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Acetylated proline-glycine-proline in lung diseases

FAN Liang, XIAO Xinru, ZHANG Qian"
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Changzhou 213003, China

[Abstract] The extracellular matrix (ECM) generates multiple bioactive fragments, termed matrikines, which play pivotal roles in
ECM functions. Acetylated proline-glycine-proline (AcPGP) is a matrikine derived from collagen. By binding to the C-X-C chemokine
receptor type 1 and 2, AcPGP exhibits complex biological effects such as inflammatory responses, vascular permeability, tissue repair
and remodeling. In the lungs, the dys-regulation of AcPGP contributes to a variety of respiratory diseases, and serves not only as a
biomarker for diagnosis and assessment but also as a potential therapeutic target. This article reviews the regulatory mechanisms,
biological functions of AcPGP in the lungs, and its role in respiratory diseases such as chronic airway inflammation diseases, acute lung
injury, and pulmonary fibrosis.
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21 B A 3 5T Cextracellular matrix, ECM) 7E FE T, RIREAEMASA S E EHEEE KN ECM
RGP R E M e, ECM R ZEA 57 EA, KA 748mhE S MaEmR- 2R -mamR
ARk 5 p ] P AR 22 M B AR I R N o T (proline-glycine-proline, PGP) =ik FF %1 . 7E it J5 &
B, 72 ECM 5 4 g Al BLAE I 322, B 9 2k H B R v, PGP R B A 58 8 i i - OB TR

Ko PGP N i il 22 IR 7] LUK A AL, et g
[R&TE] 1552 %R H (BE2020651): 5 M & SRS E HA 2% P 5 3R ) £ BE 4K PGP (acetylated
o R (CI20241117) W B FEA 2 i a4 DOPr ACPGRY, IR N- £t PGP (N - acetylated
(NMUB20240038) PGP, N-a-PGP) . AcPGP E. A5 5 vt Fi 40 i
"1 15 7 % (Corresponding author) , E-mail: qianzhang@njmu. A TR I PN R O MRS 2 P AR AR, i
edu.cn(ORCID:0000-0003-4928-3366) HABE TR e
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SELRIR T AcPGP X — fifi 4 B H 5L 5 (K] 1
AR R /S 2B 52 DhRE, JF AR A 18 1k PH 28
% Jili %% 9% (chronic obstructive pulmonary disease,
COPD) « U B Mg Sk W IR B 38 25 & 1iE Cacute
respiratory distress syndrome, ARDS) 55 i & 4 ifi £F
#E4 (idiopathic pulmonary fibrosis, IPF) %% 2 Fft fili 35
I TR B T

1 AcPGPBYfR 8t 5iEs

1.1 AcPGP 89 &£ 5%,

FR R > TR AFE RE R L PGP 7
H, TE BRI JE 57, PGP P HIAL T = IR e 45 1)
P, U7 B PGP = JIK Fr B AR il id — R 51 g (2
SNSRI CE 1D o 5, HE 5 & B E B (matrix
metalloproteinase, MMP) 41 MMP-1. MMP-8 FI MMP-9
DI 58 B 1) I TR J S IR, i 5 3K 6 2 DR A i
15t P9 JIK B Cprolyl endopeptidase, PE) V) %l , B it H

PGP A B"™'. PGP #& AcPGP [¥) Hi 14, PGP [ N it fif
R AE & VR I S IR G0 R 0 I R 2 T PR R R
A CEAL, AL 9 AcPGPR,
1.2 AcPGP#9I&fE 5 5 R AT

BT B A RFER I I 2R [ 3T 4544, PGP AN G
FIER IR AFE, 5 B E = A4 K AR (leukotriene
A4 hydrolase, LTAH) i i 3 2 3 ARl 1 R fig 1o,
AcPGP %5 1) BEAGE , RERE AR BT LTAH [ FE g, 1%
M Ik E | #4218 (angiotensin | converting
enzyme, ACE) ] N-45 #45 [£ 2" . PGP 5 AcPGP
VE AR /N IR AT E ECM JB] BR A B, e 4 AR EE R
R JR 38 4 B A1 8] 5T AR LTALH FACE IR JZ, X 5
I of /5 3 % e S DI A 9% . AcPGP g8 51 G I Y
Rz R T, X T U 4 234 LTAH 5 ACE ¥k
FEFH 51, PGP Rl AcPGP B AR NNIH , R B2 BRI e i
— R ALE A B+ 7 PGP 55 AcPGP A 2 /£ fi
FRAIH R PRI 2

Cigarette smo
=% =

Inflammation T

-

‘ Neutrophil influx

.

%
M\ CXCR1/2
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permeability T
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Figure 1 Expression and regulation of AcPGP in the lungs

1.3 AcPGP# L3442

5 Ik #1225 A 2 (peptide transporter 2, PEPT2)
&S B TS B, BE N IR B B A /N IR S TR 2R
231, AE 2 B b i SR B AN A
FRIEFE . WA, AR/ B AR A AL
b5 A0 I SR T AcPGP J5 , 32 AU I VL E Bk R
(broncho alveolar lavage fluid, BALF) H A7 1c ik i ¥
JEE I I )3k T B, I 5 20 A1 B RSN AL, 17X —

I FE AT 4 PEPT2 5% G P 01 i) 771 Sk 75 20 BELIT
X HE s PEPT2 Al L A 5 AcPGP ) 3 8 %
ia PR H R R
1.4 FHAmA—AcPGP iE BB 1 2R

TE RRE SR B4 F R, MMP. PE D) K 3% 1 1 2%
MR FF S22 AcPGP A2 1%, i HATLAZR 1A A7 S 5 1
RE1™ e AcPGP A — Pl 24 1 o Mk 2 i 1 [
+ 5 AT 5]k AR A i — 20 A SORE B A SR 4R
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AcPGP 34368 ik 358 i i of &7 388 32 1 , o Jeil =3 358 A ek
Y1 B IR R AN 2ORE S M b, 38 I S ERK1/2-
MAPK I8 % , AcPGP #F — 22 {2 1t rf Mk 20 Jf F Tl
MM P-O S5 20 fifd PR -7, 33 S R0 s [ s T o e A
AcPGPRREEAE I, TR R 7 — N i R 4H - AcPGP—
eh PR G L ) IR ROBHE R, ] A R R b PR 4
1.5 85 AcPGP %

WA A 5 U 3 AcPGP KRBT E BN &K . &
JH A 55 7] LA 3 MMP-8. MMP-9 #l PE ) % ik 5%
P, 3800 % 5 B R 5 PGP AE R . R, 75 B 5
A T SR I 0 T R, AR 3 PGP LBEAE
A AcPGP, 38 11 LTAH F) 2 3 Jok il 3 1, 938 />
PGP [#) P o 3xX L8 25087 3k [ 2 3F 7 AcPGP £E ifi
HR AR B8, 0 98 R s S R ZH 245 4%

2 AcPGPHIEMZFTIhEE

2.1 AcPGP# LM 5558

Z L[ ELR* CXC #1b K 7 i1 CXCLY il it AR 5F
1) 22 % 1R - H = B2 - I 2 B2 (Ser-Gly-Pro, SGP) 2 7 5
C-X-CZEF B R T 54K 1 F12(C-X-C chemokine
receptor type 1/2, CXCR1/2) %56 . AcPGP [ 4514l
X oA L G X s FEAR AL, A2 D AN RE S 5 CX-R1/2
SR T AN T R TR A A Y
14, AcPGP LL 4 Ff e i A RV & % A7 AE (LL- . LD-
DL-5 DD-AcPGP) o #Z M ILHR G 25 F SRAE K I
LL-AcPGP 5 CXCL8-CXCR1/2 & & [X 15, E¥S*G*' P
H B R A, A0S TP R PR P 0
DD-AcPGP [1) Uy 58 2 {1 5 G*'P” X 35 2 A0 = 77 Al
b, R RS 5 CXCRI2 45 &, (H I A #3351,
Al g2 —Ff CXCR 172 F41 772

CXCR 172 75 H VKL A ff v 2028, 78 5 I 400 i 55
T M RIEEEE , AME A IR R A
I 7 PR 57 200 e P L 7 0 % R T 4 4 B 2 T £
ARk, AcPGPiE T CXCR1/2 K I H & J= 1
A5 AEORE, IX e RS EAG S TR S
22 FMfmia

AcPGP i i 25 A H 4 41 B 3R 171 Y CXCR 172,
IS B4/ & -8 (interleukin-8, IL-8) . B WE4H
J % % 55 [ -2 (macrophage inflammatory protein-2,
MIP-2) % 25 i () ELR* CXC #& A6 IR 7 2B v kit
Y AL R Ak, AcPGP i L S ERK1/2-
MAPK 3 #6213 A P4 0L 48 P RS i MMP-9"™ . AcPGP
(R AR F 5 80 MR AL TE JORE S0 TR 4K, oy

WAEE 2 MMP-9 55 40 L PR 7177, b of 7 AR 2
AcPGP, ¥ B IE S AGIEI, SERFEME RO0E . L,
FREETH &1 (1) AcPGP & — M eb MORL 48 i 12 28 JiE 1 7
B EN .

bR st R RAER, FEMERREA AL R I AcPGP
AT DAAE T G 58 40 M R 1 CXCR2 R I H e 9% 1 75
B AcPGPAEARSMEFE /N BRI AT AL 5 N E 48
Jei, BT 1 R R T8 & -y Ginterferon-gamma
IFN-y) Fl (4 41} /> 2 - 12 Cinterleukin-12, 11.-12)
%%13 ’ @%W%MUE %Wﬁ‘giﬁﬁﬁ¥-a(tumor
necrosis factor-alpha, TNF-o) + 141 i /) 2 - 1B (inter-
leukin-1B, IL-1@) A1 A 4HH /1 F-6(interleukin-6, 11.-6)
FIEH o MRERE /DN BT A, AcPGP i HE 5 9% 40
3 WA S A S B R TRV A [R] A 2 4 A A
T, P M 2 RE
23 W mie

AcPGP il i CXCR2 #4235 1 P B2 41 /2 Racl -
PAK-ERK 15 5%, H In4m fg 55 Bk . A& A 54K 4h
W T, AcPGP 155 3 R 8 L& VB U , 2 3 389 I ik 1f.
EIEIE N, 11 AcPGP #5957 RTR ReA 20k i2 s 2 B
(lipopolysaccharide, LPS) 175 T [ il 565 %" . BR T
X PN B A 1) B2 52, AcPGP 755 R P b 41 i i
A, T R A B S B R A B 53 MMP-9, 33—
SRR B D RE, 358 R EE . AcPGP R
W B A MO A%  BGBE 5 178 T 1, R B AcPGP
i 204 B AT 15 AR LA TR B, BELT CXCR2 U &2
FEREIR T 0w AR,
24 LERmie

NN JEARARE 4R, DA 2 AR E
JZ 40 i 2 45 /= 2% 35 CXCR2, A b Bz 41 B mT DL
1L CXCR2 Xf AcPGP Bl fF i )2 ¥« AcPGP i it
CXCR2 2 Y5 | NI SV b B 40 M ) 38 5
TR BOMCIR O 2 T B, 1X 72 b B PRsiAE B i ok
PR Ak, AcPGP B I CXCR2 il B A4
b Rl B R T CXCLS 5 MMP-9, 25 1 wp 4 s 4]
Ji 98 R
25 HAEAmpE

Mk 200 6t A b e 0 L el 4 4 A i 5 2 b
Yl 3% CXCR2, 15 AcPGP T LR 40 (1 15 F A7
Rrit— P9

3 AcPGP 5] R %% 5%

3.1 COPD
R AR S5 7 & COPD KA K 115
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BRI AR T, AcPGP 8 55 H M kL4
= R PR A0 M 5% RE S A2 JE MR 4 R T R
B, 333t — B HE T AcPGP A4 ), X — 1E e i 7%
SRS RIE RAE S ECM FREERA, 5 COPD ()
RAER B PIFHRP (B 2) .

A MR 5 AT 5 5 0 BB 28 5 5 BAL H
AcPGP /K EIA S I i3z, mHKIHAMNENE AcPGP
SR L2155 A A B R S A
AcPGP #5517 RTR W A 250410 i 75 JH M % 5% AcPGP
755 1/ BUACTE O 5 AU . SPIROMICS BA
FIW 5T I, COPD S E H I AcPGP /K P &1, 5
FEV/FVC. ili Zh & GOLD 43 3#H /NS 3 F il < Bk CT
JE SR PRM A, HIRWEH AcPGP 7K T =38 il
JNFEHA Y COPD 2t i a (1 KRR ™. SR 1T S5 9 WA
A, 9 28 o AcPGP /KPS IR | il Dy B8 K fin 25 XU
To R, X ] RE S5 IE A I B B LTALH FTACE
Ko JEH LTAH EZ 40 A R, FvE M2 A
H7KSF52m, 3 R 7E 4l COPD & 3% ) PGP /KT It
5 A hRe AL B B K kA, 2 A
J7 COPD B 254 ] R it F#AIK AcPGP 7K1 R gk 48
FE RIS M Th RS . B an7E 2 &A1 RFVA T COPD (11
PRARIE S H] AcPGP /KT I B 5 il 4 e o

X SEHE 5T $E 7R AcPGP A /E N COPD %5 712 Wi o
i 17 T B DA AR A5 I PRy A A= b 5, T
H AcPGP 42 ] At COPD J6 7 f) BB AR 51 A
32 XAEE

A RE A ey N MR A R A
I PRAFAIE , AL B2 My 2 — Fh LA 3 03 1 AR 1
TG, FRE R L. RN — 2 55 b R
RIN AcPGP 55 Wi B H:AH 5%, 75 BN £ F1 3l A
R BALF H 3R K I AcPGP /K F T, 46— T
J2 A5 S /N R P B ATF ST A, R LTALH
J& FET BALF 1 PGP Tt /&1 5 /™ 5 (1) <08 1=
H 3t — 0k b 5 44 3 F FEIF 52 AcPGP {2 3E <1
R IR m ™, Ak, B UK cohort A1
US cohort AN AN [F] A Z1 EAT S 20 53 B R B, Hh 2 5
W2 i B S 6 T A PGP 7K P AH 5 i B B2 i 1B iy A
BT X — W AT RE MR T LTAH /BN 0
41 i A =/ B4 (eukotriene B4, LTB4) 4416 1 i iR
TR, L L0 1) 77 7 19 Py 11 PR 36 R R e A T 44
J7 . XA BE BT LTAH f0HFIBHET T LTB4 4
B, H) [R5 8 PGP K H Z kAL T X AcPGP A
b N1 1 e 2 - VAR 110 1= A P
LTB4 [fij 7 >R BIHT 98 RO

X —HF AR, I SR AcPGP K P H] e B
FY A A B 5 S8 A S8 OB R R
HH R 4 R B I X — R R A (2D o R 4H
b0 VB Wi o) A 0 W B2 R 3R TR 9T IR UL ZE , AcPGP
FHORIR YT HEME FE 1T BE AR M A B3 VR T T RO A
3.3 ARDS

AcPGP ] 3@ ik i it o 14 A 20 B s A0 A3 n iy
B 383 P 0 iR 4%, 1% & ARDS ) #7955 R4 AE
ANERSE N TE LPS i S 00 2 il 4 A A
BALF 1 AcPGP 7KF- Tt &1, o Jie ks & - 75 A R -F &
F& (1-arginine-threonine-arginine, RTR) &b ¥ & 3 Ji
TR I Hp M L R i T O AN ST SOREDY .
— IR FEH ARDS B R AE RSP AT 55 N P9 2 40
i VE-cadherin BEFR AL F- B IR P J7 R BRI BE , X 262K
% 7] 4% RTR PEHI ™. ARDS £ 3% BALF #' AcPGP /K
S-S5 2 T O YRR K T R S i 2 S AL b e < R
# . {EARDS f19E ARDS A#£H, BALF H' AcPGP 7K
FH5E AR E UK, 5 APACHE VP4 FIREIR
P F R B 8 2 IR AR 2

F—J7 0, 75 M BERE S5 % 1, AcPGP WJ g il
o R RER . fE—INE 4L FE AL
/N B TR RE B AU BIE 70, AcPGP J R S i 2 42
T IMRERRERL AL/ BRI AEIE 2, (B0 CXCR2 SR B /N B
HERIIER . MEEER N RS SZIRAIE L, AcPGP
T I AR e A Y R R T 0 ) S S0
FU D> o AN A TS AcPGP BELEEI N T A 41 i
HIFN-y 7K, 3N AR 2 R+ TNF-o, IL-18 FT IL-6
FEIKR, AH H T v T I R T B UE S (B 2)
34 IPF

55 39 M A [F] , AcPGP 7E TIPF Hh ] fE B A
TRy ER, FARPLE] A 8. AR M AcPGP B
FE R 2 Z R T R B R S/ R4,
1M AcPGP 5 H1 71 RTR WHETH 13X — R4 2B o
A — TR AR LTAH 7] DL R 1R 5 R S
(/N BB 2T 4EAL DS . 7E TPF 23 (1 BALF T 7520
H AcPGP, {H A I 21| & 7K 7 ) ACE" 5 LTAH™ .
AT JUH 0 SR Bk 22 PR A 5 S A i A 30 5 3 i R i
21 A 1 T B0 R 3R, HEW IPE AR IR I A
PEIG NG| 2SI J5 35 LTALH 5 ACE /K38 =, 33 1
SEHA LU PGP 5 AcPGP (3L [ F&f#, il it =
5 gt RAERIE . X — B85 585 Ik R
Lok FM — 5, 60 IPF Hag ] DU I Sk R #%
He B0 77 CACE inhibitor, ACED 32 25 , {H /2 I 55 %
7K 2 2 AR BH 7 771 Cangiotensin receptor blocker, ARB)
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AcPGP 5% Jifs £ 2 44 ¥ 5 M AL 185 A4S B A, 00
AcPGP i ik b s 545 &, RIBUR 3 20 5 &
1 43 W S5 ML AT B X B A R R AR . 7
it 2T 24 44 2 95 TR, VS 4K TR RRZT 4E 40 PR e HE
ECM TR 32 AN A (B 2) o 7 — T Jik It 3
JERIEEATE 0 H , B CXCR2 5 25 41 A 5 B 2T 4 401

f o~ 1E WLVLEN & 1 (a-smooth muscle actin, a-SMA)
51 RREEARSES . 75—k F s, W mt -
R (gly-pro, GP) il T Smad2/3 ) i R 1t , 8 i
4 TGF-B1-ATF4- 22 Z 2/ H 2 R A= W) & Bk 1%
AR i S a1 3Rk . R AcPGP X T Jili i £
Y 20 i P B e AR R LRI, A Rk — B
LI

* i
AcPGP CXCR1/2
|
Neutrophils l Endothelial cells Epithelial cells
*Chemotaxis *Leak *Proliferation T
*MMP-9 1 :. : : *Proliferation T Jugyy gy, *TL-8 1 3
*H,0, T ‘ * Angiogenesis 1 e m - AL;Q Macrophages

*IFN-y, TNF-ot, IL-1B,1L-6 |

= ===Fibroblasts

AECT

COPD Asthma

* Airway inflammation T * Airway inflammation T *Neutrophil in filtration 1
* Airmay remodeling T
*Hyperresponsiveness T

*ECM destruction T
* Airway remodeling T

4  AcPGPHEF* TR

AcPGP A RPN 2R o5 v IR J7 S it 1 38T 1

ARDS IPF

«Fibrosis |

Sepsis Repair
*Epithelial repair 1
* Angiogenesis 1

* Antimicrobial activity T

*Vascular permeability T +Inflammatory response |

2 AcPGP 5ffiEBfEs s
Figure 2 AcPGP and lung diseases

2%, w45 AcPGP )4 Bl AT, LA BH B AcPGP-
CXCRI2 {55 5 . BB AH S IR PR T T 56 i U
U, R 1.

&1 AcPGPIEXFHRME
Table1 AcPGP-related intervention strategies

Intervention strategie Target Clinical significances
AcPGP generation MMPs MMP inhibitors—collagen degradation | —PGP | — inflammation |
PE ZPP — collagen degradation | — PGP | — inflammation |
Acrolein Smoking cessation, NAC —Acrolein L —rcp acetylation |, LTAH activity T — AcPGP | —
inflammation |
AcPGP degradation LTAH LTA.H inhibition — LTB4 | — inflammation | , while PGP degradation | — PGP/AcPGP T —
inflammation T . A new generation of highly potent and selective LTAH inhibitor is in need
ACE ACEI—AcPGP degradation | —AcPGP T —pulmonary fibrosis | . AcPGP may contribute to the
anti-fibrotic effects of ACEI
AcPGP transport PEPT2 PEPT2 inhibition — AcPGP transport | — local AcPGP T — inflammation T
PGP/AcPGP PGP/AcPGP antagonist RTR — inflammation |
AcPGP-CXCR1/2 signal CXCR1/2 CXCR1/2 inhibitors — inflammation |
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4.1 IpH & ABisEMN

HEM S PUE OB R SRS ORI KR
RIS, A COPD S5 WP 5 IR 7 $2 446 1
BrogaRl PGP AR KT MMP 5 PE X Ji S
B A I P, 3@ 1 40 ) MMP A1 PE 35 74 ik /> PGP 5
AcPGP £ i, A Bh T B % 98 A 41 i 32 3 AT ECM [%
fife, F& — P AE BT R 5 Il R B SR

WA 1) 2 Fh 254 2 I H MMP. PE %5 25 [ By 41
il 1 75 A0E 5 SR T R R B EORE
HVRIT BN T BE 5 AcPGP K Tt RL 4 i o % i A
Ko MBI TR N 4 LT R 410 ) it 8 o R 4
PEJE , 5 ] MMP-9 & £ 3 1fii 98 2> PGP 4E A
KW B ERRIE R 0 PE G, FFK T COPD &
B AcPGP K, Yk T JOE R B o R S Bk B i 2=
F2 - Jiti Z R (benzyloxycarbonyl -proline-prolinal , ZPP)
& — T AL PE $IHIFR), 76 CoUURE A 5 HE A7 rp ek
27 R R A e R R AR N FE R T R A0
PSRE P
42 BIBEFIREREE R R

WS 2 it 8 Ac PGP 2% i () B ZE IR B R 36, IR
R BT B ARS8 AcPGP /K7 PA R R 82 (1) <l
PE 5 I AL SRR IR o TR T S 3 A T R ) I
A I 25 I A R T R e I 1
PGP Z Ak 330 LTAH 23 K B 1 , 38 1m0 51 ik
AcPGP KA 32 5 rp MR gl f 1 80 - AL N3
eV PR 28 A B i) B DR B R 3R, 7E COPD S5 W I
P 1 R L) H e A DG BEPE Y. H BT N- 21
- & R (N-acetyl-L-cysteine, NAC) 7E COPD J3 97T
Il S 2 AT A 4, B 90 6 B NAC BES A R4
B P SR G P2, PRI 15 S 10 AcPGP 5
T R A I
43 TLEF AcPGP-CXCR1/2 i %%

FHLIET AcPGP-CXCR1/2 i % & — Fl A 78 71 10 Bt
RIT V. RTRBEWS PGP H N5 &, 2 241 PGP/
AcPGP 5917 fEREARSMRIR N BT FEH, RTR
il 7 A M 55 L LPS BUAMEYE AcPGP 175 5 (1) il 3 o
PR BT 7% A0S , 33— 2D 1 I I8
TG0 8 8 RE it = e 5 = B A P R

ZPP AN —Fh PE 5 41751, [ I Re % 45 bt
AcPGP 5 CXCR &5 &, & — 3 B 1) AcPGP-CX-
CR1/2 #1155, 4 SMBIE 55 v A 804 ) LPS 5 5 1) i
P L A B A L

T CXCR1/2 /& ELR*CXC #a kK T 5 AcPGP
[ 3 6] %2 44, #41 CXCR1 A1 CXCR2 BE A B0 b

el AR 2 I SR N TR e TRt [
LR 25 R IT ROV Fp itk — D BAE . 21T 1)
— TR0 2 rp B2 COPD S5 R BB XU 22 7817710 1
(¥ T b 41K PRAF 98 (NCT03034967) 1, 5 22 i 51 40
A EE, CXCR-2 #5917 danirixin 6 77 4 A & 7 H BH 2
7 MR
44 AL AcPGP &R
4.4.1 LTAH K fi# B 30 %) 7

LTAH 8 7K i B Y 1 =445 A3 (leukotriene
A3, LTA3) A0 20E A1 0t LTB4, 7] i i 28 2 fik
BRI PE P AR PGP o IX M (23R 15 41 2 i O XUER % 1
$E 7 5 ST R OR B 2 JOK A O A A T B ok R
LTAH 7K ff BRI 77, 729800 LTBA A s 2 1
[7] I} 38 4 PGP/ACPGP HEAR™ o BEAE A Ay v 14 4
Jitw 5 7 85 1§ (neutrophil elastase, NED F£ /i LTAH,
B — I HT it 7 AL, NE D)%) LTAH S 78 Hh IR
SR LR SR IR A5 A0 380, s i DAL JER P 46 5 R i % i T
W58 T PGP HBE ARSI, X — RILE Y], LTAH
A AT B3 [ P 0 ) 70 A i A A 8 i IR
NI SE 4 R FE LR AT
442 ACEI

B 2= - 15 K 7K 3 R 4 (renin-angiotensin system,
RAS) 1 i B3 25 4 45 A0 K e v ke = 4 F Y
ACE 7% RAS % 0 21 73, 28 M A Y 3 1o i 5
5K % 1 (angiotensin [ , Ang I YEAb NI E Kk & 1
(angiotensin Il , Ang IT ) >R 7 1L 8 WS 46 A1 98 hE
o X1 ACE &0 2 DIRERE, 2l a3 ACE @ id
N iy A G i 9 A 7] 958 )R A A 0 1 1) 45 4 3, B
Ang | A1, AT KR SEBUK (bradykinin) « AcPGP PL 12 7
— LB RLIK AcSDKP 45 2 FR Y . ACEL 1]
ACE ¥& 1, 987> Ang 11 28 B, 33F 1 10 o) Jils 26 2R3 )3 340
RAS AT, B SN AL LM 2T 4 Ak 55 PR
£, ACELIE W] L@ 1L 4] ACE /3 4 AcPGP [
it £ AcPGP 7K1, BE T S0 il R A A B 547
YEA U o 3K — B AL 2 X J5 3 RAS RGN IR
A7, A BT ACET I R R 1) 4 T BEAR , 09 fili
B R YT R A TR R
4.5 AT AcPGP4+iE

/NIKFEIZ #iAR 2 (peptide transporter 2, PEPT2) /&
Jifi b J A iz gy A ) — NI IS AR, X AcPGP#EAT
F: BB K, 2 T PRI SR 8 AcPGP /K5 28E
PEPT2 (3155 Dy e 2 I KPR A %2
Aol KT 22 90 5, BE T 520 JR) 8 AcPGP /K-F 5 28 0E .
KA B R R DU BB S SR ] PEPT2 v 1, 1



*1534- [T

VS PN

455510 1
20254E10 A

IVRIE SRR AcPGP 7K, INEL ERE . B Bz T cas
HIFEKAA B AT HD S A T e b i PEPT2 TijRe™,
FONFT AcPGP 5 il SRk AR A Rp it — AR

5 I &

AcPGP 2 RS BT A — Fh S L i K] 5,
W5 2 gH MR T CXCR1/2 %2445 &, 75 kL
AR | SRR TS L A R S I S L b R
16 52 0 Gl S5 A B R o R B SRR . £
T8 AL SR | Wil 2T 21 5 22 b IR IR R G
TR T, AcPGP R AE Ny — g B AL W) br S5 M)A
TETTHE A5 o SR, AcPGP 1E il 1 4 4k 25 5595 v 1)
FARBL, B2 HXT s pl 21 4 20 B 45 22 b 240 P 1 1
P Fe it — IRAB T

FzEIMRAERR:

PR BB Mz v %

Conflict of Interests:

All authors declare no conflict of interest.

{EZ TR AR :

PR R A SRR S AR 7 otk Jaede it £
M, T AR LIRS Tha. 1O ff 7157 S0k SR
RCBRIBE AT AR . TR IR IR ALHE T OCE
RERA

Author’s Contributions:

All authors contributed to the review article. FAN Liang
proposed the main conceptual idea, and organized the framework
and drafted the manuscript. XIAO Xinru was responsible for
literature review, data organization, and manuscript revision.
ZHANG Qian supervised, reviewed and approved the final

version of the paper.
(&% 3R]
[1] BURGESS J K, HARMSEN M C. Chronic lung diseases:

entangled in extracellular matrix [J]. Eur Respir Rev,
2022,31(163):210202

[2] BURGESS J K, WEISS D J, WESTERGREN - THORS-
SON G, et al. Extracellular matrix as a driver of chronic
lung diseases [J]. Am J Respir Cell Mol Biol, 2024, 70
(4):239-246

[3] JARIWALA N, OZOLS M, BELL M, et al. Matrikines as
mediators of tissue remodelling[J]. Adv Drug Deliv Rev,
2022, 185: 114240

[4] CHENK Q,XU MM, LU F, et al. Development of matrix
metalloproteinases-mediated extracellular matrix remodel-
ing in regenerative medicine: a mini review [J]. Tissue

Eng Regen Med, 2023,20(5): 661-670

[5] PATEL D F,SNELGROVE R J. The multifaceted roles of

(6]

(7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

the matrikine Pro-Gly-Pro in pulmonary health and
disease[ ] ]. Eur Respir Rev,2018,27(148): 180017
MINCHAM K T, BRUNO N, SINGANAYAGAM A, et al.
Our evolving view of neutrophils in defining the pathology
of chronic lung disease[J]. Immunology, 2021, 164 (4) :
701-721

DE ALMEIDA L. G N, THODE H, ESLAMBOLCHI Y, et
al. Matrix metalloproteinases: from molecular mechanisms
to physiology, pathophysiology, and pharmacology [J].
Pharmacol Rev,2022,74(3):712-768

GAGGAR A, JACKSON P L, NOERAGER B D, et al. A
novel proteolytic cascade generates an extracellular matrix-
derived chemoattractant in chronic neutrophilic inflamma-
tion[J]. J Tmmunol, 2008, 180(8) : 5662-5669

TULEN C B M, OPPERHUIZEN A, VAN SCHOOTEN
F J, et al. Disruption of the molecular regulation of
mitochondrial metabolism in airway and lung epithelial
cells by cigarette smoke: are aldehydes the culprit? [J].
Cells, 2023, 12(2):299

SNELGROVE R J, JACKSON P L, HARDISON M T,
et al. A critical role for LTAH in limiting chronic pulmo-
nary neutrophilic inflammation [J]. Science, 2010, 330
(6000): 90-94

O’REILLY P J, DING Q, AKTHAR S, et al. Angiotensin-
converting enzyme defines matrikine-regulated inflamma-
tion and fibrosis[J 1. JCI Insight,2017,2(22): 91923
HAHN C S,SCOTT D W, XU X, et al. The matrikine N-a-
PGP couples extracellular matrix fragmentation to endo-
thelial permeability[J]. Sci Adv,2015,1(3):e1500175
MINCHAM K T, AKTHAR S, PATEL D F, et al. Airway
extracellular LTA;H concentrations are governed by
release from liver hepatocytes and changes in lung vascu-
lar permeability[ ] ]. Cell Rep,2024,43(8): 114630
WANG C H, CHU G, JI X, et al. Biology of peptide trans-
porter 2 in mammals: new insights into its function, struc-
ture and regulation[J]. Cells, 2022, 11(18):2874
ROBISON S W, LI J D, VIERA L, et al. A mechanism for
matrikine regulation in acute inflammatory lung injury[J].
JCI Insight, 2021, 6(7):e140750

WEATHINGTON N M, VAN HOUWELINGEN A H, NO-
ERAGER B D, et al. A novel peptide CXCR ligand
derived from extracellular matrix degradation during
airway inflammation[J]. Nat Med, 2006, 12(3):317-323
XU X, JACKSON P L, TANNER S, et al. A self-propagat-
ing matrix metalloprotease-9 (MMP-9) dependent cycle of
chronic neutrophilic inflammation[J]. PLoS One, 2011, 6
(1):el5781

SNIADACH J, KICMAN A, MICHALSKA-FALKOWSKA

A, et al. Changes in concentration of selected biomarkers



F45 B 101
2025410 H

oo HOE K M. OB E R - H & R =R 5 s e L) .
M ERR AR (H R R 2E R, 2025, 45(10) : 1528-1536

*1535-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

of exposure in users of classic cigarettes, E - cigarettes,
and heated tobacco products-a narrative review[J]. Int J
Mol Sei, 2025,26(5): 1796

HARDISON M T, BROWN M D, SNELGROVE R J, et al.
Cigarette smoke enhances chemotaxis via acetylation of
proline-glycine-proline[J]. Front Biosci(Elite Ed), 2012,
4(7):2402-2409

JACKSON P L, NOERAGER B D, JABLONSKY M J, et
al. A CXCL8 receptor antagonist based on the structure of
N-acetyl - proline - glycine - proline [ J ]. Eur J Pharmacol,
2011, 668(3):435-442

LAZENNEC G, RAJARATHNAM K, RICHMOND A. CX-
CR2 chemokine receptor-a master regulator in cancer and
physiology[J]. Trends Mol Med, 2024,30(1):37-55

XIE Y S, KUANG W B, WANG D W, et al. Expanding
role of CXCR2 and therapeutic potential of CXCR2 antag-
onists in inflammatory diseases and cancers [J]. Eur J
Med Chem, 2023,250: 115175

KIM S D, LEE H Y, SHIM J W, et al. Activation of CX-
CR2 by extracellular matrix degradation product acetylated
Pro-Gly-Pro has therapeutic effects against sepsis[J]. Am
J Respir Crit Care Med, 2011, 184(2):243-251

KWON Y W, HEO S C, LEE T W, et al. N-acetylated
proline - glycine - proline accelerates cutaneous wound
healing and neovascularization by human endothelial
progenitor cells[J 1. Sci Rep,2017,7:43057

PATEL D F, PEIRO T, SHOEMARK A, et al. An extracel-
lular matrix fragment drives epithelial remodeling and
airway hyperresponsiveness[J]. Sci Transl Med, 2018, 10
(455): eaaq0693

RODA M A, XU X, ABDALLA T H; et al. Proline-glycine-
proline peptides are critical in the development of smoke-
induced emphysema [J]. Am J Respir Cell Mol Biol,
2019,61(5):560-566

LIAO S X, WANG Y W, SUN P P, et al. Prospects of
neutrophilic implications against pathobiology of chronic
obstructive pulmonary disease: pharmacological insights
and technological advances [J]. Int Immunopharmacol,
2025, 144: 113634

CHRISTOPOULOU M E, PAPAKONSTANTINOU E,
STOLZ D. Matrix metalloproteinases in chronic obstruc-
tive pulmonary disease[J]. Int ] Mol Sci,2023,24(4):3786
WELLS J M, XING D Q, VIERA L, et al. The matrikine
acetyl - proline - glycine - proline and clinical features of
COPD: findings from SPIROMICS[J]. Respir Res, 2019,
20(1):254

WELLS J M, JACKSON P L, VIERA L, et al. A random-
ized , placebo - controlled trial of roflumilast.effect on

proline - glycine - proline and neutrophilic inflammation in

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

chronic obstructive pulmonary disease [J]. Am J Respir
Crit Care Med, 2015, 192(8):934-942

O’ REILLY P, JACKSON P L, NOERAGER B, et al. N-
alpha-PGP and PGP, potential biomarkers and therapeutic
targets for COPD[J]. Respir Res, 2009, 10(1):38
SETLAKWE E L, LEMOS K R, LAVOIE-LAMOUREUX
A, et al. Airway collagen and elastic fiber content corre-
lates with lung function in equine heaves[J]. Am J Physi-
ol Lung Cell Mol Physiol,2014,307(3):1.252-1.260
ROHN T A, NUMAO S, OTTO H, et al. Drug discovery
strategies for novel leukotriene A4 hydrolase inhibitors
[J1. Expert Opin Drug Discov,2021, 16(12): 1483-1495
SHARMA N S, LAL C V, LI J D, et al. The neutrophil
chemoattractant peptide proline-glycine-proline is associ-
ated with acute respiratory distress syndrome [J]. Am J
Physiol Lung Cell Mol Physiol, 2018, 315 (5) : L.653—
L661

LI X H, XIE M D, LU C, et al. Design and synthesis of
leukotriene A4 hydrolase inhibitors to alleviate idiopathic
pulmonary fibrosis and acute lung injury [J]. Eur ] Med
Chem, 2020,203: 112614

SUVEIZDYTE K, PATEL D F, PYLE C J, et al. OverZeal-
ous degradation of collagen fragment Pro-Gly-Pro by
leukotriene A4 hydrolase (LTAH) perpetuates fibrosis in
IPF[CJ//Mechanisms of Lung Injury and Repair. Europe-
an Respiratory Society, 2022: 127

PROBST C K, MONTESI S B, MEDOFF B D, et al. Vas-
cular permeability in the fibrotic lung[J]. Eur Respir J,
2020, 56(1): 1900100

KREUTER M, LEDERER D J, MOLINA-MOLINA M, et
al. Association of angiotensin modulators with the course
of idiopathic pulmonary fibrosis [J]. Chest, 2019, 156
(4):706-714

AWAJI M, SAXENA S, WU L Y, et al. CXCR2 signaling
promotes secretory cancer - associated fibroblasts in
pancreatic ductal adenocarcinomalJ]. FASEB J, 2020, 34
(7):9405-9418

KIM H, JANG Y, RYU J, et al. The dipeptide gly - pro
(GP) , derived from Hibiscus sabdariffa, exhibits potent
antifibrotic effects by regulating the TGF- 31-ATF4-
serine/glycine biosynthesis pathway [J]. Int ] Mol Sci,
2023,24(17):13616

MCKELVEY M C, BROWN R, RYAN S, et al. Proteases,
mucus, and mucosal immunity in chronic lung disease[J].
Int J Mol Sei, 2021,22(9):5018
CWILICHOWSKA N, SWIDERSKA K W, DOBRZYN A,
et al.Diagnostic and therapeutic potential of protease
inhibition[ ] ]. Mol Aspects Med, 2022, 88: 101144
NICOLA T, WENGER N, XU X, et al. A lactobacilli -



*1536°

[

B

PN

ns
&

4555 10
2 2025410 A

H

[44]

[45]

[46]

[47]

[48]

[49]

[50]

based inhaled live biotherapeutic product attenuates
pulmonary neutrophilic inflammation [J]. Nat Commun,
2024, 15(1):7113

PAYNE G A, SHARMA N S, LAL C V, et al. Prolyl endo-
peptidase contributes to early neutrophilic inflammation
in acute myocardial transplant rejection [J]. JCI Insight,
2021,6(6):e139687

WELLS ] M, O’ REILLY P J, SZUL T, et al. An aberrant
leukotriene A4 hydrolase-proline-glycine-proline pathway
in the pathogenesis of chronic obstructive pulmonary
disease[J]. Am J Respir Crit Care Med, 2014, 190 (1) :
51-61

HIKISZ P, JACENIK D. The tobacco smoke component,
acrolein, as a major culprit in lung diseases and respiratory
cancers : molecular mechanisms of acrolein cytotoxic
activity[J]. Cells,2023,12(6): 879

WANG C X,ZHOU J D, WANG J Q, et al. Progress in the
mechanism and targeted drug therapy for COPD [J].
Signal Transduct Target Ther, 2020, 5(1):248

ZHOU Y M, WU F, SHI Z, et al. Effect of high-dose N-
acetylcysteine on exacerbations and lung function in
patients with mild - to-moderate COPD: a double-blind,
parallel group, multicentre randomised clinical trial [J].
Nat Commun, 2024, 15(1): 8468

RUSSELL D W, HARDISON M, GENSCHMER K R,
et al. Benzyloxycarbonyl - proline - prolinal (ZPP) : dual
complementary roles for neutrophil inhibition[J]. Biochem
Biophys Res Commun, 2019, 517(4): 691-696

MATTOS M S, FERRERO M R, KRAEMER L, et al.

[51]

[52]

[53]

[54]

[55]

[56]

CXCR1 and CXCR2 inhibition by ladarixin improves
neutrophil - dependent airway inflammation in mice [J].
Front Immunol, 2020, 11: 566953
LAZAAR A L, MILLER B E, DONALD A C, et al. CX-
CR2 antagonist for patients with chronic obstructive
pulmonary disease with chronic mucus hypersecretion: a
phase 2b trial[J]. Respir Res,2020,21(1): 149
XU X, LI J D, GREEN T J, et al. Neutrophil elastase-
dependent cleavage of LTAH alters its aminopeptidase
activity in cystic fibrosis[J]. Eur Respir J, 2024, 63(3):
2301512
MASCOLO A, SCAVONE C, RAFANIELLO C, et al. The
role of renin-angiotensin-aldosterone system in the heart
and lung: focus on COVID - 19 [J]. Front Pharmacol,
2021, 12:667254
QIUY Y, WANG Z W, ZHANG X T, et al. A long-acting
isomer of Ac-SDKP attenuates pulmonary fibrosis through
SRPK1 -mediated PI3K/AKT and Smad2 pathway inhibi-
tion[J]. TUBMB Life,2020,72(12):2611-2626
GAN P X L, LIAO W, LINKE K M, et al. Targeting the
renin angiotensin system for respiratory diseases [J].
Adv Pharmacol,2023,98: 111-144
TAKANO M, KURTYAMA S, KAMEDA N, et al. Effect of
corticosteroids on peptide transporter 2 function and
induction of innate immune response by bacterial peptides
in alveolar epithelial cells[J]. Biol Pharm Bull, 2022, 45
(2):213-219

(WFs BT 2025-02-28

(AR BEIS)

B B B S B e e e A e S e e A e a5

(%1527 )

[64]

[65]

[66]

[67]

sponse to radiochemotherapy: deep learning vs. machine
learning[J 1. Sci Rep,2025,15(1): 62

AASMA SHAUKAT. Blood test can detect colorectal
cancer in average -risk individuals [R]. ASCO Gastroin-
testinal Cancers Symposium, January 23 -25, 2025, San
Francisco, CA

CHEN Q, CAI M, FAN X, et al. An artificial intelligence-
based ecological index for prognostic evaluation of
colorectal cancer[J]. BMC Cancer, 2023,23(1):763
NETO P C, MONTEZUMA D, OLIVEIRA S P, et al. An
interpretable machine learning system for colorectal can-
cer diagnosis from pathology slides[J]. NPJ Precis Oncol,
2024,8(1):56

ZHAO Z A,FENG X F,REN X Q, et al. Uncertainty-guided

cross learning via CNN and transformer for semi-supervised

[68]

[69]

[70]

honeycomb lung lesionsegmentation [J/OL]. Phys Med
Biol, 2023, 68(24). [2023-12-23]. DOI: 10.1088/1361-
6560/ad0eb2
BHINDER B, GILVARY C, MADHUKAR N S, et al.
Artificial intelligence in cancer research and precision
medicine[J]. Cancer Discov,2021, 11(4):900-915
MULENGA M, RAJAMANIKAM A, KUMAR S, et al. Rev-
olutionizing colorectal cancer detection: a breakthrough in
microbiome data analysis [J]. PLoS One, 2025, 20 (1) :
€0316493
SPADACCINI M, TROYA J, KHALAF K, et al. Artificial
Intelligence - assisted colonoscopy and colorectal cancer
screening: where are we going? [J] Dig Liver Dis, 2024,
56(7):1148-1155

[WFs RH#A]  2025-06-17

(KXRE:E B





