
Clinic and Case Reports

39This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial 
No Derivatives (by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

RRNMF Neuromuscular Journal 2024;5(2)

Successful recovery of anti-SRP myopathy 
with subcutaneous methotrexate 
after 17 years of poor response to 

immunomodulation

Alexis A. Lizarraga MD MS,1* Yohei Harada MD 
MHSc1,2,3*, Debra Guntrum NP,1 Aravindhan 

Veerapandiyan MBBS,4 Andrew L. Mammen MD 
PhD,5 David N. Herrmann MBBCh1

*Denotes co-first authors
1 Department of Neurology, Division of 

Neuromuscular Medicine, University of Rochester 
Medical Center, Rochester, New York.

2 Department of Neurology, Duke University Medical 
Center, Durham, NC 

3 UCB Biopharma, Raleigh, NC
4 Department of Pediatrics, Division of Neurology, 

Arkansas Children’s Hospital, University of Arkansas 
for Medical Sciences, Little Rock, Arkansas.

5National Institute of Arthritis and Musculoskeletal 
and Skin Disorders, National Institutes of Health, 

Bethesda, MD and Department of Neurology, Johns 
Hopkins University School of Medicine, Baltimore, 

MD

ABSTRACT
An 18-year-old woman presented with a year of progres-
sive proximal limb weakness. Serum creatine kinase (CK) 
was elevated and electromyography suggested an irritable 
myopathy.  Muscle biopsy revealed severe, chronic, active, 
necrotizing myopathy.  Myositis-specific autoantibodies 
were initially negative; however, an immune-mediated nec-
rotizing myopathy was suspected. She had only minimal 
response to variable immunomodulatory therapies over 
17 years, with progression of weakness. Subsequent repeat 
testing confirmed positive anti-Signal Recognition Particle 
(SRP) autoantibodies. A thigh MRI, 17 years after symptom 
onset, showed extensive fatty replacement and significant 
muscle atrophy, suggesting a low likelihood of response 
to further immunosuppression. Nonetheless, motor func-
tion significantly improved after initiation of subcutaneous 
methotrexate (MTX).  She has been stable off immunosup-
pressive therapy for 4.5 years. This report exemplifies that 
a protracted clinical course, extensive fatty replacement 
and atrophy on muscle MRI and normal CK levels do not 
preclude a late response to immunomodulatory therapy in 
anti-SRP myopathy. 

Introduction
Anti-Signal Recognition Particle (SRP) myopathy 

is an immune-mediated necrotizing myopathy (IMNM) 
characterized by rapidly progressive proximal and sym-
metrical weakness that can result in severe disability and 
a markedly elevated serum creatine kinase (CK).1,2 Muscle 
biopsy typically shows prominent muscle cell necrosis and 
only minimal lymphocytic infiltration.3 Treatment usu-
ally requires long-term use of multiple immune therapies, 
with the prognosis being worse in those with a younger age 
of onset.4 There has been growing evidence regarding the 
utility of muscle MRI in the management of autoimmune 
myopathy.5 It has shown to be a useful tool to monitor the 
evolution of muscle disease over time and also to determine 
the optimal location for muscle biopsy to increase its diag-
nostic yield. 

Case Report
An 18-year-old woman, who was previously healthy, 

except for a 5-year history of complex partial epilepsy that 
was managed with lamotrigine, presented with a 1-year re-
port of progressive proximal limb muscle weakness. She 
was unable to dress, cut food, or stand from a chair without 
assistance. On examination, she had symmetric Medical 
Research Council (MRC) grade 3/5 weakness in deltoids, 
biceps, triceps, hip flexors, and knee extensors. Muscle bulk 
and tone were normal. Deep tendon reflexes were grade 
1 at the knees and ankles, and grade 2 in the upper limbs. 
She had a waddling gait with hyperlordosis and bilateral 
circumduction. The rest of the neurological examination 
was normal. Serum CK was 4,384 units/L on presenta-
tion. Electrophysiologic testing was consistent with an ir-
ritable myopathy with abnormal insertional activity, fibril-
lation potentials, myopathic motor unit morphology, and 
early recruitment in the left biceps, infraspinatus, vastus 
medialis, tensor fasciae lata, and iliopsoas muscles. Nerve 
conduction studies were normal. A left quadriceps muscle 
biopsy revealed multiple necrotic and split fibers support-
ive of a severe necrotizing myopathy without evidence of 
invasion of non-necrotic muscle fibers (Figure 1). Minimal 
endomysial and perimysial inflammatory cell infiltrates 
were noted comprised mainly of CD68 positive macro-
phages. Blood vessels showed a normal pattern of staining 
with Eulex Europaeus (lectin) and membrane attack com-
plex (MAC) relative to controls, but some non-necrotic 
muscle fibers showed MAC sarcolemmal staining.  Im-
munohistochemical stains for dystrophin, sarcoglycanopa-
thy, dysferlin, and merosin showed a normal pattern. Ge-
netic testing was negative for pathogenic mutations in the 
FKRP, CAPN3, CAV3, and LMNA genes. Autoantibodies 
included negative antinuclear antibody, rheumatoid fac-
tor, anti-RNP, Smith, Jo-1; Subsequent further testing for 
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myositis-specific antibodies, including PL 7, PL-12, MI-2, 
KU, EJ, and OJ, was also unrevealing; however, an immune-
mediated necrotizing myopathy was clinically suspected. 

Axial T1 weighted MRI of bilateral lower extremities, 
obtained 4 years after symptom onset, showed evidence 
of diffuse fatty infiltration of bilateral thigh musculature, 
with abnormal high signal on inversion recovery sequences 
within the muscles of the anterior and posterior compart-
ments of bilateral thighs and gastrocnemii. Diffuse en-
hancement was seen, most prominently in the quadriceps 
muscles following gadolinium administration. The patient 
was variously treated with regimens including corticoste-
roids (both daily oral prednisone [1mg/kg] and intermit-
tent intravenous high dose methylprednisolone), intrave-
nous immunoglobulin (IVIG), subcutaneous MTX that 
was only briefly used and stopped due to severe diarrhea, 
azathioprine, mycophenolate, extended courses of plasma 
exchange (PLEX), and rituximab. She had only transient 
and suboptimal responses to immunomodulatory therapy 
over 16 years, with progression of weakness and disability 
requiring a wheelchair, and multiple hospitalizations for 
exacerbations including respiratory impairment which did 
not require intubation. Dyspnea did subjectively improve 
with immunotherapy during hospitalizations.

Laboratory testing at age 30 years confirmed the pres-
ence of anti-SRP autoantibodies on a radioimmunoprecip-
itation assay. Anti-HMG-CoA reductase antibodies were 
negative. The patient, who was on prednisone and aza-
thioprine at the time, received further intensive prolonged 
courses of PLEX with only a minimal response. There was 
also no response to another trial of rituximab. 

A subsequent thigh MRI at age 33 years showed ex-
tensive fatty replacement and muscle atrophy (Figure 2).  
Muscle edema was noted though this was difficult to inter-
pret due to the significant muscle atrophy. In light of the pa-
tient’s MRI findings and normal CK of 125 U/l, a response 
to further immunosuppression was considered unlikely. 
Nonetheless, due to the patient’s continued declining func-
tion, subcutaneous MTX (titrated to 12.5 mg weekly subcu-
taneously) along with weekly folinic acid 10 mg by mouth 
(because of prior GI intolerance of MTX) was added to her 
existing regimen of prednisone (45 mg by mouth daily) and 
azathioprine (125 mg by mouth total daily dose). Within 
a few months after initiation of MTX, motor function had 
significantly improved with recovery of independent ambu-
lation. On examination, Medical Research Council (MRC) 
grade had improved to 4-5 in the biceps, knee flexors, and 
knee extensors. The patient weaned herself off all immuno-
suppressive therapy at age 35 years. She has subsequently 
been functionally stable off all immunosuppressive therapy 
for the past 4.5 years.

Discussion
This report of a patient with severe, SRP-related nec-

rotizing myopathy is instructive, in that the patient had 

been relatively refractory to a multitude of immunosup-
pressive regimens over 17 years, with only transient or 
limited responses, normal CK, and a muscle MRI showing 
marked fatty replacement, suggesting a low likelihood of 
treatment responsiveness. She nonetheless showed marked 
functional improvement with the late initiation of subcuta-
neous MTX and folinic acid.

The initial clinical presentation was typical of anti-
SRP myopathy with subacute severe proximal muscle 
weakness and significantly elevated CK levels without skin 
involvement. Although anti-SRP myopathy is more com-
monly seen after the fourth decade, younger onset includ-
ing childhood or adolescence has been reported.6-8 The 
presence of SRP autoantibodies is essential for diagnosis, 
as this form of myopathy is often clinically or pathologically 
indistinguishable from other types of autoimmune myopa-
thy. For example, muscle necrosis can be observed in mul-
tiple other types of myopathy including dermatomyositis, 
anti-Jo1 antisynthetase syndrome, scleroderma-myositis, 
and various hereditary myopathies, while perivascular in-
filtrates can be seen in anti-SRP myopathy.5,9 Binns et al. 
reported in their case series and literature review of child-
hood or juvenile-onset anti-SRP myopathy that the long-
term functional outcomes are generally poor with severe 
residual weakness in 50% of 12 patients and wheelchair de-
pendence in 40%.6 Also, in a longitudinal cohort study of 37 
adults with anti-SRP myopathy, younger age at onset was 
associated with more severe muscle weakness at initial and 
follow-up visits.10

Muscle MRI has been used to detect muscle edema, 
fatty replacement, and atrophy using both T1 weighted 
and short tau inversion recovery (STIR) sequences. Ac-
tive muscle edema due to inflammation or myofiber ne-
crosis appears as intramuscular hyperintensities on STIR 
sequences and fatty replacement is best seen for clinical 
purposes on T1-weighted images. In IMNM, MRI findings 
are characterized by a higher proportion of thigh muscles 
with edema, atrophy, and fatty replacement.11,12 Thigh mus-
cle edema on MRI was identified in each of the 12 reported 
patients with anti-SRP myopathy including in the vastus 
lateralis, rectus femoris, biceps femoris, and adductor mag-
nus muscles.13 Anti-SRP myopathy usually shows a more 
severe pattern of muscle involvement on MRI than HMG-
CoA reductase antibody-related IMNM.10 It is considered 
that muscle edema seen in necrotizing myopathies is likely 
of osmotic origin rather than inflammatory cell infiltration, 
given that there are typically minimal inflammatory cells 
in the muscle biopsy.13 Intramuscular fat accumulation is 
considered an indicator of irreversible consequences of the 
myopathic process while muscle edema has been suggested 
to indicate potential reversibility with treatment in autoim-
mune myopathy.5,13 A longitudinal study observed, as in our 
patient, that with an increasing interval between onset of 
disease and timing of muscle MRI, patients showed greater 
fatty replacement and less muscle edema.11 Furthermore, in 
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the study by Zheng et al, there was a negative correlation 
between the degree of muscle fat accumulation and thera-
peutic effect.13 The mechanism for the marked improve-
ment seen in our patient after 17 years of disease despite 
marked muscle fat replacement and a low CK value is un-
certain. Notwithstanding the persistence of some muscle 
edema, our patient’s late response to treatment serves to in-
dicate that muscle MRI findings of marked fat replacement 
and muscle atrophy may not be relied on alone to guide the 
likelihood of therapeutic response in anti-SRP myopathy 
but are rather a helpful adjunct in the therapeutic decision-
making process. 

The underlying pathogenesis of anti-SRP myopathy is 
unknown but is probably due to a combination of immune-
mediated and environmental and genetic factors. Multiple 
pathways have been implicated in the pathogenesis of 
muscle destruction in anti-SRP myopathy, including 
direct pathogenic effects of anti-SRP autoantibodies, 
complement-dependent mechanisms, altered cytokine and 
chemokine milieu, and upregulation of B-cell activating 
factor.14 In terms of treatment approach, our patient 
showed a clinically significant late improvement with the 
introduction of MTX. In 2017, a European NeuroMuscular 
Centre (ENMC) working group recommended 
corticosteroids and MTX as a first-line treatment regimen 
for anti-SRP myopathy.4 A 16-patient retrospective case 
series supports the effectiveness of MTX for anti-SRP 
myopathy. Thirteen of these individuals received oral 
prednisone and MTX and showed a degree of improvement.15 
The mechanism of treatment of SRP myopathy with MTX 
is unknown but may relate to both anti-inflammatory 
and immune-modulating properties. These may include 
inhibition of anti-inflammatory adenosine metabolism, 
which leads to reduced T-cell activation, down-regulation 
of B cells, increased activated CD-95 T-cell sensitivity, 
and inhibition of the binding of pro-inflammatory beta-1 
interleukin to its cell surface receptor.16 An ENMC working 
group has also recommended rituximab as an alternative 
approach.4 In contrast to our patient who failed to 
respond to 2 separate trials of rituximab, 76.5% (13/17) of 
patients with anti-SRP myopathy who received rituximab, 
showed responsiveness in one longitudinal cohort study.14 
Similarly, a literature review reported that 77.8 % (14/18) 
of patients with anti-SRP myopathy showed a response 
to rituximab.12 Rituximab, as a B cell depleting agent, may 
be an effective treatment for refractory SRP myopathy 
due to its effects on anti-SRP autoantibodies, which play 
a role in both the formation of atrophic muscle fibers and 
muscle fiber regeneration.14  Allenbach et al. and others 
have described that individuals with anti-SRP myopathy 
treated with IVIG, more frequently achieve remission than 
those not receiving IVIG therapy.4, 17 Our patient did not 
show an appreciable response to IVIG. Thus, response to 
immunomodulatory therapy appears quite non-uniform 
among those with anti-SRP myopathy, possibly reflecting 

diversity of disease mechanisms.
Conflict of interest

Alexis Lizarraga reports no disclosures.
Yohei Harada is a salaried employee of UCB Pharma 

and receives stock and stock options from employment. 
The research presented in this publication was conducted 
outside of the scope of current role in the company. The 
views and opinions expressed in this publication are solely 
those of the authors and do not necessarily reflect the 
official policy or position of the company. 

Debra Guntrum reports no disclosures for this report.
Aravindhan Veerapandiyan has worked in an advisory 

or consulting capacity with PTC Therapeutics, Novartis, 
Sarepta, Biogen, ScholarRock, Pfizer, Fibrogen, and 
NS Pharma, and has received grant or research support 
from Sarepta, Fibrogen, Novartis, Genentech, AMGEN, 
Impax Labs, Teva, Ely Lilly, AMO Pharma, Pfizer, and 
Octapharma.

Andrew L. Mammen has a patent for anti-HMGCR 
autoantibody testing but does not receive compensation for 
this.

David N. Herrmann receives grant support through 
NIH U54 NS065712-14, 1U01NS109403-04, the 
Friedreich’s Ataxia Alliance, and the CMT Association, 
and has received compensation for scientific consulting 
activities in the past 3 years from Acceleron, Inc., 
Neurogene, Regenacy, Inc., Sarepta, Pfizer, Applied 
Therapeutics, Passage Bio, Guidepoint Global and Gerson 
Lehrman Group.

Acknowledgements
The authors thank Dr. Marc-Andre Hamel, musculoskeletal 
radiologist at the University of Rochester. This work was 
supported, in part, by the Intramural Research Program 
of the National Institutes of Arthritis and Musculoskeletal 
and Skin Diseases of the National Institutes of Health.

References
1.	 Kassardjian CD, Lennon VA, Alfugham NB, 

Mahler M, Milone M. Clinical Features and Treatment 
Outcomes of Necrotizing Autoimmune Myopathy. JAMA 
Neurol 2015;72:996-1003.

2.	 Watanabe Y, Uruha A, Suzuki S, et al. Clinical 
features and prognosis in anti-SRP and anti-HMGCR 
necrotising myopathy. J Neurol Neurosurg Psychiatry 
2016;87:1038-1044.

3.	 Kamperman RG, van der Kooi AJ, de Visser M, 
Aronica E, Raaphorst J. Pathophysiological Mechanisms 
and Treatment of Dermatomyositis and Immune Mediated 
Necrotizing Myopathies: A Focused Review. International 
journal of molecular sciences 2022;23.

4.	 Allenbach Y, Mammen AL, Benveniste O, Stenzel 
W. 224th ENMC International Workshop:: Clinico-
sero-pathological classification of immune-mediated 
necrotizing myopathies Zandvoort, The Netherlands, 14-
16 October 2016. Neuromuscul Disord 2018;28:87-99.



42

Clinic and Case Reports

5.	 Pinal-Fernandez I, Casal-Dominguez M, 
Mammen AL. Immune-Mediated Necrotizing Myopathy. 
Curr Rheumatol Rep 2018;20:21.

6.	 Binns EL, Moraitis E, Maillard S, et al. Effective 
induction therapy for anti-SRP associated myositis in 
childhood: A small case series and review of the literature. 
Pediatric rheumatology online journal 2017;15:77.

7.	 Kawabata T, Komaki H, Saito T, et al. A pediatric 
patient with myopathy associated with antibodies to a 
signal recognition particle. Brain Dev 2012;34:877-880.

8.	 Luca NJ, Atkinson A, Hawkins C, Feldman 
BM. Anti-signal recognition particle-positive juvenile 
polymyositis successfully treated with rituximab. J 
Rheumatol 2012;39:1483-1485.

9.	 Merlonghi G, Antonini G, Garibaldi M. 
Immune-mediated necrotizing myopathy (IMNM): 
A myopathological challenge. Autoimmun Rev 
2022;21:102993.

10.	 Pinal-Fernandez I, Parks C, Werner JL, et al. 
Longitudinal Course of Disease in a Large Cohort of 
Myositis Patients With Autoantibodies Recognizing the 
Signal Recognition Particle. Arthritis care & research 
2017;69:263-270.

11.	 Pinal-Fernandez I, Casal-Dominguez M, Carrino 
JA, et al. Thigh muscle MRI in immune-mediated 

necrotising myopathy: extensive oedema, early muscle 
damage and role of anti-SRP autoantibodies as a marker of 
severity. Ann Rheum Dis 2017;76:681-687.

12.	 Xiong A, Yang G, Song Z, et al. Rituximab in the 
treatment of immune-mediated necrotizing myopathy: 
a review of case reports and case series. Ther Adv Neurol 
Disord 2021;14:1756286421998918.

13.	 Zheng Y, Liu L, Wang L, et al. Magnetic resonance 
imaging changes of thigh muscles in myopathy with 
antibodies to signal recognition particle. Rheumatology 
(Oxford, England) 2015;54:1017-1024.

14.	 Qiu R, Wang Z, Wei X, Sui H, Jiang Z, Yu XF. The 
pathogenesis of anti-signal recognition 

particle necrotizing myopathy: A Review. Biomed 
Pharmacother. 2022 Dec;156:113936

15. Wang L, Liu L, Hao H, et al. Myopathy with 
anti-signal recognition particle antibodies: clinical 
and histopathological features in Chinese patients. 
Neuromuscul Disord 2014;24:335-341.

16. Hanoodi M, Mittal M. Methotrexate. [Updated 
2023 Aug 16]. In: StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing; 2024.

17. Kocoloski A, Martinez S, Moghadam-Kia S, 
Lacomis D, Oddis CV, Ascherman DP, et al. Role of 
intravenous immunoglobulin in necrotizing autoimmune 
myopathy. J Clin Rheumatol (2021) 28(2):e517–e520. 



43

Clinic and Case Reports

Figure 1

Split fiber

Figure 1: Left quadriceps muscle biopsy (Gomori trichrome stain):
Moderately severe, chronic, active myopathy as evidenced by increased muscle fiber size variability, split fibers, and rounded 
fibers with internal nuclei. Though not seen in this slide, there was minimal necrosis surrounded by macrophages There 
were minimal perivascular and endomysial mononuclear inflammatory cell infiltrates. No ragged-red fibers were present. 
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Figure 2: Muscle MRI of right and left thighs with comparison cases
(1A) Normal Axial T1 MR sequence, (1B) Normal Axial STIR MR sequence, (2A) Axial T1 MR sequence in acute 
dermatomyositis (DM) showing normal muscle bulk without fatty replacement, (2B) Axial STIR MR sequence in 
acute DM showing diffuse hyperintensity indicating muscle and fascial edema, (3A) Axial T1 MR sequence showed 
diffuse hyperintensity suggestive of extensive atrophy and fatty replacement of muscle, (3B) Axial STIR MR sequence 
demonstrated hyperintensity of the right anterior thigh muscles suggesting edema.


