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Objective: Ananalysis of the clinical featuresof autoimmuneencephalitis accompanied

by anti-amphiphysin antibodies.

Methods: The data of encephalitis patients with anti-amphiphysin antibodies

were retrospectively evaluated, including demographics, neurological and

laboratory findings, imaging, treatment, and prognostic predictions.

Results: Ten patients aged between 29 and 78 years (median age 52 years) were

included. The male: female ratio was 4:6. Limbic encephalitis was found in nine

patients while epileptic seizures were present in seven patients. All patients

showed anti-amphiphysin antibody positivity in sera while one ninth was positive

for CSF antibody. The EEG findings were abnormal, including reductions in

background activity, and the presence of diffuse slow waves, sharp waves, and

spikes and waves. Five patients showed signs of increased T2 signals in themedial

temporal lobe on MRI while PET showed either hyper- or hypo-metabolic

changes in several brain regions, including the temporal lobe, hippocampus,

basal ganglia, frontal and parietal cortices. Nine of ten patients were treated with

immunotherapy, with improvements of varying degrees. There was a significant

reduction in seizure frequency, and all patients were seizure-free at last

follow-up.

Conclusion: Autoimmune encephalitis with anti-amphiphysin antibodies has a

variety of clinical manifestations. The most common symptom is limbic

encephalitis. Although relief from seizures can be achieved relatively easily,

many patients suffer psychiatric, cognitive, and sleep sequelae. The disease

was found to be associated with a lower incidence of cancer than has been

previously reported for paraneoplastic neurologic syndromes.
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Introduction

Autoimmune encephalitis (AE) is a form of encephalitis

resulting from autoimmune reactions (1). It is generally acute or

subacute and has an annual incidence of approximately 0.8/100,000

(2). The typical presentation includes behavioral disorders,

psychiatric symptoms, cognitive impairment, seizures, and

impaired consciousness (1, 3). Since the first description of AE,

characterized as anti-N-methyl-d-aspartate receptor (NMDAR)

antibodies in 2007 (4), a variety of encephalitis-associated

autoantibodies directed against components of the neuron have

been discovered. These include antibodies against leucine-rich

glioma-inactivated 1 protein (LGI1), contactin-associated protein-

like 2 (CASPR2), g-aminobutyric acid B receptor (GABABR), a-
amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor

(AMPAR), glycine receptor (GlyR), and so on.

Amphiphysin is a Bin/Amphiphysin/Rvs (BAR) domain

containing protein that is involved in clathrin-dependent endocytosis

during inhibitory neurotransmission (5). Its SH3 domain acts as a

binding site during the formation of clathrin-coated intermediates (6).

Amphiphysin has been associated with paraneoplastic neurological

syndromes (PNS) in breast or small-cell lung cancers (7). The presence

of anti-amphiphysin autoantibodies is most commonly associated with

limbic encephalitis (LE) and stiff-person syndrome (8–10). Apart from

the above, a number of case reports and small case series have reported

a link between anti-amphiphysin antibodies and brainstem encephalitis

(11), myelopathy (12, 13), peripheral neuropathy (11, 14), and

cerebellar dysfunction (11). Anti-amphiphysin encephalitis is usually

treated in the same way as other AE. First-line therapies are

corticosteroids, intravenous gamma globulin (IVIG), and

plasmapheresis (PLEX) and second-line treatment involves the

addition of rituximab or cyclophosphamide in patients unresponsive

to first-line therapy (15). Immunotherapy is effective for treating

encephalitis patients with anti-amphiphysin antibodies, especially

those without tumors (15). Treatment of tumors should be

performed without delay to improve outcomes (1).

However, an in-depth understanding of amphiphysin-IgG-

associated encephalitis is lacking. Here, we describe the clinical

features of 10 anti-amphiphysin encephalitis patients and their

outcomes after immunotherapy. A literature review of

amphiphysin-antibody-associated neuropathy was also performed.

Materials and methods

Patients with anti-amphiphysin antibody positivity in serum or

cerebrospinal fluid (CSF) admitted to the Beijing Tiantan Hospital

between 2018 and 2022 were reviewed. Ten patients fitting the

criteria of autoimmune encephalitis updated in 2016 were

retrospectively enrolled (1).
Laboratory tests

Antibody testing of the sera and/or CSF of all patients with

suspected autoimmune encephalitis was performed. The spectrum
Frontiers in Immunology 02
of antibodies tested included all known neuronal autoantibodies

(NMDAR, LGI1, CASPR2, GABABR, AMPAR, and glutamic acid

decarboxylase 65 [GAD65]) and classical paraneoplastic antibodies

(Hu, Yo, Ri, Ma2, CV2, and amphiphysin). Samples were analyzed

semi-quantitatively by cell-based assays (Euroimmun, Lübeck,

Germany) and immunohistochemistry was performed by the

Neuroimmunology Laboratory of the Peking Union Medical

College Hospital (Beijing, China).
EEG and imaging

Routine long-term video-electroencephalography (EEG)

recording was performed with standard 10-20 system electrodes.

Magnetic resonance imaging (MRI) was performed on each patient

with a 3TMRI system (Signa HD xt 3T Volume,GE, GEHealthcare,

USA) while 18F-FDG positron emission tomography (PET) scans

were done using a PET/CT scanner in all except two patients due to

concerns of radiation exposure (Elite Discovery, GE HealthCare,

Fairfield, CT, USA).
Functional assessment and evaluation
of outcomes

For most patients (except Patients #4, #9, #10), the Montreal

Cognitive Assessment (MOCA) and the Mini-Mental State

Examination (MMSE) were used to evaluate cognition. The

modified Rankin Scale (mRS) was used for the assessment of

clinical outcomes at discharge and follow-up.
Literature review

A comprehensive literature search for articles published

between January 2002 and October 2022 was conducted in the

PubMed database using the search terms “Amphiphysin” and

“encephalitis”. All results of the literature search were reviewed

and relevant information was extracted and summarized. This

search yielded 42 publications, from which 13 papers were

included in the final review.
Results

Clinical characteristics

The ratio of males to females was 4:6 and the median onset age

was 52 years old (range 29-78 years old). Most patients did not

experience prodromal symptoms, with only one having fever and

headache (Patient #9). The details of the clinical presentations are

summarized in Table 1. Additionally, Patient #1 had a history of

invasive ductal carcinoma in the right breast that was completely

resected before the onset of encephalitis.

In this study, limbic encephalitis was the most common symptom.

Seven patients suffered from epileptic seizures, with four having more
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https://doi.org/10.3389/fimmu.2023.1084883
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


TABLE 1 Clinical manifestation of anti-amphiphysin encephalitis.
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Patient Gender Age LE

Seizure Cognitive disorder Mental and
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1 F 42 + (MMSE=28/
MOCA=25)

2a M 54 + (MMSE=22/
MOCA=13)

+ (apat

3 M 69 + + (MMSE=29/
MOCA=24)

4 M 77 + + + (irrita
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9 F 29

10 F 50 + +

DIS, difficulty initiating sleep; DMS, difficulty maintaining sleep; LE, limbic encephalitis; MMSE, Mini-Me
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than one type of seizure. Four patients experienced focal and bilateral

tonic-clonic seizures, preceded by focal impaired awareness. One

patient had myoclonic seizures involving both arms (Patient #1).

Three of the seven patients suffered status epilepticus (Patients #4, #7,

and #10). One patient was admitted to the Intensive Care Unit (ICU)

due to hypoxemia during a seizure attack (Patient #10). In addition, 8

patients had cognitive disorder, of which 6 mentioned mild memory

loss. Mental and behavioral disorders were infrequently observed, with

only three patients reporting apathy, irritability, and anxiety-

depression, respectively. In addition, sleep disorders were reported

by patients #1, #3, and #8, which presented as difficulty initiating sleep

(DIS), rapid-eye-movement sleep behavior disorder (RBD), and

difficulty maintaining sleep (DMS).

None of the patients showed rigidity or spasm involving the

axial muscles, described as stiff-person syndrome (16). Only one

(Patient #1) showed episodic left upper limb extension with wrist

adducent stiffness, induced by massage and lasting 1-2 minutes each

time, always accompanied by sweating. Weakness and pain were

present when lifting the upper right limb during the attack.

Sensory neuronopathy was found in two patients. In one patient

(Patient #1), pruritus was easily induced by touching, usually on the

upper limbs, shoulder, and back. Another patient (Patient #7)

experienced soreness, numbness, and hyperalgesia in the right

limbs. Furthermore, one (Patient #9) experienced numbness of

the extremities, which was later confirmed by spinal cord MRI to

be myelitis. She also showed impaired vision in the right eye and the

visual acuities were 20/25 OD and 20/20 OS.

Cerebellar ataxia occurred in three patients (Patients #4, #7, and

#9). All showed unstable walking, with one showing right limbs
Frontiers in Immunology 04
ataxia on physical examination, while no dysarthria or postural

ataxia was observed.
Auxiliary examinations

Nine patients had both serum and CSF samples tested, with one

(Patient #8) not undergoing CSF testing due to rejection of the

lumbar puncture. All showed anti-amphiphysin antibody positivity

in the sera while positivity was only found in the CSF in one patient.

Anti-AMPAR and anti-CV2 antibodies were also present in the

serum of Patient #2. Detailed results of the laboratory tests are

shown in Table 2.

The CSF results showed evidence of central nervous system

(CNS) inflammation and abnormalities of the immune system. Two

of nine patients had elevated white blood cell (WBC) counts (>10 n/

mL) while five of nine patients had protein concentrations exceeding
45 mg/dL; the ranges of the WBC counts and protein levels were 1-

40 n/ml and 17.26-92.24 mg/dL, respectively. CSF-specific

oligoclonal bands were detected in most patients (7/8) and eight

of the 10 patients showed abnormal levels of tumor markers

(Table 2). One of these patients showed highly elevated PROGrp

(4297 pg/mL, normal range 0-65.7 pg/mL), indicating a high

likelihood of lung cancer, which was confirmed to be small-cell

lung cancer by subsequent PET-CT.

Five patients showed involvement of the hippocampus on MRI

(four unilateral, one bilateral). In Patient #4, to our surprise, the

structure of the bilateral thalamus was blurred, with T2 high-signal

lesions in the right thalamus (Figure 1). In addition, evidence of
TABLE 2 Laboratory and neuroimaging data of anti-amphiphysin encephalitis.

Patient CSF Tumor marker MRI EEG PET-CT

WBC
(n/
mL)

Protein
(mg/
dL)

SOB Brain/spinal Whole body

1 4 50.2↑ + Normal Increased T2 signal in
right MTL

NA Right MTL hypermetabolism Normal

2 8 26.64 + NSE 65.5 ng/mL,
Cyfra21-1 6.9 ng/
mL, PROGrp 4297
pg/mL

Normal NA Right PL, bilateral FL
hypometabolism, bilateral
BG hypermetabolism

Lung and
mediastinal mass
with
hypermetabolism

3 4 49.42↑ + CA19-9 27.22 U/
mL, NSE 20.72 ng/
mL, TPSA 4.31
ng/mL

Increased T2 signal in
left MTL

Sharp waves in
left MTL

Left MTL hypometabolism Normal

4 6 46.7↑ + CA19-9 3.64 ng/
mL, TPSA 6.52
ng/mL

DWI showed diffusion
restriction in bilateral
thalamus with blurred
structure

NA Bilateral central cortex, left
fronto-parietal para-sagittal,
BG, right thalamus
hypermetabolism

Normal

5 1 17.26 – AFP 11.2 ng/mL Decreased volume of left
hippocampus

Sharp waves in
right MTL

Right MTL hypometabolism Normal

6 34 22.85 + CA72-4 11.97 U/
mL

Increased T2 signal in
the left MTL

Normal Left MTL hypometabolism Normal

(Continued)
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non-specific lacunar infarctions and white-matter lesions were

common in our older patients, although these were not AE-

related. Brain PET-CT revealed either hyper- or hypo-metabolic

changes in several brain regions including the temporal lobe,

hippocampus, basal ganglia, and the frontal and parietal cortices

(Figure 2). EEG was performed on a total of five patients, with
Frontiers in Immunology 05
abnormal findings in 3/5 (60%), including diffuse slow waves and

sharp waves (Figure 3).

Furthermore, Holter electrocardiogram (ECG) examinations

revealed asymptomatic bradycardia in one patient (Patient #6).

Two patients received breast ultrasound examinations and were

found to have benign hyperplastic nodules (Patients #7 and #9).
TABLE 2 Continued

Patient CSF Tumor marker MRI EEG PET-CT

WBC
(n/
mL)

Protein
(mg/
dL)

SOB Brain/spinal Whole body

7 2 17.62 + NSE 21.2 ng/mL Normal Continuous
sharp waves in
the left central-
parietal area

Left MTL hypermetabolism NA

8 NA NA NA Normal Normal NA NA NA

9 40 92.24↑ + CA19-9 28.42 U/
mL

Increased T2 signal and
enhancement in
posterior horn of the
spinal cord (C2-7)

NA Spinal cord
hypermetabolism

Normal

10 9 58.3↑ NA Normal Increased T2 signal in
bilateral MTL

Normal NA NA
AFP, alpha-fetoprotein; BG, basal ganglia; CA, carbohydrate antigen; CSF, cerebrospinal fluid; Cyfra21-1, cytokeratin 19 fragment antigen2 -1;EEG, electroencephalogram; FL, frontal lobe; MTL,
medial temporal lobe; MRI, magnetic resonance imaging; NA, not applicable; NSE, neuron-specific enolase; PET-CT, positron emission tomography-computed tomography; PL, parietal lobe;
PROGrp, Progastrin-releasing peptide; TPSA, total prostate specific antigen; SOB, CSF-specific oligoclonal bands; WBC, white blood cell; +, positive; -, negative.
FIGURE 1

MRI scans in anti-amphiphysin encephalitis. (A, B) Right FLAIR hyperintensities in the medial temporal lobes, including both the amygdala and
hippocampus (Patient #1). (C) The blurred structure of the bilateral thalamus (Patient #4). (D, E) Increased T2 signal and enhancement in posterior
horn of the spinal cord (C2-7) (Patient #9). (F) Restriction of DWI in the right thalamus (Patient #4).
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Treatment and prognosis

Nine patients were given first-line treatment, while one refused

immunotherapy due to concern about side effects (Patient #8). Of

the treated patients, five received IVIG administration only, three

were treated with IVIG combined with steroids, and one was treated

only with corticosteroids. In addition, patients received anti-seizure

medications (ASMs), including sodium valproate (VPA),

oxcarbazepine (OXC), levetiracetam (LEV), lacosamide (LCM),

and lamotrigine (LTG).

All patients were followed up for at least three months after

discharge, and the sequelae are summarized in Table 3. Patients #5,

#7, #9, and #10 undertook sequential oral corticosteroids after

discharge. None of the ten patients undertook second cycle of

IVIG or corticosteroids treatment. A comparison of the mRS scores

before and after treatment indicated the effectiveness of treatment,

as the scores of 7 patients had decreased by at least one point. The

seizure frequency was significantly reduced after treatment and all

patients retrieved seizure free at last follow-up. However, sleep

disorders, cognitive impairment and emotional disorders persisted

on follow-up.
Frontiers in Immunology 06
Discussion

We retrospectively enrolled 10 patients diagnosed with

amphiphysin-antibody-related encephalitis. The male: female

ratio was 4:6, which is consistent with previous studies showing a

greater frequency among female patients (17–19). The age of onset

was during middle or old age, consistent with previously published

data (17–19).

Anti-amphiphysin encephalitis has a variety of clinical

manifestations, including limbic encephalitis, stiffness, limb

weakness/numbness, paresthesia, ataxia, sleep disorders, and

dysautonomia, amongst others. Of these, limbic encephalitis is the

most common symptom. Notably, patients who conform to the AE

criteria should be suspected of having anti-amphiphysin antibodies

when presenting with stiffness or paresthesia, even though it is rare.

Stiff-person syndrome (SPS) is a characteristic manifestation in

amphiphysin-antibody-positive cases, although it did not appear as

frequently as expected in our cohort (18–20). Amphiphysin-

antibody-related SPS involves neck and arm instead of axial

muscles of trunk and thus usually confused clinicians (18). One

patient in our study presented unilateral upper limb stiffness,
FIGURE 2
18F-FDG PET/CT scan in anti-amphiphysin encephalitis. (A) Glucose metabolism decreased in the right hippocampus (Patient #1). (B–D) High FDG
uptake in the bilateral central cortex, left fronto-parietal para-sagittal, bilateral caudate heads, putamen and right thalamus, while the remaining brain
cortex was diffusely and slightly decreased (Patient #4).
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FIGURE 3

EEG pattern in anti-amphiphysin encephalitis. (Patient #3). (A) Interictal EEG showed sharp and waves in the left anterior temporal region (F7, T3).
(B) Ictal EEG showed low-amplitude fast rhythmic activity with evolution originating from left temporal region.
TABLE 3 Treatment and prognosis of anti-amphiphysin encephalitis.

Patient

Treatment Prognosis

Immunotherapy ASMs Symptoms left at last follow-up mRS
at discharge

mRS in 3
months

1 IVIG; chemotherapy (-)
Right upper limb numbness, painful, and pruritus; lower limbs weakness;
sleep disorder (15 m)

4 4

2 IVIG; chemotherapy (-)
Hallucination, irritable, hyperhidrosis, urinary retention, and constipation
(14 m)

3 1

3 IVIG OXC Sleep disorder, anxiety-depression (33 m) 1 1

4 IVIG LEV Numbness of extremities, walking instable, anxiety-depression (10 m) 3 2

5 Corticosteroids LCM Anxiety-depression, anorexic; sleep disorder (restless sleep) (3 m) 2 1

6 IVIG LEV Memory loss (4 m) 2 1

7
IVIG +
corticosteroids

OXC, LEV,
LTG

Weakness of right limbs, walking instable (5 m) 3 2

8 (-) LCM Memory loss, sleep disorder (3 m) 1 1

9
IVIG +
corticosteroids

(-) Headache, back numbness (10 m) 2 1

10
IVIG +
corticosteroids

LEV, VPA Memory loss (17 m) 4 1
F
rontiers in I
mmunology
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ASMs, anti-seizure medications; IVIG, intravenous immune globulin; LCM, lacosamide; LEV, levetiracetam; LTG, lamotrigine; m, month; mRS, modified Rankin Scale; OXC, oxcarbazepine;
RBD, rapid-eye-movement sleep behavior disorder; VPA, valproic acid; (-), none; +, plus.
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accompanied by paresthesia and dysautonomia. She fitted the

diagnosis of progressive encephalomyelitis with rigidity and

myoclonus (PERM), a severe immunophenotype of stiff-person

spectrum disorder (SPSD) (21). This patient showed strong anti-

amphiphysin antibody positivity in her serum, much higher than

that seen in the other patients, suggesting a potential link between

higher antibody titers and SPS severity. However, the relationship

between antibody titers and the severity of clinical manifestation is

still not clear in AE and requires future in-depth research.

Patients also demonstrated symptoms of myelitis. In Patient #9,

the MRI showed the presence of a lesion in the posterior horn (C2-

7). Similarly, Galassi et al. reported longitudinally extensive

transverse myelitis (LETM) in a 40-year-old woman with

amphiphysin antibody positivity (22). A study also demonstrated

post-mortem histopathological evidence of the presence of CD8+ T

cell-mediated immune responses in the spinal cord and dorsal root

ganglia (17), confirming the involvement of the spinal cord.

Sensory neuronopathy has been found to be closely related to

the presence of amphiphysin antibodies by previous studies (23).

Our two patients, however, despite their complaints of paresthesia,

did not meet the criteria of sensory neuronopathy (24). Besides, it

had been considered that involvement of motor nerve or CSF

inflammatory may indicate a paraneoplastic origin (25).

Amphiphysin is an intraneuronal protein that is targeted in 5-

10% of PNS cases, and the presence of anti-amphiphysin antibodies

has been listed as a significant risk factor for tumor occurrence

(>80%) (23). Amphiphysin antibodies are widely known to be

associated with both breast and small-cell lung cancers.

Associations with other cancers have also been reported,

including angiosarcoma and thyroid adenoma (Supplementary

Table 1). Nevertheless, a much lower rate of cancer (2/10) was

found in this study (19). No new neoplasms were diagnosed after

discharge in our patient cohort. It is possible that insufficient

follow-up may partially account for our low detection rate.

Repeated screening every four or six months for two years is

recommended (23). Accordingly, the necessity of cancer screening

must be emphasized, and systemic tumor screening requires whole-

body PET-CT as the first choice.

Amphiphys in ant ibodies are usual ly detec ted by

immunoblotting, the gold standard for the identification of

intracellular antibodies. Previous studies have reported the co-

existence of amphiphysin antibodies with anti-neuronal nuclear

antibody type 1 (ANNA1) and CRMP5 antibodies (17, 19). Here,

we observed a co-occurrence of amphiphysin antibodies with CV2

and AMPAR antibodies. This overlap between amphiphysin

antibodies and other subtypes of autoantibodies suggests that AE

has both a complex etiology and mechanism. Furthermore,

although not included in the present study, we have noticed

amphiphysin antibody positivity in some AD (Alzheimer’s

disease) and PD (Parkinson’s disease) patients. Although

cognitive impairment may be a common manifestation, the

progressive course of the disease suggests neurodegeneration

rather than encephalitis. Thus, amphiphysin antibodies could be

either causative agents or nonpathogenic bystanders caused by
Frontiers in Immunology 08
other CNS diseases. In terms of clinical diagnosis, the

identification of this disease should thus be based on a thorough

understanding of amphiphysin antibody pathology as well as

clinical experience.

Patients with anti-amphiphysin encephalitis did not show

distinctive features on either EEG or brain MRI. Involvement of

the mesial temporal lobe was most common, which may mimic

other subtypes of AE. Furthermore, involvement of the thalamus

was found in one patient, consistent with the findings of a previous

report (10). PET-CT revealed evidence of abnormal metabolism in

several brain regions, although these were not specific. With the

development of imaging analyses, more attention focusing on

characteristic structural and functional imaging patterns is needed.

In our study, most patients received IVIG or corticosteroids

along with ASMs, and their mRS scores reduced at follow-up. In

animal experiments, animals exposed to purified amphiphysin

antibodies showed symptom relief after plasmapheresis (26, 27).

Clinically, a combination of immunotherapy and tumor treating is

required (28). Besides, responses to high-dose benzodiazepine have

also been noted (18). Follow-ups of the patients showed that the

duration of symptoms varied under standard therapy. Although the

seizure frequencies were observed to be reduced during follow-ups

of 1 to 33 months, there was minimal improvement in cognitive

impairment, sleep disturbances, or psychotic mood disorders. By

tracking for 13 years, Taube et al. observed a similar outcome in a

patient who was treated promptly with immunotherapy (29). As in

other forms of AE, anti-amphiphysin encephalitis presenting with

acute symptomatic seizures has a lower risk of subsequent

unprovoked seizure development, which perhaps explains the

disappearance of seizures in most patients.

There are some limitations in this study. Firstly, the sample size

may have been too small. Secondly, immunoblotting is a semi-

quantitative assay that does not show the exact titers of antibodies

and may be subject to false-positive or false-negative results. In

addition, in some cases, the absence of important examination

findings such as electromyography and polysomnography

hampered physician awareness of the disease and its treatment. In

the future, the sample size should be expanded for more in-

depth research.
Conclusion

Amphiphysin-antibody-related encephalitis is a rare type of

autoimmune encephalitis. The most common manifestation was

limbic encephalitis and a lower association with cancer was

observed compared with that reported in other PNS cohorts.

Although seizure frequencies declined in response to

immunotherapy, psychiatric and cognitive symptoms, as well as

sleep disturbances, often remained. The awareness of the clinical

features of amphiphysin antibody-related encephalitis provides

valuable information for a better understanding of the disease

and may help to facilitate its early diagnosis, treatment strategy,

and prognosis prediction.
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