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Abstract
Background: Anti-	melanoma	differentiation-	associated	gene	5	(MDA5)-	positive	der-
matomyositis	 (MDA5+DM)	 is	 significantly	 associated	 with	 interstitial	 lung	 disease	
(ILD),	especially	 rapidly	progressive	 ILD	 (RPILD)	due	 to	poor	prognosis,	 resulting	 in	
high	mortality	 rates.	However,	 the	 pathogenic	mechanism	of	MDA5+DM-	RPILD	 is	
unclear.	Although	some	MDA5+DM patients have a chronic course of ILD, many do 
not develop RPILD. Therefore, the related biomarkers for the early diagnosis, disease 
activity	monitoring,	and	prediction	of	the	outcome	of	RPILD	in	MDA5+DM patients 
should	be	identified.	Blood-	based	biomarkers	are	minimally	invasive	and	can	be	easily	
detected.
Methods: Recent relative studies related to blood biomarkers in PubMed were 
reviewed.
Results: An	 increasing	number	of	studies	have	demonstrated	that	dysregulated	ex-
pression	of	blood	biomarkers	related	to	ILD	such	as	ferritin,	Krebs	von	den	Lungen-	6	
(KL-	6),	 surfactant	 protein-	D	 (SP-	D),	 and	 cytokines,	 and	 some	 tumor	 markers	 in	
MDA5+DM may provide information in disease presence, activity, treatment response, 
and prognosis. These studies have highlighted the great potentials of blood biomarker 
values	for	MDA5+DM-	ILD	and	MDA5+DM-	RPILD.	This	review	provides	an	overview	
of recent studies related to blood biomarkers, besides highlighted protein biomark-
ers,	including	antibody	(anti-	MDA5	IgG	subclasses	and	anti-	Ro52	antibody),	genetic	
(exosomal	microRNAs	and	neutrophil	extracellular	traps	related	to	cell-	free	DNA),	and	
immune	cellular	biomarkers	 in	MDA5+DM,	MDA5+DM-	ILD,	and	MDA5+DM-	RPILD	
patients,	hopefully	elucidating	the	pathogenesis	of	MDA5+DM-	ILD	and	providing	in-
formation on the early diagnosis, disease activity monitoring, and prediction of the 
outcome of the ILD, especially RPILD.
Conclusions: Therefore, this review may provide insight to guide treatment decisions 
for	MDA5+DM-	RPILD	patients	and	improve	outcomes.
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1  |  INTRODUC TION

Interstitial	 lung	 disease	 (ILD)	 is	 among	 the	 major	 extramuscular	
complications	 of	 idiopathic	 inflammatory	 myopathies	 (IIM)	 and	 is	
significantly associated with poor survival.1	 According	 to	 a	 recent	
meta-	analysis,	 the	 global	 prevalence	 of	 ILD	 in	 polymyositis	 (PM)	
and	 dermatomyositis	 (DM),	 two	 common	 clinical	 subtypes	 of	 IIM,	
is approximately 41%.2	Myositis-	specific	 autoantibodies	 are	 found	
in approximately 60% of IIM patients and are closely associated 
with unique clinical manifestations.1	 Notably,	 the	 anti-	melanoma	
differentiation-	associated	 gene	 (MDA5;	 identified	 in	 13%–	30%	
of	 IIM	patients)	 is	 strongly	associated	with	 ILD	 (reported	 in	90%–	
95%	anti-	MDA5-	positive	DM	[MDA5+DM]),	especially	rapidly	pro-
gressive	ILD	(RPILD;	reported	in	50%–	80%	MDA5+DM),	leading	to	
refractory resistance to conventional treatment and high mortal-
ity rates.1,3	 However,	 disparities	 in	 the	 proportion	 of	 anti-	MDA5	
antibodies have been observed among DM patients according to 
ethnicity,	 predominantly	 in	 the	 Asian	 population.4	 Chest	 X-	ray	 or	
high-	resolution	CT	scan	(reticular	opacities,	ground-	glass	opacity,	or	
honeycomb)	is	widely	used	to	diagnose	ILD.	RPILD	is	characterized	
by worsened radiologic interstitial changes, progressive dyspnea, 
and hypoxemia within 1 month after respiratory symptom onset.5 
MDA5+DM is typically characterized by the presence of mild or no 
muscle disease, cutaneous manifestations, arthritis, and notable ILD 
(especially	in	East	Asian	patients).1

Sato	 et	 al.	 discovered	 a	 novel	 antibody	 in	 the	 serum	 of	 clin-
ically	 amyopathic	 DM	 (CADM)	 patients	 (“anti-	CADM-	140	 anti-
body”)	 in	 2005,	 which	 was	 significantly	 associated	 with	 RPILD.6 
The	 CADM-	140	 antigen	was	 subsequently	 identified	 as	MDA5	 in	
2009.7	Currently,	besides	immunoprecipitation	[IP	(gold	standard)],	
line	 immunoassay	 and	 enzyme-	linked	 immunosorbent	 assay	 are	
widely	 used	 to	 detect	 anti-	MDA5	 antibodies.8-	10	 Although	 some	
MDA5+DM patients have a chronic course of ILD, many do not de-
velop	RPILD.	The	level	of	anti-	MDA5	antibody	decreases	at	RPILD	
remission	and	increases	at	relapse,	suggesting	that	the	anti-	MDA5	
antibody level is correlated with disease activity and thus can pre-
dict RPILD outcomes.11-	13 However, another study reported that the 
anti-	MDA5	antibody	level	also	decreases	in	fatal	cases,	suggesting	
that this may not reflect the effect of treatment.14	A	low	anti-	MDA5	
antibody level is reportedly not related to a favorable outcome of 
the disease.13	Moreover,	the	levels	of	anti-	MDA5	antibodies	showed	
no	significant	difference	between	 the	surviving	and	non-	surviving	
groups	among	MDA5+DM-	ILD	patients.15 However, prospective co-
hort studies are required to validate these findings.

Blood-	based	 biomarkers	 are	 readily	 measurable,	 minimally	
invasive,	 and	 cost-	effective.	 A	 large	 number	 of	 blood-	based	 bio-
markers have proven to be linked to ILD, advanced understanding 
of ILD and informed diagnosis, and prognosis and treatment in ILD 

patients.16,17 Currently, several studies have also found that these 
biomarkers	 are	 related	 ILD	 in	MDA5+DM. Emerging evidence fo-
cused	on	MDA5+DM,	MDA5+DM-	ILD,	and	MDA5+DM-	RPILD	bio-
markers	(either	alone	or	in	combination	with	anti-	MDA5	antibodies)	
for early detection, diagnosis, prognosis, disease activity, and ther-
apeutic monitoring of these diseases. This may further improve the 
understanding	of	MDA5+DM-	RPILD	pathogenesis	and	allow	deter-
mination of an appropriate treatment regimen. This review aimed 
to summarize progress in emerging roles and potential clinical ap-
plications of blood biomarkers, including protein, antibody, gene, 
and	 circulating	 immune	 cells	 in	 MDA5+DM,	 MDA5+DM-	ILD,	 and	
MDA5+DM-	RPILD.

2  |  PATHOGENESIS OF MDA5+DM- ILD

Potential environmental triggers, particularly viral infections caus-
ing the autoimmune response and genetic risk for disease suscepti-
bility, may play a role in the pathogenesis of the disease. However, 
the	exact	underlying	pathogenic	mechanisms	of	MDA5+DM-	ILD	are	
unknown.

MDA5,	 encoded	 by	 the	 interferon-	induced	 helicase	 C	 domain	
1	(IFIH1)	gene,	 is	a	key	RNA	sensor	belonging	to	the	retinoic	acid-	
induced	gene	I	(RIG-	I)-	like	receptor	(RLR)	family.18 It can recognize 
double-	stranded	RNA	(dsRNA)	virus	and	then	produce	type	I	inter-
feron	 (IFN),	 thus	activating	antiviral	 immunity.18 Potential environ-
mental	factors	related	to	the	dsRNA	virus	may	trigger	MDA5+DM-	ILD.	
Recent studies have also shown that seasonality and geographical 
distribution	can	affect	the	onset	of	MDA5+DM-	ILD.19-	21 Therefore, 
respiratory viral infection showing apparent seasonality suggests 
that	a	viral	influence	may	induce	an	immune	response	in	MDA5+DM-	
ILD	patients.	MDA5+DM is characterized by severe skin manifesta-
tions.	MDA5	is	significantly	expressed	in	MDA5+DM skin lesions.22 
Furthermore,	the	type	I	IFN	signature	is	upregulated	in	MDA5+DM 
skin	tissues,	suggesting	that	the	type	I	IFN	pathway	may	be	involved	
in skin damage.23-	25	Some	HLA	regions,	including	HLA-	DRB1*0101,	
*0405,	*1201,	*0901,	*0401,	and	*1202	are	associated	with	suscep-
tibility	to	MDA5+DM.26-	28	Furthermore,	a	genome-	wide	association	
study	revealed	that	a	splicing	variant	of	WDFY4	is	associated	with	
susceptibility	 to	CADM.29 The study further demonstrated that a 
truncated	WDFY4	isoform	could	interact	with	MDA5	to	activate	the	
NF-	κB	pathway	and	promote	MDA5-	induced	apoptosis.29 Cell lysis 
causes	MDA5	antigen	 release	 into	 the	microenvironment	and	 loss	
of	tolerance	to	MDA5,	thereby	leading	to	the	production	of	MDA5	
autoantibodies.4	Anti-	MDA5	antibody	and	the	RNA-	containing	im-
mune	complex	(IC)	(formed	by	MDA-	5	and	anti-	MDA5	antibody)	can	
induce	IFN-	α	production	via	Toll-	like	receptor	7	(TLR-	7)	in	an	RNA-	
dependent manner.30	MDA5	is	expressed	in	the	lung	epithelial	cells	
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of	MDA5+DM-	RPILD	patients.31	CD206	(a	marker	for	the	activation	
of	M2	macrophages)-	positive	macrophages	are	found	in	the	lung	of	
severe	MDA5+DM-	ILD	patients,	 suggesting	 that	 activated	macro-
phages	may	be	involved	in	MDA5+DM-	ILD	pathogenesis.32	A	recent	
study showed that activated monocytes/macrophages can cause 
cytokine	storm	in	MDA5+DM-	ILD	patients	due	to	the	significantly	
increased	expression	of	IFN-	induced	protein	with	tetratricopeptide	
repeats	 3	 (IFIT3),	 myxovirus	 resistance	 1	 (MX1),	 C-	C	motif	 ligand	
2	 (CCL2),	 and	 clusterin	 (CLU)	 mRNAs	 in	 circulating	 monocytes.33 
Notably,	coronavirus	disease	2019	and	MDA5+DM-	ILD	have	some	
similarities, indicating that they may have similar underlying patho-
genesis.34	 Severe	 acute	 respiratory	 syndrome	 coronavirus	 2	 can	
activate	 IFN	 signaling	 in	 lung	 epithelial	 cells	 via	 MDA5-	mediated	
sensing.35 Moreover, mild or absent myopathy may be associated 
with	 lower	 expression	 of	 IFN-	stimulated	 genes	 in	 the	 muscles	 of	
MDA5+DM patients compared with classic DM.36 Interestingly, a 
recent	study	showed	that	autoantibodies	from	B	cells	of	MDA5+DM 
patients,	 other	 than	 anti-	MDA5	 antibodies,	 could	 trigger	 direct	
IFN-	γ	production	by	peripheral	blood	mononuclear	cells	(PBMCs)	by	
a mechanism dependent on monocytes, which unraveled the patho-
genesis	of	dysregulation	of	IFN-	γ	linked	to	MDA5+DM severity.37

3  |  BLOOD - BA SED MOLECUL AR 
BIOMARKERS IN MDA5+DM- ILD

3.1  |  Protein biomarkers

Some	serum	indicators	related	to	macrophage	activation	may	be	bio-
markers	for	the	diagnosis,	prognosis,	and	monitoring	of	MDA5+DM-	
ILD.	Serum	ferritin	is	a	key	marker	of	inflammation	and	macrophage	
activation.38,39 Elevated serum ferritin levels may detect early diag-
nosis and prognosis of RPILD patients with DM.40-	42	Serum	ferritin	
levels	are	increased	in	MDA5+DM-	ILD	patients.	High	ferritin	levels	
can	 also	 predict	 the	 severity	 and	 poor	 outcome	 of	 MDA5+DM-	
ILD.43,44	 RPILD	 usually	 leads	 to	 an	 unfavorable	 prognosis.	 A	 high	
serum	 ferritin	 level	 (>1000 μg/L)	 is	 found	 to	be	 closely	 associated	
with	a	high	incidence	of	RPILD	and	mortality	among	MDA5+DM pa-
tients.45	Additionally,	high	ferritin	levels	(≥828 ng/ml	and	≥1000 ng/
ml)	are	a	poor	prognostic	factor	in	MDA5+DM-	RPILD	patients.46,47 
Yang	et	 al.	 also	 showed	 that	 the	 serum	 ferritin	 level	of	≥1500 ng/
ml	 [odds	 ratio	 (OR)	12.3]	 is	 an	 independent	predictor	of	RPILD	 in	
MDA5+DM patients.48	A	multicenter	retrospective	cohort	study	re-
ported	that	the	high	ferritin	level	[>2800 pmol/L,	hazard	ratio	(HR)	
3.042]	 is	an	 independent	predictor	of	mortality	 in	MDA5+DM pa-
tients.49	 Similarly,	 a	 prospective	 observational	 study	 showed	 that	
the	serum	ferritin	 level	of	≥1250 μg/L	 (HR	10.4)	 is	an	 independent	
risk	factor	for	6-	month	all-	cause	mortality	in	MDA5+DM patients.50 
In	that	study,	12	all-	cause	mortality	was	reported	in	MDA5+DM pa-
tients due to ILD, while 10 patients died of RPILD.50	A	case	of	hyper-
ferritinemia	MDA5+DM-	RPILD	autopsy	showed	 that	macrophages	
produce high serum ferritin levels in the lung.51 Therefore, ferritin 
concentrations may reflect the efficacy of treatment and the status 

of	 ILD	 in	MDA5+DM patients.46 In summary, serum ferritin levels 
may	predict	the	outcome	of	MDA5+DM-	ILD.

Furthermore,	elevated	serum	chitinase-	3-	like-	1	protein	(YKL-	40)	
levels	can	discriminate	RPILD	patients	among	MDA5+DM patients 
(AUC	0.648,	sensitivity	51.2%,	and	specificity	82.8%).52	YKL-	40	lev-
els	are	increased	in	aggravated	ILD.	However,	YKL-	40	levels	decrease	
after	treatment,	indicating	that	YKL-	40	levels	can	reflect	the	sever-
ity of ILD and facilitate monitoring of the treatment response of ILD 
among	MDA5+DM patients.52 Cox hazard analysis has also shown 
that	a	higher	serum	YKL-	40	 level	 is	an	 independent	risk	 factor	 for	
poor	prognosis	in	MDA5+DM patients.52	The	Kaplan–	Meier	survival	
curve	has	also	shown	that	elevated	serum	YKL-	40	levels	(>80 ng/ml)	
are	associated	with	a	lower	6-	month	survival	rate	in	MDA5+DM pa-
tients.52	Serum	soluble	CD163	(sCD163)	levels	are	higher	in	patients	
with	 anti-	MDA5	 antibodies	 than	 in	 those	 without.53 Moreover, 
serum	sCD206	levels	are	higher	in	MDA5+DM-	ILD	patients	than	in	
healthy	controls.	Serum	sCD206	levels	are	also	higher	in	MDA5+DM-	
ILD	non-	survivors	than	in	survivors.32 Increased serum sCD206 may 
be	 a	 poor	 prognostic	 predictor	 of	MDA5+DM-	ILD.	 Kaplan–	Meier	
curves	have	shown	that	high	sCD206	(≥745 ng/ml)	is	correlated	with	
a	lower	survival	rate	of	MDA5+DM-	ILD	patients,	which	means	the	
increased serum sCD206 may be a poor prognostic predictor of 
MDA5+DM-	ILD.32	Serum	neopterin	levels	are	higher	in	MDA5+DM 
patients with RPILD than in those without RPILD.54 However, serum 
neopterin	 levels	 decrease	 after	 the	 treatment	 of	 MDA5+DM-	ILD	
patients, indicating that serum neopterin may be used to monitor 
response to therapy.55	 Furthermore,	 serum	 chitotriosidase	 levels	
are	elevated	in	MDA5+DM-	ILD	patients.56	Survival	curves	have	also	
shown	that	high	chitotriosidase	(≥23.5	ng/ml)	 levels	are	associated	
with	 a	 higher	mortality	 rate	 among	MDA5+DM-	ILD	patients,	 sug-
gesting that serum chitotriosidase may be a poor prognostic bio-
marker.56	Gao	et	al.	reported	that	high	osteopontin	levels	(≥3000 pg/
ml)	are	correlated	with	a	shorter	survival	time	in	MDA5+DM-	ILD	pa-
tients, indicating that elevated osteopontin may be a poor prognos-
tic biomarker.57	A	recent	study	also	showed	that	serum	progranulin	
levels	are	higher	 in	MDA5+DM patients with RPILD than in those 
without RPILD.58	Serum	progranulin	 (cutoff	187.26 ng/ml)	 can	dis-
tinguish	RPILD	patients	from	non-	RPILD	patients	(AUC	0.715),	indi-
cating that progranulin is a potential biomarker for RPILD diagnosis 
in	MDA5+DM patients.58

Elevated	 Krebs	 von	 den	 Lungen-	6	 (KL-	6)	 levels	 in	 serum	 (pri-
marily produced by regenerating alveolar type II pneumocytes or 
impaired	 alveolar–	capillary	 barriers)	 can	 reflect	 ILD	 severity	 and	
progression.59,60	A	prospective	study	also	revealed	that	serum	KL-	6	
may predict ILD occurrence and monitor the status and treatment 
response of ILD in DM/PM patients.61	Serum	KL-	6	levels	are	higher	
in	 MDA5+DM-	ILD	 patients,	 especially	 in	 MDA5+CADM-	ILD	 pa-
tients, than in healthy controls.62	For	 instance,	a	 large-	scale	multi-
center	retrospective	cohort	study	indicated	that	 initial	serum	KL-	6	
levels	 (≥1000 units/ml,	HR	 1.8)	 are	 an	 independent	 risk	 factor	 for	
mortality	in	MDA5+DM-	ILD	patients.63	High	KL-	6	levels	are	a	poor	
prognostic	marker	 of	MDA5+DM-	ILD.48,62,64 Zhu et al. also found 
that	serum	KL-	6	levels	(>500.9	pg/ml,	OR	56.38)	are	an	independent	
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risk	factor	for	RPILD.	They	also	showed	that	serum	KL-	6	levels	are	a	
potential	biomarker	for	monitoring	RPILD	progression	in	MDA5+DM 
patients.64	Additionally,	elevated	KL-	6	levels	(in	the	first	4 weeks	of	
immunosuppressive	treatment)	in	MDA5+DM-	ILD	patients	may	in-
dicate the occurrence of intractable RPILD.65 In conclusion, serum 
KL-	6	 is	 a	 specific	 biomarker	 for	 ILD	 severity	 and	 progression	 in	
MDA5+DM patients.

Elevated	 serum	 levels	 of	 surfactant	 protein-	D	 (SP-	D)	 (se-
creted from regenerating alveolar type II pneumocytes or impaired 
alveolar–	capillary	 barrier)	 are	 closely	 correlated	 with	 ILD	 in	 DM/
PM.66-	69	However,	lower	SP-	D	levels	(<100 ng/ml)	are	a	predictor	of	
mortality	in	DM/PM-	ILD	patients.70	Similarly,	Kaieda	et	al.	showed	
that	serum	SP-	D	levels	are	lower	in	non-	survivors	than	in	survivors	
with	MDA5+DM-	ILD,	 suggesting	 that	 lower	 SP-	D	may	 reflect	 the	
occurrence	of	RPILD	 in	MDA5+DM patients.71	 Serum	SP-	D	 levels	
are decreased in idiopathic pulmonary fibrosis.72 Type II alveolar ep-
ithelial cells are replaced with regenerated ciliated epithelial cells at 
the	end	of	 fibrotic	change,	 thus	 reducing	SP-	D	production.	Serum	
SP-	D	levels	may	also	be	a	predictor	of	mortality	in	MDA5+DM-	ILD	
patients.

Cytokines, as inflammatory mediators, are also potential bio-
markers	 of	 MDA5+DM-	ILD.	 For	 instance,	 a	 longitudinal	 study	
showed	 that	 serum	 levels	 of	 B-	cell	 activating	 factor	 (BAFF)	 are	
higher	 in	 MDA5+DM than in healthy controls. However, serum 
BAFF	levels	decrease	after	immunosuppressive	therapy,	suggest-
ing	that	BAFF	is	a	potential	biomarker	for	monitoring	MDA5+DM 
activity.73	Anti-	aminoacyl	transfer	RNA	synthetase	(ARS)	antibod-
ies are associated with chronic ILD in DM/PM patients. Compared 
with	anti-	ARS-	ILD,	RPILD,	mortality,	and	poor	response	to	treat-
ment	 are	 significantly	 associated	 with	 antiMDA5-	ILD.67	 Serum	
cytokine	 interleukin	 8	 (IL-	8)	 levels	 are	 significantly	 increased	 in	
anti-	MDA5-	ILD	 patients	 than	 in	 anti-	ARS-	ILD	 patients.74 The 
serum	levels	of	cytokines	stromal	cell-	derived	factor	1-	α	(SDF-	1α),	
IFN-	γ-	inducible	10-	kDa	(IP-	10),	IL-	7,	IL-	17A,	RANTES,	IFN-	γ, tumor 
necrosis	 factor-	α	 (TNF-	α),	macrophage	 inflammatory	 protein	 1-	β 
(MIP-	1β),	 IFN-	α,	 monocyte	 chemoattractant	 protein-	1	 (MCP-	1),	
growth-	regulated	 oncogene-	α	 (GRO-	α),	 and	 IL-	1α are signifi-
cantly	 increased	in	MDA5+DM-	ILD	patients	compared	with	anti-	
transcription	intermediary	factor	1-	γ-	positive	DM-	ILD	patients.75 
Moreover,	a	cytokine	storm	may	be	involved	in	MDA5+DM-	RPILD	
pathogenesis.	Gono	et	al.	reported	that	serum	IL-	18	levels	are	high	
in	 dead	 MDA5+DM-	RPILD	 patients.46 They also reported that 
serum	IL-	18	levels	decrease	after	treatment,	suggesting	that	IL-	18	
levels	can	reflect	the	response	to	RPILD	treatment	in	MDA5+DM 
patients.46	Horai	et	al.	found	that	serum	IFN-	α levels are elevated 
in	MDA5+DM-	RPILD	patients.	 They	 also	 showed	 that	 the	 IFN-	α 
level	 is	positively	correlated	with	the	 IL-	18	 level	 (r =	0.8139),	 in-
dicating	 that	 IFN-	α may be a biomarker of RPILD.76	 A	 study	 re-
ported	that	serum	IFN-	β and CCL2 levels are significantly higher 
in	 MDA5+DM-	ILD	 patients	 than	 in	 ARS+DM-	ILD	 patients	 and	
healthy controls.33	Moreover,	a	decrease	in	IFN-	β and CCL2 levels 
after	the	treatment	of	MDA5+DM-	ILD	may	reflect	the	response	to	

the treatment.33	Furthermore,	 serum	 IL-	15	 levels	 in	MDA5+DM-	
ILD	 non-	survivors	 before	 treatment	 were	 significantly	 higher	
than	 those	 in	 survivors,	 indicating	 that	 IL-	15	may	be	 involved	 in	
MDA5+DM-	ILD	 progression.77 Random forest analysis has also 
shown	that	increased	IL-	15	levels	and	decreased	CCL22	levels	can	
predict	RPILD	 in	MDA5+DM patients.31	Galectin-	9	mRNA	 levels	
are	 associated	 with	 mRNA	 levels	 of	 type	 I	 IFN-	inducible	 genes	
MX1	and	 IFIH1	 in	PBMCs	from	DM	patients.78 Moreover, serum 
galectin-	9	levels	are	significantly	increased	in	MDA5+DM patients 
with	 RPILD	 compared	 with	 those	 without	 RPILD.	 Serum	 galec-
tin-	9	 levels	 are	 also	 associated	 with	 RPILD	 severity,	 suggesting	
that	galectin-	9	may	be	a	valuable	biomarker	for	monitoring	RPILD	
severity.78

A	 meta-	analysis	 showed	 that	 ILD	 (risk	 ratio	 0.49)	 is	 sig-
nificantly associated with a reduced risk of cancer in IIM.79 
Interestingly, some tumor markers, including carcinoembry-
onic	 antigen	 (CEA),	 carbohydrate	 antigen	 153	 (CA153),	 CA724,	
CA125,	 CA199,	 neuron-	specific	 enolase,	 and	 cytokeratin-	19	
fragment	 (CYFRA21-	1),	 are	 elevated	 in	 DM-	RPILD	 patients.80-	82 
Moreover,	increased	serum	CA125,	CA199,	and	CYFRA21-	1	levels	
may reflect the severity of lung injury in progressive idiopathic 
pulmonary fibrosis.83,84 Therefore, lung damage may induce in-
creased levels of tumor markers in ILD patients. Ouyang et al. also 
showed	that	serum	CEA	levels	are	significantly	increased	in	non-	
survivors	 than	 in	 survivors	 among	 the	MDA5+DM patients.50	 A	
stepwise	multivariate	Cox	regression	has	shown	that	positive	CEA	
(HR	 5.2)	 is	 an	 independent	 risk	 factor	 for	 6-	month	mortality	 in	
MDA5+DM.50	Zuo	et	al.	showed	that	elevated	CEA	(OR	5.8)	and	
CA199	(OR	7.8)	levels	are	independent	predictors	of	a	lower	lung	
zone	consolidation	pattern	in	MDA5+DM patients based on HRCT 
findings.85	 Serum	CA153	 levels	may	 also	 be	 a	 predictor	 of	mor-
tality	 in	MDA5+DM patients. Based on cox proportional hazard 
regression	analyses,	Tseng	et	 al.	 showed	 that	CA153	 (HR	1.2)	 is	
significantly	 associated	with	 an	 increased	 risk	 of	 1-	year	mortal-
ity	 in	MDA5+DM patients.86	 Kaplan–	Meier	 survival	 curves	 have	
also	shown	that	CA153	levels	(>22.2	U/ml)	are	correlated	with	in-
creased	mortality	 in	MDA5+DM-	ILD	patients.86 Increased serum 
CYFRA21-	1	levels	are	associated	with	a	higher	risk	of	acute/sub-
acute	 interstitial	 pneumonia	 (A/SIP).	 A/SIP	 is	 characterized	 by	
progressive	deterioration	of	dyspnea	and	hypoxemia.	CYFRA21-	1	
levels	 are	 higher	 in	 dead	MDA5+DM-	ILD	patients	 than	 in	 survi-
vors,	suggesting	that	CYFRA21-	1	may	indicate	the	occurrence	of	
A/SIP	and	poor	outcomes	in	MDA5+DM-	ILD.87

So	 et	 al.	 reported	 that	 serum	 level	 of	 the	 laboratory	 inflamma-
tory	 marker	 lactate	 dehydrogenase	 (LDH) > 400 IU/L	 is	 an	 inde-
pendent predictor of mortality. They also showed that serum LDH 
level > 300 IU/L	(HR	3.189)	is	an	independent	risk	factor	for	RPILD	in	
MDA5+DM patients, suggesting that high LDH may reflect ILD sever-
ity	 in	MDA5+DM patients.49	A	high	erythrocyte	 sedimentation	 rate	
(ESR)-	albumin	ratio	(EAR)	is	an	independent	predictor	of	mortality	in	
MDA5+DM-	ILD	patients.88	A	 study	also	 showed	 that	 impaired	anti-
oxidant	 function	 of	 high-	density	 lipoprotein	 (HDL)	 in	 the	 plasma	 of	
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MDA5+DM patients is associated with higher circulating MPO activity, 
indicating that HDL may be involved in the vascular inflammation in 
MDA5+DM.89

3.2  |  Antibody biomarkers

Two	 recent	 studies	 have	 indicated	 that	 IgG	 subclasses	 of	 anti-	
MDA5	 are	 associated	 with	 disease	 severity	 and	 prognosis	 in	
DM-	ILD	patients.	Chen	et	al.	reported	that	anti-	MDA5	IgG1	(sen-
sitivity	100%	and	specificity	41.7%),	one	of	the	primary	isotypes	
of	 anti-	MDA5	 IgG	 subclasses,	 may	 predict	 DM-	ILD-	associated	
mortality.	Moreover,	the	combination	of	ant-	MDA5	IgG1	and	IgG4	
has	 a	 better	 specificity	 (87.5%).15 Based on the results of multi-
variate	analysis,	Xu	et	al.	 reported	 that	anti-	MDA5	 IgG1	 (>13 U/
ml)	and	anti-	MDA5	IgG3	 (>11 U/ml)	are	 independent	risk	 factors	

for	mortality	in	DM-	ILD	patients,	suggesting	that	anti-	MDA5	IgG1	
and	 IgG3	may	 be	 prognostic	 biomarkers	 of	DM-	ILD.90	 The	 anti-
	Ro52	 antibody,	 a	 common	 myositis-	associated	 autoantibody,	 is	
related to ILD and is an independent risk factor for ILD in DM.91,92 
MDA5+DM-	ILD	 patients	 with	 anti-	Ro52	 antibody	 are	 more	
likely	 to	 develop	 RPILD	 than	 those	without	 anti-	Ro52	 antibody.	
Moreover, these patients are associated with a lower survival rate, 
indicating	that	anti-	Ro52	antibody	may	predict	the	occurrence	of	
RPILD	and	a	poor	outcome	in	MDA5+DM-	ILD	patients.93,94	A	re-
cent	study	found	that	anti-	Ro52	antibodies	are	produced	in	IIM	in	
response	 to	 Ro52/IgG/HLA-	DR	 expressed	 on	 the	 cell	 surface.95 
Additionally,	Miossec	et	al.	found	that	MDA5+DM patients with a 
typical	 indirect	 immunofluorescence	 (IIF)	MDA5	pattern	 charac-
terized by a cytoplasmic staining fluorescence profile in rare clus-
tered	Hep-	2	cells	with	a	finely	granular	appearance	had	a	higher	
risk of RPILD.37	 These	 autoantibodies	 in	 MDA5+DM patients' 

F I G U R E  1 Proposed	possible	pathogenesis	of	MDA5+DM-	ILD	and	summary	of	blood-	based	biomarkers	for	MDA5+DM,	MDA5+DM-	ILD,	
and	MDA5+DM-	RPILD.	The	potential	pathogenesis	of	MDA5+DM-	ILD	is	presented	both	on	the	left	(mainly)	and	right.	Blood	biomarkers	
related	to	MDA5+DM,	MDA5+DM-	ILD,	and	MDA5+DM-	RPILD	are	on	the	right.	Bold	red	and	blue	texts	represent	upregulated	and	
downregulated biomarkers, respectively. CCL22,	C-	C	motif	ligand	22;	cfDNA,	cell-	free	DNA;	CYFRA21- 1,	cytokeratin-	19	fragment;	DM, 
dermatomyositis; HNE-	DNA,	human	neutrophil	elastase-	DNA;	IFN, interferon; IL- 15, interleukin 15; ILD, interstitial lung disease; KL- 6, krebs 
von	den	Lungen-	6;	MDA5,	melanoma	differentiation-	associated	gene	5;	miR,	microRNA;	MPO-	DNA,	myeloperoxidase-	DNA;	NETs, neutrophil 
extracellular traps; sCD206, soluble CD206; TFH, T follicular helper; YKL- 40,	chitinase-	3-	like-	1	protein.
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serum	 giving	 the	 specific	 cytoplasmic	 MDA5	 pattern	 on	 Hep-	2	
cells	may	be	autoantibodies	other	than	anti-	MDA5	antibodies,	but	
are potentially involved in the pathogenic process of severity of 
the disease.37

3.3  |  Genetic biomarkers

Exosomal	 microRNAs	 (miRNAs)	 stably	 circulate	 in	 the	 blood	
and	 are	 biomarkers	 for	 various	 diseases.	 A	 study	 showed	 that	

TA B L E  1 Summary	of	blood-	based	biomarkers	for	MDA5+DM-	RPILD

Biomarkers Pattern of change Detection Method Comments

Protein biomarkers

Ferritin Up Chemiluminescence;50 
ELISA31

Associated	with	development	of	RPILD	(single	center;	
retrospective	design);45 poor prognostic factors in 
RPILD	patients	(two	hospitals;	retrospective	design)46 
(single	center);47 an independent predictor for RPILD 
(single	center;	retrospective	design).48

YKL-	40 Up ELISA52 Reflect	the	occurrence	of	RPILD	(single	center;	cross-	
sectional	design).52

Neopterin Up ELISA54 Associated	with	RPILD	(single	center;	retrospective	
design).54

Progranulin Up ELISA58 Diagnosis	of	RPILD	(single	center;	cross-	sectional	
design).58

KL-	6 Up Latex agglutination test;64 
enzyme immunoassay69

An	independent	risk	factor	for	RPILD	and	a	potential	
biomarker	to	monitor	RPILD	progression	(single	
center;	retrospective	design);64 elevated in the 
first	4 weeks	of	immunosuppressive	treatment	in	
MDA5+DM-	ILD	patients	may	indicate	the	occurrence	
of	intractable	RPILD	(single	center;	retrospective	
design).65

IL-	18 Up ELISA46 Evaluate the response to the treatment of RPILD in 
MDA5+DM	(two	hospitals;	retrospective	design).46

IFN-	α Up ELISA76 Reflect	the	presence	of	RPILD	(two	hospitals).76

IL-	15 Up Bio-	Plex	ProTM Human
Cytokine assay31

Predict	RPILD	(Nagasaki	University	Hospital	and	related	
institution;	retrospective	observational	design).31

CCL22 Down Bio-	Plex	ProTM Human
Cytokine assay31

Predict	RPILD	(Nagasaki	University	Hospital	and	related	
institution;	retrospective	observational	design).31

Galectin-	9 Up ELISA78 Associated	with	RPILD;	monitor	RPILD	severity	(single	
center;	cross-	sectional	and	longitudinal	design).78

CYFRA21-	1 Up Laboratory tests87 Reflect	the	occurrence	of	A/SIP	(single	center;	
retrospective	design).87

LDH Up Laboratory findings49 An	independent	risk	factor	for	RPILD	(multicenter;	
retrospective	design).49

Antibody	biomarkers

Anti-	Ro52	antibody Positive Immunoblot assay94 More	likely	to	develop	RPILD	(single	center;	retrospective	
design).94

Autoantibodies	(the	
specific cytoplasmic 
MDA5	pattern	on	
Hep-	2	cells)

Positive IIF37 A	higher	risk	for	RPILD	(single	center;	retrospective	
design).37

Cellular biomarkers

CD3+T cell Down Flow	cytometry99 Diagnosis	of	RPILD	(single	center;	cross-	sectional	
design).52

CD3+CD4+T cell Down Flow	cytometry99 Associated	with	the	occurrence	of	A/SIP	(single	center;	
retrospective	design).87

Abbreviations:	A/SIP, acute/subacute interstitial pneumonia; CCL22,	C-	C	motif	ligand	22;	CYFRA21- 1,	cytokeratin-	19	fragment;	DM, dermatomyositis; 
ELISA,	enzyme-	linked	immunosorbent	assay;	IFN- α,	interferon-	α; IIF, indirect immunofluorescence; IL- 15, interleukin 15; IL- 18, interleukin 18; KL- 6, 
krebs	von	den	Lungen-	6;	LDH, lactate dehydrogenase; MDA5,	melanoma	differentiation-	associated	gene	5;	RPILD, rapidly progressive interstitial lung 
disease; YKL- 40,	chitinase-	3-	like-	1	protein.
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upregulated	plasma-	derived	exosomal	miR-	4488	and	miR-	1228-	5p	
might	help	diagnose,	prevent,	and	treat	MDA5+DM-	ILD	based	on	
next-	generation	sequencing.96	Besides	miRNA,	high	serum	levels	
of	cell-	free	DNA	(cfDNA),	mainly	produced	by	neutrophil	extracel-
lular	 traps	 (NETs),	may	 reflect	 NETs	 involved	 in	MDA5+DM-	ILD	
pathogenesis.97	Circulating	NET	[both	human	neutrophil	elastase	
(HNE)-	DNA	 and	 myeloperoxidase	 (MPO)-	DNA	 complexes]	 are	
elevated	 in	 MDA5+DM	 patients,	 suggesting	 that	 anti-	MDA5	
antibodies	 may	 enhance	 NET	 formation,	 reflecting	 neutrophil	
dysregulation.98

3.4  |  Cellular biomarkers

Circulating immune cells are also minimally invasive biomarkers for 
the detection of various diseases. CD4+T and CD8+T cell counts 
are	 decreased	 in	 MDA5+DM	 patients	 compared	 with	 MDA5−DM 
patients, while the CD4+/CD8+	 ratio	 is	 increased	MDA5+DM pa-
tients	 compared	 with	 MDA5−DM patients.99 CD3+T cell counts 
(AUC	 0.688;	 sensitivity	 45%;	 specificity	 88.3%)	 can	 discriminate	
MDA5+DM patients with RPILD from those without RPILD.52 Cox 
hazard analysis has also shown that lower CD3+T cell counts are 
independent	 factors	 for	 poor	 prognosis	 in	MDA5+DM patients.52 
CD3+CD4+T	cell	counts	are	 lower	 in	MDA5+DM	patients	with	 (A/
SIP)	than	in	those	with	chronic	interstitial	pneumonia	(CIP)87 and thus 
may	indicate	the	occurrence	of	A/SIP.	The	percentage	of	T	follicular	
helper	(TFH;	a	subset	of	CD4+T	cells)	cells	is	increased	in	MDA5+DM 
patients	compared	with	MDA5−IIM patients or healthy controls.100 
Lower monocyte counts and lymphocyte counts are useful predic-
tors	of	a	poor	outcome	among	MDA5+DM-	ILD	patients	in	the	early	
stage.101	A	high	monocyte–	lymphocyte	ratio	(MLR)	(MLR >0.604)	is	
an	 independent	predictor	of	mortality	 in	MDA5+DM-	ILD	patients,	
suggesting	that	MLR	may	predict	poor	prognosis	in	MDA5+DM-	ILD	
patients.88	 CD19+B	 cell	 counts	 are	 higher	 in	MDA5+DM patients 
than	 in	 ARS+IIM patients.102	 Additionally,	 serum	 (ESR)	 levels	 are	
higher	 in	the	non-	survival	group	than	 in	the	survival	group	among	
MDA5+DM	patients,	indicating	that	increased	ESR	may	predict	poor	
prognosis	in	MDA5+DM patients.103

4  |  CONCLUSION

This	review	summarizes	the	recent	articles	on	blood-	based	biomark-
ers	associated	with	MDA5+DM,	MDA5+DM-	ILD,	and	MDA5+DM-	
RPILD. However, most biomarkers are not specific for these three 
conditions, and information about their sensitivity and specificity as 
biomarkers	is	lacking.	Moreover,	most	studies	are	cross-	sectional	co-
hort studies, lacking prospective cohort studies. These dysregulated 
biomarkers in the blood may reflect the ILD severity and progression 
in	MDA5+DM and thus provide insights into the pathogenesis of the 
disease	 (Figure 1).	Therefore,	biomarkers	 for	 the	early	 recognition	
of RPILD, treatment response, and predicted outcome may ben-
efit	MDA5+DM-	RPILD	patients	 (Table 1)	 and	prevent	 fatal	RPILD.	

However, further studies with large cohorts, especially prospec-
tive	 cohorts,	 should	 assess	 the	 biomarkers	 of	 MDA5+DM-	RPILD	
to validate the results. Moreover, emerging evidence suggests that 
the gut microbiota may also serve as a biomarker for ILD due to the 
crucial	role	of	the	gut–	lung	axis	in	respiratory	diseases.104	A	recent	
study has demonstrated that intestinal microbiota dysbiosis could 
be	modified	by	low-	dose	IL-	2	in	dermatomyositis.105 However, there 
is no evidence that gut microbiota can be used as biomarkers of 
clinical	features	and	outcomes	of	MDA5+DM,	MDA5+DM-	ILD,	and	
MDA5+DM-	RPILD,	which	requires	to	be	investigated	in	the	future.
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