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update literature review
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Changchun, China, 2Department of Neurology, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou, China
Background and objectives: Antiglycine receptor (anti-GlyR) antibody mediates

multiple immune-related diseases. This study aimed to summarize the clinical

features to enhance our understanding of anti-GlyR antibody-related disease.

Methods: By collecting clinical information from admitted patients positive for

glycine receptor (GlyR) antibody, the clinical characteristics of a new patient

positive for GlyR antibody were reported in this study. To obtain additional

information regarding anti-GlyR antibody-linked illness, clinical data and

findings on both newly reported instances in this study and previously

published cases were merged and analyzed.

Results: A new case of anti-GlyR antibody-related progressive encephalomyelitis

with rigidity and myoclonus (PERM) was identified in this study. A 20-year-old

man with only positive cerebrospinal fluid anti-GlyR antibody had a good

prognosis with first-line immunotherapy. The literature review indicated that

the common clinical manifestations of anti-GlyR antibody-related disease

included PERM or stiff-person syndrome (SPS) (n = 179, 50.1%), epileptic

seizure (n = 94, 26.3%), and other neurological disorders (n = 84, 24.5%). Other

neurological issues included demyelination, inflammation, cerebellar ataxia and

movement disorders, encephalitis, acute psychosis, cognitive impairment or

dementia, celiac disease, Parkinson’s disease, neuropathic pain and allodynia,

steroid-responsive deafness, hemiballism/tics, laryngeal dystonia, and

generalized weakness included respiratory muscles. The group of PERM/SPS

exhibited a better response to immunotherapy than others.

Conclusions: The findings suggest the presence of multiple clinical phenotypes

in anti-GlyR antibody-related disease. Common clinical phenotypes include

PERM, SPS, epileptic seizure, and paraneoplastic disease. Patients with RERM/

SPS respond well to immunotherapy.
KEYWORDS

antiglycine receptor antibody, progressive encephalomyelitis with rigidity and
myoclonus, stiff-person syndrome, epilepsy, autoimmune
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Introduction

The awareness of autoimmune neurologic disorders has been

increasing rapidly in recent decades (1). As a result, several central

nervous system (CNS) receptors and cell surface and intracellular

antigens for use as pathogenic targets have been identified (2).

Owing to differences in the types and distribution of antigens, the

clinical manifestations also tend to vary. Common CNS

autoantigens include neuronal cell-surface proteins, synaptic

proteins, ion channels, and other cell-surface proteins (3).

One important inhibitory neurotransmitter is glycine (4). A

proton-coupled transport mechanism accumulates glycine in

synaptic vesicles, which are then released into the synaptic cleft

following the depolarization of the presynaptic terminal.

Pentameric GlyR, a member of the ligand-gated ion channel

superfamily predominantly expressed in the brain stem,

cerebellum, and spinal cord, mediates the inhibitory effect of

glycine (5, 6).

Glycine receptor antibody (GlyR-Ab) was originally described

in 2008 in a patient with severe progressive encephalomyelitis with

rigidity and myoclonus (PERM), a variant of the stiff-person

syndrome (SPS), who responded well to treatment (7).

Subsequently, other PERM/SPS instances with corresponding

GlyR-Ab were made public (8). GlyR-Ab individuals have also

been linked to tumors and have experienced neuropathic pain,

epilepsy, cerebellar ataxia, acute encephalitis with convulsions,

Parkinson’s disease, and optic neuritis (9–12). As clinical cases

constitute most studies conducted on GlyR-Ab so far, little is known

about its epidemiology, symptomatology, and prognosis.

Initially, a case of recently identified patients who tested positive

for GlyR-Ab in our investigation was reported. In addition,

available data were combined with previously documented

instances from the literature to determine the clinical

characteristics of individuals whose blood or cerebrospinal fluid

(CSF) tested positive for GlyR-Ab. Ultimately, this report aims to

raise awareness of anti-GlyR antibody-related diseases.
Methods

Clinical features of a new patient with anti-
GlyR antibody positivity

Clinical data were gathered for patients with GlyR-Ab positivity

in serum and/or CSF, including clinical characteristics, laboratory
Abbreviations: Anti-GlyR, Antiglycine receptor; GlyR, Glycine receptor; CSF,

Cerebrospinal fluid; PERM, Progressive encephalomyelitis with rigidity and

myoclonus; SPS, Stiff-person syndrome; CNS, Central nervous system; mRS:

Modified Rankin scale; MRI, Magnetic resonance imaging; EEG,

Electroencephalogram; AQP-4, Aquaporin 4; GFAP, Glial acidic fibrillary

protein; MOG, Myelin oligodendrocyte glycoprotein; VEEG, Video

electroencephalography; EMG, Electromyogram; IVMP, Intravenous

methylprednisolone; IVIG, Intravenous immunoglobulin; PE, Plasma exchange;

CD, Celiac disease; TM, Transverse myelitis; NMO, Neuromyelitis optica; MS:

Multiple sclerosis.
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findings, serum and/or CSF antibody tests, therapeutic methods,

and prognosis. The modified Rankin scale (mRS) was applied to

evaluate the severity of symptoms at onset and after treatment. The

hospital’s medical ethics committee authorized the study, and

written informed consent was obtained from the patients (2021-

KY-0779).
Literature search and data extraction

PubMed was searched for all GlyR-Ab-related publications in

English till December 2023. The title/abstract and keyword

combination search phrases were “GlyR or glycine receptor or

glycine receptor antibodies,” “Progressive encephalopathy with

rigidity and myoclonus or PERM,” “stiff-person syndrome or

SPS,” and “glycine receptor encephalitis” to locate previously

reported instances of anti-GlyR antibody in humans. Two expert

reviewers scrutinized the whole text of the included papers,

extracting and summarizing relevant material and resolving issues

by consensus.

Clinical data were collected from all patients with anti-GlyR

antibody-related illness, including current new participants and

previously reported cases. Demographics, clinical data, laboratory

results such as magnetic resonance imaging (MRI) of the brain,

electroencephalogram (EEG), serum and CSF therapy, mRS scores

at peak illness, and details of the last follow-up were included.
Results

Clinical features of the case

A novel case of anti-GlyR antibody-related autoimmune disease

was identified. Comprehensive clinical features of the new case, test

results, therapeutic strategy, and prognosis were reported. The

admitted patient was a 22-year-old man. He exhibited prodromal

symptoms, such as severe vomiting, fever, and diarrhea. His

neurologic symptoms comprised involuntary jaw movements,

dysphagia, involuntary tremors of the limbs, and difficulty

walking. Neurological examination was unremarkable, except for

bilateral Babinski sign, increased muscle tone of the extremities,

both lower limbs muscle strength level 4, and difficulty in walking.

The mRS score at admission was 4.

The patient was examined after admission. Considering his

medical history, rabies and tetanus antibody tests were performed,

which turned out to be negative. MRI of the brain and spine was

normal. The patient’s CSF was colorless and clear, and the pressure

was 70 mmH2O. CSF studies revealed normal protein level (0.31 g/L,

normal range: 0.15–0.45 g/L); mildly elevated white blood cell count

(6/µL, normal range: 0–5/µL); and lymphocytes constituted 70%,

monocytes 29%, and activated monocytes 1%. CSF bacterial culture,

ink staining, and antituberculosis antibodies were negative. The

serum was negative for antibodies associated with CNS

demyelinating diseases, such as antibodies to aquaporin 4 (AQP-4),

glial acidic fibrillary protein (GFAP), and myelin oligodendrocyte

glycoprotein (MOG). Video electroencephalography (VEEG)
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revealed episodic involuntary upward lifting of the limbs, lasting for

approximately 1 second. The patient was clearly conscious and was

able to recall it later. The electromyogram (EMG) did not indicate

any abnormalities. The background of the synchronized EEG did not

show obvious abnormal waves or abnormal alterations in the

background electrical activity. The combined findings of EMG and

EEG above were indicative of myospasm. The EMG and EEG features

of VEEG in the new case, including awake (A), sleep (B), myospasm

(C), and (D) are presented in Figure 1. The serum and CSF were

tested for the presence of autoimmune encephalitis antibodies using

cell–based indirect immunofluorescence (Euroimmun, Lübeck,

Germany) based on patient findings and clinical presentation

(including anti-NMDAR, anti-LGI1, anti-CASPR2, anti-GABABR,

anti-AMPRA, anti-IgLON5, anti-DPPX, anti-GAD65, anti-mGluR5,

anti-GlyR5, anti-D2R, anti-MOG, and neurexin-3). The results were

negative in the serum and CSF, except for anti-GlyR antibodies at a

titer of 1:3.2 in the CSF. Furthermore, the results of tumor marker

detection in serum were unremarkable.

The patient had an acute onset of the disease involving the

brainstem, pyramidal tract, and spinal cord, and the CSF was positive

for anti-GlyR antibodies. He was classified as PERM although his

antibody titers were low. In previous studies, serumwas more positive

than CSF antibodies. A further search of the literature found no cases

of positive CSF only. Therefore, the new case described in this paper

is the first case positive only for CSF GlyR-Ab. The difference between

CSF and serum results might be explained by the intrathecal synthesis

of the GlyR-ab. The patient received first-line immunotherapy

[intravenous methylprednisolone (IVMP), intravenous

immunoglobulin (IVIG), plasma exchange (PE), and oral

prednisone]. Initially, IVMP 1,000 mg/day was administered for 2

days, which was then halved every 3 days (total number of days on

IVMP: 11). The patient’s symptoms did not improve considerably,

and the mRS score remained at 4. Subsequently, he was treated with

IVIG 22.5 g/day for 4 days. The mRS score improved from 4 to 3. PE

was then performed four times to further alleviate the patient’s
Frontiers in Immunology 03
symptoms. The mRS score decreased from 3 to 1, and the serum

and CSF tested negative for autoimmune encephalitis antibodies.

Oral prednisone 60 mg/day was prescribed at discharge, the dose was

reduced by 10 mg per week and maintained at 10 mg/day for a long

time (total number of days on oral prednisone: 180). After the 6-

month follow-up, the patient returned to a normal life and the mRS

score was 0.
Review of the literature

After analyzing the literature, 356 cases of anti-GlyR antibody-

related illness that had already been documented were identified.

These were integrated with the new patient’s data from the ongoing

investigation, and Table 1 provides a complete overview of the data.

The illness associated with anti-GlyR antibodies that constituted

the highest proportion was PERM/SPS (n = 179, 50.1%). Of the

antibody-positive illnesses, the 94 epilepsy groups accounted for

26.3%. The forms of epileptic seizure included focal epilepsy,

temporal lobe epilepsy, epileptic encephalopathy, status epilepticus,

myoclonic epilepsy, and opsoclonus–myoclonus. Additionally, 23.5%

of the cases were of other neurological presentations, which included

24 cases of demyelination/inflammatory disease, 24 cases of cerebellar

ataxia and movement disorders, 16 cases of encephalitis, 7 cases of

acute psychosis, 5 cases of cognitive impairment or dementia, 2 cases

of celiac disease, 1 case of Parkinson’s disease, 1 case of neuropathic

pain and allodynia, 1 case of steroid-responsive deafness, 1 case of

hemiballism/tics, 1 case of laryngeal dystonia, and 1 case of

generalized weakness that included the respiratory muscles. The

forms of demyelination/inflammatory disease included transverse

myelitis, neuromyelitis optica, isolated optic neuritis, and multiple

sclerosis. The forms of movement disorders were ataxia, myoclonus,

motor tics, and dystonia.

Anti-GlyR antibody-related disease can occur at any age. The

minimum and maximum ages at onset were 1 and 89 years,
B

C D

A

FIGURE 1

The EMG and EEG features of VEEG in the new case. (A) The feature of EEG and EMG in awake. (B) The feature of EEG and EMG in sleep. (C, D) The
feature of EEG and EMG when the patient presented a paroxysmal event of myospasm.
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respectively. Of the patients whose sex was known, 44% of women

were in the PERM group, compared with 58.6% and 69% in the

epilepsy and other neurological presentation groups, respectively.

The mean age at onset in both the PERM/SPS and other

neurological presentation groups was >40 years, whereas that in

the epilepsy group was 32.6 years.

In the PERM/SPS group, patients with preexisting and new

tumors were relatively high. A history of tumors was reported in 19

of the 179 patients with PERM/SPS, including 5 lymphomas, 4

thymomas, 2 lung cancers, 1 thymoma and lymphoma, 1 carcinoma

of the urinary bladder, 1 uterine cervix neoplasia, 1 tongue cancer, 1
Frontiers in Immunology 04
thyroid papillary carcinoma, 1 seminoma, 1 melanoma, and 1 breast

cancer and thymoma. In addition, new tumors were mentioned for

12 of the 179 patients with PERM/SPS, including 6 thymomas, 2

lymphomas, 1 breast cancer, 1 lung cancer, 1 bladder

adenocarcinoma, and 1 colon tubular adenoma with low-grade

intraepithelial neoplasia. There were three patients with previous

tumors among the 86 patients in the epileptic seizure group,

including 1 ovarian teratoma and 2 other preexisting

malignancies. However, there were no cases of new malignancy in

the group with epilepsy. Only patients with a history of tumors were

found in the group of other neurological presentations, including

four lung cancers, three breast cancers, and one testicular

seminoma. Laboratory results showed a higher proportion of MRI

and EEG abnormalities in the epileptic seizure group compared

with the other two groups, accounting for 23.7% and 19.4% of the

total population, respectively. The corresponding proportions were

2.2% and 2.8% in the PERM/SPS group and 6.8% and 9.5% in the

other neurological presentations group.

Of the known patients with applied immunotherapy, the

proportion of patients in the PERM/SPS group was 53.1%, which

was higher than those in the epilepsy and other neurological

presentation groups (33.3% and 24.4%, respectively). Moreover,

in the PERM/SPS group, according to the mRS score of the 27

patients at admission and the last follow-up, 21% (n = 6) had

complete remission, 43% (n = 12) had partial remission, and 36% (n

= 10) had no improvement after immunotherapy (Figure 2).
Discussion

The ligand-gated, ionotropic, and inhibitory receptor GlyR of

the CNS controls neurotransmission. The receptor’s heteromeric

structure comprises subunits a and b (13, 14). The earliest reports

of antibodies against the GlyRa1 subunit are from patients with

PERM/SPS (15). In addition, GlyR antibodies have been detected in

individuals with autoimmune demyelinating diseases, cerebellar

ataxia, and epileptic seizures, which are symptoms of

autoimmune encephalitis (16–18). One patient with GlyR-Ab

positive autoimmune encephalitis who died from respiratory

failure (19). The study found that patients presenting with

lockjaw in SPS against GlyR-Ab had complete remission with PE,

and their favorable therapeutic response clarified that GlyR-Ab

directly mediated the disease (20). Moreover, an in vivo experiment

using a zebrafish model demonstrated that GlyR-Ab directly

mediated PERM/SPS (21). The importance of antibody-mediated

processes in SPS and PERM is further supported by the observation

that immunotherapies, such as PE, IVIG, and IVMP, improve the

symptoms and simultaneously reduce serum anti-GlyR antibody

levels during clinical treatment (22).

In this study, a new patient with PERM was identified. The

patient was negative for serum GlyR antibody and exhibited a low

CSF GlyR antibody titer of only 1:3.2. The difference between the

titers in the CSF and serum could have occurred as the patient was

in the initial stages of the disease and because of the intrathecal

synthesis of GlyR-Ab (22–24). Previous studies have observed that

positive GlyR antibody results and titers are higher in the serum
TABLE 1 Clinical features of anti-GlyR positive patients in this new and
previous literature.

PERM/
SPS

Epileptic
seizurec

Other neuro-
logical

performanced

Number of patients
(n, %)a

179 (50.1%) 94 (26.3%) 84 (23.5%)

Male:Female (n, %)b 47:37
(56.0%:44%)

24:34
(41.4%:58.6%)

13:29 (31.0%:69.0%)

Mean age at
onset (years)

47.2 32.6 40.9

Age of onset
range (years)

1-89 1-79 8-89

Previous tumors
(n, %)e

19 (10.6%) 3 (3.2%) 0

Newly discovered
tumors (n, %)f

12 (6.7%) 0 8 (9.5%)

Abnormal MRI
(n, %)

4 (2.2%) 22 (23.4%) 5 (6.0%)

Abnormal EEG
(n, %)

5 (2.8%) 18 (19.2%) 8 (9.5%)

Relief symptoms
after immunotherapy
(n, %)

95 (53.1%) 33 (35.1%) 21 (25.0%)

Lack of
improvement/
Unkonwn (n, %)

84 (46.9%) 61 (64.9%) 63 (75.0%)
MRI: magnetic resonance imaging; EEG: electroencephalogram.
aTotal number of 357: 1 newly detected case of PERM, 356 previous cases.
bSex-unknown is not included.
cThe forms of epileptic seizure: focal epilepsy, temporal lobe epilepsy, epileptic
encephalopathy, status epilepticus, and myoclonic epilepsy, opsoclonus-myoclonus.
dOther neurological presentation: 24 demyelination/inflammatory, 24 cerebellar ataxia and
movement disorders, 16 encephalitis, 7 acute psychosis, 5 cognitive impairment or dementia,
2 celiac disease, 1 Parkinson’s disease, 1 neuropathic pain and allodynia, 1 steroid responsive
deafness, 1 hemiballism/tics, 1 laryngeal dystonia, 1 generalized weakness included respiratory
muscles. The forms of demyelination/inflammatory disease: transverse myelitis (TM),
neuromyelitis optica (NMO), isolated optic neuritis, multiple sclerosis (MS). And The
forms of movement disorders: ataxic, myoclonus, motor tics, dystonia.
eA past history of tumors were reported for 19 of the 179 PERM/SPS patients, including 5
lymphoma, 4 thymoma, 2 lung cancer, 1 thymoma and lymphoma, 1 carcinoma of urinary
bladder, 1 uterine cervix neoplasia, 1 tongue cancer, 1 thyroid papillary carcinoma, 1
seminoma, 1 melanoma, 1 breast cancer and thymoma. Three previous tumor patients
among 86 patients in the epileptic seizure group, including 1 ovarian teratoma, 2 other
preexisting malignancy. Only patients with a past history of tumors were found in the group of
other neurological presentation, including 4 lung cancer, 3 breast cancer, 1
testicular seminoma.
fTumors were mentioned for 12 of the 179 PERM/SPS patients, 6 thymoma, 2 lymphoma, 1
breast, 1 lung cancer, 1 bladder adenocarcinoma, 1 colon tubular adenoma with low-grade
intraepithelial neoplasia. There were no cases of new malignancy in the group with epilepsy.
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than those in the CSF. The antibody was confirmed to be negative

for amphiphysin and glutamic acid decarboxylase in this case,

which was also the cause of PERM (25, 26). The most relevant

features of PERM are myospasm, dysautonomia, brainstem

dysfunction and so on, and the response to immunotherapy is

variable. After first-line immunotherapy, the patient’s condition

and his clinical symptoms improved significantly, which confirmed

the diagnosis as GlyR-Ab-mediated PERM. In addition to the most

common PERM mediated by anti-GlyR antibodies, a range of

clinical syndromes can occur owing to the structural function and

distribution of GlyR.

Consistent with previous studies, in this research too, anti-GlyR

antibody-related diseases in addition to PERM/SPS and epilepsy

were noted (10, 27–34). Moreover, demyelination/inflammation

(including transverse myelitis, neuromyelitis optica, isolated optic

neuritis, and multiple sclerosis) (16, 35–37), cerebellar ataxia and

movement disorders, encephalitis, acute psychosis, cognitive

impairment or dementia, celiac disease, Parkinson’s disease,

steroid-responsive deafness, hemiballism/tics, laryngeal dystonia,

and and generalized weakness included respiratory muscles were

observed (12, 27, 38–41). The diversity in clinical manifestations

could be attributed to GlyR-Ab acting in different areas of the brain.

Knowledge of anti-GlyR antibody-related disease was further

deepened by a summary of clinical phenotypes.

Autoantibodies against surface neuronal antigens have been

associated with specific neurological presentations, including

autoimmune encephalitis, with a variable link to neoplasia. Anti-GlyR

antibody related-disease may accompany tumorigenesis (22). In addition

to thymoma, lymphoma, breast cancer, lung cancer, melanoma, and

seminoma reported in previous studies, bladder cancer, tongue cancer,

carcinoma of the urinary bladder, uterine cervix neoplasia, tongue cancer,

thyroid papillary carcinoma, and ovarian teratoma may also occur (29,

31, 32, 41–46). MRI and EEG are normal in most patients, and those

with epilepsy as the clinical manifestation have a high possibility of

abnormal results. As a type of autoimmune disease, anti-GlyR antibody-

associated disease has a high clinical remission after the administration of

immunotherapy in PERM/SPS.

This study has several limitations. First, the sample size was

small, and the included studies were mostly case reports, which may

be biased. In addition, follow-up information was missing for some
Frontiers in Immunology 05
patients, or the follow-up time was short. Hence, it was impossible

to accurately evaluate the effect and long-term prognosis of

immunotherapy as well as the number of patients with tumor

recurrence. Further multicenter studies involving larger cohorts and

longer follow-ups are required to obtain more information about

the anti-GlyR antibody-related disease and enhance our

understanding of clinical characteristics and prognosis.
Conclusion

As an uncommon type of autoimmune disease, anti-GlyR

antibody-related disorders mostly appear clinically as PERM, SPS,

epilepsy, etc. Additional symptoms, especially unusual ones, would

probably be discovered as the disease becomes increasingly

recognized. Future prospective and large-cohort studies are

necessary to better evaluate the clinical characteristics of this

disease, given the tiny cohort of cases that have been reported so far.
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