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Abstract

Dermatomyositis (DM) is a systemic autoimmune disease classically characterized by cutaneous
manifestations and muscle weakness. Among its complications, dermatomyositis-associated inter-
stitial lung disease (DM-ILD) markedly compromises patients’ quality of life and is a major deter-
minant of long-term prognosis. In recent years, research on DM-ILD has advanced substantially;
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however, its pathogenesis has not yet been fully elucidated. Accumulating evidence suggests that
the onset and progression of DM-ILD are closely associated with dysregulated autoimmune re-
sponses, persistent activation of the type I interferon (IFN-I) signaling pathway, and an imbalance
between injury and repair following lung tissue damage. This article aims to systematically synthe-
size these mechanisms, with the goal of providing a theoretical basis for early identification, risk
stratification, and the exploration of potential therapeutic targets in DM-ILD.
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1. 53|

B FE— R WK R GEE B B e M, BRER S LASZ 846, il R R B aE R4, HA i
52 FILNHE . DM-ILD A2 DM BF I EEIF RO, SRR K50 AR E DI SR
SR, DM-ILD V1A RALE] AR e 2 B8, AT VO AR TR [ B B e e N e . JOE
OB BEIS . ITHIUB R MG R 2 YA A 2 IR IOIEFEIE I [2]. BRI, SRS AL
TRICWr, IR DU IR T 500 1 ) € B B R

2. K
2.1. BERERN

2.1.1. T RN SR ER M

7E DM-ILD ) %2 B R rh, T 40 5 3 5 A0 S A 3 B Ml oy 8 A JEe e G SV E 3]0 B 0
FHAHRER, FIRAERMOWAHREER S (melanoma differentiation-associated gene 5, MDAS)FUAAR FH 14:
BALR(MDAS® DM)&# 1, CD8* T 4ififl i35 15 A JF e ke 1%, JUHZ ISG'GZMB R CD8* T 41y
YRR fili A 5 i PR IR, RIS BURL AR (GZMK/GZMB). AR &M Ki-67 M T3 % fill 5 [ (interferon-
stimulated genes, ISGs)5¢ 5 ALK 707, IR T ReS SRR i[4]. duhh, SCOUVE R RED:
B (bronchoalveolar lavage fluid, BALF) %2 7 BUHT 58 #0x, MiliRi#A77E T 40 = 5 S50 #R 4L, W CD8*
T A L5 T 75 % 38 73 TS B s v AH AR &) (W1 PD-1. TIM-3) L, [RII Al itivf B v di i isfh, 3R
IS A B 3 AR B ) R B0 FT RE S SO 4E R 5 A 2R A[5], Bk CD8* T 4ifiisl, CD4" T 4HfufE LT 4t i
PN IR R A 5 3 Jg bR T e R FE DA VE Y, Ham i R Ja e 6 sl 400 ff &7 55 JO AR DG BT IR 5 | R JR) 38 e 38 S
[ Th2. Th17 DhAERY 98I Treg UReAS /& 55 G A nl 36 1o 4 i EA] -1 I 28 JEORAR 1 4E A 8URE[6] o

2.1.2. BEHRERIRAIHEI

H S PR 55 0 5 Rk B R B, /& DM-ILD %% N i 35 RO i S 25 mtk . DA
MDAS5*DM A, MDAS & FA/EAREAGR A 52, 8 A0 T b R 40 B f =T 1 i 4 i 45 240 A ) B ot
AT TR 97 B A B P Y I R R XU RNA (double-stranded RNA, dsRNA). 24 dsRNA 5 MDAS 4545,
FESHM G A, JFiEd caspase activation and recruitment domain (CARD)5 £k ki 4R Hi 9 515 5 & H
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(mitochondrial antiviral-signaling protein, MAVS)HH ELAEA, BUE NUFBERIISN,, fe22fl 1 T
(IFN-a/B) B2 Z2 i 58 PR 5~ T8, T A 35 1) TEN FH O SE SN, BRI i 38 28 R S B AR HE LT AE AL R FE [ 7]

F—J7 I, &N S R T FIEAEAE B S PUR-T AR UEYE, WIFEDT Jo-1 BHIESTA LR
B AE A A B I B S R B A, AT RS 2% 2 Z BE-(RNA A BB (HisRS) ¥ H & % CD4* T 41
Mg, A A A0 PTE (human leukocyte antigen, HLA)-DRB1*03:01 PUZ /A AR IGAIE HisRS 2 1 41-55
R ZERF IR N T 4ifI A, 78 HLA 1550 T A AR08 3715 4 et CDAT T 4iS (IG5, XL
ANl P 235 PD-1. CD137 S5 AU bR BT 70 IFN-y S R K 77, SR B S s Bk S e N 2 5
PRI HERR8] . 1ZAEHE F Bk P A RLE A E/IM-ILD, {H AR DM-ILD (IR RS i 5 A48 it 7
2%, G5aHNA CDAT T A A SC B S PR AT AR 6], #n “ B SPE 78 00 - T 4 is e
SOREY IS - SR R VR X — I AR, R AT RS2 DM-ILD G i #dh i v 1A% O BT, R R R K )
JE SRR FRE IR 5 A HeA R R 3

2.1.3. B 4AEa R B SniFm{ERA

PRI A S AE DM-ILD %% S N AP 5 35 B AT . IRPR SRR, H5e B S Ptk S5z REk
AR R TG B VIA G, Fordhdt MDAS $uiAk BH 4 258 A A A B 5 58 L) TLD A A XU A B 22 45 = 7] [9]
FHIRHL PT RE5 G e A WIAEIT 7 8 IR i R AL SR F I E I Th RE RS 45 5C[10]. BEAk, T Ro52
oA T BEE 1 AT 4L ML T R Sk 2O S ECILD #2117, $T Jo-1 (HisRS)Fi ik 257 th S it 52 B2
VIR, 2 Wi, I3 R e v v i iR RIS HisRS 4K 28 4l WHEP 45 #4358 2 0 i e S 1 5 v
SRANTJ. MIEDT HisRS-FL /KP4 ) 855 50 5 & R [ BT 5 0615 98 [RINF, BALF A5t WHEP [
IeG M5 fitihae N FEAHOC, Hbt HisRS-FL HuiAR FERE ILD 730 23038, fenH At BRI
P 1% B0 M RV AEANEL[12]0 59— 7 THD, il P 80 ] REAHE BN = bk RS T A, FEHh 4R B 4
J 55 v B T 40T A RS E S PR E A R T A0 PR AL SR L RO B S, T g% S B <A
BB oy CFRELYERE” [6]. 451, DM-ILD B H & Sl B EEALFE PR IREN 1) T AN A, A
B 4 J H S BTN T ITBORFNGERR R, A Ja 2 SOREA ot X 284 3 S 2345145 - 18 58 e i f i kAt o
2.2. REEHE
2.2.1. HENFROBRE: | BTFHRORLERNE S T RM%E

7 DM-ILD 1, T B3R (IFN-I){5 538 5 1 RS2 5 5 BOS pA N AE JRE S8 ) B B A5 5 A% 0030
FI[4]1[5][13]-[16]o IFN-I {5 P AR nidd 2 Al , A G M KRG, $L MDAS Bk 4R
MDAS M A HE RNA ARIREE, HAH DGR B EBORHFEE “IIRIE S 7, (AT SR M S [ 4
PB4 K& IFN-0/8 [4]. WEFLHEIR, $L MDAS BH%: DM 835 1 T RT3 =AM 53 2 (IFN-1 score) 5 1fiL
& IFN-a. BREE KPS 7 B BT % UIAHOG, 478 TFN-T Sl n] REAL) B sl i i g 5 v XU 2 7Y
Y E B AL 15]

bR, &M RN S B S PURILFEN T T RO R BIRRSEBOR, MR E Sk R e S s
VIRl ik — D WEAMA . FESEREGNNL,  TEOK R R A A B R R B, FE TAHLHIET, AEWME B0 i
7~, DM 5 ILD fRfE 3L 22 7 RIE R, 55 SLAMF7. SPP1. TDO2. VCAMI %%, XUEFER B #HE
£ T PI3K-Akt. MAPK M ZHMIA 1 - 2R AH BAEFHAE@EE[17], SR elITaesS T 40ME i, WA
M S IGTESEE AR, ANUARLE TR 2 SR A AEMIRS IR ML 70 B hill. IFN-L(5 SHRFERBUERT, Rk
FBEER (1SGs) B H A4 (1 MxA) RIS 2 FHE[13], #5% IL-6. TNF-a. CXCL10 (IP-10)55%
P R S Al R R, (R — AN TR B AR SRR S N 2% o« /2 — THEEXT e A DM (R BE R HE TT A
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RIG T, IENS 75 80 v i (dazukibart) AE S T TP-10 K T RAFALIE R R IL, XMIRITAE X
FF IFN-I {557 DM REuPEJORE sz 14], HILXT DM-ILD M4l s i B Eesem iy A feidt—0
W70, LA IFN-1 A% O BN N 8 RE 1247, I G e 40 fisiE S5 A 2R 0 15 S I L RIME R, HE3h 980
S [ il S i 453497 5 4H 2R B R R

2.2.2. BMRMMEREEER B

DM-ILD [f) $E S S AE I AR 22 7Y LA K% Gy 4 AN EH 4125 S T3 A AR B o 2 0002 T A6 i ) 0 e ) e
R EUMIE S — RV AR . R A T R I RIS M B IR . RSB TR R FAM. /it
V) 1) 9% 1 V2 2 ) A s AR AL P R B[ 1] [18] [19]e PMOWLZ T, A0 S BLAE AP G 3R 5 Ml Jo R 4L 4B A~
e R E, H T FH A E R AR DM-TLD (0 2 Bead gk f 24 1) 5 4 il (rapidly progressive
interstitial lung disease, RP-ILD))& 5 HREIFMEE, KIMHANE e R A, BIandsr T AR EL
BB 4R 5 fe CD4Y/CDS L EMAR R AEAR L, ARG ABEZ WA —EE R, RN FHEE
FIRHIELR &% & [17]. £ MDAS DM B# i, fAERIE TR RBEF ISGs) ) CD8 T 40l LR, XK
YHARARUN IR TE R, BES4ERFRR SR S IS TEIRES (4] $T Jo-1 PHVE B A BUR R =1k CD4* T 4
Hi T B 38 5 S AL AE Y o 5 A0 e ST A LK., BALF A S Be 40 4 i X FL iR S I 2= 5 R
% TS i J=3 350 SORE AOR B RRRAE B il Y G A A5 TE 00 b e v vl iR 4 DGR i SR B 5] 7
RIENZH, FEARREdnicn T 4. ENEgn iS5 B gnie) il B IL-1. IL-6. IL-18. TNF-a %
TR R ANA R 7, Rk JORE R FE R M L SUE S R [20]. hAh, A BF F0HR 7R p PR AN B 415 47l
(neutrophil extracellular traps, NETs) ] 55 anti-MDAS* DM-ILD [ 2 SERCKIEFE . T MDAS FiiAH
B IS AT S S RN A NETs, H NETs SR SRl br S e M, X478 NETs
5 ILD R A KR A G210 IR KRBTSRI R G IFAN R, Janus B (Janus kinase, JAK)#1il 77 (4046
VEB A ) AT 4 R BHE VA TE Y MDAST DM-ILD (245 RP-ILD) 3K 2k, 1% IR 7 TH N 1Z A5 5 8 4%
VEIRITHE AR 1 SCRR(22]-[24]0 ZHZR)Z1H W] W2 Fh G e 4B M0IRE , anid 6T CD4AZ T 4af . M1 A
ELVRZHM . SAMuss[17], R ER, SPPl. VCAMI &0 1w %5k 54 IR 2 EAH [ 17].
34k, dazukibart AHICIEPRIRIE o, R AR TGRS HH R L ST 1 R A VAR bk B IR el > S 2H R A
[14]. bikes B M LR HZ T R Y], % IEN GimT 78 BT 22@ DM (4 5 4808 S .

2.2.3. HREX D EBLELR RIS AR

7E DM-ILD ™, 8R4I RIE A B S i, BRI A4 R A, 175 K ST
FALEAAE S WP RS S5 ™ B RAE[1][10]. IFN-I. TNF-o KGR RREN BT, FEHi5 1 B
R, BOLDIRE R H, TRk A0 M5 AH OS5 R (4] . 2 40 40 R SR 4 40 AH 5% o AR
(damage-associated molecular patterns, DAMPs), 2xit— B UK EH %R RN, ERGEEIER .

P MEOR B R AT 40 5 A 1 B EE5 [Rl . TGF-B IL-21. PDGF 2540 ffa [K -1 7] 75 5 Ml s 4T 4k 40 7%
1, F LA e AR s34 [4]. R, SPP1 3Rk B, 4l mit ot Wom H 5 20 440 oAH O 58 ot L PR (i
COLIADEIAM R, HaRHTies 55mdtE6] [17]. VCAMI &RiA 5G4 CD4HEZ T 4HiiRiEAH
K, ATRES 5 SRR AT LA A B2 (RGN 588, TBOR R #iif 5 H . TDO2 /&R ik in RIR & BRid
A Re S 5 R AR RE . SBER A E OIREE, (H L RN A gt — P SEIR IR IE[17]. AHOCSLIRHT 7t
HERRKY, RIRERIB R W] REAE -4k (1 e —Ia i BAE R RIEER, N “ iR - 44607 |
VLR SR (2510 SUbIREIRS, SR ik e 9 R - B DIREZREL, Ui AR ] a5 1 =5 48 5
KA AT A LG, TR X O IR A 4B R A 21, NS . ek b, DM-ILD &3 g
LIGHT 7KFFt s 5 Il ok 8 o e T 15 22 i 43 9% 25 o1 B L W7 2 45 # (high-resolution computed tomography,
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HRCT) & B FE AT 4> B AEAHSR, FEoRFLT VR A I o s 72 B AR BT 1 S FE R B[ 26]. 45 b, FFEARERE 2
il 305 (I B A, e HES PR FE 0 F 42 1R] 6 16 -5 1 40 3 5T (extracellular matrix, ECM)JTAR [ 9%
BN, NAgENRBEAIE T %05

2.3. UL EMNLE

2.3.1. P4 CRTRERE TR

FlT£F A0 10 A S AR B AR T JORE I FRFERA7AE , SCBBAE T 5 s L FE w1 1E % I A i
WURAE R e Mo 5 SO K KPR BN il b Sz i e 32 245405, HAB R R B, X4
P A2 1) J5 47 2 A T R ) S SR B A1) 2 —[27]0 B E 2 oF (15 5 P e TR, 2 KRR e 4%
SRR, HIEANEE « FREAE” FRETHBE, WEE ‘IS [6]. 5, ECM H
PTG PP, B S BRI E . B S RE RN, RETIRA RIS EE, DR R
Yk (PF) A, [FIRESEE bR AN R B 5 R H B E X —d i, wikid e, A KRF (TGF-
B LT YA IR T 23 KB R AT 4 i R A e 0 A 3 B A A G M B 27 kT L, “fE R mAs” &
FESAEME TLD HE [ £T A 78 T () D443 05

2.3.2. AR HPRRITNRE

TEAFYEALIERE R, BT AN A S FAT A U ET AR A0 B o5 A% O AT o TENLIR IERIRES TS, pRer4E
Y M ARG AR SR AR S UL A S 5 IE I E IR T . SR, M0 T A4 ORsEnt, mer 4840
MOFISESE . T B & g I 2 th I W R A S 0L, S350 ECM i BE AR . RREEBUE N TGF-B %155,
BN 175 5 il RO 2T 245 20 B 1) LR 2T 44T 2 73 A [ 271 12810 WILERET4E4n i B A 58 K1) ECM & RAe 11, ¥
SEIE 53 A 2 e R R S A R RO, AR 2 2t PR, kT RS AT 3 ) Th RS2 4R [27]

B[] T4 2, ELVR A B AE T R4 A [FIBY Bt R 48 DG IR TR« AR, 78 200 R B,
B RIAE S M B EGE 2 T (SLAMFT). 70 Bk 2R 11 1 (SPP1). I AHALKL B 20T 1 (VCAMI)
FROER B MR P A 2 B2 AR 17], XREMEAMEEEE i TGF-A. M/MRATA K K F(PDGF) %2
YA T, B AT AE AR S A S AR . kA, BB ERE S S OR B 4ERE: K
A TEREPEY I CD8Y T 4H M LA KSR B S P RE Rt (1) CD4* T 4HMd, ] idid Fra e 0 5 40 i X 1
I, AERFISME SO SOOI A4S S [6] [17]

2.3.3. AL FHLE

TGF-B/SMAD & B FF SRS R HEBN I 4T G0 R AR R R I CEENL 2 — . ZEBEE 5, SR et
YL HEAAE WLUSCEF 440 5340 IF 3558 ECM 18 Re 71(27] (28] AMXAt, 2 Fhdt i 812 A [F] B Be b
FfER . #lin, PDGF REWE it S AF 44t 5 53T #: TGF-o 5 TNF-o WAL 45 2R 5122 R B,
FREAEEN AT 4L HERR

TEREE G ZTE, JE4niY RNA 25 T 40 SRR R T I fE o orp, (R EF 41T RNA
(microRNA, miRNA), % miR-21 AJ3# i #%] Smad7. PTEN 5642 K 7158 TGF-4 155 3G HE, Mt
YA miRNA, 1 miR-29a, {EMTLF4EALIE R RIE N, fEBR 7 H XS COL1AL. COL3A1 % ECM A
MREIE R, S R IURR[28]. B T 4R 4Eik 51, FH B ECM A 5 S M A 4L orss, ¢
B “ECM AR - 4HMi0E - 3k —20 ECM JiAR” (WIE GBI, AWHEh Il 4 4 f R kit e .

2.4. TFRIBKREHBHIHIES

DM-ILD KA RIFLRF R Al R S i Pk B2 . MDAS™ DM 3% 5 43 RP-ILD, MDAS5 /£ RN
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RNA f£/EE, AIAE R Jm i FE B0, B3 IFN KRS H - AR B AR A ) M2 R A i o 8 i
&, Bl AIRIE[2] [15]. BEAk, HT MDAS Hifdn B0 3 R I BB T NETs, il Ul R 2124 20 ff 16 5
WA, AR PR AT AEL T A ML R R 1 A — o S i LA s AL B ZE AR 54, /£ MDAS DM 83
T, MIEERE AT TR SRR S AN AR A K . IL-18 SIMiE Bk AR T, miKP A IL-18
HBE— LRI NK AN T 400070 i IEN, T2 B IS AL 45 S AE(MAS) ) IE R BHE B [20]. %%
BUH LBz np 2 IRAE A BN SR T A, T A LI 18] P 515 P P v

HZAFRKR, JiaRiiiiasaitE 5 &t etk ILD, 72 B b 2 3R Iy 345 7 1% 1] 5 4 il %
(NSIP)EHLAL LT R (OP) o fEHT A FUMER 5 LB I Z R 3 o) W BALT $94 KA Kb IEE, $oR
T 45 B 4HAE Ja AR L 1 A [ i e e AR 6] [12]. XA ORI AL AT R 28 H S Pk IF4i
FERAELARL, S BUMHLIE P A 28 2R 8] bk 2RI, A EL T RP-ILD AP (9 TL-18 Ak F 5]
RIVEGVERIENE, HTE RS S IEH B ILD AR R B, FRE s, RIMHHif 5 REeR
FFALIIGPERRE, KB B R (T4 S S AR AT -

2.5. ERMAENEEER

DM-ILD [FRAFFAR R — B AR BRI R 51 K, TR a8t A% J Sk itk 5 0 058 2 e < A AH B AR FH ) 46
Ro AL AR S BB ) G5 A G Hk DN 20K DA SR RIS, R I SO AN AR G2 S PR R, A X A S
WO AU . FREEDR 2 0] REAGIX Foh i 7 (1) S B AL 9l R b rT WL PRI A A8, S 5 Ml 0 114 3 Pkt
R0 R EE[29]

W 132 4 2L K] 40 52 B AT 9T (genome-wide association study, GWAS)H 7w, f27E— LI £/ /5 DM-ILD X
B AHIR[29]-[31]o S RAEXVERUESE L, FERF e ANFET, 457785 € HLA-DRB1 Z5A7 JE K A4, 5
B L ST MDAS $iufk B JF ILD WXARE 0. IX5E7R 18 2 BE% 1 5t n) e 2 e LSS ST,
SR RGN [32]

2.5.1. JE4RHES RNA HE sk

miRNA [ 575 K A AR5 5 5 2 1 U8 (5 5 IR S HE4EE . miR-146a 1@ 25 TLR/NF-«B
TSI, DU S AFE IRAKL. TRAF6 S0 LT 24 miR-146a iR, LiRsF11
IR, JREAH S HE 55 3 S JE R 3 & 7K F[33] [34]. £E PM/DM A BEHT 55 H %2 31 miR-146a [ [4AIL,
5 RVEE RN MIT R RAR DG, SRR T B IR ARAE A IR SR AR S SR A A IR [34] . miR-21 JUJEE
It 1) 2T 44k 3 B . TGF- ARSIl AT {2 3 miR-21 B S Fif, miR-21 @it 40 [ 404] PTEN, HEshfi
V) 5 SR YR £ L [ UL R 2T 4 40 i R AL 640 9 3 a-SMAL T RS JE 25458, T miR-21 5%k & PTEN £ik
AL FZ o35 [35]. miR-21 A N SMAD7 %5 TGF- 15 S| [K ¥, M5 SMAD i (12 41 4E 4k
R FET[36]0

2.5.2. RBENSHRENBIERE

HMIETE RNA T3 B (WA= A1 55 VRO B5 55 YL 5, I 520 1 = S BpH S Ik DR 1 28 WL A 1 4%
(EL4% DNA FEEAL 5 9L t0 B 55) 2 5 G AR S IR IR i3k B 5 S I S K AE[37] [38]. DM &34t
JE LA A A RT3 ) TFN S5 qiE, o RRZE AR ARG MX1. MX2 S5 #2033 R (1SGs)
HAZRHEK P 5B a3 AR DR [39]. HE— D0t FU4RoR, DM 3541 & 40 i Hh & 8% e (i LINE-1) )R
E5 TR I BT RE@es £ E R, FEEA LINE-1 8307 X B 340K BRI A DNA HEE
15 3A (DNMT3A)ZKIE Ff[40]. XL IMNLGIZ SR “ NIRHEZ R ZEM #1557 S 5RF4ERT
RIBER WA [40]. UbAh, EHLRZHIF AR H TR ERB FEE MxA 5 ISG15 HIFRIA[40].
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2.5.3. YR ENKFSHRNENR

EIREZT, AN 290 LAY L 15 e S D 3R A ] R o i R BN B DM-ILD (1) IR 3% .
TEH A, XA SR R AT ARl RS AL AL AR R . fEA U DNA FRAIIETR N, V5
Y. YRS R R E DNA R L AR EE 1 2 ARt RNA i1 S8 5 B OGS R 1 3R
K, e CHBEERER - RWBRALABM - RS w s MR, BRI 5 B AR A e f b g% 25 L B
Gy K HAYERE

SLHMR B B T RS A B 1 SR IR R R B A R [41] [42]. FFRTFEREZ A HDAC. SIRT £ik
R S F CATE AR, MITTE— P e e A FUIRES S e s i [41]. IR GRS | BB g v e
et B BPUEBEM . BRI R PR S EE, AR m A ez R B NE R [43] [44]. TEA GRS
RN, X—dRE A S RN T RN E RS 35 BRI LA, FRARXT B B 2 2R 1) S IR SE )
{E IR e 2 s Bt [45]

WeAh, i R LA 1 2 G ks G A 25 a3 77U 510 BR B AE DG I BUR 2 200 2 —[46].
PR T s AN 75 AT 8 4N R #EH SUZ A ER PD-1/CTLA-4 AF (S35, B 5 BiPE T 40 5 5 8o
HP H[47]. 25%)5 DM FISCHRIR AT 7E 3L T FAERS 25905 1 o0 1 Hh 3545 32 R 48]

B, MHEMREIA—E2FERERMS R, HIGRSAE A BGR T 16 £ 5 B Al 28 b, &
A - FREE AR T DM-ILD (IR it 86 B 1 RIS R I RAE, PSR L 52
BET fil R SO A, R ISINE o T IR AZ R R AR SR, RO RS PR
AMEA TR T HLHKHE[29]-[31] [49].

2.6. ImRFTIM IS

B % DM-ILD W 7CFFERER N, S WibniE e AN WS 8T . ILFT B B AR 58 B S Ui iy,
B It MDAS $iLfk. Hit TIF-1y HiiR%E, XEREE B 5 PR R 45 55 95 ™ SR L X 1s %5 1AH K 1]
[10]. HULEES, IRKTE 4 AR S B R B ST 256 VY - a i, S8 [ XIE 7 %% 2 (American College
of Rheumatology, ACR)-5 3& [& i &} £ Jifi 2% 2> (American College of Chest Physicians, CHEST) & & i [
KA FFE X RS B & g% M IR I7 (systemic autoimmune rheumatic diseases, SARD)#H < ILD (45 DM-
ILD) i & 5 IR it 7 RGEVEE, NImPK 7 S VP I RE DT & B it 7 2S5 (50]. £ TImPREEBL.
TR PRSI Z 4R, AT & RIS A T T e ae .

3. &5ig

DM-ILD FI# Ui B 2 2RI Z B 2R ZE M BAERRE . RO THURIRS) 1) 3 & F% =
WERE, IFAE IFN-T AR RIEPI 28 RF SN, i — 2 S BUME b 4l 5 B A its, BEg Rk
W, REHESNAIEN . ECM YRR AT 2l U B 80 [7] [27]. BRI, 76 LIFE, T 41Em
R TR A B T FR SR S IR BN 4] [6] [8], AR S S JU3EE — A5 i ) 5 4 4 S B ] B[ 10]
[11]; HEMT B, IFN-1 AHOG(E F il B S = o A R A 300 5 A M OG5 5 [13]-[15]: & Nk
B, TGF-B/SMAD % £F 4k 18 i 15 1 5 5 A ML L [F 5 1 AN SE ) 2F Ak 1) 3% A2 [27] (28]

TR, DM-ILD GRS, FIRES S SO oA . 8% 5 B DL R S5 e (R 32 2 TA) 1 &
IE A 22[29]-[31]. A KRBERLE RERGBEAPUAINE . ST AE KOS Fhr S 528 Il
DhE AL AR OGP, WA BT S v AT XU 23 2 9 F U FE VR T T S [49] . JE4FK, &R TFN-I-
JAK/STAT 15 5 BH B RE VG 7 (WIFEVE B A0) CAE B Lt At 5o/ RSP0 A 27 6 MDAS* DM-ILD &
BT LENRIRIR 7R [ 19] [22]-[24]0 X BE—BHERHLHIET FE 5 1m R4S R #6102 A= .

DOI: 10.12677/acm.2026.1631188 3805 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1631188

IRZE, 2R K

&5k

(1]

(2]

[10]

[11]

[13]

[14]

Hu, Q., Huang, K., Goh, C.H., Tsuchiya, Y., Liu, Y. and Qiu, H. (2023) Characteristics and Risk of Interstitial Lung
Disease in Dermatomyositis and Polymyositis: A Retrospective Cohort Study in Japan. Scientific Reports, 13, Article
No. 17172. https://doi.org/10.1038/s41598-023-44092-9

Lu, X., Peng, Q. and Wang, G. (2023) Anti-MDAS5 Antibody-Positive Dermatomyositis: Pathogenesis and Clinical Pro-
gress. Nature Reviews Rheumatology, 20, 48-62. https://doi.org/10.1038/s41584-023-01054-9

Weng, C., Liu, E., Zheng, H., Wen, Z., Ji, Y., Wang, G., et al. (2025) Single-Cell Sequencing Reveals Distinct Peripheral
Immune Responses in Anti-MDAS Antibody Positive Dermatomyositis with Rapidly Progressive Interstitial Lung Dis-
ease. Arthritis Research & Therapy, 27, Article No. 189. https://doi.org/10.1186/s13075-025-03639-z

Ye, Y., Chen, Z., Jiang, S., Jia, F., Li, T., Lu, X., et al. (2022) Single-Cell Profiling Reveals Distinct Adaptive Immune
Hallmarks in MDAS5+ Dermatomyositis with Therapeutic Implications. Nature Communications, 13, Article No. 6458.
https://doi.org/10.1038/s41467-022-34145-4

Nishidate, A., Piruzyan, M., Kikuchi, M. and Koda, Y. (2025) Recent Advances in Immunological Mechanisms and
Murine Disease Models of Idiopathic Inflammatory Myopathies. Inflammation and Regeneration, 45, Article No. 31.
https://doi.org/10.1186/s41232-025-00395-0

Lai, Y., Wei, X, Ye, T., Hang, L., Mou, L. and Su, J. (2021) Interrelation between Fibroblasts and T Cells in Fibrosing
Interstitial Lung Diseases. Frontiers in Immunology, 12, Article ID: 747335. https://doi.org/10.3389/fimmu.2021.747335

Hervier, B. and Uzunhan, Y. (2020) Inflammatory Myopathy-Related Interstitial Lung Disease: From Pathophysiology
to Treatment. Frontiers in Medicine, 6, Article ID: 326. https://doi.org/10.3389/fmed.2019.00326

Galindo-Feria, A.S., Sharma, R.K., Dubnovitsky, A., Gerstner, C., Kozhukh, G., Van Vollenhoven, A., et al. (2026)
Autoreactive T Cells Identified in Patients with Anti-Jol+ Antisynthetase Syndrome Recognise a New Epitope on His-
tidyl T-RNA Synthetase. Annals of the Rheumatic Diseases, 85, 360-369. https://doi.org/10.1016/j.ard.2025.09.015

Li, X., Liu, Y., Cheng, L., Huang, Y., Yan, S., Li, H., et al. (2022) Roles of Biomarkers in Anti-MDAS5-Positive Derma-
tomyositis, Associated Interstitial Lung Disease, and Rapidly Progressive Interstitial Lung Disease. Journal of Clinical
Laboratory Analysis, 36, €24726. https://doi.org/10.1002/jcla.24726

Zaizen, Y., Okamoto, M., Azuma, K., Fukuoka, J., Hozumi, H., Sakamoto, N., et al. (2023) Enhanced Immune Complex
Formation in the Lungs of Patients with Dermatomyositis. Respiratory Research, 24, Article No. 86.
https://doi.org/10.1186/s12931-023-02362-0

Ceribelli, A., Tonutti, A., Isailovic, N., De Santis, M. and Selmi, C. (2023) Interstitial Lung Disease Associated with
Inflammatory Myositis: Autoantibodies, Clinical Phenotypes, and Progressive Fibrosis. Frontiers in Medicine, 10, Arti-
cle ID: 1068402. https://doi.org/10.3389/fmed.2023.1068402

Notarnicola, A., Preger, C., Lundstrom, S.L., Renard, N., Wigren, E., Van Gompel, E., et al. (2022) Longitudinal As-
sessment of Reactivity and Affinity Profile of Anti-Jol Autoantibodies to Distinct HisRS Domains and a Splice Variant
in a Cohort of Patients with Myositis and Anti-Synthetase Syndrome. Arthritis Research & Therapy, 24, Article No. 62.
https://doi.org/10.1186/s13075-022-02745-6

Greenberg, S.A., Pinkus, J.L., Pinkus, G.S., Burleson, T., Sanoudou, D., Tawil, R., et al. (2005) Interferon-o/B-Mediated
Innate Immune Mechanisms in Dermatomyositis. Annals of Neurology, 57, 664-678. https://doi.org/10.1002/ana.20464
Fiorentino, D., Mangold, A.R., Werth, V.P., Christopher-Stine, L., Femia, A., Chu, M., et al. (2025) Efficacy, Safety,
and Target Engagement of Dazukibart, an Ifnf} Specific Monoclonal Antibody, in Adults with Dermatomyositis: A Mul-

ticentre, Double-Blind, Randomised, Placebo-Controlled, Phase 2 Trial. The Lancet, 405, 137-146.
https://doi.org/10.1016/s0140-6736(24)02071-3

Qian, J., Li, R., Chen, Z., Cao, Z., Lu, L. and Fu, Q. (2023) Type I Interferon Score Is Associated with the Severity and
Poor Prognosis in Anti-MDAS Antibody-Positive Dermatomyositis Patients. Frontiers in Immunology, 14, Article ID:
1151695. https://doi.org/10.3389/fimmu.2023.1151695

Zhang, S.H., Zhao, Y., Xie, Q.B., Jiang, Y., Wu, Y.K. and Yan, B. (2018) Aberrant Activation of the Type I Interferon
System May Contribute to the Pathogenesis of Anti-melanoma Differentiation-associated Gene 5 Dermatomyositis. Brit-
ish Journal of Dermatology, 180, 1090-1098. https://doi.org/10.1111/bjd.16917

Liu, C. and Ge, Y. (2024) Immune-Related Genes Associated with Interstitial Lung Disease in Dermatomyositis. Inter-
national Journal of General Medicine, 17, 5261-5271. https://doi.org/10.2147/ijgm.s490294

Bhandari, S., Zickuhr, L., Baral, M.R., Bhalla, S., Jones, H., Bucelli, R., ef al. (2024) A Review of MDA-5 Dermatomy-
ositis and Associated Interstitial Lung Disease. Rheumato, 4, 33-48. https://doi.org/10.3390/rheumato4010004

You, N., Cao, X., Nie, H., Su, T., Song, H., Jin, Z., et al. (2025) Quantitative Analysis of Chest CT with Deep Learning
to Assess the Efficacy of Tofacitinib in the Treatment of Anti-MDAS5" Dermatomyositis. Medicina Clinica, 165, Article
107206. https://doi.org/10.1016/j.medcli.2025.107206

DOI: 10.12677/acm.2026.1631188 3806 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1631188
https://doi.org/10.1038/s41598-023-44092-9
https://doi.org/10.1038/s41584-023-01054-9
https://doi.org/10.1186/s13075-025-03639-z
https://doi.org/10.1038/s41467-022-34145-4
https://doi.org/10.1186/s41232-025-00395-0
https://doi.org/10.3389/fimmu.2021.747335
https://doi.org/10.3389/fmed.2019.00326
https://doi.org/10.1016/j.ard.2025.09.015
https://doi.org/10.1002/jcla.24726
https://doi.org/10.1186/s12931-023-02362-0
https://doi.org/10.3389/fmed.2023.1068402
https://doi.org/10.1186/s13075-022-02745-6
https://doi.org/10.1002/ana.20464
https://doi.org/10.1016/s0140-6736(24)02071-3
https://doi.org/10.3389/fimmu.2023.1151695
https://doi.org/10.1111/bjd.16917
https://doi.org/10.2147/ijgm.s490294
https://doi.org/10.3390/rheumato4010004
https://doi.org/10.1016/j.medcli.2025.107206

IRZE, 2R K

[34]

[35]

Yoshida, T. and Nakashima, R. (2025) Anti-Melanoma Differentiation-Associated Gene 5 Antibody Positive Derma-
tomyositis: Recent Progress in Pathophysiology and Treatment. Current Rheumatology Reports, 27, Article No. 23.
https://doi.org/10.1007/s11926-025-01188-7

Peng, Y., Zhang, S., Zhao, Y., Liu, Y. and Yan, B. (2017) Neutrophil Extracellular Traps May Contribute to Interstitial
Lung Disease Associated with Anti-MDAS Autoantibody Positive Dermatomyositis. Clinical Rheumatology, 37, 107-
115. https://doi.org/10.1007/s10067-017-3799-y

Wu, W., Guo, B., Sun, W., Chen, D., Xu, W., Chen, Z., et al. (2025) Effectiveness and Safety of Tofacitinibversuscal-
cineurin Inhibitor in Interstitial Lung Disease Secondary to Anti-MDAS5-Positive Dermatomyositis: A Multicentre Co-
hort Study. European Respiratory Journal, 65, Article 2401488. https://doi.org/10.1183/13993003.01488-2024

Wang, Y., Luo, J., Lv, X., Li, Y., An, Q., Mo, L., et al. (2023) Tofacitinib for New-Onset Adult Patients with Anti-
Melanoma Differentiation-Associated 5 Gene Antibody Positive Dermatomyositis. Clinical Rheumatology, 42, 1847-
1853. https://doi.org/10.1007/s10067-023-06567-y

Shih, P., Lee, Y., Huo, A. and Leong, P. (2024) Advance in Management of Anti-MDAS Antibody-Positive Dermatomy-
ositis: Conquering Therapeutic Obstacles. International Journal of Rheumatic Diseases, 27, €15401.
https://doi.org/10.1111/1756-185x.15401

Carter, H., Costa, RM., Adams, T.S., Gilchrist, T.M., Emch, C.E., Bame, M., et al. (2025) CD103+ Dendritic Cell-
Fibroblast Crosstalk via TLR9, TDO2, and AHR Signaling Drives Lung Fibrogenesis. JCI Insight, 10, ¢177072.
https://doi.org/10.1172/jci.insight. 177072

Kotani, T., Takeuchi, T., Ishida, T., Masutani, R., Isoda, K., Hata, K., et al. (2015) Increased Serum LIGHT Levels
Correlate with Disease Progression and Severity of Interstitial Pneumonia in Patients with Dermatomyositis: A Case
Control Study. PLOS ONE, 10, e0140117. https://doi.org/10.1371/journal.pone.0140117

Glass, D.S., Grossfeld, D., Renna, H.A., Agarwala, P., Spiegler, P., Kasselman, L.J., et al. (2020) Idiopathic Pulmonary
Fibrosis: Molecular Mechanisms and Potential Treatment Approaches. Respiratory Investigation, 58, 320-335.
https://doi.org/10.1016/j.resinv.2020.04.002

Xue, T., Qiu, X., Liu, H., Gan, C., Tan, Z., Xie, Y., et al. (2021) Epigenetic Regulation in Fibrosis Progress. Pharmaco-
logical Research, 173, Article 105910. https://doi.org/10.1016/j.phrs.2021.105910

Zhang, H., Zhang, Z., Fan, K., Chen, H., Guo, Y. and Mo, X. (2024) Decoding the Genetic Landscape of Juvenile Der-
matomyositis: Insights from Phosphorylation-Associated Single Nucleotide Polymorphisms. /mmunogenetics, 76, 291-
304. https://doi.org/10.1007/s00251-024-01350-y

Guo, L., Zhang, X., Pu, W., Zhao, J., Wang, K., Zhang, D., et al. (2023) WDFY4 Polymorphisms in Chinese Patients
with Anti-MDAS Dermatomyositis Is Associated with Rapid Progressive Interstitial Lung Disease. Rheumatology, 62,
2320-2324. https://doi.org/10.1093/rheumatology/kead006

Bax, C.E., Maddukuri, S., Ravishankar, A., Pappas-Taffer, L. and Werth, V.P. (2021) Environmental Triggers of Der-
matomyositis: A Narrative Review. Annals of Translational Medicine, 9, 434-434. https://doi.org/10.21037/atm-20-3719

Chen, Z., Wang, Y., Kuwana, M., Xu, X., Hu, W., Feng, X., et al. (2017) HLA-DRBI1 Alleles as Genetic Risk Factors
for the Development of Anti-MDAS Antibodies in Patients with Dermatomyositis. The Journal of Rheumatology, 44,
1389-1393. https://doi.org/10.3899/jrheum.170165

Gronau, L., Duecker, R.P., Jerkic, S., Eickmeier, O., Trischler, J., Chiocchetti, A.G., et al. (2024) Dual Role of Mi-
croRNA-146a in Experimental Inflammation in Human Pulmonary Epithelial and Immune Cells and Expression in In-
flammatory Lung Diseases. International Journal of Molecular Sciences, 25, Article 7686.
https://doi.org/10.3390/ijms25147686

Jiang, T., Huang, Y., Liu, H., Xu, Q., Gong, Y., Chen, Y., et al. (2020) Reduced Mir-146a Promotes REG3 A Expression
and Macrophage Migration in Polymyositis and Dermatomyositis. Frontiers in Immunology, 11, 252-256.
https://doi.org/10.3389/fimmu.2020.00037

Lu, Y., Liu, Z., Zhang, Y., Wu, X., Bian, W., Shan, S., et al. (2023) METTL3-Mediated M6a RNA Methylation Induces
the Differentiation of Lung Resident Mesenchymal Stem Cells into Myofibroblasts via the miR-21/PTEN Pathway. Res-
piratory Research, 24, Article No. 300. https://doi.org/10.1186/s12931-023-02606-z

Wang, S., Yu, H., Liu, S., Liu, Y. and Gu, X. (2024) Regulation of Idiopathic Pulmonary Fibrosis: A Cross-Talk between
TGF-B Signaling and MicroRNAs. Frontiers in Medicine, 11, Article ID: 1415278.
https://doi.org/10.3389/fmed.2024.1415278

Lefkowitz, R.B., Miller, C.M., Martinez-Caballero, J.D. and Ramos, 1. (2024) Epigenetic Control of Innate Immunity:
Consequences of Acute Respiratory Virus Infection. Viruses, 16, Article 197. https://doi.org/10.3390/v16020197
Smatti, M.K., Cyprian, F.S., Nasrallah, G.K., Al Thani, A.A., Almishal, R.O. and Yassine, H.M. (2019) Viruses and

Autoimmunity: A Review on the Potential Interaction and Molecular Mechanisms. Viruses, 11, Article 762.
https://doi.org/10.3390/v11080762

DOI: 10.12677/acm.2026.1631188 3807 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1631188
https://doi.org/10.1007/s11926-025-01188-7
https://doi.org/10.1007/s10067-017-3799-y
https://doi.org/10.1183/13993003.01488-2024
https://doi.org/10.1007/s10067-023-06567-y
https://doi.org/10.1111/1756-185x.15401
https://doi.org/10.1172/jci.insight.177072
https://doi.org/10.1371/journal.pone.0140117
https://doi.org/10.1016/j.resinv.2020.04.002
https://doi.org/10.1016/j.phrs.2021.105910
https://doi.org/10.1007/s00251-024-01350-y
https://doi.org/10.1093/rheumatology/kead006
https://doi.org/10.21037/atm-20-3719
https://doi.org/10.3899/jrheum.170165
https://doi.org/10.3390/ijms25147686
https://doi.org/10.3389/fimmu.2020.00037
https://doi.org/10.1186/s12931-023-02606-z
https://doi.org/10.3389/fmed.2024.1415278
https://doi.org/10.3390/v16020197
https://doi.org/10.3390/v11080762

IRZE, 2R K

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Baechler, E.C., Bauer, J.W., Slattery, C.A., Ortmann, W.A., Espe, K.J., Novitzke, J., ef al. (2007) An Interferon Signature
in the Peripheral Blood of Dermatomyositis Patients Is Associated with Disease Activity. Molecular Medicine, 13, 59-
68. https://doi.org/10.2119/2006-00085.baechler

Kuriyama, Y., Shimizu, A., Kanai, S., Oikawa, D., Motegi, S., Tokunaga, F., et al. (2021) Coordination of Retrotrans-
posons and Type I Interferon with Distinct Interferon Pathways in Dermatomyositis, Systemic Lupus Erythematosus and
Autoimmune Blistering Disease. Scientific Reports, 11, Article No. 23146. https://doi.org/10.1038/s41598-021-02522-6

Lee, Y., Shin, M.H., Kim, M., Kim, Y.K., Shin, H.S., Lee, D.H., et al. (2021) Increased Histone Acetylation and De-
creased Expression of Specific Histone Deacetylases in Ultraviolet-Irradiated and Intrinsically Aged Human Skin in Vivo.
International Journal of Molecular Sciences, 22, 2032. https://doi.org/10.3390/ijms22042032

Zhang, X., Kluz, T., Gesumaria, L., Matsui, M.S., Costa, M. and Sun, H. (2016) Solar Simulated Ultraviolet Radiation
Induces Global Histone Hypoacetylation in Human Keratinocytes. PLOS ONE, 11, e0150175.
https://doi.org/10.1371/journal.pone.0150175

Caricchio, R., McPhie, L. and Cohen, P.L. (2003) Ultraviolet B Radiation-Induced Cell Death: Critical Role of Ultravi-
olet Dose in Inflammation and Lupus Autoantigen Redistribution. The Journal of Immunology, 171, 5778-5786.
https://doi.org/10.4049/jimmunol.171.11.5778

Zavala-Cerna, M.G., Martinez-Garcia, E.A., Torres-Bugarin, O., Rubio-Jurado, B., Riebeling, C. and Nava, A. (2014)
The Clinical Significance of Posttranslational Modification of Autoantigens. Clinical Reviews in Allergy & Immunology,
47, 73-90. https://doi.org/10.1007/s12016-014-8424-0

Wolf, S.J., Estadt, S.N., Gudjonsson, J.E. and Kahlenberg, J.M. (2018) Human and Murine Evidence for Mechanisms
Driving Autoimmune Photosensitivity. Frontiers in Immunology, 9, Article ID: 2430.

https://doi.org/10.3389/fimmu.2018.02430

Caravan, S., Lopez, C.M. and Yeh, J.E. (2024) Causes and Clinical Presentation of Drug-Induced Dermatomyositis.
JAMA Dermatology, 160, 210-217. https://doi.org/10.1001/jamadermatol.2023.5418

Carbone, F.R. and Mackay, L.K. (2023) Functional T Cell Tolerance by Peripheral Tissue-Based Checkpoint Control.
Nature Immunology, 24, 1224-1225. https://doi.org/10.1038/s41590-023-01574-2

Bi, J., Xie, H., Yang, Y., Chen, Q., Cui, B. and Xiao, Z. (2025) Drug-induced Dermatomyositis: A Pharmacovigilance
Study of the FDA Adverse Event Reporting System. Frontiers in Pharmacology, 16, Article ID: 1526836.
https://doi.org/10.3389/fphar.2025.1526836

Cassard, L., Seraly, N., Riegert, M., Patel, A. and Fernandez, A. (2024) Dermatomyositis: Practical Guidance and Unmet
Needs. ImmunoTargets and Therapy, 13, 151-172. https://doi.org/10.2147/itt.s381472

Johnson, S.R., Bernstein, E.J., Bolster, M.B., Chung, J.H., Danoff, S.K., George, M.D., et al. (2024) 2023 American
College of Rheumatology (ACR)/American College of Chest Physicians (Chest) Guideline for the Screening and Mon-
itoring of Interstitial Lung Disease in People with Systemic Autoimmune Rheumatic Diseases. Arthritis & Rheumatology,
76, 1201-1213. https://doi.org/10.1002/art.42860

DOI: 10.12677/acm.2026.1631188 3808 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1631188
https://doi.org/10.2119/2006-00085.baechler
https://doi.org/10.1038/s41598-021-02522-6
https://doi.org/10.3390/ijms22042032
https://doi.org/10.1371/journal.pone.0150175
https://doi.org/10.4049/jimmunol.171.11.5778
https://doi.org/10.1007/s12016-014-8424-0
https://doi.org/10.3389/fimmu.2018.02430
https://doi.org/10.1001/jamadermatol.2023.5418
https://doi.org/10.1038/s41590-023-01574-2
https://doi.org/10.3389/fphar.2025.1526836
https://doi.org/10.2147/itt.s381472
https://doi.org/10.1002/art.42860

	皮肌炎相关间质性肺病发病机制研究进展
	摘  要
	关键词
	Recent Advances in the Pathogenesis of Dermatomyositis-Associated Interstitial Lung Disease
	Abstract
	Keywords
	1. 引言
	2. 主体
	2.1. 自身免疫反应
	2.1.1. T细胞介导的免疫反应
	2.1.2. 自身抗原的识别机制
	2.1.3. B细胞及自身抗体的作用

	2.2. 炎症激活
	2.2.1. 炎症介质的释放：I型干扰素的核心驱动与多元介质网络
	2.2.2. 宏观及微观的炎症反应
	2.2.3. 炎症对肺部组织的影响

	2.3. 纤维化重构机制
	2.3.1. 肺纤维化的病理生理
	2.3.2. 纤维化相关细胞的功能
	2.3.3. 纤维化的分子机制    

	2.4. 不同临床表型的致病机制差异
	2.5. 基因和环境的相互作用
	2.5.1. 非编码RNA调控失衡
	2.5.2. 病毒介导的甲基化调控紊乱
	2.5.3. 药物及紫外线诱导的表观修饰

	2.6. 临床表现及诊断

	3. 结论
	参考文献

