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Francesco Bruno ™, Rosa Antonietta Palmiero’, Bruno Ferrero?, Federica Franchino’,
Alessia Pellerino’, Enrica Milanesi?®, Riccardo Soffietti’ and Roberta Ruda*

" Department of Neuro Oncology, University Hospital of the City of Health and Science of Turin, Turin, ltaly, 2 Department of
Neurology, University Hospital of the City of Health and Science of Turin, Turin, ltaly, ° Department of Oncology, University
Hospital of the City of Health and Science of Turin, Turin, Italy, * Department of Neurology, Castelfranco Veneto Hospital,
Castelfranco Veneto, Italy

Introduction: Anti-PD1 agents are widely used in the treatment of solid tumors. This
has prompted the recognition of a class of immune-related adverse events (irAEs), due
to the activation of autoimmune T-cells. Pembrolizumab is an anti-PD1 agent, which has
been related to an increased risk of various neurological irAE (n-irAEs). Here, we present
a rare case of pembrolizumab-induced neuropathy of cranial nerves.

Case Report: A 72-year-old patient was diagnosed with a lung adenocarcinoma
in February 2018 (EGFR-, ALK-, and PDL1 90%). According to the molecular
profile, pembrolizumab was started. After three administrations, the patient developed
facial paresis, ptosis, ophthalmoplegia, and dysphonia. As brain metastases and
paraneoplastic markers were excluded, a drug-related disorder was suspected and
pembrolizumab was discontinued. A nerve conduction study and electromyography
excluded signs of neuropathy and myopathy at four limbs, and repetitive nerve stimulation
was negative. However, altered blink reflex and nerve facial conduction were consistent
with an acute neuropathy of the cranial district. Thus, the patient was treated with two
cycles of intravenous immunoglobulins (IVIg), which rapidly allowed improvement of both
symptoms and neurophysiological parameters. However, the patient died in October
2018 for a progression of lung tumor.

Discussion: Only 16 cases of pembrolizumab-related neuropathies have been
described so far. Our case is of particular interest for the isolated involvement of cranial
nerves and the prompt response to IVIg.

Conclusion: N-irAEs are insidious conditions that require solid knowledge of
onco-immunotherapy complications: it is mandatory not to delay any treatment that
would potentially modify the course of a neurological complication.

Keywords: pembrolizumab, anti-PD1 agents, neurological immune-related adverse effects, immune-related
neurological complications, autoimmune neuropathy, case report
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Pembrolizumab-Induced Isolated Cranial Neuropathy

INTRODUCTION

Pembrolizumab (an anti-PD1 agent) may favorably impact the
outcome of melanoma and non-small cell lung carcinoma
(NSMLC) (1, 2). By promoting the activation of T-cells,
pembrolizumab fosters the immune response against tumor.
However, it may also increase the risk of autoimmune
reactions, known as immune-related adverse events (irAEs).
Various neurological irAEs (n-irAEs) have been associated with
pembrolizumab: in clinical trials with checkpoint inhibitors,
6.3% of patients on pembrolizumab presented n-irAEs of any
type and grade (3). The peripheral nervous system is more
likely to be involved than the central nervous system (4).
In a recent systematic review focused on pembrolizumab-
induced neuromuscular disorders (5), 14 (36%), 13 (33%), 9
(23%), and 3 (8%) of 39 patients on pembrolizumab were
reported to develop myopathy, myasthenia gravis, neuropathy,
or overlapping disorders, respectively.

Here, we describe a patient who developed a rare acute
neuropathy of cranial nerves from pembrolizumab.

CASE REPORT

In February 2018, a 72-year-old man was diagnosed with
an adenocarcinoma of the lung (EGFR-, ALK-, and PDLI
amplificated in 90% of the cells). A total-body CT scan
and an FDG-PET ruled out the presence of metastases at
presentation. Based on the molecular profile, pembrolizumab was
started. After three cycles (June 2018), the patient developed
fatigue, dizziness, mild bilateral facial palsy (grade III of the
House-Brackmann scale), bilateral ptosis and ophthalmoplegia,
dysphonia, and dysphagia. As the brain and spine MRI
with gadolinium excluded the occurrence of metastases, a
neuroimmunological drug-related disorder or a paraneoplastic
syndrome was considered, and pembrolizumab was stopped.
First, we ruled out the presence of neuromuscular junction
disorders: both repetitive nerve stimulation (RNS) and specific
antibody assays—including anti-acetylcholine receptor (AChR),
anti-muscle-specific kinase (MuSK), and P/Q-type VGCC
antibodies—were negative. Second, we tested the markers
of immune-mediated neuropathy (anti-MAG, anti-GM1/2,
anti-GD1a/b, and anti-GQ1b antibodies) and paraneoplastic
syndromes (anti-Tr, anti-CV2/CRMP5, anti-amphiphysin, anti-
PNMA2/TaMa, anti-GADG65, anti-recoverin, anti-Ri, anti-Yo,
anti-Hu, anti-Zic4, anti-SOX1, and anti-titin antibodies), with
negative results. Also, creatine kinase was normal (80 IU/l),
and cerebrospinal fluid (CSF) did not harbor any inflammatory
alterations (being cell count 5/mm?® and protein concentration
0.32 g/l). Then, we performed nerve conduction studies (NCS)
and electromyography (EMG) at the limbs and cranial district:
while no signs of neuropathy or myopathy were seen at
the extremities, the evidence of slightly decreased amplitude
of facial nerve conduction and altered blink reflex (lacking
both ipsilateral and contralateral R2 components) suggested
a diagnosis of a neuropathy involving the cranial nerves
(Tables 1A,B). Therefore, in July 2018, the patient was treated
with intravenous immunoglobulins (IVIg: 0.4 g/kg/5 days), with

no use of oral glucocorticoids due to the presence of moderate
dysphagia. The therapy was well-tolerated and allowed a prompt
relief from dizziness, diplopia, and dysphonia and total remission
of facial palsy. Also, NCS of the facial nerves and blink reflex
showed a rapid improvement, as both ipsilateral and contralateral
R2 components were almost completely restored after the first
cycle of IVIg (Tables 1A,B). Due to the rapid improvement
of symptoms, the employment of intravenous steroids was
not needed, but a second cycle of IVIg was administered in
August 2018 to consolidate the result. The neurological condition
remained stable until October 2018, when the patient died for a
progression of the primary tumor.

We identified 24 «cases of pembrolizumab-induced
neuropathies and/or radiculopathies, mostly reported in
small series of single or few patients (Table 2) (6-18). Melanoma
was the primary tumor in 20 cases, whereas only three patients
had lung adenocarcinoma (6, 7, 16). Fourteen patients were
treated with pembrolizumab as a single agent (three of them
had been previously treated with ipilimumab), three with a
combination of pembrolizumab with chemotherapy, and seven
with an association of pembrolizumab and ipilimumab. Seven
patients developed acute demyelinating polyradiculopathy
involving the lower and upper extremities, thus mimicking
Guillain-Barré syndrome (GBS); three presented involvement
of both limbs and cranial district, similar to GBS—Miller Fisher
variant; and only five isolated neuropathies of cranial nerves were
described (8, 18). Immune-mediated neuropathy occurred with
a median latency of four cycles. The diagnostic workup included
nerve conduction studies (NCS) and electromyography (EMG)
in 18 patients, lumbar puncture in 14 patients, and dosage of
serum antibodies of autoimmune neuropathies or paraneoplastic
syndromes in eight cases. CSF harbored albuminocytologic
dissociation in five cases (7, 10, 11, 14), while in seven cases, it
showed pleocytosis (7, 10, 12, 13, 17, 18), and in two cases, it was
normal (18).

DISCUSSION

Pembrolizumab-induced acute neuropathy is a rare n-irAE.
It is not clear whether the association with other checkpoint
inhibitors could drive synergically the onset of the condition.
Based on our review of literature, neurological symptoms, such
as limb weakness and/or sensory disorders, as well as brainstem
and cranial nerve deficits, usually appear soon after the initiation
of pembrolizumab and should be carefully investigated in order
to rule out differential diagnoses, especially CNS metastases
or paraneoplastic syndromes. MRI of the brain and the spine,
CSF analysis, neurophysiological studies, and laboratory tests for
autoimmune neuropathies and paraneoplastic syndromes are the
most useful procedures for the diagnosis. For instance, in cases of
polyradiculopathy, MRI of the spine with gadolinium may reveal
root enhancement, although this is not a regular finding: in a
recent series (16), only two of five cases with facial neuropathies
and four of six cases with polyradiculoneuropathy demonstrated
gadolinium enhancement of cranial nerves or spinal nerve roots,
respectively. CSF may be normal in a minority of cases, whereas
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TABLE 1A | Nerve conduction study of the facial nerves at presentation, after the first cycle of Vg, and after the second cycle.

Nerve At presentation After 1st cycle of IVig After 2nd cycle of IVig
Latency onset Amplitude Latency onset Amplitude Latency onset Amplitude

ms mV Ms mV ms mV

Left n. facialis

Mandible—orbicularis oculi 2.26 2.1 3.2 2.8 2.5 3.4

Mandible —nasalis 3.04 1.57 2.96 2.2 2.11 2.5

Right n. facialis

Mandible —orbicularis oculi 2.65 1.79 3.28 3.3 2.81 3.3

Mandible —nasalis 3.82 2.1 3.04 2.3 3.74 2.3

Compound muscle action potential (CMAP) amplitude increased to normal values since after the first cycle of therapy.

TABLE 1B | Latencies of R1 and R2 components of blink reflex at presentation, after the first cycle of treatment, and after the second cycle.

Stimulation Registration At presentation After 1st cycle of IVig After 2nd cycle IVig
R1-latency R2-latency R1-latency R2-latency R1-latency R2-latency
ms RefDev ms RefDev ms RefDev Ms RefDev ms RefDev ms RefDev
Left Left 12.0 1.85 A NA 1.5 1.24 45.7 4.5 121 1.93 44.6 4.1
Right A NA 48.6 5.3 43.6 3.9
Difference NA NA —-2.9 2.7 0.96 3.9
Right Right 1.8 1.6 A NA 11.8 1.60 39.6 2.7 1.1 0.75 38.1 2.2
Left A NA 44.9 4.2 37.0 1.92
Difference NA NA —-5.2 —4 1.07 —0.31

Reference values for NCS n. facialis: at orbicularis oculi, latency <3.1ms, amplitude >1.0mV; at nasalis, latency <4.2ms, amplitude >1.0mV. Reference values for blink reflex: R1
(ipsilateral), latency <13 mes, difference <1.2ms; R2 (ipsilateral), latency <41 ms, difference <5ms; R2 (contralateral), latency <44 ms, difference <7 ms.

A, absent; NA, not applicable; RefDev, deviation from reference.

it usually harbors some abnormalities, such as pleocytosis with
or without increased protein level (19) or albuminocytologic
dissociation; the prevalence and clinical meaning of autoimmune
antibodies, which may be common in n-irAE affecting the
CNS [as recently reported by Sechi et al. (20)], are not clearly
determined so far; finally, although data provided by different
authors are heterogeneous, NCS and EMG seem to have a higher
sensitivity and specificity than laboratory tests.

We described a peculiar case of a lung adenocarcinoma patient
who developed an acute neuropathy of cranial nerves from
pembrolizumab. Cranial nerve disorders may be observed among
patients developing neuropathies from checkpoint inhibitors,
as reported by Dubey et al. (16): in this series, seven out
of 19 patients with peripheral n-irAEs showed cranial nerve
involvement, with or without meningitis, and six had non-
length-dependent polyradiculopathies with or without cranial
nerve disorders. However, as far as we know, only five cases of
pembrolizumab-induced isolated neuropathy of cranial nerves
have been described so far: all those cases are described in
melanoma patients (8, 18), while only three patients with
lung adenocarcinoma have been reported, and none of them
presented an exclusive involvement of cranial nerves as in our
case. Whether the over-representation of melanoma patients
might just reflect the larger employment of pembrolizumab

in this tumor or there is a causative correlation should
be investigated in further studies. Our patient shares some
features with other cases reported in literature: he presented
with immune-related neuropathy only after three cycles of
pembrolizumab; dismissal of the drug produced clinical benefits;
and antibodies of autoimmune neuropathies were not detected
by laboratory tests. However, he also presented peculiar features.
First, CSF analysis did not show albuminocytologic dissociation
or slight pleocytosis, as commonly seen in similar cases; second,
he developed a multineuropathy of cranial nerves with no
involvement of the extremities; furthermore, he presented with
a complex disorder of multiple nerves: in fact, symptoms and
signs due to the involvement of the III, IV, VI, VII, IX,
and X nerves were all present, and NCS and altered blink
reflex confirmed the damage of facial nerves and revealed a
subclinical impairment of the trigeminal nerves. Conversely,
in other cases of isolated pembrolizumab-derived cranial
nerve disorders, patients have been usually reported to have
mononeuropathies (mostly facial palsies) or involvement of few
cranial nerves (18). Finally, IVIg therapy (not associated to
steroids) dramatically impacted the clinical course of the disease,
with an improvement of both symptoms and neurophysiological
tests since the first cycle: in literature, only two patients were
treated with IVIg alone (9, 10), while the most common
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TABLE 2 | Pembrolizumab-induced neuropathy: review of literature.

Author Patients |Cancer Treatment Cycles to | Neurological presentation Diagnostic workup Diagnosis Pembroli b |Mar of O
diagnosis onset of Limb |Cranial nerve CSF NCS/EMG/ Autoimmune Exclusion of stopped the n-irAE (of the
n-irAE | yeakness |involvement evoked antibodies paraneoplastic n-irAE)
and/or potentials syndrome
sensory
disorder
Aya et al. (6) 1 Melanoma  |Pembrolizumab 1 Yes Yes NA Sensory peripheral |NA NA Vasculitic Yes Oral and intravenous |Improved
(previous treatments: (palsy of polyneuropathy neuropathy glucocorticoids
IFN-alpha, the abducens (confirmed by
dacarbazine, and nerve) nerve and
ipilimumab) muscle biopsy)
de Maleissye 2 Melanoma  |Pembrolizumab 2 Yes Yes Pleocytosis (45 No A-C Demyelinating NA Yes GBS, Yes Vig Improved
etal. (7) (facial palsy) cells/mm?3), slight  |dissociation |polyradiculopathy Miller-Fisher
increase of proteins variant
(0.56 g/l)
3 Melanoma  |Ipilimumab + 6 Yes No Normal cells count; |A-C Demyelinating NA Yes CIDP Yes Oral and intravenous [Not
pembrolizumab slight increase of dissociation  |polyradiculopathy glucocorticoids + improved
proteins PEX
(.74 g/)
Zimmer et al. (8) 4 Melanoma  |Pembrolizumab 4T NA Yes NA NA NA NA Neuritis of the Yes Prednisolone Improved
(previous treatments: (paresis of the oculomotor
IFN-alpha, oculomotor nerve
dacarbazine, and nerve)
ipilimumab)
5 Melanoma  |Pembrolizumab 11 Yes No NA NA NA NA GBS Yes Prednisolone Improved
(previous treatments:
IL2,
dabrafenib/trametinib
and ipilimumab)
Diamantopoulos; 6 Melanoma  |Pembrolizumab 1 Yes No NA Axonal Ab Yes Overlapping Yes Methylprednisolone  |Deceased
etal. (9) polyneuropathy anti-neuronal axonal + IVIg + PEX
and myositis antigens - Ab polyneuropathy
anti-gangliosides and myositis
- Ab related to
myositis -
Kao et al. (10) 7 Melanoma  |Pembrolizumab 10 Yes No Normal cell A-C Demyelinating Ab anti-GM1 - Ab Yes GBS Yes Prednisone + IVIg Improved
count (2 cells/ dissociation |polyradiculopathy  |anti-GD1b -
mm3); slight
increase of proteins
©0.71 9/)
8 Melanoma  |Pembrolizumab 6 Yes No NA Mixed axonal NA NA Peripheral Yes Prednisone Improved
and demyelinating mixed
polyneuropathy demyelinating
and axonal
neuropathy
9 Melanoma  |Pembrolizumab 20 Yes Yes Pleocytosis (12 No A-C Demyelinating Ab anti-GM1/2 - Yes GBS, Yes Vig Improved
(facial palsy, cells/mm?3); slight ~ |dissociation  |polyradiculopathy  |Ab anti-GD1a/b - Miller-Fisher
dysphonia) increase of proteins Ab anti-GQ1b - variant
(0.95g/)
(Continued)
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TABLE 2 | Continued

Author Patients|Cancer Treatment Cycles to | Neurological presentation Diagnostic workup Diagnosis Pembr Mar of O
diagnosis onset of Limb |Cranial nerve CSF NCS/EMG/ AL ) of stopped the n-irAE (of the
n-irAE | \veakness |involvement evoked antibodies paraneoplastic n-irAE)
and/or potentials syndrome
sensory
disorder
Sepllveda et al. 10 Melanoma  |Ipilimumab + 23 Yes No No cells; slight A-C Axonal Ab anti-neuronal Yes GBS, AMAN Yes VIg + PEX Improved
(11) pembrolizumab increase of proteins |dissociation |polyradiculopathy  |antigens - Ab variant
0.67 g/l) anti-gangliosides
Yost et al. (12) 11 Melanoma  |Ipilimumab + 3 months No Yes Pleocytosis (12 No A-C Altered blink reflex  |Ab anti-GM1/2 - Yes Isolate acute Yes Methylprednisolone  |Improved
pembrolizumab after (facial palsy, cells/mm?3); high dissociation  |(absent R1/R2 Ab anti-GD1a/b - neuropathy of + IVig
pembrolizumab dysphonia) proteins level responses) Ab anti-GQ1b - facial nerve
dismissal* (1.95 g/l)
Fellner et al. (13) 12 Melanoma  |Pembrolizumab 18 weeks Yes No Pleocytosis (58 No A-C Demyelinating Ab anti-GD1b - Yes GBS Yes Methylprednisolone  |Improved
after first cells/mm?3); high dissociation  |polyradiculopathy  |Ab anti-GQ1b -
pembrolizumab proteins level Ab anti-MAG Ab
administration® (2.27 g/ anti-neuronal
antigens -
Manam et al. 13 Lung Pembrolizumab + 2 Yes No Slight increase of ~ |A-C NA NA Yes GBS Yes Methylprednisolone  |{Improved
(14) adenocarcinocarboplatin and proteins (0.68 g/l); |dissociation + IVIg + PEX
pemetrexel no cell count (as reported
reported. by authors)

14 |Melanoma |Pembrolizumab + 2 Yes No Slight increase of  |[A-C Demyelinating Ab anti-GM1 - Yes GBS Yes PEX Deceased
dabrafenib and proteins (0.56 g/l); |dissociation  |polyradiculopathy (due to the
trametinib no cell count (as reported n-irAE)

reported. by authors)
Ong et al. (15) 15 Lung Pembrolizumab 2 Yes Yes NA Demyelinating NA Yes GBS, Yes Methylprednisolone  |{Improved
adenocarcinoma (facial palsy) polyradiculopathy Miller-Fisher + IVig
variant
Dubey et al. 16 NA Ipilimumab + 1 NA Yes (bilateral NA NA NA NA Bilateral acute NA NA NA
(16) pembrolizumab facial palsy) neuropathy of
facial nerves
17 Melanoma  |Pembrolizumab 2 Yes No NA Lumbosacral NA NA GBS Yes None Improved
radiculopathy and
peripheral sensory
neuropathy
18 Melanoma  |Pembrolizumab 1 Yes No NA Length-dependent [NA NA Acute sensory No Gabapentin 100mg  |Improved
sensory and motor and motor twice a day
axonal axonal
polyneuropathy polyneuropathy
19 Lung Erlotinib + 1 Yes No NA Multiple proximal NA NA Neuralgic Yes Prednisone 60 mg Improved
adenocarcinomembrolizumab mononeuropathy of amyotrophy daily
left upper arm
(Continued)
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TABLE 2 | Continued

Author Patients |Cancer Treatment Cycles to | Neurological presentation Diagnostic workup Diagnosis Pembroli Mar of [o]
diagnosis onset of Limb |Cranial nerve CSF NCS/EMG/ AL ) of stopped the n-irAE (of the
n-irAE | yeakness |involvement evoked antibodies paraneoplastic n-irAE)
and/or potentials syndrome
sensory
disorder
Muralikrishnan 20 Melanoma  |Pembrolizumab 2 Yes No Pleocytosis (17 No A-C Demyelinating Ab NA GBS Yes Methylprednisolone  |{Improved
etal. (17) cells/mm?3); slight ~ |dissociation  |polyradiculopathy |anti-gangliosides + IVIg + PEX
increase of proteins - Ab anti-MAG -
(0.78 g/l)
Vogrig et al. (18) 21 Melanoma  |Pembrolizumab 1 No Yes Pleocytosis (34 No A-C NA NA NA Optic Yes None Improved
(visual loss) cells/mm?), normal  |dissociation neuropathy
protein content
22 [Melanoma |Ipilimumab + 6 months No Yes (visual loss) |Normal No A-C Altered visual NA NA Optic Yes Methylprednisolone  |Not
pembrolizumab after dissociation  |evoked potentials neuropathy improved
pembrolizumab (VEPS)
initiation*
23 Melanoma  |Ipilimumab + NA No Yes Normal No A-C Altered visual NA NA Optic Yes Methylprednisolone  |Not
pembrolizumab (visual / hearing dissociation  |evoked potentials neuropathy / + PEX improved
loss) (VEPS) auditory
neuropathy
24 |Melanoma |Ipilimumab + 1 month No Yes Mild pleocytosis (6 |[No A-C NA NA NA Abducens Yes Oral glucocorticoids  [Improved
pembrolizumab after (palsy of the cells/mm?), normal  |dissociation nerve
pembrolizumab abducens nerve) |protein content neuropathy
initiation*

+

The authors reported “13 weeks after first pembrolizumab administration”: it would indicate four and 11 cycles for patients 5 and 6, respectively, as pembrolizumab was administered every 3 weeks, according to authors’ note.
*No exact number of cycles has been provided by the authors.
SA fifth case of a patient undergoing ipilimumab and pembrolizumab who developed an immune-related neuropathy is mentioned, but not described in the paper.

Ab, antibodies; A-C dissociation, albuminocytologic dissociation; GBS, Guillain-Barré syndrome; IFN-alpha, interferon-alpha; IL2, interleukin 2; IVIg, intravenous immunoglobulins; NA, not applicable; PEX, plasma exchange.
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strategies were a combination of steroids, plasma exchange,
and/or IVIg.

CONCLUSION

In case of immune-mediated neuropathy, pembrolizumab should
be dismissed immediately. According to our experience, IVIg can
be a useful and effective treatment: nevertheless, a combination
of steroids and/or plasma exchange should be considered based
on clinical severity.
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Case Report: Mitochondrial
Encephalomyopathy Presents as
Epilepsy, Ataxia, and Dystonia With a
Rare Mutation in MT-TW

Shuang Wang, Jing Miao* and Jiachun Feng*

Department of Neurology, The First Hospital of Jilin University, Changchun, China

Mitochondrial diseases are a group of common inherited disorders caused by mutations
in nuclear DNA or mitochondrial DNA (mtDNA); the clinical phenotype of diseases
caused by mutant mtDNA is challenging owing to heteroplasmy of mtDNA and may
delay diagnosis and treatment. Herein, we report the case of an adult male who slowly
developed epilepsy, ataxia, dystonia, impaired cognition, and hearing impairment over 14
years in the absence of clinical myopathy. His lactate level was normal. Brain computed
tomography showed calcifications of the bilateral basal ganglia, thalamus, and cerebellar
dentate nuclei. Magnetic resonance imaging revealed multiple lesions in the bilateral
internal capsule and periventricular areas, which were hypointense on T1-weighted
images and hyperintense on T2-weighted images. The first blood genetic test result was
negative. Two years later, a muscle biopsy was performed. Succinate dehydrogenase
(SDH) staining showed several ragged blue fibers and atypical strongly SDH-reactive
vessels. Cytochrome C oxidase (COX) staining revealed abundant COX-deficient fibers.
mtDNA testing of blood and muscle revealed a rare m.5549G>A mutation in the MT-TW
gene. It was heteroplasmic, with 5.4% mutant mtDNA in the blood and 61.5% in
the muscle. The patient was diagnosed with mitochondrial encephalomyopathy and
treated with levetiracetam instead of valproate to reduce possible mitochondrial toxicity.
After receiving anti-epileptic drugs and mitochondrial supplements, the patient remained
clinically stable. For mitochondrial disease, when mutant mtDNA is not detected in blood,
muscle biopsy should be performed in routine analysis, and it should be genetically
tested, even if there are no manifestations of myopathy.

Keywords: mitochondrial encephalomyopathy, MT-TW, epilepsy, ataxia, dystonia

INTRODUCTION

Mitochondrial diseases are caused by mutations in nuclear DNA (nDNA) or mitochondrial DNA
(mtDNA) and are characterized by dysfunction of oxidative phosphorylation (OXPHOS) and
energy metabolism. Autosomal, X-linked, and maternal inheritance are all patterns of inheritance
seen with mitochondrial diseases. It has been estimated that the prevalence of childhood-onset
(<16 years) mitochondrial disease is 5-15 cases per 100,000 people, and in adults, the prevalence
of causative mtDNA and nDNA mutations is estimated at 2.9 and 9.6 per 100,000 individuals,
respectively (1, 2). The onset of mitochondrial diseases has a bimodal distribution, with one peak
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A Rare Mutation in MT-TW

FIGURE 1 | Brain computed tomography shows calcifications of bilateral basal ganglia, thalamus (A,B), and cerebellar dentate nuclei (C).

before 3 years of age and the other at the end of adolescence to 40
years of age (2).

Mitochondrial diseases can involve any organ but especially
affect organs that depend on aerobic metabolism, and these
present with a range of symptoms. These diseases are clinically
heterogeneous and characterized by epilepsy, progressive
muscle weakness, dementia, ataxia, peripheral neuropathy, optic
atrophy, hearing loss, stroke-like episodes, and diabetes mellitus.
Some of the clinical features can be grouped into specific
syndromes, such as Leigh syndrome, Kearns-Sayre syndrome,
myoclonic epilepsy myopathy sensory ataxia, mitochondrial
encephalomyopathy with lactic acidosis and stroke-like episodes
syndrome (MELAS), and myoclonic epilepsy with ragged red
fibers (RRFs) syndrome. Common neuroimaging findings
include white- or gray-matter lesions, atrophy, optic atrophy,
stroke-like lesions, calcifications, and ischemic stroke (3). The
diagnosis is complicated by variations in clinical phenotype
and genotype. Currently, considerable advances in genetic
testing technologies have been made, and most mutations in
mtDNA can be detected in blood or urinary sediment. However,
because mutant mtDNA heteroplasmy can vary across tissues
(2), histochemical and biochemical analyses of tissue biopsies are
essential for patients who have not been diagnosed by genetic
testing of blood or urine samples.

Here, we report a case of adolescent-onset and slowly
progressive mitochondrial encephalomyopathy in the absence
of clinical myopathy caused by a rare m.5549G>A mutation
in the MT-TW gene, which was diagnosed late due to the first
negative blood mtDNA test finding that subsequently led to
treatment delay.

CASE REPORT

A 26-year-old right-handed man presented with epilepsy,
progressive worsening of gait imbalance, and involuntary

movement for approximately 14 years. He had non-
consanguineous parents and no relevant family history of
neurological disease. When he was 12 years old, he experienced
a tonic-clonic seizure. At that time, electroencephalography
(EEG) showed extensive slow waves, especially in the posterior
part of the brain. Brain computed tomography (CT) showed
calcifications of the bilateral basal ganglia, thalamus, and
cerebellar dentate nuclei (Figurel). Magnetic resonance
imaging (MRI) revealed hyperintense on T1-weighted images
and hypointense or hyperintense on T2-weighted images in the
bilateral basal ganglia, thalamus, and cerebellar dentate nuclei,
which were coincident with areas showing calcifications in
the CT images. The other lesions were slightly hypointense or
isointense on T1-weighted images, with T2 hyperintense in the
bilateral internal capsule and periventricular areas (Figure 2A).
There were four episodes in the following 6 years. At the age of 18
years, he developed frequent absence seizures, and EEG showed
generalized, symmetric, 3- to 3.5-Hz spike-and-wave discharge.
The frequency of attacks was variable, but he did not receive
any treatment. One year later, he developed gait instability and
walked with a wide-based gait. MRI showed mild brain atrophy,
but the lesions did not change significantly compared to those in
the previous MRI (Figure 2B). His ataxia gradually worsened,
and his parents found that he had developed impaired cognition.
At the age of 22 years, his EEG showed generalized, low-to-
medium amplitude, 3- to 4-Hz spike-and-wave discharge, and
lesions in the MRI were unchanged (Figure 2C). He underwent
blood genetic testing for the ataxia panel, which was negative,
and he was treated with 500 mg of valproate twice daily. His
clinical seizures were effectively controlled, but the ataxia and
cognitive function did not improve.

At age 24 years, he presented with involuntary movements
of his hands and mouth. The involuntary movement of the left
hand was more severe than the right hand and manifested as
a backward swinging motion, which was more obvious when
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FIGURE 2 | (A) At age 12 years, magnetic resonance imaging (MRI) revealed hyperintense on T1-weighted images and hypointense or hyperintense on T2-weighted

images in the bilateral basal ganglia and thalamus (white arrowhead), which were coincident with areas showing calcifications on computed tomography. Some

lesions were slightly hypointense or isointense on T1-weighted images, with T2 hyperintense in the bilateral internal capsule and periventricular areas (yellow
(Continued)
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FIGURE 2 | arrowhead). (B) At age 19 years, MRI showed mild brain atrophy, but the lesions of bilateral internal capsule and periventricular areas (yellow arrowhead)
did not change significantly compared to those in the previous MRI. (C-E) At age 22, 24, and 26 years, MRI showed no change in the lesions of bilateral internal
capsule and periventricular areas (yellow arrowhead). Brain atrophy showed no obvious change.

he was holding objects. In addition, the patient suffered from
mild hearing loss. Laboratory findings for blood electrolytes,
parathyroid hormone, copper, ceruloplasmin, and lactate levels
were normal. An audiogram showed bilateral sensorineural
hearing loss. Neurophysiological studies indicated mild sensory
axonal damage. Echocardiography and electrocardiography
findings were normal. MRI showed no change in the lesions
(Figure 2D). Next-generation sequencing (NGS) indicated no
definite pathogenic mutations in nDNA or mtDNA of blood.
In the following 2 years, the patient’s involuntary movement
gradually worsened. At age 26 years, he visited our clinic
with the abovementioned symptom (Figure 3). The patient
denied weakness and bladder or bowel dysfunction. Neurological
examination revealed dysarthria and no nystagmus. His limb
strength was normal. Deep tendon reflexes were 14. Bilateral
pyramidal signs were positive, and no sensory disturbances were
detected. A mental examination revealed an orientation obstacle.
The Montreal Cognitive Assessment score was 24 and the Mini-
Mental State Examination score was 26. Routine blood tests and
laboratory examinations for creatine kinase, phytanic acid, amino
acids, acylcarnitine, and lactate levels revealed normal findings.
Urine test results for organic acids were also normal. Serologic
tests for syphilis and human immunodeficiency virus showed
negative results. There were no acanthocytes in the peripheral
blood smear. The lesions on MRI were the same as before
(Figure 2E). Magnetic resonance spectroscopy (MRS) revealed
no lactate peaks.

As the patient had adolescent onset of symptoms and slowly
developed epilepsy, ataxia, dystonia, impaired cognition, and
hearing impairment along with the characteristic findings of
symmetrical basal ganglia calcifications, leukoencephalopathy,
and cerebral atrophy, mitochondrial disorder was suspected
despite negative mtDNA blood test findings. Given that mutant
mtDNA heteroplasmy can vary across tissues and defects
in mtDNA typically present in post-mitotic tissues (2), we
performed a biceps brachii biopsy after obtaining written consent
from the patient. Hematoxylin and eosin staining showed no
obvious abnormalities. Typical RRFs were not observed in
modified Gomori trichrome staining. Succinate dehydrogenase
(SDH) staining revealed ragged blue fibers (RBFs) and atypical
strongly SDH-reactive vessels (SSVs). Cytochrome C oxidase
(COX) staining revealed abundant COX-deficient fibers. COX-
SDH staining showed only occasional COX-negative and SDH-
positive fibers in blue (Figure4). mtDNA testing of blood
and muscle biopsy sample was performed, which detected a
known m.5549G>A mutation in the MT-TW gene (4). It
was heteroplasmic, with 5.4% mutant mtDNA in the blood
and 61.5% in the muscle. The patient was diagnosed with
mitochondrial encephalomyopathy. I, Il4, and II; agreed to
carry out genetic testing of blood, but no mutations were detected
in their blood.

The patient was previously treated with valproate.
Considering its mitochondrial toxicity, we replaced valproate
with levetiracetam. Mitochondrial supplements such as
coenzyme Q10 (600 mg/day) and vitamins B2 (100 mg/day),
B3 (250 mg/day), C (600 mg/day), and E (300 mg/day) were
also administered. The patient was anxious before, but after
the diagnosis of mitochondrial encephalomyopathy, he actively
cooperated with the treatment and performed rehabilitation
exercises. At the 1-year follow-up, he showed improvement in
dystonia and ataxia, which remained clinically stable. As the
symptoms stabilized, the increase in confidence of the patient
was also conducive to treatment.

DISCUSSION

This case showed adolescent onset of symptoms and slow
development of epilepsy, cerebellar ataxia, dystonia, impaired
cognition, and hearing loss. He had characteristic imaging
findings, including intracerebral calcification, white matter
lesions, and brain atrophy. In muscle biopsy, RBFs, SSVs,
and COX-deficient fibers were detected. In addition, a rare
m.5549G> A heteroplasmic mutation in MT-TW was detected in
the blood and muscle. All these manifestations were in line with
the characteristics of mitochondrial diseases, and the patient was
finally diagnosed with mitochondrial encephalomyopathy.

Our patient had abundant COX-deficient fibers in COX-
stained samples. This is consistent with the characteristics
of mutations in MT-TW. The MT-TW gene encodes the
mitochondrial tRNA for tryptophan (tRNATrp). More than 10
mutations in MT-TW have been reported to date (5). Mutations
in MT-TW may interfere with the structure and stability of
tRNATrp, which can decrease the rate of mitochondrial protein
synthesis and result in OXPHOS deficiency. Profound complex
IV defects are a common feature of most tRNATrp mutations,
which may be related to the higher percentage of tryptophan
in the COI and COIII subunits (6, 7). Mutations in MT-TW
can give rise to MELAS, neurogastrointestinal syndrome, Leigh
syndrome, and mitochondrial myopathy (8-10).

The m.5549 G>A mutation in MT-TW is rarely found in
mitochondrial diseases. In 1995, a patient reported to have
the m.5549G>A mutation presented with progressive dementia,
chorea, cerebellar ataxia, deafness, and peripheral neuropathy in
the absence of clinical myopathy (4). That patient’s symptoms
began at the age of 40 years, developed rapidly and seriously,
and led to death at the age of 53 years. His plasma lactate
concentration increased after exercise, and CT showed severe
atrophy of the whole brain with low-density lesions in the
cerebral white matter. Muscle biopsy specimens showed COX-
negative fibers, RRFs, and reduced complex I activity on
polarography. Post-mortem examination showed heteroplasmic
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FIGURE 3 | (A) Chronology of the major clinical features. EEG, electroencephalography; CT, computed tomography; MRI, magnetic resonance imaging; EMG,
electromyography; MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; RBFs, ragged blue fibers; SSV, strongly succinate
dehydrogenase-reactive vessel; COX, cytochrome C oxidase; NGS, next-generation sequencing; nDNA, nuclear DNA; mtDNA, mitochondrial DNA. (B) Pedigree of
the family showing clinically and genetically affected members (black squares).

mutant mtDNA distributed in all tissues, ranging from 40%

mutant mtDNA in blood to 93% in cardiac muscle.

The

proportions in the muscle and cerebral cortex were 92 and 87%,

respectively. Compared with that patient, our patient differed in
terms that he had adolescent onset, slow development of disease,
and normal lactate levels. In his 14-year medical history, there
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(arrows).

FIGURE 4 | (A) Hematoxylin and eosin staining demonstrates no obvious abnormalities. (B) Modified Gomori trichrome staining shows no ragged red fibers. (C)
Succinate dehydrogenase (SDH) staining shows several ragged blue fibers (asterisks). (D) Cytochrome C oxidase (COX) staining shows plenty of COX-deficient fibers
(asterisks). (E) COX-SDH staining shows occasional COX-negative and SDH-positive fibers in blue. (F) SDH staining shows atypical strongly SDH-reactive vessels

was mild cerebral atrophy and symmetrical calcification. Bilateral
lesions in the bilateral internal capsule and periventricular
areas remained stable, providing additional imaging features for
mitochondrial diseases. Muscle biopsy did not show RRFs, but
RBFs, SSVs, and COX-deficient fibers were detected. In addition,
the proportions of heteroplasmic mutations in the blood and
muscle were 5.4 and 61.5%, respectively. The two cases have
similarities in terms of clinical manifestations, but the age of
onset, disease severity, and prognosis were obviously different.
The difference between the two cases may be related to the
proportion of mtDNA mutations in the affected tissue and the
fact that the susceptibility of tissues to specific defects may
change with the age of the patient (2). Both cases had a high
percentage of mtDNA mutations in muscle in the absence of
clinical myopathy and mainly presented with encephalopathy.
These may be characteristics of the m.5549 G>A mutation in
MT-TW. In our case, an interesting phenomenon is that the
patient was clinically progressing but the brain MRI lesions seem
to be stable. The brain MRI lesions existed 14 years ago, but he did
not show ataxia or dystonia at that time. We speculate that with
the development of the disease, the increase in the proportion

of mutant mtDNA, the application of mitochondrial toxic drugs,
and the long-term mental stress of the patient gradually revealed
the patient’s symptoms. In addition, MRS revealed no lactate
peaks in our patient, because MRS is more sensitive to detect
the lactate peak in the acute phase of mitochondrial disease.
In patients with chronic MRI lesions, MRS may not detect the
lactate peak (11).

The key features of our patient were cerebellar ataxia and
dystonia. Their causes can be divided into acquired and genetic
etiologies. In general, acquired causes can be ruled out based on
laboratory tests or neuroimaging. Genetic testing is a valuable
tool for determining the genetic etiology. When considering a
certain disease, we can perform a relevant panel test. If the panel
is negative or we are not sure about the diagnosis, NGS can
be considered. For mitochondrial disease, the primary choice
of tissue for genetic testing is blood, as harmful mitochondrial
tRNA mutations may be actively eliminated in rapidly dividing
cells (12). When mutant mtDNA is not detected in the blood,
muscle biopsy should be performed in routine analysis, and
these samples should be genetically tested, even if there are no
manifestations of myopathy (13). Our patient had no mtDNA
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mutation detected in the blood at the first mtDNA testing,
whereas a mutation was detected 2 years later, but the proportion
of mutations was only 5.4%. An increase in the proportion
of mtDNA mutations in tissues may be attributed to disease
progression. Since his first blood test was negative and a tissue
biopsy was not performed, the diagnosis and treatment of the
disease was delayed.

Currently, treatments for mitochondrial diseases are intended
to slow down progression and alleviate symptoms. No Food
and Drug Administration-approved drugs are presently available
for the treatment of mitochondrial diseases (14). In addition
to dietary regulation and mitochondrial supplementation,
reducing the use of drugs with mitochondrial toxicity can
delay disease progression. Valproate, carbamazepine, phenytoin,
and phenobarbital are anti-epileptic drugs with mitochondrial
toxicity (15). Valproate can isolate coenzyme-A and cytochrome-
aa3, inhibit key enzymes of B-oxidation, and cause damage
to the inner mitochondrial membrane and secondary carnitine
deficiency. In addition, it can result in complex I and complex IV
dysfunction and decreased ATP production (16). In this case, the
patient was treated with valproate for 4 years before diagnosis,
and we replaced valproate with levetiracetam. For mitochondrial
diseases, gene therapy is still a popular research topic, and stem
cell-derived mitochondrial transplantation has been shown to
play a key role in metabolic rescue, which provides promise for
mitochondrial encephalomyopathy (17). To date, there are a total
of 49 registered clinical trials of new experimental drugs for the
treatment of mitochondrial diseases, and 10 are Phase III trials.
However, as of 2019, only one has been completed and the results
have not been reported (14), and the treatment of mitochondrial
diseases still faces many challenges.
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Spinal Cord Gray Matter Lesions: A
Report of Two Cases

Charidimos Tsagkas', Maria Janina Wendebourg®, Matthias Mehling,
Johannes Lorscheider, Philippe Lyrer and Bernhard Friedrich Décard*

Neurology Clinic and Policlinic, Departments of Medicine, Clinical Research and Biomedical Engineering, University Hospital
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Objective: Inflammatory polyradiculomyelitis belongs to a rare group of
immune-mediated diseases affecting both the central and peripheral nervous system.
We aimed to describe an unusual presentation of acute polyradiculomyelitis with marked
spinal cord lesions restricted to the gray matter.

Methods: Thorough examination of two case reports including clinical, MR, serologic,
electrophysiologic and CSF examinations as well as short-term follow-up.

Results: We present two adult patients with acute polyradiculomyelitis and unusual
spinal cord lesions restricted to the gray matter on MRI. The clinical presentation,
serologic, electrophysiologic and CSF features of the two patients varied, whereas
both patients demonstrated severe, asymmetrical, predominantly distal, motor deficits
of the lower extremities as well as bladder and bowel dysfunction. Both patients only
partially responded to anti-inflammatory treatment. Severe motor impairment and bladder
dysfunction persisted even months after symptom onset.

Conclusions: To our best of knowledge, these are the first reports of acute
polyradiculomyelitis with distinct involvement of the lower thoracic spinal cord gray
matter. Currently, it remains unclear whether gray matter lesions reflect a separate
pathophysiologic mechanism or an exceedingly rare presentation of spinal cord
involvement in acute polyradiculomyelitis.

Keywords: MRI, peripheral neuropathology, myelopathy, guillain-barre syndrome, clinical neurology, spinal cord
gray matter lesions, AIDP

INTRODUCTION

Inflammatory polyneuroradiculopathies are a group of immune-mediated diseases of the
peripheral nerves and their spinal roots (1). Clinical manifestation usually involves distal onset
and ascending sensory and/or motor deficits as well as autonomic dysfunction. Often, symptoms
follow a preceding infection, most commonly with C. jejuni or respiratory viral pathogens
(2). Symptom onset and progression may be acute or slow over a longer time span. Typical
electrophysiological findings include slowing of nerve conduction velocity (NCV), conduction
blocks and F-wave alterations, although early in the disease process, changes may not be detected
(3). CSF analysis typically shows albuminocytological dissociation. The most effective therapy
is intravenous immunoglobulin (IVIG) whereas rapid administration, especially in acute cases,
is important.
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Most common MRI findings include thickening of the cauda
equina and spinal roots (4). Contrast enhancement of the conus,
cauda equina and spinal roots is also compatible with the
diagnosis (5), whereas it may disappear after treatment (6).

Rarely, myelitis accompanies inflammatory
polyneuroradiculitis (7), resulting in polyradiculomyelitis.
Viral or bacterial pathogens may be detected (8, 9).

However, to our knowledge, the combination of inflammatory
polyneuroradiculitis and spinal cord (SC) lesions restricted to
the gray matter (GM) has not been reported before. We present
two cases of acute-onset inflammatory polyradiculomyelitis with
GM lesions.

CASE REPORTS

First Case

A 56-year-old male with no previous neurologic history
presented with severe lower back pain and reduced sensation as
well as weakness of the distal right lower extremity. Within the
next hours, these symptoms extended to the left leg and ascended
proximally. Additionally, he complained about urinary retention
and obstipation.

Clinically, he showed a predominantly right-sided,
severe, flaccid, distal paraparesis and hypoesthesia involving
dermatomes L4-S5 in all sensory modalities of both lower
extremities. Spontaneous fasciculations were visible on the
right M. quadriceps femoris. Stretch reflexes were absent in
both lower extremities except for normal left quadriceps and
adductor reflexes.

SC T2-weighted MRI of the lumbar spine revealed a
hyperintense lesion extending from T12 to LI, including
the conus medullaris with a butterfly-like shape on axial
slices 1 day after admission. Post-contrast T1-weighted MRI
showed enhancement of the cauda equina and subtle contrast
enhancement of the SC lesion. A follow-up MRI 3 days
later showed focal SC edema and persistence of subtle lesion
contrast enhancement (Figures 1A-E). CSF analysis revealed
an albuminocytological dissociation as well as an increased
CSF/serum albumin quotient (Table 1). Serological analysis was
positive for Campylobacter jejuni. Anti-ganglioside antibodies
were unremarkable. NCV studies showed increased distal motor
latencies. F-waves were either prolonged or absent (Table 1).

Hence, acute post-infectious polyradiculomyelitis was
diagnosed. The patient was treated with IVIG 35g/d for 5 days.
Under IVIG treatment, the patient improved significantly,
particularly regarding proximal motor deficits, but was
dismissed with a persisting severe, predominantly right-
sided and distal, flaccid paraparesis and hypoesthesia as
well as urinary retention and obstipation. The patient was
transferred to a neuro-rehabilitation facility. After 3 months, his
symptoms improved slightly further, but paraparesis and bladder
dysfunction remained.

Abbreviations: NCV, nerve conduction velocity; IVIG, intravenous
immunoglobulin; MOG, myelin oligodendrocyte glycoprotein; SC, spinal
cord; GM, gray matter.

Second Case

A 62-year-old female with no previous neurologic
history presented with acute pain and weakness in both
lower extremities.

Clinically, she showed a mild, predominantly right-sided and
distal paraparesis. The anal sphincter tonus was normal at that
time point. Within a few hours, her symptoms deteriorated
dramatically, and she developed a severe, flaccid, predominantly
right-sided, distal paraparesis accompanied by urinary and stool
incontinence. The patellar reflex was absent on the right side and
brisk on the left side, whereas the achilles tendon reflexes were
absent bilaterally.

SC T2-weighted MRI revealed a hyperintense lesion from
T11 to LI, including the conus medullaris, with a butterfly-
like shape on axial slices. Post-contrast T1-weighted MRI
showed partial enhancement of the anterior parts of this
lesion (Figures 2A-D). Brain MRI and CSF-analysis were
unremarkable (Table 1). Two days after symptom onset, NCV
studies showed absent F-waves of both lower extremities
and a reduced compound muscle action potential of the M.
extensor digitorum brevis. Electromyography demonstrated
neither spontaneous nor voluntary activity of the right M.
gastrocnemius, whereas examination of the left M. tibialis
anterior showed signs of acute denervation. Somatosensory
evoked potentials of tibial nerve were unremarkable on
both sides. Motor evoked potentials of the right lower
extremity were absent, whereas normal latencies were
shown in the left lower extremity. Serologic analysis was

unremarkable (Table1). A poliovirus neutralization-test
showed immunity.
Therefore, idiopathic acute polyradiculomyelitis was

diagnosed. Assuming the myelitis was the leading cause
for the symptoms, the patient was initially treated with
methylprednisolone iv., 500mg daily for 5 days and
consecutive oral prednisone. Under this regimen, the patient’s
symptoms improved slightly, but the paraparesis, bladder and
bowel dysfunction were still severe. Therefore, 6 cycles of
plasmapheresis were carried out. A further slight improvement
of the motor symptoms became evident.

Thereafter, electrophysiological studies were repeated.
Distal motor potentials of tibial and peroneal nerves were
absent, whereas proximally (left N. femoralis), a compound
muscle action potential amplitude reduction was shown. In
contrast, sensory NCV studies of the lower extremities, e.g.,
the left sural and superficial peroneal nerve, were normal.
Furthermore, the upper extremities showed normal NCV
studies. Electromyography of the right vastus lateralis muscle
showed spontaneous activity and increased recruitment
frequency (>20/s). In addition, a follow-up SC MRI (22 days
after the first MRI) showed new post-contrast enhancement
of the cauda equina inT1-weighted MRI (Figure 2D). The SC
T2-weighted hyperintensity remained stationary and showed
subtle post-contrast enhancement in T1-weighted imaging.

After 3 months of neurorehabilitation, proximal pareses of the
lower extremities were slightly improved but distal motor and
bladder dysfunction persisted.
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imaging (E).

FIGURE 1 | R imaging of case 1 (male, 56 yrs). T2w hyperintense lesions and swelling of the conus (A) and selective hyperintensity and swelling of the gray matter on
axial imaging (B). On T1w, a diffuse contrast enhancement of the gray matter can be seen (C), as well as contrast enhancement of spinal roots in axial (D) and sagittal

DISCUSSION

We present two cases of acute polyradiculomyelitis with distinct
involvement of the lower SCGM on MRI. Lesions restricted to the
SCGM are not a common feature of acute polyradiculomyelitis.
They have been described in acute SC infarction or chronic
compressive myelopathy, leading to the typical “snake/owl’s eyes”
or “fried eggs” appearance on axial T2-weighted images (10, 11).
In contrast to our patients, contrast enhancement in SC ischemia
is absent in the acute phase. In addition, anterior horn lesions
have been reported in some rare cases of West Nile virus-
associated myelitis (12). However, due to a lack of a relevant
travel history and missing typical accompanying symptoms such
as high fever, neither patient was tested for West Nile virus.
In addition, both patients formally fulfill the diagnostic criteria
of the herpes simplex virus-associated Elsberg syndrome as
described by Savoldi and colleagues (13) with the first patient
meeting the criteria for a clinically definite and the second
patient for a clinically probable diagnosis. However, in contrast

to patients with Elsberg syndrome, our patients did not report
signs of previous herpes simplex virus infection. Furthermore,
Gorson and Ropper described two myelitis cases with polio-
like anterior horn lesions mimicking a motor Guillain-Barre
syndrome variant after an unspecific mild viral infection (14).
Neither of our patients had reported symptoms of a previous
viral infection. However, mild symptoms may simply not have
been acknowledged. Moreover, polyradiculomyelitis has also
been described in the context of both aquaporin-4 antibody
positive neuromyelitis optica spectrum disorder and myelin
oligodendrocyte glycoprotein (MOG) associated disorder (15-
18). In particular, MOG-associated disorder frequently presents
with longitudinally extensive lesions restricted in the SCGM
of the thoracolumbar region, typically with absent contrast
enhancement; in contrast, in patients with aquaporin-4 antibody
positive myelitis, cervical and thoracic longitudinally extensive
lesions with contrast enhancement are more frequent (19, 20).
Indeed, both these differential diagnoses were considered in
the clinical management of one of our patients (patient 2),
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TABLE 1 | Overview of diagnostic measures applied to both patients.

Patient A (male, 55 yrs)

Patient B (female, 62 yrs)

Serum analysis (pathological findings) Campylobacter jejuni titer: 1:96

Further serum analysis (unremarkable findings)
- Anti-MOG Ab: not measured
- Anti-ganglioside Ab negative

HIV screen negative

Lues screen negative

CSF analysis - Total protein 1,292 mg/I
- Leukocytes 0 x 109/l
- CSF/serum albumin quotient 20.1 x 1073
Neurography studies - Day 1 after symptom onset: F-waves of lower extremities -
absent or elongated; distal motor latencies elongated
- Follow-up examination: not conducted
Myography studies Not conducted

MR imaging (brain) Unremarkable

MR imaging (spinal cord)

lumbar radices

- Day 3 after symptom onset: Stationary gray matter
myelopathy from Th11 to conus (L1); stationary slight
contrast enhancement of lumbar radices

Anti-aquaporin-4 Ab: not measured

EBV, VZV, HSV I/ll, CMV IgM negative
Poliomyelitis neutralization test: not measured

- Day 1 after symptom onset: Gray matter myelopathy from
Th11 to conus (L1); slight contrast enhancement of

- not measured

Anti-aquaporin-4 Ab: negative
- Anti-MOG Ab: negative

- Anti-ganglioside Ab: negative
HIV screen: negative

Lues screen: negative

EBV, V2V, HSV I/ll, CMV IgM:
negative

- Poliomyelitis neutralization test:
proven immunity

Total protein 395 mg/I
Leukocytes 0 x 108/1
CSF/serum

albumin quotient 5.6 x 102

Day 2 after symptom onset:

F-waves of lower extremities absent,
CMAP of right EDB reduced

Day 20 after symptom onset:

Motor nerves of lower extremities not
measurable, sensory nerves of lower
extremities intact

Signs of acute denervation in left
gastrocnemius, right TA and
gastrocnemius without any sign of
voluntary or spontaneous activity

Unremarkable

- At symptom onset:
Gray matter myelopathy at Th11/12, no contrast
enhancement at this point

- Day 22 after symptom onset:
Gray matter myelopathy at Th11/12; now contrast
enhancement of lumbar radices visible

Ab, antibodies; CMAR, compound muscle action potential; CMV, cytomegalovirus; CSF, cerebrospinal fluid; EBV, Epstein-Barr virus; EDB, M. extensor digitorum brevis; HSV I/ll, herpes
simplex virus type 1 & 2; MOG, myelin oligodendrocyte glycoprotein; TA, tibialis anterior; \/ZV, varicella-zoster virus.

which —however— tested negative for both anti-aquaporin 4
and anti-MOG antibodies. In addition, patient 1, who was not
tested for any of those antibodies, did not demonstrate any
additional typical signs and features of these disorders such as
longitudinally extensive spinal cord lesions, brain or optic nerve
involvement, recurrent and/or multifocal disease making these
etiologies rather unlikely.

The underlying pathology for these MRI findings is unclear.
Possibly, they reflect the aftermath of axonal injury occurring
distally to the SCGM and leading to secondary Wallerian
degeneration and axonal swelling reaching the neuron-somas.
However, this hypothesis does not explain the presence of
these lesions at symptom onset in our patients since axonal
degeneration begins 36-44 h after nerve injury. Hence, a direct
SCGM inflammatory involvement seems more plausible, which
is also supported by the SCGM contrast enhancement in one
of our patients. Despite the SC involvement in both patients,
no pleocytosis was shown in CSF analysis, whereas one patient
showed typical albuminocytological dissociation. Regarding the
pathogenesis of our patients’ disorder, bacterial and viral agents
such as Campylobacter jejuni, Mycoplasma pneumoniae as well

as the Zika and Dengue viruses have been described as triggers in
both transverse myelitis and inflammatory polyneuroradiculitis
(21). One of our patients tested positive for Campylobacter
jejuni (the second patient was not tested), which may offer
a pathogenetic explanation. Despite that, both patients had
negative anti-ganglioside antibodies, which have been associated
with these pathogens, although this is not unusual in all forms of
polyneuroradiculitis (21).

With regard to the clinical features, both patients presented
with atypical polyneuroradiculitis symptoms e.g., acute, distal,
flaccid paralysis of the lower extremities, but also marked bowel
and bladder symptoms. The latter most likely correspond to the
SC involvement rather than the polyneuropathic component of
the patients’ disorder.

Notably, besides SC-associated symptoms, the two patients
presented with different phenotypes; while the first patient
showed sensorimotor deficits, the second patient presented
a pure motor-fiber involvement. In patients with Elsberg
syndrome, sensory nerve involvement may not be present.
The pure motor fiber involvement may reflect the pronounced
anterior horn lesions. Finally, despite early immunomodulatory
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FIGURE 2 | MR Imaging of case 2 (female, 63 yrs). T2w sagittal imaging shows swelling and hyperintense lesions of the conus (A) while axial T2w imaging shows a
butterfly-shaped lesion involving only the gray matter [at T11-12, (B)]. T1w imaging showed discreet contrast enhancement of the anterior horns on axial imaging (C),
and, on day 22 after onset, post-contrast T1w imaging also showed contrast of spinal cord roots (D).
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treatment, severe motor impairment and bladder dysfunction
persisted even months after symptom onset. In the few reported
cases of concomitant myelopolyradiculitis (22-24), long-term
clinical outcomes varied, although pure motor variants seemed
to be associated with a poorer prognosis (25).

To summarize, we report two cases of unusual SCGM
lesions in patients with acute polyradiculomyelitis. Currently,
it remains unclear whether this presentation reflects a
separate pathophysiologic mechanism or an underappreciated
manifestation of the inflammatory disease. Hence, future
larger-scale studies should further investigate these findings.
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This case series reported a group of patients with Guillain—Barré syndrome (GBS) and
their plasma cytokine changes before and after immunotherapy. We aimed to understand
GBS'’s pathogenesis and pathophysiology through observing the interval differences of
the representative cytokines, which were the thymus and activation regulated chemokine
(TARC) for T-cell chemotaxis, CD40 ligand (CD40L) for cosimulation of B and T
cells, activated complement component C5/Cb5a, and brain-derived neurotrophic factor
(BDNF) for survival and regenerative responses to nerve injuries. The fluorescence
magnetic bead-based multiplexing immunoassay simultaneously quantified the five
cytokines in a single sample. From June 2018 to December 2019, we enrolled five GBS
patients who had completed before—after blood cytokine measurements. One patient
was diagnosed with paraneoplastic GBS and excluded from the following cytokine
analysis. The BDNF level decreased consistently in all the patients and made it a potential
biomarker for the acute stage of GBS. Interval changes of the other four cytokines
were relatively inconsistent and possibly related to interindividual differences in the
immune response to GBS triggers, types of GBS variants, and classes of antiganglioside
antibodies. In summary, utilizing the multiplexing immunoassay helps in understanding
the complex immune mechanisms of GBS and the variation of immune responses in
GBS subtypes; this method is feasible for identifying potential biomarkers of GBS.

Keywords: Guillain-Barré syndrome, cytokine, blood biomarker, Luminex, bead-based multiplexing immuno assay,
immune mechanism, BDNF

INTRODUCTION

Immune Mechanism of Guillain-Barré Syndrome

Guillain-Barré syndrome (GBS) is an inflammatory disease of the peripheral nervous
system induced by aberrant immune responses to preceding triggers. The pathogenesis
of GBS is partly due to molecular mimicry of antecedent pathogens and subsequent
provocation of generating cross-reactive antibodies that target different gangliosides
in human peripheral Gangliosides are polymorphic sialic acid-containing
glycosphingolipids that are widely distributed in the nervous system (1). Once the immune
system responds to gangliosides as microbial mimics, immune-mediated neuropathies
develop. Characteristic antiganglioside antibodies in peripheral blood mark several GBS

nerves.
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variants. In acute motor axonal neuropathy (AMAN), antibodies
bind to GM1 and GDla gangliosides in the pathogenesis of
nerve injuries (2-5). In contrast, anti-GQlb antibodies are
associated with the Miller Fisher syndrome (6). In addition to
disease correlations, these autoantibodies against axonal targets
are indicators of GBS severity (7).

Biomarkers of GBS

Beyond antiganglioside antibodies that featured GBS, a
growing number of molecules are potential biomarkers of GBS
(8), including infection trigger-associated surface molecules
(e.g., lipo-oligosaccharides of Campylobacter jejuni), active
components of immune systems (e.g., FcyR/FcRL gene
polymorphism, cytokines, complements, chemokines), brain-
derived proteins (e.g., total protein, albumin), and neuronal
composition (e.g., neurofilaments) (9-11). These biomarkers
target different critical points of pathogenesis and neuronal
damage in GBS.

Blood cytokines reflect elicitation of autoimmunity and
disease severity in systemic autoimmune diseases, such as
interleukin 6 (IL-6) and IL-10 in systemic lupus erythematosus
(12). In immune-mediated neurological disorders, blood
cytokines also emerge to be potential biomarkers, such as
the B-cell-activating factor (BAFF) in myasthenia gravis with
anti-acetylcholine receptor antibody (13, 14) and chronic
inflammatory demyelinating polyneuropathy (CIDP) (15, 16).
When comparing GBS patients with healthy controls, specific
blood cytokines increase, including the tumor necrosis factor o
(TNF-a), IL-1B, IL-6, IL-4, IL-17, and interferon y (17). In this
study, we hypothesized that blood cytokines of different parts of
immune systems could reflect immune activation in GBS and
patients’ response to treatment. We followed a group of GBS
patients during treatment and used a multiplex quantitative
cytokine assay to measure their plasma cytokine changes before
and after treatment. The selected cytokines represent the center
of the neuroinflammation of GBS. A member of the TNF family,
BAFE, appears for survival of antibody-producing B cells (18).
The thymus and activation regulated chemokine (TARC), also
known as CCL17, represent helper T cell 2 (T2)-induced T-cell
chemotaxis (19). The CD40 ligand (CD40L), also known as
CD154, expresses mainly on activated CD4" T cells, binds to
the CD40 on B cells and antigen-presenting cells, and stands
for cosimulation of B and T cells (20). C5 and C5a components
(C5/C5a) are activated fragments of the complement system
(21). Finally, the brain-derived neurotrophic factor (BDNF)
measures the neuronal survival responses to GBS-related nerve
injuries (22). By measuring these representative cytokines, we
aimed to understand GBS pathogenesis and pathophysiology to
identify potential biomarker(s).

MATERIALS AND METHODS

Patient Enroliment

The patients with GBS were enrolled from June 2018 to
December 2019 in the Chang Gung Memorial Hospital, Keelung
City, Taiwan. The enrolled patients understood and agreed to
join the study and signed written informed consent before

having the first (before-treatment) peripheral blood sampling,
antiganglioside antibody detection, and cytokine measurement.
We excluded those patients without complete before-after blood
cytokine sampling. Besides, clinicians arranged cerebrospinal
fluid (CSF) studies for biochemistry analyses based on their
clinical judgment. This study was approved by the institutional
review board of Chang Gung Medical Foundation, with approval
number 201700701A3.

Ganglion Glycosphingolipid (Ganglioside)
Antibody Detection

We performed ganglioside antibody detection on the EUROLINE
platform manufactured by the EUROIMMUN (Libeck,
Germany). Samples were prepared by mixing 30 pL of plasma
in 1.5mL of 1:10 diluted sample buffer. Diluted samples were
incubated with testing strips precoated with ganglioside antigens
GM1, GM2, GM3, GDla, GDI1b, GT1b, and GQIlb. After
incubation, the strips were washed to remove extra uncoated
samples and then incubated with the enzyme conjugate, which
was alkaline phosphate-labeled anti-human immunoglobulin
G (IgG) and IgM (goat) to detect antiganglioside IgG and IgM
in the sample, respectively. Another washing step removed the
secondary antibodies. Next, the strips were incubated with the
substrate, nitro blue tetrazolium chloride/5-bromo-4-chloro-3-
indolyl phosphate (BNT/BCIP). The strips were air-dried and
evaluated by the EUROLINE semiquantitative software.

Quantification of the Cytokines by
Fluorescent Bead-Based Multiplexing

Immunoassay

The Luminex assay (Magnetic Luminex Assay: Human Premixed
Multi-Analyte Kit; R&D Systems, Minneapolis, MN, USA) was
a bead-based multiplexing immunoassay. Using fluorescent flow
cytometry technique, the Luminex quantified multiple targets in
one sample (23, 24). The plasma from GBS patients was mixed
with the cytokine-specific capture antibodies coated on magnetic
microparticles. In this study, the magnetic microparticle cocktail
contained five kinds of precoated particles with capture
antibodies against BDNE, C5/C5a, CD40L, TARC, and BAFF.
The cytokine-capturing magnetic particles were mixed with
the secondary detection antibody cocktail to form antibody-
antigen-antibody complexes. Later, the embedded fluorophores
bound to streptavidin—phycoerythrin conjugate and then excited
by lasers. Finally, the Luminex analyzer followed the mechanism
of flow cytometry to sort magnetic microparticle mixtures
and quantified each cytokine independently. Each sample was
repeated for three measurements.

RESULTS

Participants and Clinical Course

Among 10 patients who met the diagnostic criteria of GBS
(25), five of them completed before and after treatment cytokine
testing. Their clinical scenarios are listed below and summarized
in Table 1.
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TABLE 1 | Clinical and laboratory studies of the enrolled patients.

Case 1 Case 2 Case 3 Case 4 Case 5
Basic information
Age 28 16 49 71 57
Sex Female Female Female Male Male
Medical history CN Il palsy None Type 2 DM RA, HTN NMO, SS
Clinical presentations
Diagnosis AIDP AIDP AIDP MFS AMSAN and myelitis
Onset Subacute Subacute Acute Acute Acute
Symptoms Dysarthria, dysphagia Ataxic gait, imbs and facial Four limb weakness, ascending Cerebellar ataxia, four-limb Acute descending
numbness, and right CN VIl numbness, left CN VI and bil CN VIl ascending numbness, bil  numbness below T5 level;
palsy palsy, dysphagia, dysarthria, CN I, IV, and VI palsy subsequent ascending
dysautonomia numbness
Prodrome None None None URI None
Cancer association None None None Prostate cancer None
Treatment DFPP, steroid IVIG, steroid DFPP DFPP, steroid DFPP, AZA, steroid
Outcome Good Good Partial Good Partial
Clinical studies
NCS/EMG Dem, M Dem-Ax, M F-wave absent Ax, S-M Ax, S-M
Spine MRI n/a Normal Normal n/a T3-5 myelitis
Brain MRI Normal n/a Normal WMH Pontine myelinolysis
CSF [protein 39.7/0 101.2/10 181.3/0 29.9/0 128.7/190 (Lym 83/Mo
(mg/dL)/WBCs (per 16/Neu 1)
()|
Paraprotein in CSF None None None IgA-lambda None
Autoantibody
Antiganglioside ab GM1 IgM GM2 IgM GQ1b IgG GQ1b IgG GM1 IgM
Paraneoplastic ab None n/a None Yo n/a
Other abs None None None None AQP4, SSA
Plasma cytokine test
From onset to first test 6 days 5 days 8 days - 6 days
Days between tests 96 days 7 days 9 days - 52 days
Treatment before the  None None None - Methylprednisolone 1,000
first blood test mg/day

NCS/EMG, nerve conduction study and electromyography; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid; WBCs, white blood cells; CN, cranial nerve; DM, diabetes
mellitus; RA, rheumatoid arthritis; HTN, hypertension; NMO, neuromyelitis optica; SS, Sjégren syndrome; AIDF, acute inflammatory demyelinating polyradiculoneuropathy; MFS, Miller
Fisher syndrome; AMSAN, acute motor-sensory axonal neuropathy; Bil, bilateral; URI, upper respiratory tract infection; DFPF, double-filtration plasmapheresis; IVIG, intravenous
immunoglobulin; AZA; azathioprine. Dem, demyelinating; Ax, axonal; M, motor; S-M, sensorimotor; n/a, not available; WMH, white matter hyperintensity; Lym, lymphocyte; Mo, monocyte;

Neu, neutrophil; ab, antibody.

Case 1

A 28-year-old woman, a carrier of hepatitis B, presented
with acute onset of dysphagia and dysarthria for 1
week. She came to our hospital, where the neurological
examination found a decrease of bilateral gag reflex. The
nerve conduction studies revealed generalized demyelinating
polyneuropathy with conduction block, prolonged F-wave,
and decreased amplitude. A CSF study showed white
blood cells (WBCs) of 0/wL and total protein of 39.7
mg/dL. Antiganglioside antibody testing found GM1 IgM
in her blood. Under the diagnosis of acute inflammatory

demyelinating polyradiculoneuropathy (AIDP), she
received one cycle (five sessions) of double-filtration
plasmapheresis (DFPP) plus oral corticosteroid and

recovered completely.

Case 2

A 16-year-old girl was admitted to the hospital for subacute-
onset ataxic gait, four-limb and facial numbness, and right
cranial nerve (CN) VII palsy. Nerve conduction studies showed
generalized, mixed type with demyelinating predominant motor
neuropathy. Albuminocytological dissociation of CSF study
(WBCs 10/nL, total protein 101 mg/dL) and GM2 IgM
antibodies in blood supported the diagnosis of AIDP. After
intravenous immunoglobulin (IVIG) and steroid treatment, she
had total recovery.

Case 3

A 50-year-old woman with type 2 diabetes mellitus presented
to our hospital for weakness and ascending numbness over
four limbs, left CN VI and bilateral CN VII palsy, dysphagia,
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FIGURE 1 | Before and after treatment plasma cytokine changes. Luminex multiplexing assay measured the five cytokines at two time points: at GBS diagnosis
(before treatment) and after immunotherapy. The line graphs marked the before—after cytokine changes of each patient (the x-axis time point 1 for before treatment
and 2 for after treatment). The unit of cytokines was ng/mL. The case number and type of GBS variants are listed in the graphic legend. Case 4 was excluded from
the cytokine comparisons because of the obvious paraneoplastic nature of GBS in this case and the heterogeneity from other nonparaneoplastic GBS. BDNF,
brain-derived neurotrophic factor; C5/C5a, the activated complement component C5 and C5a; CD40L, CD40 ligand; TARC, thymus and activation regulated
chemokine; BAFF, B-cell-activating factor; AIDP, acute inflammatory demyelinating polyradiculoneuropathy; AMSAN, acute motor-sensory axonal neuropathy.

dysarthria, and dysautonomia for 4 days. Brain and spine
magnetic resonance imaging (MRI) showed no peculiar
finding. F-wave was absent in nerve conduction studies. The
sensory-evoked potential study suggested a generalized sensory
conduction defect at peripheral levels. Blood antiganglioside
antibody test was positive for anti-GQ1b antibody. After DFFP
for AIDP, her recovery was partial, with sequelae of limb
weakness and numbness.

Case 4

A 70-year-old man with a history of rheumatoid arthritis,
hypertension, glaucoma, and traumatic subdural hemorrhage
presented to our neurologic department for acute-onset
cerebellar ataxia, four-limb ascending numbness, and palsies
of bilateral CN III, IV, and VI. The results of the MRI of
the brain were normal. Nerve conduction studies showed a
pattern of chronic generalized axonal sensorimotor peripheral
neuropathy. However, progressive eye movement limitations
developed in the following 2 weeks. CSF study found WBCs of
0/wL and a total protein of 29.9 mg/dL. Anti-GQ1b antibody
and anti-Yo antibodies were positive in his blood. Cancer
surveillance found prostate cancer. Under the impression
of Miller Fisher syndrome superimposed on paraneoplastic
cerebellar degeneration, the patient received steroid pulse
therapy and two courses of plasmapheresis. After that, his ataxia
and CN palsies improved well.

Case 5

A 57-year-old man with a history of neuromyelitis optica (NMO)
and Sjogren syndrome was admitted for recurrent myelitis
presenting as acute descending numbness below T5 level for
1 week. However, subsequently ascending numbness from feet
to thigh developed 1 month after the acute myelitis. A nerve

conduction study revealed generalized axonal-type sensorimotor
polyneuropathy. In addition to anti-aquaporin4 (AQP4) and
anti-SSA antibodies, we also found GMI1 IgM antibodies in
his blood. He was diagnosed with acute motor-sensory axonal
neuropathy (AMSAN) and recurrent myelitis of NMO. After
treatment of DFFP, steroid, and azathioprine, his symptoms
partially recovered, leaving him with numbness and weakness of
the lower limbs.

All the enrolled patients were positive for antiganglioside
antibodies, including two for GM1 IgM, one for GM2 IgM,
and two for GQIlb IgG autoantibodies (Table1). Specific
antiganglioside antibodies are associated with certain GBS
variants, such as the anti-GQ1b antibody’s relationship to Miller
Fisher variant and GBS with ophthalmoplegia (26), as our cases
3 and 4. Additional antibodies detected in the patients’ blood
included anti-Yo antibody in the patient with prostate cancer
(case 4) and anti-AQP4 antibody and anti-Ro/SSA antibody in
the patient with NMO and Sjogren syndrome (case 5) (Table 1).

Luminex Cytokine Quantification
Notably, case 4 was apparently a case of paraneoplastic GBS
because of the newly diagnosed malignancy with high cancer
activity and paraneoplastic anti-Yo antibody in his blood.
Therefore, to avoid heterogeneity of studying group, case 4 was
excluded from the following Luminex cytokine quantification.
Figure 1 shows the plasma cytokine levels before and after
treatment of the four nonparaneoplastic GBS patients (cases 1,
2, 3, and 5). BDNF level decreased after treatment in all these
patients. The before-after change could be up to fourfold in
some patients (Figure 1A). The activated complement C5/C5a
increased significantly in case 2 and increased slightly in the other
two cases (cases 3 and 5) but decreased in case 1 (Figure 1B).
The level of soluble form CD40L was initially high in case
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1 and dropped after treatment, whereas the slope of CD40L
decrease was less steep in cases 2 and 3 (Figure 1C). TARC
concentration ranged from 100 to 900 wg/mL in our patients;
TARC showed a downward trend at different levels in cases 1,
2, and 3 after treatment (Figure 1D). The plasma level of BAFF
ranged between 300 and 500 pg/mL; testing sensitivity under low
concentration circumstances limited the interpretation of BAFF’s
interval changes (Figure 1E).

The interval of the first symptom to the first blood cytokine
test ranged between 5 and 8 days (median of 6 days). The days
between the two cytokine tests ranged from 7 to 96 days (median,
30.5 days), depending on the patient’s condition to reach clinical
stabilization to have the after-treatment blood sampling. Three
of the four patients were not exposed to immunotherapy before
blood sampling. One patient (case 5) had started steroid pulse
therapy (methylprednisolone 1,000 mg/day) before the first blood
sampling (Table 1).

DISCUSSION

Summary
We reported four GBS patients and compared their plasma
cytokine levels before and after immunotherapy. Using the
Luminex multiplexing assay, we reduced the required amount of
blood sample and measured multiple cytokines simultaneously.
Two of the measured molecules, the BDNF (27) and the activated
complement C5 (28, 29), have been deemed potential biomarkers
or therapeutic targets for GBS. In contrast, the changes of plasma
BAFE, CD40L, and TARC in GBS was reported for the first time.
The before-after change of BDNF was relatively consistent
in our patients, and the potential of BDNF as an acute
phase biomarker of GBS warranted large replication studies
to confirm. Interindividual variations and interval changes of
C5/C5a, CD40L, TARC, and BAFF level could be related to
inconsistent disease phases at blood sampling, different triggers,
immune responses, and interpersonal variations of responses to
immunotherapy. Still, we could see a trend of early elevation of
CD40L and TARC level and later elevation of C5/C5a level. Case
2 was the case that showed higher CD40L and TARC levels than
other cases, which might be because the patient had previously
encountered autoimmune neuropathy with CN III palsy and,
for this episode, had a more robust cytokine response in the
second-time confronting.

Complement Activation in GBS

Of notice, GBS has complicated immune mechanisms during
disease progression, which involve infection-induced immune
mimicking, antiganglioside antibody-mediated immune
reaction, imbalanced T-cell activity, and macrophage infiltration.
First, antiganglioside antibodies are considered the mediators
of complement activation (30). The complements activated
by the antiganglioside autoantibodies lead to the formation
of membrane attack complex, disrupt expression of sodium
channel, result in conduction block, and then exhibit the clinical
signs of nerve damage (31). Some in vitro studies supported the
concept that C3b and C5b-9 had harmful effects on peripheral
nerves (8, 32). Complement-activated deposition of C3b on

the outer surface of Schwann cells can lead to the initiation of
vesiculation of myelin. Infiltration of activated macrophages
and T cells follows the myelin break and subsequently induces
axonal degeneration (33, 34). A serial observation found that
complements kept aggregating around nerves where the blood-
nerve barrier was broken and led to nerve injury during the
first 4 weeks of GBS (28). We also observed a delayed elevation
of complement active components C5/C5a. The relatively high
level of C5/C5a did not appear at the initial stage but at a later
stage in most of our patients (cases 2, 3, and 5). Therefore, the
complement-mediated nerve injury did not quickly cease and
might be the reason for persistent limb weakness or numbness.

T-Cell Immunity in GBS

Different groups of T cells participate in the pathogenesis of GBS.
CD4™ helper T cell dysregulation goes through the entire disease
course of GBS. At the initial phase of GBS, Ty 1 proinflammatory
activity is upregulated. In the later stage, the upregulation of
the T2 anti-inflammatory cytokine replaces the Ty1 cytokine
activity (35). Together with the Tyl cells, circulating Ty17
and Ty22 cells are also significantly increased in GBS patients,
correlated with disease severity, and downregulated in response
to IVIG treatment (36). Regulatory T (Treg) cell is another
group of T cells that critically mediates the autoimmunity of
GBS. Temporarily reducing of circulating Treg is related to
the loss of its negative regulations on immune response in
GBS (37, 38). Augmentation of Treg rescued nerve injuries in
the experimental autoimmune neuritis (EAN) animal model
(39). On the contrary, CD8" cytotoxic T cells increase in
peripheral blood (40) and infiltrate endoneurium, especially in
those patients with a subacute clinical course of GBS (28).
To summarize, imbalanced T-cell function is crucial for the
development of GBS. Antagonistic effects among the Tyl,
Tu2, Tul7, Tu22, and Treg cells determine the development,
progression, or recovery of GBS (41).

In our patients, plasma TARC and CD40L levels initially
elevated and later dropped in some patients (cases 1, 2, and 3) but
kept unchanged at a low level in the other one (case 5, Figure 1).
Although the inconsistency might represent interindividual
differences of T-cell activation, the type of GBS variant might
matter. In a study of lymphocyte subset, the AIDP group showed
significantly higher percentages of CD4TCD45RO" memory T
cells and lower percentage of CD4*TCD45RA™ naive T cells than
the healthy control; this ratio reversed after IVIG treatment.
However, the AMAN variant did not possess this disparity to the
healthy control or the before-after difference (42). The significant
before-after changes of TARC and CD40L in our AIDP patients
(cases 1, 2, and 3) might also reflect the T-cell involvement in
AIDP type but not in other variants (case 5).

Costimulatory Molecules in GBS

Costimulatory molecules increase in number and enhance the
cellular immune responses in several autoimmune diseases, such
as systemic lupus erythematosus, rheumatoid arthritis, type 1
diabetes mellitus, and multiple sclerosis (43); using monoclonal
antibodies targeting costimulatory molecules is one of the
developing treatments of autoimmune diseases (44). The CD40
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and CD40L are a pair of costimulatory molecules between B cells,
macrophage, dendritic cells, and activated T cells; upregulation
of CD40 appears together with the increase of plasmacytoid
dendritic cells in the acute phase of GBS patients (45). Also, in the
animal model of GBS, CD40 is essential in creating EAN in mice
(46); the dramatically increased expression of CD40 and CD40L
marks the cooperation of B and T cells in the initiation of neuritis
(47). Although enhanced expression of other costimulatory
molecules has already been shown in GBS, such as the CD80 and
CD86 (i.e., the B7-1 and B7-2 costimulatory molecules) (48) and
the inducible T-cell costimulator (49), the CD40L was first shown
in our report to be involved in pathogenesis and be a potential
biomarker in the acute phase of GBS.

Chemokines in GBS

Trafficking inflammatory cells across the blood-nerve barrier is
crucial in developing GBS; chemokines and chemokine receptors
express in the endoneurium of peripheral nerves and circulate in
the blood of GBS patients and EAN animal models (50). Previous
studies of GBS and EAN have identified several chemokines
and their receptors as pathogenic marks, including CCL2-CCR2
(51) and CXCL10-CXCR3 (52). Some others were considered
treatment targets, although some succeed (such as CCR2) (53)
and some failed (like CCR5) (54). Except the aforementioned
chemokines, the CCR4 family is the other potential pathogenic
target of GBS; positive staining of CCR4 was shown in the sural
nerve biopsy of AIDP patients and was localized on invading
T cells (55). The importance of CCR4 and its two ligands,
TARC (CCL17) and CCL22, has also been noticed in central
nervous system autoimmunity and studied in the experimental
autoimmune encephalomyelitis murine model (56). To our
knowledge, this is the first report that identified TARC (CCL17)
as a potential biomarker of acute GBS, and the results warranted
replication and animal model confirmation.

B-Cell Immunity in GBS

In previous studies, the B cells seem not at the center of
GBS pathogenesis. The peripheral blood B-cell subset did not
alter in GBS (42). However, increase in memory B-cell ratio in
GBS patients with IgG antiganglioside antibodies suggested the
antibody-initiated immune chain reaction (57). In our study,
only case 3 had a before-after change of BAFF concentration, but
not significant (Figure 1). Of notice, case 3 was positive for IgG
antiganglioside antibodies, whereas the other cases were positive
for IgM antiganglioside antibodies (Table 1). Although we could
not confirm the differences of B-cell subsets between IgG- and
IgM-related GBS, the slight increase of BAFF level in our patients
might echo the importance of B-cell immunity in IgG-related
GBS. Similarly, BAFF plays a key role in CIDP and determines
if the patient responds to IVIG (15, 16).

In addition to that, antiganglioside antibodies are pathogenic
in GBS (58, 59). Gangliosides are widely distributed on the
outer leaflets of plasma membranes of various tissues but
particularly abundant in neuronal cells. The sialic acids and
negative charge of gangliosides make them form a protective
shield to avoid autologous immunity and against pathogen
attachment. Antiganglioside antibodies break this protective

shield and allow complements to attach to neuronal cells easily
and further cause massive cell injury. In addition, the deposition
of antiganglioside antibodies forms the immune complexes,
which cause inflammation and tissue damage, trigger leukocyte
recruitment, augment antigen presentation, and activate the
complement system. Furthermore, antiganglioside antibody-
induced membrane structural changes alter the normal neuronal
function that relies on the intact neuronal membrane (1, 60).
Therefore, the B-cell immunity remains important in GBS
regarding the pathogenic features of antiganglioside antibodies.

The Neurotrophic Factor BDNF in GBS

In our report, the BDNF level elevated consistently at the acute
phase (before-treatment blood sampling) in all four cases. The
member of the neurotrophin family, BDNE, involves in neuronal
plasticity, survival, synaptogenesis, and neurotransmitters
modulation (61). Even if BDNF is not a cytokine, increasing
evidence has linked BDNF to neuroinflammation (22, 62).
Although BDNF elevation signifies neuroinflammatory processes
in brain disorders, its significance in peripheral nerve disorders
is not fully understood.

During repairing peripheral nerve injury, the neurotrophins,
particularly BDNE € serve for axon regeneration. Via signaling
through cell surface tropomyosin receptor kinases (Trk) receptor
and p75 neurotrophin receptor, two separate intracellular
signaling pathways work for neuronal survival and neuronal
plasticity (63). Increased expression of BDNF mRNA and TrkB
mRNA in motor neurons suggests that BDNF responds to nerve
injury (64). BDNF can be synthesized by dorsal root ganglion,
as well in the circumstance of peripheral nerve inflammation
(65). In lesioned peripheral nerves, Schwann cells dramatically
increase the BDNF synthesis with a much higher amplitude than
that of nerve growth factor (66).

Monoclonal antibodies are reliable in quantifying the blood
concentration of BDNF (67). Many studies used BDNF level
for clinical correlations or outcome predictions in various
neurological and psychiatric diseases, such as Alzheimer disease
(68, 69), Parkinson disease (70), Huntington disease (71), major
depressive disorder (72), and multiple sclerosis (73, 74). BDNF
augmentation was considered a potential disease-modifying
strategy in neurodegenerative (75) and neuroinflammatory
diseases (76). In inflammatory neuropathies, subcutaneous
injection of BDNF had been tried on GBS patients to improve
recovery (27); however, the results did not support its therapeutic
use because of the small sample size, nonsignificant effects on
improving disability after 4 weeks [mean difference, 0.75; 95%
confidence interval, —1.14 to 2.64; very low certainty of the
evidence (77)], and early termination of the trial. Although
not being considered as a therapeutic agent, BDNF remains
potential as a biomarker of the acute phase of GBS and warrants
further studies.

Does Immunotherapy Affect Cytokine
Levels?

Therapeutic apheresis, including plasma exchange and
plasmapheresis, is an effective treatment of GBS (78). Plasma
exchange is a centrifugation-based technique to separate patients’
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blood components and replace them with fluid and plasma from
healthy people. Plasmapheresis separates patients’ plasma via
a filtration-based device to remove large molecules such as
antibodies and immune complexes and infuses the filtrated
plasma back to the patients (79). Plasma exchange is theoretically
able to remove more small molecules, such as cytokines, than
plasmaspheres and results in a short-term benefit in improving
the disability score of GBS; however, their long-term benefits
to GBS patients do not differ (80). Currently, the argument of
whether plasma exchange or plasmapheresis alters circulating
cytokines remains inconclusive (81). Presumably, the intensity
of plasma removal might matter, and only intensive plasma
removal correlates with significant cytokine changes (82). The
post-plasma exchange cytokine rebounding phenomenon
might be another factor of the inconsistent results (83).
Moreover, the mechanisms of action of plasma exchange and
plasmapheresis are far more complex than merely removal of
blood components. They may involve in the proliferation of
normal B-cell population, correction of the imbalanced Ty 1/Ty2
antagonism, and upregulation of suppressor T and Treg cells
(79). Therefore, the cytokine changes we measured are the
overall effects after therapeutic apheresis.

IVIG is another equally effective treatment of GBS (84). IVIG
is suggested to achieve therapeutic effects in GBS via reduction
of IL-1, intercellular adhesion molecule-1, and especially TNF-
a, which is significantly higher in GBS than other neurological
disease controls (85-87). The complex reaction after IVIG
infusion also regards the increase of T-cell production of
transforming growth factor § and upregulation of Fcy receptor
on B cells and monocytes (87).

Glucocorticoids strongly repress the immunomodulatory
transcription factors, nuclear factor kB (NF-kB) and activator
protein-1, to achieve therapeutic effects in autoimmune
diseases (88, 89). The depression of NF-kB results in multiple
immunosuppressing responses, including downregulation of
proinflammatory cytokines, chemokine, and adhesion molecules
and reduction of inflammatory T cells and macrophages
(90). Circulating anti-inflammatory cytokines also increase in
response to glucocorticoids (91).

To summarize, plasmapheresis, IVIG, and steroid treatment
in our patients all may more or less affect their plasma cytokine
levels via multiple immune mechanisms. The cytokine changes
we measured after treatment are the net effects of disease
recovery and treatment-related immune corrections. Therefore,
overall considerations of GBS pathogenesis and immunotherapy
effects and observations of multiple targets of immune systems
are necessary for interpreting the before-after changes of
cytokine levels.

Limitations of the Study

There were several limitations to this study. First, the small case
number restricted its generalization to all GBS patients. The
power of discussion on each single GBS variant or IgM/IG-
related GBS cases was limited. Second, lacking a control group
limited the statistical power of this study and restricted the
generalizability of the results. Even if the before-after paired

comparison is advantageous in highlighting the interindividual
difference of immune responses, comparisons to a proper control
group could objectively evaluate the value of these biomarkers.

Third, the interval between two blood sampling was not
consistent among the patients. Although we arranged the
second blood sample according to stabilization of individuals’
conditions, the wide range of sampling intervals might raise
considerations of multifactorial interferences to cytokine levels,
such as environmental factors, underlying diseases, and acute
stress responses. In contrast, the short between-test period might
confound the results because patients might still be in the
acute phase, and cytokine levels had not reached a plateau. A
reasonable and fixed sampling time will help to overcome this
limitation in future studies.

Finally, we limited the cytokine tests to the five representative
cytokines because of the limited experimental resources, and it
might not show the complete picture of disease mechanisms.
Several commonly reported crucial cytokines, such as the IL-
6, IL-10, interferon y, and TNF-a, were not measured here.
Choosing a group of cytokines per immune cell type will expand
our knowledge of the immune mechanisms of GBS and have good
use of the strength of the Luminex platform.
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Background: Neuralgic amyotrophy (NA) is an acute, monophasic, painful inflammatory
dysimmune focal, or multifocal mononeuropathy. The lesion in NA is not always restricted
to the brachial plexus but also involves individual nerves or branches. The prognosis of
NA is less favorable than previously assumed, but the reasons for poor recovery remain
unknown. Nerve constriction may be one of the causes of poor prognosis in NA.

Case Presentation: Herein, we described a 54-year-old male with a history of
type 2 diabetes in whom bilateral neuralgic amyotrophy developed with constriction
of the posterior interosseous fascicle within the radial nerve. The patient experienced
sudden-onset severe pain in both shoulders followed, 2 days later, by weakness in
bilateral shoulders and the left forearm extensors over the subsequent month. The left
forearm extensors were more severely affected than both shoulder girdle muscles. He
noted a 7-kg weight loss for 1 month before pain onset. After diagnosing diabetic NA
based on the clinical symptoms, imaging, and electrophysiological studies, treatment
with systemic steroids improved pain and weakness in both shoulder muscles. Weakness
in the left forearm extensors persisted after 1 month of steroid treatment. Follow-up
ultrasound revealed constriction of the posterior interosseous fascicle within the main
trunk of the left radial nerve at the elbow. Surgical exploration at 6 months after onset
identified fascicle constriction, for which neurolysis was performed. Weakness in the
extensors of the wrist and fingers did not improve during the 16-month follow-up.

Conclusion: A single constriction of the fascicle within a peripheral nerve may often
be under-recognized if NA presents with variable degrees of weakness in bilateral upper
limbs. Furthermore, fascicular constriction without edema of the parent nerve may be
easily missed on the initial ultrasound. A lack of early recognition of nerve constriction and
delay in surgical intervention can result in unfavorable outcomes. The physician should
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consider the possibility of the fascicular constriction when evaluating patients suspected
of brachial NA with significant weakness in the distal upper limb compared to the proximal
weakness or weakness of the distal upper limb that does not improve over time.

Keywords: ultrasound, fascicular constriction, posterior interosseous nerve, radial nerve, neuralgic amyotrophy

INTRODUCTION

Idiopathic neuralgic amyotrophy (NA), also known as
Parsonage-Turner syndrome or brachial plexus neuritis,
is characterized by extreme pain at symptom onset, rapid
multifocal paresis, atrophy of the upper extremity muscles, and
a slow recovery requiring months to years (1). Although the
classical presentation is found in about two-thirds of patients,
NA can also manifest with the involvement of a single peripheral
nerve or various combinations of peripheral nerves of the
brachial plexus (2). This clinical variation that also involves the
nerve of non-brachial plexus origin, such as accessory nerve, has
led to the concept of NA that encompasses all these acute-onset,
painful focal, or multifocal neuropathies with a monophasic
course (1-3). The prognosis of NA was traditionally thought
to be favorable, with pain subsided within a few weeks and
weakness improved over months to years. However, based
on a large series of patients with NA, overall recovery was
less favorable than previously assumed (4). The exact cause
of the unfavorable outcome is unknown. However, previous
studies reported surgical findings of nerve constriction in
patients with typical symptoms of NA and no spontaneous
recovery (5, 6).

Here, we report a case of a diabetic male with bilateral brachial
NA showing posterior interosseous fascicular constriction within
the radial nerve on ultrasound, and which was confirmed by
surgical exploration.

CASE PRESENTATION

A 54-year-old man was admitted with a 2-month history of
pain and weakness in both shoulders. The patient was an office
worker with no past medical history except for well-controlled
hypertension and diabetes for 10 years. Two months prior, he
complained of sudden onset of pain in both shoulders and
developed the weakness of both shoulder girdles 2 days later. The
weakness in the left shoulder girdle progressed, and weakness
in the left wrist and finger extensors newly developed over the
next 4 weeks. There were no preceding trauma, immunization,
or fever, but he reported weight loss (7kg) over the 1 month
before pain onset. The patient had never regularly exercised
other than walking for glycemic control. The symptoms did not
change for the next 1 month before admitting to our hospital. A
neurological examination showed paresis of shoulder abduction
[right: medical research council grade (MRC) 4/5, left: MRC 3/5],
elbow flexion (right: MRC 4/5, left: MRC 3/5), elbow extension
(right: MRC 4/5, left: MRC 3/5), wrist flexion (right: MRC 4/5,
left: MRC 4/5), wrist extension (right: MRC 4/5, left: MRC 2/5),
and extension of fingers (right: MRC 4/5, left: MRC 2/5). The

muscle power of bilateral finger flexion and lower limbs was
normal. A hypesthesia area was identified in the lateral sides
of bilateral shoulders and arms, and deep tendon reflexes were
reduced in the upper limbs. Atrophy of both shoulder girdles was
observed (Figure 1). A complete blood cell count and routine
biochemical analysis were normal except for fasting glucose (151
mg/dl) and HbAlc (7.3%). Other serological tests for human
immunodeficiency virus, hepatitis B, C, and E, syphilis, and
autoimmune diseases including angiotensin-converting enzyme,
anti-nuclear antibody, double-stranded DNA, anti-Ro, anti-La,
and anti-neutrophil cytoplasmic antibody were negative. An
initial nerve conduction study (NCS), performed 2 months
after symptom onset, showed a decrease of compound muscle
action potential amplitude in the left musculocutaneous nerve
(Figure 2A, recording of the biceps brachii muscle) and axillary
nerve (Figure 2B, recording of the deltoid muscle) and a
significant asymmetry of sensory nerve action potentials of the
left lateral antebrachial cutaneous nerve (2.0 V) compared to
the right side (5.0 V). NCS findings of the bilateral median,
ulnar, peroneal, tibial, and sural nerves were normal. Needle
electromyography (EMG) showed various degrees of denervation
potentials in bilateral infraspinatus, supraspinatus, left deltoid,
left triceps, left extensor digitorum, and left flexor carpi radialis
muscles. There was reduced recruitment of motor unit in bilateral
serratus anterior and right deltoid muscles. The results of
initial electrophysiological studies suggested the involvement of
bilateral upper and middle trunks (C5-C7) of the brachial plexus,
particularly a more severe involvement of the left brachial plexus.
Ultrasound with a 18-6-MHz linear transducer was performed
on the same day as NCS/EMG and showed no swelling in the
brachial plexus, median, radial, ulnar nerves. Magnetic resonance
imaging of the brachial plexus was carried out 3 days after
NCS/EMG, showing mild swelling without enhancement at the
cord level of the left brachial plexus. Based on the clinical history
of the acute intense pain of shoulders and weakness of upper
limbs with preceding weight loss, considering the involvement
of bilateral upper and middle branches of brachial plexus in the
electrophysiological studies and having excluded other causes by
imaging and serological studies, a diagnosis of diabetic NA was
made. Oral steroid (1 mg/kg) was administered 9 weeks after
symptom onset and tapered over 4 weeks. Bilateral shoulder pain
and weakness, except for weakness of the left wrist and finger
extensors, improved. In the follow-up study of the left axillary
(Figure 2C) and musculocutaneous (Figure 2D) nerves 4 weeks
after the initial study, the amplitude of compound muscle action
potential was improved. However, on the conduction study of
the left radial nerve that was not included in the initial study,
we detected a conduction block between the spiral groove and
the elbow (Figure 2E, recording of the extensor indicis muscle).
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FIGURE 1 | Muscle atrophy of bilateral supraspinatus and infraspinatus. The bilateral infraspinatus fossae are dented, with greater severity on the right side (arrow).

The nerve action potentials of bilateral superficial radial sensory
nerves were symmetric. A 4-week follow-up ultrasound revealed
constriction of the left posterior interosseous fascicle within the
left radial nerve at 1.5cm proximal to the lateral epicondyle
(Figures 3A-D). Surgical exploration for nerve constriction was
considered but refused by the patient. Therefore, low-dose oral
steroids and a rehabilitation program were continued for another
2 months. A 5-month follow-up NCS revealed a persistent
conduction block of the left radial nerve (Figure2F). The
weakness of the left wrist and finger extensors was unchanged
(MRC 2/5), but other remaining upper limb muscles were
normal, except for the left shoulder abduction (MRC 4/5), left
elbow flexion (MRC 4/5), and extension (MRC 4/5). Surgical
exploration was performed 6 months after symptom onset
and confirmed fascicular constriction at the area identified by
ultrasound, for which interfascicular neurolysis was performed
(Figures 3E,F). During the 16-month follow-up, the weakness in
the wrist and finger extensors did not improve (MRC 2/5). We
considered a tendon transfer to improve hand function a year
after neurolysis, but the patient did not want secondary surgery.

DISCUSSION

Brachial NA remains unfamiliar to many physicians who often
diagnose such patients with glenohumeral bursitis or cervical
radiculopathy. Such a delay in diagnosis of NA can lead to
suboptimal treatment in the acute stage (2, 4). The minimum
incidence of NA is one to three cases per 100,000 individuals
in the general population (7, 8); however, under-recognition
and misdiagnosis are frequent, and the incidence recently has
been estimated to be 1 per 1,000 per year (9). The precise
pathophysiological mechanism remains unclear but is thought to
result from an underlying genetic predisposition, a susceptibility
to mechanical injury, and immune or autoimmune triggers for
the attacks (2). Patients with diabetes mellitus sometimes present
with acute or subacute, progressive, asymmetrical pain, and
weakness of the proximal lower limb muscles, known as diabetic
amyotrophy, Bruns-Garland syndrome, or diabetic lumbosacral
radiculoplexus neuropathy (RPN) (10). Diabetic RPN can affect
the upper limb, which shares many clinical features with NA (11).
Massie et al. reported that diabetic cervical RPN had autonomic
features, more frequent weight loss, co-occurring thoracic and
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of the left radial nerve.

FIGURE 2 | Motor nerve conduction study (NCS). An initial NCS (A,B) shows a reduced amplitude of compound muscle action potentials (CMAPS) of the left
musculocutaneous nerve (A: 1.1 mV, recording of the biceps brachii muscle) and left axillary nerve (B: 0.5 mV, recording of the deltoid muscle). A 1-month follow-up
NCS (C-E) shows the improved amplitude of CMAPs of the left axillary nerve (C: 10.2 mV), the left musculocutaneous nerve (D: 13 mV), and a conduction block of the
left radial nerve (recording of the extensor indicis muscle) between the elbow and spiral groove (E). A 5-month follow-up NCS (F) reveals a persistent conduction block

FIGURE 3 | Ultrasound images from cine clips of the left radial nerve in the short axis show a normal posterior interosseous fascicle (arrowhead) within the radial nerve
(A), swelling (arrowhead) is noted as the nerve is traced proximally (B), followed by fascicular constriction (arrow) (C), and a swollen fascicle (arrowhead) proximal to
the constriction (D). Intraoperative photograph shows partial constriction (E) of radial nerve before branching posterior interosseous and superficial radial sensory
nerves proximal to the lateral epicondyle. After neurolysis, constriction (F) of the posterior interosseous fascicle was discovered.

lumbosacral RPN, more involvement outside of the brachial
plexus, and more involvement of the lower trunk of the brachial
plexus (11). However, other researchers suggested that NA in
diabetic patients is merely a chance occurrence (2, 4). Recent
studies suggested that NA and diabetic RPN are variants of non-
systemic vasculitic neuropathies, but whether diabetic NA should
be separated from idiopathic NA is a matter of ongoing debate
(12, 13).

In several recent studies, persistent pain and paresis were
experienced by up to two-thirds of patients with idiopathic NA
(1, 2). Since first reported by Abe et al. (14) nerve constriction
has been established as an unexplained surgical finding in

various nerves of the upper extremity (15). Pan et al. first
reported a surgical finding of hourglass-like constriction of
the upper-extremity nerves in patients with typical symptoms
of NA and no spontaneous recovery (6). Surgical treatment
resulted in generally good recovery, and this nerve constriction
or nerve torsion may be a clue for poor prognosis in
some patients with NA (3, 15). The pathogenesis of nerve
constriction and torsion is unclear but is considered due to local
inflammation, which can cause intrafascicular edema, adhesion,
and local fixation of fascicles, resulting in the thinning and
constriction of nerve and making the nerve susceptible to
torsion (5, 16, 17).
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NA has been considered a predominantly clinical diagnosis,
based on the characteristic history and physical findings, (1, 4)
and laboratory tests are of little diagnostic value (2). Many
clinicians are generally considering electrophysiological studies
as the first test to diagnose brachial NA. However, the sensitivity
of NCS for this disorder is very low, and EMG commonly
produces negative results due to sampling error (18). With the
introduction of improved imaging methods such as magnetic
resonance imaging and high-resolution ultrasound in the
diagnostic workup of NA, distinct structural nerve pathologies
have been identified as pathognomonic in NA patients (5, 6, 15,
19, 20). Aranyi et al. identified abnormal ultrasound findings
in 74% of patients with NA (3). In their report, four types of
abnormalities were classified as swelling without constriction,
swelling with incomplete constriction, swelling with complete
constriction, and fascicular entwinement. Nerve swelling is
recognized easily on ultrasound, irrespective of constriction, and
so is rotational nerve torsion. However, fascicular constriction
within the parent nerve can be missed in the ultrasound without
high-index suspicion.

Although it is still controversial when surgical treatment
should be performed, surgical treatment should be considered
for patients who did not show spontaneous recovery by 3
months after onset (5, 12, 21-23). Furthermore, if severe
constrictions with nerve torsion and fascicular entwinement
are identified through ultrasound before the 3-month interval,
early intervention may be justified as spontaneous recovery is
not to be expected in these cases (3). The choice of optimal
surgical treatment for the patient with nerve constriction
depends on the age, delay repair interval, and severity of
constriction (23, 24). Surgical treatments include interfascicular
neurolysis, tendon transfer, and neurorrhaphy or autografting.
Intrafascicular neurolysis is suggested for mild to moderate
constriction and nerve reconstruction for severe constriction
(12, 23). Previous studies have noted that younger patients
had a higher chance for good recovery, while patients aged 50
or older more frequently showed unfavorable results (12, 23,
24). Moreover, Ochi et al. suggested interfascicular neurolysis
together with tendon transfer for patients over 50 years old with
no sign of recovery or the younger group with a delay repair
interval of more than a year (24).

The development of nerve constriction irrespective of torsion
in brachial NA might be a sign of poor prognosis (15).
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Amyotrophic Lateral Sclerosis (ALS) is a fatal neurodegenerative disease affecting motor
neurons. Although its etiology is still unknown, many genes have been found to be
implicated in ALS pathogenesis. The Cu/Zn superoxide dismutase (SOD7) gene was the
first to be identified. Currently, more than 230 mutations in the SOD7 gene have been
reported. p.D90A (p. Asp90Ala) is the most common SOD7 mutation worldwide. It shows
both autosomal and recessive inheritance in different populations. To date, five Italian
patients with the heterozygous p.D90A mutation have been reported. None of them
complained of laryngological symptoms as the initial manifestation of ALS, although they
had atypical clinical features. We describe a long-survival patient carrying heterozygous
p.D90A mutation who presented with severe laryngospasm due to bilateral vocal cord
paralysis. We suggest that genetic analysis may help to diagnose ALS with insidious
onset like hoarseness, laryngospasm, and other type of voice disturbances.

Keywords: Amyotrophic Lateral Sclerosis, SOD1, p.D90A, laryngospasm, case report

INTRODUCTION

Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disorder that affects the upper and
lower motor neurons in the spinal cord, brainstem, and motor cortex (1). Its etiology is still
unknown, but it is now accepted to be based on a complex interplay between environmental factors
and genetic background (1). Most cases of ALS are sporadic (SALS), while about 10% of cases
are familial (FALS), even though SALS and FALS are clinically identical and have both a genetic
basis (1). In 1993, Rosen et al. discovered the first ALS-associated gene, SODI, that is located on
chromosome 21q22.11 and encodes a Cu/Zn-binding superoxide dismutase (2-4). To date, more
than 230 mutations have been reported to be ALS-associated, but it is still controversial whatever
all of them are disease-causative (3, 4).
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Currently, p.D90A (p.Asp90Ala) is the most common
SODI mutation (3, 4) and is inherited as both a recessive
and dominant trait in different populations (5). In northern
Scandinavia, p.D90A heterozygous carriers are unaffected, while
they developed ALS in Belgium (5).

In Italy, five patients carrying the heterozygous p.D90A
mutation have been reported (6-9).

We herein report the heterozygous p.D90A mutation in
a long-survival patient with ALS and laryngospasm as the
initial manifestation.

CASE PRESENTATION

A 58-year-old male was admitted to our department in
May 2016 because of a 12-year history of progressive
muscle weakness in the upper limbs. Family history for
neurodegenerative diseases was negative. He was diagnosed
with Gilbert syndrome and mild tricuspid valve regurgitation
and he suffered from tachyarrhythmia and dyspepsia due to
esophagitis. He presented with hypophonia due to a bilateral
vocal fold paralysis occurred in 1999. Electromyography
(EMG) showed a bilateral axonal neuropathy involving the
superior and recurrent laryngeal nerves, especially on the left.
As laryngeal spasms caused episodes of respiratory failure,
he underwent a left laser posterior cordotomy. He began to
suffer from low back pain after an accidental fall due to a
disc herniation at L5-S1. Furthermore, mild postural tremor
affecting the hands appeared and neurological examination

showed muscle weakness in the proximal segments of the
upper limbs. He was initially diagnosed with spinobulbar
atrophy. Genetic tests for Kennedy’s disease were negative.
Furthermore, Brown-Vialetto-Van Laere syndrome was ruled
out ex juvantibus by administering high-dose riboflavin and then
by molecular analysis.

At first neurological examination, he had bilateral muscle
weakness and hypotrophy of the proximal segments of the upper
limbs, especially of the deltoids (Medical Research Council,
MRC 3+ on the right side, 4— on the left side), of the both
biceps brachii (MRC 34) and triceps brachii (3—). Muscle
strength was preserved in the distal segments of the arms.
Triceps reflex was absent, while the other tendon reflexes of the
upper limbs were normal. Lower limbs show no pathological
signs except bilaterally decreased ankle jerk reflexes. Flexor
plantar responses were assessed bilaterally. No fasciculations
were detected. Cranial nerves were normal and there are no signs
of sensory impairment. Magnetic Resonance Imaging (MRI) of
the chest and cervical spine showed bilateral changes in the
muscles of the rotator cuff, especially on the right, depending on
a chronic neurogenic damage, and degeneration of the inferior
roots of the brachial plexus. EMG and electroneuronography
(ENoG) revealed diffuse motor axonopathy in spinal and bulbar
regions with fasciculation potentials and denervation activity at
rest, especially in the right deltoid, in the left thyroarytenoid
muscle and in the thoracic paraspinal muscles on both
sides. Sensory evoked potentials (SEPs) were normal. Routine
laboratory investigations showed high levels of serum creatine

Brown-Vialetto-Van
Laere syndrome were
ruled out by genetic
analysis

Kennedy’s disease and

1999 > Early 2000s > 2016 2019 >
Atage42, Progressive muscle Atage 58, Atage 61,
- weakness in the upper
Hypophonia and limbs Admission to our Asymmetric muscle
laxy.ngospasms e to department and weakness in distal
a bilateral vo.cal fold diagnosis of motor muscles of the ams,
paralysis neuron diseasewith ~ proximal and distal leg
predominant LMN muscles and neck flexor
phenotype muscles. Brisk patellar

FIGURE 1 | Sanger sequencing electropherogram; “*” shows the variant ¢.272A>C in the exon 4 of SOD1 in the patient.

reflexes

Genetic analysis ALSFRS-R score:

revealed heterozygous 38/48
D90A mutation in (11,8, 3,6, 10).
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kinase (359 UI/l; n.v.: 39-308). A diagnosis of motor neuron
disease with predominant lower motor neuron phenotype
was made.

The patient’s disease progression was monitored at 3-
month intervals by testing muscle strength and performing
ALSFRS-R (ALS-Functional Rating Scale Revised). Disease
course was slowly progressive and he was clinically
stable (Figure 1).

After a 3-year follow up, clinical examination showed
weakness of neck flexor muscles (MRC 4), of proximal segments
of the upper limbs (MRC 3-4), of the opponens pollicis muscle
bilaterally (MRC 4), of the left iliopsoas, of the left peroneal
muscles and of the left plantar flexors muscles (MRC 4, 5). Right
plantar response was indifferent, while patellar reflexes spread
to adductor muscles of the thigh. He complained of dysphagia
and weight loss. According to the revised El Escorial criteria, a
diagnosis of probable ALS-laboratory supported was made. The
ALSFRS-R score was 38/48 (4, 7, 9-11).

GENETIC ANALYSIS

After obtaining a written informed consent, Next Generation
Sequencing (NGS) analysis was performed, using a customized
panel of 174 genes related to neurodegenerative diseases as
described in the Supplementary Material. We identified the
heterozygous variant g.12669A>C, ¢.272A>C in the exon 4 of
the SOD1 gene resulting in the amino acid change p.Asp90Ala

R /qu
\/\J\/\M/&\/\/\/\ﬂ/\/ )

FIGURE 2 | Timeline with relevant data from the episode of care.

(Figure 2). The c.272A>C mutation was then confirmed by
Sanger sequencing.

DISCUSSION

In this study we described an ALS patient presenting with
laryngospasm as disease onset and a predominant lower motor
neuron phenotype involving the proximal segments of the upper
limbs. The clinical course was slowly progressive, according to
previous evidence of longer survival in patients with a lower
motor neuron phenotype (12).

Genetic analysis showed a heterozygous p.D90A mutation of
the SODI gene.

To date, five Italian patients with the heterozygous p.D90A
have been reported (6-9) (Table 1). They had a spinal onset
involving lower and/or upper limbs typically with muscle
weakness at an average age of 46, 6 years. Neurological
examination showed both upper and lower motor neuron signs.
Two patients complained of sensory disturbances. The disease
onset did not show vocal cord paralysis in any patient except our
case (6-9). Although this variant is not associated with a distinct
phenotype, Origone et al. concluded that patients carrying the
heterozygous p.D90A mutation have atypical clinical features. So,
they suggested to perform molecular analysis looking for SOD1
mutations in both SALS and FALS patients with atypical disease
onset (8).

Although voice disturbances are rare, they are an insidious
type of ALS onset (11).

Laryngological symptoms included: hoarseness,
dysphonia, hypophonia/aphonia, non-productive cough,
and life-threatening conditions as inspiratory stridor
and laryngospasm.

Chen and Garrett demonstrated that a significant number
of ALS patients with bulbar onset are initially referred
to otolaryngologists. One thousand seven hundred fifty-nine
patients were evaluated at a voice center from 1998 to 2003:
<1% later received a diagnosis of ALS. In contrast, 20% of
220 ALS patients seen at the neurological clinic had bulbar
onset and about half of them complained of dysphonia. When

TABLE 1 | Clinical features of ALS patients carrying the heterozygous p.D90A-SOD17 mutation in the Italian population.

Sex Familiarity = Age of onset Site of onset Type of onset Early sensory Bulbar involvement
(years) symptoms
Battistini et al. (6) M Yes 42 Spinal (lower Sensory-motor neuropathy Yes No
limbs)
Luigetti et al. (9) M No 45 Spinal (lower Fasciculations No Pseudobulbar sign
limbs) Gait impairment
Origone et al. (8) M No 41 Spinal (lower Weakness No Spastic dysarthria
limbs) Gait impairment Moderate dysphagia
Giannini et al. (7) M No 58 Spinal Weakness and atrophy of No No
the left hand
Leg cramps
Giannini et al. (7) F No 47 Spinal Foot drop Yes Dysarthria
Dysphagia

M, male; F, female.
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dysphonia was found, patients were initially referred to an
otolaryngologist rather than a neurologist. Unfortunately, they
were often misdiagnosed due to previous misleading diagnoses,
dysarthria mistaken for dysphonia, subtle symptoms, and signs of
neuromuscular disease overlooked by physicians. Therefore, the
authors concluded that ALS diagnosis is a significative challenge
in the otolaryngology practice (11).

Vocal cord problems may present with acute dyspnoea due
to glottic narrowing or even glottic occlusion (10). In ALS,
glottic narrowing has been supposed to depend on two types
of vocal cord dysfunction: the supranuclear non-paralytic type
causing an overactivity of vocal cord adductors and/or the
infranuclear paralytic type consisting in neurogenic atrophy and
weakness of the posterior cricoarytenoid muscle (10). Glottic
narrowing is clinically symptomatic, resulting in inspiratory
stridor, especially at an early disease stage in patients with a good
vital capacity (10).

Laryngospasm is defined as a rapid and involuntary closure
of the larynx (10). It is well-known that it may occur
during intubation/extubation procedures and during disease
progression probably due to a combination of gastro-esophageal
reflux disease (GORD), aspiration of gastric contents, and
dysphagia (10, 19). Diet modifications and pharmacological
therapy with prokinetic agents and proton pump inhibitors (PPI)
are recommended (19).

Instrumental assessment consists in laryngoscopy and
laryngeal electromyography (10).

Changing to an wupright position of the trunk,
stabilizing the body through the fixation of the arms and
slowly breathing are sufficient maneuvers to shorten the
spasm episode (19).

Treatment of life-threatening vocal cord disturbances
ranges from intubation and cricothyroidotomy to tracheotomy
according to patient’s advance directives (10).

Among neuromuscular diseases, laryngospasm is common at
an early stage of Kennedy disease, while it is essentially a rare type
of ALS onset (20).

In addition to our patient, literature reported other cases of
ALS patients experiencing laryngospasm as initial manifestation
of ALS (10, 11, 20).

It should be emphasized that vocal cord dysfunction occurs
also in ALS patients without major bulbar involvement, as in the
case of our patient (10, 21).

SALS and FALS patients presenting with laryngological onset
has been reported to carry a missense mutation in the SODI gene,
as shown in Table 2 (13-18).

Hermann et al. described a patient with hoarseness
and muscle weakness in the proximal segments of the
upper limbs at onset. As our patient, he had a bilateral
compromission of vocal folds and a predominant lower
motor neuron phenotype although upper motor neuron
signs were present too. However, the disease progression
was different from our case and the patient died 15
months after disease onset. Genetic analysis revealed a
heterozygous missense mutation ¢.337 A>T in exon 4 of
the SODI gene. Authors suggested a pathogenic role for this
mutation (17).

TABLE 2 | Previously reported ALS patients carrying missense SOD7 mutations and presenting with voice disturbance.

p.1H51T p.H13F p.G147S

p.A4V

p.D101Y

p.1149T

Variant in

Kostrzewa et al. (16) Hermann et al. (17) Origone et al. (18)

Salameh et al. (15)

Fukae et al. (13) Tan et al. (14)

protein/reference

FALS FALS SALS

FALS

FALS

FALS

Familial/Sporadic ALS

Sex

48 49 56

73

57

43

Age at onset (yy)

Episodic dyspnoea and

Hoarseness due to

Dysarthria and dysphagia

Slurred voice

Hoarseness due to bilateral vocal

cord paralysis

Hoarseness due to bilateral

vocal cord paralysis

Type of laryngological onset

hoarseness due to bilateral

bilateral vocal cord
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Table 2 summarizes other patients affected by motor neuron
disease with voice disturbances as disease onset. Most of them
presented with hoarseness and had a rapid progressive disease
course and none of them carried the same mutation as our
case. Some of them showed a predominant lower motor neuron
phenotype (14, 15, 18).

CONCLUSION

ALS onset may be insidious and subtle including laryngological
symptoms like hoarseness, dysphonia, inspiratory stridor, and
laryngospasm. Therefore, many ALS patients are initially referred
to an otolaryngologist rather than a neurologist. Although the
role of genetic testing is still controversial in clinical practice, our
findings suggest that molecular analysis of the SODI gene may be
indicated in ALS patients with laryngological onset.
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Trigeminal sensory neuropathy can be caused by a variety of conditions, including
local, traumatic, iatrogenic, or systemic causes. Diagnosis and management remain
a challenge for maxillofacial surgeons and neurologists. Therefore, a good clinical
examination and objective tests and imaging are needed when diagnosing patients
who present with facial numbness. We present a case with spontaneous episodes of
facial paresthesia. He was diagnosed with hereditary neuropathy with liability to pressure
palsies (HNPP), a rare condition that affects the peripheral nerves. Only a few case reports
that describe involvement of the cranial nerves in patients with HNPP were found in the
literature, and facial paresthesia has not been previously reported.

Keywords: paresthesia, hereditary neuropathy with liability to pressure palsy, trigeminal neuropathy, PMP22
deletion, case report

INTRODUCTION

According to the International Association for the study of Pain (IASP) terminology (1), paresthesia
is defined as an abnormal sensation, whether spontaneous or provoked. It is not considered
unpleasant, in contrast to dysesthesia, which is preferentially used to describe an abnormal
sensation that is considered unpleasant. Paresthesia is frequently encountered in clinical practice
by maxillofacial surgeons and neurologists, though diagnosis and management can be challenging.
The condition has a broad differential diagnosis, which often makes it difficult to find the
cause. Local, traumatic, or iatrogenic factors are the most common causes of paresthesia in the
maxillofacial region, and systemic causes are rare (2). We report the case of a patient who presented
with spontaneous episodes of facial paresthesia and was diagnosed with hereditary neuropathy with
liability to pressure palsies (HNPP). The involvement of cranial nerves has seldom been described
in case studies of HNPP. The purpose of this case report is to review this rare presentation and
to examine the process for differential diagnosis in a patient with spontaneous paresthesia in the
distribution area of the trigeminal nerve.

CASE DESCRIPTION

A 25-year-old Afro-American male was referred to the Department of Oral and Maxillofacial
Surgery by his family doctor because of recurrent episodes of facial paresthesia. These episodes
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TABLE 1 | Quantitative sensory testing according to the DFNS protocol.

Variable
VAS pain score 0/10
Allodynia -
Hyperpathia .
Hyperalgesia -
Hypoesthesia -
Paresthesia +
Affected dermatome, % 0
Directional sense 10/10
Stimulus localization 5/5
Subjective score 10/10

Left Right
Mechanical pain threshold (Von Frey filaments), mN 0.08 0.08
Tactile threshold, mN 64 64
Two-point discrimination, mm 5 5
Temperature testing
Cold detection threshold, °C 321 315
Warm detection threshold,”C 44.6 39.8
Cold pain threshold, °C 0 4.2
Heat pain threshold, °C 44.4 43.5

VAS, visual analogue scale; mN, Millinewton.

spontaneously started 3 months prior and were observed for the
first time after severe alcohol consumption. They could develop
any time during the day, but mostly occurred during meals and
long conversations. The paresthesia was reported bilaterally in
the distribution area of the mandibular nerve, particularly the
mental and auriculotemporal nerve. No pain or hypoesthesia
was described. He did not have recent dental treatment. These
complaints impeded his daily life and professional activities due
to concentration problems. A few weeks earlier, he experienced
hypoesthesia in the left little finger, left foot, and the medial side
of the left wrist for approximately 1 week. These symptoms were
often encountered in the past, but never lasted as long as 1 week.
The family doctor prescribed corticosteroids, but this did not
improve the symptoms.

The patient’s medical history included heterozygote sickle cell
trait (HbAS) and alpha-thalassemia minor, for which he was
scheduled for regular routine follow-ups with his hematologist.
He had a history of smoking (2 pack-years). He had experienced
tinnitus of unknown etiology for more than 4 years. In addition,
the patient followed up regularly with a cardiologist for a second-
degree atrioventricular block type 1. At 21 years old, he was
diagnosed with HNPP. Genetic analysis of PMP22 confirmed
deletion of the chromosome 17p11.2 region. Electromyography
(EMG) of the upper and lower limbs showed multifocal
demyelinating anomalies with diminished sensory and motor
conduction velocity. In this regard, he occasionally encountered
transient episodes of muscle weakness and hypoesthesia in the
arms and legs, as mentioned earlier.

Upon clinical examination, the trigeminal and facial nerves
were normal. Symptoms could not be elicited. There were no

clinical signs of a disorder in the temporo-mandibular joint,
and further clinical examination was normal. A panoramic
radiograph and lateral head film showed no aberrancies except
horizontally impacted wisdom teeth. Blood analysis showed
microcytic hypochromic anemia, which can be attributed to the
alpha-thalassemia minor. He had no vitamin deficiencies. HIV
infection, hepatitis B, and syphilis were excluded by appropriate
tests. Before our exam, he had been assessed by the neurology
department. This showed a symmetric motor function of the
facial nerve, normal sensibility of the trigeminal nerve and a
normal examination of the remaining cranial nerves. Strength
testing revealed a reduced flexion strength of the left little finger
and reduced extension strength of the left great toe. On the left
side the little finger and medial side of the hand as well as the
upper side of the left foot showed a diminished light touch and
pinprick sensibility. Vibration perception of the left hand and
foot was normal. The right side was completely unremarkable.
Coordination of a heel-shin slide and finger-to-toe test was
normal. The reflexes were symmetric. An EMG of the left ulnar
and median nerve did not yield pathological findings other than
the known HNPP. Blink testing of the facial muscles were within
normal limits. Quantitative sensory testing (QST) according to
the DFNS protocol (3) revealed thermal sensory disturbances
in the trigeminal distribution. On the right side, the cold pain
threshold was increased, and the warmth detection threshold was
clearly lower (Table 1). Magnetic resonance neurography (MRN)
of the trigeminal nerve showed slightly increased nerve calibers
and signal intensities, more pronounced on the right inferior
alveolar nerve (IAN) (Figure 1). Intramuscular injections with
vitamin B complex once a week were prescribed. After 6
weeks the patient reported improvement of his symptoms. The
episodes of facial paresthesia were decreased in number and
intensity and did no longer impeded his daily life activities.
Vitamin B supplements were interrupted without recurrence or
exacerbation of symptoms.

DISCUSSION

Finding the cause of trigeminal sensory neuropathy can be a
diagnostic challenge because it can be caused by a variety of
disorders. The main causes of paresthesia in the maxillofacial
region are dental in origin (2), whereas other systemic causes
include demyelinating diseases, connective tissue diseases,
systemic infection, and primary or metastatic malignancies, and
can even be the first manifestation of multiple sclerosis (5).
Forty-eight percent of dental causes have been attributed to
a dental procedure and involve the IAN and lingual nerves
(2). In this case, dental causes were excluded by clinical and
radiological examination. A differential diagnosis was made
between sickle cell disease (SCD), thalassemia minor, and HNPP
as the possible cause of the idiopathic bilateral facial paresthesia.
Other neurological causes were excluded by the Department
of Neurology.

SCD is a group of hematological disorders that cause sickle-
shaped erythrocytes to disrupt the blood flow in small vessels
(6). This can lead to an acute vaso-occlusive sickle-cell crisis,
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FIGURE 1 | Magnetic resonance neurography of the mandibular nerve on a
3T Philips Ingenia with standard 32 channel head coil (Philips, Best, the
Netherlands) applying a 3D CRANI sequence (4). The image was
reconstructed using maximum intensity projection and multiplanar
reformatting. Note the slightly increased nerve calibers and signal intensities,
which are more pronounced on the right inferior alveolar nerve.

characterized by tissue ischemia, inflammation, and periodic
episodes of pain. Clinically evident peripheral nervous system
involvement is uncommon in SCD patients. However, subclinical
peripheral nerve association has been described (7). Gadallah
et al. (8) also concluded that trigeminal neuropathy may be
associated with SCD, either subclinically or symptomatically.
Few case reports (9, 10) have described a relationship between
SCDs and mental nerve neuropathy. Most reported cases had a
homozygous (HbSS) or compound heterozygous (HbSC) form
of the disease. The patients presented with bone pain crises at
the mandible, followed by a burning sensation and numbness of
the lower lip. It is thought that a vaso-occlusive sickle cell crisis
may cause painful neuropathy due to nerve ischemia, infarction,
or from compression as a result of bone infarct or osteomyelitis
of the mandible (8). The patient in this case report was known
to have the sickle cell trait, which is strictly not a form of SCD
(6). He did not encounter the bone pain crises that often precede
paresthesia or numbness. Thus, SCD was excluded as a cause of
his symptoms.

Alpha-thalassemia is an inherited hemoglobinopathy
characterized by impaired synthesis of alpha-globin chains,
leading to excess beta-globin chains (11). This deficient
production most frequently results from a deletion of one
or more alleles (HBA1 and HBA2). The clinical presentation
can vary depending on the number of affected alleles. Thus,
alpha-thalassemia can be classified into different subtypes:

silent alpha-thalassemia, alpha-thalassemia minor (or alpha-
thalassemia trait), hemoglobin H disease (HbH), and hemoglobin
Bart’s hydrops fetalis. Alpha-thalassemia minor, the subtype
in this case, is caused by a two-gene deletion, one in each
chromosome, which causes microcytosis and hypochromia
with absent or mild anemia, generally with no other symptoms.
To the best of our knowledge, there are no records describing
a correlation between alpha-thalassemia and peripheral
neuropathy. In contrast to alpha-thalassemia, limited studies
have (12, 13) reported an association between beta-thalassemia
and sensory axonal polyneuropathy affecting the distal segments
of the nerves. This phenomenon seems to increase with age,
possibly be due to chronic anemia (13). Other hypothetical
causes of this neuropathy are iron overload, neurotoxicity
of the drug desferriosamine, and bone marrow expansion
(14). The patient in this case did not present with any of the
aforementioned hypothetical causes of neuropathy in beta-
thalassemia. He was diagnosed with alpha-thalassemia minor,
which has no proven association with peripheral neuropathy.
Therefore, alpha-thalassemia minor was ruled out as a cause of
the symptoms.

HNPP is an autosomal dominant disorder that affects the
peripheral nerves and is characterized by recurrent episodes of
transient mononeuropathy, usually provoked by minor trauma
(15). It has a prevalence of 7-16 per 100,000 individuals
and is frequently underdiagnosed due to the heterogeneity of
the clinical and electrophysiological presentation (16). HNPP
is caused genetically by a 1.5Mb heterozygous deletion of
the chromosome 17p11.2-p12 region, including the peripheral
myelin protein-22 gene in the majority of cases. Symptoms
usually start during adolescence or young adulthood and
include episodes of numbness, paresthesia, muscle weakness, and
atrophy. The neuropathological presentation includes segmental
de- and re-myelination, tomaculous or sausage-like formations
with typical segmental thickening of myelin, and diminished
conduction velocity and amplitude of the potentials along motor
and sensory nerves (17, 18). Electrodiagnostic, histopathological,
and genetic testing are essential in diagnosing HNPP (15). The
most frequently affected nerves are the median, ulnar, radial, and
peroneal nerves, or the brachial plexus at sites commonly exposed
to trauma or entrapment due to their anatomical locations (17).
Cranial nerves are usually not involved. Only a few case reports
(19-24) have described the involvement of the facial, hypoglossal,
and other cranial nerves (Table 2).

Swallowing dysfunction and vocal cord paralysis have been
described in HNPP in relation to hypoglossal neuropathy or
recurrent laryngeal nerve palsy (21-23). Recurrent facial palsy
was described as a first clinical manifestation in a family
diagnosed with HNPP (19). The anatomy of the facial nerve
leads to physiological entrapment sites, particularly in its intra-
temporal portion, and makes it vulnerable to pressure palsies
(20). To the best of our knowledge, facial paresthesia in HNPP
has not been reported previously. These patients are predisposed
to nerve demyelination, causing the slightest pressure, stretch,
or repetitive movement to induce neurological impingement.
This patient was previously diagnosed with HNPP, which was
confirmed by genetic screening. He sometimes experienced
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TABLE 2 | Case reports in the literature describing cranial nerve involvement in patients with HNPP.

Study Sex Age Family history Other/previous Cranial nerve Symptoms Causative Confirmed by Follow-up
(years) episodes involvement incident molecular
genetic analysis
Corwin and Girardet Male 74 None 4 episodes of right foot Hypoglossal nerve Dysarthria, inability Bilateral carotid Yes 5 years: remaining
21) drop following minor to protrude or endarterectomy sensation of
lower extremity trauma move the tongue swelling of the left
laterally, left tongue tongue, atrophy of
fasciculations the right tongue,
curling of the
tongue tip to the
left
Poloni et al. (19) Male 16 Father diagnosed Left inferior peripheral Facial nerve Facial palsy / Yes All episodes
with HNPP facial palsy, complete recovered in a few
right facial palsy, left weeks
peroneal deficit,
transient right radial
deficit
Ohkoshi et al. (23) Female 19 Father and brother 2 episodes of hand Recurrent Aphonia and Sleeping in the Yes Complete recovery
diagnosed with drop, with bilateral laryngeal nerve hoarseness, prone position the after 6 weeks,
HNPP severe weakness of dysphagia, night before both hand drops
wrist extensor muscles aspiration of food remained
and finger extensor and drink into the
muscles and mild trachea
paresthesia on the
radial side of both
hands and forearms
Iwasaki et al. (20) Female 40 None 5-year history of CNS (trigeminal, Dysesthesia in the / Yes /
increasing weakness in facial, and left forehead,
the lower extremities hypoglossal weakness of
and deteriorating gait nerves) bilateral facial
due to sensation of muscles, no
heaviness in her legs protrusion of the
tongue possible
Winter and Juel (22) Female 19 Mother diagnosed None Hypoglossal nerve Dysphagia, lingual Sleeping in a Yes Complete recovery
with Charcot- dysarthria, tongue seated position, in 10 days
Marie-Tooth weakness, tongue supporting the
disease deviation to the head with her right
right with palm
protrusion
Lorenzoni et al. (24) Male 4 Sister and nephew Recurrent episodes of Recurrent Swallowing None Yes Spontaneous
similar symptoms, mononeuropathies laryngeal nerve, dysfunction improvement after

no proven HNPP

affecting mainly the
ulnar, radial and
peroneal nerves
followed by
spontaneous
improvement since the
age of 12 years

hypoglossal nerve

few weeks, but
with residual
dysfunction when
drinking liquid

‘[e 18 X003 e

ddNH PUe Biseyiseled [eloe


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

De Kock et al.

Facial Paresthesia and HNPP

recurrent episodes of muscle weakness and hypoesthesia in the
arms and legs. As episodes of paresthesia are a symptom of
HNPP and it is a slow progressive disorder, this facial paresthesia
could be part of further progression of the disease. In this case,
chewing and long conversations, which are repeated movements,
could be a causative factor. Furthermore, QST and MRN showed
changes in the trigeminal nerve, which could indicate a small
fiber neuropathy. Currently, no treatment is available for HNPP
(15). Patients usually recover from their symptoms, though it can
sometimes take several months. Current management focuses
mainly on preventing damage to the peripheral nerves. Activities
that may provoke pressure palsies, such as prolonged sitting with
crossed legs, repetitive movements of the wrist, and prolonged
leaning on elbows, should be avoided.

CONCLUSION

Clinical diagnosis and management of patients with spontaneous
facial paresthesia remains a challenge for maxillofacial surgeons.
Etiology can differ, but HNPP has never been reported among
the known possible causes. After exclusion of local or iatrogenic
etiologies, systemic or neurological causes should be considered.
A good clinical examination and objective tests and imaging
are imperative in obtaining an accurate diagnosis. Even though
the presentation is rare, physicians should consider HNPP
in the differential diagnosis of transient idiopathic trigeminal
mononeuropathy, especially in the context of recurrent pressure
palsies, distal extremity weakness, reduced tendon reflexes, or
family history of hereditary neuropathy.
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Case Report: A Patient Diagnosed
With Miller Fisher Syndrome and
Myasthenia Gravis at the Same Time

Nan Chen, Hanyu Cai and Jianhua Cheng*

Department of Neurology, The First Affiliated Hospital of Wenzhou Medical University, Wenzhou, China

In this case report, we describe a patient who was first diagnosed with Miller Fisher
syndrome (MFS) combined with myasthenia gravis (MG). A 58-year-old male patient
presented with acute dysarthria with dizziness, ophthalmoplegia, absence of deep
tendon reflexes in the extremities, and ataxia. Lumbar puncture 1 week after onset
showed albuminocytologic dissociation and serum antibodies against GQ1b and GT1a
turned out to be positive. Ultimately, the patient was diagnosed with MFS, which is
a rare variant of Guillain-Barre syndrome. Because the clinical manifestations of the
patient could not exclude MG, electromyography, and serum muscle weakness antibody
profile were performed. The results showed positive for axillary nerve repetitive electrical
stimulation and antibodies against acetylcholine receptor (AChR) and titin were detected,
so the patient was diagnosed with MG at the same time. Even though only five cases
of overlapping MFS and MG so far have been described, two different autoimmune
diseases may coexist. When one disease presents with uncommon symptoms, careful
identification of the presence or absence of other comorbid diseases should be required.

Keywords: Miller Fisher syndrome, myasthenia gravis, GQ1b, GT1a, titin

BACKGROUND

Miller Fisher syndrome (MFS) is a rare variant of Guillain-Barre syndrome (GBS), an acute,
immune-mediated, monophasic disease that usually presents as ocular muscle paralysis, dysreflexia,
and ataxia. The worldwide incidence of GBS is estimated to be 1-2 per 100,000 people.
Miller-Fischer syndrome accounting for only a small fraction of the total and its prevalence is
higher in Asia where it is estimated to account for 15-25% of GBS, compared to only 1-7% in the
West (1). Autoimmune myasthenia gravis (MG) is an antibody-mediated chronic disease which
is one of the most common disorders affecting neuromuscular transmission, in which alterations
in neuromuscular transmission lead to skeletal muscle weakness and fatigability. The worldwide
incidence is estimated to be between 0.3 per 100,000 people and 2.8 per 100,000 people (2). The
incidences of both diseases are low, so the chance of overlap between the two diseases is very low,
with only 5 cases reported worldwide (3-7).

Chen N, Cai H and Cheng J (2022)
Case Report: A Patient Diagnosed
With Miller Fisher Syndrome and
Myasthenia Gravis at the Same Time.
Front. Neurol. 12:814453.

doi: 10.3389/fneur.2021.814453

CASE REPORT

A 58-year-old male patient had a sudden onset of dizziness with slurred speech, subsequently
accompanied by numbness of upper extremities, choking and coughing with water, and ptosis of the
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right eye. Then, he went to the local hospital for consultation, and
the brain MRI scan did not show any obvious abnormal signs. In
order to determine further treatment, the patient was admitted to
our hospital diagnosed with “ball palsy to be investigated.”

He previously had “kidney stone surgery” 3 years ago and
was diagnosed with nephritis which improved after taking
medication (unknown) in March 2021. In April 2021, he
underwent “back lipoma resection.” The patient had not been
previously exposed to the novel coronavirus and had not been
vaccinated against it.

At the time of admission, the neurological examination
showed ptosis of the right eye and limitation in abduction and
adduction of both eyes, absent deep tendon reflexes in the
extremities, positive at finger-to-nose test together with a slightly
shallowness of nasolabial fold on the right side, weakness of cheek
puffing on the right side, slight weakness of the neck extensor
muscle, and positive of the right eyelid fatigue test. Bilateral
frontal lines are basically symmetrical, tongue extension was
center, muscle strength and muscle tone in the limbs was normal,
deep and superficial sensation were normal, and there were
negative pathological signs on both sides. Brain MRA, chest CT,

carotid ultrasound, and vertebral artery ultrasound did not show
any lesions related to symptoms. Blood tests were unremarkable
except for mild hypercholesterolemia and high red blood cells
in the urine. Tumor indicators, autoimmune antibodies, thyroid
function, serum folate, and vitamin B12 dose were normal.

The symptoms of the patient were more consistent with the
MES triad. Electromyography, performed 6 days after the onset of
the disease, showed axonal damage to peripheral sensory nerves
of the extremities. The lumbar puncture performed 1 week after
his onset of the disease showed that the cerebrospinal fluid was
suggestive of cellular protein separation, and was positive for
antibodies against GQ1b and GT1a in 12 items of the serum
anti-ganglioside antibodies. Therefore, the diagnosis of Miller-
Fisher syndrome was confirmed. On the seventh day after onset,
relevant contraindications were excluded, and the patient was
given immunoglobulin therapy at 0.4 mg/kg per day for 5 days.
The symptoms of the patient improved significantly after one
treatment period.

The patient showed mild facial palsy, dysphagia, and weakness
of curved neck, which are not common symptoms of MEFS.
Combined with the fact that the muscle weakness of the

TABLE 1 | Characters of the five cases of overlapping MFS and MG.

Age(y) Gender History of Clinical presentation Past history MG antibodies = MFS Treatment Prognosis
antecedent infection antibodies
Case1 40 Male 2 weeks Had a flu-like  Complete ocular muscle MG 7 years - anti-GQ1b 3 times Good
3) illness paralysis in both eyes, antibodies plasma
partial ptosis in the left eye, exchange
and loss of pupillary light
reflex in the right eye. With
loss of tendon reflexes,
ataxia
Case2 69 Female  None Bilateral ptosis with Diagnosed with Anti-AchR Anti-GQ1b First treated  Better
(4) dysarthria after 1 week. chronic kidney antibodies antibodies with
Ataxia, loss of tendon disease 2 years immunoglobulin
reflexes. ago injections, no
improvement
in symptoms,
then steroid
hormone
therapy with
better results
Case3 84 Female  With upper respiratory  Ptosis, diplopia, dysphagia, MG 6 year Anti-AchR Anti-GQ1b VIG Better
(5) tract infection 5 days  and slurred speech, loss of antibodies antibodies
ago all tendon reflexes
Case4 79 Male Upper respiratory tract Diplopia aggravated with MG 8 years, mild  Anti-RyR anti-GQ1b 5plasmapheresiBetter
(6) infection, influenza nausea, vomiting, ataxia, medical chronic antibodies, antibodi-es
vaccination received a  loss of tendon reflexes sensorimotor anti-AchR
few weeks ago axonal antibodies
polyneuropathy
due to
postoperative
chemotherapy for
colon cancer
Case5 43 Male None Bilateral diplopia, bilateral MG diagnosed 15 None Anti-GQ1b - Good
(7) hand sensory abnormalities, years ago as antibody

mostly absent tendon
reflexes

anti-AchR
antibody negative
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patient was fatigue-related and the phenomenon of “light in
the morning and heavy in the evening” and positive of the
right eyelid fatigue test, MG was excluded. After admission,
the chest CT revealed that no significant abnormality could
be seen in the thymus gland. Neostigmine test was performed
prior to Immunoglobulin treatment, but the results suggested
that there was no significant improvement before and after the
injection. Despite this, electromyography performed 13 days after
the onset of the disease showed that when the axillary nerve was
repeatedly electrically stimulated, the wave amplitude decreased
by about 35.8% under low frequency electrical stimulation (3 Hz)
and about 50.6% under high frequency electrical stimulation
(10Hz). The patient underwent repetitive electrical stimulation
tests of the facial and axillary nerves twice within 1 week of
admission, both of which were negative for the facial nerve
and positive for the axillary nerve. Together with positive of
antibodies against acetylcholine receptor (AChR) and titin, the
diagnosis of myasthenia gravis was confirmed.

After a course of immunoglobulin injection, the
ophthalmoplegia and dysarthria of the patient significantly
improved compared with before. At the time of discharge, the
patient still had a little numbness in double hands, no obvious
slurred speech, no dizziness, and no headache. Neurological
examination signs were significantly less severe than before.

DISCUSSION

Together with the five previously published cases of co-morbid
MFS and MG, this is the second case in which both diseases were
diagnosed simultaneously for the first time, with the first case
being published in 2016 (4). The details of the five previous cases
are shown in Table 1.

In this case, the patient was positive for serum antibodies
against GQ1b and GTla in the 12 anti-ganglioside antibodies.
Anti-GQI1b antibodies can cross-react with anti-GT1a antibodies
in MFS. GTla is specifically distributed in the lower part of
the central nervous system and is associated with medullary
paralysis. Therefore, cross-reactivity between anti-GQlb and
GT1a can lead to medullary paralysis (8). In addition, our patient
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presented with symptoms such as weakness in swallowing and
choking on drinking water. The serum MG profile of our patient
showed positive of antibodies against AChR and titin. Notably,
anti-Titin antibody IgG is an antibody against intracellular
components of rhabdomyocytes (9). It is not clear whether these
four antibodies will appear to cross-react with each other, but
there is a view that anti-ganglioside antibodies may cause lesions
of the neuromuscular junction, leading to the development of
muscle weakness symptoms similar to those of MG (10).

Although our patient had nephritis and surgery, antibiotics
and anesthesia may have caused MG, but it did not manifest as
muscle weakness at that time. Antibiotics and anesthetic supplies
can all cause worsening of MG. The mechanisms of antibiotic-
induced MG exacerbation include presynaptic interactions with
voltage-gated calcium channels, calcium-sensitive receptors, and
postsynaptic interactions with acetylcholine receptors (11). Many
anesthetic supplies can also directly aggravate MG. Because the
variety and dosage of anesthetics during surgery have a great
impact on MG patients, anesthetic drugs that do not affect
neuromuscular conduction and respiratory function should be
selected for MG patients whenever possible (12).

Because both MG and MES are rare autoimmune mediated
diseases, The simultaneous diagnosis of these two diseases in one
patient is a rare finding. We should distinguish carefully in the
differential diagnosis of neurological diseases in the future and
should not ignore the overlap of diseases.
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Case Report: Thymidine Kinase 2
(TK2) Deficiency: A Novel Mutation
Associated With Childhood-Onset
Mitochondrial Myopathy and Atypical
Progression

Arianna Manini’, Megi Meneri ™2, Carmelo Rodolico?®, Stefania Corti’?, Antonio Toscano?,
Giacomo Pietro Comi"*, Olimpia Musumeci® and Dario Ronchi™

" Dino Ferrari Center, Neuroscience Section, Department of Pathophysiology and Transplantation, University of Milan,

Milan, Italy, 2 Neurology Unit, IRCCS Foundation Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy, ° Unit of Neurology
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The nuclear gene TK2 encodes the mitochondrial thymidine kinase, an enzyme involved
in the phosphorylation of deoxycytidine and deoxythymidine nucleosides. Biallelic TK2
mutations are associated with a spectrum of clinical presentations mainly affecting
skeletal muscle and featuring muscle mitochondrial DNA (mtDNA) instability. Current
classification includes infantile- (<1 year), childhood- (1-12 years), and late-onset (>12
years) forms. In addition to age at onset, these forms differ for progression, life
expectancy, and signs of mtDNA instability (mMtDNA depletion vs. accumulation of multiple
mtDNA deletions). Childhood-onset TK2 deficiency typically causes a rapidly progressive
proximal myopathy, which leads to wheelchair-bound status within 10 years of disease
onset, and severe respiratory impairment. Muscle biopsy usually reveals a combination
of mitochondrial myopathy and dystrophic features with reduced mtDNA content. Here
we report the case of an ltalian patient presenting childhood-onset, slowly progressive
mitochondrial myopathy, ptosis, hypoacusis, dysphonia, and dysphagia, harboring the
TK2 variants ¢.278A>G and ¢.543del, the latter unreported so far. Compared to other
childhood-onset TK2-patients, our case displays atypical features, including slowly
progressive muscle weakness and absence of respiratory failure, which are usually
observed in late-onset forms. This report extends the genetic background of TK2-related
myopathy, highlighting the clinical overlap among different forms.

Keywords: thymidine kinase 2, TK2, mitochondrial DNA, mtDNA maintenance defects, myopathy,
deoxynucleosides

INTRODUCTION

Mitochondrial DNA (mtDNA) maintenance defects are a heterogeneous group of clinical
syndromes characterized by mtDNA deletions and/or depletion and derived from mutations in
nuclear genes variably involved in mtDNA homeostasis (i.e., POLG1, POLG2, TWNK, DGUOK,
TYMP) (1-5).
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In 2001, Saada et al. (6) detected biallelic mutations in the
thymidine kinase 2 (TK2) gene in four children presenting
severe myopathy associated with muscle mtDNA depletion.
TK2 is a nuclear-encoded mitochondrial enzyme involved
in the phosphorylation of deoxycytidine and deoxythymidine
nucleosides, which represents the first step of a salvage pathway
aimed to provide deoxyribonucleotides (ANTPS) for mtDNA
synthesis (7). Recessive TK2 mutations are now an established
cause of mtDNA maintenance disorders, recently classified on
the basis of clinical and biochemical features (8). According to
age at onset, TK2 deficiency can lead either to an infantile-
onset (<1 year), childhood-onset (1-12 years) and late-onset
(=12 years) myopathy, which differ for rate of weakness
progression, post-onset survival and predominance of mtDNA
multiple deletions or depletion in muscle tissue, as summarized
in Table1 (8). Childhood-onset TK2 deficiency is typically
associated with rapidly progressive, proximal myopathy, which
leads to wheelchair-bound status within 10 years of disease
onset in most patients, and post-onset survival longer than
13 years (8). More than half of childhood-onset TK2 patients
require ventilatory support due to respiratory impairment
(8). Ptosis, chronic external ophthalmoplegia (CPEO), facial
weakness and dysphagia have been reported less frequently in
this group of patients compared to late-onset cases (8-11), while
cognitive decline, encephalopathy, seizures, and non-muscle
manifestations are rare compared to the infantile-onset form (8-
10). Needle electromyography (EMG) examination frequently
evidences myopathic changes [i.e., polyphasic, short-duration,
low-amplitude motor unit potentials (MUPs)] (8). Muscle
histology reveals a combination of mitochondrial dysfunction
[ie, cytochrome C oxidase (COX)-negative fibers; ragged-
red fibers (RRF)] and, mainly in pediatric cases, dystrophic
features (i.e., atrophic fibers, fibrosis and increase of connective
tissue) (8, 12, 13). Infantile and childhood-onset cases often
showed mtDNA depletion in muscle tissue, whereas the
late-onset ones are usually associated with mtDNA multiple
deletions (8).

Herein, we report the case of an Italian patient affected
by a childhood-onset, slowly progressive mitochondrial
myopathy with atypical clinical features, harboring two
heterozygous TK2 wvariants, one of which has not been
reported before.

CASE DESCRIPTION

The proband is a 55-year-old Italian woman from Sicily,
born to non-consanguineous parents. Mild bilateral ptosis and
dysphonia were noticed starting from 8 years of age. At 20 years
of age, she started to complain of dysphagia of both solid food and
liquids and began losing weight. Over the years she developed
bilateral upper limb weakness and mild hypoacusis, with slow
progression in the last 20 years. Cognitive abilities are normal.

Current clinical examination reveals bilateral ptosis and
ophthalmoparesis, myopathic face, marked dysphonia, wasting,
weakness of proximal upper limbs and of psoas muscles, more
prominent on the right.

The complete timeline of relevant clinical signs and symptoms
and of diagnostic assessments performed during disease
progression is reported in Figure 1.

Creatine phosphokinase (CK) levels are currently 251
IU/L (normal value < 200). During first hospitalization
at 32 years of age, CK levels reached 3,880 IU/L, with
concomitant increase of liver enzymes levels, including aspartate
aminotransferase (AST) (243 IU/L; normal value <43 IU/L),
alanine aminotransferase (ALT) (98 IU/L; normal value <45
IU/L) and lactate dehydrogenase (LDH) (1,459 IU/L; normal
value < 300 TU/L). Lactate levels were only mildly increased
at baseline (2.6 mmol/L; normal value < 1.5 mmol/L), but
significantly raised under workload (4.6 mmol/L; normal value
< 2.3 mmol/L).

Needle EMG examination, performed at 33 years, showed
rapid recruitment of short-duration, low-amplitude MUPs in
bilateral biceps and first interosseous muscles. Audiometry,
electrocardiogram, echocardiogram and spirometry were
normal. At the same age, she underwent muscle biopsy of left
biceps, which revealed increased fibers size, with coexistence
of both atrophic and hypertrophic fibers in addition to
mitochondrial dysfunction features, including 10% RRE
succinate dehydrogenase (SDH) hyperactive fibers and COX-
negative fibers. The adenosine triphosphatase (ATPase) staining
showed marked prevalence of type 1 fibers (almost 90%), and, to
a lesser extent, type 2c fibers.

Southern blot analysis and long-range polymerase chain
reaction (PCR) of muscle mtDNA showed multiple mtDNA
deletions (Figures 2A,B). Quantitative PCR showed loss of
mtDNA integrity (30% compared to age-matched controls;
Figure 2C).

After excluding mutations in the common genes associated
with multiple mtDNA deletions (POLGI, SLC25A4, POLG2,
TWNK, RRMB2B, DGUOK), direct sequencing of TK2
(NM_004614.4) revealed the heterozygous mutations c¢.278A>G
and c.543del resulting in protein changes p.Asn93Ser and
p-Leul82Phefs*11, respectively. The ¢.278A>G variant
[rs142291440; Genome Aggregation Database (gnomAD)
Minor Allele Frequency (MAF) 1.2 X 107°] has been
previously detected in an African American patient
affected by childhood-onset mitochondrial myopathy (14).
The microdeletion c.543del is absent in publicly available
databases. DNA from relatives was not available for
molecular studies.

DISCUSSION

We herein describe the case of an Italian patient from Sicily
affected with a mild form of childhood-onset mitochondrial
myopathy, with muscle mtDNA multiple deletions and depletion,
associated with two heterozygous mutations in TK2, one of which
is novel. To date, this is the second Italian case of TK2-related
myopathy described so far (15). Intriguingly, both families are of
Sicilian origin.

Both the p.Asn93Ser and p.Leul82Phefs*11 variants are
located within the deoxynucleoside kinase domain, which
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TABLE 1 | Clinical and biochemical features associated with the three different phenotypes of TK2-related mitochondrial myopathy and mtDNA maintenance defects [data were obtained from Garone et al. (8)].

Infantile-onset Childhood-onset Late-onset
Age at onset <1 year 1-12 years >12 years
Prevalence among TK2-related 43% 41% 16%

mitochondrial myopathy cases
Myopathy

Ptosis and PEO

Progression to wheelchair-bound status
Respiratory impairment

Ventilatory support

Nervous system involvement

Additional neurological features

Non-skeletal muscle involvement
Additional non-neurological features (rare)

mtDNA depletion
mtDNA multiple deletions
Post-onset survival

Severe, congenital, rapidly progressive

8%

4 years or no ability to walk (94%)

+++

89%

26%

Seizures (18%) Encephalopathy (13%)
Cognitive dysfunction (8%) Facial diplegia (8%)
Dysphagia (8%) Lissencephaly (3%)
Microcephaly (3%) Bilateral optic atrophy (3%)

33%

Multiple bone fractures (5%) Nephropathy (3%)
Rigid spine (3%) Cardiomyopathy (3%)
Bi-ventricular hypertrophy (3%) Arrhythmia (3%)
Esophageal atresia (3%) Anemia (3%)
Capillary-leak syndrome (3%) Bilateral
chylothorax (3%) Occipital skin necrosis (3%)
81%

12.5%

1 year

Moderately to rapidly progressive

30%

10 years (63%)

++

55%

1%

Facial diplegia (30%)
Hypoacusis (5%)
Dysphagia (3%)
Cognitive decline (3%)
Encephalopathy (3%)
19%

Prolonged QT (3%)
Arrhythmia (3%)
Multiple bone fractures (3%)
Renal tubulopathy (3%)
Gynecomastia (3%)

77%
50%
23 years (compound with late-onset cases)

Subtle signs of myopathy in childhood; slowly
progressive; like facioscapulohumeral dystrophy

69%

No

+

44%

0%

Facial diplegia (43%) Dysphagia (43%)
Dysarthria/dysphonia (21%) Peripheral neuropathy (7%)
Hypoacusis (7%)

25%
Cardiomyopathy (14%)

7%
100%
23 years (compound with childhood-onset cases)

MtDNA, mitochondrial DNA; PEO, progressive externa ophthalmoplegia.
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Laboratory tests (including
CPK and liver enzymes)
NCS/EMG
Echocardiogram
Electrocardiogram
Audiometry

Southern blot analysis
Long-range PCR
Real-time quantitative PCR
Sanger sequencing (POLG1,
SLC25A4, POLG2, TWNK,

Muscle biopsy

RRMB2B, DGUOK, TK2)

Bilateral ptosis
Facial and proximal limbs
(upper>lower) symmetric

Upper limbs weakness/hypotrophy
Bilateral ptosis Dysphagia and weakness Dysphonia and dysphagia
Dysphonia weight loss Hypoacusis Hypoacusis
01 12 20 30 33 46 55 Age (years)

FIGURE 1 | Timeline of relevant clinical signs and symptoms (blue squares), and of diagnostic assessments (red squares).

spans amino acids 53-260. This large functional domain is
involved in the phosphorylation of deoxypyrimidine nucleosides,
the first step of the mtDNA synthesis cascade (7). The
p.Asn93Ser has been already reported by Oskoui et al. (14).
Both our proband and the patient described by Oskoui and
colleagues display childhood-onset myopathy with progressive
development of fatigue, proximal muscle weakness, and facial
diplegia, and similar levels of mtDNA depletion assessed in
muscle tissue. Main differences between the two cases are
represented by the absence of ptosis and the presence of
neuropathic changes at EMG reported by Oskoui and colleagues
(14). The novel p.Leul82Phefs*11 variant is located in exon
8, which encodes the a8 helix involved in the catalysis of
adenosine triphosphate (ATP) molecules due to its capacity of
binding phosphate groups. Exon 8 is the second hot spot of
TK2 pathogenic variants, following exon 5 (8). Small indels
causing frameshift represent the second most prevalent type of
TK2 variants in mtDNA maintenance defects (13%), following
missense mutations (66%), and are distributed throughout TK2
length (16).

Consistently with classical cases of childhood-onset TK2
deficiency, analysis of mtDNA levels in muscle tissue of
our patient demonstrated both depletion and multiple
deletions, and CK levels were mildly elevated (8). Muscle
histology findings included non-specific myopathic changes
(i.e., fiber size variability, with type 1 predominance), and
mitochondrial myopathy markers without dystrophic features.
However, several clinical features are atypical compared to
previous reports of childhood-onset TK2-related myopathy
(Table 1). First, muscle weakness has remained stable over
the last 20 years, and our patient is currently able to walk
without support. Childhood-onset TK2-related myopathy is
usually rapidly progressive, and patients become wheelchair-
bound within 10 years of disease onset. In the retrospective
analysis of natural history data of genetically confirmed TK2
deficient patients performed by Garone and colleagues,

only 4 out of 30 childhood-onset patients were able to
walk independently after 10 years from disease onset (8).
Of the remaining childhood-onset cases, 19 (63%) became
wheelchair-bound within 10 years of disease onset, and 8
(27%) were within 10 years of disease onset, so that their
muscle impairment rate of progression could not be assessed.
Second, respiratory failure with invasive or non-invasive
ventilatory dependency is frequent, reaching about half
childhood-onset cases (8). At 55 years of age, our patient has
not developed respiratory impairment. Third, dysphagia, which
has been described in our case, is rare in childhood-onset
TK2-related myopathy, especially compared to late-onset
forms (8).

As deoxynucleosides therapies for TK2 deficiency are under
investigation, identifying patients carrying TK2 mutations
affected by mtDNA maintenance defects becomes pivotal
(17). Dominguez-Gonzalez and colleagues have recently
reported the results of an open-label study in which pyrimidine
deoxynucleosides and deoxynucleotides were orally administered
to 16 patients with mitochondrial myopathy due to TK2
deficiency (17). In early-onset patients affected with severe
forms of myopathy, the treatment was effective in increasing
and ameliorating muscle weakness, respiratory
function, and dysphagia, with no major side effects (17). On
the contrary, the beneficial effects of the administration of
pyrimidine deoxynucleosides and deoxynucleotides in adult-
onset cases were limited, and hepatic toxicity was suspected in
two patients (17).

The application of NGS-based sequencing in a clinical
setting is rapidly expanding the number of novel diagnoses in
mitochondrial disorders. On the other hand, the identification
of specific changes (such as the coexistence of mtDNA
depletion and deletions) might restrict the number of genes
to be investigated to those involved in mitochondrial dNTPs
supply pathways. Timely or early molecular diagnosis for
TK2 patients is crucial for the recruitment in the ongoing

survival
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FIGURE 2 | MtDNA studies. (A) Southern blot analysis of mtDNA obtained from patient’s muscle biopsy and age matched controls. Asterisks indicate multiple bands
corresponding to partially deleted mitochondrial genomes. The expected size of normal linearized mtDNA is indicated. (B) Long-range PCR analysis of mtDNA
obtained from patient’s muscle biopsy and two previously described infantile onset TK2 patients (I0 TK2) compared to respective age matched controls. Asterisks
indicate multiple bands corresponding to multiple mtDNA deletions. Black arrow indicates the expected size of a wild-type PCR amplicon (10.5 kB:
FOR5635-RC16135). The sizes of the bands of the ladders (DNA Molecular Weight Marker Il and VII, Roche) are indicated. (C) Histogram plot showing muscle
mtDNA content in patient’s muscle and two previously described infantile onset TK2 patients compared to respective age matched controls (n = 8, each group). Bars
represent mean values. Error bars indicate standard deviation. MtDNA quantification, normalized to nuclear DNA (nDNA) content, was performed by quantitative PCR.

clinical trials and the access to rescue therapies in the ETHICS STATEMENT
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Melanie Lang-Orsini’ and Paloma Gonzalez-Perez**
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Mutations in nuclear-encoded genes that are involved in mitochondrial DNA replication
and maintenance (e.g., POLG) have been associated with chronic progressive external
ophthalmoplegia (CPEO) phenotype. These nuclear genome mutations may lead to
multiple mitochondrial DNA deletions or mitochondrial DNA depletion. On the other hand,
primary genetic defects of mitochondrial DNA (such as single large-scale deletion or point
mutations) have also been associated with the CPEO phenotype. Chronic progressive
external ophthalmoplegia (CPEO) may be a manifestation of specific syndromes that,
when clinically recognized, prompt clinicians to investigate specific genetic defects. Thus,
CPEQO, as part of Kearns Sayre syndrome, suggests the presence of a large-scale
deletion of mitochondrial DNA. However, in pure CPEO or CPEO plus phenotypes,
it is more difficult to know whether causative genetic defects affect the nuclear or
mitochondrial DNA. Here, we present a patient with a long-standing history of CPEO
plus phenotype, in whom the sequencing of mitochondrial DNA from skeletal muscle
was normal, and no other genetic defect was suspected at first. At the time of our
evaluation, the presence of polyneuropathy and neuropathic pain prompted us to
investigate nuclear genetic defects and, specifically, mutations in the POLG gene. Thus,
the sequencing of the POLG gene revealed p.Thr251lle and p.Pro587Leu mutations
in one allele, and p.Ala467Thr mutation in another allele. Although one would expect
that mutations in POLG lead to multiple mitochondrial DNA deletions or depletion
(loss of copies), the absence of mitochondrial DNA abnormalities in tissue may be
explained by heteroplasmy, a lack or no significant involvement of biopsied tissue, or
a sampling bias. So, the absence of secondary mitochondrial DNA alterations should
not discourage clinicians from further investigating mutations in nuclear-encoded genes.
Lastly, mitochondrial point mutations and single mitochondrial DNA deletions very rarely
cause CPEO associated with polyneuropathy and neuropathic pain, and POLG-related
disease should be considered in this scenario, instead.

Keywords: CPEO, polyneuropathy, neuropathic pain, POLG, mitochondrial disease
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INTRODUCTION

The human DNA polymerase gamma is formed by a 140 kDa
catalytic subunit called POLG and a 55 kDa dimeric accessory
subunit called POLG2. The POLG is encoded by the POLG
gene (Chr.15q25) and the POLG2 is encoded by the POLG2
gene (Chr.17q24.1). The POLG has DNA polymerase, 3’ to
5 exonuclease, and 5'-deoxyribose activities, whereas POLG2
increases the affinity of POLG for mitochondrial DNA. Thus, the
DNA polymerase gamma is entirely encoded by nuclear genes,
although its main role is the replication of mitochondrial DNA.
The POLG and POLG2 mutations may lead to multiple deletions
or depletion (loss of copies) of mitochondrial DNA (mtDNA) and
have been associated with a broad spectrum of phenotypes such
as chronic progressive external ophthalmoplegia (CPEO) (1).

CPEO is a slow, progressive, and painless ocular myopathy
characterized by bilateral ptosis and limitation of ocular
movements in all directions that is not usually associated
with diplopia because, as in other ocular myopathies, no
significant misalignment occurs between both eyes. Although
other myopathies, such as oculopharyngeal muscular dystrophy,
oculopharyngeal distal myopathy, or MHY2-myopathy, are
also characterized by progressive ptosis with or without
ophthalmoplegia, the term CPEO usually refers to mitochondrial
ocular myopathies due to either mutation in mitochondrial
or nuclear DNA. The CPEO may occur in isolation (pure
CPEO), as part of specific syndromes, or associated with a
constellation of clinical manifestations that have not been
recognized as syndrome or disorder (CPEO plus). Thus, CPEO
is a characteristic feature of Kearns Sayre syndrome (KSS)
that is caused by a large-scale 1.1 to 10 kilobase deletion of
mtDNA, and it can also be seen as a clinical manifestation
of dominantly or recessively inherited POLG-related disease;
mutations in this nuclear gene account for 25% of patients with
CPEO phenotype (2-6).

Here, we report a patient who presented to us for evaluation of
polyneuropathy and neuropathic pain as main symptoms, which
were previously thought to be unrelated to her long-standing
ocular myopathy for which no specific etiology was initially
found. Although polyneuropathies are frequent (and commonly
idiopathic in the absence of diabetes), they can be a manifestation
of a mitochondrial disorder. Furthermore, polyneuropathy has
been reported as a predictor of nuclear gene defects in patients
with CPEO, and more specifically, the presence of neuropathic
pain should prompt the clinician to consider POLG-related
disease as an unifying diagnosis (7, 8).

CASE DESCRIPTION

A 69-year-old woman was referred to us for paresthesia,
neuropathic pain, and cramps in extremities as her main
symptoms. She was in good health until her early 50s when
she first experienced slowly progressive bilateral ptosis that was
surgically corrected twice, and restriction of eye movements in all
directions that did not bother her much; she never experienced
any diplopia. Eventually, she developed myalgias and fatigue.
However, her main complaints were numbness and burning

pain in her hands and feet that worsened over time, as well as
cramps in her feet. She reported sensitivity to temperature; cold
exacerbated burning pain in her feet mostly at night. She also felt
clumsy; she frequently dropped things from her hands despite
bilateral carpal tunnel release in the past, she had developed
mild action hand tremors, and she often suffered near-falls
because her balance had deteriorated over time. She was taking
duloxetine 30 mg/day and pregabalin 300 mg/day with partial
benefit of her burning pain, and she tried lidocaine patches on
feet that did not provide any relief. She also reported a long-
standing history of dysphagia to solids, with an isolated episode
of aspiration in the past and episodes of retrosternal spasms
during meals. She denied speech or chewing difficulties. She
denied shortness of breath, hearing difficulties, cataracts, or heart
problems. Her past medical history also included sleep apnea
and cervical and lumbar spine surgeries. She denied alcohol or
illicit drug use. Her older brother had similar ocular symptoms
and carried a diagnosis of neuropathy; both of uncertain
etiology too.

Before the first visit with us, she had undergone several
tests since the symptom onset that we have summarized here.
Thus, her serum creatine kinase was mildly elevated (268 U/L,
ref: 33-211) and her baseline lactate was high (=5.5 nmol/L,
ref: 0.5-2.2). Blood cell count, electrolytes, vitamin B12, serum
protein electrophoresis, hemoglobin A1C, thyroid-stimulating
hormone, C-reactive protein and erythrocyte sedimentation rate,
carnitine and acylcarnitine levels, antinuclear antibodies, and
acetylcholine receptor binding antibodies were all normal or
negative. Urine organic acids were also normal. A brain CT
scan did not show any intracranial abnormality. She underwent
genetic testing for oculopharyngeal muscular dystrophy that was
negative. She had two electrodiagnostic studies; both showed a
length-dependent, axonal, and sensory polyneuropathy (sensory
nerve action potentials of both sural nerves were absent, and
sensory nerve action potentials of ulnar and radial nerves
demonstrated reduced amplitudes and normal peak latencies). At
the age of 59, she underwent a muscle biopsy of left quadriceps
muscle that showed mild myopathic and neuropathic features;
the former included occasional subsarcolemmal accumulation of
mitochondria and scattered COX-negative muscle fibers, while
the latter; angulated fibers, nuclear clumps, and mild fiber type
grouping that were attributed to her history of lumbosacral
radiculopathy (Figure 1). Although such mild mitochondrial
findings within the sixth decade of life could be a consequence
of normal aging, a manifestation of a mitochondrial disorder
was also plausible. Sequencing of mtDNA from muscle tissue
did not detect any point mutation or deletions. Furthermore,
mitochondrial carnitine and CoQ10 levels, and activity of
electron transport chain complexes were all normal from the
biopsied muscle tissue. Although no definitive diagnosis was
reached at that time, a mitochondrial disorder was still favored
and she was started on L-carnitine, creatine, and CoQ10 for
that reason.

At initial evaluation with us, approximately 15 years
after symptom onset, her exam revealed normal fundoscopic
evaluation, normal pupils that were bilaterally reactive to light,
symmetric and severe impairment of extraocular motility in all
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pleomorphic mitochondria that were present in the subsarcolemmal region only (F).

FIGURE 1 | Muscle biopsy of left quadriceps: H&E-stained frozen section of the left quadriceps muscle biopsy (200X) shows occasional angulated atrophic fibers
(arrows) and scattered internal nuclei (A). At high power (400X) occasional nuclear bags are seen (circle) (B). Gomori trichrome stain (400X) reveals subsarcolemmal
accumulation of mitochondria with an irregular accumulation of Gomori-positive sarcoplasmic material (C). There are scattered COX-negative fibers (arrows) (D), and
subsarcolemmal accumulation of mitochondrial is again seen on SDH staining (arrow) (E) (both 200X). Electron microscopy (22,000X) shows enlarged and

directions of gaze without misalignment, and moderate bilateral
ptosis despite past surgical corrections. She did not have facial
weakness, her hearing was normal to conversation, and the rest
of the cranial nerves were intact. Her muscle strength, bulk, and
tone were normal. There were no myotonia or fasciculations.
Deep tendon reflexes were 2+ at biceps, brachioradialis, and
triceps, and were bilaterally absent at patella and ankles. Plantar
responses were flexor. Temperature and pin sensations were
severely reduced in feet and hands, proprioception was impaired
at great toes, the vibratory sensation was abolished at great
toes and malleoli, and Romberg test was positive. There was no
dysmetria on finger-to-nose or heel-to-shin tests. She had a mild
wide-based gait; she was unable to walk in tandem but able to
walk on heels and toes.

An autosomal recessive CPEO plus syndrome, involving
the peripheral nerve, was then suspected. The coexistence of
polyneuropathy prompted us to investigate nuclear DNA defects
that might be causing secondary defects of mtDNA despite no
alterations in mtDNA sequencing from the biopsied muscle,
which might be explained by heteroplasmy, sampling bias, or
lack of significant involvement of skeletal muscle in her case.
More specifically, the presence of neuropathic pain pointed
to consider a POLG-related disease as a possibility; whereas
most “mitochondrial neuropathies” are painless, neuropathic
pain appears to be more common in patients who have POLG
mutations (7, 8). Genetic testing of POLG gene revealed a known
compound of heterozygous mutations: one that comprises two
single nucleotides in-cis (¢.752 C>T and ¢.1760 C>T, which lead
to p.Thr2511le and p.Pro587Leu, respectively) and another one
in-trans (c.1399G> A, p.Ala467Thr); these findings confirmed a
POLG-related disease as unifying diagnosis.

DISCUSSION

Here, we present a patient with painless, progressive, bilateral,
adult-onset ptosis and ophthalmoparesis, who also developed
symptoms suggestive of peripheral nerve (polyneuropathy and
neuropathic pain) and skeletal muscle (myalgias) involvement.
This multi-organ phenotype suggested a mitochondrial disorder.
An elevated serum lactic acid at baseline increased the diagnostic
suspicion for a mitochondrial disorder. Although the presence
of occasional subsarcolemmal mitochondrial accumulation and
scattered COX-negative fibers on muscle biopsy could be aging-
related findings in her case, a manifestation of a mitochondrial
disorder could not be ruled out. However, the sequencing of
mtDNA from biopsied muscle tissue was normal. In an affected
organ (such as skeletal muscle), one would expect a single
mtDNA deletion or point mutations of mtDNA in primary
mitochondrial disorders, and multiple mtDNA deletions or
mtDNA depletion in secondary mitochondrial disorders due to
nuclear genetic defects. We suspected that the normal result
of mtDNA sequencing from biopsied muscle and the non-
specific and mild pathological findings contributed to delay
in diagnosis in this case. However, although sequencing of
mtDNA may identify deletions and point mutations, it may miss
mtDNA depletion (loss of mtDNA copies) that would require
assessment of copy number which was not performed. It is also
plausible that skeletal muscle was not affected enough to reveal
abnormalities of mtDNA (low or no mutant copies of mtDNA to
detect), or that muscle sampling missed mtDNA abnormalities,
or a combination of both. Thus, normal mtDNA sequencing
should not discourage clinicians from further investigating the
possibility of a mitochondrial disorder. Furthermore, neuropathy
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Ocular myopathies
(progressive bilateral ptosis and/or ophthalmoparesis)

2 <

OPMD, OPDM,

Mitochondrial ocular
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MYH2-myopathy,
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FIGURE 2 | Differential diagnosis of ocular myopathies. KSS, Kearns-Sayre syndrome; SANDO, sensory ataxic neuropathy, dysarthria, ophthalmoplegia; MNGIE,
Myo-neuro-gastrointestinal encephalopathy; OPMD, oculopharyngeal muscular dystrophy; OPDM, oculopharyngeal distal myopathy; MELAS, mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like episodes; MERRF, myoclonic epilepsy associated with ragged red fibers; POLG, Polymerase gamma; TYMP,

POLG**, TYMP***,
DGUOK**** MGM1#,
TK2#, RNASEH1#

Point mutations of
mtRNAs

PEO, mitochondrial
encephalomyopathies
(e.g.; MELAS, MERFF,
Leigh syndrome)

is rare in patients with single large-scale mitochondrial deletions
or mtDNA point mutations (4, 12). Similar symptoms in
her brother pointed to an autosomal recessive inheritance in
her case which increased our suspicion for mutations in a
nuclear gene. Lastly, polyneuropathy is a predictor of nuclear
genetic defects in mitochondrial disorders, and the presence
of neuropathic pain pointed to POLG gene as responsible for
her phenotype (although most neuropathies associated with
mitochondrial disorders are painless, painful neuropathies have
been estimated to occur in up to a third of patients with POLG
mutations) (7-9).

The term CPEO (or PEO) usually applies to mitochondrial
ocular myopathy; either due to mutations in mtDNA or nuclear
DNA. However, ptosis, with or without ophthalmoparesis
of similar characteristics as CPEO, can be seen in non-
mitochondrial myopathies, such as oculopharyngeal muscular
dystrophy, oculopharyngeal distal myopathy, or MHY2
myopathy (Figure2). It is well known that the phenotypic
spectrum of POLG-related disease is broad, and that awareness
of such is key to diagnosing this disorder. In 2001, Van Goethem
et al. reported the first POLG mutations as the cause of the CPEO
phenotype (10). The number of POLG mutations and their
associated clinical manifestations have dramatically expanded
over the years (1). Identified POLG mutations in this patient
(the complex p.Thr251Ile and p.Pro587Leu on one allele and
p.Ala467Thr on the second allele) were previously reported in

TABLE 1 | Electrodiagnostic features of “mitochondrial neuropathies” associated
with CPEO.

Syndrome/disease Nerve conduction

studies
1. Mutations in nuclear genes
POLG POLG-related .
) Axonal/mixed,
disease )
mainly sensory PN
SANDO
TYMP MNGIE Demyelinating/mixed

sensory-motor PN

2. Mutations in either nuclear or
mitochondrial genes

3. Point mutations of mtDNA

Leigh syndrome Demyelinating

sensory-motor PN
MELAS/MERRF

PN not a main feature
of phenotype
4. Single large-scale deletion of
mtDNA

Kearns-Sayre
syndrome

PN, polyneuropathy.

patients with CPEO or CPEO plus syndromes, and with infantile
hepatocerebral syndromes (Alpers syndrome) (5, 11).

This patient underwent electrodiagnostic studies twice and
a muscle biopsy. An axonal or mixed sensory polyneuropathy
has been reported in patients with POLG mutations, but this
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electrical finding is not specific (12). Table 1 summarizes the
electrical pattern of polyneuropathies in mitochondrial disorders
in which CPEO is a hallmark. Likewise, and in addition
to mild mitochondrial pathology in muscle fibers on muscle
biopsy, the presence of neurogenic changes (angulated fibers,
nuclear bags, and fiber type grouping) is also common in
mitochondrial disorders but with no specific, and her history
of lumbosacral radiculopathy may have also accounted for
them (13).

Although polyneuropathy and neuropathic pain are common,
a mitochondrial disorder should be considered in the presence
of CPEO. Genetic testing in blood samples looking for nuclear
defects should be the first step in this scenario. We would like to
emphasize the importance of continuing to define and recognize
clinical mitochondrial syndromes to avoid unnecessary testing
and delays in diagnosis.
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Shirui Wen, Kailing Huang, Haoyue Zhu, Peihong Li, Luo Zhou™ and Li Feng

Department of Neurology, Xiangya Hospital, Central South University, Changsha, China

Corona Virus Disease 2019 (COVID-19), the novel coronavirus disease, is now a global
pandemic. Vaccination can significantly reduce the mortality rate caused by the severe
acute respiratory syndrome of coronavirus 2 (SARS-CoV-2). There are currently several
effective vaccines that have been introduced. Inactivated COVID-19 vaccine is one of
these options and is generally considered safe. Neurofascin (NF) plays an important
role in keeping the functionality of the node of Ranvier. We report here a rare case of
anti-NF186+ chronic inflammatory demyelinating polyneuropathy (CIDP) in a 23-year-old
male patient who was vaccinated with inactivated COVID-19 vaccine prior to the onset.
This report adds a new possible rare side effect of a COVID-19 vaccine and provides a
case for the clinical effectiveness of rituximab (RTX) in patients with anti-NF186+ CIDP.

Keywords: inactivated COVID-19 vaccine, NF186, chronic inflammatory demyelinating polyneuropathy (CIDP),
autoimmune disease, COVID-19

INTRODUCTION

Since the end of 2019, the Corona Virus Disease 2019 (COVID-19) caused by the severe acute
respiratory syndrome of coronavirus 2 (SARS-CoV-2) has posed a significant threat to the
world. The disease is an acute severe respiratory syndrome with florid pulmonary manifestations
and multi-organ involvement including cardiovascular, musculoskeletal, gastrointestinal, and
neurological complications. Chronic inflammatory demyelinating polyneuropathy (CIDP) is one
of the autoimmune disorders of the peripheral nervous system. Vaccination is the most crucial way
to contain the COVID-19 pandemic. Inactivated or live-attenuated viruses, as well as recombinant
proteins and vectors technologies, have been employed to develop the COVID-19 vaccine. So
far, there is no case report of anti-NF186+ CIDP after exposure to the COVID-19 inactivated
vaccine. This may be the first case of anti-NF186+ CIDP after receiving vaccination based on
our knowledge.

Case Reports

A 23-year-old male was admitted to the Department of Neurology, Xiangya Hospital, Central South
University on June 22, 2021, with acute limb weakness and numbness for 28 days. He had received
his second dose of inactivated coronavirus vaccine the day before these symptoms appeared.
On May 26, 2021, the patient developed weakness of the left upper limb, and subsequently, the
symptoms progressed to numbness and weakness of the extremities. On June 12, he went to the
local hospital for the examination of cerebrospinal fluid (CSF), which showed increased total
protein (0.99 g/L) and normal cell count (4 x 10%/L). He was initially diagnosed with Guillain-Barre
syndrome (GBS). After the intravenous injection of a human immunoglobulin [0.4g/(kg d)]
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from June 16 to 20, there was no significant improvement in the
symptoms but gradual aggravation occurred. Therefore, he came
to our hospital for treatment. There was no history of any viral
or respiratory illness before the symptoms appeared. His past
medical history was received wherein it is stated that his first dose
of inactivated coronavirus vaccine was on March 28, 2020, and
the second dose was on May 25, 2021. There was nothing special
about personal and family history.

Physical examination revealed symmetrical upper limb
weakness [Medical Research Council (MRC) grade 3/5 distally
and 2/5 proximally] and lower limb weakness (MRC grade 2/5
distally and 1/5 proximally) and areflexia. The long glove-like
pain sensation below the elbow joint of both upper limbs and the
knee joint of both lower limbs decreased. Bilateral pathological
signs were not elicited.

Auxiliary Examination

The patient’s comprehensive examinations showed that the
platelets were low, urine protein was positive, hematuria,
complement C3, and C4 were significantly reduced, and many
kinds of autoantibodies were positive, such as thyroid antibodies,
rheumatic immune antibodies (see Supplementary Table 1).
Sensory nerve conduction studies (NCS): upper limbs showed
reduced sensory nerve action potential amplitudes; the lower
limbs were normal. Motor NCS: upper limbs showed severely
reduced compound muscle action potential amplitude responses
and conduction velocities; the lower limbs showed reduced
compound muscle action potential amplitude responses and
normal conduction velocities. The tibial F wave and H
reflex latencies were prolonged. Needle electromyogram (EMG)
displayed neurogenic damage. The MRI of the brain and spine
was normal and there was no evidence of central destination
on T2 and fluid attenuated inversion recovery (FLAIR) images.
Re-examination of cerebrospinal fluid analysis in our hospital
showed elevated protein (0.86 g/L) and the normal level of
leucocytes (3 x 10° L). The patient was diagnosed with immune-
associated peripheral neuropathy on admission, and GBS was
most likely to be considered. The patient began to receive
methylprednisolone pulse therapy.

In the course of treatment, the patient’s limb weakness
gradually aggravated, manifested as symmetrical limb weakness
(MRC grade 0/5 distally and 0/5 proximally), and slowly
involving the cranial nerves, like inadequate bilateral eyeball
abduction, diplopia. On July 2, the patients condition further
deteriorated. He developed dyspnea with type II respiratory
failure and was transferred to the intensive care unit. During
the treatment, the tracheotomy ventilator was given to assist
breathing, and the high dose of intravenous injection of
glucocorticoid was gradually reduced to an oral low dose
for maintenance. The patient received plasma exchange on
July 9 and 14, respectively. However, his condition did not
improve significantly.

To further confirm the diagnosis, the B cell subset test via Flow
cytometric immunofluorescence assay (FIFA) showed 7.83%
CD20+ lymphocytes (see Supplementary Figure 1), and a serum
antibody test (Cell-based assay, Figure 1) displayed anti-NF186
antibodies IgG 1:100. Then, we decided to let him stop taking

A B

c Standard Control D NF186 1gG
Standard Control NF186 IgG

FIGURE 1 | (A,B) a serum antibody test (Cell-based assay), which was
examined on July 26, 2021, displayed anti-NF186 antibodies IgG 1:100. (C,D)
the anti-NF186 antibodies IgG, which was examined on August 12, 2021, was
negative after rituximab (RTX) treatment.

oral prednisone and gave him rituximab with a total of 600 mg to
suppress immunity along with other symptomatic and supportive
treatments. The patient’s condition was better than before. A
week later, the B cell subsets examination showed 0.04% CD20+
lymphocytes (see Supplementary Figure 2) and the anti-NF186
antibodies IgG was negative (Figure 1).

Outcome and Follow Up

In August, the patient was diagnosed with immune-associated
peripheral neuropathy, most likely to be anti-NF186+ CIDP.
The patient has stopped using the ventilator, limb weakness
and numbness have improved, no limb pain, and no dyspnea.
A physical examination showed normal eye movement,
symmetrical upper limb weakness (MRC grade 3/5 distally and
2/5 proximally), lower limb weakness (MRC grade 2/5 distally
and 1/5 proximally), and areflexia. Muscle atrophy could be seen
in the extremities, and the pathological signs were not elicited.
In September, this patient was able to walk independently.
Physical examination showed symmetrical upper and lower limb
weakness (MRC grade 4/5 distally and 4/5 proximally, Figure 2).

DISCUSSION

The COVID-19 infection is a serious, complicated, and
widespread disease; other than the respiratory symptoms, it is
usually accompanied by a host of neurological complications.
The wide spectrum of neurological complications includes
cranial neuropathies with anosmia and dysgeusia, stroke,
meningitis, and encephalitis. In addition, peripheral neuropathy,
such as the GBS and CIDP, was reported in patients with
COVID-19 infection (1-3). The GBS usually occurs following
the infection, however, it has also been reported to occur
after vaccination, surgery, or the administration of immune
checkpoint inhibitors.
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FIGURE 2 | The timeline of clinical findings.

The safety profile of the inactivated vaccine for COVID-
19 is good with commonly reported mild side effects such as
pain at the injection site, allergic reactions on the skin, flu-like
symptoms, headaches, fatigue, and so on (4). Post-vaccination
neuropathies are rare events, and CIDP developing during the
post-vaccination period is significantly unusual. To date, only
two patients who developed CIDP after COVID-19 vaccination
were reported, with a typical gradual onset of ascending lower
limb weakness and sensory changes; one with facial involvement,
another without (5). Therefore, our report extends the possible
outcomes in patients who develop CIDP following COVID-
19 vaccination and recommends that these patients need close
monitoring after the acute phase to rule out the chronic evolution
of the disease, which is critical for long-term treatment.

Our patient developed early-onset symptoms mimicking
typical GBS with acute limb numbness and weakness after
the inactivated COVID-19 vaccine. However, about 8 weeks
later, his clinical symptoms continued to deteriorate, and
cranial nerve involvement such as ophthalmoplegia appeared.
Thus, after positive detection of NF-186 antibody, a diagnosis
of NF186+ CIDP was confirmed. The CIDP is a common
acquired immune-mediated peripheral neuropathy with strong
clinical heterogeneity, including various clinical manifestations,
and different responses to the same treatment. In recent
years, early research found that autoantibodies against NE
contactinl or contactin-associated protein 1 (Caspr) could be
identified in ~10% of patients with CIDP. The pathology
caused by these antibodies is called nodopathy-paranodopathy,

unlike seronegative CIDP, which is no overt inflammation
and demyelination and is characterized by dissection of
myelin loops from axon at the paranode and subsequent
axonal degeneration. In addition, patients with CIDP of this
type typically respond poorly to IVIg but may benefit from
plasmapheresis and rituximab (RTX) (6). These features are
consistent with the clinical presentation of our patients. In
our patient, electromyography displayed mainly axonal motor-
sensory neuropathy and was accompanied by demyelinating
damage. Moreover, he only responded to rituximab therapy.

In the blood test, our patient was found to have positive
anti-nRNP/sm antibody, anti-nuclear antibody with 1:320
homogeneous + cytoplasmic granular type, and anti-double-
stranded DNA. The complement C3 and C4 decreased. The urine
routine showed a positive urine protein. Although the patient
has no clinical manifestations, he met the diagnostic criteria for
asymptomatic systemic lupus erythematosus (SLE). We speculate
that the underlying disease SLE may induce the development of
anti-NF186+ CIDP after vaccination.

We are admittedly aware of the lack of a biological marker
to establish causality between anti-NF186+ CIDP and the
vaccine. However, we cannot ignore the dramatic temporal
association between receiving the vaccine and developing
severe ophthalmoplegia, the prominent symptoms of dyspnea
in a previously healthy male. Moreover, though the specific
mechanism remains unknown, the hypothetical triggers for
the pathogenesis of autoimmune disorders of the peripheral
nervous system such as the Guillain-Barré syndrome (GBS)
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(1), acute inflammatory demyelinating polyneuropathy (AIDP),
and CIDP (3, 7, 8) are viruses or viral vaccines. Some studies
indicated it may be viewed as a result of the interaction
between the susceptibility of the vaccinated subject and various
vaccine components. Molecular mimicry is one of the implicated
mechanisms, which refers to a significant similarity between
certain pathogenic elements contained in the vaccine and specific
human proteins (5, 9). Previous studies mentioned the potential
for cross-reactivity between the coronavirus spike protein target
produced by the messenger RNA (mRNA) vaccine and myelin
basic protein (MBP) antigens. Moreover, adjuvants contained in
vaccines (used mainly to increase the response to vaccination
in the general population) may play a role in producing diverse
autoimmune and inflammatory responses (10). The possible
interactions between genetic predisposition, a history of other
autoimmune conditions, the presence of adjuvants, and cross-
reactivity between spike proteins and MBP antigens may all
contribute to the genesis of peripheral neuropathy and require
further investigation (9, 11).

CONCLUSION

We report a rare case of anti-NF186+ CIDP after the second dose
of inactivated COVID-19 vaccine. We attribute the occurrence
of anti-NF186+ CIDP to the vaccine due to the temporal
relationship and the lack of risk factors for CIDP in the
patient. This report adds to the literature a possible rare
side effect of a COVID-19 vaccine and contributes to the
extremely limited literature on potential neurological side effects
of inactivated vaccines. Healthcare providers should be aware
of the possibility of post-vaccination CIDP. The patient had
progressively aggravated limb weakness that was refractory
to immunotherapy with pulse steroids and plasmapheresis,
and with a dramatic response to RTX. This likely reflects
an underlying autoimmune mechanism in the anti-NF186+
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Pompe disease is an autosomal recessive hereditary lysosomal disorder and correlated
with acid a-glucosidase enzyme (GAA) deficiencies, which lead to accumulation of
glycogen in all tissues, most notably in skeletal muscles. Adult late-onset Pompe disease
(LOPD) is a slowly progressive disease of proximal myopathy with later involvement
of the respiratory muscles, resulting in respiratory failure. In this study, we reported
a 22-year-old Chinese woman with inability to withstand heavy physical activity since
childhood, who presented with respiratory and ambulation weakness in 2 months. On
admission, her bilateral upper limbs strength was 4/5 and lower limbs strength was
3/5 according to Medical Research Council (MRC) score. The patient had compound
heterozygotes containing a newly identified 4 nt deletion of coding sequence (deletion nt
1411_1414) in one of the acid a-glucosidase alleles and a ¢.2238G>C (p.Trp746Cys)
missense mutation. This deletion has been reported in infant-onset Pompe disease
(IOPD) but not LOPD. Intriguingly, this deletion mutation was not found in the patient’s
family and was considered as pathogenic. Muscle biopsy showed scattered vacuoles
with basophilic granules inside the subsarcolemmal area, which were strongly stained
by periodic acid-Schiff (PAS). Laboratory tests revealed a significant increase of creatine
kinase MB isoenzyme (CK-MB) and lactate dehydrogenase (LDH). GAA level was 9.77
nmol/1 h/mg and was not sufficient for the diagnosis of GAA activity deficiency (0-3.78
nmol/1 h/mg). In summary, mutational analysis of GAA and muscle biopsy are crucial in
the diagnosis of Pompe disease.

Keywords: late-onset Pompe disease, glycogen storage disease type Il, c.1411_1414del, acid «-glucosidase
enzyme, metabolic myopathy

INTRODUCTION

Pompe disease is an inherited metabolic myopathy (1). It is reported that the frequency of Pompe
disease is 1:50,000 in China and 1:40,000 in Caucasian populations (1, 2). Considering its defects
in acid a-glucosidase enzyme (GAA) activity, which leads to glycogen accumulation in lysosomes,
Pompe disease is also known as glycogen storage disease type I (1).
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The diagnosis of Pompe disease could be very difficult
since its clinical manifestation is highly variable and routine
laboratory tests lack sensitivity. Muscle biopsy, GAA activity
test, and genetic analysis of the GAA gene play important
roles in the diagnosis of Pompe disease. GAA gene is located
on chromosome 17q25.2-q25.3 and contains 20 exons. At
present, ~562 mutations have been discovered in GAA (http://
www.pompevariantdatabase.nl.) (3). Among them, c.-32-13T>G
mutation is common among Caucasian late-onset Pompe disease
(LOPD) patients, while it is not found in Asian population (4),
and p.R854X mutation is specifically pronounced in African
Americans (5). Two variations, p.G576S and p.E689K, are more
frequent among Asian population, including the population in
Taiwan and Japan (6). These suggest that GAA gene mutation in
Pompe disease has regional and ethnic differences. Pompe disease
is an autosomal recessive disorder and mainly divided into
infant-onset Pompe disease (IOPD) and LOPD. IOPD usually
leads to hypertrophic cardiomyopathy. In IOPD, symptoms
occur very early (at a median age of 2 months), and death
happens soon afterward if the disease remains untreated (by a
median age of 8.7 months) (7). As for LOPD, its manifestations
are diverse and typically present with ambulatory and respiratory
weakness (8). The diagnosis of LOPD is challenging due to
very mild clinical presentations or clinical similarities with other
muscular diseases. Therefore, GAA sequencing analysis may help
screen Pompe disease. In this study, we reported a deletion
mutation in GAA gene, which has not been discovered in LOPD.

CASE REPORT

A 22-year-old Chinese woman was referred to our hospital
(Affiliated hospital of Guangdong Medical University, Zhanjiang,
Guangdong, China), with progressive dyspnea and ambulation
weakness for 2 months, especially with difficulties in walking
up and down the stairs. She was first treated in the department
of respiratory medicine and then referred to the neurological
department for further diagnosis and treatment. Her exercise
tolerance had been waning since elementary school. She could
take care of her daily activities, but could not bear heavy physical
work. Her family history of consanguinity was negative and birth
history was unremarkable. Both her parents and her sister were
workers and were healthy. She was the youngest of three siblings.

On admission at the neurological department, the patient’s
height and weight were 156 cm and 36.2 kg, respectively. Physical
examination revealed that her chest expansion was poor and
tendon reflexes were evidently decreased in both upper and lower
extremities. Her speaking and swallowing functions were normal
and no muscle atrophy was observed. Six groups of muscles
(shoulder abduction, elbow flexion, wrist extension, hip flexion,
knee extension, and foot dorsiflexion) of the patient were assessed
by Medical Research Council (MRC) score, which scores muscle
strength from 0 to 5. The patient’s flexor and extensor muscles
of wrist and forearm and intrinsic muscles of feet were scored
5/5. Elbow flexion, wrist and finger extension, foot dorsiflexion,
and grip strength were normal. Shoulder abduction strength
was 4/5, and hip flexion and knee extension strength were 3/5.

FIGURE 1 | Muscle biopsy is shown using the Hematoxylin and Eosin (HE)
and periodic acid-Schiff (PAS) staining. (A) Large numbers of
glycogen-containing vacuoles were found in the muscle fibers (arrow). (B)
Vacuoles were PAS positive stained (arrow), scale bar: 40 wm.

Laboratory studies revealed elevated levels of creatine kinase MB
isoenzyme (CK-MB) of 51.4 IU/L (normal range: 2.0-5.0 TU/L)
and lactate dehydrogenase (LDH) of 392.9 U/L (normal range:
89-221 U/L). Creatine kinase, alanine aminotransferase, and
aspartate aminotransferase levels were normal. Red blood cell
count (RBC) and hemoglobin (HGB) increased to 7.37 x 1012/L
(normal range: 4.0-5.5/L) and 174.3 g/L (normal range: 110-
150 g/L), respectively. Hematocrit (HCT) was also upregulated
to 59.8% (normal range: 33.5-45.5%). N-terminal pro-brain
natriuretic peptide (NT-proBNP) was 2,038 pg/ml (normal
range: 0-300 pg/ml). Rheumatoid factor, C reactive protein,
anti-streptolysin O antibodies, erythrocyte sedimentation rate,
antinuclear antibody series and antineutrophil cytoplasmic
antibody were all negative. Sinus tachycardia, QRS wave right
axis deviation, and chest lead clockwise rotation were found
by Electrocardiogram (ECG). Echocardiogram and cerebrospinal
fluid test were normal.

On the first night of hospitalization in the neurological
department, the patient’s dyspnea symptom worsened and no dry
or wet rales were heard in both lungs. Her heart rate and blood
oxygen saturation were 117 beats/min and 97%, respectively.
There was no obvious improvement in her symptoms after
antiasthmatic, diuretic, and cardiotonic therapy. Additionally,
she presented with blurred consciousness, restlessness, and
urinary incontinence in short time. Urgent head CT scan showed
that multiple overdue strip high-density shadows presented
in the sulci of the bilateral cerebral hemispheres, which
probably were sulcal blood vessels or subarachnoid hemorrhage
(Supplementary Figure 1). Chest CT revealed bilateral pleural
effusion and inflammation in the lungs, with more significance
on the right (Supplementary Figure 2). Chest X-ray showed an
increased cardiothoracic ratio and inflammation in the lungs.
Blood gas analysis showed significantly decreased pH value of
7.057 (normal range: 7.35-7.45) and increased level of pCO; of
18.4 kPa (normal range: 4.26-5.99 kPa). Therefore, the patient
needed prolonged ventilator support due to decreased inspiratory
muscle strength and worsening of lung function.

GAA activity of the patient markedly decreased to 9.77
nmol/1 h/mg (normal >14 nmol/1 h/mg), but was not sufficient
for the diagnosis of GAA activity deficiency according to
the manufacturer instruction (0-3.78 nmol/l h/mg). We
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detected in the patient.

FIGURE 2 | Molecular DNA analysis of the patient. (A,B) Heterozygous mutations at ¢.1411_1414del (p.Glu471ProfsTer5) and ¢.2238G>C (p.Trp746Cys) were

next performed a muscle biopsy of the left quadriceps,
after obtaining written consent from the patient. Results
showed that plenty of vacuoles were found in the muscle
fiber and muscle pulp, and most vacuoles were in the
subsarcolemmal area. Basophilic amorphous materials were
detected in the scattered intracytoplasmic vacuoles (Figure 1A).
Periodic acid-Schiff (PAS) staining disclosed that abnormal

glycogen particle deposition, which stained purplish red, were
observed in the vacuoles (Figure 1B). Genetic analysis revealed
two compound heterozygous mutations at c.1411_1414del
(p.Glu471ProfsTer5) in exon 9 and ¢.2238G>C (p.Trp746Cys)
in exonl6 (Figures 2A,B) in the patient. The patients father
had two compound heterozygous mutations for c.1726G>A
(p.Gly576Ser) and ¢.2065G>A (p.Glu689Lys) (Figure 3A).
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FIGURE 3 | Schematic diagram of the mutation sites of patient’s parents and elder sister. (A) Two compound heterozygous mutations detected in patient’s farther for
¢.1726G>A (p.Gly576Ser) and ¢.2065G>A (p.Glu689Lys). (B) The patient’s mother was heterozygous for ¢.1726G>A (p.Gly576Ser), ¢.2065G>A (p.Glu689Lys), and
€.2238G>C (p.Trp746Cys) mutations. (C) The patient’s elder sister was homozygous for ¢.1726G>A (p.Gly576Ser) and ¢.2065G>A (p.Glu689Lys) mutations and
heterozygous for ¢.2238G>C (p.Trp746Cys) mutation.

The patients mother was heterozygous for ¢.1726G>A  the recombinant human GAA (rhGAA) treatment because of
(p.Gly576Ser), ¢.2065G>A (p.Glu689Lys), and c.2238G>C  her poor economic condition. A permanent tracheostomy was
(p-Trp746Cys) mutations (Figure 3B), and the patients elder  performed considering her long-term need of ventilator. Besides,
sister was homozygous for c.1726G>A (p.Gly576Ser) and  physiotherapy and rehabilitation support were implemented. She
c.2065G>A (p.Glu689Lys) mutations and heterozygous for  was discharged with home ventilator support. Her shoulder
c.2238G>C (p.Trp746Cys) mutation (Figure3C). Nerve abduction strength improved to 5/5 and hip flexion and knee
conduction, electromyography, and muscle MRI examinations  extension strength improved to 4/5 on MRC, and the reflexes
were not performed on the patient as she could not be taken off ~ and ECG were normal. Six months later, the patient could walk
the ventilator. without ventilator support for about 15 min and could get rid of
The patient showed slight improvement in limb weakness  ventilator at rest during daytime, as well as while dressing and
after 1 mg neostigmine intramuscular injection. She was first ~ showering by herself.
diagnosed with myasthenia gravis and received Gamma globulin
(0.4 g/kg x 5 days) combined with methylprednisolone (500 DISCUSSION
mg/d x 3 days) treatments. However, there was no improvement
in her condition, and later the negative results of acetylcholine  In this study, we reported a patient who presented with
receptor (AChR) and muscle-specific tyrosine kinase (MuSK)  adult-onset respiratory and proximal limbs weakness, and
antibodies in serum helped exclude myasthenia gravis. Therefore, =~ compound heterozygous mutation of the GAA gene. Among
the pyridostigmine bromide and corticosteroids treatments were  the heterozygous mutation, c.1411_1414del (p.Glu471ProfsTer5)
interrupted. The patient continued to receive anti-inflammatory ~ was a rare and damaging mutation for LOPD. This study expands
and mechanical ventilation therapy. She had no access to  the clinical and molecular spectrum of LOPD.
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Pompe disease, also known as glycogen storage disease type
II or acid maltase deficiency, is an infrequent disorder of the
glycogen metabolism (1). The diagnosis of Pompe disease could
be relatively simple due to the marked severity of clinical
symptoms, muscle pathology, and gene mutation analysis.
However, diagnosis of LOPD can be very tough because patients
may manifest a more heterogeneous phenotype overlapping
with other neuromuscular diseases (9). Adults with LOPD
typically present with ambulatory and respiratory difficulties,
as in the case that we reported (1). At first, without knowing
the results of blood gas analysis and the cause of breath
shortness, the patient was treated with medium-high flow
oxygen. This oxygen concentration could inhibit the excitatory
effect of hypoxia-stimulated respiratory center, resulting in
the respiratory depression and failure. We applied myasthenia
gravis therapy to treat the patient, but failed to improve her
condition. The patient’s diagnosis was not confirmed until the
results of muscle biopsy and GAA genetic tests were available.
Owing to weakness of the respiratory and skeletal muscles
caused by Pompe disease, the patient progressively developed
chronic hypoxemia and type 2 respiratory failure. Therefore,
the patient had to depend on a ventilator. The high levels of
RBC, HGB, and HCT might be closely related to the chronic
hypoxemia. Chronic hypoxemia could also cause pulmonary
vasoconstriction and pulmonary hypertension, and further lead
to pulmonary heart disease and right heart failure (HF). The
patient presented with more obvious right pleural effusion,
which probably resulted from right HF. A study pointed out
that the increase in systemic venous pressures causing right HF
could prevent venous lymphatic drainage or increase hydrostatic
pressure in the bronchial veins and the chest wall, eventually
resulting in pleural effusion (10). The increased serum levels
of CK-MB and LDH indicated cardiac injury in the patient.
The suspicious subarachnoid hemorrhage in the patient’s brain
was a rare but crucial character of Pompe disease. Excessive
glycogen accumulation in the smooth muscle cells of the arteries
reduces the elasticity and integrity of the vessel walls, making
the brain prone to aneurysms, and intraparenchymal hemorrhage
(11). Of note, normal GAA activity should not rule out Pompe
disease (12), just as in the case that we reported. Sometimes
characteristic muscle histopathology findings of lysosomal
glycogenosis and autophagic vacuoles may be totally negative,
which makes Pompe disease more difficult to be diagnosed
(13). Thus, early and precise diagnosis like GAA gene analysis
is needed.

Pompe disease is an autosomal recessive disorder in humans
caused by mutations in the GAA gene (1), but the phenotypic
expression of this disease happens only if both the alleles
of the GAA gene carry a pathogenic mutation (14). In our
case, the patient had two compound heterozygous mutations at
c.1411_1414del (p.Glu471ProfsTer5) in exon 9 and ¢.2238G>C
(p.-Trp746Cys) in exonl6. The deletion of 1411_1414 causes a
reading frameshift after codon 471, a premature termination
signal 12 nucleotides downstream of the deletion and a truncated
protein of 474 amino acids. This truncated protein lacks the
catalytic site of acid alpha-D-glucosidase, localized to codons
516-520 (15, 16). As far as we acknowledge, c.1411_1414del
heterozygous mutation in GAA gene has only been reported in

IOPD (16, 17). The second mutation at ¢.2238G>C causes a
change from non-polar aromatic tryptophan to polar aliphatic
cysteine at codon 746 and has been known to affect the enzymatic
function of acid. One study pointed out that ¢.2238G>C is the
most common mutation among Chinese patients with LOPD
(18). In addition, according to the Pompe disease database
on http://www.pompecenter.nl, the effect of c.1411_1414del
(p.Glu471ProfsTer5) mutation is very severe, while 2238G>C
mutation is potentially mild. In other words, the patient carried
two potentially pathogenic ¢.1411_1414del (p.Glu471ProfsTer5)
and ¢.2238G>C (p.Trp746Cys) mutations, and the mutation of
c.1411_1414del (p.Glu471ProfsTer5) was likely a more severe
pathogenic mutation.

The patient’s families had no symptoms of Pompe disease
and all carried ¢1726G>A (p.Gly576Ser) and c.2065G>A
(p.Glu689Lys) common mutations. These two mutations are
pseudodeficiency mutations with a high carrying rate in the
population (19). Approximately 3.9% of Asians carry c.1726G>A
and ¢.2065G>A homozygous mutations, which lead to the
decreased number and activity of the enzyme without causing
any clinical symptom (20, 21). The patient’s parents and sister
were, respectively, heterozygous and homozygous for these two
mutations, and her mother and sister had an extra heterozygous
mutation of ¢.2238G>C (p.Trp746Cys), which is a missense
mutation (22). Previous studies have demonstrated that the
pseudodeficiency mutation of ¢.2238G>C, ¢.1726G>A, and
€.2065G>A slightly or hardly contribute to Pompe disease (19,
21). Overall, according to the genetic analysis of the patient and
her families, the c.1411_1414del (p.Glu471ProfsTer5) mutation
is a de novo mutation. We theorized that the heterozygous
mutations of ¢.2238G>C (p.Trp746Cys) and c.1411_1414del
(p.Glu471ProfsTer5) contributed to Pompe disease. To our
knowledge, it is the first time that this deletion mutation was
found in LOPD.

CONCLUSION

In this paper, we reported an LOPD patient who manifested
with ambulatory and respiratory difficulties, high plasma
levels of CK-MB and LDH, glycogen-containing vacuoles of
muscle biopsy, and a rare c.1411_1414del (p.Glu471ProfsTer5)
mutation. We emphasized the importance of muscle biopsy and
GAA gene analysis in diagnosing respiratory and ambulatory
weakness. With the finding of this deletion mutation, the
genotypic spectrum of Chinese LOPD patients could be
extended. Further investigation and analysis of brain magnetic
resonance image (MRI), MR venography, MR angiography
(MRA), and muscle MRI could provide more insightful
understanding of Pompe disease. Medium-high flow oxygen
therapy probably could exacerbate respiratory depression/failure
without knowing the results of blood gas analysis and the cause
of respiratory weakness.
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Case report: Sodium and
chloride muscle channelopathy
coexistence: A complicated
phenotype and a challenging
diagnosis
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Non-dystrophic myotonias (NDM) encompass chloride and sodium
channelopathy. Mutations in CLCN1 lead to either the autosomal dominant
form or the recessive form of myotonia congenita (MC). The main symptom
is stiffness worsening after rest and improving by physical exercise. Patients
with recessive mutations often show muscle hypertrophy, and transient
weakness mostly in their lower limbs. Mutations in SCN4A can lead to Hyper-,
Hypo- or Normo-kalemic Periodic Paralysis or to different forms of myotonia
(Paramyotonia Congenita-PMC and Sodium Channel Myotonia-SCM and
severe neonatal episodic laryngospasm-SNEL). SCM often presents facial
muscle stiffness, cold sensitivity, and muscle pain, whereas myotonia worsens
in PMC patients with the repetition of the muscle activity and cold. Patients
affected by chloride or sodium channelopathies may show similar phenotypes
and symptoms, making the diagnosis more difficult to reach. Herein we
present a woman in whom sodium and chloride channelopathies coexist
yielding a complex phenotype with features typical of both MC and PMC.
Disease onset was in the second decade with asthenia, weakness, warm up
and limb stiffness, and her symptoms had been worsening through the years
leading to frequent heavy retrosternal compression, tachycardia, stiffness, and
symmetrical pain in her lower limbs. She presented severe lid lag myotonia,
a hypertrophic appearance at four limbs and myotonic discharges at EMG.
Her symptoms have been triggered by exposure to cold and her daily life
was impaired. All together, clinical signs and instrumental data led to the
hypothesis of PMC and to the administration of mexiletine, then replaced by
acetazolamide because of gastrointestinal side effects. Analysis of SCN4A
revealed a new variant, p.Glu1607del. Nonetheless the severity of myotonia
in the lower limbs and her general stiffness led to hypothesize that the
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impairment of sodium channel, Nav1.4, alone could not satisfactorily explain
the phenotype and a second genetic “factor” was hypothesized. CLCN1 was
targeted, and p.Met485Val was detected in homozygosity. This case highlights
that proper identification of signs and symptoms by an expert neurologist is
crucial to target a successful genetic diagnosis and appropriate therapy.

myotonia, paramyotonia, channelopathies, CLCN1, SCN4A

Introduction

Muscle chloride and sodium channelopathy are rare non-
dystrophic myotonias characterized by myotonia, a prolonged
muscle contraction after brief stimuli (a brief excitation) and
delayed relaxation following a voluntary contraction.

Mutations in CLC-1, encoded by CLCNI gene (RefSeq
NC_000007.13), lead to either the autosomal dominant form
(Thomsen’s disease: OMIM 160800) or the recessive form
(Becker’s disease: OMIM 255700) of myotonia congenita
(MC). Muscle chloride channel works as a homodimer,
each dimer representing an ion conductance pathway, the
protopore. It is requested for stabilizing the resting membrane
potential, and it favors the repolarization of the membrane
at the end of depolarization. An impaired channel modifies
the cycle of excitability of the myocyte membrane toward
hyperexcitability by slowing the return to the resting potential
after depolarization. Autosomal dominant myotonia congenita
is due to the presence of one dominant-negative mutation
that modifies either the gating of both the protopores or
the selectivity of one of the two protopores (1, 2). However,
some mutations may act as dominant in some patients,
and as recessive in others possibly because of incomplete
penetrance (3).

The main symptom complained is stiffness worsening after
rest and improving by physical exercise (warm up). Patients
with recessive mutations often show muscle hypertrophy with
different degree and distribution (herculean appearance), and
they can suffer from transient weakness at the beginning of
voluntary contraction, and this may lead to falls.

Dominant mutations in Nay1.4, encoded by SCN4A gene
(NC_000017.11) can lead to Hyper-, Hypo- or Normo- kalemic
Periodic Paralysis (OMIM 170500) or to different forms of
myotonia [Paramyotonia Congenita (PMC): OMIM 168300;
Sodium Channel Myotonia (SCM): OMIM 603967]; Severe
neonatal episodic laryngospasm (SNEL): OMIM 608390,
whereas recessive mutations are associated to congenital
myopathy or congenital myasthenic syndromes (OMIM
614198). Sodium channel myotonia is often characterized by
facial muscle stiffness, cold sensitivity, and muscle pain. The
clinical symptoms are highly variable ranging from a severe
neonatal presentation passing through classical SCM to mild,
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late-onset phenotypes (4). The warm-up phenomenon is usually
present in MC patients, but it is sometimes experienced also by
SCM patients. On the other hand, PMC patients experience the
worsening of myotonia with the repetition of the muscle activity
(paradoxical myotonia) and cold, and they could also complain
about asthenia and weakness.

affected by
channelopathies show similar phenotypes and common

Often patients chloride or sodium
clinical symptoms, making the diagnosis more difficult to reach.

Herein we present a patient affected by non-dystrophic
myotonia where sodium and chloride channelopathies coexist
yielding a complex phenotype with features typical of both MC
and PMC. The patients DNA harbors a previously described
CLCNI mutation, p.Met485Val, in homozygosity, and a novel
dominant SCN4A variation, p.Glu1607del.

It is well-established in the field of the muscle
channelopathies that the application of differential EMG
protocols comprehensive of exercise tests may help
discriminating the causative gene (5). Nevertheless, this
case highlights how crucial it is for the correct identification
and attribution of clinical signs and symptoms by the expert
neurologist in order to properly redirect the genetic testing and
reach a correct diagnosis.

Case description

Herein we describe a 53-year-old woman (DOB 1968)
born in Sicily from parents that were first-degree cousins.
The disease onset was early when she was 14-year-old, with
asthenia, weakness, warm up and stiffness at her arms, and legs
after physical activity mainly during volleyball. The symptoms
worsened when she, with her parents, moved to the North of
Ttaly where temperatures are cooler. At age of 45 she returned
to medical attention complaining about a heavy retrosternal
compression, sinus tachycardia with normal ECG, tingling and
worsening of myalgia: indeed, ergometric test was interrupted
for pain at lower limbs. At the age of 47, after her neuromuscular
signs had worsened, she underwent an EMG test at the four
limbs showing that myotonic discharges were present in all the
tested muscles, especially in biceps brachii and biceps femoris
bilaterally. No stimulation test according to Fournier protocol

frontiersin.org


https://doi.org/10.3389/fneur.2022.845383
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Pagliarani et al.

TABLE 1 Proband’s clinical features are recapitulated here.

Characteristics
Age (yrs) 53
Age of onset (yrs) 14

CLCNI variant p-Met485Val/p.Met485Val

SCN4A variant p.Glul607del/-
EMG Myotonic discharges
Handgrip myotonia No

Orbicularis myotonia Yes

Lid myotonia Severe
Paramyotonia Yes

Muscle stiffness Severe

‘Weakness Moderate, fixed
Muscle pain Severe

Warm up No

Muscle hypertrophy Severe

Triggers for myotonia Cold

was performed. At age 49 the neurological examination showed
evident lid lag and grip myotonia, both worsening with repeated
contractions (paradoxical myotonia). Slight muscle weakness
(MRC grade 4) at flexor neck muscles, abductors, and flexors
(MRC grade 4) of her arms, and flexors (MRC grade 4) of
the lower limbs was also present. She had no weakness at
distal muscles, and she never complained of adynamia nor
paralysis episodes. Laboratory investigations, including CK,
were unremarkable. The patient referred an overall worsening
of her disease through the years, with difficulties in climbing
stairs, and impairing of the daily activities, her work as a hotel
housekeeper being impacted significantly. Clinical features are
summarized in Table 1.

The patient’s father, 75 years old, complained only for
myotonic symptoms since when he had moved to the North
of Italy for work reasons. As his daughter, he showed palpebral
paradoxical myotonia, while he never complained about myalgia
or limb stiffness. He worked as a laborer. The Patient’s 68
years old mother had no complaints at all, and her neurological
examination was unremarkable. Both parents, due to mild and
the absence of symptoms, refused to undergo EMG, they agreed
only on genetic testing.

Diagnostic assessment and
treatments

Instrumental examinations made at disease onset were
not available. At age 46 echocardiograms detected slight
atrioventricular insufficiency. Because of her difficulty in
movements, she underwent lumbosacral MRI, which was
negative. EMG examinations performed at age 47 showed
myotonic discharges at rest in almost all tested muscles. These
data together with orbicular myotonia, and the persistence of
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stiffness after repeated contractions led to the hypothesis of
paramyotonia congenita, and to administration of mexiletine
200 mg once daily, interrupted for gastrointestinal side effects,
and replaced by acetazolamide 62.5 mg three times daily without
improvement of symptoms. When the patient was 48 years
old, lacosamide 50mg twice daily was tempted to obtain a
better control of symptoms, but she positively responded only
for a short time, after which cramps started over (Table 2).
Concurrently a genetic analysis of the entire SCN4A gene
was performed revealing a new variant, c¢.4819_4821delGAG
harboring the p.Glul607del (Figures 1A-C), inherited from the
patient’s father (Figure 1D). In consideration of the severity
of myotonia especially at the lower limbs and because of the
general stiffness affecting the patient, it was likely that the
phenotype could not be satisfactorily explained by impairment
of SCN4A gene alone, and the involvement of a second
genetic “actor” was hypothesized. Thus, CLCNI gene was
targeted for a further molecular analysis, and the previously
reported mutation p.Met485Val was detected in homozygosity
(Figure 1D). Since when the patient was 50 years old, a different
pharmacological treatment has been successfully attempted
based on lamotrigine 150 mg in the morning and 125 in the
afternoon, obtaining improvement of both palpebral and grip
myotonia, and limb stiffness.

Discussion

This work describes a patient with non-dystrophic myotonia
presenting a complex phenotype not clearly referable to the
impairment of a single skeletal muscle channel. Since disease
onset, the patient showed a severe range of symptoms which
led neurologist to hypothesize a “stiff-person syndrome” vs.
sodium channelopathy. Indeed, the presence of severe orbicular
myotonia, and the absence of warm up oriented toward a sodium
channelopathy. Nevertheless, the severity of myotonia especially
at lower limbs and the general stiffness were not satisfactorily
explained by the diagnosis of PMC based on clinical symptoms
and genetic analysis of SCN4A, hence the involvement of a
second genetic “player;” namely CLCNI gene, was hypothesized.

Indeed, the sequencing of the muscle chloride channel
revealed a homozygous missense mutation previously described.
Both parents, as expected, were heterozygous carrier. The
parents did not undergo to any instrumental examination. The
nucleotide change ¢.1453A>G (rs146457619; gnomAD 0.04%;
ClinVar 280101) in exon 13 of CLCNI yields the missense
p-Met485Val which has been reported in a number of studies
with myotonia congenita, both in homozygous and compound
heterozygous state, while it was detected in heterozygote state
in unaffected individuals (6-11). Clinical signs related to the
presence of the p.Met485Val were reported by Mazon et al. (12)
in a homozygous case sharing with our patient myotonia, and
weakness after intense exercise. A clinical description of this
mutation in heterozygous compound with p.Ser18Thrfs*55 was
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TABLE 2 Timeline of the drug treatments administered to the patient and their effects.

Patient’s age Drug Dose Side effects Efficacy
47 Mexiletine 200 mg sid Gastrointestinal Imprv. of Symptoms
47 Acetazolamide 62.5mg tid No
48 Lacosamide 50 mg bid Brief imprv. of symptoms
50 Lamotrigine 150+125mg Imprv. of palpebral and grip myotonia, limb stiffness
compared to wild type, thus the channel was incompletely
Bl o B o 81 BB deactivated at negative voltages (7). In a recent paper by Park and
A MacKinnon (14) a detailed characterization by Cryo-Electron
Microscope of the CLC1 structure was proposed, and the role of
Met485 was depicted. This residue is placed above the external
chloride binding site located into the protopore, where its
flexible side chain would form a constriction near the external
crere e e ce end of the ion pathway, and thus would modulate the chloride
B

SCN4A p.Glu1607del
CLCNI p. Met485Val
D Wild type

FIGURE 1

Electropherograms from Sanger sequencing showing the
patient’s altered pattern due to the trinucleotide deletion
p.Glu1607del on SCN4A gene (A) electropherogram obtained
after cloning of the PCR product carrying the mutation, in order
to resolve the mutated from the wild type allele (B) normal
pattern in a control case (C). Genetic tree showing the
hereditary pattern of both the mutations harbored by the
proband (indicated by the arrow) (D).

also done by Hoche et al. (13) in a boy of German/Indian origin
presenting with symptoms of severe MC, including stiffness,
myotonia after rapid initiation of movements, post-myotonic
weakness, muscle pain, lid, percussion, and handgrip myotonia.
Functional studies by protein expression in Xenopus oocytes had
shown that this mutation led to a severe reduction of the single
channel conductance becoming strongly inwardly rectifying,
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throughput during membrane repolarization.

The SCN4A c.4819_4821del GAG
(p.Glul607del) was found in heterozygous state in both
the proband and her father. It falls in the final part of the
transmembrane segment S6 of domain IV of Nayl.4 and is

novel variant

highly conserved among Nay channels (15) and among species.
This variant is not reported in gnomAD, EVS, dbSNP or ClinVar
and is predicted to be dangerous by the in silico prediction tool
Mutation Taster (Disease causing). The ACMG classification is
uncertain significance (PM2, PM4, PP3). To date, only a bunch
of in-frame deletions were found on SCN4A, and they were all
related to sodium channelopathies. The mutation p.Glu36del
was described in a patient clinically diagnosed with HypoPP
and with a positive LET (long exercise test) (16); p.Lys880del
was found in a Japanese patient, and was related to HyperPP
(no clinical data) (17), and in a Chinese patient with PMC (no
clinical data) (18). The two in-frame deletions of the C-term
of Nayl.4 p.Glul702del and p.Thr1700_Glul703del were
found in myotonic patients and functional studies revealed
impairment of fast inactivation for both (19). Thus, although
SCN4A related channelopathies are mostly caused by missense
mutations, there is increasing evidence that little in-frame
deletions may play a role. Double trouble cases carrying
mutations in both sodium and chloride muscle channels are
present in medical literature (20-22). The coexistence of the
p-Met485Val with mutations on the SCN4A gene has previously
been reported by Furby et al. (20) who described a young man
harboring p.Gly1306Glu/p.Met485Val, affected from birth, and
sharing eye lid myotonia, abundant myotonic discharges in
his legs, muscle hypertrophy normalized with age, stiffness,
and myalgia with the case studied herein. He had been firstly
diagnosed as a case of sodium channelopathy; still genetic
findings were not consistent with the type II SET (Short
Exercise Test). Sequencing of CLCNI found a heterozygous
p-Met485 Val.
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Our patient was a clinical challenge for several reasons:
[1] she presented an atypical course of the disease with an
age of onset at 14 years, too late in comparison to a pure
sodium channelopathy where symptoms are generally present
since infancy. Indeed, it fits more with a chloride channelopathy
where symptoms are typically late onset from the second
decade; [2] the patient was misdiagnosed for many years with
a diagnosis ranging from a demyelinating disorder to stiff-
person syndrome to psychiatric tracts. Only the presence of
myotonic discharges at EMG correctly oriented toward a skeletal
muscle channelopathy. For all these reasons, also a successful
pharmacological treatment was hard to reach. First, the patient
underwent to mexiletine treatment 200 mg once daily which was
stopped for side effects (gastrointestinal), then to acetazolamide
62,5 mg tid, stopped because was ineffective. The next treatment,
lacosamide 50 mg twice daily, was administered without effect
on myotonia, and later replaced by lamotrigine 150 mg in the
morning and 125 mg in the afternoon eliciting positive effects on
myotonia (Table 2).

The case described herein highlights that an atypical
phenotype—disease onset, a mixture of symptoms and signs—
should prompt not to a single channelopathy but to the
coexistence of different channel impairment which could
explain the complexity of the phenotype. From this perspective,
the new variant on SCN4A gene, p.Glul607del, appears as
a novel mutation responsible for the PMC phenotype of
this case.

Patient perspective

The case described herein emphasizes that the complexity
of the mixed phenotypes requires a careful clinical follow-
up, and the administration of several drugs throughout the
clinical course leading to an improvement in the patient’s quality
of life.

Written informed consent was provided by the family
members involved in this study, for treatment of biological
samples, genetic analysis, and sensitive data.

Data availability statement
The dataset in this article are not readily available due to

ethical and privacy restrictions. Request to access should be
directed to the corresponding author.
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