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BE.:BS PLMDAS(melanoma differentiation-associated gene 5, MDAS)HLIA FHE Bz L 48 (dermatomyositis , DM) % 5 & IF
[&] 5 14 Jifi 5 (interstitial lung disease, ILD), JUHJ& Rt & Al ILD(rapidly progressive ILD,RPILD), TiJF#:2%. HHJMDAS
P AL BARIR SR R IR . BRY BRI AR 2 IR S MDAS HUiR B DM A5 F ILD, I I HUE 7538 4
B SRS UL S MDAS B R BTG 1. 3R BEPR 2023 4F 12 H 2 2025 4F 1 A 4 M E B — E A hu o iig iy
HL MDAS Fi A FHPE DM i # Fi & 275 i (anti-synthetase syndrome, ASS)FR#, LR/ HT P ZH H8 & 1 s PR AR HE A A 52 27
F6bR o UWHEST MDAS HLRBHE DM & Jf ILD i35 A9 i 17 YE WL (bronchoalveolar lavage fluid, BALF), #4773 K43 LAY
MR AR A . RSNz, R A A E 4% 7 (human cytomegalovirus, HCMV),  HL.4l5E 329k 7 1 % (herpes simplex virus
type 1, HSV-1). 14 3 /8% 7 (influenza a virus, TAV) LA & R 9% # OC43(human coronavirus OC43, HCoV-OC43) 43 1) 2 e
THP-1 40 HIFG R YA | 3 FH 30 53 S A 5 1 PCR AR 3T ED IR AN MDAS K RUHE 5 0 F 35K, Il iz
AT 5 S 56 DAl B MDAS B e MR sgm . R AWFST RGN A 20 BT MDAS LA B4 DM B F110 4] ASS
B, 5 ASSHIMHEL, Hi MDAS Bt fH M DM 2 535 B2 k1595 & 2 %.(45.0% vs 0, P<<0.05)FTRPILD & A #(55.0% vs 0, P<
0.0)X7% s, AME I CD4* T 41 i1(345.9£228.9 uL vs 757.6+526.7 uL)F1 CD8* T 41 fii1%0(154.2£119.1 pL vs 391.1+247.3 pL)4%
I, M3 IL-6 /K F-(14.2+10.8 pg/mL vs 4.3+4.4 pg/mL)4 (R, 2R HA G5 L (P <0.05). 15 Bt MDAS Bk fH % DM
Y BALF REAS 2 JE R4 F BoR . 66.7%(10/15) 3T MDAS Fi4K FH 1 DM & Jf ILD M E A 7ER B, K HCMV 5
HSV-1 19k 32451508 46.7%(7/15)F126.7%(4/15) . RHMSERZRE, HCMV FTHSV-1 /YL il 2 iF MDAS #l F (55T 2%
ik ; TAV A HCoV-OC43 JB YL Al fE 5% S /K AR AN A IGO0 T, I8 4B K MDAS 85 PP s A e . &8 el
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Abstract: Background Anti-MDAS (Melanoma differentiation-associated gene 5) antibody-positive dermatomyositis (DM)
is frequently complicated by interstitial lung disease (ILD), particularly the rapidly progressive ILD (RPILD), which confers a poor
prognosis. The precise mechanisms driving the aberrant activation of the MDAS5 pathway in this condition remain unclear.
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Objective To investigate whether viral infection is a driving factor in anti-MDAS antibody-positive DM with ILD, and elucidate
its role in mediating MDAS pathway hyperactivation through transcriptional and post-translational mechanisms. Methods Anti-
MDAS antibody-positive DM patients and anti-synthetase syndrome (ASS) patients diagnosed at the First Medical Center of PLA
General Hospital from December 2023 to January 2025 were enrolled. Comparative analysis of clinical characteristics and
immunological parameters was performed between the two groups. Bronchoalveolar lavage fluid (BALF) was collected from 15 anti-
MDAS antibody-positive DM-ILD patients for metagenomic next-generation sequencing (mNGS) to analyze the pathogen
landscape. For in vitro experiments, THP-1 cells were infected with human cytomegalovirus (HCMYV), herpes simplex virus type 1
(HSV-1), influenza A virus (IAV), or human coronavirus OC43 (HCoV-OC43) to establish infection models. The expression levels of
MDAS and its downstream signaling molecules were detected using reverse transcription quantitative real-time PCR (RT-qPCR) and
Western blotting. The effect of viral infection on MDAS protein stability was assessed via a cycloheximide (CHX) chase assay.
Results This study enrolled a total of 20 anti-MDAS antibody-positive DM patients and 10 ASS patients. Compared with the ASS
group, the anti-MDAS antibody-positive DM group had a significantly higher incidence of skin ulcers (45.0% vs 0%, P<<0.05) and
RPILD (55.0% vs 0%, P<<0.01). Additionally, peripheral blood CD4* T cell counts (345.9+228.9 uL vs 757.6+526.7 pL) and CD8"*
T cell counts (154.2+119.1 pL vs 391.14247.3 pL) were significantly lower, while serum IL-6 levels (14.2+£10.8 pg/mL vs 4.3+4.4
pg/mL) were significantly higher (all P<<0.05). Metagenomic sequencing of BALF from 15 anti-MDAS antibody-positive DM-ILD
patients revealed detectable viral infections in 66.7% (10/15), with HCMV and HSV-1 detection rates of 46.7% (7/15) and 26.7% (4/
15), respectively. In vitro experiments demonstrated that HCMV and HSV-1 infection promoted the expression of MDAS and its
downstream signaling molecules. In contrast, IAV and HCoV-OC43 infection enhanced MDAS protein stability by prolonging its
half-life without significantly altering its mRNA levels. Conclusion Viral infection may induce MDAS transcriptional activation
and enhance its protein stability, thereby persistently activating its signaling pathway. This suggests that the virus may participate in
the pathogenesis of anti-MDAS5 antibody-positive DM associated with ILD by regulating the MDAS5 pathway.
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signaling pathway
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WO AR E Itk EL A0 A O CD8 T 4 i) Bl 11
T REETLL K 1 41 i 4 & 6(interleukin 6, TL-6)!"",
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X I J¥ (metagenomic next-generation sequencing,
mNGS)- 5 RSN UG, B AER TN RE R
SRR BT MDAS HLIRFHE DM £ JF ILD # 4K 2l
=, I PO Al O e R S R AL
MDAS i i (3 EE TG 1 o

1 #MR5ETE

1.1 SEZedrl

BCA H M EM XA &CE R, S
P0010), Ji 2k H i (MedChemExpress, 1= /5 HY-
12320), DMEM 15 3% ££(Gibco, 725 C11995500
BT), RPMI 1640 5555 #(Gibco, 7= ih5 C1187550
OBT), G4-IMiE(BI, F=f*5 04-001-1C), & %/
BERE 2 (Gibeo, 77hh 5 21063029), RNA #H 5]
& (Magen, 75 R4011), 4% 5% 050 £ (Takara
Biomedical Technology, = /5 RR047A), SYBR
Green 3L i %¢ )t %€ & PCR i & ¥ (Thermo Fisher,
7 01118369), 5 F1 Marker(Thermo Fisher, f=
5 26616), T R L@ B (Millipore, 77 5
0000233732), i MDAS5 #i 1A (CST, 7= & 5
D74E4), #ip-TBK1#i{A(CST, D52C2); #i TBKI
U (CST, 72525 5483T), i IRF3 Hiik(CST,

= AR5 11904S), $1p-IRF3 HiiA(Abcam, 77458
5 ab76493), Hi GAPDH #i 1k (4 2% 1 4 ,
HX1832).

1.2 RIH

ARG R —T s | [l SRR ST
HESE AU T 2023 4F 12 H 22025 4F 1 H #1240
MDAS i BH: DM Al ASS 74 .

Pt MDAS Hi /& B ¥ DM 2 Wi o . (DAF &
2017 4 B Bt XU 0 3K BR/SE BE KUIR e oe
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College of Rheumatology, EULAR/ACR) % 15 F) i,
NUM 3 ZEARER ) JEpltle Sy “IRATRE” 2 “Hff
127 IDM; QU RHT MDAS TR BHE

ASS A IZWIEE T LA T 28 A A . (D IS
SR BT G BT (A0 9T Jo-1, PL-7, PL-12
BHME; (2)HA& Z D —T0 ASS AY SR I RAEFAE (4N
RN . SR . T F . EMEE); Q)
i, i ASS B Y554 2017 4F EULAR/ACR %,
NIOM A ZEARAER, JEgka2y “IRATRE” o “if
2”7 DM, 760G IR 2 5 5056 2 (HT MDAS
PriRBAYE DM)—FE, [A)JE T SCIIBA Y TIM B 1%
2, WHEA A R AR ] A
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(1) I HAl B 45 45 42U (U0 R SR 2L BEIRAE |
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resolution computed tomography, HRCT) P4k fili 58
A, AIEGEH, ILD AT G2, s T AERE
S+ 8] J5 P4 il %€ (nonspecific interstitial pneumonia,
NSIP) #| RPILD 7E N B AR 7 R B . T B 1
ILD(} RPILD)IZ W, 41 2 /01 44 8 S0 R 11 0
W 55 f HORE & 7 BF SO B 2857 3 B HRCT 52
G5 LRI . ILD 2 Wik 4 2013 438 [ Jig 7~
23/BK YN I W 5 2% 23 (American Thoracic Society/
European Respiratory Society, ATS/ERS) A & fr
HEP]. RPILD 2 W44 5 Kondoh S5 Y fY i R AR
e WP PRIERAE BRI R GERER T 34> H N it
JE& Ry W 5

AW ENE (H/RFEREF) HEAEN, Jf
AT A B BR e = 2 AR 3 22 D s bR (b TfE S
S2023-802-01); Fr A3 A ZH i3 ¥ 45 28 45 i 01 )
=21
1.3 ZSEMEERREREERANF S

R4 AT E Pk W (bronchoalveolar lavage
fluid, BALF)FEASTE (4 512 51 MDAS Hii 4 FH £
DM £ Jf: ILD Jf- 1 ¥R i A H4E W47 % (intensive care
unit, ICU)PPALETRAE . (il RS R PR B AR
(Cell-free mNGS £ AK), #J# W J#E J5 il i illumina
¥ -5 K SE75bp TN 13 SR EA TNy, T HLER
P 25 Fastp 47 504% , {#i 1] KneadData 2 ik A 18
TIPS, 59 IRz 5L A ECE B R AT X o T
9o 25 PH M 1 S A o R T 15 RN R M 7 91 B
BRI L T Sk, AR
T, REARN, ERE, EXEE. 7
B, TREEIEOLE o R T 5 O F8 M — A 1 L
XF 2 G R T S B, A A 4 FE A
[, FestEpsgis s, RERRMEEREA
R R, SRR ST A B A R A T
FERA RN, BAREA . Fo RIS
1.4 HpEHFSER

AL B 3 THP-1 R JH % 10% fif 2 1M v &
1% 7 55 % - #if 55 % 19 RPMI 1640 15 37 3£ 35 5%
HEK293., HelLa., SLK. iSLK. iSLK-219, A549.



1054 MR BE AR

Acad J Chin PLA Med Sch Nov 2025, 46 (11)

https://xuebao.301hospital.com.cn

MRC-5, HUVEC, HFF, Vero, BHK-21 & MDCK
4 R IR 5 10% J6 48 10075 1 1% 75 8% 2 -4
2 ) DMEM $5 52 5L 35 5% 0 BT 4l 1 1 37°C .
5% COMUFNE B Y SR b 38 . DL B 4 e
F I R B A ) ) B 5 T X L1 T S
CiEL
1.5 fRETIES5HEL

N E 40 g % #F (human cytomegalovirus,
HCMV){ii | HFF 4 f i 743, B alifg B |
#l (herpes simplex virus type 1, HSV-1)fifi H Vero 4fi
Ma -t , H R JER B (influenza a virus, TAV)fd#
FH MDCK 20 M 47 3%, A 5 IR % B OC43(human
coronavirus OC43, HCoV-OC43){# i} BHK-21 4 fift
UG RS A DL B A TR R LT, fF
21 i A 5 58 80% ~ 90% M, LI R Y B
(multiplicity of infection, MOI) ¥ it #H 1i 9 25 WK o
4 80% ~ 90% 4 L HF 2L L 78U 240 Jf g 28 25007 B LAC 4
FREEWE, 254 000 r/min 250> 15 min 2SR 40 HIR% -,
IrERTE EIE O IR T-80°CUKA
1.6 FERHENE

K23 BESZ I HCMV . HSV-1 F1IAV 195
BET B, HCoV-OCA43 1 750 2 R ] 50% ZH 2420
Jitg J2% YL 57 & 9 (50% tissue culture infectious dose,
TCIDso)i A T E .
1.7 RERPERNE

W RAER T 37°CKIRE I E, e
MOI /&G 40 il . HCMV MOI=0.02, HSV-1 MOI=
1, IAV MOI=0.02, HCoV-OC43 MOI=1, &}
K /b 88 TG I T B 55 R B R, A R

T37°CHEE 1~ 2 h e Ut . BRI, E
e RS, ARELRE R B TS B ]S R
AMMIFEAS
1.8 i RLHESE PCRAT MDAS K 18 5% 4 A1
B F mRNA RikKF

K 3 3 SR S & i PCR(reverse transcription
quantitative real-time PCR, RT-qPCR) £ {lll MDAS
e AR 7 () mRNA 35K o fd I RNA 42 5t
I G RIS RNA, 5 /E 2 3RS B & Ui ]
oo SR e SR @05 RNA S5 5% 0 ¢cDNA.
LA SYBR Green S 2 15 PCR R G A A
F, iR R S T W) EAT RT-qPCR 73 HT o R
FH % BB AG BR B AACE %, L) B- L3N # 1 (actin
beta, ACTBYENHNSIH, 15 HHIHEEK mRNA
MRS Fh KT . BRI FRBAE=2 S B
W1,
1.9 ERRENITEEKLNMDAS KEXESEH
Rik

i1 7 [ I B[ 305 % (western blotting, WB)K il
MDAS5 2535 FI R B K- WA REA, F1H
SRR TE R, RATBCA e IR,
A8 3 e B R 614 3R DA O g 45 M F UK (sodium
dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE) 7> & 85 FIKE M, e A B Al — 90 & 4
(polyvinylidene fluoride, PVDF)Ji I~ . Fi 5% it fig
W B, 53T 4CH T, #0.1% iR
20 A9 Wk iR £k 2% #h ¥ (phosphate-buffered saline with
tween 20, PBST)PEi% 30 min, 54 9% iR
H2h, PBSTUEM 1 he sl b #2O0k A, fif

&1 PCR3I¥F7
Tab.1 PCR primer list

A 1EmI(5" - 3") KInl(5" - 3")

ACTB AAAGACCTGTACGCCAACAC GTCATACTCCTGCTTGCTGAT
IFIHI GCTGAAGTAGGAGTCAAAGCCC CCACTGTGGTAGCGATAAGCAG
IFNAI GCAAGCCCAGAAGTATCTGC ACTGGTTGCCATCAAACTCC
IFNBI ATGACCAACAAGTGTCTCCTCC GGAATCCAAGCAAGTTGTAGCTC

IFNG TCGGTAACTGACTTGAATGTCCA
IFNLI GACATGACTGGGGACTGCACGC
ILIB CAGTGAAATGATGGCTTATTAC
IL-6 GGTACATCCTCGACGGCATCT
IL-8 GAGAGTGATTGAGAGTGGACCAC
IL-15 GGAAACCCCTTGCCATAGC

TCGCTTCCCTGTTTTAGCTGC
GACACACAGGTCCCCACTGGC
CTTTCAACACGCAGGACAGGT
GTGCCTCTTTGCTGCTTTCAC
CACAACCCTCTGCACCCAGTTT
GATGGAAATACTTCTCAAATGTGGT

ACTB: actin beta, L3I % [ ; IFIHI : interferon induced with helicase C domain 1, T3 2515 M ie i C 3k 1; IFNAI : interferon alpha 1, T4 al;
IFNBI :interferon beta 1, T3t % B1; IFNG:interferon gamma, T-43 v; IFNLI : interferon lambda 1, T4 L1 ;IL1B:interleukin 1 beta, i/ %
1B;/L-6: interleukin 6, A4/ 6;1L-8: interleukin 8, FAZNMIS 2K 8;IL-15: interleukin 15, AN 2K 15,
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FH Image J 5 AEX 8 A A A T K BE 44T o
1.10 MEHEEERSKIHE N MDAS ZEATEE M

I PPAL R B L MDAS 85 PR SE PR I 52
K FE i (Cycloheximide, CHX)jBERSIE. H
AR BRI CHX 229K ¥ 50 pg/mL
DI 7 A= 85 B . 4391 T CHX IS 0.
2. 4. 6 hIAEAIMIAEA, @i WB Al MDAS &
WS 2 1 GAPDH B # 15 KF . 2K H Image J #14
IR A IR, L0 h MDAS S kN
FEAE, T A IA] L MDAS 25 H B A 5% B
Itz il kR sh T ih 2.
111 Zitsrh

% H1 SPSS 27.0 X GraphPad Prism 9.5 %k {4347
i3t M. THEYORHT Shapiro-Wilk K3, £581F
BT THE GRS EAREZE (% £ ) T, 4
] LR ST A e K 5 3 AP B IR it
TEFORL AL B (DU o BRI B (M (IOR) R, 4
6] F %% 2% ] Mann-Whitney U ¥ 56 (5 40 H 45%) 5%
Kruskal-Wallis H ;560 (241 LER) . 432 50RE LLIEL
(A5 ) (%)) 27~ , 4] 38R R O K 56 1
Fisher K HAG K . T AT i TG 40 38 R XU 56, LA
P<0.05 WZESAGIFE Lo RIMLEG I &
B3, SRR IEA RN — R SR -

2 #R

2.1 HIMDASHL{RPETE DM B & Bk R R I4HE

AWFFEIELL N A 2023 4E 12 F 2202541 A 11
[ #1219 20 15T MDAS HiL 1A BH 4 DM 35 5 10 il
ASS B . WAL EFFAEIR (54.7£16.4 % vs 56.4+
9.0%, P=0.756) K M54 1 (Zet 75.0% vs 90.0%,
P=0.633)35 3L LR Wi Rl 25 7 G2 A 5 (£ 2).
TE R RZEIE L BT, HTMDAS HUA T DM
H I Gottron £iF | [a] H 2% 12 2 (1 He A5 43 51 R 40.0%
H150.0%, FHorp gz k7 10 & R 5 T ASS i &
(45.0% vs 0%, P=0.013), HmHEA MR B2 )k
% BHHIE (£ 2).

FERS Az BO7 I, A WAL R TE A B 1Y
RLEATRE. A AT 5 P UG S L L
ZSRBTG A E L (P >0.05), [HHT MDAS #it
{RPHYE DM BE B ILD, JoHJE RPILD A9 4 A %5
T ASS 4 (55.0% vs 0%, P<0.01), X—KHELIR,
5 ASS ML, $T MDAS BT BH I DM g 3 fiti 5 44
f) 7 P I E AR 52 R BLTE B2 I RS AR A L
T 5 5 11 b R 300 g PR 0 2 1) TLD 1) s PR 2

BIRA B E LT R 257 TG (P>0.05),
fHJEAREE T ASS 4L, i MDAS Hit M4 BH 1 DM JE T
NE#R %2.(30.0% vs 10.0%), |34 5835 (11 R 5 o
PN R SR AR R LR A L Pt T S 236
TR 2).
%2 PIMDASHEPEE DM ASS B MG FRAFIE S #
Tab.2 Analysis of clinical characteristics of anti-MDAS

antibody-positive DM versus anti-synthetase syndrome patients

- HLMDASHUR B A A )
Eiztan . PiH
FHIE DM(n=20) Zi&1iE(n=10)
UNEEw
AR X+ s) 54.7+16.4 56.4£9.0  0.756
/B, %) 15(75.0%) 9(90.0%)  0.633
I R ZEI/(151), %)
Gottron fiE 8(40.0%) 0(0%) 0.029
] H ¥ i 10(50.0%) 1(10.0%)  0.049
k% 9(45.0%) 0(0%) 0.013
WLRYIR/ITE 12(60.0%) 5(50.0%)  0.706
eV =t
AATERU(mmHg, % + 5) 342.9+153.8  368.2+107.4 0.646
AETREUTHIM], %) 0.182
>300 mmHg 13(65.0%) 9(90.0%)
200 ~ 300 mmHg 3(15.0%) 0(0%)
<200 mmHg 4(20.0%) 1(10.0%)
HLARE S 4(20.0%) 1(10.0%)  0.640
itz S5 e HERE/ (1], %)
ILD 20(100.0%) 7(70.0%)  0.030
RPILD 11(55.0%) 0(0%) 0.004
BT 6(30.0%) 1(10.0%)  0.372

DM : dermatomyositis, JiZ )L ¢ ; ILD : interstitial lung disease, [i1] J5i P iili
4 s RPILD : rapidly progressive ild , PR 5 i 74 [a] fo 1 Ailishe .

2.2 FIMDASHIAFHMEDM BENREZILS X
FER A

L85 15 64T MDAS $itiA& FH: DM i1 10 5] ASS
I E B JIE RS AR, 45 R SR, PUMDAS HT
A FHA4E DM FR 35 A1 5 i bk B 40 i A6 25 R 11K (880. 8+
516.9 uL vs 1 668.0£842.1 uL, P<<0.01). k400
WA BT BT, CD3™ T 40 i i 38 20 e Sl 55
(507.9+314.7 pL vs 1 176.0+676.5 pL, P<0.01).
iE—20 %) T M RESEAT 405, 7T UL CD4" T 4 il
(345.9+228.9 pL vs 757.6+526.7 pL, P<0.01)5
CDS8" T 43 45(154.2£119.1 pL vs 391.14247.3 L,
P<0.0D)¥ TR, LIRZEREER, LITHIM, F¢5)
S CD4" T J CD8" T 4H i Jali /> A R ik 1) S e B3 AT
AE = HT MDAS HL A B DM 4 5 e f S o [l
i, HLMDASHUARBAYE DM B S B8 1) R Ge
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SERAS, HLIM G IL-6 7K FFH=i(14.2+10.8 pg/mL vs
4.3+4.4 pg/mL, P<0.05)., 7EHHR ™ 5L 71
PUMDAS PR PH I DM 4185 1 Stk AR B S 18 P (g
K ¥F 4 Il(acute physiology and chronic health
evaluation I, APACHE II)3F-4345 15 (7.7+3.2 vs 5.0+
2.6, P=0.029), SULREETHG2Z, ST
I REFAE A AT s A P AL IR] B 7 5T 48 B 0B vF
fiti (sequential organ failure assessment, SOFA)T-/3
LR TG T FE L (P>0.05), B4 1 BIPE4 %k
S R B s FLRR A 4 B T e s SR 4K
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Fig. 5 Effect of viral infection on the expression of MDAS protein and downstream signaling molecules
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