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Abstract
Objective
Anti-signal recognition particle antibody immune-mediated necrotising myopathy (anti-SRP-IMNM) is characterised
by prominent muscle weakness and poor neurological outcomes. This study aimed to evaluate the relationship
between endomysial fibrosis and the clinical, muscle magnetic resonance imaging (MRI) and myo-pathological
features of patients with anti-SRP-IMNM.

Methods
We collected the clinical, imaging, and myo-pathological data of patients diagnosed with anti-SRP-IMNM.
Differences between patients with and without increased endomysial fibrosis on muscle biopsy were compared.

Results
Ninety-four patients were included in the study, comprising 12 paediatric and 82 adult patients. The mean age at onset
was 41.2+17.3 years. The mean serum creatinine kinase concentration was 6885.8+6300.7 IU/L. MRI revealed muscle
oedema in 87.3% of patients and fatty infiltration in 77 .5%, which was particularly severe in the muscles of the posterior
thigh. Endomysial fibrosis was found in 50% of patients and was significantly associated with early onset (p=0.004),
paediatric age (p=0.044), muscle fatty infiltration on MRI of the thigh (p=0.045), and inflammatory cell infiltration
on pathology (p<0.05).

Conclusion
In anti-SRP-IMNM, endomysial fibrosis may be the pathological basis of fatty infiltration observed on MRI and
may be associated with resistance to immunotherapy.
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Introduction

Anti-signal recognition particle (SRP)
antibody immune-mediated necrotising
myopathy (IMNM) is an autoimmune
disorder characterised by the presence
of the anti-SRP antibody in serum (1).
Compared with other subtypes of my-
ositis, patients with anti-SRP-IMNM
tend to present with more severe muscle
weakness and a poorer prognosis and
require multiple immunosuppressive
agents to control the disease (2-5).

Our previous study found that quick de-
velopment of muscle fibrofatty replace-
ment on magnetic resonance imaging
(MRI) and greater B cell-activating fac-
tor receptor and B lymphocyte infiltra-
tion in muscle biopsy samples are close-
ly related to the prognosis of patients
with anti-SRP-IMNM and are often an
indicator of resistance to immunother-
apy (6, 7); however, the pathological
mechanism is unclear. Previous studies
have revealed that B-lymphocyte and B
cell-activating factor are strongly linked
to fibrosis in various tissues and condi-
tions (8, 9). Therefore, further study is
warranted to determine whether these
mechanisms exist in anti-SRP-IMNM.
The present study aimed to evaluate the
relationship between endomysial fibro-
sis and the clinical features, muscle MRI
findings, and skeletal muscle pathologi-
cal characteristics in a large cohort of
Chinese patients with anti-SRP-IMNM.

Materials and methods

Patients

We retrospectively collected data from
patients with anti-SRP-IMNM treated
at Peking University First Hospital from
January 2010 to February 2023. Based
on the 2018 European Neuromuscular
Centre criteria, patients meeting the
following criteria were diagnosed with
anti-SRP-IMNM: presence of anti-
SRP autoantibodies, muscle weakness,
elevated serum creatine kinase (CK)
concentration, and pathological criteria
of IMNM (10). Baseline patient demo-
graphic characteristics, clinical mani-
festations, laboratory test results, and
medication history were collected from
each patient’s first visit. Paediatric on-
set was defined as disease onset before
18 years of age. Disease duration was
categorised as subacute when the dura-

tion was less than 12 months and chron-
ic when the duration was 12 months or
longer (11, 12). Muscle strength was
evaluated using the manual muscle
strength test 8 based on the modified
0—10-point Kendall grading scale (13).
Written informed consent was obtained
from all patients. This study was ap-
proved by the Clinical Research Ethics
Committee of Peking University First
Hospital (approval no. 2019-181; date
of approval: 21st August 2019).

Detection of myositis autoantibodies
All patients were tested for myositis-
specific and myositis-associated auto-
antibodies using Euroline Myositis Pro-
file immunoblot assays (Euroimmun,
Lubeck, Germany) in accordance with
the manufacturer’s instructions. Serum
autoantibodies against SRP were iden-
tified and semiquantitatively analysed
using densitometry by detecting the
54-kD subunit, as previously described
(14). All included patients had an au-
toantibody concentration of >50 U/L
(considered strongly positive).

Muscle MRI

Seventy-one patients underwent MRI
of the bilateral thighs during assess-
ment. Among the 71 patients who un-
derwent MRI at our centre, 29 (40.8%)
were already receiving immunotherapy,
while 42 (59.2%) were treatment-naive
at the time of imaging. Oedema and
fibrofatty replacement scores were cal-
culated in the gluteus maximus at the
pelvic level and in the thigh muscle
groups at the mid-thigh level (anterior
group: vastus intermedius, vastus me-
dialis, vastus lateralis, rectus femoris,
and sartorius; posterior group: biceps
femoris, semitendinosus, and semi-
membranosus; medial group: adductor
magnus, adductor longus, and gracilis).
Fibrofatty replacement in each muscle
was graded on T1WI sequences in ac-
cordance with the scale proposed by
Mercuri et al. (15). Muscle oedema
was graded on T2-STIR sequences on
a scale from 04 (16).

Muscle pathology

Eighty-seven patients underwent muscle
biopsies for diagnostic purposes. Among
the 87 patients who underwent skeletal
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Fig. 1. Muscle MRI in patients with anti-SRP-IMNM. T1-weighted images show muscle atrophy and fatty degeneration (a, b), while STIR images demon-
strate muscle oedema (¢, d), particularly in the posterior thigh muscle groups.

muscle biopsy at our centre, 34 (39.1%)
had initiated treatment elsewhere, while
53 (60.9%) were treatment-naive at
the time of biopsy. Serial frozen sec-
tions were stained with haematoxylin
and eosin, modified Gomori trichrome,
oil red O, periodic acid-Schiff, adeno-
sine triphosphate enzyme (pH 4.5 and
10.8), NADH-tetrazolium reductase,
cytochrome C oxidase, and succinate
dehydrogenase. The sections were im-
munohistochemically stained for human
major histocompatibility complex class
I (MHC-I), membrane attack complex
(MAC),CD3,CD4, CD8, CD20,CD68,
dystrophin, sarcoglycans, dysferlin, and
dystroglycan. Grading of inflammatory
cell infiltration and MAC and MHC-I
deposition was performed using the cri-
teria proposed by Yang et al. (17). En-
domysial fibrosis was defined as isolated
fibrous tissue deposits located between
myofibres and exceeding at least four
times that of normal endomysium (18).
Based on myo-pathological features,
patients were categorised as having anti-
SRP-IMNM with or without increased
endomysial fibrosis in muscle biopsy
specimens. We then compared the clini-
cal, pathological, and imaging features
between the two groups.
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Statistical analysis

All statistical analyses were performed
using SPSS version 26.0 software
(SPSS, Chicago, Illinois, USA), with
significance set at the 5% level. Q-Q
plots were used to assess the normal-
ity of data distribution. The clinical,
MRI, and pathological features were
compared between the two groups us-
ing both univariate and binary logistic
regression analyses. For variables that
were normally distributed, continuous
clinical and demographic data were
compared using one-way analysis of
variance or the Student’s t-test for com-
parisons between subgroups. Categori-
cal variables were analysed using the %2
test, Fisher’s exact test, Kruskal-Wallis
one-way analysis of variance by ranks,
or Mann-Whitney U-test. For non-
normally distributed data, the Kruskal-
Wallis test with Dunn’s correction was
used for multiple comparisons.

Results

Clinical features

The demographic and clinical features
of the 94 patients with anti-SRP-IM-
NM are summarised in Supplementary
Table S1. The cohort consisted of 30
males and 64 females. The mean onset

age was 41.2+17.3 years (range 3-73
years), and paediatric onset was found
in 12 (12.7%) patients. The mean dis-
ease duration was 13.0+18.6 months
(range 0.5-120 months) (Fig. 1). Suba-
cute onset was observed in 55 patients
(58.5%), while chronic onset occurred
in 39 patients (41.5%). The initial
symptom was limb or trunk weakness
in 65 (69.1%) patients, bulbar symp-
toms such as difficulty swallowing in
7 (7.44%) patients, and myalgia in 14
(14.9%) patients. The muscle weak-
ness was typically proximal-dominant
and symmetrical. Seventy-four patients
(78.7%) experienced neck weakness,
and 41 patients (43.6%) presented with
dysphagia. The mean serum CK con-
centration was 6885.8+6300.7 IU/L
(range: 574-28,819 IU/L). Interstitial
lung disease (ILD) was observed in 28
of 78 patients (38.4%).

Immunotherapy-related data  were
available for 72 patients, with a median
interval of 9.2 months from disease on-
set to the initiation of treatment. Treat-
ment strategies were individualised
based on patients’ clinical conditions
and therapeutic responses, and de-
tailed information is provided in Sup-
plementary Table S1. Glucocorticoids
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(GC) were the most commonly used
first-line agent for anti-SRP-positive
IMNM, administered to 67 of 72 pa-
tients (93.0%). The majority of these
patients (36/72, 50.0%) received triple
therapy consisting of GC, intravenous
immunoglobulin (IVIG), and steroid-
sparing immunosuppressants. Notably,
65 patients (90.3%) required mainte-
nance therapy with two or more immu-
notherapeutic agents, while 4 patients
(5.56%) underwent plasma exchange
as part of their treatment course.

Muscle MRI findings

The muscle MRI findings in patients
with anti-SRP-IMNM are summarised
in Supplementary Table S2. Muscle
oedema was observed in 62 patients
(87.3%), with the adductor magnus be-
ing the most severely affected (mean
score =1.85), followed by the semi-
membranosus (mean score =1.73), glu-
teus maximus (mean score =1.48), and
vastus lateralis (mean score =1.41). Fi-
brofatty replacement was present in 55
patients (77.5%) and was most promi-
nent in the gluteus maximus (mean
score =1.44), followed by the semi-
membranosus (mean score =1.14) and
adductor magnus (mean score =1.11).
The posterior region of the thigh was
the most severely affected by both
fibrofatty replacement (mean score
=1.07) and oedema (mean score =1.47).

Muscle pathology

The muscle biopsy findings are summa-
rised in Table I. The average interval be-
tween symptom onset and muscle biop-
sy was 13.6 months. Muscle fibre necro-
sis, regeneration, and atrophy were ob-
served in most patients (84.7%, 96.5%
and 98.8%, respectively). Increased en-
domysial fibrosis was observed in 43 of
86 patients (50.0%). Multifocal MHC-I
overexpression occurred in 76 of 79
patients (94.0%), with a median grad-
ing of 3 (range, 0—4). There was MAC
deposition in necrotic fibres in 51 of 72
patients (70.8%), in the sarcolemma of
non-necrotic fibres in 49 of 75 patients
(65.3%), and around endomysial cap-
illaries in 23 of 75 patients (30.7%).
CD68-positive macrophage infiltration
was present in 77 of 79 patients (97.5%),
with a median grading of 2 (range 0-3).
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Fig. 2. Muscle pathology of patients with anti-SRP-IMNM (x10). Haematoxylin and eosin staining
shows muscle fibre necrosis and regeneration (a, b: white arrow). Modified Gomori trichrome staining
reveals different grades of endomysial hyperplasia (¢, d). MAC immunohistochemical staining dem-
onstrates complement deposition in non-necrotic muscle fibres (e, black arrow). MHC-I immunohisto-
chemical staining indicates upregulated expression of MHC-I on the membrane and in the cytoplasm
of scattered muscle fibres (f).

Infiltration of CD3, CD4, CDS8, and
CD20-positive lymphocytes was ob-
served in 46 of 67 patients (68.7%), 52
of 69 patients (75.4%), 48 of 78 patients
(61.5%), and 12 of 78 patients (15.4%),
respectively. The median grading for
these lymphocyte infiltrations was 1, 1,
1, and 0, respectively.

Intergroup comparisons

Table II shows the clinical, muscle
MRI, and myo-pathological features
of patients with or without increased
endomysial fibrosis. Forty-three pa-
tients (50.0%) exhibited significantly
increased endomysial fibrosis com-
pared with patients without endomy-
sial fibrosis (p=0.044). The mean age at
onset was younger in patients with en-

domysial fibrosis compared with those
without (35.7+17.5 years vs. 45.9+13.7
years; p=0.004). ILD was less common
in patients with increased endomy-
sial fibrosis than in those without en-
domysial fibrosis (22.9% vs. 51.5%;
p=0.014). Patients with increased en-
domysial fibrosis also had higher fibro-
fatty replacement scores in the rectus
femoris muscle compared with those
without fibrosis (mean 0.00, IQR 0.00—
1.00 vs. mean 0.00, IQR 0.00-1.00;
p=0.045). The grades of CD3*, CD4*,
and CD20* lymphocyte infiltration, and
CD68* macrophage infiltration were
significantly higher in patients with in-
creased endomysial fibrosis compared
with those without (p<0.001, p=0.045,
p=0.034, and p=0.045, respectively).

Clinical and Experimental Rheumatology 2026
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Table I. Pathological findings of skeletal muscle in patients with anti-signal recognition
particle antibody immune-mediated necrotising myopathy.

Pathological features of skeletal muscle

/N (%) grading

(median, range)

Myofibre necrosis

Myofibre regeneration

Myofibre atrophy

Increased endomysial fibrosis
COX-negative myofibres

Abnormal lipid deposition

Decreased membrane proteins expression
MHC-1 overexpression

Necrotic sarcolemma MAC deposition
Non-necrotic sarcolemma MAC deposition
Endomysial capillary MAC deposition
Inflammatory cell infiltration

CD68 positive cells infiltration

CD3 positive lymphocytes infiltration
CD4 positive lymphocytes infiltration
CD8 positive lymphocytes infiltration
CD20 positive lymphocytes infiltration

72/85 (84.7) -
82/85 (96.5) -
84/85 (98.8) -
43/86 (50.0) -
14/81 (17.3) -
63/85 (74.1) -
16/76 (21.1)
76/79 (96.2) 3

51/72 (70.8) 1

49/75 (65.3) 1 (0-4)
23/75 (30.7) 0

77/79 (97.5) 2
46/67 (68.7) 1
52/69 (75.4) 1 (0-3)
48/78 (61.5) 1
12/78 (15.4) 0

IQR: interquartile range; CK: serum creatinine kinase concentration. *p<0.05.

Table II. Comparison of patients with anti-signal recognition particle antibody immune-
mediated necrotising myopathy with or without endomysial fibrosis.

Increased endomysial fibrosis in muscle pathology

No (n=43) Yes (n=43) P

Females, n (%) 25 (58.1) 33 (76.7) 0.03*
Age at disease onset, mean (+SD) 46.0+13.7 35.6x£17.5 0.018*
Juvenile onset, n (n%) 2 (4.65) 8 (18.6) 0.044*
Disease duration, median [IQR] 6.000[3.000,12.000] 9.000[5.000,18.000] 0.235
Dysphagia, n (%) 18 (41.9) 24 (55.8) 0.196
Neck weakness, n (%) 32 (74.4) 34 (79.1) 0.610
Interstitial lung disease, n (%) 17 (51.5) 8(22.9) 0.014*
Peak CK, median [IQR] 5031.0 [3008.0,7377.0]  6632.00 [3954.00,9683.00] 0.112
Score of fibrofatty replacement in 1.00 [0.00,2.00] 2.00 [1.00,3.00] 0.069

gluteus maximus, median [IQR]
Score of fibrofatty replacement in 0.00 [0.00, 1.00] 0.00 [0.00, 1.00] 0.045*

rectus femoris; muscle, median [IQR]
CD3+ lymphocytes infiltration, median [IQR] 1.00 [0.00,1.00] 2.00 [0.00,2.00] <0.001*
CD4+ lymphocytes infiltration, median [IQR] 1.00[0.00, 2.00] 2.00[1.00, 3.00] 0.045%*
CD8+ lymphocytes infiltration, median [IQR] 1.00 [0.00,1.00] 2.00 [0.00,3.00] 0.126
CD68+ positive cells infiltration, median [IQR] 2.00 [2.00, 3.00] 3.00 [2.00, 4.00] 0.0034*
CD20+ lymphocytes infiltration, median [IQR] 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.045%

COX: cytochrome C oxidase; MHC-1: major histocompatibility complex class I; MAC: membrane attack

complex.

Discussion

Patients who tested positive for anti-
SRP antibodies tended to have a poor
prognosis. A previous study reported
that 77% of patients anti-SRP-IMNM
with require additional immunotherapy
alongside prednisone, and more than
half are refractory to various treat-
ment regimens (12). In our cohort, the
proportion of patients with refractory
anti-SRP-IMNM was relatively high
(83.3%), and most patients required
long-term immunotherapy, often in-
volving more than two treatment regi-
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mens. Paediatric IMNM is a rare sub-
group, accounting for only 2.9% in
juvenile idiopathic IIM (19). Several
cases of paediatric onset have been re-
ported in anti-SRP-IMNM (20-22), and
paediatric onset was observed in 12
(12.7%) patients in our study. The dif-
ference in the prevalence of anti-SRP-
IMNM between paediatric and adult
patients might come from the underdi-
agnosis of paediatric anti-SRP-IMNM
owing to its relatively slow onset and
dystrophic pattern of muscle pathology,
which makes the diagnosis challenging

in paediatric patients (20). It has been
suggested that early identification and
prompt treatment of anti-SRP-IMNM
are necessary for better outcomes (20),
and that patients with paediatric onset
require more aggressive therapy (21).
On muscle MRI, 77.5% of patients ex-
hibited fibrofatty replacement, which is
a much higher prevalence than the 38%
reported in an American study (22).
Previous studies have suggested that
fibrofatty replacement is a compensa-
tory response to muscle damage that
typically occurs in the chronic stage of
inflammatory myopathies (6, 23-26).
Moreover, muscle fibrofatty replace-
ment is closely related to the progno-
sis of patients with anti-SRP-IMNM
and is often considered a marker of
poor response to immunotherapy (6,
7). Additionally, previous studies have
proposed that endomysial fibrosis in
muscle biopsies may serve as the path-
ological basis for the fibrofatty replace-
ment seen on muscle MRI (6), suggest-
ing that endomysial fibrosis could be
linked to the prognosis of anti-SRP-
IMNM.

In the present study, muscle biop-
sies of patients with anti-SRP-IMNM
showed that necrotising myopathy
was still the predominant form, while
deposition around endomysial capillar-
ies occurred in 30.7% of our patients,
similar to the 26-31% reported pre-
viously (3, 23). In our cohort, half of
the patients had increased endomysial
fibrosis on muscle biopsy, a finding
that has been less frequently reported
in the literature. Intergroup compari-
sons showed that early disease onset,
paediatric onset, fibrofatty replacement
on MRI, and inflammatory cell infil-
tration in muscle pathology were as-
sociated with endomysial fibrosis. Of
note, these factors overlap with those
previously linked to poor outcomes
(7, 12), suggesting that endomysial fi-
brosis on muscle biopsy may underlie
disease refractoriness. In patients with
Duchenne muscular dystrophy, factors
influencing muscle fibrofatty replace-
ment are critical contributors to clinical
variability, and endomysial fibrosis in
muscle biopsy is associated with poor
clinical outcome (18, 24, 25). Fibrous
and adipose tissues in skeletal muscle
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originate from the FAPs, which can
be triggered by muscle inflammation
response, genetic modifiers, and some
microRNAs under pathological condi-
tions and differentiate into fibrous and
adipose tissues (24, 25, 27). In inclu-
sion body myositis, skeletal muscle
cell dysfunction may be linked to FAP
senescence by a change in the collagen
composition of the latter (28). Further
study is warranted to determine wheth-
er these mechanisms exist in IMNM.
Our study has several limitations. First,
although our findings suggest that
anti-SRP-IMNM is more prevalent in
Chinese paediatric patients compared
with other ethnic populations, we did
not explore the underlying causes of
the disease in children, particularly the
genetic factors that may contribute to
its onset. Second, while we observed
that patients with refractory anti-SRP-
IMNM exhibited endomysial fibrosis,
the underlying cause of this pathology
remains unclear. Further investigation
is needed to explore these mechanisms.
Third, we did not examine which drug
combinations might delay the progres-
sion of fibrofatty replacement or en-
domysial fibrosis, which is a critical
area for future research.

Conclusion

Early disease onset, paediatric onset,
fibrofatty replacement on MRI, and
inflammatory cell infiltration in mus-
cle pathology were associated with en-
domysial fibrosis in anti-signal recog-
nition particle antibody immune-medi-
ated necrotising myopathy. endomysial
fibrosis in anti-SRP-IMNM may be the
pathological basis of fibrofatty replace-
ment observed on MRI and may be an
indicator of disease refractory.
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