v9.1:

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

protein-protein interaction networks, with increased coverage and
integration. Nucleic Acids Res, 2013, 41(Database issue): D808-
D815

Shannon P, Markiel A, Ozier O, et al. Cytoscape: a software
environment for integrated models of biomolecular interaction
networks. Genome Res, 2003, 13(11): 2498-2504

Qie J, Liu Y, Wang Y, et al. Integrated proteomic and
transcriptomic landscape of macrophages in mouse tissues. Nat
Commun, 2022, 13(1): 7389

Manali E D, Moschos C, Triantafillidou C, et al. Static and
dynamic mechanics of the murine lung after intratracheal
bleomycin. BMC Pulm Med, 2011, 11: 33

Russo R C, Garcia C C, Barcelos L S, et al. Phosphoinositide 3-
kinase y plays a critical role in bleomycin-induced pulmonary
inflammation and fibrosis in mice. J Leukoc Biol, 2011, 89(2):
269-282

Tsubouchi K, Araya J, Minagawa S, ef al. Azithromycin attenuates
myofibroblast differentiation and lung fibrosis development
through proteasomal degradation of NOX4. Autophagy, 2017,
13(8): 1420-1434

Endo M, Oyadomari S, Terasaki Y, et al. Induction of arginase I
and II in bleomycin-induced fibrosis of mouse lung. Am J Physiol
Lung Cell Mol Physiol, 2003,285(2): L313-L321

Zhang Z, Yu X, Fang X, et al. Preventive effects of vitamin D
treatment on bleomycin-induced pulmonary fibrosis. Sci Rep,
2015,5:17638

Zhao H, Chan-Li Y, Collins S L, et al. Pulmonary delivery of
docosahexaenoic acid mitigates bleomycin-induced pulmonary
fibrosis. BMC Pulm Med, 2014, 14: 64

Szapiel S V, Elson N A, Fulmer J D, et al. Bleomycin-induced
interstitial pulmonary disease in the nude, athymic mouse. Am Rev
Respir Dis, 1979,120(4): 893-899

Ashcroft T, Simpson J M, Timbrell V. Simple method of estimating
severity of pulmonary fibrosis on a numerical scale. J Clin Pathol,
1988,41(4):467-470

Hussell T, Bell T J. Alveolar macrophages: plasticity in a tissue-
specific context. Nat Rev Immunol, 2014, 14(2): 81-93

Aegerter H, Lambrecht B N, Jakubzick C V. Biology of lung
macrophages in health and disease. Immunity, 2022, 55(9): 1564-
1580

Shi T, Denney L, An H, et al. Alveolar and lung interstitial
macrophages: definitions, functions, and roles in lung fibrosis. J
Leukoc Biol,2021,110(1): 107-114

Chinju A, Moriyama M, Kakizoe-Ishiguro N, et al. CD163" M2
macrophages promote fibrosis in [gG4-related disease via toll-like
receptor 7/interleukin-1 receptor-associated kinase 4/NF-xB
signaling. Arthritis Rheumatol, 2022, 74(5): 892-901

Meng X M, Nikolic-Paterson D J, Lan H Y. TGF- f3: the master
regulator of fibrosis. Nat Rev Nephrol, 2016, 12(6): 325-338

Budi E H, Schaub J R, Decaris M, et al. TGF- as a driver of
fibrosis: physiological roles and therapeutic opportunities. J
Pathol,2021,254(4): 358-373

Boutanquoi P M, Burgy O, Beltramo G, et al. TRIM33 prevents
pulmonary fibrosis by impairing TGF-B1 signalling. Eur Respir J,
2020,55(6): 1901346

Cramer T, Yamanishi Y, Clausen B E, ez al. HIF-1alpha is essential



<2770

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (10)

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

for myeloid cell-mediated inflammation. Cell, 2003, 112(5):
645-657

Whyte M K B, Walmsley S R. The regulation of pulmonary
inflammation by the hypoxia-inducible factor-hydroxylase
oxygen-sensing pathway. Ann Am Thorac Soc, 2014, 11(Suppl 5):
S271-S276

Peyssonnaux C, Datta V, Cramer T, et al. HIF-1alpha expression
regulates the bactericidal capacity of phagocytes. J Clin Invest,
2005,115(7): 1806-1815

Szklarczyk D, Gable AL, Nastou K C, et al. The STRING database
in 2021: customizable protein-protein networks, and functional
characterization of user-uploaded gene/measurement sets. Nucleic
AcidsRes, 2021,49(D1): D605-D612

Liu T, De Los Santos F G, Phan S H. The bleomycin model of
pulmonary fibrosis. Methods Mol Biol,2017,1627: 27-42

B Moore B, Lawson W E, Oury T D, et al. Animal models of
fibrotic lung disease. Am J Respir Cell Mol Biol, 2013, 49(2):
167-179

Tashiro J, Rubio G A, Limper A H, et al. Exploring animal models
that resemble idiopathic pulmonary fibrosis. Front Med, 2017,
4:118

Moeller A, Ask K, Warburton D, ef al. The bleomycin animal
model: a useful tool to investigate treatment options for idiopathic
pulmonary fibrosis?. IntJ Biochem Cell Biol, 2008, 40(3): 362-382
Della Latta V, Cecchettini A, Del Ry S, ef al. Bleomycin in the
setting of lung fibrosis induction: from biological mechanisms to
counteractions. Pharmacol Res, 2015,97: 122-130

Varnavides G, Madern M, Anrather D, et al. In search of a universal
method: a comparative survey of bottom-up proteomics sample
preparation methods. J Proteome Res, 2022, 21(10): 2397-2411
Masuda T, Tomita M, Ishihama Y. Phase transfer surfactant-aided
trypsin digestion for membrane proteome analysis. J Proteome
Res, 2008,7(2): 731-740

LinY, LiuY, LiJ, et al. Evaluation and optimization of removal of
an acid-insoluble surfactant for shotgun analysis of membrane
proteome. Electrophoresis, 2010,31(16):2705-2713

Feist P, Hummon A B. Proteomic challenges: sample preparation
techniques for
biological samples. IntJ Mol Sci, 2015, 16(2): 3537-3563
Melnikova D L, Skirda V D, Nesmelova I V. Effect of reducing

agent TCEP on translational diffusion and supramolecular

microgram-quantity protein analysis from

assembly in aqueous solutions of a-casein. J Phys Chem B, 2019,
123(10):2305-2315

Duong V A, Lee H. Bottom-up proteomics: advancements in
sample preparation. IntJ Mol Sci, 2023, 24(6): 5350

Goodman J K, Zampronio C G, Jones AM E, et al. Updates of the
In-gel digestion method for protein analysis by mass spectrometry.
Proteomics, 2018, 18(23): 1800236

Miiller T, Winter D. Systematic evaluation of protein reduction and
alkylation reveals massive unspecific side effects by iodine-
containing reagents. Mol Cell Proteomics, 2017,16(7): 1173-1187
Fernandez I E, Eickelberg O. The impact of TGF- B on lung
fibrosis: from targeting to biomarkers. Proc Am Thorac Soc, 2012,
9(3): 111-116

[66]

[67]

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

(80]

(81]

Ye Z, Hu Y. TGF- B1: gentlemanly orchestrator in idiopathic
pulmonary fibrosis (Review). IntJMol Med, 2021,48(1): 132
Saito A, Horie M, Nagase T. TGF-  signaling in lung health and
disease. IntJ Mol Sci, 2018, 19(8): 2460

Nacu N, Luzina I G, Highsmith K, ef al. Macrophages produce
TGEF-beta-induced (beta-ig-h3) following ingestion of apoptotic
cells and regulate MMP14 levels and collagen turnover in
fibroblasts. J Immunol, 2008, 180(7): 5036-5044

Fredenburgh L E, Perrella M A, Mitsialis S A. The role of heme
oxygenase-1 in pulmonary disease. Am J Respir Cell Mol Biol,
2007,36(2): 158-165

Yin X, Choudhury M, Kang J H, et al. Hexokinase 2 couples
glycolysis with the profibrotic actions of TGF-f. Sci Signal, 2019,
12(612): caax4067

Paik Y H, Iwaisako K, Seki E, et al. The nicotinamide adenine
dinucleotide phosphate oxidase (NOX) homologues NOX1 and
NOX2/gp91(phox) mediate hepatic fibrosis in mice. Hepatology,
2011,53(5):1730-1741

Vasse G F, Russo S, Barcaru A, et al. Collagen type I alters the
proteomic signature of macrophages in a collagen morphology-
dependent manner. SciRep, 2023, 13(1): 5670

Bowman W S, Newton C A, Linderholm A L, et al. Proteomic
biomarkers of progressive fibrosing interstitial lung disease: a
multicentre cohort analysis. Lancet Respir Med, 2022, 10(6):
593-602

Mayr C H, Simon L M, Leuschner G, et al. Integrative analysis of
cell state changes in lung fibrosis with peripheral protein
biomarkers. EMBO Mol Med, 2021,13(4):¢12871

Ding L, Yang Y, Wang Z, et al. Qimai Feiluoping Decoction
inhibits mitochondrial complex I-mediated oxidative stress to
ameliorate bleomycin-induced fibrosis.
Phytomedicine, 2023, 112: 154707

Fu Z, Yin H, Liu J, et al. Therapeutic effects of fatty acid binding

pulmonary

protein 1 in mice with pulmonary fibrosis by regulating alveolar
epithelial regeneration. BMJ Open Respir Res, 2023, 10(1):
€001568

Joshi N, Watanabe S, Verma R, ef al. A spatially restricted fibrotic
niche in pulmonary fibrosis is sustained by M-CSF/M-CSFR
signalling in monocyte-derived alveolar macrophages. Eur Respir
1,2020,55(1): 1900646

Boehmer E D, Meehan M J, Cutro B T, ef al. Aging negatively
skews macrophage TLR2- and TLR4-mediated pro-inflammatory
responses without affecting the IL-2-stimulated pathway. Mech
Ageing Dev, 2005, 126(12): 1305-1313

Bryan N B, Dorfleutner A, Rojanasakul Y, et al. Activation of
inflammasomes requires intracellular redistribution of the
apoptotic speck-like protein containing a caspase recruitment
domain. J Immunol, 2009, 182(5): 3173-3182

Joshi H, Almgren-Bell A, Anaya E P, ef al. L-plastin enhances
NLRP3 inflammasome assembly and bleomycin-induced lung
fibrosis. Cell Rep, 2022,38(11): 110507

Jones C L, Weiss D S. TLR2 signaling contributes to rapid
inflammasome activation during F. novicida infection. PLoS One,
2011, 6(6): 20609



2024; 51 (10) mEE, % MAEURRERHEERBRNERRAZSH 2771+

Proteomic Analysis of Alveolar Macrophages in Pulmonary Fibrosis
Microenvironment”

WU Xia-Yan"?, LIU Di?, LIU Yu-Chen?, JI Shu-Hui”, FU Bin?, LIU Ying”, TANG Li"?"
("Department of Immunology, School of Basic Medical Sciences, Anhui Medical University, Hefei 230032, China;
IState Key Laboratory of Medical Proteomics, Beijing Proteome Research Center, National Center for Protein Sciences (Beijing),

Institute of Lifeomics, Academy of Military Medicine, Beijing 102206, China)

Graphical abstract
: (D Pulmonary fibrosis model @ FACS sorting for alveolar macrophages (AMs, 2.5x10° cells per sample)
: (Day 21)
i
i 8 — | '
1 E
I Saline
[ R
1 =
o - M
i -
i
! -> -> ->
i
i : AM
I Bleomycin . s
i Lung tissue
1 e
i o
i
i
i
.

I-xB/NF-«B signaling
Regulation of inflammatory response
Regulation of phagocytosis

[-kB/NF-kB signaling
Regulation of phagocytosis

1
TIr2 and Pycard interaction =9 Inflammation t:

2!
>
9}
%]
@
<}
2
=]
(5]
T T T LT [ P p——— |

TGF- signaling pathway
HIF-1 signaling pathway

Abstract Objective Alveolar macrophages (AMs) are critical for maintaining the homeostasis of pulmonary
microenvironment. They process surfactants to ensure alveoli patency, and also serve as the first line of immune
defense against pathogen invasion. Available studies have shown that monocyte-derived AMs continuously
release pro-inflammatory cytokines and chemokines, recruiting other immune cells to the damaged area during

pulmonary fibrosis. These monocyte-derived AMs maintains and amplifies inflammation, playing a negative role
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in pulmonary fibrosis progression. Current researches have predominantly focused on the gene expression levels
of AMs in pulmonary fibrosis microenvironment, with less emphasis on the function and regulation of proteins.
This study aims to investigate the differentially expressed proteins (DEPs) of AMs under normal physiological
conditions and after pulmonary fibrosis, in order to gain a more comprehensive understanding of the role of AMs
in the progression of pulmonary fibrosis. Methods Firstly, the construction of bleomycin-induced pulmonary
fibrosis mouse models was evaluated through using measurements such as body mass, lung coefficient, lung
wet-to-dry mass ratio, H&E staining and Masson staining. Subsequently, AMs from both the saline controls and
the pulmonary fibrosis models (2.5%x10° cells per sample) were collected using FACS sorting, and protein
expression profiles of these cells were obtained through label-free proteomics approach. The quality of the
proteomic data was assessed by comparing our saline control proteomic data with public proteomic data of
physiological AMs. Thirdly, DEPs analysis between the saline controls and the bleomycin groups was carried out
using R package Prostar. Functional enrichment analyses of significantly upregulated DEPs were performed using
R package Clusterprofiler for GO and KEGG pathways. Finally, the STRING database was used to explore the
protein-protein interaction networks related to phagocytosis regulation, inflammatory response regulation, and
[-xB/NF-kB signaling pathway. The expression levels of TIr2 and Pycard were detected respectively by FACS and
western blotting. Results Compared to the saline controls, mice in the bleomycin groups exhibited a lower
average body mass, extensive infiltration of inflammatory cells, and deposition of collagen in the lungs. This
indicates that bleomycin successfully induced pulmonary fibrosis in mouse models. The proteomic data of AMs
obtained from these models was of high quality and fulfilled the research requirements. A comprehensive analysis
showed that 778 proteins were upregulated in pulmonary fibrosis groups compared with control groups.
Moreover, the signal pathways enriched in up-regulated DEPs were related to the I[-xB/NF-kB pathway,
inflammatory response regulation, phagocytosis regulation, TGF-f signaling, and HIF-1 pathway, indicating that
AMs in pulmonary fibrosis microenvironment exerted pro-inflammatory and pro-fibrotic functions. Protein-
protein interaction network analysis of the DEPs suggested that the interactions between TIr2 and Pycard were
control nodes for the pro-inflammatory phenotype of AMs, thereby contributing to pulmonary fibrosis
progression. Further validation by FACS and Western blotting respectively confirmed that the expression levels of
Tlr2 and Pycard in AMs were significantly increased after pulmonary fibrosis. Conclusion This study
investigates the changes in the protein expression profile of AMs in the pulmonary fibrosis microenvironment.
The results show that AMs notably enhanced the activity of various pathways associated with inflammation and
fibrosis, suggesting that the interaction between Tlr2 and Pycard serves as a key control node for the highly pro-

inflammatory behavior of AMs.
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