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A Case
• 60 y/o Caucasian Female presents to the hospital with worsening 

dyspnea on exertion over 2 months.
• New O2 requirement
• She was diagnosed as “pneumonia” twice at local hospital 1 and 

2 month ago (with low grade fever)
• Raynaud’s phenomenon since last winter
• SH: Non smoker, no alcohol, works as a clerk
• FH: No h/o lung disease or autoimmune syndrome

No rash, No arthritis, No muscle weakness
No sclerodactly, dysphagia, GERD, SICCA 
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Work up

ANA Negative

CK: 368 (<200); 
Aldolase: 6
CBC, LFT : Normal
Creatinine: Normal
ESR: 55 (elevated)
CRP: 3.4 (elevated) Abnormal nailfold capillaroscopy
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Diagnosis: Anti-synthetase syndrome 
(anti-PL7 antibody +ve)

• Anti-synthetase syndrome:
– ILD (Acute/Subacute)
– Raynaud’s 
– Nail fold capillary abnormality
– Elevated muscle enzymes

• No Myositis
• No Rash
• No Arthritis
• No Fevers
• No Mechanics hand
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Clinical Features Of Anti-synthetase Syndrome 

6

Classic Triad of Anti-Synthetase Syndrome

Cavagna et al. Medicine 2015 

Ø ILD
ØMyositis
ØPolyarthritis
Ø Any 1: 50%; 2: 30%; 3: 20%

Ø Fever: 25-35%
Ø Mechanics hand: 20-30%
Ø Raynaud’s: 24-37%
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Anti-synthetase Autoantibodies 
- 40% of Myositis

Antibody Antigen 
(tRNA synthetase) 

Prevalence in 
IIM (%) 

 
Jo-1 

 
histidyl 

 
20-30 

PL-7 threonyl 5 
PL-12 alanyl 5 

OJ isoleucyl <5 
EJ glycyl <5 
KS asparaginyl <1 

YRS/Tyr tyrosyl <<1 
Zo phenylalanyl <<1 

 

 

Non-Jo1 Ab
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The evolution of antisynthetase antibodies

Adapted friom Galindo-Feria AS, et al. Front Immunol. 2022 PMID: 
35634293
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University of Pittsburgh 
Anti-synthetase Cohort

Autoantibody Number (% synthetases)
Jo-1 140 (60%)

PL-12 36 (16%)
PL-7 27 (12%)
EJ 11 (5)
OJ 6 (3)
KS 9 (4)

Total Synthetase cases 229

Aggarwal, Ann Rheum Dis, 2013
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Target different Aminoacyl-tRNA 
synthetase enzymes

• Anti-Jo-1 
autoantibody

• Directed against 
histidyl-tRNA 
synthetase

tRNA for histidine

histidine

his tRNA syn

Ag
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A Negative ANA Does Not Imply 
Antibody Negativity in Myositis

Homogeneous, diffuse 
cytoplasmic staining

Anti-Synthetase Syndrome patient

ANA
Homogenous  Nucleolar

Lupus patient
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ANA + Anti-CytAb + p value
Anti-Synthetase 50% 72% p < 0.001

All Jo-1 52% 66% p = 0.026
All non-Jo-1 48% 81% p < 0.001

Frequency of ANA and Cytoplasmic Staining 
in Anti-Synthetase Patients

Aggarwal, ACR 2010

Screening for Anti-Synthetase syndrome
Sensitivity Specificity

Anti-Cytoplasmic (Anti-CytAb+) 72% 91%
ANA 50% 0.6%
Anti-CytAb or Jo-1 92% 90%

Aggarwal et al. J Rheum 2016ICAP nomenclature AC-15 to AC-23
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Cavagna L, et. J Clin Med 2019

Anti-Ro52 antibodies are associated with 
ASyS
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High False Negative Rate for non-Jo1 ASyS

False Positive Rate (%) False Negative Rate (%)

anti-ARS (all methods) 9.9 4.1

Jo1 0.2 3.1
All Non-Jo1 7.9 15.2

PL7 2.8 28.6
PL12 2.7 15.2

EJ 1.5 16.7
OJ 0.6 -
KS 0.8 100
Zo - -

Loganathan A, Zanframundo G et al. Clin Exp Rheumatol. 2024 
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Jo-1 Non-Jo1

Mu scle
Join t
Pulm ona ry
Rayn aud s
Fatigu e
Rash

Presenting Symptoms in Jo-1 vs. Non-Jo1

Aggarwal, Ann Rheum Dis, 2013

Pulmonary 
29%

Pulmonary
25%

Joint

Joint

Muscle
14%Muscle

30%
Raynaud

Raynaud
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Initial CTD Diagnosis in Jo-1 vs. Non-Jo1

DM    
  24% 

17%

Jo-1
PM 
29% 

DM 
18% 

SSc
13%

Non-Jo-1

PM DM O verlap or UC TD SS c

PM 59% 

Myositis UCTD/Overlap Scleroderma
Jo-1 83% 17% 0%
Non-Jo-1 37% 48% 13%

Aggarwal, Ann Rheum Dis, 2013

Overlap or 
UCTD 48% 
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Non Jo-1 is worse than Jo1 patients

________ Jo-1…………Non-Jo1

Jo-1 Non Jo-1 P value
Diagnosis delay (yrs) 0.4 (0.2-0.8) 1.0 (0.4 – 5.1) <0.01

Jo-1

Non Jo-1

SRP

Mi-2

Aggarwal, Ann Rheum Dis, 2013
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Pulmonary 
fibrosis

49%

Pulmonary 
HTN
11%CTD heart 

5%

CTD 
kidney 

3%

Cancer
9%

Infection
6%

Atherosclerosis
9%

Unknown
6%

Cause of Death in Anti-synthetase Cohort

- Pulmonary cause significant mortality and morbidity in anti-synthetase

Aggarwal, Ann Rheum Dis, 2013
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Pulmonary Artery Hypertension in 
Anti-synthetase Syndrome

PAH is associated with Raynaud’s, nailfold capillary abn, 
dramatic increase in pulmonary vascular resistant 

Hervier et al. Eur Respir J 2013
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Importance of Early Diagnosis and Management: 
Acute respiratory failure leading to ICU admission has 

Poor Survival

Anti-Synthetase

Anti-MDA

Vuillard et al. Annals of Intensive Care 2018 

N=28

N=19

Muscular 11 (23%)
Joint 14 (30%)
Skin 20 (43%)

No Extra-pulmonary feature: 40%
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UIP NSIP

DAD  
(AIP)

COP

Various forms of ILD seen in Anti-synthetase

Multiple histology in same patient can be seen
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Before Tx

After Tx

ILD in anti-synthetase should improve on therapy
- 33% Progressive fibrosis despite therapy

Marie-Pierre Debraya et al. Eur J of Radiol 2015
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Risk of Myositis-ILD

• All comers (All Myositis patients)

Risk of ILD is 30-40% 

Connors et al. Chest 2010

24

DM
Overlap

SRP

U1RNP

PM-Scl

Ku

Mi-2

MJ

Jo-1

PL-7

PM

EJ

TIF-1γ

HMGCR
MDA-5

KS

OJ

Venn Diagram showing various 
myositis autoantibodies

Anti-Synthetase 
antibodies (Jo-1 

and non-Jo-1 
antibodies)

Anti-MDA5 
antibody 

Overlap 
antibodies

Ro60

NM

SAE

PL-12
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High Risk for Myositis-ILD

Aggarwal, Ann Rheum Dis, 2013

PM 59% 

Jo-1 

ILD
No ILD

Non - Jo1

ILD
No ILD

MDA 5

ILD
No ILD

73%

81%

50%

PM/Scl, Ku, U1RNP, Ro

ILD
No ILD40-70%

Anti-synthetase

DM Overlap
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Our myositis-ILD cohort (N = 398)

Jo-1 +

Non-Jo-1 +

MDA5 +

Overlap Abs
PM-Scl
U1RNP
Ku
Ro

Other myositis Ab

Scleroderma Ab

Autoantibody 
Negative

University of Pittsburgh Cohort

14%
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Problem with 
autoantibody 

testing:
Local MSA testing Central MSA testing

• Different 
Methods 
different 

     results
• Lack of 

standardization
• High false 

positive and 
negative rates

• Dual/triple 
positivity

• Feasibility of test 
is variable

• 30% are 
antibody 
negative

Unpublished data
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Myositis-ILD vs. Idiopathic ILD (IPF)

• Myositis ILD have better prognosis (treated) than 
matched IPF cases

Aggarwal et al.  Rheumatology 2016 

1:2 Matching:
Age, gender 
and baseline 
FVC%

50

100
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Interstitial pneumonia with 
autoimmune features (IPAF)
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Interstitial pneumonia with 
autoimmune features (IPAF)
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Classification Criteria of Anti-Synthetase 
Syndrome

Definite: Total score ≥ 5.5 + at least one clinical domain + anti-ARS antibody-positive

Probable: Total score ≥ 5.0 + at least one clinical domain
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Classification Criteria of Anti-Synthetase 
Syndrome
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Clinical Characteristics of Anti-Synthetase 
Syndrome
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PP-UNP-GBR-8411  May 2024Oldroyd et al. Nat Rev Rheumatol. 2023

International Cancer Screening 
Guidelines

Oldroyd and Aggarwal et al. Nat Rev Rheum 2023
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PP-UNP-GBR-8411  May 2024Oldroyd et al. Nat Rev Rheumatol. 2023

International Cancer Screening 
Guidelines

Oldroyd and Aggarwal et al. Nat Rev Rheum 2023
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Treatment of Anti-Synthetase 
Syndrome
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No effective FDA Approved Therapies (until 
recently)

• Until recently, there were no FDA approved therapies for 
myositis beyond steroid and ACTH since in 1950s.

Images with permission
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Efficacy and Safety of IVIG in patients with active 
dermatomyositis.

A Randomized, Double-Blind, Placebo-Controlled Phase III Trial 

Progress in DERMatomyositis (ProDERM) Study 
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Pharmacologic Therapy of IIM

First line Methotrexate or azathioprine +/- IVIG (DM)

Second 
line

Combination therapy or IVIG (DM, severe 
NM)
Mycophenolate mofetil (MMF) Tacrolimus or 
cyclosporine

Third line Rituximab or IVIG (ASSD, PM, ILD)
Cyclophosphamide - ILD
Rituximab + Cyclophosphamide – ILD

Steroids 

Experimental Abatacept, Tofacitinib, Anifrolumab, ACTH, 
etc.

IVIG

Oddis & Aggarwal et al. Nature Review:  Treatment in Myostis 2018
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Mycophenolate: 1st line for ILD (ASyS)

MMF

9

MMF

Fischer et al. 2013Retrospective study (N = 32)
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Tacrolimus in Myositis-ILD (ASyS)

25 pts: Tacro + steroid  (9 pts with cytoxan) 

24 pts: Steroid (9 pts with cytoxan or cyc) 
Vs.N = 13 refractory anti-Syn

Wilkes & Oddis et al. 2005 Kurita et al. 2015
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Rituximab in Myositis-ILD (ASyS)

• N = 24 (anti-synthetase); retrospective
• 70% Failed IS + Pred; 30% Pred 
• 10/12 acute ILD got cytoxan;
• 7 had >30% improvement in FVC% Andersson et. al. Rheumatology 2015, Norway
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Rituximab in Myositis: A Double Blind 
Placebo Controlled RCT

Rituximab

Placebo

Wk 0 Wk 1
Wk 4

Wk 8 Wk 9

Placebo

Rituximab

Screen

Wks 12 – 44
(8 additional visits)

Rtx Early

Rtx Late

Wk 12 Wk  44

• Subjects randomly assigned, double-blind
• ½ subjects receive drug early (Rtx Early) and ½ subjects receive 

drug 8 wks later (Rtx Late)
• 200 patients were treated (75 PM, 75 DM, 50 JDM)
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Primary Outcome: Myositis Response 
Criteria (IMACS DOI)

Median time to DOI:   
  Early Rtx = 20.0 weeks
 Late Rtx = 20.2 weeks
  p = 0.74 (log rank)

Weeks

P
ro

po
rti

on
 o

f P
ts

 
W

ith
ou

t I
m

pr
ov

em
en

t

- Early Rtx 
- Late Rtx
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Rituximab in Myositis (RIM) Clinical Trial

MAA = myositis associated antibody
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Aggarwal et al. A&R 2014

Rituximab is preferred for anti-synthetase syndrome
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Cyclophosphamide in Myositis-ILD 
(ASyS)

Yamasaki et al. 2007

Prospective Open label study: 82% improvement

N = 17

47

CD19-targeted Chimeric Antigen Receptor (CAR) T 
cells in refractory anti-synthetase syndrome: 41 
year old Male 

Fabian Müller and Georg Sche2  Lancet 2023
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Significant Clinical Improvement

Fabian Müller and Georg Sche2  Lancet 2023
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Refractory 
Myositis

ILD/Anti-
synthetase/

MDA5

Severe 
Skin in 

DM- JDM

Mycophenolate Or 
Tacrolimus (cyclosporine)

Rituximab IVIG

Severe muscle / 
anti-SRP dysphagiaAnti-

HMGCR

Mycophenolate

Cyclophosphamide for 
ILD

Clinical Trials on Tofacitinib, Abatacept, Anifrolumab, ACTH, etc

Nature Review:  Treatment in Myositis. Oddis & Aggarwal et al. 

Tofacitinib
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Thank you from Pittsburgh 
Myositis Center

Email: Aggarwalr@upmc.edu

YouTube channel for patient education: Myositis101
Twitter: @docrota; Facebook: Rohit Aggarwal
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Join our efforts for clinical research or trials in Myositis 
through Myositis Clinical Trial Consortium (MCTC)

https://myositisclinicaltrialsconsortium.org
Email me if interested in myositis : Aggarwalr@UPMC.edu
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