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Research progress of Calpain in fibrotic diseases
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[ Abstract] Calpain-mediated fibrosis, a physiological tissue repair process that almost occurs in most of
tissues and organs, is closely related to multiple cellular pathways and is widely involved in the progression
of diseases. It is believed that the pro- and anti-fibrotic systems are dynamic regulated in wvivo, so
pathological organ fibrosis still may be controlled and even reversed. This review summarizes the latest
researches on the role of Calpain family in different organ fibrosis and the intervention of Calpain inhibitor in

fibrosis progression, aiming to providing a reference for the research of Calpain family in fibrotic diseases
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context.
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matrix, ECM) 5 Bl 1 & B 55 2 Fh 0, S 0 F
FEP R R Y . B5 4 A 8§ (Calpain) A 3 i 94 1
EZ - IR R e il ST i Ot ol 1 i M S e A
I8, A FH 25 By v ) B R PR R D BRUIE S8 T
Calpain WX e P AE YT . AL T
Calpain iy Fr 28 K HAE 22 i 28 4 4k 9252 9 v 0% 55 87 iF
98, B TR A& WG RIGIT HE 4R 2 7%

FETT SRR A 5L 4 ((23ZR1410800) 3 & H K24 B w1l 25 g & Jé 3 42 (2024ZSFZ50)

ACorresponding author E-mail: wang.qiang@zs-hospital.sh.cn

I 26 1 %2 IFIA] :2025-11-05 16:06:24

[ 4 1 % Hb k-« https : //link.cnki.net/urlid/31.1885.R.20251105.1405.004



898

MH A (BESA D) 20254811 A ,52(6)

Calpain 3 i&

%3 Calpain & 5 & ) IR MEFp4) 7 Calpastatin
Calpain 72 — 21 AT ¥ P v R Dt 2 B2 48 il , 2500
AR AR 1 Ml 2 SR Y BT U A Th Re s i 78
WAL S YA Tz Rk o Calpain 34 15 4N
B4, H v Calpain 1 1 Calpain 2 2 % # /) Calpain 43
5, 3 0l o S GURE R RN 2 R IR i Ca R B R UK
T, 5B FR N p-Calpain il m-Calpain™ . Calpain
1 1 Calpain 2 76 4 i N 2 DL 5 R — AR B L 3%
5L 2050 i CAPNT 2 P CAPN2 5 [K 45 it () AL
PRI 5 CH X 23 % i i O 80 000) 5 T CAPN4( X
PR CAPNSI) B DA G it 1) 98 35 1% /N 57 5E CRE % 43
F Ay 28 000) M R 2H 8 AE T AL R Ak
0 2 Bt & B2 B 45 # 38 (cysteine protease domain,
CysPC motif) 1, 2 & fy 2 e 22 R 5k Bk - 2H 202 4%
Bk - KA Tk e B R AR 800 AR S PR AL A (T 1), X2
JLTE IS5 A I B R

H i 2 A1 ME — 59 PR P Calpain 45 5 24 7 il 551
S5 (B B0 ) & A (Calpastatin) Y, i CAST %

P 2 B, 38 W 7E ML N 5 Calpain 3t 3 360
Calpain-Calpastatin H. 4 45 & [F #4Kfi Ca**, H Ca™
e JE 5 {H B P F Calpain 194> T 4549 . Calpastatin
A1 F 4 A 5150 00 o M 5 R B, E M P R B R B 0
VR R g AR DR R Cat ik B AR
[A] i}, Calpain 5 & Calpastatin B9 2 A1 3 95 ig P9 £ #h
PR 3R I 455, G 8 e A R W IR AR B L R S
Calpain 7> 45 ¥ 1) B3 A R A5 1 2 T Zon (R Bl g
A Calpain ZR % (9 At g 51 2 i A 16 1 v
O B 0GR B IR AR BRI B, Rl R Ol S i Y
Calpain'™',

Calpain 1 #1 Calpain 2 i i$ 9 A [A] i B 95 fifg
128 — A LUK [ B R SOCR 85 U1° . {H Calpain 1 Al
Calpain 2 X} Ji& 45 19 P50 A 52 B 1 42 B2 TP 41 R 5+
PRV SR RS 9 BY A ELA AH (R Y 3
&) ¥ A6 0 B Calpain 1 F1/8¢ Calpain 2 f§ fi# )5 , Ji§
Py 10 T M AR A 1 S R DT 5 B A5 F A T RE
M B, 52 e A5 5 e 3 o s R RIK AN, 2 5
2 Fh 40 0 1) BE AN L AR

CysPC domain PEF
[ ]
Civs His  Asn
| |
|'l'_| Ila H b H I} H I |Calpain 172
m M ICalpain 4

Cys: Cysteine; His: Histidine; Asn: Asparagine; CysPC domain: Cysteine protease core domain; PEF: Penta EF-hand.
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Fig1 Structural diagram of Calpain family members

3 H# Calpain & B Calpain 3 X F% & p94, H
CAPNS3 3 [H %5 1 , Ji & ¢ UL 4L 800 S 1 3 R K
Calpain B 51", HAG DUFRRAE : (1) 5750 i) 2 44
A JF 51 (insertion sequence, IS) f# Calpain 3 Y #H X
4y T N 80 000 18 2 94 000, B FR N po4
(2) Calpain 3 376 B9 00 22 2 1 2 1S1 A & i,
3X ik PR AR T AN S T [ I AR AR R A
T3 (3) CAPNS I 4 Fl 36 M 58 A48 A 45 48 L2875
TC LGEAE  F R 2 A% RN Bk 5 718 45 68 1k 400 T 471
B, My al S SO LY E SR A R O2A B (limb
girdle muscular dystrophy type 2A, LGMD2A)""*"",
PRGN CAPNS & LGMD2A FY 80w L

Calpain 5 fl Calpain 6 ¥4 & A& 2 MFAEPE C i 45
¥ 55§, (C-terminal domain, C2-domain) , i £ 5 I§ &
HAAER IR A D RBIE 22 Ca™

e B FN S-JE Bk Ak (S-acylation) 8 #%"*"', Calpain 5
TEMFL B A i iz 3R3k 4ok ik Calpain 5 38 i
C2 &5 1l B B B i 2R 0% L SR B 2L 0R 4 BT BT I
I #4 (endoplasmic reticulum stress, ERS) ™ 4 fE
Mo BEAh, CAPNS 9 285 1 A% 0 58 728 3 B3R H1 g
1R TR L R H Y 0 (AR S R AT R A i A AR P B
B AR P ) B G 28 (autosomal dominant neovascular
inflammatory vitreoretinopathy , ADNIV) FJ £ 5% Ji
{2, Calpain 6 it = PEF 45 # 3 , JC % 11§ 75
PEEPLER G R E T R IE T LA GO S
G &, A R Rk & R R R

Calpain 7 J& A L7 Calpain i 51 , Bt = PEF 44
g 388, A5 C2 25 46 3k T N i 235 44 4k >, 9F i e A
S HL T A 6 M RIS Wk R . Calpain 7 5 LY
iz i BT 75 0 K 43 it &2 A 1R (endosomal sorting
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complex required for transport, ESCRT) & 4t & H
IST1(ESCRT- I & 45 ¥R B9 6 1 7 ) A HAR T,
P43 36 38 9RO AE R

Calpain 8 1 Calpain 9 3 5l #% 2y nCL2 #1 nCL4,
J2 Calpain 1 Ca™ MR 1 21 SUR S PR A0,
A TR B R R T i AR T A PR A e, 2
a9 1 o b B e T 0 T B FE 1 4> 7. Calpain 8
Y I F J5 65 240 i 25 22 ) 4 S0 5% i ok 2 17T Caalpain 9
W B 22 2 5 10 il 5 2 e PR 1 2R RN R S

Calpain 10 H CAPNI10 % H g 15, SRR A 3E 1
5 2% MK fi BB JR 9% 4> T 1 (non-insulin dependent
diabetes mellitus 1, NIDDM1) , CAPNI0 8.3k X £
4 (single nucleotide polymorphisms, SNP) J2& 2 #I
B R 3 (type 2 diabetes mellitus, T2DM) #J B Ji& 3
Pz —"", Calpain 10 B £5 % IG5 B — IR 45 44
S B A LA T B 3 S5 R SRR CysPC 2R 1 45
P B, B = PEF 5 k930, 2 5 1 & F 440 e
JHE I B ILAE 55 2 R AR 2R A AE

Calpain X #% 7 £F 4k L 2 5% 1 F

B o 4 40 7 2F 4 4k, 2 R 4
(hepatic stellate cell, HSC) & £ 3 i A1 JH- 55 51 20 Jg
Z R FEHOR A B AR . Calpain #1650
w85, Ca” 4 5 1Y Calpain 1 1 Calpain 2 3 7% 2 1
Fik ik b Bax 42 98 T2 B R G B0 MAPK
5 5 180 I 2 40 i R BE Ik B B, £ E HSC BT,
1717 BHL 1F AR 21 2 A6 VR, 35 210 22 fife 0 2ok 88 e D 350 A1
eSS A VO SN /NN (1R 1 o Y )
(Kupffer cells) H#r, Ca™ 1 it 51 & 19 Calpain 1 F1
Calpain 2 #7518 1 NF-kB 15 58 [, 7] S BRMEN
JoT R JICTTT 75 | 2H 23 98 E A0 JTE 52 o2 400 B 52 4, gk
P& JF JF U 27 4 1k o R0 e Ah B BT E W
CAPNY 3 Bk (CAPNO™) fig 4 Ak i £F 4i Ak A 47
TER™,

RS et KREBFFE R W], Calpain 5% o B
WG AL T & F R BN O LT 4kt e . 7E
O BERL B CAST i R 3k (CAST ) A 3 1Y
Calpain i & # 7 [ X T N-45 % % 11 (N-Cadherin)
FIk 38 kb0 L FE A A A B TAD G B L AR T 0
I O WU AE JEE R £F 2 Ak o 3 I 2 4 Ak AR
h, Calpain 635 b {2 #F 1 2F 4 240 J 5% 6 A 4 K+
B(transforming growth factor-B, TGF-B) & ik Al it &L
FEHEBS M Calpain 7 M 5 2 35 B8 76 0 JIE 5

i SR At P AR AR AR R T . 7E 1 BURE IR R (type 1
diabetes mellitus, TIDM ) /)N ERAR B, CAPN4 @ B
(CAPN4") 8 CAST 3 %35 (CAST™™ ) il i B {1k
NF-«B {5 5 i ¥ F1 5 B 4 8 & [ [ (matrix
metalloproteinase , MMP ) i P , A] 2t 38 1l 48 7 A=, Uik
BB AL /N B0 UNE JEE RN 2F 2 AR FE O A N B
W, 25 A ] Calpain B8 W8 /D 0 45 27 4 b i B
TE =5 Mg I0AE 52 00 USRI, 310 3 Calpain J& i 1
JAK/STAT {55l 1, 50 26 8 M40 B 2 A
[ 22 38, DT ik 4 12 M O BILET 4 4k, $2 1L .00 1) B
PR,

M AT e TR EF 4 A b, 0 2 5 1 il £F
4t {1k, (idiopathic pulmonary fibrosis, IPF) , ifi [f] Ji (1)
IR g R MM /NG g EBYE
Calpain 1 B YIHH K . A58 K B, Calpain 1 %3k F
A Ao A 3 00 i ) 5 R 5 R PIBKY Ak {5 5 T
SEHECEMT ™, 2 kIl £F 4L ; S 2, 24 # i Calpain
T VR IR, T 2% i S M i 4T ZE AR TR A,
Calpain 15 8 A 5 i J5 7] Ji7 240 Jf 30 A% 240 fifi 52 5, 28 i
R 5 fili 5 T £F AR . AR Bl /0N i 45 E v, Calpain 1
O A O A = a5 2 I 1a (hypoxia-induced
factor 1 alpha, HIF-1a) A 5 41 il X -7 43 18 " A2 1F
EMT™", 5| 2 i i 45 £ 4 A A i A 5 1%

KRk ¢ Y4 Calpain 76 2 Jik £F 4 4k b (9 i 5%
A FR T2 AR v AR B R AR SRR TP R R
i Y () LR 27 AR R L Gl m R CAPN4 BH IR E
Wi 40 A M1 A Ak, 48 AT 2F 4 Ak 5 i 25 9 1
il Calpain 1% P£ 88 il i TGFR1-Smad2/3 il #% , 1l i
ST 24 240 VOIS S DT 80 5 o L R R i ) 2T 4
FRFEE S FEBE 0 I B Tk 3G 25 1k i 9K T8 1 1Y) A 5%
o, PR MR AR D R Calpastatin 38 £ 419 6l
Calpain 1% ¥ & # i W 35 09 HU IR B0 41 4 4k &L
LY 3F 38 3 ) NF-kB-p65 Fl CAPN2 [ 1% 7 , I
B2 IE JEE P R R G T 4R AR Y AR K, DT R BIIG IT
TER".

Bk £ 4 Calpain 78 B E £F 2 Ak b 9 A 5%
B B 5E 3 WY A AR A I b (%) B BRI R
Fl Piezo1 X ' £F 4tk 22 0C 8 2 5 M 1Y Piezol il
if Calpain T 5 5 5 16 R U5 1Y B W5 40 A % A R G
EAE R, e B0 Calpain 36 2 7T 0 5 B I 21 4k
£ Calpaint 45 (¥ 1 Wit -1 i 1A% 3 s 25 5L vl g /2
B 45 A% 9 B /N A RD SR PR AT 4 b R A, I Uk
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Calpainl 7 B Ji o B /)N & (8] BT £F 4 1k 19 3R 97
LY

Calpain #J & 7| 3t SF WU BRITIER W 1H
BT Calpain Xf 21 4 Ak 1 e A A ) 72 B 114 42 AR
JH B I Calpain 36 ¥ 5 R £F 48 410 97 19 B 58 34
Hoo TEAN TR £ ek i 5 s AL vhy 1 1 Calpain 3% 14
R AR 4 AR IT R I DR AT B 58 RN I DR % Ak B T —

FEBYHE TR o TEAN R E AR £F ek b, SCHR iR E B
Tl A 0T 4 AL A FH Y Calpain #0007 32 24 K % R
(tunicamycin) | £ Bt 2 R 3¢ 2R 25 W 5 2R (acetyl
leucyl leucyl norleucinal, ALLN) 3 £ 74 21 bt 22 2 25
1 A 771 (MD1.28170) . Calpeptin Al £ E L2
5 2 BRI AR 7] (PD 150606 ) 45, % A ) 245 4 1 432
BT FN LT e AL SR B ) S 55 Q3R 1 IR o

1 Calpain 3§ 5 3 7 5 47 4 (L R BU Y 4E B
Tab 1 Effects of Calpain inhibitors on different fibrosis models

Tunicamycin ~ ERS inducer Hepatic fibrosis Induce HSCs apoptosis Rat %!
Cystei t - . g

ALLN e e Hepatic fibrosis Induce HSCs necrosis Rat 2!
inhibitors

IBTLEEE) Cy§t§ine protease Myocardial fibrosis Disassc?mbles cell—cv-sll adhesion at intercalated discs by Mice [
inhibitors degrading N-cadherin

. Cystei teas e S . . :

Calpeptin -ySeme protease Myocardial fibrosis Inhibition of cardiac parenchymal cell apoptosis Mice 4
inhibitors

Calpeptin Fly§t§ine protease Pulmonary fibrosis Decreased 1L.-6 eregdent cell proliferation and angiopoietin-1 Mice (47
inhibitors dependent cell migration

Calpeptin Cy?télne protease Pulmonary fibrosis Reverse TGFB1-Smad2/3 mediated EMT Mice 1+
inhibitors
Cysteine protease Pulmonary vascular . . . . s

MDL28170 g ) . Inhibition of HIF-1a signaling pathway Mice
inhibitors fibrosis

MDLogt7g ~ Cysteineprotease - Pulmonary vascular —y Lo o PLaK/AK T -mediated EMT Mice %
inhibitors fibrosis

stel s -ILD pul - . .

PD150606 'Cy?t?me protease S.SC 7 PUmONAY - ibition of macrophage M1 polarizatio Mice
inhibitors fibrosis
Cystei t SSc-ILD pul: S . .

ALLN ySiemne protease ¢ PUIMONATY 1 hibition of TGFR1/Smad2/3 mediated EMT Mice ¥

inhibitors fibrosis

ERS: Endoplasmic reticulum stress; ALLN: Acetyl leucyl leucyl norleucinal; HSC: Hepatic stellate cell; EMT: Epithelial-mesenchymal

transition; SSc-ILD: Systemic sclerosis- interstitial lung disease; HIF-1a: Hypoxia-induced factor 1 alpha.

Z59%  Hi & T Calpain 75 £F 4 4k 32 95 v 1o F
9% 22 Jry BT 4 B AN BRUBE A (AR R B D B S R
FEA, A J5 nl 3 5 N SR AR 3R 38 & AT PR A R
M 2 S 32 3K Bl 25 S 0 M b X R R TS RN AR AR R
AT SE . O3 — 5, & TR #L R Calpain 43
T W58 A5 4 T 45 0 0 4 i 3R 38 0 75 17 16 Bl i
T RE 55 J7 18] 1 A7 4 10, R K AT F — 20 #E 3l X 3k 46 43
TR, 2R A T # Calpain K HE M 5 o B
EVE LG 5T B A WHR A, LA K Calpain 30 4l 551 7€
25 /N BRURE TR (4 40 2F Ak AR A FH 0 I LA, Calpain A
B 1R B R T R AN .
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