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[Abstract] Objective Summarize the pathological and clinical characteristics of muscle disorder
cases with nemaline - shaped structure, to improve the diagnosis and differential diagnosis of the disease.
Methods and Results A total of 22 cases with nemaline-shaped structure underwent muscle biopsy were
selected from May 2021 to May 2024. As to final diagnosis, there were 3 cases (13.64%) of congenital
nemaline myopathy, 12 cases (54.54%) of amyotrophic lateral sclerosis (ALS), 2 cases (9.09%) of limb -
girdle muscular dystrophy (LGMD), one case (1.45%) of desminopathy, one case (1.45%) of charcot-marie-
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tooth disease (CMT), one case (1.45%) of non-specific myositis, one case (1.45%) of frontotemporal dementia
(FTO) caused by GRN, and one case (1.45%) of hypothyroid myopathy. The muscle biopsy of all 22 cases
revealed various granular, rod-shape or flaky purplish-red depositions in the sarcoplasm as nemaline-shaped
structure in modified Gomori trichrome (MGT) staining and positive immunohistochemistry staining of
myotilin and/or a-actin. Under electron microscopy, some cases had the ultrastructural characteristics of
nemaline body or nemaline-shaped structure. Muscle biopsy that confirmed congenital nemaline myopathy
had more typical nemaline, besides myotilin and «-actin were both immunopositively. Besides nemaline
myopathy, the pathological changes of other muscle diseases also had specific characteristics, such as
neurogenic atrophy was often present in ALS; abnormal aggregation of desmin protein was often present in
desminopathy; circular atrophy, large amount internalized nuclei and interstitial fibrosis were often present
in LGMD; in addition, obvious inflammatory cell infiltration was common in non - specific myositis.
Therefore, the diagnosis of nemaline myopathy could not be relied on HE staining and electron microscopy
alone. Apart from 14 patients that diagnosed with ALS, non-specific myositis and hypothyroid myopathy,
NEB gene mutation (3 cases), CAPN3 gene mutation (one case), DYSF gene mutation (one case), SH3TC2
gene mutation (one case), GRN gene mutation (one case), and DES gene heterozygous mutation (one case)
were detected by whole exome sequencing (WES) in the remaining 8 cases. Conclusions Nemaline -
shaped structure can appear in a variety of muscular disorder and neurodegenerative diseases. Combined

with clinicopathological characteristics are contribute to recognize nemaline myopathy, and the genetic test

by WES is strong evidence for nemaline myopathy.
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Table 1. Clinicopathological characteristics of 22 muscle disorder cases with nemaline-shaped structure
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Figure 1 Pathological features of congenital nemaline myopathy The muscle fibers were circular atrophied, and granular, rod-shape,
or flaky blue-purple disposition could be observed (Panel 1a). HE staining Medium power magnified The disposition were purplish-
red (Panel 1b). MGT staining Medium power magnified Granular, rod - shape, or flaky brownish myotilin immune - positive
disposition could be observed (Panel 1¢). Immunohistochemistry staining (EnVision) High power magnified Granular, rod-shape, or
flaky brownish « - actin immune - positive disposition could be observed (Panel 1d). Immunohistochemistry staining (EnVision)
Medium power magnified Transmission electron microscopy (TEM) showed rod-shape, or clusterd substance with an electron density
equivalent to Z-disc in the sarcoplasm, vertically arranged to Z-disc (Panel le). Uranium acetate and lead citrate double staining X

8000 Rod -shape substance with an electron density equivalent to Z-disc (Panel 1f). Uranium acetate and lead citrate double
staining X 12000
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Figure 2 Pathological features of ALS The center of the target fiber was immunopositivity for myotilin, and scattered granular
subsarcolemmal immunopositively deposition were observed (Panel 2a). Immunohistochemistry staining (EnVision) High power
magnified The staining pattern of o -actin was similar to myotilin (Panel 2b). Immunohistochemistry staining (EnVision) High
power magnified Muscle fibers were angulated atrophied with several intra-sarcoplasmic eosinophilic degeneration, compensatory
hypertrophy was observed (Panel 2¢). HE staining Medium power magnified Granular, rod-shape, or flaky purplish-red dispositions
were observed. Partly located in the center of the sarcoplasm and partly within the sarcoplasm of the atrophic muscle fibers (Panel
2d). MGT staining High power magnified TEM showed individual subsarcolemmal elongated high - electron density disposition
vertically arranged to the Z-disc (Panel 2e). Uranium acetate and lead citrate double staining x 6000 TEM showed some of the
subsarcolemmal disposition were slightly twisted (Panel 2f). Uranium acetate and lead citrate double staining X 15000
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Figure 3  Pathological features of desminopathy
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Figure 4 Pathological features of LGMD2A  Some muscle fibers were scattered or small group circular atrophied (Panel 4a). HE
staining  High power magnified Purplish-red granular or flaky depositions in the sarcoplasm of some muscle fibers (Panel 4b). MGT
staining  High power magnified TEM showed the rod-like high-electron density were scattered or aggregated, vertically arranged to
Z-disc, but slightly larger in volume (Panel 4¢). Uranium acetate and lead citrate double staining X 8000 Figure 5 Pathological
features of LGMD2B  Small amount muscle fibers were scattered or small group circular atrophied (Panel 5a). HE staining High
power magnified Subsarcolemmal purplish-red multifocal granular or fragmentary depositions (Panel 5b). MGT staining High power
magnified TEM showed individual subsarcolemmal depositions with electron density equivalent or lower to Z -disc, occasionally
suspicious rod structures were seen in the nucleus (Panel 5¢). Uranium acetate and lead citrate double staining X 6000
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Figure 6 Pathological features of non-specific myositis Nomal muscle fibers arrangement with occasionally individual degenerative
muscle fibers were infiltrated with lymphoid monocytes (Panel 6a). HE staining Medium power magnified A few subsarcolemmal
purplish-red fine particles were mildly increased (Panel 6b). MGT staining High power magnified TEM showed a few muscle fibers
were observed Z - discs rippled or aggregated into small rods, but were slenderer and more twisted than typical rods (Panel 6c¢).
Uranium acetate and lead citrate double staining X 8000 Figure 7 Pathological features of hypothyroid myopathy A small amount
of muscle fibers were angulated atrophied and occasionally target fibers were formed (Panel 7a). HE staining High power
magnified The bullseye of the target fiber was purplish-red, and the purplish-red particles or small flakes aggregated intra-sarcoplasm
(Panel 7b). MGT staining High power magnified TEM showed individual depositions with electron density equivalent to Z-disc in
the sarcoplasm (Panel 7¢). Uranium acetate and lead citrate double staining X 20000
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