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Research progress on the role of immune cells in pulmonary fibrosis
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Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China)

Abstract: Pulmonary fibrosis (PF) is a lung disease with a very poor prognosis that seriously affects the
quality of life of patients and is characterized by scarring and thickening of the tissue surrounding the alveolar
walls, ultimately leading to respiratory failure. Currently, the Food and Drug Administration (FDA) approved drugs
for the treatment of PF include pirfenidone and nidazanib, however, these two drugs can only delay the progression
of the disease but cannot achieve the reversal of PF, and their clinical application is limited due to high price and
multiple adverse effects. The pathogenesis of PF has not been fully elucidated, and studies have demonstrated that
aberrant immune cell activation and regulation play an important role in PF. This review aims to discuss the role of
immune cell activation and regulation in PF in recent years. The aim of this review is to discuss recent advances in
the study of the role of immune cells in the process of PF, with the aim of providing theoretical guidance for the
development of novel immunotherapies.
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aEIhRee kM. 51K PFIMR RIS B & et 4 4
MLV (AN R 575 R B B9 ) 25 (0O
A R e T B AT P R B ) e A HR D R R
(hrt s — S AT A B (ARG AW 2521, Se T )
W48 7~ | PF 1£ R W igt £ %% . microRNA (miRNAs).
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69T PF 25—t R Je B A Je ik Je A, CHiE s e
8 IE 2% PF IR0 E R o SR, BV ASE 76 92 A i SRR 48
BUE R, FHiE1L2iaYT, BEAAAAEE KRR . £
I RIS, 206 20%~30% (1 83 RIS R v (32
& B I TEAS R R 1 702K 52

H AT & A RSB TR SE, F% Dy e 2k W AE 2 Mk
R R AE R T R P R EEAE . EEHIE
COVID-19 & F i, i 3 m] DUV 31 18 25 10 2 R 5
AR A, B0 Ik O 4 i i D R I 28 A R A
C [ ¥ #5 H (C-reactive protein, CRP). J{"J8 3K 3L K F-a
(tumor necrosis factor-a, TNF-a) 4l i/~ 2-1f (interleukin-
Ibeta, IL-15)- 41l i /1 % -8 (interleukin-8, 1L-8) F1 41 iy
#* % -6 (interleukin-6, IL-6) %5 /K ¥ 1) & & 7+ =Y. [H
FE, PEAE N COVID-19 [ R IE 2 —, & A N ) %%
S0 T T G 4 TR ) S N B G EE, — B M
MR T, nl e fi & PF B R A .

FE PF [ G2 4 OB A b, (2 21 A B 40 i o 94
FFHAL . XL A S T 4 M b RAE A, 2 WA e 4 1
MR T, AT G FoAth S e MM F) SR B o LAh, B AT
B, B A MLAE PF A5 fili b SR AR IF P2 AR X B Bt
JE B AR, X R BB 5 % o] RE R 1K I — A
FES s H T TR I, S 4 M T 2, 04 B T i A
RE PR SZAR T4 (chimeric antigen receptor T cells,
CAR-T) ¥iJT 45, fE¥RIT PE MBI — & W )1 o
[8] 78 J5i T4 BE (mesenchymal stem cells, MSCs) i i 5%
I3 UME T AR AL DL S B2 1 A RE T, B R R
HIBTLT 4EAL T2 A G % 15 Dy g, R b, 1X SE R
FULE ARG IR B B A AR AE — € B R BRPE . Ak,
T e 40 IR AE PF B4R A AL 6 T I R8T IR 97
HRE B OREH B, A BIELRIRUT R KT S B 4 i 72
PF I B ST 3E R, NIRRT T4 M U)NBE 5
FRAEE IR KR
1 BEBREMEPFHHER
1.1 ERE4A

ELWR M (macrophage, M) 2 Jifi & fie 4= & ) 4%
Pz —, AEAEFARE T, H4U0 B B V40 HE (tissue
resident macrophages, TR-AMs) 1] 434 lili 2 5 10 41 fii
(alveolar macrophages, AMs) Fl[a] 5 ELWE4T A (interstitial
macrophages, IMs). ‘B I{ELNRE  E Ar R AL DL S e 55
HEEZANYEE H RO B EE R (20 B &0
RN ) IR S RS A AN B
i Y6 A A0 DR B A TR AT AR ) B 40 i (monocyte-
derived macrophages, mo-Macs), & Jil H H 45 H 10 4% 5%
FEAEAN T EE . AMs o7 T it 60 B 5 1 45 s ), &) L 2R
GR35 TRUNT LAY v, R 200 B 6 2 17 PN B 4 % it

VELTH) 5T BT 20 L, X S A i Dy AMs B TS 1 4
Jf DAL 0 65 4 SCRFS. KA DR, AMs — B2 il B
ME: ST O ATF 9 1T TS TR BIF 90 DA R 520, X = R A
9 AMs BT IMs, fE8UE EROFE 5 T IR 4
B, M IMs EAR N 3 AT 5D, AR F R v e o B
Fe 2 A5 IXAFASF IMs FOIF 70 A0 2 i 5 BBkt PERY

I 40 Jf E PF 3 Je& vh 1 SR AE L D B IR B 8 3
A AR T B A 3 WL AN AR IRV T SR HLA L
B BRI, FEXT PF AN [E] [ B ) % 40 P AT 1
FALZH i RNA I (seRNA-seq) 38T )i, B E i 40 i
R RIS R R M R A 3R B 8 A B (glycoprotein
non-metastatic melanoma protein B, Gpnmb) 1 5 4
B b /% 3% 7K 2 (triggering receptor expressed on myeloid
cells-2, Trem2) & Kl 7K~ fifi % £F 4 Ak i3k Jg 1y b A", ix
PR BT REAE PF Th R EEEZAEH . bk, 2R
£ M E (apolipoprotein E, ApoE) 1 1] & 7E PF 5 i £ ¢
B 1E FH , ApoE 7K °F- £ Mo-AMs 1 tb TR-AMs & HH i
120 1%, ApoE W] DUE it 3 in B ik 448 A xod i 5 2 1 ) %
B, nik PFA7H 1B, Wang MR I, HEE-CpG 45 &
15 % 9 2 (methyl-CpG binding domain 2, MBD2) 1]
Stk 5 & SH2 LR 5'-BE BRI (SHIP) i3 3 ¥ 1
HI3E 4L CpG DNA 45 4, 4] SHIP 54 Jf 18 5 i /5 1t
JIVES 3 3 /55 1 34 B% B (phosphatidylinositol 3-kinase/
protein kinase B, PI3K/Akt) 15 5, {i& ¥ Wi 40 il M2 7%
J¥, B MBD2 A RE & X 5t PF 16 FCH i I 4P R
FOR I, AR - 7E PF X — i BUIRAS N 0 2 A = 24E
Hl o #E PF B AN B SCSUE i E U5 W (BALF) 7,
# 1k K ¥ B #& 1 [chemokine (C-C motif) ligand 1,
CCL1] &2 Jt &, CCL1 F %t Mo-AMs £l T 4t jfd 73 4,
Al DL o HRE S R sz A AL DR 7 52 4R 8 [chemokine
(C-C motif) receptor 8, CCR8] 4 5 ifi Jili £T 24 41 Jitd %= 453
X35, 3 5 B 7 ihig 3 K+ % 4K (autocrine motility
factor receptor, AMFR) &% & ¥ 1% iX 48 4f fig, @ i
AMFR-41 i M5 = I 15 B /p70 12 0 1R B 1 S6 e
(ERK/p70S6K) 15 5 18 % it if PF if Jg!'

TF 5 il o E 5 7772 SPP1™ \FABP4" 1 FCN 1" [ I
UM FE . 2 WA R 1 1 (secreted phosphoprotein-1,
SPP1) 7£ PF I B 20 4 Je A v b A5 s B4R, B
RILAE PF P 22 BTV, JF H SPP1 sk 2k 2 ik b TR
Ji (type I collagen, Col 1) F1JE i 4 J& &5 i 2 (matrix
metalloproteinase 2, MMP2) [ & 15 . Hoeft 25" i}l
Wil H LL Sppl £ 3% % [ (fibronectin, FN) Al & FR i 1
(arginase 1, Argl) F15 ARFAE I 21 4 A4 B0 20 a3
It H AN NI /MR R F 4 (platlet factor 4, PF4) J& Sppl*
E R AH B AN 28 B A A B OB T . IR IR &



- 1346 - 242224 Acta Pharmaceutica Sinica 2025, 60(5): 1344-1353

% [ 4 (fatty acid-binding protein 4, FABP4) 1= % 1k [
o 240 i T 75 5 I R AR 5l ik o A 5 A A 5 1) 580 J
i, FABP4 3% 1K 7K~ [ 32 T1 ] 66 < in Jai] 28 e J Bz, A
T 1 ) AL PR R 2 Jok o8 A% R A S5 3 0 1 R e U™ R R
FE A FERE B 35 v, £ 4k 85 1 IR FF 28 1 1 (fibrinogen
like protein 1, FCN1) 2 ¥l & # 1 & & 18 I 119,
FCN1" W 290 it e 5 of 8 708 0 5R 4R T il 5, DA o BB 9
in s ATLAA 1R 98 R N o Bh Ak, 3R IA Fos #H G HL R 2
(Fos-related antigen-2, Fra-2) ] 5 W 41 fo 2 43 Wb 1% £
241 s R 7, BLFE VI B R IR (type VI collagen,
ColVI). ColVI{EN Fra-2 {1 % 4 5, /£ PF AR A rpr |
1, Fra-2/Col VIR 57t 47 fil] [0 40 Jf 55 7 9k (e 21 4 Ak
EE, BRI, Fra-2 A1 Col VI 35 2 1 vl g bb 1 24 fie Jst o
&4 1E N PF A br £t

T & 0T 25 4 4k 5 W 48 J 1) 36 97 5K BE B 92
Singh "V & L, {2 4F 4E f Bk g8 M H 5RO 2 K
(CD206) KIAHE I, $5 I & 7 H &AL R a gl
KATRL o 5256 7 X 8 0K R 4 CD206" B Ik 41 A 15
0, 910 B & AL A K K F--B1 (transforming growth
factor-f1, TGF-f1) siRNA, 2 85 1% £ 201 g 1) #8 |7 T
Tit. WHEREE A TLR7 #8h 7 (FA-TLR7-54) B %% M2
R LT A5 T R A 20 R DA 4T 4 AL 4
RE U, 12N ) Sk 3 LG 2T 24 1 4 L DR T PR RE TR,
> E R (hydroxyproline, HYP) [ & Bl Al i JR 2
HUTAR o AKX RERR 25 S FLATAE ) O i@ it 1 ) 40 B /v 3%
4 (interleukin 4, 1L-4) T I I & =R &8 11 WA 1/15 S51%
S J B 5% 0% 25 1 6 (Janus kinase 1/signal transducer
and activator of transcription 6, JAK1/STAT6) 15 5 il
%, AT BH B M2 A AP0, B ZEOK KA (DEX) AT fg il i
I TGF-B1 F il /ST A2 AR K K 7-b (platelet-derived
growth factor b, PDGF-b) K Hit £F 44 /E H, [F] I 18
o 72 3 45 4 21 234 K A F (connective tissue growth
factor, CTGF) [1) 31k LI tH AR £F 4EAG RN . AR P s
95 o, X P A F AT BEAH ELARIE, oK B 2 %8 PF AR
B o ARASEEG W R B A A E I AT RE 5 R, § 3
BE B U R IR TR T A 4R TR IA . TD1391E
9 P i A A FLBE R AR F -3 (galectin-3) | 7, A
% DL AR R 1 1) 777 =40 ] v 6 e 4 i 3R T Y
galectin-3 KA /KF, H7EPF BEHWN G, M52 KU,
TR MR FN 5097 MR IA R VP,

Wk 24 P R A e R S s A B — A, B3RS
FACIZIIRE 1. LR (BCG) HIHRRIHEALA )G, B
Wik 40 P 2K 5 B T A [ 5 Do A B H At — ORI BT,
RE e N B AR, BCG A3 B2 in RN BROET &
G MEREALSE (systemic sclerosis, SSc), 83 G & I 1)

552 4 O 8 6% TS T 20 B A0 B 40 B, 4 Wb ot & 1) 4 e
A7 15 3 AT dE A A Ak o SR, Tl /s BROPR P9 I SR
i} g Z B (lipopolysaccharide, LPS) ] % 5 i & i} 52,
5 S50 0 9/ AT % 00 i IR 7 A AT 0 ) 6
IiE S AU R . Ak, Kang S5 I, 25 H B-4i
R HE (B-glucan) X/ BU3EAT 42 £ FRAL B, 7] 5 5 1
W 2 i 76 i R R 2 T 4 5 AMs 11 7 I D e AT 1B
% DI (resolvin D1, RvD1) HJZR 1A /K, T RvD1 K%
JRCRT 5 il R A B RS B T 1 (silent
information regulator 1, SIRT1) ¥ 334, 4 58 3L 6 41 fiy
WA IR RE ST . [T, B-glucan Tl 4b ¥ 5 FF T
AMs H1IL-4R/IL13R [ 5R3%, kB B-glucan 5 F 91 48 A1
fRVERBL, ORIt 2R .

Zi LTIk, B 40 A AE PF AR B4R ML & — AN
M Iz S 0 R, R a5 1 JORE S B2 T 79 S 40
HBEEZAEM . R NBLE 5G40 M 7E PF 4 #0 1)
R, F T AT R o7 SR ms B R =
1.2 R 4aAR

FR PRI i (neutrophils, NEs) A& L B 3 & )
o5 A —, WP JE AR N AR B T B 2R, %A
Mo Ge 8 R 2 Fh 9ORE VA 24540 K oA S, R
T A L () 5 AE AL ) DAYRS B AP TEARIE IR R,
A 8 L P - 350 73 i AN A 6~ 8 h, B ET I 2R 2 LA
£ T F scRNA-seq M LA AT Rl & A1 MELZ T,
JIs 6 440 I PN %) b PR 4 i AR BR T B O
&, XA B TR AT it 2H 2R e JEk G N 8 A P
JR B FE/N R A k4l B Pt I 6G (lymphocyte
antigen 6 complex, locus g, Ly6G) 1E A — F 52 B i bzt
B, W TR AR R . A PR 4 B e
T RE TR R RE A 5T 7 AR R S R B B AR I AR
Xof il 20 238 i, IR HE LT 4R AL B RERE o

Lin %538 it GEO $u# £ 73t 1 PF & 3% 5 {d i
AN ) JE DR 3R 08 1) 22 57, K W asporin (ASPN, — Ffi /)]s
STENE S REARESED) G IAAHECES
2 (secreted frizzled-related protein 2, SFRP2). ¥ Jii 4k A4
HHLB & 7 %92 | K B B0 4A1 (solute carrier
organic anion transporter family member 4A1, SLCO4A1)
3ANFEDR 5 R4 B A7 9%, ASPN A SFRP2 )R IE 5
Ly6G £ & 3 i A 5, T SLCO4al N £ B AH S i 3 .
LA, B JK 22 48 1 (formyl peptide receptor 1, FPR-1)
L 7E P PR R0 M R TH = Rk, FPR1 T /N R A 32 1ok
# % (bleomycin, BLM) 5 3 ) £F 4E 4k, FPR-1 7£ 1 %
240 6 rh R HE A SRR ) 38 B R e MR T R, 0T 0
PR R R B A B OCE B E AR BT
fic 4 3 BH 4 (CCL3™) f A MR 4 B 7E — 44k BE (silicon
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dioxide, Si0,) 4bFR K ifi 1 23 b 2 19, ##) CCL3 5
CCR1 (CCL3 {152 44) 45 & RE 227 S10, 3 PF /) RS
By 20 34545 AR JE DT ARY . Jé I8 Je A (nintedanib)
Al IE R U PF e R0 i LyeG Ak R 1 32 44 2
(CXCR2) RIEAKF, RN B G & AR Z R e
2 (G-protein-coupled receptor kinase 2, GRK2) [{] # ik,
U85 HH P L 20 PR P T R A R T AR

HhovE ok 4l i i A e BiF (neutrophil extracellular
traps, NETs) 13 RS 2 M8 B 4 41k oK.
Brinkmann ZE5 g5 VB H, b MR A0 I 2 B S A
R BT R B I G €05, 1%k A T DA PR il 20 B 4% 75, ¥
FRAH R, 3450 0% RA DU IR /T XA M Ah e
Ji S5 KPR NETs, 1X — 1 F2FK 4 NETosis. NETs ]
TE AT EH 22 PR R 91 R, B0 4E AR M S FL = A
MBI T e AP0 B S ik s AR A B L
PP B FCUE B, 76 BLM i 3 ) PF A28 o) NETs
Fek F R PR T, X R B BLM 51 K1) 98 5 M.
PRE T PR PR I DL It NETs TR i, k2
b & R M0 V% B (peptidylarginine deiminase, PAD) #/fI
i 71 Sk (Cl-amidine) A 38 1 #1 #1 PAD4 ) 32 iy 2>
NETs JE X, 3E 11 2% fif PF ket 55— T 7o 0l A 3, 468
TR TN B (benzyl butyl phthalate, BBP) % & 2>
T 4500 R0 AR A RS, BBP i I (i it o PR 2
FfL A4 X R A S, B0 T 2 ZR 45455 T NETosis
AJ DL B 4R B b 57— 18] 5 4% 46 (epithelial-mesenchymal
transition, EMT), X t /& SARS-CoV2 &4 J5, o 4 i
4 A5 1 20E 5 2L PF 1) 3 ELEUR R =Y

HHPERLAH B LR PF (1) 0 1 FE R R HE T EEAE A,
EATAURT DA E B0 I 20 21, 3k ] G i T B NETs
& XS 5 PF (AR, X L # A PF ¥ 1l b5 ATVG
ST T K .
1.3 FEKRZHAE

AE K40 (mast cells, MCs) 1E HLAE K] & 45 52
AN, EATE I R S B AR ARG = A
JUR 2% AN A0 B R 1~ SR A L RIS P R AR IE K 4 e
55 2 P A YA 50 A7 AE A B I O B, R H AT
TEATAE I rh i AR AR AL M R B A . E PF &
A 23 A, BB KA A 3 A T A 4 A ek A i Y T
B b MBI . 2452 20 B e R AR B At PR 2
SRR, T K 4 2 B 8, Il i ot R A FH R T
PN T A PR RO, I S SR 5 A 22 AR W 1 A
i, HA R R K A3 (carboxypeptidase A3, CPA3)P,
CPA3fE NI K4 i i F 8 s A il 2 —, £ PF /&
F il 3R IE KT 2 B, FLAE HE K i i e B Ak
DR A2 5 8 5 0 B g AR L (R 4500

JIES K240 P A1 A A% AT A g 2 2T AE AL 4 5 SR, i B
T4 240 A I 5 5 P B SZ A VR3] B DR R 4 i A7 U
A, AN IR I 2T 4 20 B N Ak, 7T 3G 98 TGF-A 15 518
R e, AT b R i DR R IR A B A, R A
PF 58 35 F14g Je A4 3 B 10 W 1 2 44 248 i 43 0 5 N e
K40 LAD2 L 55 9%, AT A 30 A28 TL-6 A0 20 il A=
[A ¥ (hepatocyte growth factor, HGF) 7K & 25 Jt &%),
X B it RS T 44 4 e A0 JIES O 24 i 2 T P A ELAE L, AT
R 0 1 R I IL-6 A1 HGF 46 4 it [5]—7 Sk o Jill 4 95 e
SN it A A 2R S5 A RN D e EE 2

Overed-Sayer 557 & i PF 25 25 fi 350 A O 44H it 1) 38
fin, AT BE A& BT R 20 40 B X7 (stem cell factor,
SCF) 7KF- 7t 51 2 1, SCF A& B K 41 B 1 5 A7 3% X
1, BT LU R s BRI S A o-Kit KRR . T JE
1K Je AT AE Dy — i 2 R i I ) /1) 5, AT L 5 4 410 )
c-Kit I R A4, AT 00 1) A DK 248 345 7 AR R S5 48 i X
TR IR PRHH FE 3R B, FERF K 1 PF SN (acute
exacerbation of idiopathic pulmonary fibrosis, AE-IPF)
HATR], JIE K 60 %85 12 5 22 N I R 2 B LA R, Bk
S, oM B A TR P Bl 4 1 ) 28 I
B I IE R 40 5 B . X B, IR K 4
AT BEAE I 1A 5] B BOR FEAS A (R A FH P
1.4 NK4Hp8

NK 2 g AR H 2R 8455 41 i (natural killer cell), 3=
B AT T i i AN I R B G, me e AR
I 58 4 B IR 7, 7 58 — I ) B9 3 3 S B 181 1)
B . NK4HH#E @ X CD3 CDS6 4l i, o] #ii 4 CD56
MICDI16 R IE 75, #E— BRI 73 N KR Hh,
CDS56“"CD16" MV £ f¥] NK 41 i fig Bt 2 & 1) 41 i 5
PE, 1 CD56°="CD 1673V # ) NK 4 fif I 3 2 41 57 43
I 58 4 R 7, I8 220k R b ™. fE PF
it 2L 23, NI 24 it 1) T el 6 52 2™ AL, T NK
2 i K OO IR AS I OB AR 5 2 M 1 K A
%, AL il B Bk e He R S8 AL AE B PF 45 . B U 46
R EIR, PF i NK 40 i CCR2 R ik 7K BEAIK,
5 BUNK 4 i TG A 280m NE AR R B A S T, ik
T 51 6 it 8 NK 48 B e 491 R B0 T Fra-2 1 9 NK 4
JH A S R e A e Y R, o Rk 2 R BN
[ K B2 #H 41 J2 (common lymphoid progenitor, CLP)
2 NK 40744 (preNKP) 704 B, AT 51 L 4 &
PE NK 40 ff 250 g /0 fEBIRA TR, [ 78 48
ffa (MPC) 7E PF ™ & % i i #2 /5 P %0 T2 fic 44 -1
(programmed cell death ligand 1, PD-L1) Z& 41 1| S8 4
ek ik . PD-L1 5 H 32 &2 57 28 T2 & A 1
(programmed cell death protein 1, PD-1) & & 5, ST
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2 L RT NIKC 4 i 55 3 40 R 110 V5% 1 52 B ), DT 9
BT % MPC (1 25 45 4 Y. B ik, BE Bt PD-1/PD-L1
I AH BLAE F AT B8 2 R 1) MPC A 5 1 4k 410 3E fE 1) — F
ARTFE

EHUEE T AL, 38 e N B 2 R TS 7 % 4 B DR DL
T NKCAH L, 54 et il 38 G 53 v 1) R S 1 AT T
I LA 22 fif hh NK 40 g o fig 1) 40 1), 348 B TR iRy
PF [¥1 R, SR, £ 52 BRIl PR A, 1% 5 & AT5 i
I 1 22 Pk, % 75 T i TR NI F B R 56 DA% I 3
AR R
2 ENMREMAETE PF PR
2.1 THEBELHAE

T4 (T lymphocytes, T cell) HR#& T 41 ifg 32 44 (T
cell receptor, TCR) &5 14 (1) A [6] 7] 43 Sy 3 )97 P B 925 48
2 (afT) AR IR Go B (pOT). 1EPURR YL £F L
SN A DG G ZE LI, o T 400 5 9% 3 S A . 4K
5 2 i 2 T 1) 2R 1 R OB AR, ofT 48 ) ik — 25 &l 43
JyCD4" T 40 fa A1 CD8" T 40 g™, X i Ft 25 2L 11 T 48
PRLTE F 9% B2 Ry AN [A) 1) A €5, CD4' T 4 i 32 22 4E
9 Bl 40 i, T CD8” T 48 A ) 3= P AT 41 i 2 P 2D
€. CD4" TR R EHALM AR G
4y F (major histocompatibility complex IT, MHCII)
SEIBRIPURE K. X LE A AT S5 Ak R 2 b B M T 20
T #E, £0.4% Th1.Th2.Th17. Treg £ . X 463y 3 it 4
WAF E 1) 4 B DR o U 5T S g R, B B 4 i AR
Puiks, WG58 CD8" T 4 f ik 1%, FE7E S i 52 5 % 9E X
N OR FE AT AE ™. CD8 T 41 M B8 9% 1R 1 B 32 22
MMM R AR 12555 1 (major histocompatibility
complex I, MHCI) & 3# [ 1 5Kk, 2410 01 21 52 95 75 5K,
HoAth 7 J5 44 kG IR AU LI, CD8” T 41 aCKe ) 2 A i 22
P SORE, L A% A0 A S % ) 24 i, BEL o T A A 4 M 7Y
= 1 5 35,

WEFC L, T 4 MO 75 PF 8 25 10 508 i 16 8 e v
K LA T2 AR, R E 1 T A AR S B R AT
4 CD28 A1k B 2 A e 57 M 1% 2 BR BB (lymphocyte-
specific protein tyrosine kinase, LCK) %, 28 # 4 A
PF W FlG A= W bs &7 EF X5 T 40 B 7E PF A 19 4E H
B, T AN [ S7. 3 (R R0 A AT R N ER BT
2.1.1 ThU/Th2 CD4" T 4R Hi 1L T 208 1 (T
helper 1, Th1) 3= %/ 7 52 215t J5 il 308 4 i DR 5 34 5
SR, HIAG CDA T A0 73 AT >k o 0 b 1) 2 i
F T #t &£ y (interferon- y, IFN- ). 4l Jii /> & -12
(interleukin-12, TL-12) %5 O 8% i 50 0F SE B A — 2 Bt
R b ThREMS . % BhPE T 400 2 (T helper 2, Th2) [
WO I8 5 R HRR 58 R B34S 5l R (1), X 2845 5 A] B

RHPERE PR 234158 (antigen-presenting cells, APC)
S 5, AT DL i i 55 At 48 i %) A B AR FH R4 7= A
[, IL-4 . IL-6 5 Th2 4 i P55 7T DA F Rl £F 4 248 A 1)
TEACRNR 2R (0 1, HEB AT S 1 AR RT3k fe

Th1 4 B 1 43 46 3= 22 532 %% 5% K] 1 T-bet (T-box
expressed in T cells) 118 %, ‘& GEAE 3 ThO 41 i 7] Thi
S i 1) 53 Ak 38 58 TFN-y 1R IEPY . GATA &5 &
3 (GATA-binding protein 3, GATA3) /& Th2 4 il 7314 1)
KR S R 1, e 7E Th2 41 i 19 T s fn Bh e R F5E 55
HEMEH . CERIYREE R 25 58 T-bet A IL-12 11
FRIABIKT, X GATA3 (11 B 4 Y. HE
T HF (suplatast tosilate) 7] LA &40 22 Ff Th2 74 41 ity
K7 B, X —AF H 1l fig 5 GATA3 [ 3% s W 5 4 5+
PR %5 U) AR OB, B 4l g [ i /i B2 98 118 (B-cell
leukemia/lymphoma 11B, Bell1b) 2 Kl i & A i - &
FBUAH BAE 5 GATA3 45 &, JF3L5E 2 T Th2 40 i
(9 22 > S G 5 ok BB, 1K 3R, Belllb {E Th2
4 L 7 5 GATA3 A1 3 1) ik PR IO 5 400 )i 2 2L A i
BIER .

T A RHT R B I) — 2 2H 21 0 R R [ e A i,
BJ1 2 7Y [ 45 bk B A 41 B (group 2 innate lymphoid cells,
ILC2), #4479 Th2 4H i (1) 56 R4 i B A4, & A5
R [ 248 B BT, T LA 28 B kS s A T R O T
CD4' THMAEEF —EMBERY., MadEHEH-1
(neuropilin-1, Nrp1) {F A ILC2 (ke FPERR L, JEL
AT A K ) B IR JE TR 2 (soluble growth stimulation
expressed gene 2, ST2) KA /KF, 15 ILC2 3%
A5 B, S ELAS R B0 ) Nrep L B9/ 23 5 0 1036 97 70 B
PF AJ DL 25 ek /D fit 3508 e i T AR R sk % P () gk AR

25 L Pri&, Th1/Th2 4 V- 17 /2 PF & Jie ¥ 5 2241
il 2 —, I H AT VR R vP Al 5 o 2k A% K 15 1 = 22 A2 1)
bR XL T AR AT T PF AN YA I6 T SR (1) T
REFEEZ L.
2.1.2 Th17 CD4" TZHBE H B4 T 40/ 17 (T helper
17, Th17) 3 ZL@ i 73 Wh 48 f R ¥ (@1 IL-17AIL-17F
IL-21 FTIL-22 55) 2 5 %08 i N . Th17 4 A 1 % & A
T8 PR LE PF LR 25 18 0, 3 6 24 ff e ok g3 WA TL-17A
O il AT AR 40 P, (2 LR AEAL AR . BRI S I £
YEA 5 Th17 48 o LU ) e 3G A7 A2 AH OC 1, 32 222 il it
BOE IL6-TGF-B-IL17 M Th17 15 5@ B%, 1 2 4% 40
i (polymorphonuclear leukocyte, PMN) ¥% J 2| Jiifi 37,
75 30 S 5 i 1) T B AT A S P

W 5 AL, IR0 T 4t 417 1) 771) 22 2% IR 5% (donepezil)
AJ DLE T BE BT o7 R AR 2 Tk FE B2 /T =R B
Wi 2/(5 5 1% 3 & ¥ 3 0 1 3 (alpha7 nicotinic
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acetylcholine receptor/Janus kinase 2/signal transducer
and activator of transcription 3, a7nAChR/JAK2/
STAT3) it i, i Th17 41 B () 73 46 F0E I, B 1 PR
[ FEBT ., 458 (theophylline) 3 idh 111 1] #% A2 4 #H ¢
“F yt (retinoic acid receptor-related orphan receptor jt,
RORyt) A1+ $¢t & A 35 [l F 4 (interferon regulation
factor 4, IRF4) %55 5 [K 1 (1) Kk, Jk/b IL-17 772 4,
) Th17 28 M 1 20 4B & #F, 5 & &=
(daphnetin) tH % 2 F% A Th17 40 g *F IL-17A F1 RORyt
' mRNA M8 5 R IE KPP Lin R B 57 R A
45 4 ¥4 3 (mannose-binding lectin, MBL) i@ i 4171 ]
77 B J& 32K (aryl hydrocarbon receptor, AhR)/STAT3 17
Bl T Th17 40 0 05 Ak, DR 8s = AL 3
B Jili 8 98 R 2T 4 A HE JE o ik AR JE B (pirfenidone,
PFD) 1 GE 4% ] — S AL £k 5 S 040 i A 1 (IL-6 F1
TGE-p) 2 Wb, I 38 i 40 41 STAT3 % MR 1L K Jik 2>
Th17 U1 5 LRI TL-17A B 433
2.1.3 CDS8' THHME 4 75 1% T ik 40l (cytotoxic
T cell, CTL) J& & #% v CD8" T 4 i, 423 I M 40 7% &
G 11 O BE AH S 43, BN AE S AR G AR AR R
B AR, BRI, RSG5 ], CD8™ T
1 Jf0 7E il 21 23 KR B2 A7 AE, I 23 Wb 5 7K P TIFN-y F
TNF-o, 0I5 5 6 BG40 M . I 0 Bl 3500 1 41 g
W J5 R SERETIL-1, 51 R RAE GRS S, T8 B 1
) G — b R AH g P AR 25 A, BEAS 1 OFE AR i I P AR,
IR A PR A R A

Tan S5V i INA I K 3L 3L P 45 73 4T (WGCNA)
RILNUAK KB 1 (NUAK 1) 7F PF )97 22 i £
5 CD8" T 21 Mg 22 It X 35 1) IEAH OC 1tk T ik % A iy
PF £ 38 AN BE 1L 5 0SS AR 0 R A5 L G2 S B, I
55 PF 83 41 A i 5 AN 4% 40 i (PBMC) i < Ji2 446
S CD8" T 40 i of [ iy 3 (A 470 Ji 484 58 e 17 32 45 A 9%

FEET X P [R)I6 97, 8 1% 1 0% CD8™ T 40 1Y
S IE B A R . Sobeckd ZE1O 1T ) fiR
H R L EE AN 12 (a disintegrin and metalloproteinase-12,
ADAM12) Ffig i 988 #H 5% 2 A [ U542 1 (GLI family
zinc finger 1, Glil) FJ¥E 1, 1X S50 1 RES 7% CDS™ T
S M, A 2y A6 T B8 8 A & P 1R ADAMI2T B
Glil " 27 4 {1k 40 i 1) 25082 CD8” T 48 g, M il SE L% PR
PR IT R o B, P B 5 At f 2 1 755 70 AR BEC A
F, BTL-12, B 45AIE S RE % 1 55 2% 1 775 3 Y] CD8” T 4
TP B2 225, %of PF ¥9vR 7 BA B B 4l B A F 7
2.2 (ALATFERIEIZ LA

H 20 B Ad 12 48 i (tissue resident memory T
cells, TRM) J& — 2545 R 10 T4 M, DA C R Bt R

(CD69) A4 2 (CD103) IR IE K&, EA1IHFAS
5 MG PR, T A2 K 0 B 7545 2 1 A S a8 e,
FEffiZH 4 CD4" A1 CD8" TRM St - 5 5 ¥ Js 74 Jak
e 2 G HE P, TRM RE % IR 306 JR) 30 2H 231 4o 92 o
AR B, HAE R G R A B . X e
A it S A S HL, AT S B AR D) R, — ELAS I 381 i
5z 40 B G, AT 2 TR e B I JE B 28 0E AT
HiAk B, 774 IFN-y  TNF-a fl TGF- S4B [K 1, &
HPF KA.

HE IR YT T PF, TR A S P A E A Th e A
[F] ) CD4" TRM #f 14 : 2509 ¥ CD69"CD103°CD4"
TRM F1 4 B #1 i) CD69"CD103"Foxp3'CD4" Treg, Hif
7 AR AN 4 PR DR, R 2 ol R M R R S S 5
JiE AN G4 S B, T 5 2 3R AA 1R 7K R B 3R A
alpha E (integrin alpha E, Itgae) fl X 3k & P3 & [ (fork-
head box protein P3, Foxp3), #l 35 5 H1 5 5 T A 280
PF & N7, gt 4h, {# ] CD8PD-1 A1 CD103 X % iR 41
B¢ PF &35 11 Jili 350 3k 47 Y2 21, PF fili 7 3£ 3R A PD-1 8¢
CD103 ff] CD8" TRM F1 CDS" T 41 i % Jin"™", ix & W
CD8" TRM . i] it 2 5 PF [ K J& . Feng W 7T &
B, B A ¥ CCL18 EAR AL Re 6 F i TRM A E W
Kk, fEE NN T TRM 5243415 F PF, [HIE AL+
24K CCRS B 1545 XL PH 1 CD8™ TRM 41 g () S24E, #E
1] CCL18/CCR8/CD8" TRM 4 ffd 4 1] it A& — Fh ¥ 75 (1)
YT MG . TRM 4HHI7E PF A2 3 7 B /E I, Xt
o4 PF [Pl FHYE 7 $& (i 1 3 (B A
2.3 BYAff

B 41 i (B lymphocytes, B cells) & —J5IF B ‘& fi
)2 D Re T4 B, 76 P il e R ml a0 4 e S 4
Lo AN ) EE T RE A A BRORA AR WABL AR, AT E AL
AR AR YR 95 o S R SR BREVE AT B 2 B PR B0
o R B AT DA A T 40 B, 5 m] US4 gk 47 .
Zd ARV K B 4 BB R 52 4K (B-cell receptor, BCR) 5
g pui e & 5 n, Bl & CD4 4 B T 44 i
(CD4 " helper T cell) fr £t i 3L 45 57, A0 &
i % BR B4 (Bruton's tyrosine kinase, BTK) 1 4 BCR
55 IR A T OGRS, X B 4H BRI IG5 | o1k 2L
TR R EEERY. /£ PFEHWANE M,
BCR X bt Ji 0 P 1) e 97 14 34 538, 1% AT e 5 T S s 2R 2R
B % S I BTK % B2 1k & W o JIg 1§ Cyp2
(phosphatidylinositol-specific phospholipase Cy2, PLCy2)
7E PF &5 W1 46 B 40 j b 0 38 A k7. AR E e
(zanubrutinib) FJ ¥ [a] BTK, i i $)1 il B 40 i A~ 5 11 %
i A AR 4EALTT . Cargnoni S8 8 Y Y, =F IS 1] 78

7 41 J2 (human amniotic mesenchymal stem cell,
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hAMSCs) 7] {22 /b il B 2 () 3248, A Bh T 55 fi
B AAE I R R EAL, WIE K FIRD T A
CD20 & — P T B 2 i 2 T 1 %5 58 2 1, 383 DA

AEREIAL I BRIR AL 5 1 PR AP AE . B2 1Y B 41
O SRERE Y T D RN H A,

CD20 B Z fifg = 2584 T 21 4 Ak o Jh i 2. 25 Xtk 41
CD20 ¥ 97 J&i, CD19 Al CD138 2% 41 fitd 75 fifi Py K & A1
2, W& K (bortezomib) W A Z0WH AE I 40, B E
B Ik BLM 5 3 19/ B PF ZK-F7. B10 48 i 2 —Fh ]
43 WA TL-10 F 5 1 B 410 (regulatory B cell, Breg) W
e, e BLE 2 R 07 A S A 4EA R K A, B TR
B, B10 40 A 1) #E ¥ 7T &k %% %% 4 ¥ PF (radiation-
induced pulmonary fibrosis, RIPF) ] & 4=, T CD22 &

& (pattern recognition receptor, PRR) > i 7 % J& <
Mo AR P 6T PRR B S B3 P 0T e 5

TE W B U3 R 98 RE BRARE A1 44 IR 858, AT A2 3E 4 4
R R 28 B RTIR, £t B 4H M 1) vE 9T SR K, B
iz 250145 B 40 M3 1 BROR FH 6 DR g B 1 R DL e
B g H ik, IR TR R R 558 E M B, 2RI,
B 4t il £E PF 1 (1) FH AL 08 A 58 4= 19 B, Al 75 gk — 2

FIHIF 78 LAAIE 5K
3 RE

TE PF W R WL R, G 28 40 i #E 36 RBAE &
BT S U0 AN ) 35 L #S T RE 0T PF AR R A dE
J P o rh R 5 A L Ik T2 R AE PF
R ILH P EIE R . NK4HH.CD4" T4/ .CD8" T 4fl

¥ AT DA R /b /) BROBE 2R T i) B1O 4 I i AT A AL
Hb 4 RIPF (7= SAEFER UL, 78 PF B3, TR
Vit 5 AT e 3 I 0T B AR I R OA A A A 2R 32

T RN B 2 i 455+ G % 38 ok 45 48 0 e B RN 4T 44k 1
T2, 35T S M I & & . Thl A1 TRM CD4" T 4 g 1)
HAERPER (- 1). Kk, 3885 B 40 5 ) i

Y
c ’ Ly6G FPR-1 NET | o -.‘ DN,
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R S R S ¥
L] , .‘ \
Fra-21
SPP11 FABP41 FCN11 .
/ i® o0 CoM
et A8 L Jst.& ®
pneumocyte
l Profibrotic AM Neutrophll
ko Type I ALVEOLUS -/ Fibroblast
neumocyte -, -
‘ P ¥t B cell 7 SCF ‘ﬁ) =9
i« @ “ pp-
-Kit _PD-1
TNF-a c =
TGF-§ e ‘ Thi cell Th2 cell ILCZNrm Th17 cell :, =1 9 ccr2 )
TRM CD4" T cell @ 9@ ] - A NK cell

o \\ ]:i:
. \\a—\

Figure 1 In patients with pulmonary fibrosis, alveolar macrophages produce pro-fibrotic cytokines and chemokines such as CCL1, IL-10,
TGF-p, etc., leading to the activation and differentiation of fibroblasts into myofibroblasts and the production of extracellular matrix. This
leads to the activation and differentiation of fibroblasts into myofibroblasts and the production of extracellular matrix, which leads to the
thickening of the lung interstitium, and the production of ApoE is a negative feedback mechanism. Ly6G is a marker for neutrophils, and
FPR-1 is expressed at high levels on the surface of neutrophils. Neutrophil extracellular traps (NETs), a DNA reticulin may be directly or
indirectly involved in the process of pulmonary fibrosis. SCF binds to the tyrosine kinase receptor c-Kit, phosphorylates c-Kit, and promotes
the proliferation of MCs and the release of related cytokines. The expression level of CCR2 is decreased in NK cells, and the binding of PD-
L1 to its receptor PD-1 results in the inhibition of NK cell activity. Thl cells produce IFN-y, which inhibits collagen deposition in fibroblasts
and plays an antifibrotic role. Th2 cells produce IL-4 and IL-6 cytokines, which promote fibroblast proliferation and induce fibroblasts to
differentiate into myofibroblasts. Th17 cells produce IL-17, which promotes fibroblast activation. The response of peripheral BCRs to
antigenic stimulation is enhanced in PF patients, resulting in increased pulmonary B cell proliferation and release of relevant cytokines.
TRM CD4" T cells have been shown to prevent pulmonary fibrosis, but their specific mechanism in pulmonary fibrosis is not fully

understood. The figure was prepared using Figdraw
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